
WO 2017/181168 	 PCT/US2017/027884 
1 

ENHANCED ; 3. ' DEL ` RV METHODS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] 	This application claims the benefit of priority of U.S. Provisional Patent 

Application No. 62/323,476 filed on April 15, 2016, and U.S. Provisional Patent Application 

No. 62/403,110 filed on October I, 2016, the contents of each of which are hereby 

incorporated by reference in their entireties. 

INCORPORATION B 	REFERENCE 

[0002] 	For the purpose of only those jurisdictions that permit incorporation by reference, 

all of the references cited in this disclosure (including but not limited to publications, patent 

applications, patents, and other references) are hereby incorporated by reference in their 

entireties. In addition, any manufacturers' instructions or catalogues for any products cited or 

mentioned herein are incorporated by reference. Many of the teachings provided in U_S. 

Patent No. 8,415,732 can be used in conjunction with the present invention, or can be adapted 

for use with the present invention. Accordingly, the entire contents of U.S. Patent No. 

8,465,732 are hereby expressly incorporated by reference into the present application. 

Documents incorporated by reference into this text, or any teachings therein, can be used in 

the practice of the present invention. 

BACKGROUND OF T. IE :INVENTION 

[0003] 	The adenoma! early 4 (E4) region contains at least 6 open reading frames 

(ORFs). The entire E4 region has been shown previously to regulate angiogenesis and 

promote survival of endothelial cells (Zhang et al. (2004), J. Biol. Chem. 279(12):11760-66). 

Within the entire E4 region, it is the E4OREI sequence that is responsible tzar these biological 

effects in endothelial cells (U.S. Patent No. 8,465,732, and Seandel et al. (2008). PNAS, 

105(49):19288-93). It has previously been found that endothelial cells engineered to express 

E4ORF 1 are particularly useful in various co-culture methods — where they can be used to 

support the expansion of a variety of different cell types that are otherwise difficult to 

maintain or expand in culture, such as various stem cells, including hematopoietic stem cells 

(U.S. Patent No. 8465,732, and Seandel et al. (2008), PNAS, 105(49):19288-93). 



WO 2017/181168 

	

	 PCT/US2017/027884 
2 

[0004] 	Gene therapy, for example using gene editing technologies, offers a promising 

potential solution to combat a multitude of genetic disorders and diseases. However, a major 

hurdle to overcome in this field has been the ability to efficiently genetically modify 

sufficient numbers of autologous cells for transplantation, and also to modify cells of the type 

most likely to be therapeutically effective, In the case of gene therapy for hematological 

disorders, such cell types include hematopoietic stem cells (11-ISCS) and tissue-specific 

repopulating stem and progenitor cells. Using gene-correction and other gene therapy 

techniques directed toward this crucial hematopoietic cell population, several hematological 

disorders could be more effectively treated. Unfortunately, attempts at gene-correction in 

these and other cells have thus far proven to be largely inefficient. 

[0005] 	Several cell transduction and transfection techniques (such as electroporation) 

cause significant cell stress and cell damage, often resulting in cell death. As such, often only 

a proportion of cells that are successfully transduced or transfected survive. This is a 

particular problem for gene delivery to stem cells, and is also a particular problem in 

applications that require large quantities of healthy, viable, transduced or transfected cells. 

SUMMARY OF THE INVENTION 

[0006] 	The present invention is based, in part, upon certain new discoveries and 

procedures that are described further in the "Examples" section of this patent disclosure. 

[0007] 	For example, it has now been !build that the efficiency of gene delivery to certain 

"target cells," and/or the yield of successfully transfected or transduced target cells, including 

stem cells, can be significantly increased when the gene delivery is performed in conjunction 

with endothelial cell co-culture, for example co-culture with endothelial cells that have been 

optimized to be cultured ex vivo, such as endothelial cells that express the E4ORF I gene 

(E4ORF1± ECs), 

[0008] 	To the best of Applicants' knowledge, no effect of endothelial cells, and more 

specifically E4ORF I + ECs, on the efficiency of gene delivery to other "target" cell types 

(e.g. cells co-cultured with E4ORF1+ ECs), and/or the yield of successfully transfected or 

transduced target cells, and/or on the ability to "rescue" cells damaged during a gene delivery 

process, has been reported previously. Furthermore, the finding that gene delivery efficiency, 

and/or yield of successfhlly transduced or transfected cells, is not adversely affected and may 
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even be increased when the gene delivery method is performed in the presence of endothelial 

cells, and particularly of E4ORF1+ ECs, appears to be counterintuitive - as one might expect 

the endothelial cells (for example the E4ORF I + ECs), to take up genetic material that would 

otherwise have been taken up by the target cells, thereby significantly reducing the overall 

efficiency of gene delivery to the target cells and/or significantly reducing the yield of 

successfully transduced or transfected cells. However, the results presented herein 

demonstrate that this is not the case. On the contrary, the results presented herein 

demonstrate that the efficiency of gene delivery to target cells, and/or the yield of 

successfully transduced or transtected cells, is much greater than would be expected in 

cultures that also comprise endothelial cells, and particularly E4ORF I+ ECs, than in cultures 

of the target cells alone — even where the total amount of genetic material delivered to the 

cultures is the same and the relative proportion of the target cells in the cultures is reduced. 

Building on these discoveries, the present invention provides certain new and improved 

methods for gene delivery, as well as various compositions that may be useful in such 

methods. 

[0009] 	Accordingly, in one embodiment the present invention provides a method of gene 

delivery to target cells, the method comprising: (a) co-culturing target cells with endothelial 

cells (such as EzIORF1± endothelial cells), and (b) contacting the target cells with one or 

more exogenous nucleic acid molecules and/or other molecules useful in gene delivery I gene 

editing, wherein the step of co-culturing the target cells with the endothelial cells (such as 

E4ORF1+ endothelial cells), is performed either: (i) prior to contacting the target cells with 

the one or more exogenous nucleic acid molecules andfor other molecules, (ii) concurrently 

with contacting the target cells with the one or more exogenous nucleic acid molecules and/or 

other molecules, (iii) after contacting the target cells with the one or more exogenous nucleic 

acid molecules and/or other molecules, or (iv) any combination thereof. 

[00010] 	In some of such embodiments the gene delivery is part of a gene editing process, 

and may also involve contacting the target cells with one or more molecules useful in gene 

editing. 

[00011] 	in some such embodiments the target cells are co-cultured with the endothelial 

cells (such as E4ORF 1 + endothelial cells) (e.g. they are present in the same vessel with 
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and/or ire in contact with)•the:largettelIs at the time that the target cells are contacted with 

one or more exogenous nucleic acid molecules and/or other molecules. 

[00012] 	In some such embodiments the target cells are co-cultured with the endothelial 

cells (such as E4•OR.F1+ endothelial cells) for at least 12 hours, or at least 24 hours (1 day), or 

at least 36 hours, or at least 48 hours (2 days), or at least 60 hours, or at least 72 hours (3 

days), or at least 84 hours, or at least 96 hours (4 days) prior to contacting the target cells 

with one or more exogenous nucleic acid molecules and/or other molecules. 

[00013] 	In some such embodiments co-culture of the target cells with the .endothelial cells 

(such as E4ORF1+ endothelial cells) is commenced "immediately" after contacting the target 

cells with one or more exogenous nucleic acid molecules or other molecules useful in gene 

delivery / gene editing - in order to quickly "rescue" the target cells from any damage 

inflicted during the gene delivery process_ The term "immediately-  in this context, means 

within 30 minutes of completion of the "contacting" step. In some embodiments co-culture 

of the target cells with the endothelial cells (such as E410RIF1+ endothelial cells) i.s 

commenced within 15 minutes, or within 10 minutes, or within 5 minutes, or within 3 

minutes, or within 2 minutes, or within 1 minute, of completion of the "contacting" step. The 

timing of completion of the "contacting" step will vary depending on the gene delivery 

method used. For example, when gene delivery is accomplished by .electroporation„ the 

"contacting" step is completed when the electrical pulse ends, and the target cells should be 

placed into co-culture with the endothelial cells after the electrical pulse ends. Similarly, 

when gene delivery is accomplished by contacting the target cells with a lipofection agent, 

the "contacting" step is completed when the lipofection agent is removed (e,u. by media. 

replacement), and the target cells should be placed into co-culture with the endothelial cells 

after removal of the lipofection agent. hi some such embodiments the target cells 	continue 

to be co-cultured with the endothelial cells (such as E4ORFI-t- endothelial cells) .for at least 2 

hours, at least 6 hours, at least 12 hours, at least 24 hours (1 day), or at least 48 hours -% 

days), or at least 72 hours (3 days), or at least 96 hours (4 days), or at least 120 hours (5 

days), or at least 144 hours ( 5  days), or at least 168 hours (7 days), or at least 192 hours (8 

days), or at least 24.0 hours (10 days), or at least 288 hours -12 days) after the contacting step 

is completed. 
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[0001.4] 	in some embodiments ratio of the:target cells to the endothelial cells (such as 

E4ORF1 	.endothelial cells) during the .co-culturing process is about 1:1. In some 

embodiments ratio of the target cells to the endothelial cells during the co-culturing process is 

from about 2:1 t to about 1:2., In some embodiments, the target cell to .endothelial cell ratio is 

about 10:1, or about 9:1, or about 8:1, or about 7:1,. or about 6:1, or about 5:1, or about 4:1, or 

about 3:1, or about 2:1, or about 1:2, or about 1:3, or about 1:4, or about 1:5, or about 1:6, or 

about 1:7, or about 1:8, or about 1:9, or about 1:10. 	In some such embodiments, these are 

the ratios of target cells to the endothelial cells and the time the co-culture is commenced. In 

some such embodiments, these are the ratios of target cells to the endothelial cells and the 

time the targets cells are contacted. with the one or more exogenous nucleic acid molecules 

and/ or other molecules. 

[00015] 	In some embodiments the methods provided herein result in a target cell 

transduction or transfection efficiency of greater than about 10%. In some embodiments the 

methods provided herein result in a target cell transduction or transfection efficiency of 

greater than about 20%. In some embodiments the methods provided herein result in a. target 

cell transduction or transfection efficiency of greater than about 30%. In some embodiments 

the methods provided herein result in a target cell transduction or transfection efficiency of 

greater than about 40%. :111 some embodiments the methods provided herein result in a target 

cell transduction or transfection efficiency of greater than about 50%. In some embodiments 

the methods provided herein result in a target cell transduction or transfection efficiency of 

greater than about 60%. In some embodiments the methods provided herein result in a target 

cell transduction or transfection efficiency of greater than about 65%. in some embodiments 

the methods provided herein result in a target cell transduction or transfection efficiency of 

greater than about 70%. In some embodiments the methods provided herein result in a. target 

cell transduction or transfection efficiency of greater than about 75%. In some embodiments 

the methods provided herein result in a target cell transduction or transfection efficiency of 

greater than about 80%. In some embodiments the methods provided herein result in a target 

cell transduction or transfection efficiency of greater than about 85%. In some embodiments 

the methods provided herein result in a target cell transduction or transfection efficiency of 

greater than about 90%. In some embodiments the methods provided herein result in a target. 

cell transduction or transfection efficiency of greater than about 95%. 
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[0001.6] 	in some embodiments the methods provided herein result in a target cell 

transduction or transfection efficiency that is greater than that obtained. in the absence of the 

endothelial cell. co-culture. In some embodiments the methods provided herein result in a 

target cell transduction or transfection efficiency that is about 10% greater than that obtained 

in the absence of the endothelial cell co-culture. In some embodiments the methods provided 

herein result in a target cell transduction or transfection efficiency that is about 20% greater 

than that obtained in the absence of the endothelial cell co-culture. In some embodiments the 

methods provided herein result in a target cell transduction or transfection efficiency that is 

about 30% greater than that obtained in the absence of the endothelial cell co-culture. In some 

embodiments the methods provided herein result in a target cell transduction or transfection 

efficiency that is about 40% greater than that obtained in the absence of the endothelial cell 

co-culture. In some embodiments the methods provided herein result in a target cell 

transduction or transfection efficiency that ..is about 50% greater than that obtained. in the 

absence of the endothelial cell co-culture. In some embodiments the methods provided herein 

result in a target cell transduction, or transfection efficiency that is about 60% greater than 

that obtained in the absence of the endothelial cell co-culture. In some embodiments the 

methods provided herein result in a target cell transduction or transfection efficiency that is 

about 70% greater than that obtained in the absence of the endothelial cell co-culture. In some 

embodiments the methods provided herein result in a target cell transduction or transfection 

efficiency that is about 80% greater than that obtained in the absence of the endothelial cell 

co-culture. in some embodiments the methods provided herein result in a target cell 

transduction or transfection efficiency that is about 90% greater than that obtained in the 

absence of the endothelial cell co-culture_ in some embodiments the methods provided herein 

result in a target cell transduction or transfection efficiency that is about 100% greater than 

that obtained in the absence of the endothelial cell co-culture, In some embodiments the 

methods provided herein result in a target cell transduction or transfection efficiency that is 

about 150% greater than that obtained in the absence of the endothelial cell co-culture. In 

some embodiments the methods provided herein result in a target cell transduction or 

transtection efficiency that is about 200% greater than that obtained in the absence of the 

endothelial cell co-culture. In some embodiments the methods provided herein result in a 

target cell transduction or transtection efficiency that is about 250% greater than that 

obtained in the absence of the endothelial cell co-culture. In some embodiments the methods 
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provided herein result in •a target cell transduction or transfection efficiency that is about 

300% greater than that obtained in the absence of the endothelial cell co-culture. 

[00017] 	In some embodiments the methods provided herein result in a target cell 

transduction or transfection efficiency  that is similar to that obtained in the absence of the 

endothelial cell co-culture, even under conditions where one would have expected a reduction 

in the transfection or transduction efficiency because, for example, the amount of the 

exogenous nucleic acid molecules supplied to the target cells co-cultured with endothelial 

cells and to the target cells not co-cultured with endothelial cells is the same (or about the 

same), and/or because the amount of the exogenous nucleic acid molecules available to 

transfect or transduce the target cells is reduced because of the presence of the co-cultured 

endothelial cells. 

[00018] 	In soiiie embodiments the methods provided herein result in a target cell 

transduction or transfection efficiency that is reduced by only about 10%, or about 20%, or 

about 30%, or about 40%, or about 50% as compared to that obtained in the absence of the 

endothelial cell co-culture, even under conditions where one would have expected a much. 

greater reduction in the transfection or . transduction efficiency because, for example, the 

amount of the exogenous nucleic acid molecules supplied to the target cells co-cultured with 

endothelial cells and to the target cells not co-cultured with endothelial cells is the same (or 

about the same), and/or because the amount of the exogenous nucleic acid molecules 

available to transfect or . transduce the target cells is reduced significantly because of the 

presence of the co-cultured endothelial cells. 

[00019] 	in some embodiments the methods provided herein result in a yield of 

successfully transfected or transduced target cells that is greater than that obtained in the 

absence of the endothelial cell co-culture. In some embodiments the methods provided herein 

result in a. yield. of successfully transfected or transduced target cells that is about 10% greater 

than that obtained in the absence of the endothelial cell co-culture. In some embodiments the 

methods provided herein result in a yield of successfully transfected or transduced target cells 

that is about 20% greater than that obtained in the absonCe of the endothelial cell co-culture. 

in some embodiments the methods provided herein result in a -yield of successfully 

transfected or transduced target cells that is about 30% greater than that obtained in the 

absence of the endothelial cell co-culture_ in some embodiments the methods provided herein 
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result in.aeyield. of sueceSsiiilly transfected or transduced Target cells that is about 40% greater 

than that obtained in the absence of the .endothelial cell co-culture. In some embodiments the 

methods provided herein result in a yield of successfully transfected or transduced target cells 

that is about 50% greater than that obtained in the absence of the endothelial cell co-culture. 

In some embodiments the methods provided herein result in a yield of successfully 

transfected or transduced target cells that is about 60% greater than that obtained in the 

absence of the endothelial cell co-culture. In some embodiments the methods provided herein 

result in a yield of successfully transfected or transduced target cells that is about 70% greater.  

than that .obtained in the absence of the endothelial cell co-culture, In some embodiments the 

methods provided herein result in a yield of successfully transfected or transduced target cells 

that is about 80% greater than that obtained in the absence of the endothelial cell co-culture. 

In some embodiments the methods provided herein result in a. yield of successfully 

transfected or transduced target cells that is about 90% greater than that obtained in the 

absence of the endothelial cell co-culture.. lit some embodiments the methods provided herein 

result in a yield of successfully transfected or transduced target cells that is about 100% 

greater than that obtained in the absence of the endothelial cell co-culture. In some 

embodiments the methods provided herein result in a yield of successfully transfected or 

transduced target cells that is about 150% greater than that obtained in the absence of the 

endothelial cell co-culture. In some embodiments the methods provided herein result in a 

yield of successfully transfected or transduced target cells that is about 200% greater than that 

obtained in the absence of the endothelial cell. co-cuhure. In some embodiments the methods 

provided herein result in a yield of successfully tninsfected or transduced target cells that is 

about 250% greater than that obtained in the absence of the endothelial cell co-culture. In 

some embodiments the methods provided. herein result in a yield of successfully transfected 

or transduced target cells that is about 300% greater than that obtained in the absence of the 

endothelial cell co-culture.. In some embodiments the methods provided herein result in a 

yield of successfully transfected or transthiced target cells that is about 400% greater than that 

obtained in the absence of the endothelial cell co-culture. In some embodiments the methods 

provided herein result in a yield of successfully transfected or transduced target cells that is 

about 500% greater than that obtained in the absence of the endothelial cell co-culture, In 

some embodiments the methods provided herein result in a yield of successfully transfected 

or transduced target cells that is about 600% greater than that obtained in the absence of the 

endothelial cell co-culture. In some embodiments the methods provided herein result in a 
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yield of SuCcessfully transfected or transduced target cells that is more than 600% greater 

than that obtained in the absence of the endothelial cell co-culture. 

[00020] 	In some embodiments, the co-culturing step of such gene delivery methods is 

performed under atmospheric oxygen conditions, hi some embodiments, the co-culturing 

step of such gene delivery methods is performed under normoxic conditions. In some 

embodiments., the co-culturing step of such gene delivery methods is performed under 

hypoxic conditions. In some embodiments, the co-culturing step of such gene delivery 

methods is performed under severely hypoxic conditions. In some embodiments, the co-

culturing step of such gene delivery methods is performed at oxygen levels ranging from 18% 

to 0.1% oxygen. 

[000211 	it is expected that the improved gene deliyery methods of the present invention 

may be particularly useful for performing "gene editing" of target cells --- for example using 

site-specific .nucleases to deliver "gene-corrected" .nucleic acid sequences to specific. sites 

within the genome of the target cells. Thus, in some embodiments the methods described 

above also comprise contacting the target cells with one or more exogenous nucleases, such 

as sequence-specific nucleases, Such nucleases include, but are not limited to, 

meganucleases, zinc. finger nucleases, transcription activator-like effector-based nucleases 

(t A. 	and. CRISPR-Cas system nucleases. 

[00022] 	The gene delivery methods of the present invention can be used .to deliver 

exogenous nucleic acids to, and/or to genetically modify, any desired target cell type, in 

some embodiments the target cells are differentiated cells, such as, but not limited to, for 

example„ lymphocytes, T-cells,:13-cells, NK cells, myeloid cells, endocrine cells, 

mesenchymal cell, or epidermal cells. In some embodiments the target cells are stem cells or 

progenitor cells, including, but not limited to pluripotent stern cells .— such as embryonic stem 

cells (ES cells) or induced. pluripotent stem cells (iPS cells). in some embodiments the stem 

cells are tissue- or organ-restricted stem. or progenitor cells — i.e. stem or progenitor cells that 

are committed to a certain .cell or tissue lineage. For example, in some -preferred 

embodiments the target cells are heinatopoietic stem cells (HSCs) or hematopoietic stem or 

prog,enitor cells (IISPC.$), in some such embodiments the HSCs or :HSPCS are CD.14-positive 

(CD34+), In some embodiments the EISCs or EISPCs are derived from bone-marrow, 

peripheral blood, -umbilical cord blood, amniotic fluid, or other sources of stem cells. 
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[000231. 	In some embodiments any suitabletype of endothelial cells can be used in the 

gene delivery methods described above and. elsewhere herein. In preferred. embodiments 	e 

endothelial cells and the target cells are derived from same tissue or organ_ Typically the 

endothelial cells are vascular endothelial cells, such as primary vascular endothelial cells, for 

example umbilical vein endothelial cells or ISVEC cells, Which is part of the hematopoietic 

organ system. Preferably the endothelial cells are human endothelial cells, such as human 

umbilical vein endothelial cells or "I-IUVECs." Preferably the target cells are 1-tematopoietic 

stem and/or progenitor cells. 

[000241 	The step of contacting the target cells with one or more exogenous nucleic acid 

molecules or other molecules useful in gene editing can be carried out using any suitable 

method known in the art .in some embodiments this step is performed by transfection, for 

example using a method such as liposome-mediated transfection, polybrene-mediated 

transfection, MAE dextrin-mediated transfection, electroporation, calcium phosphate. 

precipitation, microinjection„ or micro-particle bombardment. In other embodiments this step 

is performed by transduction with a virus, for example using lentivirus-mediated 

transduction, adenovirus-mediated transduction, retrovirus-mediated transduction, .adeno-

associated virus-mediated transduction or herpesvirus-mediated transduction.  

[000251 	The nucleic acid molecule delivered to the target cells using the methods 

described herein can be any nucleic. acid. molecule that is desired_ For example, the nucleic 

acid molecule may encode a. therapeutically useful protein, or a marker protein, or any other 

desired protein -without limitation. 	Similarly, the nucleic acid molecule delivered may not 

encode a protein, For example, it may encode a fragment of a protein, such as "gene-

corrected" fragment of a nucleotide sequence present in the genome of the target cell, for 

example for use in correcting, a. genetic detect in the target cell, In some such methods the 

gene-corrected sequence may be used to replace a. mutant sequence in the genome of the 

target cell, fbr example using one or more gene-editing / gene-correction technologies, 

including, but not limited to meganuclease, zinc finger nuclease, TALEN„ and/or CRISPR- 

Cas more gene-editing I gene-correction technologies. 

[00026] 	The various methods described above, and elsewhere in this patent disclosure, 

result in the generation of "genetically modified target cells." These genetically modified 

target cells can be used as desired. For example, in some embodiments the genetically 



11 

 

�

� �

modified target cells may be administered to a subject in need thereof, such as a human or 

non-human subject.  In some such embodiments the subject may have a disease or disorder 

affecting the target cells, for example a genetic disease or disorder, and/or a disease or 

disorder that results in a deficiency of the target cell population.  In some preferred 

embodiments the genetically modified target cells are HSCs or HSPCs and are administered 

to a subject having a disease or disorder that affects cells of the hematopoietic system. For 

example, in some embodiments such a subject may have a deficiency in hematopoiesis 

caused by a myeloablative treatment.  In other embodiments such a subject may have a 

hematologic disease, an infectious immunodeficiency, an infectious disease affecting T cells, 

a genetic immunodeficiency, severe combined immunodeficiency, a genetic disease affecting 

erythrocytes, and/or an anemia - such as sickle cell anemia, Fanconi’s anemia, or thalassemia.  

In some such embodiments the target cells may be allogeneic with respect to the subject.  In 

other such embodiments the target cells may be autologous with respect to the subject. 

[00027] The present invention also provides genetically modified target cells produced using 

the methods described herein, and/or compositions comprising such genetically modified 

target cells, for example therapeutic compositions.  

[00027a] In some embodiments, the present invention provides an improved method of 

genetically modifying CD34+ hematopoietic stem or progenitor cells (HSPCs), the 

method comprising:  

(a) co-culturing CD34+ HSPCs cells with E4ORF1+ endothelial cells under  

hypoxic conditions, and  

(b) contacting the HSPCs with one or more exogenous nucleic acid molecules,  

wherein the co-culturing step is commenced about 48 hours prior to contacting the 

HSPCs with the one or more exogenous nucleic acid molecules,  

thereby genetically modifying the CD34+ HSPCs, wherein the efficiency of genetic 

modification of the CD34+ HSPCs is improved as compared to the efficiency of genetic 

modification of CD34+ HSPCs that are not co-cultured with E4ORF1+ endothelial cells. 

[00028] These and other embodiments of the invention are described further in other 

sections of this patent disclosure.  In addition, as will be apparent to those of skill in the art, 

certain modifications and combinations of the various embodiments described herein fall 

within the scope of the present invention.
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Fig. 2A 	%. of Red Fluorescent Protein (RFP)-labe led cells after 8 days white bars - % of 

total cell population; black bars - % of CD34+ cell population). Fig. 28 - Total CD344- cells 

and total RFP-i-/CD344- cells after 8 days. All conditions not specified herein are specified in 

the Examples, 

[0003 ] 	Fig. 3A-B. Expansion of C034÷ cells on E4ORFI 	'NEC cells improves with 

increasing cytokine dose. Fig. 3A - Fold expansion of CD45-* (total) hematopoietic cells 

after 7 days. Fig. 38 - Fold expansion of CD34+ hematopoietic cells after 7 days ("Co 

transduced" samples — white bars. "Separated-transducer samples — black bars). All 

conditions not specified herein are specified in the Examples. 

[000321 	Fig. 4A-B. Efficiency of transduction is increased for CD34+ cells when 

transduction is performed in concert with E4ORF 1 4- ',NEC co-culture. Fig. 4A - % BFP-

labeled cells after 7 days-- total cell population. Fig. 48 - % BFP-labeled cells after 7 days --- 

CD34+/CD45+ cell population ("Co-transduced" samples — white bars. "Separated- 

transdueed" samples 	black. bars). All conditions not specified herein are specified in -he 

Examples, 

[000331 	Fig. 5. Increasing cytokine dose in combination with transduction of CD344- cells 

while in co-culture with E40RE1+ UVEC cells results in both increased transduction 

efficiency of and overall cellular yield of transduced CD34+ cell population. All conditions 

not specified herein are specified in the Examples. 

[000341 	Fig, 6. Total hematopoietic cellular yield is increased during electroporation with 

the use of E4ORF 1 -i- UVEC cells. 500,000 CD344-  cells isolated from mobilized peripheral 

blood (mPB) were transfected. The transfection delivered a green fluorescent protein (GFP) 

expressing plasmid via electroporation. During the stimulation, transfection, and 

recovery/expansion phases, CD34+ cells were exposed to cytokines (SCF, TPO, F1t3-1,) 

alone (denoted as COO, cytokines during the stimulation and transfection stages followed 

by recovery in direct co-culture with E4ORF I -i- UVEC cells POE), or in the presence of 

E4ORF I + UVEC cells during all 3 stages (ODE), Fluorescent antibodies to identify CD45 

on hematopoietic cells were used to determine the hematopoietic content of the cultures and 

combined with hemocytometer counts resulting in the yields presented here (axis shows 

numbers of cells in millions). All conditions not specified  herein are specified in the 

Examples. 
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[0003$}. 	Fig, 7A-B. TOtal CD45+ CD34+ HSPC cell yield is increased during 

electroporation with the use of E4OREl+ UVEC cells. 500,000 CD34+ cells isolated from 

mobilized peripheral blood were transfected. The transfection delivered a GFP-expressing 

plasmid via electroporation, During the stimulation, transfection, and recovery/expansion 

phases, CD34+ cells were exposed to cytokines (SCF, TPO, Flt3-1...) alone (denoted as 

UGC), cytokines during the stimulation and transfection stages followed by recovery in 

direct co-culture with E4ORF1+ UVEC cells (C/C/E), and in the presence of E4ORF1+ 

UVEC cells during all 3 stages (EfE/E). Flow cytometry was used to quantify the number of 

cells. Fluorescent antibodies to identify CD34 and CD45 on hematopoietic stein and 

progenitor cells were used to determine the HSPC content of the cultures. CjFP expression 

denoted successfully transfected cells. After quantification  via flow cytometry and cell 

counting using a hemocytometer, total CD45+ CD34+ EISPC yield is presented in the bar 

graph shown in Fig. A (axis shows numbers of cells in millions) and successfully 

transfected CI)45+ CD34+ [NIT yield is presented in the bar graph shown in Fig. 7B (axis 

shows numbers of cells in millions). All conditions not specified herein are specified in the 

Exaniples. 

[00036] 	Fig. 8A-D. Colony Forming Units (CFUs) are increased when co-cid-Luting 

HS:PCs with E4ORF1+ UVEC cells during electroporation. During the stimulation, 

transfection, and recovery/expansion phases, CD34+ cells were exposed to cytokines (SCF, 

TPO, .F1t3-L) alone (denoted as C/C/C), cytokines during the stimulation and transfection 

stages followed by recovery in direct co-culture with E4ORF1+ UVEC cells POE), and in 

the presence of E4ORF1+ UVEC cells during all 3 stages (ET/E), as described in thee` 

Examples. For colony forming unit (CFU) assays 1000 total cells (1-ISPCs alone or HSPCs 

co-cultured with E4ORF I + UVEC cells) were plated in two wells of a 6-well dish fix each 

condition in inethylcellulose for two weeks. A StemVision instrument was used quanti4 and 

distinguish the frequency of colonies per each 1000 plated cells. Fig. 8.A is a bar graph 

showing quantification of all types of colonies (axis shows total number of colonies). Fig. 

8B is a bar graph depicting Blast. Forming Unit-erythrocyte colonies (BFU-E) (axis shows 

number of BFU-E colonies). Fig. 8C is a bar graph quantifying Colony Forming Units-

granulocyte macrophage (CFU-GM) (axis shows number of CFU-GM colonies). Fig. 8D is a 

bar graph quantifying Colony Forming Units-granulocyte erythrocyte macrophage 
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megakaryocyte (CFU-GEMM) (axis shows number of CTU-GEMM colonies)_ All conditions 

not specified herein are specified in the Examples. 

[00037] 	Fig. 9. Colony Forming Units (CFU ) are increased when co-culturing .HSPCs with 

E4ORF1+ UVEC cells during electroporation, :During the stimulation, transfection, and 

recoveryiexpansion phases„ CD34±- cells were exposed to cytokines (SCF, TPO, F1t3-1) 

alone (denoted as C/C/C), cytokines during the stimulation and transfection stages followed 

by recovery in direct co-culture with E401:1;1+ UVEC cells (C/OE), and in the presence of 

E4ORF 'I + UVEC cells during all 3 stages (E/E/E), as described in the Examples. For colony 

forming unit (CFU) assays 1000 total cells (HSPCs alone or HSPC:s co-cultured with 

E4ORF I + UVEC cells) were plated in two wells of a 6-well dish for each condition in 

methylcellulose for two weeks. A StemVision instrument was used quantify and distinguish 

the frequency of colonies per each 1000 plated cells. In order to quantify the rate of Colony 

Forming Units-granulocyte erythrocyte macrophage megak.aryocyte (CFU-GEMM), the data 

was normalized to account for the presence of E4OR.F1+ UVEC cells, which do not give rise 

to colonies, The bar graph represents the frequency of CFU-GEMMs within total expanded 

product. All conditions not specified herein are specified in the Examples. 

[00038] 	Fig. 10. Total hematopoietic cellular yield is increased during lentiviral 

transduction with the use of E4OREI+ UVEC cells. 450,000 CD34+ cells isolated from 

mobilized peripheral blood were transduced with a multiplicity of infection (MOl) of 25_ 

The transduction delivered a green fluorescent protein (efFP) expressing transgene. During 

the stimulation, transduction, and recovery/expansion phases, CD34+ cells were exposed to 

cytokines (SCF, TPO, Flt3-L) alone (denoted. as C/C/C), cytokines during the stimulation and 

transduction stages followed by recovery in direct-  co-culture with E4ORFI +- UVEC cells 

(C/C/E), and in the presence of E4ORF1+ UVEC cells during all 3 stages (E/E/E). 

Fluorescent antibodies to identity C1)45 on hematopoietic cells was used to determine the 

amount of hematopoietic content of the cultures and combined with hemocytometer counts 

resulted in the yields presented in the bar graph (axis shows numbers of cells in millions). All 

conditions not specified herein are specified in the Examples. 

[00039] 	Fig, 11A-B. Total CD45+ CD34± FISPC,  cellular yield is increased during 

lentiviral transduction with the use of F4ORF I -i- UVEC cells. 450,000 CD34+ cells isolated 

from mobilized peripheral blood were transduced with a multiplicity of infection (M01) of 
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25.  The transduction delivered a green fluorescent protein (GFP) expressing transgene. 

During the stimulation, transduction, and recoverylexpansion phases, CD34+ cells were 

exposed to cytokines (SCE, TPO, Flt3-1.,) alone (denoted as C/C/C), cytokines during the 

stimulation and transduction stages followed by recovery in direct co-culture with E4ORE I + 

UVEC cells (CIC/E), and in the presence of E4OREI÷ UVEC cells during all 3 stages 

(E/E/E). Flow cytometry was used to quantify the number of cells. Fluorescent antibodies 

were used to identify CD34 and CD45 on hematopoietic stem and progenitor cells and 

determine the HSPC content of the cultures. (AT expression indicated successfully 

transduced cells. After quantification via flow cytometry and using hemocytometer counts, 

total C: D45± CD34+ HSPC yield is presented in the bar graph in Fig. HA, with successfully 

transfected CD45-{- CD 4-{- HSPC yield presented in the bar graph in Fig. 11B. Axes show 

numbers of cells in millions. All conditions not specified herein are specified in the 

Examples. 

[00040] 	Fig. 12A-13. Total CD45± CD34+ CMS- CD45 ;A CD49f+:Stem ce I yield is 

increased during lentiviral transduction with the use of E4012171+ U-VEC cells. 450,000 

CD34+ cells isolated from mobilized peripheral blood were transduced with a multiplicity of 

infection (MOI) of 25. The transduction delivered a GEP-expressing, transgene. During the 

stimulation transduction„ and recovery/expansion phases, CD34+ cells were exposed to 

cytokines (SCE, TPO, Flt3-L) alone (denoted as C/C/C), cytokines during the stimulation and 

transduction stages followed by recovery in direct co-culture with E4ORF1+ UVEC cells 

(C/CIE), and in the presence of E4ORF1+ [NEC cells during all 3 stages (VEX). Flow 

cytometry was used to quantify the number of cells. Fluorescent antibodies to identify CD 38, 

CD45RA, CD49f, CD34 and CD45 on hematopoietic stem cells were used to determine the 

stem cell content of the cultures. CiFP expression denoted successfidly transduced cells. 

After quantification via flow cytometry and using hemocytometer counts, total stem cell yield 

is presented in the bar graph in Fig. 12A (axis shows numbers of cells in millions), with 

successfully transduced stem cell yield presented in the bar graph in Fig. 12B (axis show 

numbers of cells). All conditions not specified herein are specified in the Examples 

[00041] 	Fig. 13. Total hematopoietic cellular-  yield is increased during lentiviral 

transduction with the use of E4ORIF I + UVEC cells. 300,000 CD34+ cells isolated from 

mobilized peripheral blood were transduced with a multiplicity of infection (M01) of 50. 

The transduction delivered a GFP-expressing nansgene. During the stimulation, 
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transduction, and recovery/expansion phases, CD34 i- cells were exposed to cytokines (SCF, 

TPO, Flt3-1-) during the stimulation and transduction stages followed by recovery in di fee t 

co-culture with E4ORF l'+-'UVEC cells (C/C7E) and in the presence of E4ORF I.1-'ti\ EC 

cells during all 3 stages (E/E/E.). Fluorescein antibodies to identify CD45 on heniatopoietic 

cells were used to determine the hematopoietic content of the cultures and combined with 

hemocytometer counts to determine the cell yields presented in the bar graph (axis shows 

numbers of cells in millions). All conditions not specified herein are specified in the 

Examples. 

[00042] 	Mg. 14A-B. Total CD45+ CD34+ HSPC cellular yield is increased during 

lentiviral transduction with the ttse of E4ORF I + UVEC cells. 300,000 CD34+ cells isolated 

from mobilized peripheral blood were transduced with a multiplicity of infection (M01) of 

50, The transduction delivered a GFP- expressing transgene. During the stimulation, 

transduction, and recovery/expansion phases, CD34+ cells were exposed to cytokines (SU, 

TPO, flt3-1,) during the stimulation and transduction stages followed by recovery in direct 

co-culture with E4ORF1+ UVEC cells (C/C/E), and in the presence of E4ORF1+ UVEC 

cells during all 3 stages (VETE). Flow cytometry was used to quantify the number of cells, 

fluorescent antibodies to identify CD34 and CD45 on tic.rnatopoietic stern and progenitor 

cells were used to determine the HSPC content of the cultures. GFP expression denoted 

successffilly transduced cells. After quantification via flow cytometr 	and hemocytometer 

counts, total CD45+ CD34+ HSPC yield is presented in the bar graph in Fig, 14A, with 

successfully transfected CD45+ CD34+ HSPC yield presented in the bar graph in Fig. 14B 

(axes show numbers of cells in millions). All conditions not specified herein are specified in 

the Examples, 

[00043] 	Fig. 15A-B. Total CD45+ CD34+ CD3:8_ CD45R,A, C1 	9f+stem cell yield is 

increased during lentiviral transduction with the use of E4ORF1-1- UVEC cells, 300,000 

CD34+ cells isolated from mobilized peripheral blood were transduced with a multiplicity of 

infection (NIOI) of 50. The transduction delivered a green fluorescent protein (GFP) 

expressing transgene. During the stimulation, transduction, and recovery/expansion phases, 

CD34+ cells were exposed to cytokines (SCF, TPO, Fit3-1,) during the stimulation and 

transduction stages followed by recovery in direct co-culture with E4ORF1+ UVEC cells 

(CIC/E), and in the presence of E4ORF I + UVEC cells during all 3 stages (E/F../E). Flow 

cytometry was used to quantify the number of cells. Fluorescent antibodies to identify CD38, 
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CD451-ZA; C D491, CD34. and CD45 on hematopoietic stem cells were used to determine the 

stem cell content of the cultures. GFP expression denoted successfully transduced cells. 

After quantification via flow cytometry and hemocytometer counts, total stem cell yield is 

presented as a bar graph in Fig. 15A, with successfully transduced stern cell yield presented 

as a bar graph in Fig. 1513(axes show numbers of cells), All conditions not specified  here.im 

are specified in the Examples_ 

DETAILED PESCRIPTION 

[0001] 	The "Summary of the Invention," "Figures, 	'Brief Description of the Figures," 

"Examples," and "Claims" sections of this patent disclosure describe some of the main 

embodiments of the invention. This "Detailed Description" section provides certain 

additional description relating to the compositions and methods of the present invention, and 

is intended to be read in conjunction with all other sections of this patent disclosure_ 

Furthermore, and as will be apparent to those in the art, the different embodiments described 

throughout this patent disclosure can be, and are intended to be, combined in various different 

ways. Such combinations of the specific embodiments described herein are intended to fall 

within the scope of the present invention 

[00045j 	Certain definitions are provided below. Other terms are either defined elsewhere 

in this patent disclosure, have a meaning that is clear from the content in which theyate :used, 

or are used in accordance with their usual meaning in the art. 

[00046] 	As used herein, the terms "about" and "approximately," when used in relation 

to numerical values, mean within + or - 20% of the stated value, 

00047] 	The term -clam*: as used herein, refers to the propagation of cells on .or in 

media of vatiOas kipOs. "col-culturioe'refers to the propagation of two or more distinct 

types of cells on or in media of various kinds, for instance, in some embodiments, E40121171 -1- 

ECs and hematopoietic stem or progenitor cells (HSPCs) may be co-cultured. 

[00048] 	The term "engineered" when used in relation to cells herein refers to cells that 

have been engineered by man to result in the recited phenotype. (e.g. E4ORF I ), or to express 

a recited nucleic acid molecule or polypeptide. The term "engineered cells" is not intended to 

encompass naturally occurring cells, but is, instead, intended to encompass, for example, 

cells that comprise a recombinant nucleic acid molecule, or cells that have otherwise been 
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altered. artificially (04...by i.getteticinodification), for example so that they express a 

polypeptide that they would not otherwise express, or so that they express a polypeptide at 

substantially higher levels than that observed in non-engineered endothelial cells. 

[00049] 	The terms "expansion" or "expanding-  as used herein in the context of cells or 

cell culture refer to an increase in the number of cells of a certain type (for example "target 

cells," such as HSPCs) from an initial population ace:Rs_ The initial cells used ter expansion 

need not he the same,  as the cells generated as a result of the expansion. For instance, the 

expanded cells may be produced by growth and/or differentiation of the initial population of 

cells. 

[000501 	"Genetit modification' or gene-Modified" refers to an* glaitiOn,..deletion. .or 

disruption of orto wceil's normal nucleotide sequences and. includes,.but is not limited. to,. 

"gene-editing." Genetic modification is typically performed using a "gene delivery" method. 

[00051] 	"Gene delivery' refers to delivery of any exogenous nucleic acid molecule to a 

cell, Gene delivery methods encompassed by the present invention include, but are not 

limited to, "transduction" methods (i.e. virus-mediated transfer of nucleic acid to a target 

cell), and "transtection" methods (i.e. non-virus-mediated transfer of nucleic acid to a target 

cell). 

[00052] 	The term "hematopoietic stem cell" or "I SC" refers to a elonogenic, self-

renewing pluripotent cell capable of ultimately differentiating into all cell types of the. 

hematopoietic system, including B cells T cells, NK. cells, lymphoid dendritic cells, myeloid 

dendritic cells, granulocytes, macrophages, megakaryocytes, and .erythroid cells. As with 

other cells of the hematopoietic system., I-ISCs are typically defined by the presence of a_ 

characteristic set of cell markers. 

[00053] 	The term "hematopoietic stem or progenitor cell" or "HSPC," as used herein, 

encompasses HSCs, as defined above, as well as .multipotem non-self-renewing progenitor 

cells that are capable of ultimately differentiating into all cell types of the hematopoietic 

system, and oligopotent and unipotent progenitor cells capable differentiating into certain cell 

types of the hematopoietic system. H,SPCs include CMPs, MPs, MEPs, and GMPs, each of 

which is defined elsewhere herein. 
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[00054]. 	A4 used herein. the term ISolated" refers to a product (e.g. cells) or 

composition Which is separated from at least one other product or composition with Which it 

is associated in its naturally occurring state, whether in nature or as made synthetically. 

[000 ,1 	As used herein, the term "recombinant" refers to nucleic acid n 	lecules that 

are generated by man (including by a machine) using methods of molecular biology and 

genetic! engineering (such as molecular cloning), and that comprise nucleotide sequences .that 

would not otherwise exist in nature. Thus, recombinant nucleic acid molecules are to he 

distinguished from nucleic acid molecules that exist in nature — for example in the genome of 

an organism. .A nucleic acid molecule that comprises a complementary DNA or "cDNA" 

copy of an mRNA sequence, without any intervening intronic sequences such as would be 

found in the corresponding genomic D.NA. sequence, would thus be considered a recombinant 

nucleic acid molecule. By way of example, a recombinant &IOU I nucleic acid molecule 

might comprise an .E4ORF I coding sequence operatively linked to a promoter andfor other 

tgenetic. elements with which that coding sequence is not ordinarily associated in a naturally-

occurrine adenovirus genome. 

[00056] 	The term "self-renewal" refers to the ability.attceltto divide and generate at 

least one daughter cell with the identical (e.g., self-renewing) characteristics of the parent 

cell, The second daughter cell may commit to a particular differentiation pathway, For 

example, a self-renewing hematopoietic stem cell divides and forms one daughter stem cell 

and another daughter cell committed to differentiation in the myeloid or lymphoid pathway. 

A committed progenitor cell has typically lost the self-renewal capacity, and upon cell 

division produces two daughter cells that display a more differentiated (i.e., restricted) 

phenotype 

[00057] 	The terms "sUbject" and "patient" are used herein interChangeably. and refetto, 

except Where indicated, mammals such as humans and non-human primates, as well as 

rabbits, rats, mice, goats, pigs, and other mammalian species. 

[00058] 	The phrase "substantially pure" as used herein in relation to a cell population 

refers to a population of cells of a specified type (e.g. as determined by expression of one or 

more specified cell markers._ morphological characteristics, or functional characteristics), or 

of specified types (plural) in embodiments where two or more different cell types are used 

together, that is at least about 50%, preferably at least about 75-80%, more preferably at least 
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about S5-90%;  and most preterably..at: teat about 95% of the cells making up . the total cell 

population. Thus, a 'substantially pure cell population" refers to a population of cells that 

contain fewer than about 50%, preferably fewer than about 20-25%, more preferably fewer 

than about 10-15%, and. most preferably fewer than about 5% of cells that are not of the 

specified type or types. 

[00059] 	Several of the embodiments of the present invention described herein involve 

endothelial cells, for example engineered endothelial cells that express an adenovirus 

E4ORF1 polypeptide — Le. E4ORF1+ endothelial cells (E4ORF1+ ECs). Such cells comprise 

an E4ORF1-encoding nucleic acid molecule. The E4ORF.1 polypeptides andlor the E4ORF.1-

encoding nucleic acid molecules may have amino acid sequences or nucleotide sequences 

that are specified herein or that are known in the art, or may have amino acid or nucleotide 

sequences that are variants, derivatives, mutants, or fragments of such amino acid or 

nucleotide sequences — provided that such a variants, derivatives, mutants, or fragments have, 

or encode a polypeptide that has, one or more of the functional properties described herein 

(which include, but are not limited to, an ability to support the maintenance or expansion of 

endothelial cells in culture, and/or to support the expansion of another target cell type (such 

as f1SPCs) in culture, andior w improve gene transfer efficiency to another target. cell type 

(such as HSPCs). 

[00060] 	in those embodiments involving .adenovirus E4ORF1 polypeptides, the 

polypeptide sequence used may be from any suitable adenovirus type or strain, such as 

human adenovirus type 2, 3, 5, 7, 9, 11. 12, 14, 34, 35.46, 50, or 52. In some preferred 

embodiments the polypeptide sequence used is from human adenovirus type 5, Amino acid. 

sequences of such adenovirus polypeptides, and nucleic acid sequences that encode such. 

polypeptides, are well known in the art and available in well-known publicly available 

databases, such as the. Genbank database. For example, suitable sequences include the,  

following: human adenovirus 9 (Genbank. Accession No. CA105991), human adenovirus 7 

(Genbank Accession No. AAR89977), human .adenovirus 46 (Genbank Accession No. 

AAX7094(), human adenovirus 52 (Genbank Accession No. ABK35065), human adenovirus 

34 (Genbank Accession No. AAW33508), human adenovirus 14 (Genbank Accession No. 

AAW33.146), human .adenovirus 50 (Genbank. Accession No. AAW335541, human 

adenovirus 2 (Genbank. Accession No. AP.sub..--000196), human adenovirus 12 (Genbank 

Accession No. AP.sub,--000141), human adenovirus 3S (Genbank .Accession No..AP.sUb.-- 
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000607), human adenovirus 7 (Genbank Accession No. AP.sub.-000570), human adenovirus 

1 (Genbank Accession No. AP.sub,--000533), human adenovirus 11 (Genhank Accession No. 

AP.sub.-000474), human adenovirus 3 (Genhank Accession No. ABB 17.792,x. and human 

adenovirus type 5 (Genbank accession number D12587), 

[00061] 	in some embodiments the endothelial cells described herein comprise 

E4ORF I nucleic acid or amino acid sequences without other sequences from the adenovirus 

E4 re.);ion --- for example, in certain embodiments the endothelial cells comprise E4OR.F1 

sequences but do not comprise the entire E4 region, or other ORES from the entire E4 region 

--such as E4ORF2, E4ORF3, E4ORF4,, and/or E4ORF5. However, in other embodiments the 

endothelial cells described herein may comprise E4ORF1 sequences together with one or 

more other nucleic acid or amino acid sequences from the E4 region, such as li4ORF2, 

E4ORF3, E4ORF4, E4ORFS, or E4ORF6 sequences, or variants, mutants or fragments 

thereof. 

[00062] 	in all of the embodiments described herein that relate to polypeptides and/or 

nucleic acid molecules, in some embodiments such polypeptides and/or nucleic acid 

molecules have the same amino acid or nucleotide sequences as those specifically recited 

herein or known in the art (for example in public sequence databases, such as the Genbank 

database). In some embodiments the polypeptides and nucleic acid molecules of the 

invention may have amino acid or nucleotide sequences that are variants, derivatives, 

mutants, or fragments of such sequences, for example variants, derivatives, mutants, or 

fragments having greater than 85% sequence identity to such sequences. In some 

embodiments, the variants, derivatives, mutants, or fragments have about an 85% identity to 

the known sequence, or about an 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

98%, or 99% sequence identity to the known sequence. in some embodiments, a variant, 

derivative, mutant, or fragment of a known nucleotide sequence is used that varies in length 

by about 50 nucleotides, or about 45 nucleotides, or about 40 nucleotides, or about 35 

nucleotides, or about 30 nucleotides, or about 28 nucleotides, 26 nucleotides, 24 nucleotides, 

22 nucleotides. 20 nucleotides, 18 nucleotides, 16 nucleotides, 14 nucleotides, 12 nucleotides, 

10 nucleotides, 9 nucleotides, 8 nucleotides, 7 nucleotides, 6 nucleotides, 5 nucleotides, 4 

nucleotides, 3 nucleotides, 2 nucleotides, or I nucleotide relative to the known nucleotide 

sequence. In some embodiments, a variant, derivative, mutant, or fragment of a known 

amino sequence is used that varies in length about 50 amino acids, or about 45 amino acids, 
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or about 40 amino acids, 0 about. 35 amino acids, or about 30 amino acids, or about 28 

amino acids, 26 amino acids, 24 amino acids, 22  amino acids, 20 amino acids, 18 amino 

acids, 16 amino acids, 14 amino acids, 12 amino acids, 10 amino acids, 9 amino acids, 8 

amino acids, 7 amino acids, 6 amino acids, 5 amino acids, 4 amino acids, 3 amino acids, 2 

amino acids, or I amino acid relative to the known amino acid sequence. 

[00063] 	The nucleic acid molecules described herein can be used in constructs that 

contain various other nucleic acid sequences, genes, or coding regions, depending on the 

desired use, for example, antibiotic resistance genes, reporter genes or expression tags (such 

as, for example nucleotides sequences encoding GFP), sequences useful for homologous 

recombination, or any other nucleotide sequences or genes that might be desirable. The 

polypeptides described herein can be expressed alone or as part of fusion proteins. 

[00064] 	In some embodiments the nucleic acid molecules described herein can be 

under the control of one or more promoters to allow for expression_ Any promoter able to 

drive expression of the nucleic acid sequences in the desired cell type can be used. Examples 

of suitable promoters include, but are not limited to, the CMV, SV40, RSV, H1V-Ltr, and 

MML promoters. The promoter can also be a promoter from the adenovirus genome, or a 

variant thereof 

[00065] 	In some embodiments, the nucleic acid molecules described herein can be 

placed under the control of an inducible promoter, so that expression of the nucleic acid 

sequences can be turned on or off as desired. Any suitable inducible expression system can 

be used, such as, for example, a tetracycline inducible expression system, or a hormone 

inducible expression system. For example, the nucleic acid molecules of the invention can be 

expressed while they are needed and then switched off when the desired outcome has been 

achieved. The ability to turn on or turn off expression could be particularly useful for in vivo 

applications — for example for in vivo applications of the genetically modified target cells 

produced using the methods described herein. 

[00066] 	The nucleic acid molecules described herein may comprise naturally occurring 

nucleotides, synthetic nucleotides, or a combination thereof For example, in, some 

embodiments the nucleic acid molecules can comprise RNA, such as synthetic modified 

RNA that is stable within cells and can be used to direct protein expression/production 

directly within cells% in other embodiments the nucleic acid molecules can comprise DNA, 
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In .embodiments where DNA js:..wedi, the DNA sequences may be operably linked to one or 

more suitable promoters and/or regulatory elements to allow (and/or facilitate, enhance, or 

regulate) expression within cells, and may be present i i one or more suitable vectors or 

constructs. 

[00.06] 	The handling, manipulation, and expression of tht. polypeptides and nucleic 

acid molecules of the invention may be performed using conventional techniques of 

molecular biology and cell biology. Such techniques are well known in the art. For example, 

one may refer to the teachings of Sambrook, Fritsch and Maniatis eds.., "Molecular Cloning 

examples, 

one 

	Manual, 2nd Ed. Cold Springs Harbor Laboratory Press,. 1989); the series 

Methods of Enzymology (Academic Press, Inc.), or any other standard texts for guidance on 

suitable techniques to use in handling, manipulating, and expressing nucleotide and/or amino 

acid sequences„Additional aspects relevant to the handling or expression of ElORF 1 

sequences are described in U.S. Patent No. 8,465,732, the contents of which are hereby 

incorporated by reference. 

[00068] 	The presentinvention provides improved Methods . for gene delivery to target. 

tells, in some embodiments any suitable genie delivery system known. in ale or; can be used, 

such as any suitable transfection system or any suitable transduction system, 

[000691 	Transfection methods that can be used in accordance with the present 

invention include, but are not limited to, liposome-mediated transfection„ polybrene-mediated 

transfection, DEAF dextran-mediated transfection, electroporation, nucleofection, calcium 

phosphate precipitation, micromjection, and micro-particle bombardment. 

[00070] 	Transduction methods that can be used include, but are not limited to, 

lentivirus-mediated transduction, adenovirus-mediated transduction, retrovirus-mediated 

transduction, adeno-associated virus-mediated transduction and herpesvirus-mediated 

transduction. 

[0007.11 	in some embodiments target cells may be genetically modified so that they 

comprise a corrected version of a gene known to be involved in, or suspected of being 

involved in, a disease or disorder that affects the target cell type, or any other gene, such as a 

therapeutically useful gene, that it may be desired to provide in the target cells or administer 

or deliver using the target cells. In sonic .embodiments the methods of the present invention 
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may be utilized in the .performance ofsOtin conjunction -with,. genome editing techniques, 

such as genome editing techniques that utilize engineered nucleases to insert, delete, or 

replace desired nucleotide sequences in the genome of a target cell. Typically such nucleases 

create site-specific double-strand breaks in the genome, which are repaired using non-

homologous end-joining or homologous recombination. There are four main families of such 

nucleases that are currently used in gene editing techniques --- i.e,. meganucleases, zinc finger 

nucleases (ZENs), Transcription Activator-Like Effector-based Nucleases or “TALENs," and 

CRISPR-Cas system nucleases e.g. Cas9). 

[000721 	The methods of the present invention involve use of endothelial cells (ECs), 

for example endothelial cells engineered to express E4OREl - i.e. E4ORF I.+ ECs. Such 

endothelial cells can be derived from any suitable source of endothelial cells known in the art. 

For example, in some embodiments the endothelial cells are vascular endothelial cells. In 

some embodiments the endothelial cells are primary endothelial cells, In some embodiments 

the engineered endothelial cells are mammalian cells, such as human or non-human primate 

cells, or rabbit, rat, mouse, goat, pig, or other .mammalian cells. In some embodiments the. 

endothelial cells are primary human endothelial cells. In some embodiments the endothelial 

cells are umbilical Vein endothelial cells (UVEC)., such as human umbilical vein endothelial 

cells (HUVEC). Other suitable endothelial cells that can be used include those described. 

previously as being suitable for E4ORF1-expression in U.S, Patent No. 8,465,732, the,  

contents of which are hereby incorporated by reference. 

[00073] 	The engineered endothelial cells of the invention may exist in, or be provided. 

in, various forms. For example, in some embodiments the engineered endothelial cells may 

comprise a population of cells, such as an isolated population of cells. In some embodiments 

the engineered endothelial cells may comprise a population of cells in vitro. In some 

embodiments the engineered endothelial cells may comprise a substantially pure population 

of cells. For example, in some embodiments at least about 50%, preferably at least about 75- 

80%, more preferably at least about 85-90%, and most preferably at least about 95% of the 

cells making up a total cell population will be engineered endothelial cells of the invention. 

In some embodiments the engineered endothelial cells may be provided in the fi.)rm of a 

composition containing the engineered cells and one or more additional components. For 

example, in some embodiments the present invention may provide a composition comprising 

a population of engineered endothelial cells as described herein together with a carrier 
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solution,:such as a phySiologital saline solution, cell suspension medium, cell cult re 

medium, or the like. In some embodiments such compositions may be therapeutic 

compositions - comprising a population of engineered endothelial cells and a carrier solution 

that is suitable for administration to a subject, such as a human subject. Other therapeutically 

acceptable agents can be included if desired. One of ordinary skill in the art can readily 

select suitable agents to be included in the therapeutic compositions depending on the 

intended use. 

[00074] 	Methods of culturing cells are well known in the art and any suitable cell  

culture methods can be used. For example, E4ORF I+ cells can be cultured using methods 

known to be useful for culturing other endothelial cells, or, methods known to be useful for 

culturing E4ORH-expressing endothelial cells, for example as described in U.S, Patent No. 

8,465,732, the contents of which are hereby incorporated by reference. In some 

embodiments the engineered endothelial cells of the invention can be cultured in the absence 

of serum, or in the absence of exogenous growth factors, or in the absence of both serum and 

exogenous growth factors_ The engineered endothelial cells of the invention can also be 

cryopreserved. Various methods for cell culture and cell cryopreservation are known to those 

skilled in the art, such as the methods described in Culture of Animal Cells: A Manual of 

Basic Technique, 4th Edition (2000) by R. Ian Freshney ("Freshney"), the contents of which 

are hereby incorporated by reference. 

[000751 	In some embodiments, the present invention involves: the use, of primary 

endothelial cells, endothelial progenitor cells or E4ORFI+ .EC feeder cells to sttpport the 

survival, expansion, and or genetic modification of other cells (e43., target cells) in a co-

culture method. For example, in one embodiment a population of IFA-ORIPH- ECs can be used 

as feeder cells to support the growth, expansion, or genetic modification of stem or progenitor 

cells, such as FISPCs and I-ISPCs. 

[00076] 	In some embodiments the present invention provides Co-culture methods for 

culturing a population of E4ORF.:1+ ECs and a population of target cells. Such co-culture 

methods may comprise culturing a population of E4ORF I+ EC$ and a population of target 

cells together in the same culture vessel. In some such embodiments the E4ORF I+ ECs may 

form a feeder cell layer on a surface of the culture vessel, and the target cells may be placed 

on the feeder cell layer, In another embodiment the present invention provides a. method of 
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culturing target cells comprising: contacting the targetcells with conditioned medium 

obtained from a culture of the E4ORF I + cells. 

[00077) 	The present invention also provides kits for carrying out the various methods 

described herein. Such kits may contain any of the components described herein, including, 

but not limited to, nucleotide sequenced, vectors, endothelial cells, E4ORF1± endothelial 

cells, control non-engineered endothelial cells, target cells (such as l-IS.PCs), media or 

compositions useful for maintaining or expanding MORE l± ECs or target cells, or any 

combination thereof. All such kits may optionally comprise instructions for use, containers, 

culture vessels and the like. A label may accompany the kit and may include any writing or 

recorded material, which may be electronic or computer readable form (e.g., disk, optical 

disc, memory chip, or tape) providing instructions or other information for use of the kit 

contents. 

[00078] 	Certain aspects of the present invention may be further described in the 

following non-limiting Examples. It should be noted that the description in the Examples, as 

well as the foregoing descriptions of specific embodiments of the present invention, have 

been presented for purposes of illustration and description. They are not intended to be 

exhaustive or to limit the invention to the precise forms disclosed. Rather many 

modifications and variations of the specific embodiments described herein are possible in 

light of the teachings of this patent application. The embodiments presented herein were 

chosen and described in order to best explain the principles of the invention and its practical 

application, to thereby enable others skilled in the art to best utilize the invention and various 

embodiments with various modifications as are suited to the particular use contemplated. 

EXAMPLES 

Some of the data generated in the below Examples is provided in the Figures. Furthermore, 

the Brief Description of the Figures section of this patent disclosure contains certain 

additional information regarding pertinent to these Examples, including additional details 

regarding the experiments performed and the data generated. The present Examples are 

intended to be read in conjunction with the Brief Description of the Figures and the Figures 

themselves. 

Example I 
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Effect of FAORF1+  7o- Ail tare on Expansion & Viral Transduc i 	1 of I-ISPCs 

[00079] 	Experiments were performed to assess the effects of &IOU! + endothelial 

cells on the ability to expand and transduce CD34+/CD45+ HSPCs. CD34+ cells (Loma) 

were transduced with Red Fluorescent Protein (UP) and expanded on E4ORIF I+ umbilical 

vein endothelial cell (UVEC) cultures in 6-well plates using the three different protocols, as 

follows: 

[00080] 	In protocol I., transduction was commenced 21 hrs prior to starting FISK - 

E4ORF1+ U 'EC co-culture ("Pre-transduced"). 

[00081] 	in protocol 2, transduction was performed concurrently with HS 	' 

E4ORF1 + UVEC co-culture ("Concurrent-transduced"), 

[00082] 	in protocol 3 HSPCs were co-cultured with E4 )REI + U \TEC for 48hrs, after 

which floating l-ISPCs were transferred to an empty well for transduction (24hrs), and then 

following transduction the HSPCs were co-cultured with E4ORF1+ LIVEC ("Expanded-

transduced") 

in each of the above protocols cell culture was performed under hypoxic conditions. Also, in 

each protocol approximately 100,000 hematopoietic cells (of which 95,000 were determined 

to be CD34-i- by flow cytometry) were plated either in an empty well (protocol 1) or in a well 

that had been pre-seeded to confluency with E4ORF1+ UVEC cells (protocols 2 and -, ). The 

number of E4ORF1+ UVEC cells present at confluency of one well of a six-well plate is 

about 300,000 cells. The media consisted of. StemMACS HSC expansion media 

(manufactured by Miltenyi Biotec) plus 10Ong/m1 of SCE, F1t3;  and TPO cytokines. The 

transduction event consisted of a 24-hr period during which the cells were incubated with 

lentivirus engineered to REP and polybrene. The transduced cells were then collected, spun 

down, suspended in fresh media with cytokines, and re-plated onto confluent FAORF I+ 

UVEC cultures. The culture medium (including cytokines) was changed every two days 

thereafter 	in all three protocols cells were expanded for a total of 8 days, at which time the 

cells were collected, counted, and stained with antibodies to CD34 and CD45 for FACS 

analysis. 

[00083] 	Both total hematopoietic cells and the CD34+ sub-population (Le. HSPCs) 

demonstrated a higher fold expansion when the transduction process took place in the setting 



WO 2017/181168 
	

PCT/US2017/027884 
28 

of a co-culture with E-CEL UVEC cells compared to transducing the CD34+ cells alone (Fig. 

1). Furthermore, the expansion potential of these cells further increased following a 4Shr 

period of co-culture prior to initiating the transduction process. Similarly, the most efficient 

transduction process proved to be that in which hematopoietic cells were co-cultured with 

E4ORF I + UVEC cells for 48hrs prior to commencing the transduction procedure (Fig. 2), 

Importantly, these results indicate that the CD34+ slibpopulation in particular both was most 

effectively transduced (Fig. 2A) and showed the greatest expansion of the transduced 

population (Fig. 2B). Taken together, these data suggest that allowing the CD34+ 

hematopoietic• cells to acclimate to co-culture with E4ORF I -- UVEC cells dramatically 

increases both the efficiency of transduction and the overall cellular output of transduced cell.  

populations. 

Example 2 

Effect ofFloating Fraction & C itokines on Viral Transduction Efficiency 

[00084] 	Experiments were performed to determine the effect of removing the 'floating 

fraction' of CD34-i- hematopoietic cells on transduction efficiency and to determine if 

cytokine concentration has an influence on transduction efficiency. 

[00085] 	CD34+ cells (Lonna) were transduced with Blue Fluorescent Protein (BFP) 

and expanded on E4ORF I + UVEC cultures in 6-well plates using the following 4 different 

protocols, as follows: 

[00086] 	In protocols I and 3, HSPCs were expanded on E4ORF I+ UVEC cultures for 

96 hours and then subsequently transduced by incubating the I-ISPCS with lentivirus 

engineered to express BFP for 24 hours - while the HSPCs were still on the E4ORF l+ EC 

feeder layer. The HSPCs were then expanded on the E4ORF' I+ UVEC cultures for a further 

two days. Results obtained using these protocols are referred to in the figures as "co--

transdUCtiOn" results 

[00087] 	in protocols 2 and 4, HS PCs Were expanded on E4ORF I+ UVEC cultures for 

96 hours and then subsequently the floating fraction was transferred to an empty well and 

was transduced by incubating the HSPCs with lentivirus engineered to express BR' for 24 

hours. After the transduction period the HSPCs were cultured on E4ORF1+ Ll \TEC cultures 
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foranother two days. Results obtained rising these protocols are referred to in the figures as 

"separated transduction" results. 

[00088] 	The cell culture media used in protoCOls1. and 	consisted of .SternMACS. 

IBC expansion media (manufactured. by Miltenyi :Biotec) withl OOngfml each of the. 

cytokines SCF, Fit3, and TPO — referred to in the figures as "norm eyto dose." The cell 

culture media used in protocols 3 and 4 consisted of StemMACS 1-1SC expansion media 

(manufactured by Miltenyi Biotec) with 300tiglmi each of SCT and F1t3,1.00nsiml each of 

TP.0 and IL-6, and. 2Ongiml of IL-3 — referred to in the figures as "high .cyto dose". 

[00089] 	in each of the above protocols all cell culture was pet:firmed under hvpoxic 

conditions. Also, in each of these 4 protocols 100,000 hematopoietic cells (comprising 

95)000 CD34+ cells — as determined by flow cytometry) were plated. on a confluent layer of 

E4ORT1+ UVEC cells. The number of EziORTI+ UVEC. cells present at confluency of one 

well of a six-well plate is about 300,000 cells. After a 96hr period of hematopoietic cell i 

E4OREI+ EC co-culture, the transduction event was initiated which consisted of a 24-1hr 

period during which the samples were incubated with a lenti virus engineered to express BFP 

and polybrene. The transduced samples were then collected, spun down, re-suspended in 

fresh media (with cytokines - as indicated), and plated onto E4ORF1+ UVEC cultures. 

Media (with cytokines) was exchanged every two days thereafter. The expansions for all 

samples lasted for a total of 7 days, after which time the cells were collected, counted, and 

stained. with antibodies to CD34 and CD45 for .FACS analysis. 

[00090] 	As expected, both the total hematopoietic cell population and the CD34+ 

hematopoietic cell sub-population demonstrated a higher fold expansion when a higher 

cytokine dose was used (Fig. 3). There appeared to he little difference in the fold expansion 

of hematopoietic cell populations transduced in the presence of E4ORF I + UVEC cultures as 

compared. to those transduced in the absence of E4ORF1+ ECs. Surprisingly, however, the. 

efficiency of transduction was greater when transduction was performed in the presence of 

the E4ORF1+ 'NEC cells than Mien transduction was performed on hematopoietic cells that 

had been temporarily separaWd from the E4OR.F1 UVEC cultures during the transduction 

event (Fig. 4). Thus, despite the presence of a second cell-type (i.e. thelE4ORT 1.4" UVEC) 

during the transduction step that could potentially have absorbed/sequestered virus, 

hematopoietic cells - and in particular the .C.:D34+ / IISPC. cell fraction . still demonstrated a 
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highercapacityfOr viral intake 	ten transduced in the presence of E4ORF.1+ LIVEC cells. 

While .cytokine dosing had little effect on transduction efficiency (Fig. 4), utilizing a higher 

cytokine dose did result in a. larger number of transduced C7D34-1-- cells overall — which may 

be due to an increase in cell expansion andlor an increase in the number of transduced CD34± 

CD45+ cells (Fig. 5). Taken together„ these results suggest that transducing HSPCs in the 

presence of E4ORF 1÷ tIVEC cultures can improve viral transduction efficiencies, and that 

the number of transduced cells can be further enhanced by increasing the cytokine dose used 

during expansion. 

[0009.1 I 	The data presented M Examples I and 2 demonstrates that that co-culture of 

certain target cells, such as HSPCs, with E4ORF1+ .ECs can sib nificantly.  improve gene 

transfer efficiencies. Specifically, the results presented herein demonstrate that viral 

transduction of -HSPCs - a major hurdle in the gene-editing field. ------ can be significantly 

improved using an E4ORF l+ EC co-culture system.. The presence of :E4ORFI+ UVEC cells 

increases both the overall yield of CD34-1-ICD45+ HSPC-s, and the efficiency of transduction 

in this important stem cell population.. This dual benefit of E4ORF I ÷ EC co-culture could 

represent a novel means for improving the efficiency of a variety of gene transfer methods — 

for example for the purposes of gene editing andlor gene therapy.. 

Example 3 

Rescue of Transfected Cells by Subsequent EC Co-Culture 

[00092] 	Transfected or transduced cells, such as cells transfected by eleetroporation, 

can be cultured with ECs after transfection or transduction. Such subsequent co-culture can 

"rescue" cells that have been damaged by the transfection or transduction process —reducing 

cell death and loss of the transfected or transduced cells. Such co-culturing, should be 

commenced "immediately" after the transfection or transduction step is commenced (as that 

term is defined in this patent specification), and should continue for sufficient time to allow 

recovery of the target cells. Without wishing to be bound by theory, it is believed that such 

"rescue" can occur as a result of cell-to-cell contact between the two cell populations i.e. the 

nunsducedltransfected cells and the :EEO, ands or as a result of exposure of the 

transduceditransfected cells to soluble factors secreted by the ECs, such as angiocrine factors 

and cytokines. The co-culture of the two cell populations can also facilitate andlor increase 

expansion of the transduced or transfected. cells. 
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[000931 	The E - used can be any desired ECs. Organ-specific ECs(i.e. ECs derived 

from the same organ that the transdueeditransketed cells are derived from) can be used. 

E4ORE I +- ECs can also be used. 

Example 4  

Effect of E4ORF 1-,- Co-Culture on Expansion & Transfection of HSP :s by Elecnoporati 	i  

[000941 	Goal: To test the effect of an electroporation system (Lonza 4D-Nucleofector 

system) for transfecting plasmid GFP into human mobilized peripheral Wood (mPB) CD34+ 

cells in the context of co-culture with E4ORF I + endothelial cells. 

Experimental Design: Cell culturing was performed at 5% Oxygen and 37" unless otherwise 

noted. During the stimulation, transfection, and recovery/expansion phases, CD34÷ cells 

were exposed to cytokines (SCF, TPO, Flt3-1.,) &one (denoted as C/C/C), cytokines during 

the stimulation and transfection stages followed by recovery in direct co-culture with 

E4ORFI+ UVEC cells (MX), or in the presence of E4ORF I+ INEC cells during all 3 

stages -4 i.e. the stimulation stage, the transfection stage, and the recovery stage (ElEIE). On 

Day 0, 1,500000 human mPB CD 34+ cells (from MICells) were plated into two wells of a 

low-binding, attachment 6-well dish (500K per well) and in 1 well of pre-conditioned 

EAORE1+ UVEC 6-well dish (500K), all in StemMACS HSC expansion media 

(manufactured by Miltenyi Biotec) with r cokines (10Ong,/m1SCF, Flt3, and TP0). On Day I 

(24 hrs later), all of the samples were collected, spun down, and counted. The cells will be 

resuspended in Nucleofector Solution and maxGEP plasmid (from Lonza). The samples were 

electroporated„ and plated as follows: #1: the first low-bind well went into a new low-hind 

well (C/C/C). #2: the second low-bind well went into an E4ORF 11- UVEC Nvell (C/C/E). #3: 

the E4OR.F 1-4- UVEC well went into a second E-C.ELE4011F1+ UVEC well (E/E/ ). All 

samples continued to be cultured in StemMACS HSC expansion media (manufactured by 

Miltenyi Biotec) with cytokines (10Ong/m1 SCF, Flt3. and TP0). Hates were then placed in a 

5% Oxygen incubator at 37" for 96 hours (fed again with fresh media and cytokines at 48 

hours Post-transfection), at which time they were analyzed via cell counts, flow cytometty, 

and GFU assays. hi each case where there were E4ORFI+ ECs used, there were 

approximately 300,000 of such cells present in each well — i.e. the co-culture and 

transfection/trausduction was performed in the presence of a. confluent monolayer of 
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E4ORF1+ ECs (the number &EC's at confluency of one well of a 6-well plate is about 

300,000). 

[00095] 	Results: Total hematopoietic cells (Fig. 6) and specifically C1334+ cells (rig. 

7A) expanded on ECs for the entirety of the assay showed the greatest overall expansion (6A-

fold increase), followed by CD34+ cells expanded on ECs just after the transfection event 

(2.7-fold increase). CD34+ cells transfected and expanded in the absence of ECs entirely 

showed the poorest expansion (0.7-fold increase). Notably, transfection efficiency of the 

CD34+ population was not adversely affected due to the presence of ECs (78% CD34± cells 

transfected in ElE/E samples, vs 73% CD34+ transfected and 76% 0)34+ transfected in 

OriC and C/C1E samples, respectively with overall yields of transfected CD34.4- notably 

higher with increased exposure to E4ORFI+ INEC cells --- (Fig. 713). While all samples were 

positive for total colony formation in CPU assays (Fig. SA), only CD34+ cells that were 

expanded in the presence of ECs showed ClEMM formation (Fig. filD and Fig. 9), indicative 

of multi-potent progenitors (MMPs) being present in those expanded populations. 

[00096] 	Conclusions: Transfection and subsequent expansion of CD34± cells in the 

presence of ECs E4OR.E11- (NEC cells results in the greatest yield of total cells and 

transtected cells, as compared to delayed intervention or complete omission of the EC 

population during the process. Furthermore, transfection efficiency is surprisingly not 

adversely affected by the presence of the EC population during the transfection event. Lastly, 

the presence of CiEMM colony formation in CPU assays on samples co-cultured with ECs 

demonstrates that the ECs play an important role in maintaining the MPP population of 

CD34± cells during the expansion process. These results indicate that introducing 17401:F1+ 

UVEC cells when using, this transfecting hematopoetic cells may provide improvements as 

compared to gene-delivery performed in the absence of such cells. 

Example 5  

Transduction of monkey non-human primate mPB CD34± with lenti-61- 	using the 

[00097] 

primate niPB 

Goal: 

CD34+ 

E4ORF1-i- V \TEC platform 

To assess the transduction efficiency and expansion 

in the context of E4OR.F1+ UVEC co-culture. 

of non-human 
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[0009$1 	Expetintental Design: Expansion assays were performed at 5% Oxygen. 

During the stimulation, transfection, and recovery/expansion phases, CD34+ cells were 

exposed to cytokines (SCE, TPO, Flt3-1.,) alone (denoted as C/C/C), cytokines during the 

stimulation and transfection stages followed by recovery in direct co-culture with E4ORF1+ 

UVEC cells (C/C/E), or in die presence of E4ORFI + UVEC cells during all 3 stages (EMS). 

450,000 non-human primate mPB CD34± cells were each plated as follows: 41) into one 

retronectin coated well (6-well format); *12) into one retronectin coated well (6-well format); 

#3) into one confluent E4ORF I+ UVEC cell well (6-well format). The initial Cl)34+ plating 

of all three samples occurred on Day 0, and was done in StemMACSI-ISC expansion media 

(manufactured. by Miltenyi Biotec) with 100ng/m1 of SC T, Flt3, and TPO. On Day I (24hrs 

later), all samples were re-fed with fresh media and cytokines; additionally. GFP lenti-virus 

at an MOI of 25 was added to samples all three samples. On Day 2 (24hrs post-transduction), 

sample #1 was passed into a. new retronectin coated well, Samples #2 and #3 were passed 

into one new well each previously seeded with E4ORF l+ 1.IVEC cells. All samples were re-

fed in fresh media and cytokines. On Day 4 (72 hrs post-transduction) all samples were re-fed 

with fresh media and cytokines. On Day 6 (120 hrs post-transduction) the cells were passed 

to either new retronectin coated wells (sample 41) or E4ORFIt UVEC cell wells (samples #2 

and #3) in fresh media and cytokines. On Day 8 (1.68 hrs post-transfection) all samples were 

refed with fresh media and cytokines. On Day 10 (192 hrs post-trarisfection) all samples were 

collected tbr cell counts and staining (for FACS). . In each case where there were E4ORF1+ 

ECs used, there were approximately 300,000 of such cells present in each well --- i.e. the co-

culture and transfectionitransduction was performed in the presence of a confluent monolayer 

of FAORFI + ECs (the number of SECs at confluency of one well of a 6-well plate is about 

300,000). 

[000991 	Results: Total hematopoietic cells (Fin, l0) and specifically :C:1)34+ cells (Fig. 

11 left) expanded on :a's for the entirety of the assay showed a higher overall expansion (62-

fold increase) as compared to CD34+ cells expanded on ECs just after transducing with GET 

(48-fold increase), CD34+ cells transduced with GFP and expanded in the absence of ECs 

entirely showed the poorest expansion (7-fold increase). Transduction efficiency of the 

CD34+ population (Fig. 11) was slightly decreased in the presence of ECs (42% CD34+ cells 

transfected in E/E/E samples, vs 60% CD34+ transfected in C/C/C samples). 	Interestingly, 

CD34+ cells transduced in the absence of ECs but then subsequently co-cultured on ECs also 
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showed a slight decrease in transduction efficiency (5.1% CD34-f- transfected in. C/C/E 

samples). However, overall yields of CD34+ transfected cells were higher when co-cultured 

with E4OR.F1-4- 1.TVEC cells (Fig. 11 B. A similar trend was noted for the transduction 

efficiency of the phenotypic stem cell population (measured by CD454-CD34-1-CD38- 

CD45RA-CD49f+ cells): EIELE sample --- 21%; 	/C/E sample ---- 24%; CIC/C sample --- 38%. 

Fig. 12). Notably, there was a significant increase in the number of transduced stem cells 

(Fig. 12B) in the UFA sample (-900,000 cells) and C/ClE sample —850,000 cells) 

— compared to the C/C/C sample (300,000). 

[000100] 	Conclusions: While the efficiency of transduction of monkey CD34± cells 

and, more specifically, CD34± stem cells was slightly less when ECs were present during the 

transduction event, the slight decrease in transduction was counterbalanced by the noticeable 

increase in the number of these cells in the expanded product when ECs were part of the 

process. Therefore, h 	altering the conditions of the transduction event, via IN(101 increase for 

example, an increase in transduction efficiency may be attained while still maintaining the 

significant increase in overall yield of cells that the E4ORF1-4- UVEC cell platform affords. 

Example 6 

Transduction of human inPB CD34-i- with lenti-GFP using the E4ORF1+ 12V EC cell  

Matt-brill, 

[000101] 	Goal: To determine the effects on transduction efficiency and or expansion 

potential of human mPB CD34± when transduced with lenti GFP in the presence of E- 

E4ORF1+ UV EC cells. 

[000102] 	Experimental. Design: Expansion assays were performed at 5% Oxygen. 

During the stimulation, transfection, and recovery/expansion phases, CD34+ cells were 

exposed to cytokines (SCF, TPO, Flt3-1,) alone (denoted as Cie/t), cytokines during the 

stimulation and transfection stages followed by recovery in direct co-culture with E4ORF1÷ 

UVEC cells (C/C/E),, or in the presence of E4ORF1 +- ISVEC: cells during all 3 stages (/'E/E}_ 

300,000 human tuPB CD34+ cells (from AlICells) were each plated as follows: #1) into one 

retronectin coated well (6-well format); #2) into one confluent E4OR.F1+ UVEC cell well (6-

well format). The initial CD34+ plating of samples #1 and #2 occurred on. Day 0, and were 

done in StemMACS HSC expansion media (manufactured by Miltenyi Biotec) with 
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10Onginil of SCF, no, and. TPO. On Day 1 124hrs later), both samples were re-fed with fresh 

media and cytokines; additionally, GFP virus at an MOT of 50 was added to samples #1 and 

#2. On Day 2 (24hrs post-transduction), each sample was passed onto fresh E4ORF1+ LIVEC 

cells in fresh media and cytokines. On Day 4 (72 hrs post-transduction) the cells were re-fed 

with fresh media and cytokines. On Day 6 (120 hrs post-transduction) the cells were collected 

counting and staining (FACS). in each case where there were &TORE! 	ECs used, there 

were approximately 300,000 of such cells present in each well- i.e. the co-culture and 

transfectionStransduction was performed in the presence of a confluent monolayer of 

E4ORF1+ ECs (the number of ECs at confluency of one well of a 6-well plate is about 

300,000), 

[000103] 	Results: Total hematopoietic cells (Fig. 13) and specifically CD34+ cells (Fig. 

141) expanded on ECs for the entirety of the assay showed a higher overall expansion (21.5-

fold increase) as compared to CD34+ cells expanded on EC's jtiSt after transducing with CEP 

(1.9-fold increase). Transduction efficiency of the CD34+ population was slightly decreased 

due to the presence of ECs (61% CD34÷ cells transfected in E/E/E samples, vs. 81% CD34+ 

transfected in C/ /E samples - Fig. 14B). Similarly, the transduction efficiency of the 

phenotypic stem cell population (measured by CD45-i-CD34+CD38-CD45RA-CD49f+ cells) 

was also slightly lower in the DI/.E sample (74%) vs the C/C/C sample (92%) (Fig. 15). 

Notably, though, there was a 3-fold increase of transduced stem cells in the EIDE sample 

compared to the CICIE sample (Fig. 15B). 

[0001041 	Conclusions: Although the efficiency of lenti-mediated transduction. of CD34+ 

stem cells was slightly less when ECs were present during the transduction event (74% for 

E/EfE vs 92% for (AYE), this modest decrease was offset by the vast increase of successfully 

transduced stem cells that were generated at the conclusion of the expansion process 

(-100,000 transduced stem cells E/E/E vs --36,000 transduced stem cells CIC/E). Still, while 

high transduction efficiency (e.g. >70%) and high yield of cells are the ultimate goal of this 

platform, further manipulations of the transduction conditions could serve to improve 

transduction efficiencies further ( 	> 90%) while not inhibiting the subsequent expansion 

of this vital population of cells, 

* * * 

[0001051 	The present invention is further described by the followint claims. 
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CLAIMS 

We claim: 

1. An improved method of genetically modifying CD34+ hematopoietic stem or progenitor cells 

(HSPCs), the method comprising:  

(a) co-culturing CD34+ HSPCs cells with E4ORF1+ endothelial cells under hypoxic 

conditions, and  

(b) contacting the HSPCs with one or more exogenous nucleic acid molecules,  

wherein the co-culturing step is commenced about 48 hours prior to contacting the HSPCs 

with the one or more exogenous nucleic acid molecules,  

thereby genetically modifying the CD34+ HSPCs, wherein the efficiency of genetic 

modification of the CD34+ HSPCs is improved as compared to the efficiency of genetic 

modification of CD34+ HSPCs that are not co-cultured with E4ORF1+ endothelial cells. 

2. The method of claim 1, wherein the co-culturing step is performed under severely hypoxic 

conditions.  

3. The method of claim 1, wherein the co-culturing step is performed at oxygen levels ranging 

from 0.1% to 5%. 

4. The method of claim 1, wherein the HSPCs are derived from bone-marrow, peripheral blood, 

or umbilical cord blood. 

5. The method of claim 1, wherein the endothelial cells are human endothelial cells. 

6. The method of claim 1, wherein the endothelial cells are umbilical vein endothelial cells. 

7. The method of claim 1, wherein the endothelial cells are human umbilical vein endothelial 

cells. 

8. The method of claim 1, wherein the endothelial cells are mitotically inactivated.  

9. The method of claim 1, wherein the step of contacting the HSPCs with one or more 

exogenous nucleic acid molecules is performed by transfection. 

10. The method of claim 9, wherein the transfection comprises liposome-mediated transfection, 

polybrene-mediated transfection, DEAE dextran-mediated transfection, electroporation, 

nucleofection, calcium phosphate precipitation, microinjection, or micro-particle 

bombardment. 

11. The method of claim 1, wherein the step of contacting the HSPCs with one or more 

exogenous nucleic acid molecules is performed by transduction. 

12. The method of claim 11, wherein the transduction is performed using lentivirus-mediated 

transduction, adenovirus-mediated transduction, retrovirus-mediated transduction, adeno-

associated virus-mediated transduction or herpesvirus-mediated transduction.    

13. The method of claim 1, wherein the nucleic acid molecule is present in a plasmid vector. 

14. The method of claim 1, wherein the nucleic acid molecule is present in a viral vector. 


