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ENHANCED GENE DELIVERY METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

(0001} This apphcation claims the benefit of priority of ULS. Provisional Patent
Application No. 62/323.476 filed on April 15, 2016, and U.S. Provisional Patent Application
No. 62/403.110 filed on Qctober 1, 2016, the contents of each of which are hereby

incorporated by reference in their entireties.
INCORPORATION BY REFERENCE

(0002} For the purpose of only those jurisdictions that permit incorporation by reference,
all of the references cited in this disclosure (including bat 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 ave incorporated by reference. Many of the teachings provided in US.
Patent No. 8,463,732 can be used in conjunction with the present invention, or ¢an be adapted
for use with the present invention.  Accordingly, the entive contents of U.S. Patent No.
8,465,732 are hereby expressly incorporated by reference into the present application.
Documents mncorporated by reference into this text, or any teachings theremn, can be used

the practice of the present invention.
BACKGROUNID QF THE INVENTION

{0003]  The adenoviral early 4 (BE4) region contains at least 6 open reading frames
{ORFs). The entire E4 region has been shown previously to regulate angiogenesis and
promate survival of endothelial cells {Zhang et al. (2004), 1. Biol. Chem. 27%{12):11760-66).
Within the entire ¥4 region, it is the EAORF1 sequence that is responsible for these biological
effects i endothelial cells (ULS. Patent No. § 465,732, and Scandel et al. {2008), PNAS,
105(49).19288-93). It has previously been found that endothelial cells engineered to express
E40RF1 are particularly useful in vanous 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
{ULS. Patent No. 8,463,732, and Seandel et al. (2008}, PNAS, 105(49}:19288-93),
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{00041 Gene therapy, for example using gene editing technologies, offers a promising

potential solution to combat a nwuiltiude of genetic disorders and diseases. However, a major
hurdle to overcome in this field bas been the ability o efficiently genetically modify
sufficient numbers of autologous cells for transplantation, and also to modify cells of the type
most {ikely to be therapeutically effective. in the case of gene therapy for hematological
disorders, such cell types include hematopoietic stem cells (HSCs) and tissue-specific
repopulating stem and progenitor cells. Using gene~correction and other gene therapy
techniques directed toward this crucial hematopotetic cell population, several hematological
disorders could be more effectively treated. Unfortunately, attempts at gene-correction in

these and other cells have thus far proven 1o 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. Thisisa
particular problem for gene delivery to stem cells, and is also a particular problem in

apphications that require large quantities of healthy, viable, transduced or transfected cells.
SUMMARY OF THE INVENTION

100061 The present invention 18 based, i pari, apon certain new discoveries and

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

0007}  For example, it has now been found that the efficiency of gene delivery to certain
“target cells,” and/or the vield 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~colture with endothelial cells that have been
optimized to be cultured ex vive, such as endothelial cells that express the E40ORFT gene

{E40ORF 1+ ECs).

[0008] To the best of Applicants” knowledge, no effect of endothelial cells, and more
specifically E4ORF 1+ ECs, on the efficiency of gene delivery to other “target” cell types
{e.g. cells co~caltured with E4ORF 1+ ECs), andior the vield of successtully transfected or
transduced target cells, and/or on the ability to “rescoe” cells damaged during a gene delivery

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

andfor vield of successfully transduced or ranstected cells, 15 not adversely affected and may
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even be increased when the gene delivery method 1s performed m the presence of endothelial
cells, and particulatly of BESORF 1+ ECs, appears 1o be coumnterintuitive - 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 vield of
successfully transduced or transfected cells. However, the results presented herein
demonstrate that this 18 not the case. On the contrary, the results presented herein
demonstrate that the efficiency of gene delivery to target cells, andfor the vield of
successtully transduced or ransfected cells, 18 much greater than would be expected in
cultares that also comprise endothelial cells, and particularly ESORF I+ ECs, than in cultures
of the target cells alone - even where the total arvount of genetic material delivered 1o the
cultures 1s the same and the relative proportion of the target cells i the coltures is reduced.
Building on these discoveries, the present invention provides certam new and improved
methods for gene delivery, as well as varlons compositions that may be usefol i such

methods.

(00097 Accordingly, in one embodiment the present invention provides a method of gene
delivery 1o target cells, the method compnising: {a) co~calturing target cells with endothelial
cells {such as EAORF 1+ endothelial cells), and (b) contacting the target cells with one or
more exogenous nucleic acid molecules and/or other molecules useful in gene delivery / gene
editing, wherein the step of co-culturing the target cells with the endothelial cells {such as
E40ORF 1+ endothelial cells), is performed either: (1) prior to contacting the target cells with
the one or more exogenous nucleic acid molecules and/or other molecules, (1) concurrently
with contacting the target cells with the one or more exogenous nucleic acid molecules andfor
other molecules, (it} after contacting the target cells with the one or more exogenous nucleic

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

[00010] o some of such embodiments the gene delivery 1§ part of a gene editing process,
and may glso wvelve contacting the target cells with one or more melecules usetul 1 gene

editing.

[0001E]  In some such embodiments the target cells are co~cultured with the endothelial

cells {(such as E4ORYF I+ endothelial cells) {e.g. they are present in the same vessel with
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andfor are in contact with) the target cells at the time that the target cells are contacted with

one or wore exogenons nucleic acid molecules and/or other wolecules.

[00012]  In some such embodiments the target cells are co-cultured with the endothelial
cells {such as F4ORF 1+ endothelial celis) for at least 12 hours, or at teast 24 hours (1 day), or
at least 36 hours, or at feast 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-cultare of the target cells with the endothelial cells
{such as E40RF1+ endothelial cells) 1s commenced “immediately™ after contacting the target
cells with one or more exogenons nucleic acid molecules or other molecnles usefnl n gene
delivery / gene editing — 10 order to quickly “rescue™ the target cells from any damage
inflicted during the gene delivery process. The term “tmmediately™ 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 E4ORF 1+ endothelial cells) 18
commenced within 13 munutes, or within 10 mnutes, or within 5 wnutes, or within 3
minutes, or within 2 minutes, or within I minate, 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 s accomplished by eleciroporation, the
“contacting” step 13 completed when the electrical pulse ends, and the target cells should be
placed into co-culture with the endothelial cells after the elecivical pulse ends. Sumtlarly,
when gene delivery 15 accomplished by contacting the target cells with a lipofection agent.
the “contacting” step is completed when the lipofection agent s removed (e.g. by media
replacement), and the target cells should be placed into co-calture with the endothelial cells
after removal of the lipofection agent. In some such embodiments the target cells  continue
to be co-cudtured with the endothelial cells (such as FAORF I+ endothelial cells) for at least 2
hours, at least 6 hours, at least 12 hours, at least 24 hovrs {1 dav), or at feast 48 hoars 2
days), or at least 72 hours {3 days), or at least 96 hours (4 days), or at least 120 hours {3
days), or at least 144 hours (6 days), or at least 168 hours (7 davs), or at feast 192 hours (8
days), or at least 230 howrs (10 days), or at least 288 hoars (12 days) afier the contacting step

18 completed.
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(000141 In some embodiments ratio of the target cells to the endothelial cells {such as
E40RF 1+ endothelial cells) during the co-culturing process is about 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 112, In some embodiments, the target cell to endothelial cell ratio is
about 16:1, 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 311, or about 2:1, or about 1:2, or about 1:3, or about 1:4, or about 1:5, or about 1.6, o1
about 17, or about 1:8, or about 1:9, or abouat 1110, In some such embodiments, these are
the ratios of target cells to the endothelial cells and the time the co-culture is conunenced. In
some such embodiments, these are the ratios of target cells 1o the endothelial cells and the
time the targets cells are contacted with the one or more exogenous mucleic acid molecules

and/or other molecules.

fO0015] 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 transdoction or transfection efficiency of
areater than about 20%. In some embodiunents the methods provided herein result in a target
cell transduction or wransfection efficiency of greater than about 30%. In some embodiments
the methods provided herein result i a target cell transduction or transfection efficiency of
greater than about 40%. In some embodiments the methods provided herein result in a target
cell transduction or transfection efficiency of greater than abouat 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 embodunents the methods provided berein result in a target
cell transduction or wransfection efficiency of greater than about 75%. In some embodiments
the methods provided herein result 1 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 aboat 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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(00016} Insome embodiments the methods provided berem result m a target cell
rransduction or transfection efficiency that is greater than that obtained in the absence of the
endothelial cell co-colnwre. In some embodiments the methods provided herein resultina
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 m a target cell wansduction or transfection efficiency that is about 2096 greater
than that obtained in the absence of the endothelial cell co~calture. In some embodiments the
methods provided herein result m a target cell transduction or transfection efficlency that is
about 30% greater than that obtained i the absence of the endothelial cell co~cultwre. In some
embodiments the methods provided herein result in a target cell transduction or transfection
effictency that 1s abowt 40% greater than that oblained 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 s about 50% greater than that obiained 1 the
absence of the endothelial cell co-culture. In some embodiments the methods provided herein
result in g target cell transduction or transfection efficiency that is about 60% greater than
that obtained m the absence of the endothelial cell co-culture. In some embodiments the
methods provided herein result m a target cell transduction or transfection efficlency that is
about 70% greater than that obtained in the absence of the endothelial cell co~cultwre. In some
embodiments the methods provided herein result in a target cell transduction or ransfection
efficiency that 1s 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 ransfection efficiency that is about 90% greater than that obtained in the
absence of the endothehial cell co~culture. In some embodiments the methods provided heren
result in a target cell transduction or transfection efficiency that s ahout 100% greater than
that obtained i the absence of the endothelial cell co-culture. In some embodinments the
methods provided herein result in a target cell wansduction or ransfection efficiency that is
about 130% greater than that obtained in the absence of the endothelial cell co-calture. In
some embodiments the methods provided herein result in a target cell transduction or
transfection efficiency that 1s about 200%5 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 1s 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 resolt in a target cell transduction or transfection efficiency that 1s about

o

300% greater than that obtained 0 the absence of the endothelial cell co~cabure.

[00017]  In some embodiments the methods provided herein result in a target cell
transduction or wansfection 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
m 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 1s the same {or about the
same), anddor because the amount of the exogenous nucleic actd meolecules available to
transfect or ransduce the target cells is reduced because of the presence of the co-cultured

endothehal cells.

[00018]  In some emboduments 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 abont 40%, or about 30% as compared to that obtained in the absence of the
endothelial cell co-culiure, even under conditions where one would bave expected a much
greater reduction 1 the transfection or transduction efficiency because, for example, the
amount of the exogenous nucleic acid molecules supplied to the target cells co-culured with
endothehial cells and 1o 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 transtect or fransduce the target cells is reduced significanily because of the

presence of the co~cultured endothelial cells.

(00019]  In some embodiments the methods provided herein result i a vield of
successfully transtected or transduced target cells that is greater than that obtained in the
absence of the endothelial cell co-calture. In some embodiments the methods provided herein
result in a vield of successtully transfected or transduced target cells that is about 10% greater
thar that oblained in the absence of the endothelial cell co-culture. 1o some embodiments the
methods provided herein result ia a vield of successfully wansfected or transduced target cells
that is about 20% greater than that obtained in the absence of the endothelial cell co-culture.
in some embodiments the methods provided herem result i a vield of successfully
transfected or transduced target cells that 1s abowt 30% greater than that obtamed in the

absence of the endothelial cell co-culture. in some embodiments the methods provided herein
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resalt in a yield of successtully transfected or wansduced 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 resalt in a yvield 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 vield of successfully
transfected or transduced target cells that is about 60% greater than that obtained n the
absence of the endothelial cell co-calture. In some embodiments the methods provided herein
result in a vield of successfully transfected or ransduced target cells that s about 70% greater
than that obtained in the absence of the endothehal cell co-culture. In some embodiments the
methods provided herein result in a vield of successfully transfected or transduced target cells
that is about 80% greater than that obtained in the absence of the endothelial cell co~-calture.
In some embodiments the methods provided herein resalt in a vield of successtully
transfected or transduced target cells that 1s about 90% greater than that obtained in the
absence of the endothelial cell co-culture. In some embodiments the methods provided herein
result in g vield of successfully transfected or wransduced targer cells that is about 100%
greater than that obtained i the absence of the endathelial cell co-culture. In some
embodiments the methods provided herein result in a vield 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-culture. In some embodiments the methods
provided herein result in a vield of successfully transfected or transduced target cells that is
about 250% greater than that obtaned in the absence of the endothelial cell co~culture. In
some embodiments the methods provided herein result in a vield of successfully ranstected
or fransduced 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 heremn result in a
vield of successfidly ransfected or transduced target cells that 1s abowt 400% greater than that
obtained in the absence of the endothehial cell co-culture. In some embodiments the methods
provided herein result in a yield of successfully transfected or transduced target cells that is
about S00% greater than that obtained in the absence of the endothelial cell co-culture. In
some embodiments the methods provided herein result in a yvield of successhully 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 na
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yield of snccessfully transfected or transduced target cells that is more than 600% greater

than that obtained 10 the ahsence of the endothelial cell co-culiure.

[00020] In some embodiments, the co-culturing step of such gene delivery methods is
performed under atinospheric oxygen conditions. In 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 debivery methods is performed at exvgen levels ranging from 18%

to 0.1% oxygen.

(000211 It is expected that the nuproved gene delivery miethods of the present invention

may be particularly useful for performing “gene editing” of target cells - for example using
site-specific npucleases to deliver “gene-corrected” nucleic acid sequences to specific sites
within the genome of the target cells. Thus, in some embodimnents the methods deseribed
above also comprise contacting the target cells with one or more exogenous nucteases, such
as sequence-specific nucleases. Such nucleases inclade, but are not Iimited 1o,

meganucleases, zine finger nucleases, transcription activator-like effector-based nucleases

{TALENS), and CRISPR-Cas system nucleases.

1000221 The gene delivery methods of the present invention can be used to deliver
exogenous nucleic acids to, and/or to genetically modify, any deswed target cell type. In
some embodiments the target cells are differentiated cells, such as, bat not imited to, for
exampie, lymphoevtes, Tweells, Becells, NK cells, myeloid cells, endocrine cells,
mesenchymal cell, or epidermal cells. In some emubodiments the target cells are stem cells or
progenitor cells, including, but not linmited to pluripotent stem cells - such as embryonic stem
cells (ES cells) or induced pluripotent stem celis (iPS cells). In some embodiments the stem
cells are tissue- or organ-restricted stem or progenitor cells — e, stem or progenitor cells that
are committed to a certain cell or rissue lineage. For example, in some preferred
embodiments the target cells are hematopoietic stem cells (HSCs) or hematopoietic stem or
progenitor cells (HSPCs). In some such embodiments the HSCs or HSPCs are CD34-positive
{CD34+). In some embodiments the HSCs or HSPUs are derived rom bone-marrow,

peripheral blood, umbilical cord blood, amniotic fluid, or other sources of stem cells.
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(00023]  In some embodiments any suitable tvpe of endothelial cells can be used in the
gene delivery methods described above and elsewhere herein. In preferred embodiments the
endothelial cells and the target cells are dertved from same tissue or organ. Typically the
endothelial cells are vascular endothelial cells, such as primary vascular endothelial cells, for
example wnbilical vein endothelial cells or UVEC cells, which is part of the hematopaietic
organ system. Preferably the endothelial cells are human endothelial cells, such as hwman
ambilical vein endothelial cells or “HUVECS™ Preferably the target cells are hematopoietic

stem and/or progenitor cells.

[00024]  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 entbodintents this step is performed by transfection, for
example ysing a method such as Hposome-mediated transfection, polvbrene-mediated
transfection, DEAE dextran-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 lentivivus-mediated
transduction, adenovirns-mediated transduction, retrovirus-mediated wransduction, adeno-

associated virus-mediated transduction or herpesvirus-mediated wransduction.

[00025]  The nucleie acid molecude 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 uselnl protein, or a marker protein, or any other
desired protein -without himitation.  Suntlarly, the nucleic acid molecule delivered may not
encode a protein, For example, it may encoede a fragment of a protein, such as “gene-
cosrected” fragment of a nucleotide sequence present in the genome of the target cell, for
example for use in correcting a genetic defect 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, for example using one or more gene~-editing / gene-correction technologies,
tnchuding, but not limited to meganuclease, zinc finger nuclease, TALEN, andfor CRISPR-

(Cas more gene-editing / 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 deswed. For example, m some embodiments the genetically
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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 E4AORF1+ 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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BRIEF DESCRIPTION OF THE DRAWINGS

[00029] Fig. 1A-B. Expansion of CD34+ cells on EAORF1+ human umbilical vein
endothelial cells (UVEC cells) prior to initiating transduction process results in increased fold
expansion of total hematopoietic cells and CD34+ cells. Fig. 1A - Fold expansion of CD45+
(total) hematopoietic cells after 8 days. Fig. 1B - Fold expansion of CD34+ hematopoietic
cells after 8 days (“Pre-transduced” samples —~ white bars. “Concurrent-transduced” samples
— grey bars. “Expanded-transduced” samples — black bars). All conditions not specified

herein are specified in the Examples.

[00030] Fig. 2A-B. Expansion of CD34+ cells on EAORF1+ UVEC cells prior to

initiating transduction process results in increased transduction efficiency of cell populations.
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Fig. 2A - % of Red Fluorescent Protem (RFP)-labeled cells after 8 days {white bars - % of
total cell population; black bars - % of CD34+ cell population). Fig. 2B - Total CD34+ cells
and total RFP+CD34+ cells after 8 days. All conditions not specified herein are specified in

the Examples,

[00031]  Fig. 3A-B. Expansion of CD34+ cells on E4ORFI+ UVEC cells improves with
mereasing cytokme dose. Fig. 3A - Fold expansion of CD435+ (total) hematopoietic cells
after 7 days. Fig. 3B - Fold expansion of CD34+ hematopoietic cells after 7 days (“Co-
transduced” samples — white bars. “Separated-transduced” samples — black bars). All

conditions not specified heremn are specified in the Examples.

[00032]  Fig 4A-B. Efficiency of transduction is increased for CD34+ cells when
transduction is performed m concert with E4ORF I+ UVEC co-culture. Fig, 4A - 3o BFP-
labeled cells afier 7 days — total cell population. Fig. 4B - % BFP-labeled cells after 7 days ~
CD34+/CD45+ cell population {“Co-transduced” samples — white bars. “Separated-
transduced™ samples — black bars). All conditions not specified herein are speciiied m the

Examples.

(000331 Fig. 5. Increasing cytokine dose in combination with transduction of CD34+ pells
while in co-culiure with EAORF1+ UVEC cells resulis in both increased transduction
etficiency of and overall cellular vield of ransduced U334+ cell popalation. All conditions

not specified herein are specified 1 the Examples.

[00034]  Fig 6. Total hematopoietic cellular vield is increased during clectroporation with
the use of B4ORF 1+ UVEC cells. 500,000 CD34+ cells isolated from mobilized peripheral
blood (mPB) were transfected. The transfection delivered a green fluorescent protein {GFP)
expressing plasmid via eleciroporation. During the stimulation, transfection, and
recoveryviexpansion phases, CD34+ cells were exposed to cviokines {SCFE, TPO, Fit3-1.)
atone (denoted as C/C/CY, eytokines during the stimmulation and transfection stages followed
by recovery m direct co-culture with EAORFI+ UVEC cells {C/C/ER), or i the presence of
E4ORF 1+ UVEC cells during all 3 stages (E/EE). Fluorescent anttbodies 1o wdentify CD43
on hematopoietic cells were used to determine the hematopoietic content of the cultures and
combined with bemocytometer counts resulting in the vields presented here (axis shows
numbers of cells in millions). All conditions not specified herein are specified in the

Examples.
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(00035]  Fig. 7A-B. Total CD45+ D34+ HSPC cell yield is increased during
electroporation with the use of B4ORF 1+ UVEC cells. 300,000 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 cvtokines {(SCF, TPO, Fit3-L} alone {denoted as
CACACY, ovtokines dwring the stimulation and transfection stages followed by recovery in
direct co~culture with E4ORF 1T+ UVEC cells (CAUE), and i the presence of E4ORFI+
UVEC cells during all 3 stages (E/EFE). Flow oytometry was used to quantify the number of
cells. Fluorescent antibodies to wdenufy CD34 and CD45 on hematopoietic stem and
progenitor cells were used 1o determine the HSPC content of the cultures. GFP expression
denoted successfully ransfected cells. After quantification via flow eytometry and cell
counting using a hemocytometer, total CD45+ CD34+ HSPC vield 1s presented wn the bar
graph shown in Fig, 7A (@as shows numbers of cells in nullions) and successtully
transfected CD4S+ CD34+ HSPC vield 15 presented in the bar graph shown in Fig. 7B (axis
shows numbers of cells in milhions). All conditions not specified herein are specified in the

Examples.

[00036]  Fig 8A-D. Colony Forming Units (CFUs) are increased when co~colturing
HSPCs with E4ORF 1+ UVEC cells during electroporation. During the stimulation,
transfection, and recovery/expansion phases, CD34+ cells were exposed to cytokines (SCF,
TPO, Fli3-L) alone {denoted as C/C/C), cviokines during the stimulation and transfection
stages followed by recovery in direct co-culture with E40ORFI+ UVEC cells (C/AO/E), and in

the presence of E4ORFI+ UVEC cells during all 3 stages (E/E/R), as described m the

Examples. For colony forming unit {CFU) assays 1000 total cells (HSPUs alone or HIPCs
co-cultured with E4ORF I+ UVEC cells) were plated in two wells of a 6~well dish for each
condition in methylcelinlose for two weeks., A StemVision instrument was used quantify and
distinguish the frequency of colontes per each 1000 plated cells. Fig. 8A is a bar graph
showing quantification of all types of colomies {axis shows total number of colonies). Fig.
8B 15 a bar graph depicting Blast Fornung Unit-erythrocyte colonies (BFU-E) (axis shows
number of BFU-E colonies). Fig, 8C 1s a bar graph gquantifving Colony Forming Units-
granulocyte macrophage (CFU-GM) {axis shows number of CFU-GM colonies). Fig. 8Disa

bar graph quantifving Colony Forming Units-granulocyte ervthrocyvie macrophage
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megakaryocyte (CFU-GEMM) (axis shows number of CRU-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
F4ORF 1+ UVEC cells during electroporation. During the stimulation, transfection, and
recoveryiexpansion phases, CD34+ cells were exposed to cytokines {(SCF, TPO, Fhit3-L}
alone (denoted as C/C/C), eviokines during the stomulation and transfection 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), as described in the Examples. For colony
forming unit ({CFUY assayvs 1000 total cells (HSPCs along or HSPCs co-cultured with
E4ORF 1+ UVEC cells) were plated in two wells of a 6-well dish for each condition i
methyleellulose for two weeks. A StemVision instrument was used quantify and distinguish
the frequency of colonies per each 1000 plated cells. In order 1o quantify the rate of Coloay
Forming Units-granulocyte ervthrocyte macrophage megakarvocyte {CFU-GEMM), the data
was normalized to account for the presence of E4ORFI+ UVEC cells, which do not give rise
to colonies. The bar graph represents the frequency of CFU-GEMMSs within total expanded

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

[00038]  Fig. 10, Total hematopoietic celtular vield is increased duning lentiviral
transduction with the use of EAORF 1+ UVEC cells. 450,000 CD34+ cells isolated from
maobilized peripheral blood were transduced with a multiphicity of infection (MO1) of 25,

The transdoction delivered a green [luorescent protein (GFP) expressing fransgene. During
the stimulation, transduction, and recoverviexpansion phases, CID34+ cells were exposed to
cviokines {(SCF, TPO, Fli3-L) alone {(dencted as C/C/AC), eytokines durtug the stimulation and
transduction stages followed by recovery in direct co-culture with EQORF1+ UVEC cells
{C/CVE)Y, and in the presence of E4ORF 1+ UVEC cells during all 3 stages (E/E/E).
Fluorescent antibodies to identify CD4S on hematoposetic cells was used to determine the
amount of hematopoietic content of the cultures and combined with hemocytometer counts
resulted 10 the yvields presented in the bar graph (axis shows numbers of cells m millions). All

conditions not specified herein are specified in the Examples.

[0003%]  Fig. 11A-B. Total CD45+ (D344 HSPC cellular vield is moreased during
lentiviral transduction with the use of E4ORF 1+ UVEC cells. 450,000 D34+ cells isolated

from mobilized peripheral blood were transduced with a multiplicity of infection {MO1) of
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25, The gransduction delivered a green fluorescent protein {GFP) expressing fransgene.
During the stimulation, wransduction, and recovery/expansion phases, CD34+ cells were
exposed to cvtokines {SCF, TPO, Flt3-L) alone {denoted as C/U/C), eytokines daring the
stimulation and transduction stages followed by recovery ian direct co-culture with E40QRF1+

UVEC cells {C/C/E), and in the presence of B4ORF I+ UVEC cells during all 3 stages

{E/E/E). Flow cytometry was used o quantify the number of cells. Fluorescent antibodies
were psed to wdentify CD34 and CD43 on hematopotetic stem and progenitor cells and
determine the HSPC content of the cultures. GFP expression indicated successfully
transduced cells. After quantification via flow cytometry and usig hemocviometer counts,
total CD45+ CD34+ HSPC vield is presented in the bar graph in Fig. 11A, with successfully
transfected CD45+ CD34+ HSPC yield presented m the bar graph m Fig. 11B. Axes show
numbers of cells in millions. All conditions not specified herein are specified in the

Examples.

(000401 Fig 12A-B. Total CD45+ CD34+ CD38- CD4SRA- CD4OF+ stem cell yield is
increased during lentiviral transduction with the use of E4OR¥ 1+ UVEC cells. 430,600
CD34+ cells isolated from mobilized peripheral blood were transduced with a munluplicity of
infection (MOT) of 25, The transduction delivered a GFP-expressing transgene. Durning the
stimulation, transdoction, and recovery/expansion phases, CD34+ cells were exposed to
cytokines {SCF, TPO, Fi3-L) alone {(denoted as C/C/C), eytokines during the stimulation and
transduction stages followed by recovery in direct co-culture with E4ORF I+ UVEC cells
{C/C/E), and in the presence of BESORF I+ UVEC cells durmg all 3 stages (E/E/E). Flow
cyiometry was used to guantify the mumber of cells. Fluorescent antibodies to wdentify CI38,
CD45RA, CD491, CD34 and D435 on hematopoietic stem cells were used to determine the
stem cell content of the cultures. GFP expression denoted successfully transduced cells.
After guantification via flow cytometry and using hemocytometer counts, total stem cell yield
ts presented in the bar graph m 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). Al conditions not spectfied herein are specified in the Examples.

[00041]  Fig. 13. Total hematopotetic cellular vield 15 mereased during lentiviral
transduction with the use of BEAORF I+ UVEC cells. 300,000 CD34+ cells isolated from
mobilized peripheral blood were transduced with a multiphicity of infection (MOT) of 50.

The transduction dehivered a GFP-expressing transgene. During the stimulation,
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transduction, and recovery'expansion phases, D34+ cells were exposed to eytokines {SCE,
TPO, Flt3-L) during the stimulation and wansduction stages followed by recovery in direct
co-colture with E4ORF1+ UVEC cells (C/C/EY, and in the presence of EAORF I+ UVEC
cells during all 3 stages (E/E/E). Fluorescent antibodies to identify CD45 on hematopoietic
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]  Fig. 14A-B. Total CD45+ CD34+ HSPC cellular vield is increased during
lentiviral transduction with the ase of E4ORF 1+ UVEC cells. 300,000 CD34+ cells isolated
from mobilized peripheral blood were transduced with a mudtiplicity of infection (MO} of
30, The transduction delivered a GFP- expressing transgene, During the stimalation,
transduction, and recovery/expansion phases, CD34-+ cells were exposed to cytokines {(SCF,
TPO, FlIt3-L) during the stimulation and transduction stages followed by recovery m direct
co-culture with BAORF I+ UVEC cells {(CVCAE), and 1o the presence of B40ORYF 1+ UVEC
cells during all 3 stages (E/E/E). Flow cytometry was used to quantify the number of cells,
Fluorescent antibodies 1o 1dentify CD34 and CD45 on hematopoietic stem and progenitor
cells were used to determine the HSPC content of the culturss. GFP expression denoted
successtully transduced cells. Afier quantification via flow cytometry and hemocviometer
counts, total CD453+ CD34+ HSPC vield is presented m the bar graph i Fig. 14A, with
successfully transtected CD45+ CD34+ HEPC yield presented in the bar graph in Fig, 14B
{axes show numbers of cells i mutbions). All condrions not specified heremn ave specitied in

the Examples,

[00043]  Fig. 1SA-B. Total CD43+ CD34+ CD38- CD45SRA- CD49H stem cell yield s
increased doring lentiviral transdaction with the use of EAORF I+ UVEC cells. 300.000
CD34+ cells tsolated from mobilized penipheral blood were transduced with a muohiphcity of
tnfection (MO of 50. The transdaction delivered a green fluorescent protein {GFP)
expressing transgens. During the stimulation, wransduction, and recovery/expansion phases,
CD34+ cells were exposed to oytokines (SCF, TPO, Fit3-L) duning the stimulation and
tranaduction stages [ollowed by recovery in direct co-cultwe with E4ORFI+ UVEC cells
{C/ACE), and 1nthe presence of BEAORF T+ UVEC cells during all 3 stages (E/EE). Flow

cytometry was used to quantify the munber of cells. Fluorescent antibodies to identify CID38,
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CDE3RA, CD491, CD34 and CD4S on hematopoietic stem cells were used to determune the
stem cell coment of the cultwres. QFP expression denoted successfully ransduced cells.
After guantification via flow cytometry and hemocytometer counts, total stem cell yield is
presented as a bar graph in Fig. 15A, with successfully transduced stem cell vield presented
as a bar graph In Fig. 15B{axes show numbers of cells). All conditions not specified herein

are specified in the Examples.
DETAILED DESCRIPTION

KRR

[00044]  The “Sununary of the Invention,” “Figures,” “Briet Description of the Figures,”
“Examples,” and “Claims™ sections of this patent disclosure describe some of the main
embodiments of the fuvention. This “Detailed Description” seotion provides certain
additional description relating to the compositions and methods of the present wovention, and
i3 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 differeat embodiments described
throughout this patent disclosore can be, and are intended to be, combmed | various different
ways. Such combinations of the specific embodiments described herein are intended to fall

within the scope of the present invention

00045 Certain definitions gre provided below, Other terms gre either defined elsewhere
in this patent disclosure, have a meaning that is clear from the context in which they are used,

or are used in accordance with thewr vsual meaning 1 the art.

kS

[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 “culturing” as used herein, refers to the propagation of cells on or in
media of various kinds, “Co-culturing™ refers o the propagation of two or more distinet
tvpes of cells on or in media of various kinds, for instance, in some embodiments, EJORF1+

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

[00048] The term “engineered”™ when used n relation to cells herein refers to cells that

have been engineered by man 1o result in the recited phenotype (e.g. E4ORFL), or to express
a recited nucleic acid molecule or polypeptide. The term “engineered cells™ is not intended to
encompass naturally occarning cells, but 15, nstead, 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 (e.g. by genetic modification), for example so that they express 8
polypeptide that they would not otherwise express, or 50 that they express a polypeptide at

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

F00049] The terms “expanston” or “expanding” as used herem in the context of cells or
cell culture refer to an increase in the number of cells of a certain tvpe (for example “target
cells.” such as HSPCs) from an imtial population of cells. The initial cells used for expansion
need not be the same as the cells generated as a result of the expansion. For mstance, the
expanded cells may be produced by growth andfor differentiation of the initial population of

cells.

4

[O0050] “Genetic modification” or “gene-modified” refers to any addition, deletion or
disraption of or 1o a cell's normal nucleotide sequences, and mcludes, but is not imited to,

“uene~editing.” Genetic modification 1s typieally performed using a “gene delivery” method.

00051} “Gene deltvery™ refers to delivery of any exogenous nuclerc acid molecule to a
cell. Gene delivery methods encompassed by the present invention include, but are not
himited to, “transduction”™ methods {L.e. virus-mediated transfer of nocleic 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 “HSC™ refers to a clonogenic, self-
renewing pluripotent cell capable of ulumately differentiating into all cell types of the
hematopoietic system, including B cells T cells, NK cells, lymphoid dendritic cells, myeloid
dendritic cells, granulocytes, macrophages, megakaryvooytes, and erythroid cells. As with
other cells of the hematopoietic system, HSCs are typically defined by the presence of a

charactenstic set of cell markerss.

[00053] The term “hematopoietic stem or progenitor cell” or “HSPC,” as used herein,
encompasses HSCs, as defined above, as well as multipotent non-seif-renewing progenitor
cells that are capable of ultimately differentiating into all cell types of the hematopoietic
system, and oligopotent and wupotent progenttor cells capable differentiating into certam cell
types of the hematopoietic svstem. HSPCs include CMPs, MPs, MEPs, and GMPs, cach of

which is defined elsewhere herein.
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00054] Az 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 &

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

F0003535] As used herein, the term “recombinant” refers to nucleic acid molecules that
are generated by man {including by a machine) using methods of molecular biology and
genetic engineermg (such as molecular clonming), and that comprise nucleotide sequences that
would not otherwise exast in nature. Thus, recombinam nucleic acid molecales are to be
distinguished from nucleic acid molecules that exist 1o nature ~ for example in the genome of
an orgamism. A nucleic ackd molecule that comprises a complementary DINA or “cDNA”
copy of an mRNA sequence, without any intervening intronic sequences such as would be
found in the corresponding genomic DNA sequence, would thus be considered a recombmant
might comprise an E40ORF1 coding sequence operatively linked to a promoter and/or other
genetic elements with which that coding sequence is not ordinarily associated in a naturally-

occwrring adenovirys genome.

[00056] The term “self~renewal”™ refers to the ability ot a cell to 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 hematopotetic steny cell divides and forms one daughter stem cell
and another daughter cell committed to differentiation in the myeloid or ivmphaoid pathway.
A committed progenitor cell has tvpically lost the selfrenewal capacity, and upon cell

division produces two daughter cells that display a more differentiated (1.2, restiicted)

phenotype.
00057 The terms “subject” and “patient” are used heren interchangeably and refer to,

except where indicated, manunals such as humans and non-human privnaies, as well ag

rabbits, vats, nuce, goats, pigs, and other mammalian species.

[00058] The phrase “substantially pure” as used heren in relation to a cell population
refers to a population of cells of a specified type {e.g. as deternyined 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 &5-90%, and most preferably at least 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 30%, preferably fewer than about 20-25%, more preferably fewer
than gbout 10-15%, and most preferably fewer than about 5% of cells that are not of the

specified type or types.

100059] Several of the embodiments of the present invention described herein involve
endothelial cells, for example engineered endothelial cells that express an adenovirus
E40ORF1 polypeptide — 1.e. E4ORF 1+ endothelial cells (E4ORF 1+ ECs). Such cells comprise
an E40RF1-encoding nucleic acid molecule. The E4ORF1 polypeptides and/or the E4ORF1-
encoding nucleic actd moleceles 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, denvatives, 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, andfor 1o support the expansion of another target cell tvpe (such
as HSPCs) 1o cultwre, andfor to improve gene transfer efficiency to another target cell type

{snch as HSPCs).

(00060 In those embodiments veolving adenovirus ESORF1 polypeptides, the
polypeptide sequence used may be from any suitable adenovirps type or strain, such as
human adenovirus type 2,3, 5, 7.9, 11, 12, 14, 34, 35,46, 530, or 32. In some preferred
embodinents the polypeptide sequence used is from human gdenovirus type 5. Amuno acid
sequences of such adenovirus polypeptides, and nucleic acid sequences that encode such
polypeptides, are well known i the art and available 1n well-known publicly available
databases, such as the Genbank database. For example, sultable sequences include the
following: human adenoviras 9 {Genbank Accession No, CAIO3991), human adenoviras 7
{Genbank Accession No. AARSO977), hunan adenovirus 46 {Genbank Accession No.
AAXT0946), human adenovirus 52 (Genbank Accession No. ABK35063), human adenovirus
34 (Genbank Accession No. AAW33508), human adenovirus 14 (Genbank Accession No.
AAW33146), human adenovivus 30 (Genbank Accession No. AAW3I3554), human

adenoviras 2 {Genbank Accession No. AP sub 000196}, human adenovirus 12 (Genbank

Accession No. AP.sab 000141}, human adenovirus 35 (Genbank Accession No. AP sub.~-
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000607), human adenoviras 7 (Genbank Accession No. AP sub~-000570), haman adenovirus
1 {Genbank Accession No. AP.sub --000533), human adenovirus 11 {(Genbank Accession No.
AP 3ub ~-000474}), human adenovirus 3 {Genbank Accession No. ABB 17792), and buman

adenovirus type 5 {Genbank accession number DI2587),

00061 In some embodiments the endothelial cells described herein comprise
E4AORFT nucleic acid or amino acid sequences withoot other sequences from the adenovirus
E4 region — for example, in certain embodiments the endothelial cells comprise E4ORF1
sequences but do not comprise the entire B4 region, or other ORFs from the entive B4 region
~such as FAORFE2, E40RF3, E4ORF4, andfor E4ORFS. However, in other embodiments the
endothelial cells deseribed herein may comprise E40ORF! sequences together with one or
more other nucleie acid or amine acid sequences from the E4 region, such as E4ORF2,
E40ORF3, E4ORF4, E40RFS, or E40RF6 sequences, or variants, mutants or fragments

thereof

10062 In all of the embodiments described herein that relate to polypeptides andfor
nuclete acid molecules, m some ewbodiments such polypeptides andfor nucletc acid
molecules have the same amine acid or nucleotide sequences as those specifically rectied
herein or known in the art (for example in public sequence databases, such as the Genbank
database). lo some embodiments the polypeptides and nucleic acid molecules of the
mvention may have amino acid or nucleotide sequences that are variants, dertvatives,
mutants, or fragments of such sequences, for exatple vanants, dertvatives, mutanats, or
fragments having greater than &5% sequence wdentity to such sequences. In some
cmbodiments, the variants, derivatives, mutants, or fragments have ghout an 83% identity to
the known sequence, or about an 88%,, §9%, 0%, 91%, 92%, 93%, 04%, 95%, 96%, 97,
Q8%, or 99% sequence identity to the known sequence. In some embodiments, a vaniant,
deryvative, mutant, or fragment of a known nucleotide sequence 15 used that varies i length
by abont 50 nucleotides, or about 43 nucleotides, or about 40 nucleotides, or about 33
nucleotides, or about 30 nucleotides, or ghout 28 nucleonides, 26 nucleotides, 24 nucleotides,
22 nucleotides, 20 nucleotides, 18 nucleotides, 16 nucleotides, 14 nucleotides, 12 nucleotides,
10 nucleotides, 9 nucleotides, § nucleotides, 7 nucleotides, 6 nucleotides, 3 nucleotides, 4
nucleotides, 3 nucleotides, 2 nucleptides, or 1 nucleptide relative to the known nucleotide
sequence. In some embodiments, a vartant, dervative, mutant, or fragment of a known

anmuno sequence 18 used that varies i length about 30 amino acids, or about 43 amino acds,
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or about 40 amino acids, or about 35 amino acids, or about 30 anmino acids, or about 28
amine acids, 26 gnuno acids, 24 amine acids, 22 anmuno acids, 20 amivo gcids, 18 amino
acids, 16 anino acids, 14 amino acids, 12 amine acids, 10 aminoe acids, 9 amino acids, 8
amino acids, 7 amino acids, 6 amine acids, 5 amino acids, 4 amino acids, 3 amino acids, 2

anine acids, or 1 amine acid relative to the known amino acid sequence.

00063 The nucleic acid molecules described herein can be used in constrocts that
contan 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 wight be desirable. The

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

[00064] In seme embodiments the nucleie 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 nacleic acid sequences in the desired cell tvpe can be ased. Exanmples
of suitable promoters include, but are not hmited to, the CMV, SV40, RSV, HIV-Lir, and
MML promoters. The promoter can also be a promoter from the adenovirus genome, or a

variant thereof.,

[000635] in some embodiments, the nucleic acid molecules described herein can be
placed ander the control of an inducible promoter, so that expression of the nucleic acd
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 a2 hormone
mducible expression system. For example, the nucleic acid molecules of the invention can be
expressed while they are needed and then swuched off when the desired outcome has been
achieved. The abibity to turn on or turn off expression could be particularly usefud for 7u vive
applications — for example for in vivo applications of the genetically modified target cells

produced using the methods described herem.

[00066] The nucletc 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 maodified
RNA that is stable within cells and can be used to direct protein expression/production

divectly within cells. In other embodiments the nucleic acid molecules can comprise DNA.
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In embodiments where DNA s used, the DNA sequences may be operably linked to one or
more suitable prometers and/or regulatory elements to allow (andfor faciluate, enbance, or

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

COnSLUCts,
[00067] The handling, manipulation, and expression of the polypeptides and nucleic

acid molecules of the invention may be performed using conventional techmiques of
molecular biology and cell biology. Such techniques are well known m the art. For example,
one may refer to the teachings of Sambrook, Fritsch and Mawmiatis eds., "Molecular Clonng A
Laboratory Manual, 2nd Ed., Cold Springs Harbor Laboratory Press, 1989); the series
Methods of Enrvmology {Academic Press, Inc), or any other standard texts for guidance on
suttable techniques to use in handling, manipulating, and expressing nucleotide andfor amine
acid sequences, Additional aspects relevant to the handling or expression of E4ORF1

>
)'s

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

mcorporated by reference.

[00068] The present invention provides tmproved methods for gene delivery to target
cells. In some embodiments any suitable gene delivery system known 1 the art can be used,

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

(00069 Transfection methods that can be used in accordance with the present
invention mnchude, but are not limited to, liposome~-mediated transfection, polybrene-mediated
transfection, DEAE dextran-mediated transfection, electroporation, nucleofection, calcium

phosphate precipiiation, microinjection, and micro-particle bombardment.

00070] Transduction methods that can be used inchude, but are not Himited to,
lentivirus~-mediated transdaction, adenovivus-mediated transdoction, retrovings-mediated
transduction, adeno-associated virus-mediated transduction and herpesvirus-mediated

transduction.

0071 In some embodiments target cells may be genetically modified so that they
comprise & corrected version of a gene known 1o be involved n, or suspected of being
mvolved in, a disease or disorder that atfects 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 admunisier

or dehiver using the target cells, tn some embodiments the methods of the present mvention
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may be uttlized 1 the performance of| or tu conjunction with, genome editing technigues,
such as genome editing techuiques thay utihze engineered nucleases to nsert, delete, or
replace desired mucleotide sequences in the genome of a target cell. Typically such nocleases
create site-specific double-strand breaks in the genome, which are repaired using non-
homologous end-joining or homologous recombination. There are four main fanilies of such
nucleases that are currently used in gene editing techniques - Le. meganucleases, zinc finger
nucleases (ZFNs), Transcription Activator-Like Effector-based Nucleases or "TALENs” and

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

[oo072] The methods of the present invention mvolve use of endothelial cells (ECs),
for example endothelial cells engineered to express EA0ORF] - 1.0, E40ORF 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 embodinments 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 homan endothelial cells. In some embodiments the endothelial
cells are wnbilical vemn endothelial cells (UVECQ), such as human umbilical vemn endothelial
cells (HUVEC). Other suitable endothelial cells that can be used inclade those described
previously as being suitable for E4ORF L-expression in US, Patent No. 8,463 732, the

contents of which are hereby incorporated by reference.

[00073] The engineered endothelial cells of the invention may exist in, or be provided
tn, various forms. For example, i some embodiments the engineered endothelial cells way
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 form of a
composition containing the engmeered cells and one or more additional components. For
example, in some embodiments the present invention may provide a composiion comprising

a population of engineered endothelial cells as described herem together with a carrier
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solption, such as a physiological saline solution, cell suspension medium, cell colture
medium, or the like, In some embodiments such compositions may be therapeutic
compositions ~ comprising a popalation of engineered endothelial cells and a carrier solation
that is syitable 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 therapentic compositions depending on the

miended use.

[00074] Methods of culturing cells are well known in the art and any suitable cell
culture methods can be used. For example, EAORF 1+ cells can be cultured using methods
known to be useful for culturing other endothelial cells, or, methods known to be useful for
cultuning EJORF -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 crvopreservation are known to those
skifled i the ant, such as the methods desenbed in Culture of Antmal Cells: A Manual of
Basic Technique, 4th Edition (2000) by R. Ian Freshney ("Freshney"), the contents of which

are hereby incorporated by reference.

[00075] In some embodiments, the present invention involves the use of primary
endothelal cells, endothelial progemtor cells or BE4ORF 1+ EC feeder cells to support the
survival, expanston, and or genenic wedification of other cells (e.g. target cells} ina co-
calture method. For example, in one embodiment a population of EAORF 1+ ECs can be used
as feeder cells to support the growth, expansion, or genetic modification of stem or progenitor

cells, such as HSPCs and HSPCs.

{00076] In some embodiments the present invention provides co-culture methods for
culturing a population of E4ORF1+ ECs and a population of target cells. Such co-culture
methods may comprise cultaring a population of EAORF I+ ECs and a population of target
cells together m the same culture vessel. In some such embodiments the E4ORF1+ £Cs may
form a feeder cell layer on a sarface of the culture vessel, and the target cells may be placed

on the feeder cell faver. In another embodiment the present rvention provides a method of



WO 2017/181168 PCT/US2017/027884
26

culturing target cells compnsing: contacting the target cells with conditioned medium

Pel

obtained from g culture of the B4ORF 1+ cells.

[00077] The present invention also provides kits for carvving out the various methods
described herein. Such kits may contain any of the components described herein, icluding,
but not limited to, nucleotide sequenced, vectors, endothelial cells, E4ORF 1+ endothelial
cells, control non-engineered endothehial cells, target cells (sach ag HSPCs), media or
compositions useful for maintaming or expanding E4ORF 1+ ECs or target cells, or any
combination theveof. All such kits may optionally comprise nstructions for use, containers,
culture vessels and the bike. 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

dise, memeory 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 desceription in the Examples, as
well as the foregoing descriptions of specific embodiments of the present invention, have
been presented for purposes of itHlustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Rather many
modifications and vaniations of the specific embodiments described herein are possible in
light of the teachings of this patent application. The embodiments preseanted herein were
chosen and described 10 order to best explain the principles of the mvention and 1ts practical
application, to thereby enable others skilled n the art to best utilize the mvention and various

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

Some of the data generated m the below Examples is provided i 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 expermments 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 1
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Effect of BSORF 1+ Co-Culiure on Fxpansion & Viral Transduction of HSPCs

[00079] Experiments were performed to assess the effects of E4ORF 1+ endothelial
cells on the ability to expand and transduce CD34H/CD45+ HSPCs. CD344+ cells {Lonza)
were transduced with Red Fluorescent Protein {RFP) and expanded on EJORF 1+ umbalical
vein endothelial cell (UVEC) cultures in 6-well plates using the three different protocols, as

follows:

00080] In protocol 1, transduction was commenced 24 hrs prioy to starting HSPC -

E40ORF I+ UVEC co-culture (“Pre-transduced™).

[00081] in protocol 2, wransduction was performed concurrently with HSPC -

E40RF1+ UVEC co-culture (“Concorrent-transduced™).

000821 In protocol 3 HSPCs were co-cultured with EAORF I+ UVEC for 48hrs, after
which floating HSPCs were transferred to an empty well for transduction (24hrs), and then
following transduction the HSPCs were co-cultured with E40ORF 1+ UVEC (“Expanded-

transduced ™).

In each of the above protocols cell calture was performed vnder hypoxic conditions. Also, in
each protocol approximately 100,000 hematopoletic cells {of which 95,000 were determined
1o be CD34+ by flow eytomelry) were plated either in an empty well (protocol 1) or in a well
that had been pre-seeded to confluency with EAORF 1+ UVEC cells (protocols 2 and 3). The
number of B4ORF 1+ 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 Miltenvi Biotec) plus 100ng/ml of SCF, Fit3, and TPO cytokines. The
transduction evem consisted of a 24-hr period during which the cells were incubated with
lentivirus engineered to RFP and polvbrene. The transduced cells were then collected, spun
down, suspended i fresh media with cytokines, and re-plated onto confluent E4ORF 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 & days, at which time the
cells were collected, counted, and stamned with antibodies to CD34 and CD45 for FACS

analysis.

00083] Both total hematopoietic cells and the CD34+ sub-population {1.e. HSPCs)

demonsirated 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 transdacing the CD34+ cells alone (Fig,
1}. Furthermore, the expansion potential of these cells further increased following a 48y
period of co-culture prior to intiating the transdection process. Similarty, the most efficient
transduction process proved to be that in which hematopoietic cells were co-cultured with
E4ORF 1+ UVEC cells for 48hrs prior to commencing the transduction procedure (Fig. 2).
Importantly, these results indicate that the CD34+ subpopulation 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 EAORF 1+ UVEC cells dramatically
increases both the efficiency of transduction and the overall cellular output of transduced cell

populations.

Example 2

Eftect of Floating Fraction & Cytokines on Viral Transduction Efficiency

[000384] Experiments were performed 1o deternune the effect of removing the “floating
fraction’” of CI334+ hematopotetic cells on transduction efficiency and to determine if

cytokine concentration has an mfluence on transduction efficiency.

[00085] CD34+ cells (Lonza) were transduced with Blue Fluorescent Protemn {BFP)
and expanded on E4ORFI+ UVEC coltures m é-well plates using the following 4 different

protocols, as follows:

f0008s) in protocols 1 and 3, HSPCs were expanded on EQORF 1+ UVEC cultares for
96 hours and then subsequently transduced by incubating the HSPCS with lentivirus

engineered to express BFP for 24 hours - while the HSPCs were still on the E4ORF 1+ EC
feeder layer. The HSPCs wers then expanded on the E4ORF I+ UVEC caltures for a further
two davs. Results obtained using these protocols are referred to in the figures as “co-

transduction” results

[00087] In protocols 2 and 4, HSPCs were expanded on E4ORF I+ UVEC cultures for
96 hours and then subsequently the floating fraction was transferred to an empty well and
was transdhuced by incubating the HSPCs with lentivirus engineered to express BEP for 24

hours. After the transduction period the HSPCs were cultared on E4ORFI+ UVEC coltures
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for another two davs. Results obtained using these protocols are referved to in the Hgures as

“separgted ransduction” results.

00088 The cell culture media nsed in protocols | and 2 consisted of StemMACS
HSC expansion media (manufactured by Miltenyi Biotec) with100ng/ml each of the
cytokines SCF, FIt3, and TPO ~ referred to in the figures as “norm cvto dose.” The cell
cultare media used in protocols 3 and 4 consisted of StemMACS HSC expansion media
{manufactured by Miltenyt Biotec) with 300ng/m! each of SCF and FIi3, 100ng/ml each of

TPO and IL-6, and 20ng/mi of IL-3 ~ referred to in the figures as “high cyto dose™.

00089 In each of the above protocols all cell culture was performed under hypoxic
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
EAORF I+ UVEC cells. The number of B40ORF1+ 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 /
E4ORF 1+ EC co-culture. the transdoction event was intiiated which consisted of a 24-hr
period during which the samples were incubated with a fentivirus engineered to express BEP
and polybrene. The transduced samples were then collected, spun down, re-suspended in
fresh media (with cytokines - as indicated), and plated onto E4ORF I+ UVEC cultures.
Media {with cytokines) was exchanged every two davs therealier. The expansions for all
samples lasted for a total of 7 days, after which time the cells were collected, counted, and

stained with antibodies o CD34 and CD45 for FACS analysis.

[00090] As expected, both the total hematopoietic cell population and the CD34+
hematoporetic cell sub-population demonstrated a higher fold expansion when a hagher
cytokine dose was used (Fig. 3). There appeared to be little difference in the fold expansion
of hematopotetic cell populations transduced 1 the presence of E4ORF 1+ UVEC cultures as
compared to those wansduced 11 the absence of E4ORF I+ ECs. Sarprisingly, however, the

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

the E4ORF 1+ UVEC cells than when transduction was performed on hematopoiatic cells that
had been temporanty separated from the E4ORF1 UVEC coltures during the transduction
event (Fig. 4). Thus, despite the presence of a second cell-type (Le. the E4ORFI+ UVEQ)
during the transduction step that could potentially have absorbed/sequestered virus,

hematopotetic cells - and in particular the CD34+ 7 HSPC cell fraction -~ still demonstrated a
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hugher capacity for viral intake when transduced m the presence of ESORF I+ UVEC cells.
While cviokine dosing had Hiule effect on ransduction efficiency (Fig, 4), utilizing a higher
cytokine dose did resalt in a larger number of transduced CD34+ cells overall — which may
be due to an incregse in cell expansion andior an increase in the number of ransduced CD34+
CD45+ cells (Fig. 8). Taken together, these results suggest that transducing HSPCs in the
presence of BEAORF I+ UVEC cultures can mnprove viral transduction efficiencies, and that
the murber of transdaced cells can be further enhanced by increasing the ovtokine dose used

during expansion.

(00091 The data presented i Examples | amd 2 demonstrates that that co-culture of
certai target cells, such as HSPCs, with E4ORF 1+ ECs can significantly improve gene
transfer efficiencies. Specifically, the results presented herein demonstrate that viral
transduction of HSPCs - a major hurdle m the gene-editing field — can be significantly
mproved usimg an E4ORF I+ EC co-culture system. The presence of E4ORFI+ UVEC cells
increases both the overall vield of CD34+/CD45+ HSPCs, and the efficiency of transduction
in this important stem cell population. This dual benefit of E4ORF 1+ 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 andfor gene therapy.

Exanmple 3

Rescue of Transfected Cells by Subsequent EC Co-Culture

(00092 Transfected or transduced cells, such as cells trangfected by electroporation,
can be cultured with ECs after wansfection or transduction.  Such subseguent co-culture can
“rescue” cells that have been damaged by the ransfection or transduction process —reducing
cell death and loss of the transfected or transduced cells. Sach co-cultaring should be
commenced “mmmediately” after the transfection or transduction step is commenced {as that
term 1s defined wn this patent specification), and should continue for sufficient time to allow
recovery of the target cells. Without wishing to be bound by theory, #t is believed that such
“rescue” can occur as a resuit of cell-to-cell contact between the two cell populations (i.e. the
transduced/transfected cells and the ECs), andfor as a result of exposure of the
transducedfransfected cells 1o soluble factors secreted by the ECs, such as angiocrine factors
and cytokines. The co-culture of the two cell populations can also facilitate andfor increase

expansion of the transduced or transfected cells.
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00093] The ECs used can be any desived ECs. Organ-specific ECs {L.e. ECs dertved

from the same organ that the ransduced/ranstected cells are derived from) can be used.

F4ORF 1+ ECs can also be used.

Example 4

Effect of E4ORF 1+ Co~-Culture on Expansion & Transtection of HSPCs by Electroporation

F00094] Goal: To test the effect of an eleciroporation svstem {Lonza 4D-Nucleofector
systemy) for transfecting plasmid GEP into human mobilized peripheral blood (mPB) CD34+

cells 1n the context of co~culture with BE4ORF 1+ endothelial cells.

Expenmental Design: Cell culturing was performed at 5% Oxygen and 377 anless otherwise
noted. During the stimulation, wansfection, and recoverviexpansion phases, CD34+ cells
were exposed 1o eytokines (SCF, TPO, Fit3-L) alone {denoted as C/CC), eviokimes durmg
the stimulation and transfection stages toltowed by recovery in direct co-culture with

E4ORF 1+ UVEC cells (CAC/E), or in the presence of E4ORF 1+ UVEU cells during all 3
stages - Le. the stimulation stage, the transfection stage, and the recovery stage (E/E/E). On
Day 0, 1,500,000 homan mPB CD34+ cells (from AUCells) were plated into two wells of a
low-binding attachment 6-well dish (500K per well) and in 1 well of pre~conditioned
E4ORF 1+ UVEC 6-well dish (S00K), all in StemMACS HSC expansion media
{mamfactured by Miltenyi Biotec) with cyvtokines (100ng/mi SCF, Fit3, and TPO). On Day |
{24 hrs later), all of the samples were collected, spun down, and counted. The cells will be
resuspended 10 Nucleofector Solution and maxGFP plasmid (from Lonza). The samples were
electroporated, and plated as follows: #1: the first low-bind well went into a new low-bind
well {C/C/AC)Y. #2: the second low-bind well went into an EAORF 1+ UVEC well (C/C/E). #3:
the EAORF I+ UVEC well went into a second E-CELE4ORFT+ UVEC well (E/E/&). All
samples continued to be cultured in StemMACS HSC expansion media (manufactured by
Miltenvi Biotec) with oytokines (100ng/ml SCF, FIt3, and TPO). Plates were then placed in a
5% Oxygen incubator at 37° for 86 hours (fed again with fresh media and cytokines at 48
hours post-transfection), at which time they were analyzed via cell counts, flow cviometry,
and CFU assays. In each case where there were E4ORF I+ ECs used, there were
approximately 300,000 of such cells present in each well ~ e, the co-culture and

transfectiontransduction was performed in the presence of a confluent monolayer of
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E4ORF 1+ ECs (the number of ECs at confluency of one well of a 6-well plate is about

300.,000).

[00095) Results: Total hematopoietic cells (Fig. 6) and specifically CD34+ cells (Fig,
7A} expanded on ECs for the entirety of the assay showed the greatest overall expansion {(6.4-
fold increase), followed by CD34+ cells expanded on ECs just after the transfection event
{2.7-fold increase). U134+ cells transfected and expanded in the absence of ECs entirely
showed the poorest expansion {0.7-fold increase). Notably, transfection etficiency of the
CD34+ population was not adversely affected due 1o the presence of ECs (78% CD34+ cells
transfected in E/E/E samples, vs 73% CD34+ transtfected and 76% CD34+ transfected in
CAC/C and C/CE samples, respectively with overall vields of transfected CD344 notably
higher with increased exposure to E4ORF I+ UVEC cells - (Fig. 7B). While all samples were
positive for total colony formation in CFU assays (Fig. 8A), only CD34+ cells that were
expanded in the presence of ECs showed GEMM formation (Fig. 8D 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 BAORF I UVEC cells results in the greatest vield of total cells and
transfected 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 GEMM colony formation 1w CFU assays on samples co-cultured with ECs
demonsirates that the ECs play an important role v mamntaining the MPP population of
CI34+ cells during the expansion process. These results indicate that introducing E40RF1+
UVEC calls when using this ransfecting hematopoetic cells may provide improvements as

compared to gene-delivery performed 1n the absence of such cells.

Example 8

Transduction of monkey non-human primate mPB CD34+ with lenti-GFP using the

E4ORF 1+ UVEC platform
(00097] Goal: To assess the transduction effictency and expansion of pon-homan

primate mPB CD34+ in the context of E4ORF I+ UVEC co-culture.
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D009%] Experimental Design: Expansion assavs were performed at 5% Oxygen.

During the stimulation, ransfection, and recovery/expansion phases, CD34+ cells were
exposed to cvtokines {SCF, TPO, Flt3-L) alone {denoted as C/U/C), eytokines daring the
stimulation and transfection stages followed by recovery i direct co-culture with E4ORF 1+
UVEC cells {CAU/E), or in the presence of E4ORFI+ UVEC cells during all 3 stages (E/E/FE}.
450,000 non-human primate mPB CD34+ cells were each plated as follows: #1} into ane
retronectin coated well (6~well format);, #2) into one retronectin coated well {G-well format);
#3) into one confluent E4ORF 1+ UVEC cell well (6-well format). The initial CD34+ plating
of all three samples occurred on Day 0, and was done in StemMACS HSC expansion media
{manufactured by Miltenyi Biotece) with 100ag/ml of SCF, FIt3, and TPO. On Day 1 {24hes
later), all samples were re-fed with fresh media and cytokines; additionally, GEP lenti-virus
at an MO of 25 was added to samples all three samples. On Day 2 (24hrs post-transdoction),
sanyple #1 was passed o A new retronectin coted well, Samples #2 and #3 were passed
into one new well each previously seeded with E4ORF 1+ UVEC cells. All samples were re-
fed m fresh media and cytokines. On Day 4 (72 hrs post-transduction) all samples were re-fed
with fresh media and evtokmnes. On Day 6 {120 hrs post-transduction} the cells were passed
to either new retronectin coated wells (sample #1) or EAORF 1+ UVEC cell wells (samples #2
and #3) in fresh media and cviokines. On Day 8§ (168 hrs post-transfection) all samples were
refed with fresh media and cytokines. On Day 10 {192 hrs post-transfection) all samples were
collected for cell counts and staining (for FACS). | In each case where there were E40RF1+
ECs used, there were approximately 300,000 of such cells present i gach well —~ i.e. the co-

culture and transfection/transduction was performed in the presence of a confluent monolaver

of EAORF1+ ECs (the number of ECs at confluency of one well of a 6-well plate i3 abowt
300.000).
00099 Results: Total hematopoietic cells {Fig. 10} and specifically CD34+ cells (Fig,

11 left) expanded on ECs for the entirety of the assay showed a higher overall expansion {62-
fold merease) as compared 1o CD34+ cells expanded on ECs just after transducing with GFP
{48-fold mcrease). CD34+ cells ransduced with GFP and expanded i the absence of ECs
entively showed the poorest expansion (7-fold increase). Transduction efficiency of the
CD34+ population (Fig, 11) was shightly decreased in the presence of ECs (42% CD34+ cells
transfected in EAE/E samples, vs 60% CD34+ wanstected 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 shight decrease in ransduction efficiency (51% CD34+ transfected in C/CVE
samples). However, overall vields of CD34+ transfected cells were higher when co-cultured
with EAORF 1+ UVEC cells {Fig. 11 B). A similar trend was noted for the transduction
efficiency of the phenotypic stem cell population {measured by CD45+CD34+CD38-
CDASRA-CDA9E cells): EAEE sample — 21%; C/AOE sample — 24%; C/C/C sample — 38%.
Fig. 12} Notably, there was a significant increase in the number of transduced stem cells
{Fig. 12B) in the E/AE/E sample (~900.000 cells) and CACE sample (830,000 cells)

compared to the C/C/C sample (-300,000).

000100} Conclusions: While the efficiency of transduction of monkey CID34+ cells
and, more specifically, CD34+ stem cells was slightly less when ECs were present during the

transduction event, the shght decrease in transduction was counterbalanced by the noticeable
inerease in the number of these cells in the expanded product when ECs were parnt of the
process. Therefore, by altering the conditions of the transduction event, via MO! increase for
example, an increase in transduction efficiency may be attained while still maintaining the

significant increase in overall vield of cells that the E4ORF1-+ UVEC cell platform affords.

Example 6

Transduction of human mPB CD34-+ with lenti-GEPR using the BAORE I UVEC cell
platform,
0001011 Goal: To determine the effects on transduction efficiency and/or expansion

potential of human mPB CD34+ when transduced with fentt GFP in the presence of E-

EAORF I+ UVEC cells.

0001021 Experimental Design: Expansion assays were performed at 5% Oxygen.
During the stimulation, transfection, and recovery/expansion phases, CD34+ cells wers
exposed to cytokines (SCE, TPO, Fi3-L} alone (denoted as C/C/CY, eytokines during the
stimulation and transfection stages followed by recovery in direct co-culture with E4ORF I+
UVEC cells (C/CE), or in the presence of EAORFTH UVEC cells during all 3 stages {(E/EE).
300,000 human mPB CD34+ cells (from AllCells) were each plated as follows: #1) into ong
retronectin coated well (6-well format); #2) into one confluent E4ORF I+ UVEC cell well (G-
well format). The initial CD34+ plating of samples #1 and #2 occurred on Dav 0, and were

done in StemMACS HSC expansion media (manufactured by Miltenyt Biotee) with
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100ng/mi of SCF, FIi3, and TPQ. On Day 1 {24hus later), both samples were re-fed with fresh
media and cytokines; additionally, GFP virus at an MOI of 50 was added to samples #1 and
#2. On Day 2 (24hrs post-transduction), each sample was passed onto fresh E4ORF 1+ UVEC
cells in fresh media and oytokines. On Day 4 (72 hrs post-transduction) the cells were re-fed
with fresh media and cvtokines. On Day 6 {120 hrs post-transduction} the cells were collected
for counting and staining (FACS). in each case where there were E4ORF I+ ECs used, there
were approximately 300,000 of such cells present in each well ~ Le. the co~cudture and
transfection/transduction was performed in the presence of a confluent monpolaver of

EAORF 1+ ECs (the number of ECs at confluency of one well of a 6-well plate 15 about
300,000).

000103} Results: Total hematoporetic cells {Fig. 13) and specifically CD34+ cells {Fig,
14A) expanded on ECs for the entivety of the assav showed a higher overall expansion {21.5-
fold increase) as compared to CD34+ cells expanded on ECs just after transducmg with GFP
{7.9-fold increase). Transduction efficiency of the CD34+ population was slightly decreased
due to the presence of ECs (61% CD34+ cells ranstected in EEE samples, vs. 81%% CD34+
transtected in C/C/E samples — Fig. 14B). Similarly, the transduction efficiency of the
phenotypic stem cell population (measured by CD45+CD34+-CD38-CDASRA-CDA9{H cells)
was also slightly lower in the E/E/E sample (74%) vs the C/C/C sample (92%; (Fig. 15).
Notably, though, there was a 3-fold increase of transdoced stem cells 1 the E/EE sample

compared to the C/C/E sample (Fig. 15B).

(0001041 Conclusions: Although the efficiency of lenti-mediated transduction of CID34+
stem cells was shightly less when ECs were present duriug the transduction event (74% for
EEAE vy 92% for C/CE), this modest decrease was offset by the vast werease 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 CAOEY. Sull, while
high transduction efficiency (e.g. »70%) and high yvield of cells are the ultimate goal of this
platform, further manipulations of the fransduction conditions could serve to improve
transduction efficiencies further (e.g. » 90%:) while not inhibiting the subsequent expansion

of this vital popalation of cells.

daksk

10001057 The present invention is further described by the following claims.



We claim:

1.

10.

11.

12.

13.

14.

An improved method of genetically modifying CD34+ hematopoietic stem or progenitor cells
(HSPCs), the method comprising:

(a) co-culturing CD34+ HSPCs cells with EAORF1+ 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 E4AORF1+ endothelial cells.

The method of claim 1, wherein the co-culturing step is performed under severely hypoxic
conditions.

The method of claim 1, wherein the co-culturing step is performed at oxygen levels ranging
from 0.1% to 5%.

The method of claim 1, wherein the HSPCs are derived from bone-marrow, peripheral blood,
or umbilical cord blood.

The method of claim 1, wherein the endothelial cells are human endothelial cells.
The method of claim 1, wherein the endothelial cells are umbilical vein endothelial cells.

The method of claim 1, wherein the endothelial cells are human umbilical vein endothelial
cells.

The method of claim 1, wherein the endothelial cells are mitotically inactivated.

The method of claim 1, wherein the step of contacting the HSPCs with one or more
exogenous nucleic acid molecules is performed by transfection.

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.

The method of claim 1, wherein the step of contacting the HSPCs with one or more
exogenous nucleic acid molecules is performed by transduction.

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.

The method of claim 1, wherein the nucleic acid molecule is present in a plasmid vector.

The method of claim 1, wherein the nucleic acid molecule is present in a viral vector.



