
EXPANSION OF ADULT STEM CELLS IN VITRO 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] 	This application claims the benefit of and priority to U.S. Provisional Application 

No. 61/776,422, filed March 11, 2013, and U.S. Utility Application No. 13/795,659, filed 

March 12, 2013 which are hereby incorporated by reference in their entireties. 

GOVERNMENT INTEREST 

[0002] 	This invention was made with government support under 5R441-1L091740-03 

awarded by the National Institute of Health. The government has certain rights in the 

invention. 

REFERENCE TO SEQUENCE LISTING, TABLE, OR COMPUTER PROGRAM LISTING 

[0003] 	The present application is being filed along with a Sequence Listing in electronic 

format. The Sequence Listing is provided as a file entitled 106417-0182 S 	List .txt 

created on March 10, 2014, which is 10KB bytes in size. The information in the electronic 

format of the Sequence Listing is incorporated herein by reference in its entirety. 

Field 

[0004] 	Provided herein are embodiments that relate to long term stem cells, methods of 

producing such cells, and various protein constructs. 

Background 

[0005] 	Long term hematopoietic stem cells (LT-HSCs) are rare progenitors that reside in 

adult bone marrow and give rise to the entire repertoire of mature blood cells. These cells are 

essential for the maintenance of all blood cell compartments. Stem cell transplantation can 

be a useful adjunct in therapy for hematologic malignancy, autoimmunity and 

immunodeficiency, among others. 



Summary 

100061 	In some embodiments, a method for producing a population of conditionally 

immortalized adult stem cells is provided. The method can comprise providing one or more 

adult stem cells with an exogenously synthesized Myc polypeptide that promotes one or more 

of cell survival or proliferation and an exogenously synthesized Bcl-2 domain polypeptide 

that inhibits apoptosis. In some embodiments the Myc polypeptide is provided to the one or 

more adult stem cells at intervals of at least about 72 hours and the BcI-2 domain polypeptide 

is provided to the one or more adult stem cells at intervals of at least about 96 hours, so as to 

produce a population of conditionally immortalized adult stem cells. In some embodiments, 

the Bcl-2 domain polypeptide and/or the Myc polypeptide are supplied no more frequently 

than once an hour. In some embodiments, the Bcl-2 domain polypeptide and/or the Myc 

polypeptide are supplied no more frequently than once every two hours. In some 

embodiments, the Bcl-2 domain polypeptide and/or the Myc polypeptide are supplied no 

more frequently than once every three hours. In some embodiments, the Bcl-2 domain 

polypeptide and/or the Myc polypeptide are supplied no more frequently than once every four 

hours. In some embodiments, the Bcl-2 domain polypeptide and/or the Myc polypeptide are 

supplied no more frequently than once every five hours. In some embodiments, the Bcl-2 

domain polypeptide and/or the Myc polypeptide are supplied no more frequently than once 

every six hours. In some embodiments, the Bcl-2 domain polypeptide and/or the Myc 

polypeptide arc supplied no more frequently than once every seven hours. In some 

embodiments, the Bcl-2 domain polypeptide and/or the Myc polypeptide are supplied no 

more frequently than once every eight hours. In some embodiments, the Bcl-2 domain 

polypeptide and/or the Myc polypeptide are supplied no more frequently than once every 

nine hours. In some embodiments, the BcI-2 domain polypeptide and/or the Myc polypeptide 

are supplied no more frequently than once every 10 hours. In some embodiments, the BcI-2 

domain polypeptide and/or the Myc polypeptide are supplied no more frequently than once 

every 11 hours. In some embodiments, the Bcl-2 domain polypeptide and/or the Myc 

polypeptide are supplied no more frequently than once every 12 hours. In some 

embodiments, the Bcl-2 domain polypeptide and/or the Myc polypeptide are supplied no 

more frequently than once every 13 hours. In some embodiments, the BcI-2 domain 

polypeptide and/or the Myc polypeptide are supplied no more frequently than once every 14 

hours. In some embodiments, the Bcl-2 domain polypeptide and/or the Myc polypeptide are 

supplied no more frequently than once every 15 hours. In some embodiments, the Bel-2 
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domain polypeptide and/or the Myc polypeptide are supplied no more frequently than once 

every 16 hours. In some embodiments, the Bcl-2 domain polypeptide and/or the Myc 

polypeptide are supplied no more frequently than once every 17 hours. In some 

embodiments, the Bcl-2 domain polypeptide and/or the Myc polypeptide are supplied no 

more frequently than once every 18 hours. In some embodiments, the BcI-2 domain 

polypeptide and/or the Myc polypeptide are supplied no more frequently than once every 19 

hours. In some embodiments, the Bcl-2 domain polypeptide and/or the Myc polypeptide are 

supplied no more frequently than once every 20 hours. In some embodiments, the Bcl-2 

domain polypeptide and/or the Myc polypeptide are supplied no more frequently than once 

every 21 hours. in some embodiments, the BcI-2 domain polypeptide and/or the Myc 

polypeptide are supplied no more frequently than once every 22 hours. In some 

embodiments, the Bc1-2 domain polypeptide and/or the Myc polypeptide are supplied no 

more frequently than once every 23 hours. In some embodiments, the Bc1-2 domain 

polypeptide and/or the Myc polypeptide are supplied no more frequently than once every 24 

hours. In some embodiments, the Bcl-2 domain polypeptide and/or the Myc polypeptide are 

supplied no more frequently than once every 36 hours. In some embodiments, the Bcl-2 

domain polypeptide and/or the Myc polypeptide are supplied no more frequently than once 

every 48 hours. 

(00071 	In some embodiments, a Myc fusion protein is provided. The fusion protein 

comprises a protein transduction domain, a Myc polypeptide that promotes one or more of 

cell survival or proliferation, a VS domain, and a six histidine epitope tag. 

[0008] 	In some embodiments, a stem cell expansion media is provided. The expansion 

media comprises 13,11,6, stem cell factor, thrombopoeitin, Flt3-L, and GM-CSF. 

(00091 	In some embodiments, a Myc fusion protein is provided. The Myc fusion protein 

comprises a protein transduction domain, a Myc polypeptide that promotes one or more of 

cell survival or proliferation. The Myc fusion protein half-life is longer than about 60 

minutes. 

[00101 	In some embodiments, a nucleic acid encoding any of the proteins disclosed 

herein is provided. 

[0011] 	In some embodiments, a vector comprising any of the nucleic acids provided 

herein is provided. 
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100121 	In some embodiments, a cell comprising any of the vectors or nucleic acids 

provided herein is provided. 

Detailed Description of the Drawings 

10013] 	The features of various embodiments are set forth with particularity in the 

appended claims. A better understanding of the features and advantages of some of the 

present embodiments will be obtained by reference to the following detailed description that 

sets forth illustrative embodiments, in which the principles of the various embodiments are 

utilized, and the accompanying drawings of which: 

100141 	Figures IA, IB, IC, ID, and IE show an illustrative embodiment of the 

generation and in vitro characterization of Tat fusion proteins. Fig. lA shows an illustrative 

embodiment of a graphic representation of Tat-Myc and Tat-Bcl-2 fusion proteins including 

the location of the in frame protein transduction domain of HIV-1 Tat and the V5 and 6xHis 

tags. Fig. lB shows an illustrative embodiment of the recombinant proteins following 

purification from E. coli, separation by SDS-PAGE, and staining with Coomassie. 	Fig. IC 

shows an illustrative embodiment of a lawn of confluent 3T3 cells exposed to purified 

recombinant Tat-Myc, Tat-Bel-2, or left untreated (NT) for two hours, and then fixed and 

stained with a monoclonal antibody to V5 and with a Hoechst 9934 nuclear stain. The Tat- 

Myc protein largely localized to the nuclear region in this timeframe, whereas the Tat-Bcl-2 

remained in the cytoplasmic and perinuclear space. Fig. ID shows an illustrative 

embodiment of a SDS-PAGE and western blot analysis (monoclonal antibodies to V5 and (3-

actin) of human cord blood derived HSCs pulsed with a single exposure of Tat-Myc for 1 

hours, washed, and then lysed (at the indicated time points) to separate the plasma membrane 

and cytoplasmic fraction from the nuclear fraction. Fig. IE shows an illustrative 

embodiment of a SDS-PAGE and western blot analysis (monoclonal antibodies to V5 and ft-

actin) of the nuclear fraction of human cord blood derived HSCs pulsed with a single 

exposure of Tat-Myc for 2 hours, washed, and then lysed (at the indicated time points) to 

separate the plasma membrane and cytoplasmic fraction from the nuclear fraction. The bulk 

of the protein is lost between 24 and 48 hours. There is no detectable protein Icti at any point 

after 72 hours. 

100151 	Figures 2A, 2B, 2C, and 2D show an illustrative embodiment of a graphical 

representation showing that recombinant Tat-Myc and Tat-Bcl-2 are biologically active. 
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Figs. 2A and 2B show an illustrative embodiment of a graphical representation of in vitro 

activated T-cells replated for 48 hours in media alone (no treatment, NT), media 

supplemented with Tat-Cre (Tat-Control, TC), or increasing concentrations of either Tat-Myc 

(TM) (Fig. 2A), or Tat-Bcl-2 (TB) (Fig. 2B). The frequency of live cells in the starting 

population of cells is also shown (light gray bars). Figs. 2C and 2D show an illustrative 

embodiment of a graphical representation of activated T-cells further incubated with Tat-Myc 

and labeled with CFSE showing that the activated T-cells retain a blasting phenotype (Fig. 

2C), and continue to proliferate after the antigenic stimulation and exogenously added 

cytokines were removed (Fig. 2D). 

100161 	Figures 3A, 3B, and 3C show an illustrative embodiment of a graphical 

representation of the expansion of murine HSCs in vitro with Tat-Myc and Tat-Bcl-2. Fig. 

3A shows an illustrative embodiment of graphs of FACS analysis of the resulting cell 

population having a phenotype of c-Kit+, Sea-I+, and negative for lineage markers (Mac-1, 

Gr-1, B220, CD3, Ter-I19, and Flk-2). Fig 3B shows an illustrative embodiment of a 

graphical representation of the proliferation of HSCs in vitro when cultured with Tat-Myc 

and Tat-Bcl-2 (dark gray, left most trace), as compared with HSCs in culture without added 

Tat-fusion proteins (light gray, right most trace). Fig.3C shows an illustrative embodiment of 

a graphical representation of the kinetics of in vitro cell expansion in cultures with Tat-Myc 

and Tat-Bcl-2. 

100171 	Figures 4A, 4B, 4C, and 4D show an illustrative embodiment of a graphical 

representation of the functional analysis of Tat-Myc and Tat-Bcl-2-expanded murine ptlt- 

HSCs in vivo. Cohorts of sublethally irradiated Rag-14-  mice were given 103  ptlt-HSCs 

derived from bone marrow cells obtained from wild type C57BL/6J mice. Fig. 4A shows an 

illustrative embodiment of a graphical representation of a FACS analysis (CD19/13220 

expression) of the presence of mature B-cells (second panel) in the peripheral blood from 

ptlt-HSC chimaeric mice as compared to the Rag-1"1" control (first panel). Fig. 4B shows an 

illustrative embodiment of a graphical representation of a FACS analysis (TCRB/CD4 

expression) of the presence of mature T-cells in the peripheral blood of Rag-14" pdt-HSC 

chimaeric mice (second panel) as compared to the Rag-I - - control (first panel). Fig. 4C 

shows an illustrative embodiment of a graphical representation of a FACS analysis 

(CD19/IgM and CD8/CD4 expression) of developing T and B-cells in lymphoid organs 

(spleen, thymus, lymph node, and bone marrow) from Rag-1j" ptlt-HSC chimaeric mice. Fig. 
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4D displays data demonstrating that mature lymphoid cells were able to blast and undergo 

cell division following activation through their antigen receptors. 

100181 	Figures 5A, 5B, 5C, 5D, and 5E show an illustrative embodiment of a graphical 

representation of the expansion of human cord blood cell-derived HSCs with Tat-Myc and 

Tat-Bel-2. Fig. 5A shows an illustrative embodiment of a graphical representation of a FACS 

analysis of the surface phenotype of the human cord blood cells expanded in vitro for 14 days 

(Top panels cytokine cocktail only; Bottom panels cytokine cocktail supplemented with Tat- 

Myc and Tat-Bcl-2). Fig. 5B shows an illustrative embodiment of a graphical representation 

of the kinetics of CD34+ cells expansion in vitro under both sets of conditions. Fig. 5C 

shows an illustrative embodiment of the images of three different colony types developed in 

methylcellulose assays under conditions that support myeloerythroid differentiation, derived 

from human ptlt-HSCs. Fig. 5D shows an illustrative embodiment of a graphical 

representation of the quantification of each colony type that was observed in methylcellulose 

cultures seeded with either 103  cord blood cells cultured with a cytokine cocktail (FCB), 103  

cord blood cells cultured with a cytokine cocktail supplemented with Tat-Myc and Tat-Bcl-2 

(FCB+TMTB), or 104  fresh un-manipulated cord blood cells (10^4 Fresh FCB). Fig. 5E 

shows an illustrative embodiment of a graphical representation of the quantification of the 

number of colonies observed in methylcellulose cultures upon replating of the cells shown in 

Fig. 5D. 

I00191 	Figures 6A, 6B, 6C, 6D, 6E, 6F, and 6G show an illustrative embodiment of a 

graphical represemation of the functional analysis of human cord blood derived protein-

transduced long term (ptlt)-HSC in vivo. Fig. 6A shows an illustrative embodiment of a 

graphical representation of a FACS analysis of the bone marrow of cohorts of sublethally 

irradiated NSG mice given transplants of 106  cord blood cells expanded in vitro in a cocktail 

of cytokines (first panel; FCB), or expanded in a cocktail of cytokines supplemented with 

Tat-Myc and Tat-Bel-2 (second panel; FCB TMTB), or 5x106  fresh un-manipulated cord 

blood cells (third panel; Fresh FCB). Fig. 6B shows an illustrative embodiment of a 

graphical representation of a FACS analysis of bone marrow, spleen and thymus cells from 

the xenochimaeric mice. All cells were stained for human CD45. Gating on CD45+ cells 

showed human CD34+ CD3814  cells in the bone marrow (first panel; BM); human CD19+ 

and human CD3+ lymphocytes in the spleen (second panel; spleen); and human CD3+ cells 

in the thymus (third panel; thymus). Fig. 6C shows an illustrative embodiment of a graphical 
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representation of a FACS analysis of human splenic B-cells labeled with CFSE and cultured 

in the presence of monoclonal antibodies to human CD40 and 1gM. Human B-cells that 

developed in NSG xenochimaeric mice underwent proliferation following stimulation of their 

antigen receptor. Fig. 6D shows an illustrative embodiment of a 	representation of graphical 

the quantification of myeloerythroid colonies from human CD34+ CD38I°  cells obtained from 

the bone marrow of NSG xenochimaeric mice and plated on methycellulose. Fig. GE shows 

an illustrative embodiment of a graphical representation of the quantification of the 

development of myeloerythroid colonies following replating. Fig. 6F shows an illustrative 

embodiment of a graphical representation of the quantification of myeloid and lymphoid cell 

differentiation (CD11b, CD33, CD3, and CDI9 expression) in the CD45 positive population 

of bone marrow cells expanded in vitro in a cocktail of cytokines (open circles) or a cocktail 

of cytokines supplemented with Tat-Myc and Tat-Bc1-2 (black squares). 	Fig. 6G shows an 

illustrative embodiment of a graphical representation of the quantification of myeloid and 

lymphoid cell differentiation (CD11b, CD33, CD3, and CD19 expression) in the CD45 

positive population of spleen cells expanded in vitro in a cocktail of cytokines (open circles) 

or a cocktail of cytokines supplemented with Tat-Myc and Tat-Bcl-2 (black squares). 

100201 	Figures 7A, 7B, 7C, 7D, 7E, 7F and 7G show an illustrative embodiment of a 

graphical representation of the expansion of adult human G-CSF mobilized HSCs in vitro 

with Tat-Myc and Tat-BcI-2. Fig. 7A shows an illustrative embodiment of a graphical 

representation of the surface phenotype of human CD45+ cells showing an enrichment of 

the human CD34+ and CD38+ fraction. Fig. 7B shows an illustrative embodiment of a 

graphical representation of the kinetics of cell expansion in vitro over 18 days in culture in 

the presence of Tat-Myc and Tat-Bcl-2. Fig. 7C shows an illustrative embodiment of a 

graphical representation showing that 5z 103  human adult G-CSF HSCs, expanded in vitro 

with Tat-Myc and Tat-Bcl-2, gave rise to 4 morphologically distinct colony types in 

methylcellulose. Fig. 7D shows an illustrative embodiment of a graphical representation of 

FACS analysis showing that human adult G-CSF HSCs expanded in vitro with Tat-Myc and 

Tat-Bcl-2 gave rise to human hematopoietic lineages in xenochimaeric NSG mice. Bone 

marrow was from NSG mice transplanted ptlt-HSCs expanded with a cytokine cocktail 

supplemented with Tat-Myc and Tat-Bcl-2 (first panel; G-CSF +TMTB) or with fresh un-

manipulated cord blood cells (second panel; Fresh FCB). Fig. 7E shows an illustrative 

embodiment of a graphical representation of FACS analysis of cells from bone marrow, 

spleen, and thymus. Bone marrow cells included human CD45 cells that were also human 
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CD34+ and CD38+ (first panel), spleen cells included human CD45 cells that also stained for 

human CD3 (second panel), and thymus cells included human CD45 cells as well as CD3 

(third panel). Figs. 7F and 7G show an illustrative embodiment of a graphical representation 

of a cohort of xenochimaeric mice engrafted with 106  G-CSF mobilized cells expanded in 

vitro in a cocktail of cytokines supplemented with Tat-Myc and Tat-Bcl-2 (black squares) 

were assessed for myeloid and lymphoid cell differentiation. The CD45 positive population 

of bone marrow cells (Fig. 7F) and spleen cells (Fig. 7G) were analyzed for CDI lb, CD33, 

CD3. and CDI9 expression. 

[00211 	Figure 8 shows an illustrative embodiment of a graphical representation of a 

FACS analysis of mouse splenic T-cells and B-cells labeled with CFSE and cultured in the 

presence of monoclonal antibodies to mouse CD3 or CD40 and IgM, respectively. Mouse T-

cells (light-gray left-most line, first panel) and B-cells (light-gray left-most line, second 

panel) that developed in Ragl -/- mice transplanted with expanded HSC from 5FU treated 

C57BL.6 underwent proliferation following stimulation of their antigen receptor compared to 

unstimulated cells (dark gray right-most line). 

[00221 	Figures 9A and 9B show an illustrative embodiment of the activity of various 

Myc fusion protein constructs in an activated T cell viability assay. Fig. 9A shows an 

illustrative diagrammatic alignment of some representative Myc fusion protein constructs. 

Fig. 9B shows an illustrative embodiment of a graphical representation of the percent live T 

cells 48 hours after treatment with representative Myc fusion protein constructs. 

[00231 	Figures I OA. 10B, 10C, and 101) show an illustrative embodiment of the activity 

of various Tat-fusion proteins (each at 50 ug/ml) in an activated T cell viability assay. Fig. 

10A shows an illustrative embodiment of a graphical representation of the live gate from 

FACS analysis (forward X side scatter) for untreated cells (No treatment). Fig. 10B shows 

an illustrative embodiment of a graphical representation of the live gate from FACS analysis 

(forward X side scatter) for Tat-Cre treated cells (Tat-Cre Control). 	Fig. 10C shows an 

illustrative embodiment of a graphical representation of the live gate from FACS analysis 

(forward X side scatter) for Tat-Bc12 treated cells (Tat-Bcl2). 	Fig. 10A shows an illustrative 

embodiment of a graphical representation of the live gate from FACS analysis (forward X 

side scatter) for Tat-Myc treated cells (Tat-Myc). 
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[00241 	Figure 11 shows an illustrative embodiment of a graphical representation of the 

number of CD34+ cells expanded in the presence of a variety of cytokines and with or 

without PTD fusion proteins. 

[00251 	Figure 12 shows an illustrative embodiment of a graphical representation of the 

FACS analysis of bone marrow cells from an NSG mouse that received 5x10^6 cells 

expanded in FCB media alone (top panel) or FCB media supplemented with Tat-Myc and 

Tat-BcI2 (lower left panel) stained for human CD45. Note the increase in human CD45+ 

cells in the mouse that received cells that were treated with Tat-Myc and Tat-BcI2. The 

CD45+ cells were further analyzed by flow cytometry for the presence of CD34 positive cells 

(lower right panel). 

[00261 	Figure 13 shows an illustrative embodiment of a graphical representation of the 

FACS analysis of the spleen cells from an NSG mouse that received 5x10^6 cells expanded 

in FCB media alone (top panel) or FCB media supplemented with Tat-Myc and Tat-BcI2 

(lower left panel) stained for human CD45. Note the increase in human CD45+ cells in the 

mouse that received cells that were treated with Tat-Myc and Tat-BcI2. The CD45+ cells 

were further analyzed by flow cytometry for the presence of CD 19 and CD3 positive cells 

(lower right panel). 

[00271 	Figure 14 shows an illustrative embodiment of a graphical representation of the 

FACS analysis of cells from the Thymus from an NSG mouse that received 5x10^6 cells 

expanded in FCB media alone (top panel) or FCB media supplemented with Tat-Myc and 

Tat-BcI2 (lower left panel) stained for human CD45. Note the increase in human CD45+ 

cells in the mouse that received cells that were treated with Tat-Myc and Tat-Bcl2. The 

CD45+ cells were further analyzed by flow cytometry for the presence of CD l9 and CD3 

positive cells (lower right panel). 

[00281 	Figure 15A depicts the amino acid and nucleic acid sequences for some 

embodiments of the Tat-Myc polypeptide. 

[0029] 	Figure 15B depicts the amino acid and nucleic acid sequences for some 

embodiments of the BcI-2 domain polypeptide. 

Detailed Description 

- 9 - 



[0030] 	The therapeutic utility of LT-HSCs cells has been limited by their low frequency 

and inability to propagate them ex vivo, among other reasons. Expansion of these cells is 

particularly important for clinical applications such as but not limited to gene therapy. 

[0031] 	Some embodiments described herein can be used to generate individualized HSCs 

for personalized medicine and other uses, optionally using autologous cells. 

[0032] 	Some of the embodiments provided herein do not require isolation and/or 

purification of the CD34+ fraction prior to expansion in vitro. Thus, in some embodiments, 

this step can be removed from the expansion of such cells. This can reduce cost and simplify 

the application of this stem cell expansion approach to clinical practice. Any of the methods 

provided herein can, optionally, not include isolation and/or purification of the CD34+ 

fraction prior to expansion in vitro. 

[0033] 	Some embodiments described herein provide an approach to expand a cytok ne-

dependent LT-HSC population in vitro by culturing primary adult HSCs with specific fusion 

proteins to produce protein-transduced long term HSCs (ptlt-HSCs). In some embodiments, 

the fusion proteins have a protein transduction domain linked to a proto-oncogene encoded 

protein or biologically active fragment or homologue thereof that induces cell survival and/or 

proliferation (such as a Myc polypeptide). The method can further include a fusion protein 

that comprises a protein transduction domain linked to an anti-apoptotic protein or 

biologically active fragment or functional homologue thereof (such as a Bcl-2 domain 

polypeptide). In some embodiments, this involves a protein transduction domain linked to a 

Myc polypeptide that induces cell survival and/or proliferation and a protein transduction 

domain linked to a Bcl-2 domain polypeptide. 

General Definitions 

[0034] 	Any methods and materials similar or equivalent to those described herein that is 

used in the practice of or testing of the embodiments described herein are considered to be a 

part of the instant disclosure. 

[0035] 	As used herein, "stem cells (for example, hematopoietic stem cells)" refer to the 

term as it is generally understood in the art. For example, stem cells (for example, 

hematopoietic stem cells), regardless of their source, are cells that are capable of dividing and 

renewing themselves for long periods, are unspecialized (undifferentiated), and possess the 

ability to give rise to (differentiate into) specialized cell types (for example, they are 
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progenitor or precursor cells for a variety of different, specialized cell types). In certain 

instances herein, "stem cells (for example, hematopoietic stem cells)" described herein refer 

to long term stem cells (for example, hematopoietic stem cells). 

100361 	The term "long-term", when used in connection with stem cells (for example, 

hematopoietic stem cells), refers to the ability of stem cells (for example, hematopoietic stem 

cells) to renew themselves by dividing into the same non-specialized cell type over long 

periods (for example, 1 month, 2 months, 3 months, 4 months, 6 months, 8 months, 9 months, 

12 months, 2 years, 3 years) depending on the specific type of stem cell. In some 

embodiments, stem cells (for example, hematopoietic stem cells) are identified by the 

presence of the following cell surface markers: c-kit+, Sca-1+, CD34Iow/-, CD38+, and/or 

Thyl+/low. In some embodiments, human stem cells (for example, hematopoietic stem cells) 

are identified by the presence of the following markers: CD34+, CD38low/-, c-kit-/low, 

and/or Thy l+. In some embodiments, both human and murine stem cells (for example, 

hematopoietic stem cells) lack cell lineage markers, such as CD2, CD3, CD4, CD5, CD8, 

NK1.1, B220, Ter-119, and/or Gr- I. 

(00371 	In some embodiments, homologues, analogues or fragments of polypeptides 

described herein include an amino acid sequence that is at least 40% to 100% identical, for 

example, at least 40%, 45%. 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 

90%, 91%, 92%, 94%, 95%, 96%, 97%, 98%, or any other percent from about 40% to about 

100% identical to the polypeptide. 

100381 	To determine the percent homology of two amino acid sequences or of two 

nucleic acids, the sequences is aligned for optimal comparison purposes (for example, gaps 

are introduced in the sequence of a first amino acid or nucleic acid sequence for optimal 

alignment with a second amino acid or nucleic acid sequence). The amino acid residues or 

nucleotides at corresponding amino acid positions or nucleotide positions can then be 

compared. When a position in the first sequence is occupied by the same amino acid residue 

or nucleotide as the corresponding position in the second sequence, then the molecules are 

identical at that position. The percent homology between the two sequences is a function of 

the number of identical positions shared by the sequences (% identity-# of identical 

positions/total # of positions (for example, overlapping positions)x100). In sonic 

embodiments the two sequences are the same length. 



(0039) 	To determine percent homology between two sequences, the algorithm of Karlin 

and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as in Karlin and 

Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5877 is used. Such an algorithm is 

incorporated into the NBLAST and XBLAST programs of Altschul, et al. (1990)3. Mol Biol. 

215:403-410. BLAST nucleotide searches is performed with the NBLAST program, 

score=100, wordlength=l2 to obtain nucleotide sequences homologous to a nucleic acid 

molecules described or disclose herein. BLAST protein searches is performed with the 

XBLAST program, score=50, wordlength=3. To obtain gapped alignments for comparison 

purposes, Gapped BLAST is utilized as described in Altschul et al. (1997) Nucleic Acids 

Res. 25:3389-3402. When utilizing BLAST and Gapped BLAST programs, the default 

parameters of the respective programs (for example, XBLAST and NBLAST) are used. See 

the website of the National Center for Biotechnology Information for further details (on the 

World Wide Web at ncbi.nlm.nih.gov). Proteins suitable for use in the methods described 

herein also includes proteins having between I to 15 amino acid changes, for example, I, 2, 

3, 4, 5, 6, 7, 8, 9, 10, II , 12, 13, 14, or 15 amino acid substitutions, deletions, or additions, 

compared to the amino acid sequence of any protein described herein. In other embodiments, 

the altered amino acid sequence is at least 75% identical, for example, 77%, 80%, 82%, 85%, 

88%, 90%, 92%, 95%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of any 

protein inhibitor described herein. Such sequence-variant proteins are suitable for the 

methods described herein as long as the altered amino acid sequence retains sufficient 

biological activity to be functional in the compositions and methods described herein. In 

certain instances conservative amino acid substitutions are utilized. Illustrative conservative 

substitution among amino acids are within each of the following groups: (1) glycine, alanine, 

valine, leucine, and isoleucine, (2) phenylalanine, tyrosine, and tryptophan, (3) serine and 

threonine, (4) aspartate and glutamate, (5) glutamine and asparagine, and (6) lysine, arginine 

and histidine. The BLOSUM62 table is an amino acid substitution matrix derived from about 

2,000 local multiple alignments of protein sequence segments, representing highly conserved 

regions of more than 500 groups of related proteins (Henikoff et al. (1992), Proc. Natl Acad. 

Sci. USA, 89:10915-10919). The BLOSUM62 substitution frequencies are used to define 

conservative amino acid substitutions that, in some embodiments, are introduced into the 

amino acid sequences described or disclosed herein. Although it is possible to design amino 

acid substitutions based solely upon chemical properties (as discussed above), the language 

"conservative amino acid substitution" preferably refers to a substitution represented by a 
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BLOSUM62 value of greater than - I. For example, an amino acid substitution is conservative 

if the substitution is characterized by a BLOSUM62 value of 0, 1, 2, or 3. According to this 

system, preferred conservative amino acid substitutions are characterized by a BLOSUM62 

value of at least I (for example, I, 2 or 3), while more preferred conservative amino acid 

substitutions are characterized by a BLOSUM62 value of at least 2 (for example, 2 or 3). 

100401 	As used herein, the term "nucleic acid" refers to a nucleic acid that is engineered 

through the combination or insenion of one or more nucleic acids, thereby combining 

sequences that would not normally occur together in nature. In some embodiments, nucleic 

acids comprise inducers or enhancers. In some embodiments, nucleic acids comprise 

restriction enzyme sites. In some embodiments, nucleic acids encode polypeptides. In some 

embodiments, nucleic acids comprise mutations. 

100411 	As used herein, the term "polypeptide" refers to a polypeptide that is produced 

from a nucleic acid. 

100421 	As used herein, the term "transgene" refers to the integration of a nucleic acid that 

encodes a polypeptide into the genomic DNA of an animal, bacteria, virus or cell. 

100431 	As used herein, "over-expression", refers to a higher level of expression when 

compared to the endogenous level of expression of an identical polypeptide or protein within 

the same cell. In certain instances. "over-expression" refers to expression of a polypeptide. In 

some embodiments a higher level of expression comprises 2% to 200% higher. In some 

embodiments a higher level of expression comprises 2-fold to 1000-fold higher. In some 

embodiments a higher level of expression comprises 2-fold to 1000-fold higher. In some 

embodiments a higher level of expression comprises 2-fold to 10,000-fold higher. In some 

embodiments a higher level of expression comprises a detectable level of expression when 

compared to a previous undetectable level of expression. In some embodiments "over-

expression" refers to any detectable level of expression of an exogenous polypeptide or 

protein. 

100441 	The terms "polypeptide", "peptide", and "protein" are used interchangeably herein 

to refer to a polymer of amino acid residues. The terms apply to naturally occurring amino 

acid polymers as well as amino acid polymers in which one or more amino acid residues is a 

non-naturally occurring amino acid, for example, an amino acid analog. As used herein, the 
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terms encompass amino acid chains of any length, including full length proteins, wherein the 

amino acid residues are linked by covalent peptide bonds. 

100451 	As used herein, reference to an isolated protein or polypeptide in the present 

embodiments include HI-length proteins, fusion proteins, chimeric proteins, or any fragment 

(truncated form, portion) or homologue of such a protein. More specifically, an isolated 

protein can be a protein (including a polypeptide or peptide) that has been removed from its 

natural milieu (i.e., that has been subject to human manipulation), and can include, but is not 

limited to, purified proteins, partially purified proteins, recombinantly produced proteins, 

membrane bound proteins, proteins complexed with lipids, soluble proteins, synthetically 

produced proteins, and isolated proteins associated with other proteins. As such, "isolated" 

does not reflect the extent to which the protein has been purified. Preferably, an isolated 

protein is produced recombinantly. 

100461 	Preferably, an isolated nucleic acid molecule is produced using recombinant DNA 

technology (for example, polymerase chain reaction (PCR) amplification, cloning) or 

chemical synthesis. Isolated nucleic acid molecules include natural nucleic acid molecules 

and homologues thereof, including, but not limited to, natural allelic variants and modified 

nucleic acid molecules in which nucleotides have been inserted, deleted, substituted, and/or 

inverted in such a manner that such modifications provide the desired effect (for example, 

provision of an inducible protooncogene, as described herein). 

100471 	A nucleic acid molecule homologue can be produced using a number of methods 

known to those skilled in the art (see, for example, Sambrook et al., Molecular Cloning: A 

Laboratory Manual, Cold Spring Harbor Labs Press (1989)). For example, nucleic acid 

molecules can be modified using a variety of techniques including, but not limited to, classic 

mutagenesis techniques and recombinant DNA techniques, such as site-directed mutagenesis, 

chemical treatment of a nucleic acid molecule to induce mutations, restriction enzyme 

cleavage of a nucleic acid fragment, ligation of nucleic acid fragments, PCR amplification 

and/or mutagenesis of selected regions of a nucleic acid sequence, synthesis of 

oligonucleotide mixtures and ligation of mixture groups to "build" a mixture of nucleic acid 

molecules and combinations thereof. Nucleic acid molecule homologues can be selected 

from a mixture of modified nucleic acids by screening for the function of the protein encoded 

by the nucleic acid and/or by hybridization with a wild-type gene. 
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100481 	The minimum size of a nucleic acid molecule or polynucleotide is a size sufficient 

to encode a protein useful for embodiments provided herein, such as a protein encoded by a 

protooncogene or functional portion thereof (for example, a portion that has the biological 

activity of the full-length protein and that is sufficient for use in the method), or an anti-

apoptotic protein or a functional portion thereof (for example, a portion that has the 

biological activity of the full-length protein and that is sufficient for use in the method). Other 

nucleic acid molecules that may be useful can include nucleic acid molecules of a minimum 

size sufficient to form a probe or oligonucleotide primer that is capable of forming a stable 

hybrid with the complementary sequence of a nucleic acid molecule encoding the natural 

protein (for example, under moderate, high or very high stringency conditions), which is 

typically at least 5 nucleotides in length, and preferably ranges from about 5 to about 50 or 

about 500 nucleotides or greater, including any length in between, in whole number 

increments (i.e., 5, 6, 7, 8, 9, 10, ... 33, 34, ... 256, 257, ... 500). There is no limit, other 

than a practical limit, on the maximal size of a nucleic acid molecule, in that the nucleic acid 

molecule can include a sequence or sequences sufficient to be useful in any of the 

embodiments described herein. 

100491 	As used herein, stringent hybridization conditions refer to standard hybridization 

conditions under which nucleic acid molecules are used to identify similar nucleic acid 

molecules. Such standard conditions are disclosed, for example, in Sambrook et al., 

Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Labs Press, 1989. Sambrook 

et al., ibid., is incorporated by reference herein in its entirety (see specifically, pages 9.31- 

9.62). In addition, formulae to calculate the appropriate hybridization and wash conditions to 

achieve hybridization permitting varying degrees of mismatch of nucleotides arc disclosed, 

for example, in Meinkoth et al., 1984, Anal. l3iochem. 138, 267-284; Meinkoth et al., ibid., is 

incorporated by reference herein in its entirety. 

100501 	More particularly, moderate stringency hybridization and washing conditions, as 

referred to herein, refer to conditions which permit isolation of nucleic acid molecules having 

at least about 70% nucleic acid sequence identity with the nucleic acid molecule being used 

to probe in the hybridization reaction (for example, conditions permitting about 30% or less 

mismatch of nucleotides). High stringency hybridization and washing conditions, as referred 

to herein, refer to conditions which permit isolation of nucleic acid molecules having at least 

about 80% nucleic acid sequence identity with the nucleic acid molecule being used to probe 
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in the hybridization reaction (for example, conditions permitting about 20% or less mismatch 

of nucleotides). Very high stringency hybridization and washing conditions, as referred to 

herein, refer to conditions which permit isolation of nucleic acid molecules having at least 

about 90% nucleic acid sequence identity with the nucleic acid molecule being used to probe 

in the hybridization reaction (for example, conditions permitting about 10% or less mismatch 

of nucleotides). As discussed above, one of skill in the art can use the formulae in Meinkoth 

et al., ibid. to calculate the appropriate hybridization and wash conditions to achieve these 

particular levels of nucleotide mismatch. Such conditions will vary, depending on whether 

DNA:RNA or DNA:DNA hybrids are being formed. Calculated melting temperatures for 

DNA:DNA hybrids are 10° C less than for DNA:RNA hybrids. In particular embodiments, 

stringent hybridization conditions for DNA:DNA hybrids include hybridization at an ionic 

strength of 6xSSC (0.9 M Ne) at a temperature of between about 20° C and about 35° C 

(lower stringency), more preferably, between about 28° C and about 40° C (more stringent), 

and even more preferably, between about 35° C and about 45° C (even more stringent), with 

appropriate wash conditions. In particular embodiments, stringent hybridization conditions 

for DNA:RNA hybrids include hybridization at an ionic strength of 6xSSC (0.9 M Na-) at a 

temperature of between about 30° C and about 45° C, more preferably, between about 38° C 

and about 50° C, and even more preferably, between about 45° C and about 55° C, with 

similarly stringent wash conditions. These values are based on calculations of a melting 

temperature for molecules larger than about 100 nucleotides, 0% formamide and a G+C 

content of about 40%. Alternatively, T„, can be calculated empirically as set forth in 

Sambrook et al., supra, pages 9.31 to 9.62. In general, the wash conditions should be as 

stringent as possible, and should be appropriate for the chosen hybridization conditions. For 

example, hybridization conditions can include a combination of salt and temperature 

conditions that are approximately 20-25° C' below the calculated T. of a particular hybrid, 

and wash conditions typically include a combination of salt and temperature conditions that 

are approximately 12-20° C below the calculated T. of the particular hybrid. One example of 

hybridization conditions suitable for use with DNA:DNA hybrids includes a 2-24 hour 

hybridization in 6xSSC (50% formamide) at about 42° C, followed by washing steps that 

include one or more washes at room temperature in about 2xSSC, followed by additional 

washes at higher temperatures and lower ionic strength (for example, at least one wash as 

about 37° C in about 0.1x-0.5xSSC, followed by at least one wash at about 68° C in about 

0.1x-0.5xSSC). 
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(00511 	In some embodiments, any amino acid sequence described herein, including 

truncated forms (fragments or portions) and homologues of such sequences, can be produced 

with from at least one, and up to about 20, additional heterologous amino acids flanking each 

of the C- and/or N-terminal end of the given amino acid sequence. The resulting protein or 

polypeptide can be referred to as "consisting essentially of" a given amino acid sequence. 

Heterologous amino acids are a sequence of amino acids that are not naturally found (i.e., not 

found in nature, in vivo)flanking the given amino acid sequence or which would not be 

encoded by the nucleotides that flank the naturally occurring nucleic acid sequence encoding 

the given amino acid sequence as it occurs in the gene, if such nucleotides in the naturally 

occurring sequence were translated using standard codon usage for the organism from which 

the given amino acid sequence is derived. Similarly, the phrase "consisting essentially or, 
when used with reference to a nucleic acid sequence herein, refers to a nucleic acid sequence 

encoding a given amino acid sequence that can be flanked by from at least one, and up to as 

many as about 60, additional heterologous nucleotides at each of the 5' and/or the 3' end of 

the nucleic acid sequence encoding the given amino acid sequence. The heterologous 

nucleotides are not naturally found (i.e., not found in nature, in vivo) flanking the nucleic 

acid sequence encoding the given amino acid sequence as it occurs in the natural gene. 

(00521 	A recombinant vector (also referred to generally as a recombinant nucleic acid 

molecule, particularly when it contains a nucleic acid sequence of interest) is an engineered 

(for example, artificially produced) nucleic acid molecule that is used as a tool for 

manipulating a nucleic acid sequence of choice and for introducing such a nucleic acid 

sequence into a host cell. The recombinant vector is therefore suitable for use in cloning, 

sequencing, and/or otherwise manipulating the nucleic acid sequence of choice, such as by 

expressing and/or delivering the nucleic acid sequence of choice into a host cell. Such a 

vector typically contains heterologous nucleic acid sequences, for example, nucleic acid 

sequences that are not naturally or usually found adjacent to a nucleic acid sequence to be 

cloned or delivered, although the vector can also contain regulatory nucleic acid sequences 

(for example. promoters, untranslated regions) which arc naturally found adjacent to nucleic 

acid molecules, or which arc useful for expression of the nucleic acid molecules (discussed in 

detail below). A vector can be either RNA or DNA, either prokaryotic or eukaryotic, and 

typically is a plasmid or a viral vector. The vector can be maintained as an 

cxtrachromosomal element (for example, a plasmid) or it can be integrated into the 

chromosome of a host cell. The entire vector can remain in place within a host cell, or under 
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certain conditions, the plasmid DNA can be deleted, leaving behind the nucleic acid 

molecule. Under other conditions, the vector is designed to be excised (removed) from the 

genome of the host cell at a selected time (described in more detail below). The integrated 

nucleic acid molecule can be under chromosomal promoter control, under native or plasmid 

promoter control, or under a combination of several promoter controls. Single or multiple 

copies of the nucleic acid molecule can be integrated into the chromosome. A recombinant 

vector can contain at least one selectable marker. 

[00531 	In some embodiments, the stem cells can include any adult stem cells obtained 

from any source. In another embodiment, stem cells can include embryonic stem cells. Stem 

cells can include, but are not limited to, hematopoietic stem cells, mesenchymal stem cells 

(including, but not limited to, lung mesenchymal stem cells, bone marrow stromal cells), 

neural stem cells, epithelial stem cells (including, but not limited to, lung epithelial stem 

cells, breast epithelial stem cells, vascular epithelial stem cells, and intestinal epithelial stem 

cells), intestinal stem cells, cardiac myocyte progenitor stem cells, skin stem cells (including, 

but not limited to, epidermal stem cells and follicular stem cells (hair follicle stem cells)), 

skeletal muscle stem cells, osteoblastic precursor stem cells, and liver stem cells. 

(0054) 	Hematopoietic stem cells give rise to all of the types of blood cells, including but 

not limited to, red blood cells (erythrocytes), B lymphocytes, T lymphocytes, natural killer 

cells, neutrophils, basophils, eosinophils, monocytes, macrophages, and platelets. 

(0055) 	Mesenchymal stem cells (including bone marrow stromal cells) give rise to a 

variety of cell types, including, but not limited to bone cells (osteocytes), cartilage cells 

(chondrocytes), fat cells (adipocytes), lung cells, and other kinds of connective tissue cells 

such as those in tendons. 

10056] 	Neural stem cells in the brain give rise to its three major cell types: nerve cells 

(neurons) and two categories of non-neuronal cells, astrocytes and oligodendrocytes. 

[0057] 	Epithelial stem cells in the lining of various tissues give rise to several cell types 

that form the epithelium in tissues. 

[0058] 	Skin stem cells occur in the basal layer of the epidermis and at the base of hair 

follicles. The epidermal stem cells give rise to keratinocytes, which migrate to the surface of 

the skin and form a protective layer, and the follicular stem cells can give rise to both the hair 
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follicle and to the epidermis. Other sources of adult stem cells will be known to those of skill 

in the art. 

[0059] 	Embryonic stem cells can give rise to all tissues and cells of the body. 

Methods 

[0060] 	The long term repopulating hematopoietic stem cell (LT-HSC) population self-

renews in vivo and supports hematopoiesis for the lifetime of the individual. Long term 

HSCs are of importance in the context of bone marrow stem cell transplantation, among 

others. 

[0061] 	The function of hematopoietic stem cells (HSCs) in vivo is dependent on complex 

micro-environmental signals that determine self-renewal, lineage commitment and 

differentiation. Attempts to expand HSC populations have been hampered by the inability to 

maintain pluripotency and to prevent differentiation, while allowing self-renewal (Bernstein, 

I.D. and Delaney, C. (2012). Cell Stem Cell 10, 113-4). Previous efforts to expand HSCs in 

vitro involved using cytokine cocktails (Chou, S., et al. (2010). Cell Stem Cell 7, 427-8), 

ligands for Notch-1 (Dahlberg, A., et al (2011). Blood 117, 6083-90), Tat-fusion proteins for 

HoxB4 (Kroll, J., et al. (2003). Nat Med 9, 1428-32), NF-Ya (Domashenko, A.D., et al, 

(2010). Blood 116, 2676-83), and other transcription factors (Yang, J. et al. (2011). 5 

Hematol Oncol 4, 38), as well as small molecules (PGE2 and a Aryl Hydrocarbon Receptor 

Antagonists) (North, T.E., et al. (2007). Nature 447, 1007-11; Boitano, A.E., et al. (2010). 

Science 329, 1345-8). The nature of the expanded cells varies among these different 

approaches, yielding mixed results in xenochimaeric transplanted mouse studies, and in the 

clinic (Walasek, M.A., et al. (2012). Ann NY Acad Sci, 1266, 138-50). 

[0062] 	Obstacles in current stem cell therapies include difficulties obtaining sufficient 

numbers of needed cells, and identification of allogeneically appropriate donors. Some 

embodiments described herein allow for the ability to generate large numbers of HSCs. The 

ability to transplant a pure and homogeneous population of stem cells also allows for 

reconstitution of irradiated hosts across allogeneic barriers. 

[0063] 	In some embodiments, a method for producing a population of conditionally 

immortalized adult stem cells (protein-transduced long term HSCs, "ptlt-HSCs") is provided. 

The method can comprise providing one or more adult stem cells with a) an exogenously 
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synthesized Myc polypeptide that promotes one or more of cell survival or proliferation and 

b) an exogenously synthesized Bcl-2 domain polypeptide that inhibits apoptosis. In some 

embodiments, the Myc polypeptide is provided to the one or more adult stem cells at intervals 

of at least about 72 hours. In some embodiments, the Bcl-2 domain polypeptide is provided 

to the one or more adult stem cells at intervals of at least about 96 hours, so as to produce a 

population of conditionally immortalized adult stem cells. The term "exogenously 

synthesized" denotes that the proteins are not synthesized within the cells that they are acting 

upon. in some embodiments, the exogenously synthesized proteins are added to the cells in 

an isolated form (for example, buffer and just these proteins). In some embodiments, the 

exogenously synthesized proteins arc produced by a first population of cells, separate from 

the stem cells. 

100641 	Although not intending to be bound by theory, the function of the proto-oncogene 

encoded protein (for example, Myc polypeptide) appears to prevent exit of HSCs from the 

cell cycle, driving their continuous proliferation and inhibiting their differentiation. Signals 

provided by the cytokine cocktail including IL-3, 11,-6, SCF and other cytokines maintain the 

HSC phenotype of proliferating ptlt-HSC cells. The survival function provided by the anti-

apoptotic protein (for example, Bel-2 domain polypeptide) allows rescue of ptlt-HSC cells 

from the apoptotic death that would normally follow withdrawal of the proto-oncogene 

encoded protein function. This appears to allow the HSCs to regain their ability to use 

physiologically available survival signals in vivo. Thus, in some embodiments, the method 

can include driving proliferation and inhibiting differentiation and can comprise applying 

both Bcl-2 domain polypeptides and Myc polypeptides, and subsequently withdrawing the 

Myc polypeptide (or allowing its levels to decrease), while keeping some amount of Bcl-2 

present, so that the cells survive the withdrawal of Myc, allowing them to be subsequently 

differentiated. 

100651 	While not intending to be bound by theory, it appears that, upon adoptive transfer 

of ptlt-HSCs, the anti-apoptotic protein survival function allows cells to habituate to micro-

environmental signals provided by the bone marrow stem cell niche. In conditions of need, 

such as radiation-induced lymphopenia, these signals may drive differentiation of ptlt-HSCs 

to generate functional lymphoid cells and other differentiated blood cells. It is noted that no 

leukemias were observed in mice reconstituted with ptlt-HSCs. Thus, in some embodiments, 

methods for generating such advantageous cells are provided herein. 

- 20 - 



(00661 	In some embodiments, the method can include stopping and/or reducing the 

addition of Myc so that the amount of Myc in the media decreases over time. During this 

period of time in which the amount of Myc is decreasing, one can continue to add BcI-2 when 

appropriate, to maintain an acceptable level of Bel-2. 

100671 	In some embodiment, the Myc polypeptide is provided at intervals of at least 

about 72 hours. In some embodiments, the Myc polypeptide can be provided more 

frequently, for example, every 24, 32, 40, 48, 56, or 64 hours. 

100681 	In some embodiments, the Myc polypeptide and/or BcI-2 domain polypeptide is 

administered no more frequently than one time each hour, for example once every two hours, 

once every three hours, once every four hours, once every five hours, once every six hours, 

once every seven hours, once every eight hours, once every nine hours, once every 10 hours, 

once every 11 hours, once every 12 hours, once every 13 hours, once every 14 hours, once 

every 15 hours, once every 16 hours, once every 17 hours, once every 18 hours, once every 

19 hours, once every 20 hours, once every 21 hours, once every 22 hours, once every 23 

hours, or once every 24 hours. In some embodiments, the Myc polypeptide and/or Bcl-2 

domain polypeptide is administered no more frequently than one time each day, for example 

once every two days, once every three days, or once every four days. In some embodiments, 

this can be achieved, despite the short half-life of traditional Myc polypeptides (for example 

36 minutes) by using the various embodiments of the Myc polypeptide provided herein. In 

some embodiments, despite the low frequency of administration of the Myc polypeptide, the 

amount of Myc polypeptide administered at one time will be less than about 100 

micrograms/ml, for example 50-100 micrograms/ml or 20 micrograms/nil or less. In such 

situations, because of the extended half-life, the Myc can still be effective for one or more of 

the above noted periods of time, without needing additional Myc polypeptide (for example. I, 

2, 3, 4, 5, 6, 7, 8, 12, 16, 24, or 48 hours without additional Myc polypeptide being required, 

while still providing an effective level of Myc activity to the cells). 

100691 	In some embodiments, the amount of Myc and/or Bcl-2 domain polypeptide is 

applied all at once over a short period of time, for example, the amount of Myc and/or Bcl-2 

domain polypeptide can be applied in a single dump, all at once, or over I, 5, 10, or 60 

seconds. In some embodiments, the Myc and/or Bcl-2 domain polypeptide can be applied 

over I minute to 60 minutes, for example, about I, 3, 5 or 10 minutes. 
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10070] 	In some embodiments, the Myc polypeptide is provided continuously. In some 

embodiments, the Myc polypeptide is provided at a concentration of at least about 0.1 

microgram/ml, for example, 5, 10, 50, or 100 micrograms/ml. In some embodiments, the 

Myc polypeptide is provided at a range of about 0.1 to about 50 micrograms/ml. In some 

embodiments, no more than 1 microgram/ml is provided to the cells in an 8, 12, 16, or 24 

hour period. 

[00711 	In some embodiments, the BcI-2 domain polypeptide is provided at intervals of at 

least about 72 hours. In some embodiments, the Bcl-2 domain polypeptide can be provided 

more frequently, for example, once every 24, 32, 40, 48, 56, or 64 hours. 

100721 	In some embodiments, the Bcl-2 domain polypeptide is provided continuously. In 

some embodiments, the Bcl-2 domain polypeptide is provided at a concentration of at least 

about 0.1 microgram/ml, for example, 5, 10, 50, or 100 micrograms/ml. In some 

embodiments, the BcI-2 domain polypeptide is provided at a range of about 1 to about 50 

micrograms/ml. In some embodiments, the Bc1-2 domain polypeptide is provided at a 

concentration of about 1 microgram/ml. In some embodiments, the ratio of Bcl-2 domain 

polypeptide to Myc can depend upon the desired process that one wishes to achieve. In some 

embodiments, the ratio of Bcl-2 to Myc is at least 1:1, for example at least 2:1 Bcl-2 to Myc. 

100731 	In some embodiments, the Bcl-2 domain polypeptide and the Myc polypeptide can 

be administered at the same time. In some embodiments, the Bcl-2 domain polypeptide and 

the Myc polypeptide can be administered at different times. in some embodiments, the Bcl-2 

domain polypeptide and the Myc polypeptide can be administered at overlapping times. 

100741 	In some embodiments, any of the Myc polypeptides and/or Bcl-2 domain 

polypeptides provided herein can be used in the methods provided herein. 

100751 	In some embodiments, the cells can be cultured at a variety of temperatures and 

under a variety of conditions. In some embodiments, they can be cultured at about 37°C. In 

some embodiments, the cells can be cultured in a gas permeable container, such as a gas 

permeable flask (such as those produced by G-Rex) or a gas permeable bag (such as those 

made by Origene). In some embodiments, this provides for a superior approach over those 

made in static cultures in plastic TC containers. In some embodiments, the process can occur 

in a gas permeable vessel within an incubator with about 5% CO2. In some embodiments, the 
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gas permeable vessel can be rapid expansion cultureware. In some embodiments, the vessel 

includes a silicone membrane, at its sides and/or bottom to allow for exchange of gas. 

100761 	In some embodiments, the resulting ptlt-HSCs resemble HSCs by one or more of 

cell surface phenotype, in vitro differentiation capacity, ability to reconstitute the 

hematopuietic lineages in vivo following irradiation, and/or ability to be transplanted in a 

serial manner. In some embodiments, the cells can go through at least two serial passages, 

for example, 3, 4, 5, 6 or more passages. 

100771 	In some embodiments, the ptlt-HSCs can be rapidly expanded from any source of 

HSCs including but not limited to cord blood, placenta, mobilized peripheral blood, and bone 

marrow as well as HSCs from embryonic stem cells or from induced pluripotent stem cells. 

In some embodiments, the ptlt-HSCs give rise to a self-renewing HSC compartment in vivo 

following transplantation. In some embodiments, this can be achieved by administering the 

ptlt-HSCs to a subject. 

100781 	In some embodiments, the adult stem cells are expanded one or more times over a 

period of times. In some embodiments, the adult stem cells are expanded about 270 fold over 

about 28 days (for example, for mouse 5FU enriched BM). In some embodiments, the adult 

stem cells are expanded about 150 fold over about 14 days (for example, for human FCB 

derived). In some embodiments, the adult stem cells are expanded 100 fold over about 21 

days. In some embodiments, the adult stem cells are expanded about 85 fold over about 9 to 

14 days (for human mobilized). As will be appreciated by those of skill in the art, given the 

present disclosure, being able to administer the Myc polypeptide and/or the Bcl-2 domain 

polypeptide less frequently, will assist in being able to store such cells. 

1110791 	As will be appreciated by one of skill in the art, given the present disclosure, Myc 

and variants and/or homologs thereof can be employed in various embodiments herein. In 

some embodiments, the Myc polypeptide is one or more of n-Myc, c-Myc, I-Myc, v-Myc, or 

s-Myc. As used herein, the terms "Myc", "cMyc", "Myc protein" and "Myc polypeptide" are 

used interchangeably and refer in certain instances to the NCBI Accession Number 

NP002458.2, functional homologs, analogs or fragments thereof. In some embodiments, 

synonyms of Myc include, but are not limited to c-Myc, v-Myc, Myc proto-oncogene protein 

& Transcription factor p64. In some embodiments, a Myc polypeptide comprises an amino 

acid sequence that is at least 40% to 100% identical, for example, at least 40%, 45%. 50%, 
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55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 90%, 91%, 92%, 94%, 95%, 96%, 

97%, 98%, or any other percent from about 40% to about 100% identical to the sequence of 

NCBI Accession Numbers NP002458.2. In some embodiments, a Myc polypeptide 

comprises a polypeptide sequence of 40 amino acids or more in length that is at least 50% to 

100% identical, for example, at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 

87%, 88%, 90%, 91%, 92%, 94%, 95%, 96%, 97%, 98%, or any other percent from about 

50% to about 100% identical to the sequence of NCBI Accession Numbers NP002458.2. In 

some embodiments, a Myc polypeptide comprises a polypeptide sequence of 40 amino acids 

or more in length that is at least 50% to 100% identical, for example, at least 50%, 55%, 

60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 90%, 91%, 92%, 94%, 95%, 96%, 97%, 

98%, or any other percent from about 50% to about 100% identical to the sequence of NCBI 

Accession Numbers NP002458.2 and wherein the Myc polypeptide induces cell viability, cell 

immortality, cell growth and/or cell proliferation. 

BCL-2 Domain 

100801 	In some embodiments, the Bcl-2 domain polypeptide can be any member of the 

Bcl-2 family and/or any protein that it has adequate homology thereto so as to allow the 

protein to function in an anti-apoptotic manner. In some embodiments, the Bcl-2 domain 

polypeptide can comprise the BH I domain of Bel-2. In some embodiments, the Bcl-2 

domain polypeptide can comprise the BH2 domain of Bcl-2. In some embodiments, the Bel- 

2 domain polypeptide can comprise the BH3 domain of Bc1-2. In some embodiments, the 

Bcl-2 domain polypeptide can comprise the BH4 domain of Bcl-2. In some embodiments, 

the Bcl-2 domain polypeptide can comprise the Bill and BH2 domains of Bel-2, the BH1 

and BH3 domains, the BH1 and BH4 domains, the BH2 and BH3 domains, the BH2 and BH4 

domains, the BH3 and BH4 domains, the BHI, BH2, and BH3 domains, the BH2, BH3, and 

BH4 domains, or all of the BH I, BH2, BH3, and BH4 domains. In some embodiments, a 

polypeptide can be a Bcl-2 domain polypeptide, as long as it is at least 90% identical to at 

least one or more of BHI, BH2, BH3, or BH4, for example, 91, 92, 93, 94, 95, 96, 97, 98, 99, 

or greater percent identity to at least one of BHI, BH2, BH3, and/or BH4. In some 

embodiments, the Bcl-2 domain polypeptide comprises the BH1, H2 and BH4 domains. In 

some embodiments, the Bcl-2 domain polypeptide includes one or more of Bcl-2, Bcl-w, Bel- 

X, Bel-XL, or Mcl-1. The term "Bcl-2 domain polypeptide" includes homologs thereof, to 

the extent they function as noted herein. Thus, variants of Bcl-2 proteins are also included 

within the scope of the term. In some embodiments, the Bcl-2 domain polypeptide 
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encompasses full length BcI-2. In some embodiments, Bcl-2 domain polypcptide comprises a 

truncated form of human Bel-2, that has been deleted for the unstructured loop domain (Anderson, 

M., et al. (1999) Prot Expr. Purif. 15, 162-70). 

100811 	In some embodiments, a Bcl-2 domain polypeptide comprises an amino acid 

sequence that is at least 40% to 100% identical, for example, at least 40%, 45%. 50%, 55%, 

60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 90%, 91%, 92%, 94%, 95%, 96%, 97%, 

98%, or any other percent from about 40% to about 100% identical to the sequence of NCBI 

Accession Numbers: NM_000633.2 and/or NM_000657.2 

Transduction domain 

100821 	In some embodiments, the Myc polypeptide and/or the Bcl-2 domain polypeptide 

includes a protein transduction domain. In some embodiments, the protein transduction 

domain comprises Tat. In some embodiments, the protein transduction domain comprises 

EPTD. In some embodiments, the protein transduction domain comprises at least one of vpr, 

R9, RI5, VP16, Antennapedia, aptamer technology, chariot technology, R11, etc. In some 

embodiments, the protein transduction domain is covalently linked to the Myc polypeptide or 

the BcI-2 domain polypeptide. in some embodiments, the protein transduction domain is 

linked to the Myc polypeptide or the Bcl-2 domain polypeptide via a peptide bond. In some 

embodiments, the protein transduction domain is linked to the Myc polypeptide and/or the 

Bcl-2 domain polypeptide via a linker sequence, which can be composed of short stretches of 

neutral amino acids 

100831 	In some embodiments, the Tat-Myc polypeptide can be that shown in FIG. 15A. 

In some embodiments, the Tat-Bcl-2 domain polypeptide can be that shown in FIG. 15B. 

Media 

100841 	In some embodiments, the adult stem cell is cultured in media comprising at least 

one of IL3, ILA and a stem cell factor. In some embodiments, the adult stem cell is cultured 

in media comprising IL3, IL6, and stem cell factor. In some embodiments, the adult stem cell 

is cultured in media comprising IL3, IL6, stem cell factor, thrombopoeitin, and Flt3-L. In 

some embodiments, the adult stem cell is cultured in media comprising 1L3, IL6, stem cell 

factor, thrombopoeitin, and Flt3-L, and GM-CSF. In some embodiments, the amount of: IL3, 

IL6, stem cell factor, thrombopoeitin, Flt3-L, and/or GM-CSF can be present in a range of 

from 10-500 ng/ml. 
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Cell Types 

100851 	In some embodiments, the adult stem cell is one or more hematopoietic adult stem 

cell. In some embodiments, the hematopoietic adult stem cell can be characterized by one or 

more of cell surface phenotype, in vitro differentiation capacity, ability to reconstitute the 

hematopoietic lineages in vivo following irradiation, or ability to be transplanted in a serial 

manner. In some embodiments, the hematopoietic adult stem cell can be characterized by an 

appropriate cell surface phenotype, in vitro differentiation capacity, ability to reconstitute the 

hematopoietic lineages in vivo following irradiation, and ability to be transplanted in a serial 

manner. In some embodiments, for a mouse cell to be considered a hematopoietic adult stem 

cell it can exhibit one or more of the following: surface phenotype (Sca-1+, c-kit+, lineage-), 

able to reconstitute irradiated syngeneic mice with as few as 10 cells per transfer, and give 

rise to a self-renewing HSC population that can rescue irradiated recipients following serial 

passages. In some embodiments, for a human cell to be considered a hematopoietic adult 

stem cell it can exhibit one or more of the following: a surface phenotype of CD34+, 

CD38+/Io, lineage negative, fllc-2-; ability to give rise to several colony types and 

morphologies on defined methycellulose differentiation media, along with the ability to give 

rise to cells that can be serially plated in that in vitro differentiation system; cells should be 

able to give rise to human mature hematopoietic cells in xenotransplantation studies using 

NOD/SCID/gamma chain ko or other profoundly immunocompromised mouse strain, and 

give rise to serially transplantable HSCs in that xenotrasplant system. 

100861 	In some embodiments, the one or more hematopoietic adult stem cells are isolated 

from one or more of cord blood, placenta, bone marrow, peripheral blood, mobilized 

peripheral blood, or adipose tissue. In some embodiments, the hematopoietic adult stem cell 

is derived from an embryonic stem cell or an induced pluripotent stem cell. 

100871 	In some embodiments, the one or more adult stem cells arc human cells. In some 

embodiments, the one or more adult stem cells are non-human animal cells, such as, for 

example, mouse, rat, dog, horse, cat, pig, etc. 

Proteins 

100881 	In some embodiments, a protein is provided. The protein can be a Myc fusion 

protein comprising a protein transduction domain, a Myc polypeptide that promotes one or 

more of cell survival or proliferation (which can be exogenously synthesized), a V5 domain, 

and a six histidine epitope tag. In some embodiments, the Myc fusion protein has a half-life 
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that is longer than about 60 minutes in tissue culture conditions of 37°C in an atmosphere 

with 5% CO2, in aqueous solution. 

100891 	In some embodiments, the Myc fusion protein half-life is about 48 hours. In some 

embodiments, the Myc fusion protein has an adequate half-life such that it is detectable up to 

about 48 hours, for example 72 hours. 

100901 	In some embodiments, the Myc fusion protein is transported to the nucleus in 

cells. In some embodiments, the Myc fusion protein is located in the nucleus in cells. 

100911 	In some embodiments, the protein transduction domain can be any protein 

transduction domain. In some embodiments, the protein transduction domain comprises Tat. 

Vpr, and/or EPTD. In some embodiments the protein transduction domain comprises at least 

one of VP I6, R9, RI 5, or other protein transduction domains. 

(00921 	In some embodiments, the Myc fusion protein can be arranged in any desired 

order. In some embodiments, the Myc fusion protein can be arranged in order of a) the 

protein transduction domain connected in frame to the Myc polypeptide, b) the Myc 

polypeptide connected in frame to the V5 domain, and c) the V5 domain connected in frame 

to the six histidine epitope tag. In some embodiments, the Myc fusion protein has an order of 

components of a) the Myc polypeptide connected in frame to the protein transduction domain, 

b) the protein transduction domain connected in frame to the V5 domain, and c) the V5 

domain connected in frame to the six histidine epitope tag. In some embodiments, additional 

intervening amino acid sequences can be included between each of the sequences. In some 

embodiments, additional amino acid sequences can be included at the start and/or end of the 

sequences. 

100931 	In some embodiments, the Myc fusion protein comprises a protein transduction 

domain, a Myc polypeptide that promotes one or more of cell survival or proliferation, and a 

short peptide domain. The short peptide domain can be varied. In some embodiments, the 

short peptide domain is selected from at least one of a V5, a histidine-tag, HA 

(hemagglutinin) tags, FLAG tag, CBP (calmodulin binding peptide), CYD (covalent yet 

dissociable NorpD peptide), Strepll, or HPC (heavy chain of protein C). In some 

embodiments, the short peptide domain is about 10 or 20 amino acids long. In some 

embodiments, the short peptide domain is 2-20, for example 6-20 amino acids in length. In 

- 27 - 



some embodiments, two of the above listed items (for example, VS and the his-tag) can be 

used together as the short peptide domain. 

Expansion Media 

100941 	In some embodiments, a stem cell expansion media is provided. The expansion 

media can include a) a base media, and b) at least one or more of the following: IL3, II-6, 

stem cell factor, thrombopoeitin, Flt3-L, and GM-CSF. In some embodiments, it includes 

IL3, IL6, stem cell factor, thrombopoeitin, Flt3-L, and GM-CSF. In some embodiments, it 

includes IL3, II-6, stem cell factor, thrombopoeitin, and Flt3-L. In some embodiments, the 

expansion media can include IL3, 16, stem cell factor, thrombopoeitin, F1t3-L, and GM- 

CSF. 

100951 	In some embodiments, the cell expansion media comprises a Myc polypeptide that 

promotes one or more of cell survival or proliferation. In some embodiments, the cell 

expansion media comprises an exogenously synthesized Myc polypeptide that promotes one 

or more of cell survival or proliferation. In some embodiments, the cell expansion media 

comprises a Myc polypeptide as provided herein. 

100961 	In some embodiments, the stem cell expansion media further comprises a Bcl-2 

domain polypeptide that inhibits apoptosis. In some embodiments, the stem cell expansion 

media further comprises a Bcl-2 domain polypeptide as provided herein. In some 

embodiments, the stem cell expansion media further comprises an exogenously synthesized 

Bcl-2 domain polypeptide that inhibits apoptosis. 

100971 	In some embodiments, any base media can be employed. In some embodiments, 

the base media can comprise one or more of StemSpan, Isco's media, RPMI, or DMEM. 

Additional Aspects: 

100981 	Methods for obtaining such stem cells and providing initial culture conditions, 

such as a liquid culture or semi-solid culture medium, are known in the art. In some 

embodiments, the cells are initially expanded in vivo or in vitro, by contacting the source of 

the stem cells with a suitable reagent that expands or enriches such cells in the tissue source 

or in culture. For example, in the case of hematopoictic stem cells, the donor individual can 

be treated with an agent that enriches for hematopoietic stem cells and encourages such cells 

to proliferate without differentiation, such as 5-fluorouracil. Other suitable agents for 

expansion of a desired stem cell type will be known to those of skill in the art. Alternatively, 
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adult stem cells are isolated from a tissue source and then expanded or enriched in vitro by 

exposure to a suitable agent. For example, with regard to hematopoietic stem cells, a method 

for producing an expanded culture of adult hematopoietic progenitors is described in Van 

Parijs et al., (1999; Immunity, 11, 763-70). Cells are obtained from an individual by any 

suitable method for obtaining a cell sample from an animal, including, but not limited, to, 

collection of bone marrow collection of a bodily fluid (for example, blood), collection of 

umbilical cord blood, tissue punch, and tissue dissection, including particularly, but not 

limited to, any biopsies of skin, intestine, cornea, spinal cord, brain tissue, scalp, stomach, 

breast, lung (for example, including lavage and bronchioschopy), fine needle aspirates of the 

bone marrow, amniotic fluid, placenta and yolk sac. 

100991 	In some embodiments, cells can also be obtained from fresh, or cryopreserved 

(stored) cord blood, hematopoietic progenitor populations that can be derived from the 

directed differentiation of embryonic stem (ES) cells in vitro, hematopoietic stem cells 

(HSCs) obtained from the peripheral blood of normal or granulocyte colony-stimulating 

factor (G-CSF)-treated patients who have been induced to mobilize their It-HSCs to the 

peripheral circulation. 

1001001 	in some embodiments, the cells produced herein can be used to treat various 

disorders. In some embodiments, the methods provided herein can be used to culture cells for 

those in need. In some embodiments, the cells are from the subject to receive the cells 

(autologous). 

1001011 	In some embodiments, the cells generated herein or that contain one or more of 

the constructs provided herein (protein etc.) can be used in the treatment of subjects who have 

undergone radiation and/or chemotherapy (for example cancer patients, or have been exposed 

to high-level radiation), for the treatment of immune deficiency and hematological 

malignancies, for bone marrow transplantation to combat the negative effects of aging on the 

immune system. In some embodiments, this can be used in the treatment of bean disease, or 

to reduce graft versus host reactions. 

1001021 	In some embodiments, the cells generated herein can be used for gene correction 

approaches for therapy of monogenic diseases. In some embodiments, one can use 

autologous HSCs that can be gene corrected with a TALEN, or other approach and transfuse 
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the cells back to the patient. In some embodiments, this allows amplification before and after 

the gene correction, especially since those correction approaches will involve cell division. 

1001031 	In some embodiments, the present methods can be applied to diseases where the 

patient cannot be mobilized or subjected to G-CSF treatment for mobilizing HSCs. In those 

instances, a small number of HSCs can be obtained from peripheral blood and amplified via 

the methods provided herein and can allow for a successful therapeutic application. These 

diseases include, but are not limited to lysosomal storage diseases, sickle cell anemia, 

congenital anemias, Epidermylysis Bullosa (4 types), etc. 

EXAMPLES 

Example 1: 	Generation of biologically active Tat-Myc and Tat-Bel-2 fusion proteins 

1001041 	Fusion proteins having the HIV-1 Tat protein transduction domain (PTD) and 

either the ORF for human Myc, or a truncated form of human 13cI-2, that has been deleted for the 

unstructured loop domain (Anderson, M., et al. (1999). Prot Expr. Purif. 15, 162-70), were generated. 

The recombinant proteins also encoded a V5 peptide tag and a 6-His tag, to facilitate detection and 

purification (Fig. IA). 

1001051 	pTAT-Myc-V5-6xHis (AmpR) and pTAT-Bc12A-V5-6x1fis(AmpR): plasmid were 

generated by PCR amplification of a eDNA encoding human cMyc or human BcI2 using a 

forward primer encoding an in frame TAT protein transduction domain of HIV 

(RKKRRQRRR) (SEQ ID NO: 5). The PCR products were cloned into pET101 /D-Topo 

(lnvitrogen) vector. The unstructured loop (A.A. #27-80) was removed from the BCL-2 

coding sequence using a Quick Change site directed mutagenesis kit (Stratagene #200521-5). 

1001061 	The proteins were synthesized in E. coli and purified to homogeneity. SDS- 

PAGE electrophoresis and Coomassie Staining revealed the level of purity of the final 

product used for our studies (Fig. 1B). pTAT-Myc-V5-6xHis was transformed into BL21- 

STAR(DE3) cells ([nitrogen) and protein was induced with 0.5mM IPTG at 37°C for 3 hrs. 

The cells were lysed in lysis buffer (8 M urea, 100mM NaH2PO4, 10mM Tris pH to 7.0, 

10mM imidazole, pH 7.2). The lysate was diluted to 6M urea and brought to 450mM NaCI, 

50mM NaH2PO4, 5mM Tris pH 7.0. The lysate was treated with Benzonase (500 units) at 

room temp for 1 hour, clarified by centrifugation at 12,000 RPM for 60 min and filtered 

through a .22 :AM filter. Myc-V5-6xHis was purified on a nickel affinity column (GE) using a 

GE AKTA purifier 10 FPLC. Myc-V5-6xHis was refolded by dialyzing into dialysis buffer 
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(450mM NaCI, 50mM NaH2PO4, 5mM Tris pH 7.0, 5% glycerol, I mM DTT). Endotoxin 

was reduced by passing the purified protein over an Acticlean Etox colum (Sterogen). 

[001071 	BcI2A-V5-6xHis protein was induced as described above. The cells were lysed in 

50mL of lysis buffer (200mM NaCL, 200mM KCL, 50mM NaH2PO4, 5mM Tris pH 7.0, 5% 

glycerol, 1mM DTT) supplemented with 500 units Benzonase, 1mM PMSF, 2ug/ml 

Leupeptin, .015units/rnlAprotinin, 5uM Hen Egg Lysozyme (HEL) per IL of induced 

protein, and immediately placed on ice for I hour. The cells were sonicated on ice (Duty 

cycle = 50%, Output = 5) for 2 sets of 2 minutes. The lysate was cleared by centrifugation at 

12,000 RPM for 60 min and was filtered through a 0.22 04 filter. Bc12A-V5-6xHis was 

purified on a nickel affinity column (GE) and endotoxin was removed as described above. 

Example 2: 	Confirmation of Appropriate Localization of Tat-fusion proteins 

[001081 	The fusion proteins localize to the appropriate intracellular compartment (Fig. 

IC). NIH 3T3 cells were seeded onto glass cover slips in six-well plates and grown to 30 to 

40% confluence. Each well was transduced with 10 µg/m1 of Tat-Myc or Tat-Bcl-2 or no 

treatment as a negative control. The cells were fixed in 4% paraformaldehyde-PBS for 10 

minutes at room temperature (RT) 2 hours following the protein transduction. Cells were 

permeabilized in PBS supplemented with I% bovine serum albumin (BSA) and 0.1% Triton 

X-100 at RT for 3 minutes. Cells were incubated for 45 minutes with V5 mouse monoclonal 

antiserum (!nitrogen) diluted in PBS-1% BSA (1:1,000). Cells were washed and incubated 

for 30 minutes with Goat anti-mouse Alexa 488 secondary antibodies (Invitrogen A21121). 

Cover slips were mounted onto glass slides with a IOW drop of 50% glycerol with Hoechst at 

I gg/ml. Images were obtained on a Zeiss Imager Z I Fluorescence microscope. 

[001091 	Tat-Myc rapidly localized to the nucleus in primary human HSCs (Fig. 1 D). Tat- 

fusion proteins are fully degraded after 72 hours in HSCs (Fig. 1E). Fetal cord blood cells 

were transduced with Tat-Myc and Tat-Bell& for I hour followed by 3 PBS washes. Two 

hours post-transduction 5x106  cells were harvested and the nuclear and cytoplasmic fractions 

were isolated. Cells (5x106) were harvested every 24 hours for the next 5 days. Nuclear and 

cytoplasmic proteins were prepared by lysing cells in 10 mM HEPES (pH 7.6), 10 mM 

NaCl2, 3 mM CaCl2, and 0.5% NP40. Nuclei were pelleted, and the cytoplasmic-containing 

supematant fraction was precipitated with trichloroacetic acid (TCA). Following SDS- 

PAGE, Western blots were probed with anti-V5 antibody (!nitrogen), anti-human 13-actin 
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(abeam), and goat anti-rabbit IgG-HRP or goat anti-mouse IgG-HRP (Santa Cruz 

Biotechnology). 

Example 3: 	Cell Survival and Proliferation using Tat-fusion proteins 

1001101 	Without treatment, activated murine CD4+ T cells go through apoptosis following 

cytokine deprivation. Tat-Myc and Tat-Bel-2 rescue activated primary CD4+ T-cells from 

cytokine-withdrawal-induced apoptosis in a dose-dependent manner (Fig. 2A and 2B). 

Primary murine CD4+ T cells activated in the presence of Tat-Myc showed a robust 

proliferation when compared to cells activated in the presence of Tat-Cre (Fig. 2C and 2D). 

1001111 	All mice were handled in accordance with an experimental protocol approved by 

the Institutional Animal Care and Users Committee at the University of Colorado School of 

Medicine (protocols # 5-87709(03)1B-1 and 87709(09)2E The spleen was collected from a 

euthanized C57BL/6.1 mouse (Jackson Laboratory), and a single cell suspension was 

generated by mechanical dissociation. The cells were treated with TAC buffer (135mM 

NH4CL, 17mM Tris Ph 7.65) to lyse the red blood cells. T-cells were activated in CIO media 

(500m1 bottle RPM1 1640, 10')/0 FBS, 100 units per/m1 Pen/Strep, 2mM L-glutamine, 10mM. 

Hopes, MEM Non-essential Amino Acids, 0.55mM (1-Mercaptoethanol, I mM Sodium 

Pyruvate 100mM) supplemented with Img/m1 of anti-CD3 (monoclonal antibody 2C11) for 

two days. Live lymphoblast cells were collected on a Ficoll cushion, and seeded in wells of a 

24 well dish at lx106  cells per well in complete media with or without Tat fusion proteins. 

Cell division profiles were determined by flow cytometric analysis of CFSE. 

Example 4: 	Expansion of murine HSCs with Tat-Myc and Tat-Bcl-2 

1001121 	Cohorts of 4-6 week old female C57BL/6J mice were obtained from Jackson 

Laboratories (Bar Harbor, ME). The mice were treated with 5mg/mouse of 5-fluorouracil 

(5FU), intravenously. Bone marrow (BM) cells were collected from the tibia and femur 

bones 5 days after 5FU treatment. The red blood cells were lysed by incubation in 5m1 sterile 

TAC buffer (135mM NH4CL, 17zrtM Tris Ph 7.65). The bone marrow cells were expanded 

in BM Medium (DMEM containing 15% FCS, 100 units per ml Penn/Strep, MEM NEAA 

(Gibco), 10mM HEPES, recombinant murine IL-3, IL-6, and SCF) supplemented with 

5µg/ml recombinant Tat-Myc, and 10µg/ml recombinant Tat-Bcl-2. 

1001131 	Cytokines were prepared by plating 293FT cells in 150mm plates at 12x106 cells 

per plate in DIO media (DMEM, 10%FBS, 100 units per ml Penn/Strep, MEM NEAA 
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(Gibco), 2mM L-glutamine (Gibco)). The cells were transfected with 30ug total DNA per 

plate consisting of 10µg pcDNA3.1-SCF, 10µg pcDNA3.1-1L3, and lOug pcDNA3.1-1L6 or 

lOng pcDNA3.1-TPO, lOug pcDNA3.1-F1t3-L, and lOug pcDNA3.1-GM-CSF using 

calcium phosphate (Young, R.M., et al. (2008). B-cell receptor signaling in the genesis and 

maintenance of B-cell lymphoma. Future Oncology, 4, 591-4.). The following day, the 

media was removed and was replaced with 100m1 DI 0 media. Cells were incubated at 37°C/ 

5% CO2 for 4-5 days. The media was collected, sterile filtered, and frozen at -20° C in 30m1 

aliquots. 

[001141 	Cells were cultured for 28 days with a BM medium change every 48 hr to refresh 

the Tat-fusion proteins. As a control, bone marrow cells were cultured in media containing 

cytokines and Tat-Cre. Fig. 3A and Table 1 show the flow cytometric profile of the resulting 

HSC population after 28 days in culture. FACS analysis shows a continuing enrichment of 

the Sca-lic-kit population (lin-), whereas all other cell types decrease over a 28-day period. 

TABLE 1 

Day Mac-I GR-1 Mac-I 
x Gr-1 

Sca-1 c-Kit Sca- 
1 	x 
c-Kit 

B220 CD3 
I 
 Flk2 
. 
1 

Terl 19 

7 55.1 0.1 39.5 41.8 0.5 2.6 	4.6 1 	0.2 1 	2.4 	0.3 

14 20.8 3.4 48 6.6 2.4 8.3 7.3 0.7 0.2 	0.5 

21 2.9 1.2 3.2 4.6 7.0 80.1 0.3 0.5 0 	0.3 

28 0.8 0.4 0.4 2.5 2.0 93.0 1.0 0 0 	0.2 

1001151 	The Tat-Myc and Tat-Bcl-2 treated cells express high levels of c-Kit and 

and are negative for lineage markers (Table 2). 

TABLE 2 

Sca-1, 

Experiment # c-Kit x Sca-1 Mac-1 x Gr-1 F1k2 Terl 19 

1 99.3 1.5 0 0.2 

2 99.2 1.1 0 0.9 

3 93.0 0.4 0 0.2 
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[001161 	In addition, the labeling of a fraction of the cells with CFSE demonstrated 

HSCs actively proliferate when maintained under these culture conditions (Fig. 3B). 

overall expansion profile of the HSCs is represented in Fig. 3C and Table 1, ultimately 

yielding a 269 fold expansion of murine HSCs over a 28 day period in culture. 

Example 5: 	Transplantation of Tat-Myc and Tat-Bel-2 expanded murine HSCs 

[00117] 	Decreasing numbers of in vitro expanded HSCs were transplanted into 

irradiated Rag-14-  mice. Transplantation into Rag Ill mice (Jackson Laboratory) was 

out as described for NSG mice except RagF' mice received 350 rads of radiation 

to injection the BM cells via the tail vein. 

[00118] 	Four weeks post-transplant, the mice were examined for the presence of 

and B-cells. Mature B220/CDI9 expressing B-cells and TCBB/CD4 expressing T

present in the peripheral blood of HSC chimaeric mice following the transplantation 

100 or 1000 in vitro expanded HSCs (Figs. 4A, 4B and Table 3). 

TABLE 3 

that the 

The 

sublethally 

carried 

just prior 

mature T-

-cells were 

of 10, 

and 

mice 

-cells) or 

cell 

bone 

in the 

Number of BM cells 
transplanted 

%T-cells STDEV % B-cells STDEV 

103 (n=4) 13.1 6.7 11.5 6.3 

102(11=5) 15.3 5.0 11.0 4.1 

101(11=5) 16.1 4.9 17.5 7.9 

Wild type (n=4) 
16.5 5.7 20.3 5.9 

[00119] 	Mature T- and B-cells were also detected in the lymph nodes, spleen, thymus 

bone marrow of HSC chimaeric mice (Fig. 4C). 

[00120] 	The mature murine T- and B-cells obtained from the spleen of chimaeric 

were labeled with CFSE and were activated with monoclonal antibodies to CD3 (T

CD40 and IgM (B-cells). The mature lymphoid cells were able to blast and undergo 

division following activation through their antigen receptors (Fig 4D). In addition, 

marrow cells obtained from the initial set of HSC chimaeric mice were used for serial 

transplant studies. Table 4 shows the frequency of mature T- and B-cells detected 

peripheral blood of Rag-1 l-  mice that were transplanted in a serial manner. 

-34- 



TABLE 4 

and Tat- 

from a 

The buffy 

were 

100 

media 

just 

3 days 

which 

T., 

Tat-Myc 

HSCs 

in the 

fold 

in the 

Serial Transplant %T-cells STDEV %B-cells STDEV 

let  Transplant (n=5) 8.0 4.2 14.3 10.4 

2I'd  Transplant (n=5) 6.0 4.0 6.6 5.5 

3°Transplant (n=5) 2.7 1.3 10.4 4.7 

Example 6: 	Expansion of human cord blood-derived HSCs with Tat-Myc 

Bcl-2 

I001211 	Fresh cord blood cells were obtained from samples that were discarded 

local cord blood bank. All human cells were de-identified and exempt from IRB oversight. 

Cord blood included 0+, 0-, A+, A-, B+, B-, and AB+ all of which showed approximately 

the same expansion profiles. 

001221 	The total cord volume was split into 20m1 aliquots and diluted I:I in PBS. 

Diluted cord blood (20mIs) was gently overlaid on 20mIs of Ficoll-Paque Plus (Amersham 

Biosciences Cat # 17-1440-03). The cells were spun at 900 x gravity for 60min. 

coat was removed with a glass pipette and was washed twice with PBS. The cells 

resuspended in FCB media (Iscove's (Gibco) supplemented with 10% human plasma, 

units per ml Penn/Strep, 30 ml of media containing SCF, IL3 and IL6 and 30mIs of 

containing TPO, FLT3-L, and GM-CSF described above. FCB media was further 

supplemented with 5pg/m1 recombinant Tat-Myc, and 10µg/ml recombinant Tat-Bcl-2 

prior to addition to the fetal cord blood (FCB) cells. The medium was replaced every 

over the course of the expansion. 

1001231 	The cytokine cocktail contained 1 3,114, TPO, FIG-L, SCF, and GM-CSF 

differs from previously reported media in the combination of these six cytokines (Suzuki, 

et al. (2006). Stem Cells 24, 2456-65.), as well as by the addition of recombinant 

and Tat-Bcl-2. Evaluation of the surface phenotype of the in vitro expanded human 

showed that the human HSCs retain their surface characteristics after extended culture 

presence of Tat-Myc and Tat-Bcl-2 (Fig. 5A). This set of conditions resulted in 86.4 

increase in the number of CD34+ cells in 14 days of culture, and 103.8 fold increase 
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number of human CD34+ cells derived from unfractionated cord blood in 21 days of culture 

(Fig. 5B). 

Example 7: 	Tat-Myc and Tat-Bcl-2 expanded human CB HSCs are biologically active 

in vitro and in vivo 

1001241 	The in vitro expanded human HSCs were plated on MethoCult Optimum 

(StemCell Technologies), and were examined for their ability to give rise to specific colony 

types. The in vitro expanded human HSCs are able to give rise to CFU-G, CFU-M, CFU- 

GM and BFU-E colonies (Figs. 5C and 5D). In addition, while the surface phenotype of the 

HSCs expanded in the presence of Tat-Myc and Tat-Bc1-2 was preserved in culture, their 

colony-forming unit content was significantly enriched under these conditions (Fig. 5D). The 

CD34+ cells expanded in the presence of Tat-Myc and Tat-Bc1-2 were also able to give rise 

to new BFU-E, CFU-M, CFU-G and CFU-GM colonies, whereas the CD34+ cells cultured in 

media alone did not generate new colonies (Fig. 5E). 

1001251 	NOD/SCID/gc-/- mice (NSG) mice were used as recipients for experiments to test 

the ability of the human CD34+ cells expanded in vitro to give rise to mature human 

hematopoietic lineages in vivo. This is a documented mouse model useful for this purpose 

(Tanaka, S., et al. (2012). Development of mature and functional human myeloid subsets in 

hematopoietic stem cell-engrafted NOD/SCID/IL2rgKO mice. J Immunol 188, 6145-55.). 

1001261 	Fetal cord blood cells (FCBs) were injected into NOD/SCID/ge-/- mice (NSG) 

mice (Jackson Laboratory) that received 180 rads of radiation just prior to injection. 

Expanded FCBs were washed 3 times in PBS and injected via the tail vein in 200µ1 PBS. 

Eight weeks post-transplant, the mice were bled via the tail vein to assess reconstitution by 

flow cytometry using the following antibodies: anti-human CD3 (hCD3) (Biolegend Cat # 

300312), anti-human CD19 (hCDI9) (Biolegend Cat # 302208) and anti-human CD45 

(hCD45) (Biolegend Cat # 304028). 

1001271 	Short term development of human CD45+ expressing T and B cells in NSG 

chimaeric mice generated with lx107 unfractionated cord blood cells was observed. 

However, the introduction of lx106 protein-transduced long-term (ptlt)-HSC generated in 

vitro by culture with Tat-Myc and Tat-Bcl-2 for 14 days resulted in a higher frequency of 

human CD45+ cells in xenochimaeric NSG mice. In addition, human CD45+ cells could be 

observed in the peripheral blood of the mice for up to 20 weeks post transplant (Fig. 6A). 
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Human CD45+, CD34+CD381°  HSCs were found in the bone marrow (Fig. 6B), human 

CD45+/CD3+ and human CD45+/CD19+ lymphoid cells were found in the spleen, and 

human CD45+, CD3+ lymphoid cells were found in the thymus of xenochimaeric mice. 

1001281 	Human CD45+ CD19+ cells from the spleens of xenochimacric NSG mice were 

labeled with CFSE, and were activated with monoclonal antibodies to human CD40 and IgM. 

The cells were analyzed at 72 hours by flow cytometry for dilution of CFSE. Fig. 6C shows 

the proliferation profile of the human B-cells that developed in vivo in xenochimaeric NSG 

mice. 

001291 	Human CD45+, CD34+ CD381° HSCs from the bone marrow of xenochimaeric 

NSG mice were used to seed in MethoCult Optimum. These cells gave rise to colonies in 

MethoCult plates (Fig. 6D), and some of the colonies could still be observed following serial 

replating (Fig. 6E). The number of colonies in both instances was significantly higher for 

NSG mice reconstituted with human cord blood cells cultured for 14 days with Tat-Myc and 

Tat-Bcl-2 than for cells obtained from NSG mice reconstituted with fresh, un-manipulated 

human cord blood cells. 

1001. 301 	In addition, a cohort of xenochimaeric mice, engrafted with 106 cord blood cells 

previously expanded in vitro in a cocktail of cytokines supplemented with Tat-Myc and Tat- 

Bcl-2 (black squares), were assessed for myeloid and lymphoid cell differentiation. The 

CD45 positive population of bone marrow cells (Fig. 6F) and spleen cells (Fig. 6G) were 

analyzed for CD11b, CD33, CD3, and CD19 expression. Both myeloid and lymphoid cell 

differentiation was observed in the bone marrow and spleen of these xenochimacric mice. 

Example 8: 	Expansion of human G-CSF mobilized peripheral blood HSCs with Tat- 

Myc and Tat-Bcl-2 

1001311 	G-CSF mobilized cells were received in a 1ml volume of elutriated blood from 5 

patients who underwent G-CSF mobilization for autologous HSC transplantation. All G-CSF 

samples were de-identified and no further identifying information was associated with the 

cells used for these studies. The cells were added drop wise to 10m1 of FCB media. The 

cells were washed twice in FCB media and treated with 5µg/ml recombinant Tat-Myc and 

10µg/ml recombinant Tat-Bcl-2 in a 10m1 volume. Cells (5X106) were seeded in the G-Rex 

100 cell expansion device (Wilson Wolf Manufacturing) according to the manufacturer's 

recommendation. 
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(00132) 	The cells were expanded in media supplemented with cytokines plus Tat-Myc and 

Tat-BcI2 14 days. The FACS profile of the expanded HSCs shows a distinct population of 

hCD45+, CD34+, CD38hi, CDI33+ cells (Fig 7A). The kinetics of cell expansion are 

illustrated in Figure 7B. 

1001331 	The expanded adult GCS-F mobilized HSCs were then plated on MethoCult 

Optimum in order to characterize their differentiation potential in vitro. The four colony 

types normally observed in the media that supports myeloerythroid differentiation were 

obtained (Fig. 7C), and some of these colony types were also observed upon serial replating. 

1001341 	The expanded adult HSCs were able to reconstitute sublethally irradiated NSG 

mice. Fig. 7D shows a FACS analysis of the CD45+ staining of bone marrow from NSG 

mice transplanted 12 weeks earlier with either 106 expanded G-CSF and Tat-Myeirat-Bc1-2 

mobilized HSCs (first panel) or 5x106 fresh un-manipulated cord blood cells (second panel). 

1001351 	The NSG xenochimaeric mice generated with G-CSF mobilized cells cultured 

with Tat-Myc and Tat-Bcl-2 were euthanized, and bone marrow, spleen and thymus were 

collected for further analysis. The analysis of lymphoid organs from xenochimaeric NSG 

mice reconstituted with expanded adult HSCs showed that there were human CD45+, CD34+ 

CD381°  cells in the bone marrow (Fig. 7E, first panel), human CD45+, CD3+ lymphoid cells 

in the spleen (Fig. 7E, second panel) and thymus (Figure 7E, third panel) of those mice. 

Together, these data demonstrate that one can successfully expand the HSC population 

obtained from human G-CSF mobilized adult blood. 

(001361 	A cohort of xenochimaeric mice engrafted with 106  expanded G-CSF mobilized 

cells expanded in vitro in a cocktail of cytokines supplemented with Tat-Myc and Tat-Bc1-2 

(black squares) were assessed for myeloid and lymphoid cell differentiation. The CD45 

positive population of bone marrow cells (Fig. 7F) and spleen cells (Fig. 7G) were analyzed 

for CD1 1 b, CD33, CD3, and CD I9 expression. Both myeloid and lymphoid cell 

differentiation was observed in the bone marrow and spleen of these xenochimaeric mice. In 

addition, the mature human B-cells derived from the primary xenotranplant responded to 

stimulation of the antigen receptors in vitro, as determined by CFSE dilution by flow 

cytometry (Figure 6C). Similar observations were derived when mature human B cells that 

developed from the first serial transplant were activated in vitro with antibodies to 1gM and 

CD40 (Figure 8). 

- 38 - 



[001371 	This method is able to generate a sufficient number of HSCs needed for 

transplantation of an average size adult according to current approaches (Sideri, A., et al. 

(2011). An overview of the progress on double umbilical cord blood transplantation. 

Hematologica 96, 1213-20.). 

Example 9: 	Generation of biologically active Myc fusion proteins 

1001381 	Five Myc fusion proteins in addition to the Tat-Myc fusion protein described in 

Example I were generated and purified using the same approach described there. 	The plasmids 

were made by PCR amplification of the coding region using a forward primer that contains an in 

frame N-terminal PTD-amino-acid sequence and a reverse primer that removed the stop codon. The 

PCR product was then cloned into pETIOI/D-Topo (Invitmgen) vector, which includes a C-terminal 

VS epitope and 6x-histidine purification tag. Figure 9A shows a diagrammatic representation of the 

Myc fusion proteins as compared with Tat-Myc from Example I. In each, a protein transduction 

(PTD) is fused in frame before or after the Myc polypeptide. 

1001391 	Protein transduction domains included Tat, EPTD, and Vpr. EPTD is an 

optimized protein transduction domain (YARAAARQARA SEQ ID NO: 6) taken from Ho, 

A. et al. (Synthetic protein transduction domains: enhanced transduction potential in vitro and 

in vivo. Cancer Res. (2001) 61:474-477). Vpr transduction domain was as identified by 

Taguchi, T. et al. (Nuclear trafficking of macromolecules by an oligopeptide derived from 

Vpr of human immunodeficiency virus type- I. Biochem. Biophys. Res. Commun. (2004) 

320(1):18-26). 

1001401 	Myc was either the ORF of the polypeptide as described in Example I, or of the 

3AMyc sequence previously described by Huang, Z. et al. (Negative control of the Myc 

protein by the stress-responsive kinase Pak-2. Mol Cell Biol (2004) 24(4):1582-94). The 

recombinant proteins also encoded a V5 peptide tag and a 6-His tag, to facilitate detection 

and purification. (Fig. 9A). 

Example 10: Activated T cell survival assays 

1001411 	The Myc fusion proteins described in Example 9 Tat-Myc, Tat-3AMyc, EPTD- 

Myc, Vpr-Myc, and Myc-Vpr) were tested for Myc biological activity in an activated T cell 

viability assay (Fig. 9B). A spleen was harvested from a C57BL.6j (Jackson) mouse, and 

mechanically dissociated through wire mess. The red blood cells were removed, and the T 

cells were activated with lug/ml anti-CD3 (2c1 I). The cells were plated into a 24 well 
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cluster dish at 3x 10'16 cells per well in I ml of 

on a Ficol cushion, washed, and plated in a 24 

well. The PTD-Myc proteins were titrated onto 

48hrs after the PTD-Myc protein treatment, the 

cytometry (forward x side-scatter). hi Fig. 9B, 

treatment. 

[00142] 	As shown in Fig. 9B, all the constructs 

greater I cell viability after 48 hours than the untreated 

resulted in greater T cell viability than Tat-Myc 

[00143] 	In a similar experiment, the activity 

concentrations is shown in Table 5, below. T cells 

arc activated with lug/ml anti-CD3 (2c11). Following 

were washed, were plated at about 1-1.5 X 106  

Tat-Bc1-2) at various concentrations (0.5, I, 5, 

hours, the percent of live cells was determined 

shown in Table 5, below. 

TABLE 5 

media. 48hrs later, the live cells were captured 

well cluster dishes at 1-1.5x10^6 cells per 

the T cells at 0.5, 1, 5, 10, 25, or 50 ug/ml. 

cells were assessed for viability by flow 

the data presented are for the 25 ug/m1 protein 

tested, except Tat-3AMyc, resulted in 

control. However, no construct 

described in Example 1. 

of Tat-Myc and Tat-Bc1-2 at various 

from spleens of C57BL.6j (Jackson) mice 

activation (48 hours later), the cells 

cells/well, and fusion proteins (Tat-Myc or 

10, 25, or 50 ug/ml) were added. After 48 

by flow cytometry (forward x side scatter) as 

at all concentrations tested, cell viability 

cells incubated in the absence of either 

Concentration 
['ug/m1] 

Tat-Myc 
(% viable) 

Tat-Bc12 
(% viable) 

0 8.5 3.1 

0.5 9.5 .., 5 

11.41  7.68 

5 2 I .1 14.3 

10 22.4 24.4 

25 31.9 25 

50 32.8 19.8 

1001441 	For both Tat-Myc and Tat-Bcl-2, and 

and/or proliferation is increased as compared with 

fusion protein. 
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1001451 	In a separate experiment using the same methods, Fig. 10 provides the FACS data 

for the live gate for activated T cells treated with 50 ug/mI of fusion proteins; Tat-Bcl-2 and 

Tat-Myc are compared with control (Tat-Cre or no treatment). As shown, both Tat-Myc and 

Tat-Bcl-2 treatments result in significantly improved T cell survival and/or proliferation. 

Example 11: Evaluation of cytokine cocktails for CD34+ expansion 

[001461 	A variety of cytokine cocktails in base media were tested for their ability to 

support stem cell survival and/or proliferation. 

[001471 	On Day 0, cord blood was overlayered on a Ficoll gradient to enrich for 

mononuclear cells and remove red cells. The cells were then washed and incubated in 

StemSpan media alone, or with various cytokine combinations as shown in Table 6, below. 

[001481 	To generate cytokines, 293FT cells were plated in 150mm plates at 12x106  cells 

per plate in D I 0 media (DMEM, 10%FBS, 100 units per ml Penn/Strep, MEM NEAA 

(Gibco), 2mM L-glutamine (Gibco)). The cells were transfected with 301.4 total DNA per 

plate consisting of 10pg peDNA3.1-SCF, 10pg pcDNA3.1-113, and 10pg pcDNA3.1-116 or 

10µg pcDNA3.1-TPO, I Ogg pcDNA3.1-F1t3-L, and lOgg pcDNA3.1-GM-CSF using 

calcium phosphate. The following day the media was removed and replaced with 100m1 DIO 

media. Cells were incubated at 37°C/ 5% CO2  for 4-5 days. The media was collected, sterile 

filtered, and frozen at -20° C in 30m1 aliquots. Cytokines were added to the expansion media 

by adding 30m1s of conditioned media containing the three cytokines 1L3, 1L6, SCF, and 

30mIs of conditioned media containing TPO, Flt3-L, GM-CSF per 500m1 bottle of media. 

1001491 	On days 4, 7, 10, 13, 16, and 19, samples were taken to determine the percent of 

CD34+ cells by flow cytometry using standard techniques. Cytokines were not replenished 

after Day 0. As shown in Table 6, the combination of StemSpan media plus 11-3,11-6, TPO 

(thrombopoeitin), Flt3-L, and GM-CSF showed the best survival and proliferation to cells 

(see, for example, Day 13). 

TABLE 6 

Day StemSpan 
(SS) alone 

SS plus 11-3 
and 11-6 

SS plus II-3, 
11-6, 	Tepo, 
Flt3-L, GM- 

SS plus 11-3, 
11-6, 	Tepo, 
Flt3-L 

SS 	plus 
Tepo, F7t3-L 

CSF 
0 4.2 4.2 4.2 4.2 4.2 
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4 0.8 2.51 2.52 1.4 1.5 

7 0.9 7.08 9 16 9.05 

10 2.14 10.5 14.9 12 11.6 

13 2.14 13.2 21.6 10.8 13.9 

16 2.25 17 16.4 2.5 8 

19 1.33 5.2 5.2 1 2.6 

[001501 	A variety of cytokine cocktails in base media with or without Tat fusion proteins 

(TM1B) were tested for their ability to support stem cell survival and/or proliferation. 

1001511 	Cord blood was prepared on Ficol density gradient to remove the red blood cells. 

20,000 nucleated cells were plated into wells of a 24 well dish. The cells were seeded in 

StemSpan containing: Stern Cell Factor, IL3, and IL6 (S36); S36 plus 5ug/m1 Tat-Myc and 

5ug/m1 Tat-Bcl2; TPO, Stem Cell Fact, F1t3-L, 1L3, and IL6 (TSF36); TSF36 plus 5ug/m1 

Tat-Myc and 5ug/inl Tat-Bc12; TPO, Stem Cell Fact, F1t3-L, EL3, 1L6, GM-CSF (TSF36G); 

and TSF36G plus 5ug/m1 Tat-Myc and 5ug/m1 Tat-Bcl2. Media and Tat-Fusion proteins 

were replaced every three days. The cells were assessed by flow cytometry for CD34 

positive linage negative If SC on day 13.  

[001521 	As shown in Fig. II, TSF36G plus the fusion proteins provided the highest 

viability and proliferation. In other experiments, this combination of cytokines plus fusion 

proteins was shown to produce cells that significantly outperformed cells produced from the 

cytokine cocktail without fusion proteins in colony forming assays, and in vivo reconstitution 

of xenochimaeric mice (Figs. 12-14). 

[001531 	For the in vivo reconstitution of xenochimaeric mice experiments, cord blood cells 

were prepared on a Ficol gradient. The Buffy coat was removed, and the cells were washed 3 

times in PBS. Half of the cord blood cells were seeded in FCB (fetal cord blood) media 

consisting of Iscove's media (Gibco) supplemented with 10% human plasma, 100 units per 

nil Penn/Strep, 30 ml of media containing SCF, 1L3 and IL6 and 30m1s of media containing 

TPO, FLT3-L, and GM-CSF. The other half of the cells were seeded in FCB media 

including the additions noted above, that was further supplemented with 5µg/m1 recombinant 

Tat-Myc, and 5µg/m1 recombinant Tat-Bcl-2. 
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(001541 	The cells were expanded for II days. On day 13, the cells were spun down and 

resuspended in 10m1 of fresh FCB media. The cells that were originally treated with Tat- 

Myc and Tat-Bc12 were again treated with 5p.8/m1 recombinant Tat-Myc, and 5µg/ml 

recombinant Tat-Bcl-2 for I hour at 37 degrees. Both populations of FCB cells were washed 

3x in PBS for injection into mice. 

(001551 	The expanded cells were injected into NOD/SCID/gc-b  mice (NSG) mice (Jackson 

Laboratory) that received 180 rads of radiation just prior to injection. The expanded cells 

were injected into NSG mice via the tail vein in 200µ1 PBS. Eight weeks post-transplant, the 

bone marrow (BM), spleen, and thymus were assessed for human HSC reconstitution by flow 

cytometry (Figs 12-14). Cells from each tissue that had been pre-treated with Tat-Myc and 

Tat-BcI2 prior to transfusion showed a significant increase in human CD45+ cells as 

compared with cells not pre-treated with the fusion proteins. 

Example 12: Evaluation of Bcl-2 

1001561 	3T3 cells were transduced with Tat-BcI2 for 1 hour followed by 3 PBS washes. 

Two hours post-transduction, the cells were Trypsanized, counted, and 5x106  were harvested. 

The nuclear and cytoplasmic fractions were isolated. 5x106cells were harvested every 24 

hours for the next 5 days. Nuclear and cytoplasmic proteins were prepared by lysing cells in 

10 mM HEPES (pH 7.6), 10 mM NaC12, 3 mM CaCl2, and 0.5% NP40. Nuclei were pelleted, 

and the cytoplasmic-containing supernatant fraction was precipitated with trichloroacetic acid 

(TCA). Western blots were probed with anti-V5 antibody (Invitrogen), and goat anti-mouse 

IgG-FIRP (Santa Cruz Biotechnology). 

1001571 	Tat-Bc12 was observed in the cytoplasmic fraction at 24 and 48 hours. The signal 

began to diminish by 72hrs post transduction and was no longer observed at the 96 hour time 

point 

[001581 	Plasmids expressing Tat-Bc12, Tat-BcI2A, EPTD-Bc12, VPR-Bc12, VPR-BcI2A, 

and VPR-BcIXL were created. pPTD-Bc12-V5-6xHis(AmpR): plasmids were generated by 

PCR amplification of a cDNA encoding human BcI2 using a forward primer encoding an in 

frame PTD (Tat, EPTD or VPR) protein transduction domain. The PCR products were 

cloned into pETIOI/D-Topo (Invitrogen) vector. To generate the MIA the unstructured 

loop (A.A. #27-80) was removed from the BCL-2 coding sequence using a Quick Change site 
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directed mutagenesis kit (Stratagene #200521-5). VPR-BcIXL, was made in a similar fashion 

as the PTD-Bcl2 described above, but using the cDNA of human BcIXL rather then Bcl2. 

1001591 	In this application, the use of the singular can include the plural unless specifically 

stated otherwise or unless, as will be understood by one of skill in the art in light of the 

present disclosure, the singular is the only functional embodiment. Thus, for example, "a" can 

mean more than one, and "one embodiment" can mean that the description applies to multiple 

embodiments. 

Incorporation By Reference 

1001601 	All references cited herein, including patents, patent applications, papers, text 

books, and the like, and the references cited therein, to the extent that they are not already, 

are hereby incorporated by reference in their entirety. In the event that one or more of the 

incorporated literature and similar materials differs from or contradicts this application; 

including but not limited to defined terms, term usage, described techniques, or the like, this 

application controls. 

Equivalents 

[001611 	The foregoing description and Examples detail certain embodiments. It will be 

appreciated, however, that no matter how detailed the foregoing may appear in text, the 

invention may be practiced in many ways and the invention should be construed in 

accordance with the appended claims and any equivalents thereof. 
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WHAT IS CLAIMED IS: 

1. 	A method for producing a population of conditionally immortalized adult stem cells 

comprising: 

providing one or more adult stem cells with 

a) an exogenously synthesized Myc polypeptide that promotes one or 

more of cell survival or proliferation; and 

b) an exogenously synthesized Bcl-2 domain polypeptide that inhibits 

apoptosis; and 

wherein the Myc polypeptide is provided to the one or more adult stem cells at 

intervals of at least about 72 hours; and 

wherein the BcI-2 domain polypeptide is provided to the one or more adult stem cells 

at intervals of at least about 96 hours, so as to produce a population of conditionally 

immortalized adult stem cells. 

2. 	The method of claim 1, wherein the Myc polypeptide is provided at intervals at least 

about 48 hours. 

3. 	The method of claim I, wherein the Myc polypeptide is provided at intervals at least 

about 24 hours. 

4. 	The method of claim 1, wherein the Myc polypeptide is provided continuously. 

5. 	The method of any one of claims 1-4, wherein the BcI-2 domain polypeptide is 

provided at intervals at least about 72 hours. 

6. 	The method of any one of claims 1-4, wherein the Bcl-2 domain polypeptide is 

provided at intervals at least about 48 hours. 

7. 	The method of any one of claims 1-4, wherein the Bc1-2 domain polypeptide is 

provided at intervals at least about 24 hours. 
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8. The method of any one of claims 1-4, wherein the BcI-2 domain polypeptide is 

provided continuously. 

9. The method of any one of claims 1-8, wherein the Myc polypeptide is one or more of 

n-Myc, c-Myc, 1-Myc, v-Myc, or s-Myc. 

10. The method of any one of claims 1-9, wherein the Myc polypeptide is provided at a 

concentration of about I ug/ml to about 50 ug/ml. 

I I. 	The method of any one of claims 1-9, wherein the Myc polypeptide is provided at a 

concentration of about 5 ug/ml. 

12. The method of any one of claims 1-11, wherein the Bcl-2 domain polypeptide is 

provided at a concentration of about I ug/ml to about 50 ug/ml. 

13. The method of any one of claims 1-11, wherein the Bc1-2 domain polypeptide is 

provided at a concentration of about 10 uglml. 

14. The method of any one of claims 1-13, wherein the Bcl-2 domain polypeptide 

includes BH I, BH2, BH3, and BH4. 

15. The method of any one of claims 1-14, wherein the one or more BcI-2 domain 

polypeptide is one or more of BcI-2, Bcl-w, Bcl-X, Bcl-XL, Mcl-1. 

16. The method of any one of claims 1-14, wherein the one or more Bcl-2 domain 

polypeptide is BcI-2. 

17. The method of any one of claims 1-16, wherein one or more of the Myc polypeptide 

or the Bcl-2 polypeptide includes a protein transduction domain. 

18. The method of claim 17, wherein the protein transduction domain is Tat. 

19. The method of claim 17, wherein the protein transduction domain is EPTD. 

20. The method of claim 17, wherein the protein transduction domain is vpr. 

21. The method of any one of claims 1-20, wherein the one or more adult stem cells are 

cultured in media comprising IL3, IL6, and stem cell factor. 
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22. The method of any one of claims 1-20, wherein the one or more adult stem cells are 

cultured in media comprising 1L3, 1L6, stem cell factor, thrombopoeitin, and Flt3-L. 

23. The method of any one of claims 1-20, wherein the one or more adult stem cells are 

cultured in media comprising IL3, IL6, stem cell factor, thrombopoeitin, and Flt3-L, and GM- 

CSF. 

24. The method of any one of claims 1-23, wherein the one or more adult stem cells are 

expanded one or more of about 270 fold over about 28 days, about 150 fold over about 14 

days, 100 fold over about 21 days, or about 85 fold over about 9 to 14 days. 

25. The method of any one of claims 1-24, wherein the one or more adult stem cells are 

one or more hematopoietic adult stem cells. 

26. The method of claim 25, wherein the hematopoietic adult stem cells are characterized 

by one or more of cell surface phenotype, in vitro differentiation capacity, ability to 

reconstitute the hematopoietic lineages in vivo following irradiation, 	or ability to be 

transplanted in a serial manner. 

27. The method of any one of claims 1-26, wherein the one or more hematopoietic adult 

stem cells are isolated from one or more of cord blood, placenta, bone marrow, peripheral 

blood, mobilized peripheral blood, or adipose tissue. 

28. The method of any one of claims 1-26, wherein the one or more hematopoietic adult 

stern cells are derived from embryonic stem cells or induced pluripotent stem cells. 

29. The method of any one of claims 1-28, wherein the one or more adult stem cells are 

human cells. 

30. The method of any one of claims 1-28, wherein the one or more adult stem cells are 

non-human animal cells. 

31. A Myc fusion protein comprising: 

a protein transduction domain; 
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a Myc polypeptide that promotes one or more of cell survival or proliferation; 

a V5 domain; and 

a six histidine epitope tag. 

32. 	The Myc fusion protein of Claim 31, that has a half-life longer than about 60 minutes. 

33. 	The Myc fusion protein of claim 31 that has a half-life of about 48 hours. 

34. 	The Myc fusion protein of claim 31, wherein the Myc fusion protein is detectable up 

to about 72 hours. 

35. 	The Myc fusion protein of claim 31, wherein the Myc fusion protein is detectable up 

to about 48 hours. 

36. 	The Myc fusion protein of any one of claims 31-34, wherein the Myc fusion protein is 

transportable into a nucleus in a cell. 

37. 	The Myc fusion protein of any one of claims 31-35, wherein the protein transduction 

domain is Tat. 

38. 	The Myc fusion protein of any one of claims 31-35, wherein the protein transduction 

domain is Vpr. 

39. 	The Myc fusion protein of any one of claims 31-35, wherein the protein transduction 

domain is EPTD. 

40. 	The Myc fusion protein of any one of claims 31-38, wherein the Myc fusion protein 

has an order of components of: 

a) the protein transduction domain connected in frame to the Myc polypeptide, 

b) the Myc polypeptide connected in frame to the V5 domain, and 

c) the V5 domain connected in frame to the six histidine epitope tag. 

41. 	The Myc fusion protein of any one of claims 31-38, wherein the Myc fusion protein 

has an order of components: 

a) the Myc polypeptide connected in frame to the protein transduction domain, 
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b) the protein transduction domain connected in frame to the V5 domain, and 

c) the V5 domain connected in frame to the six histidine epitope tag. 

42. 	A stem cell expansion media comprising 11.3, IL6, stem cell factor, thrombopoeitin, 

Flt3-L, and GM-CSF. 

43. 	The stem cell expansion media of Claim 42, further comprising a base media. 

44. 	The stem cell expansion media of claim 43, further comprising: 

a Myc polypeptide that promotes one or more of cell survival or proliferation. 

45. 	The stem cell expansion media of any one of claims 41-44, further comprising: 

a Bcl-2 domain polypeptide that inhibits apoptosis. 

46. 	The stem cell expansion media of any one of claims 41-45, wherein the base media is 

one or more of StemSpan, Isco's media, RPMI, or DMEM. 

47. 	A Myc fusion protein comprising: 

a) a protein transduction domain 

b) a Myc polypeptide that promotes one or more of cell survival or proliferation, 

wherein the Myc fusion protein half-life is longer than about 60 minutes. 

48. 	A nucleic acid encoding the protein of any one of Claim 31-41, and 47. 

49. 	A vector comprising the nucleic acid of Claim 48. 

50. 	A cell comprising the vector of Claim 49. 

51. 	The method of Claim 1, wherein, over a 8 hour period, no more than Itug/m1 of Myc 

polypeptide is provided. 

52. 	The method of Claim I, wherein, over a 16 hour period, no more than I tug/m1 of Myc 

polypeptide is provided. 

53. 	The method of Claim I, wherein, over a 24 hour period, no more than I µg/m1 of Myc 

polypeptide is provided. 
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54. The method of Claim 1, wherein producing the population occurs within a gas 

permeable container. 

55. A Myc fusion protein comprising: 

a protein transduction domain; 

a Myc polypeptide that promotes one or more of cell survival or proliferation; and 

a short peptide domain. 

56. The Myc fusion of Claim 55, wherein the short peptide domain is selected from at 

least one of HA tags, FLAG tag, CBP, CYD, StrepII, or HPC. 

57. A gas permeable vessel containing: 

a stem cell expansion media comprising: ID, IL6, stem cell factor, thrombopoeitin, 

Flt3-L, and GM-CSF; 

a Myc polypeptide that promotes one or more of cell survival or proliferation; and 

a Bc1-2 domain polypeptide that inhibits apoptosis. 

58. The gas permeable container of Claim 57, wherein the container is a bag or a flask. 
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106417-0182_Sequence_Listing 

SEQUENCE LISTING 

<110> TAIGA BIOTECHNOLOGIES, INC. 

<120> EXPANSION OF ADULT STEM CELLS IN VITRO 

<130> 106417-0182 

<140> Not Yet Assigned 
<141> Concurrently Herewith 

<150> 61/776,422 
<151> 2013-03-11 

<150> 13/795659 
<151> 2013-03-12 

<160> 6 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 477 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> Fusion protein 

<400> 1 
Met Arg Lys Lys Arg Arg Gln Arg Arg Arg Met Pro Leu Asn Val Ser 
1 	 5 10 15 
Phe Thr Asn Arg Asn Tyr Asp Leu Asp Tyr Asp Ser val Gln Pro Tyr 

20 25 30 
Phe Tyr Cys Asp Glu Glu Glu Asn Phe Tyr Gln Gln Gln Gin Gln Ser 

35 40 45 
Glu Leu Gln Pro Pro Ala Pro Ser Glu Asp Ile Trp Lys Lys Phe Glu 

50 	 55 60 
Leu Leu Pro Thr Pro Pro Leu Ser Pro Ser Arg Arg Ser Gly Leu Cys 
65 	 70 75 80 
Ser Pro Ser Tyr val Ala Val Thr Pro Phe Ser Leu Arg Gly Asp Asn 

85 90 95 
Asp Gly Gly Gly Gly Ser Phe Ser Thr Ala Asp Gln Leu Glu Met Val 

100 105 110 
Thr Glu Leu Leu Gly Gly Asp Met Val Asn Gln Ser Phe Ile Cys Asp 

115 120 125 
Pro Asp Asp Glu Thr Phe Ile Lys Asn Ile Ile Ile Gln Asp Cys Met 

130 	 135 140 
Trp Ser Gly Phe Ser Ala Ala Ala Lys Leu Val Ser Glu Lys Leu Ala 
145 	 150 155 160 
Ser Tyr Gln Ala Ala Arg Lys Asp Ser Gly Ser Pro Asn Pro Ala Arg 

165 170 175 
Gly His Ser Val Cys Ser Thr Ser Ser Leu Tyr Leu Gln Asp Leu Ser 

180 185 190 
Ala Ala Ala Ser Glu Cys Ile Asp Pro Ser Val Val Phe Pro Tyr Pro 

195 200 205 
Leu Asn Asp Ser Ser Ser Pro Lys Ser Cys Ala Ser Gln Asp ser Ser 

210 	 215 220 
Ala Phe Ser Pro Ser Ser Asp Ser Leu Leu Ser Ser Thr Glu Ser Ser 
225 	 230 235 240 
Pro Gln Gly Ser Pro Glu Pro Leu Val Leu His Glu Glu Thr Pro Pro 

245 250 255 
Thr Thr Ser Ser Asp Ser Glu Glu Glu Gin Glu Asp Glu Glu Glu Ile 
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106417-0182_Sequence_Listing 
260 	 265 	 270 

Asp Val Val Ser Val Glu Lys Arg Gln Ala Pro Gly Lys Arg Ser Glu 
275 	 280 	 285 

Ser Gly Ser Pro Ser Ala Gly Gly His Ser Lys Pro Pro His Ser Pro 
290 	 295 	 300 

Leu val Leu Lys Arg Cys His Val Ser Thr His Gln His Asn Tyr Ala 
305 	 310 	 315 	 320 
Ala Pro Pro Ser Thr Arg Lys Asp Tyr Pro Ala Ala Lys Arg Val Lys 

325 	 330 	 335 
Leu Asp Ser Val Arg Val Leu Arg Gln Ile Ser Asn Asn Arg Lys Cys 

340 	 345 	 350 
Thr ser Pro Arg ser ser Asp Thr Glu Glu Asn Val Lys Arg Arg Thr 

355 	 360 	 365 
His Asn Val Leu Glu Arg Gln Arg Arg Asn Glu Leu Lys Arg Ser Phe 

370 	 375 	 380 
Phe Ala Leu Arg Asp Gln Ile Pro Glu Leu Glu Asn Asn Glu Lys Ala 
385 	 390 	 395 	 400 
Pro Lys Val Val Ile Leu Lys Lys Ala Thr Ala Tyr Ile Leu Ser Val 

405 	 410 	 415 
Gln Ala Glu Glu Gln Lys Leu Ile ser Glu Glu Asp Leu Leu Arg Lys 

420 	 425 	 430 
Arg Arg Glu Gln Leu Lys His Lys Leu Glu Gln Leu Arg Lys Gly Glu 

435 	 440 	 445 
Leu Asn Ser Lys Leu Glu Gly Lys Pro Ile Pro Asn Pro Leu Leu Gly 

450 	 455 	 460 
Leu Asp Ser Thr Arg Thr Gly His His His His His His 
465 	 470 	 475 

<210> 2 
<211> 1434 
<212> DNA 
<213> Artificial 	Sequence 

<220> 
<223> Fusion protein 

<400> 2 
atgaggaaga agcggagaca gcgacgaaga atgcccctca acgttagctt caccaacagg 60 
aactatgacc tcgactacga ctcggtgcag ccgtatttct actgcgacga ggaggagaac 120 
ttctaccagc agcagcagca gagcgagctg cagcccccgg cgcccagcga ggatatctgg 180 
aagaaattcg aguLytLyLL LaccccgccL 	LtytLcLcta yccyCcyc c 	 Lyggctctgc 240 
tcgccctcct acgttgcggt cacacccttc tcccttcggg gagacaacga cggcggtggc 300 
gggagcttct ccacggccga ccagctggag atggtgaccg agctgctggg aggagacatg 360 
gtgaaccaga gtttcatctg cgacccggac gacgagacct tcatcaaaaa catcatcatc 420 
caggactgta tgtggagcgg cttctcggcc gccgccaagc tcgtctcaga gaagctggcc 480 
tcctaccagg ctgcgcgcaa agacagcggc agcccgaacc ccgcccgcgg ccacagcgtc 540 
tgctccacct ccagcttgta cctgcaggat ctgagcgccg ccgcctcaga gtgcatcgac 600 
ccctcggtgg tcttccccta ccctctcaac gacagcagct cgcccaagtc ctgcgcctcg 660 
caagactcca gcgccttctc tccgtcctcg gattctctgc tctcctcgac ggagtcctcc 720 
ccgcagggca gccccgagcc cctggtgctc catgaggaga caccgcccac caccagcagc 780 
gactctgagg aggaacaaga agatgaggaa gaaatcgatg ttgtttctgt ggaaaagagg 840 
caggctcctg gcaaaaggtc agagtctgga tcaccttctg ctggaggcca cagcaaacct 900 
cctcacagcc cactggtcct caagaggtgc cacgtctcca cacatcagca caactacgca 960 
gcgcctccct ccactcggaa ggactatcct gctgccaaga gggtcaagtt ggacagtgtc 1020 
agagtcctga gacagatcag caacaaccga aaatgcacca gccccaggtc ctcggacacc 1080 
gaggagaatg tcaagaggcg aacacacaac gtcttggagc gccagaggag gaacgagcta 1140 
aaacggagct tttttgccct gcgtgaccag atcccggagt tggaaaacaa tgaaaaggcc 1200 
cccaaggtag ttatccttaa aaaagccaca gcatacatcc tgtccgtcca agcagaggag 1260 
caaaagctca tttctgaaga ggacttgttg cggaaacgac gagaacagtt gaaacacaaa 1320 
cttgaacagc tacggaaggg cgagctcaat tcgaagcttg aaggtaagcc tatccctaac 1380 
cctctcctcg gtctcgattc tacgcgtacc ggtcatcatc accatcacca ttga 

<210> 3 
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<211> 235 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Fusion protein 

<400> 3 
Met Arg Lys Lys Arg Arg Gln Arg Arg Arg Met Ala His Ala Gly Arg 
1 	 S 	 10 	 15 

Ser Gly Tyr Asp Asn Arg Glu Ile Val Met Lys Tyr Ile His Tyr Lys 
20 	 25 	 30 

Leu ser Gln Arg Ala Thr Ser Gly Ile ser Ile Glu Ala Ala Gly Pro 
35 	 40 	 45 

Ala Leu Ser Pro Val Pro Pro Val Val His Leu Thr Leu Arg Gin Ala 
50 	 55 	 60 

Gly Asp Asp Phe ser Arg Arg Tyr Arg Arg Asp Phe Ala Glu Met Ser 
65 	 70 	 75 	 80 
Ser Gln Leu His Leu Thr Pro Phe Thr Ala Arg Gly Cys Phe Ala Thr 

85 	 90 	 95 
Val val Glu Glu Leu Phe Arg Asp Gly val Asn Trp Gly Arg Ile Val 

100 	 105 	 110 
Ala Phe Phe Glu Phe Gly Gly Val Met Cys Val Glu Ser Val Asn Arg 

115 	 120 	 125 
Glu Met Ser Pro Leu Val Asp Asn Ile Ala Leu Trp Met Thr Glu Tyr 

130 	 135 	 140 
Leu Asn Arg His Leu His Thr Trp Ile Gln Asp Asn Gly Gly Trp Asp 
145 	 150 	 155 	 160 
Ala Phe Val Glu Leu Tyr Gly Pro Ser Met Arg Pro Leu Phe Asp Phe 

165 	 170 	 175 
Ser Trp Leu Ser Leu Lys Thr Leu Leu Ser Leu Ala Leu val Gly Ala 

180 	 185 	 190 
Cys Ile Thr Leu Gly Ala Tyr Leu ser His Lys Lys Gly Glu Leu Asn 

195 	 200 	 205 
Ser Lys Leu Glu Gly Lys Pro Ile Pro Asn Pro Leu Leu Gly Leu Asp 

210 	 215 	 220 
Ser Thr Arg Thr Gly His His His His His His 
225 	 230 	 235 

<210> 4 
<211> 708 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Fusion protein 

<400> 4 
atgaggaaga agcggagaca gcgacgaaga atggcgcacg ctgggagaag tggttacgat 60 
aaccgggaga tagtgatgaa gtacatccat tataagctgt cgcagagggc tacgagtggg 120 
atctcgatcg aggccgcggg gcctgcgctc agcccggtgc cacctgtggt ccacctgacc 180 
ctccgccagg ccggcgacga cttctcccgc cgctaccgcc gcgacttcgc cgagatgtcc 240 
agccagctgc acctgacgcc cttcaccgcg cggggatgct ttgccacggt ggtggaggag 300 
ctcttcaggg acggggtgaa ctgggggagg attgtggcct tctttgagtt cggtggggtc 360 
atgtgtgtgg agagcgtcaa ccgggagatg tcgcccctgg tggacaacat cgccctgtgg 420 
atgactgagt acctgaaccg gcacctgcac acctggatcc aggataacgg aggctgggat 480 
gcctttgtgg aactgtacgg ccccagcatg cggcctctgt ttgatttctc ctggctgtct 540 
ctgaagactc tgctcagttt ggccctggtg ggagcttgca tcaccctggg tgcctatctg 600 
agccacaaga agggcgagct caattcgaag cttgaaggta agcctatccc taaccctctc 660 
ctcggtctcg attctacgcg taccggtcat catcaccatc accattga 708 

<210> 5 
<211> 9 
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<212> PRT 
<213> Artificial sequence 

<220> 
<223> TAT transduction domain from HIV 

<400> 5 
Arg Lys Lys Arg Arg Gln Arg Arg Arg 
1 	 5 

<210> 6 
<211> 11 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Artificial transduction domain 

<400> 6 
Tyr Ala Arg Ala Ala Ala Arg Gln Ala Arg Ala 
1 	 5 	 10 
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