(12) STANDARD PATENT (11) Application No. AU 2015279552 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Neural cells expressing adenovirus E4ORF1, and methods of making and using the
same

International Patent Classification(s)
A61K 48/00 (2006.01) C12N 15/861 (2006.01)
C12N 5/0735 (2010.01)
Application No: 2015279552 (22) Date of Filing:  2015.06.26
WIPO No: WO15/200897

Priority Data

Number (32) Date (33) Country
62/018,056 2014.06.27 us
Publication Date: 2015.12.30

Accepted Journal Date: 2021.01.21

Applicant(s)
Angiocrine Bioscience, Inc.

Inventor(s)
Qiang, Liang;Davis, Claude Geoffrey;Nolan, Daniel Joseph

Agent / Attorney
Phillips Ormonde Fitzpatrick, PO Box 323, COLLINS STREET WEST, VIC, 8007, AU

Related Art
US 20100093081 A1




wo 2015/200897 A3 | 000 000 0O OO 0 AR

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

30 December 2015 (30.12.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/200897 A3

(51

eay)

(22)

(25)
(26)
(30)

1

International Patent Classification:
CI2N 5/0735 (2010.01)
International Application Number:
PCT/US2015/038182

International Filing Date:

26 June 2015 (26.06.2015)
Filing Language: English
Publication Language:
Priority Data:
62/018,056 27 June 2014 (27.06.2014) Us
Applicant: ANGIOCRINE BIOSCIENCE, INC.

[US/US]; 1300 York Avenue, New York, NY 10065 (US).

English  (81)

(72) Inventors: QIANG, Liang; 5450 Wissahickon Avenue, A-

613, Philadelphia, PA 19144 (US). DAVIS, Claude, Geof-
frey; 1300 York Avenue, New York, NY 10065 (US). NO-
LAN, Daniel, Joseph; 1300 York Avenue, New York, NY
10065 (US).

Agents: GRIMES, Julia, Anne et al; Grimes & Yvon
LLP, 830 Third Avenue, 5th Floor, New York, NY 10022

(US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

[Continued on next page]

(54) Title: NEURAL CELLS EXPRESSING ADENOVIRUS E40RF1, AND METHODS OF MAKING AND USING THE SAME

(57) Abstract: In certain aspects the present invention provides engin-
eered neural cells, neural stem cells, or neural progenitor cells that con-

A 1600 -~ *
1400

tain a nucleotide sequence that encodes an adenovirus E40RF1 poly-

1200 peptide and/or that contain an adenovirus E40RF1 polypeptide. The

Axotilength 1000 -

{um} 800 -
600
400 -
200 -
0 [ U NN W— SR,
Control E40RF1
Neuron
B 7 i *
. 5
Minor process no. 4
per neuron
3
2
1
0
Control E40RF1
Neuron
C
8 *
7 .
No. of primary 6 -
axonal branches >
per axon 4
3
2
1
0 :
Control E40ORF1
Neuron
Fig. 1

present invention also provides methods of making and using such engin-
eered cells and compositions comprising such engineered cells.



WO 2015/200897 A3 WAL 00 VT 00000 O A O

84)

MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

(88) Date of publication of the international search report:

18 February 2016



WO 2015/200897 PCT/US2015/038182

NEURAL CELLS EXPRESSING ADENOVIRUS E40RF1, AND METHODS OF
MAKING AND USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/018,056, filed June 27, 2014, the contents of which are hereby incorporated by reference.

INCORPORATION BY REFERENCE

[0002] For the purposes of those jurisdictions that permit incorporation-by-reference

only, the text of all documents cited herein is hereby incorporated by reference in its entirety.
BACKGROUND OF THE INVENTION

[0003] The adenoviral early 4 (E4) region contains at least 6 open reading frames
(E4ORFs). The entire E4 region has been shown previously to regulate angiogenesis and
promote survival of endothelial cells (see Zhang et al. (2004), J. Biol. Chem. 279(12):11760-
66). It has also been shown previously that, within the entire E4 region, it is the E4AORF1
sequence that is responsible for these biological effects in endothelial cells. See U.S. Patent
No. 8,465,732, See also Seandel et al. (2008), “Generation of a functional and durable
vascular niche by the adenoviral E4AORF1 gene,” PNAS, 105(49):19288-93. However, to the
best of Applicants’ knowledge, prior to the present invention, there was no evidence to
suggest that the adenovirus E4 region, and in particular the E4ORF1 sequence, might have

beneficial effects on either neuronal cells or glial cells.
SUMMARY OF THE INVENTION

[0004] The present invention derives, in part, from the surprising discovery that
expression of adenovirus EAORF1 sequences can have certain beneficial effects in neuronal
cells and glial cells — which are referred to collectively herein as neural cells. For example, it
has been found that glial cells that express adenovirus E4AORF1 exhibit increased
proliferation rates and can be passaged in vitro for a greater number of population doublings
as compared to glial cells that do not express E4ORF1. Similarly, it has been found that
neuronal cells that express adenovirus E4AORF1 exhibit increased axon length, increased

numbers of minor processes, and increased numbers of branches per axon as compared to
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neuronal cells that do not express E4ORF1. These effects were achieved without any
apparent de-differentiation or transformation of the neural cells - the E4ORF1-expressing
neuronal and glial cells continued to express certain cell-type specific markers and
maintained the cellular morphology characteristic of their cell type. Building on these
findings, in some embodiments the present invention provides novel methods for obtaining,
maintaining, or culturing neural cells without transforming the cells or otherwise disrupting
the cells” normal phenotypic characteristics and/or lineage identity. Similarly, in other
embodiments the present invention provides novel engineered neural cells that may be useful
in a variety of settings, including, but not limited to, therapeutic applications. For example, it
is believed that the ability to increase axon length and numbers of minor processes and axon
branches in neurons may provide benefits in therapeutic applications involving neuronal
regeneration and/or repair. Similarly, it is believed that the ability to generate larger numbers
of glial cells or glial cells having higher proliferation rates may also provide benefits in
therapeutic applications involving glial regeneration and/or repair. These and other aspects of
the present invention are described in more detail below and throughout the present

disclosure.

[0005] In some embodiments the present invention provides populations of engineered
neural cells that comprise a nucleic acid sequence that encodes an adenovirus E4ORF1
polypeptide (or a variant, derivative, mutant, fragment, or peptidomimetic thereof - as
described and defined in the “Detailed Description” of the present disclosure), or populations
of engineered neural cells that comprise an adenovirus E4ORF1 polypeptide (or a variant,
derivative, mutant, fragment, or peptidomimetic thereof). In some such embodiments the
neural cells are neuronal cells. In other such embodiments the neural cells are glial cells. In
other embodiments the present invention provides populations of engineered neural stem or
progenitor cells that comprise a nucleic acid sequence that encodes an adenovirus E4AORF1
polypeptide (or a variant, derivative, mutant, fragment, or peptidomimetic thereof), or
populations of engineered neural stem or progenitor cells that comprise an adenovirus
E40RF]1 polypeptide (or a variant, derivative, mutant, fragment, or peptidomimetic thereof).
In some such embodiments the neural stem or progenitor cells are neuronal progenitor cells.
In other such embodiments the neural stem or progenitor cells are glial progenitor cells. In
some embodiments the populations of engineered neural cells (or populations of engineered

neural stem or progenitor cells) are isolated cell populations. In some embodiments the
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populations of engineered neural cells (or populations of engineered neural stem or
progenitor cells) are substantially pure cell populations. In some embodiments the
populations of engineered neural cells (or populations of engineered neural stem or
progenitor cells) are present in vitro, for example in cell culture. In some embodiments the
populations of engineered neural cells (or populations of engineered neural stem or

progenitor cells) are present in vivo, for example in a living subject.

[0006] In some embodiments the present invention provides compositions comprising the
populations of engineered neural cells (or engineered neural stem or progenitor cells)
described herein. Such compositions may comprise a carrier solution, such as a physiological
saline solution. In some embodiments such compositions may be therapeutic compositions -
comprising a population of engineered neural cells (or engineered neural stem or progenitor

cells) and a carrier solution suitable for administration to a subject, such as a human subject.

[0007] The cell populations, and compositions comprising such cell populations,
described herein may be useful in a variety of applications (as described further on other
sections of this patent disclosure). In general, the engineered neural cells and neural stem or
progenitor cells provided herein can be used for any application in which non-engineered (i.e.
non-E40FR1-expressing) neural cells or neural stem or progenitor cells are currently used or
could be used, including, but not limited to, basic scientific research applications, cell culture
methods (including neuronal/glial co-culture methods), model systems for neural diseases,
tissue model systems (such as blood brain barrier model systems), target discovery, drug
discovery, and drug efficacy, toxicity, and/or safety testing. For example, in some
embodiments the engineered neural cells (or engineered neural stem or progenitor cells) may
be useful in therapeutic applications, including, but not limited to, in vivo cell transplantation

procedures.

[0008] In some embodiments the present invention provides various methods that involve
expression of a nucleic acid sequence that encodes an adenovirus E4AORF1 polypeptide (or a
variant, derivative, mutant or fragment thereof) in neural cells, or delivery of an adenovirus
E40RF]1 polypeptide (or a variant, derivative, mutant, fragment, or peptidomimetic thereof)
to neural cells. In some such embodiments the neural cells are neuronal cells. In other such
embodiments the neural cells are glial cells. In other embodiments the present invention

provides methods that involve expression of a nucleic acid sequence that encodes an
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adenovirus EAORF1 polypeptide (or a variant, derivative, mutant, fragment, or
peptidomimetic thereof) in neural stem or progenitor cells, or delivery of an adenovirus
E40RF]1 polypeptide (or a variant, derivative, mutant, fragment, or peptidomimetic thereof)
to neural stem or progenitor cells. In some embodiments the neural stem or progenitor cells
may be neuronal stem or progenitor cells. In other embodiments the neural stem or
progenitor cells may be glial stem or progenitor cells. In some embodiments the neural cells
(or neural stem or progenitor cells) are isolated cells. In some embodiments the neural cells
(or neural stem or progenitor cells) are substantially pure cell populations. In some
embodiments the neural cells (or neural stem or progenitor cells) are present in vitro, for
example in cell culture. In some embodiments the neural cells (or neural stem or progenitor

cells) are present in vivo, for example in a living subject.

[0009] For example, in one embodiment the present invention provides a method of
producing a population of engineered neural cells (or engineered neural stem or progenitor
cells), the method comprising: introducing a nucleic acid molecule encoding an adenovirus
E40RF]1 protein (or a variant, derivative, mutant, fragment, or peptidomimetic thereof) into
one or more neural cells (or neural stem or progenitor cells) to produce engineered neural
cells (or engineered neural stem or progenitor cells), wherein the engineered neural cells (or
engineered neural stem or progenitor cells) express the E4AORF1 polypeptide. In another
embodiment the present invention provides a method of obtaining a population of engineered
neural cells (or neural stem or progenitor cells) in vitro, the method comprising: (a)
introducing a nucleic acid molecule encoding an adenovirus E4AORF1 protein (or a variant,
derivative, mutant, fragment, or peptidomimetic thereof) into one or more neural cells (or
neural stem or progenitor cells) to produce engineered neural cells (or engineered neural stem
or progenitor cells), wherein the engineered neural cells (or engineered neural stem or
progenitor cells) express the E4AORF1 polypeptide, and (b) culturing the engineered neural
cells (or engineered neural stem or progenitor cells) in vitro. Similarly, in another
embodiment the present invention provides a method for culturing neural cells (or neural
stem or progenitor cells), the method comprising: (a) obtaining a population of engineered
neural cells (or engineered neural stem or progenitor cells), wherein the engineered neural
cells (or engineered neural stem or progenitor cells) express an E4ORF1 polypeptide (or a
variant, derivative, mutant, fragment, or peptidomimetic thereof), and (b) culturing the

engineered neural cells (or engineered neural stem or progenitor cells). In yet another
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embodiment the present invention provides a method for culturing neural cells (or neural
stem or progenitor cells), the method comprising: (a) obtaining one or more neural cells (or
neural stem or progenitor cells), (b) introducing a nucleic acid molecule encoding an
adenovirus E4ORF1 protein (or a variant, derivative, mutant, fragment, or peptidomimetic
thereof) into the one or more neural cells (or neural stem or progenitor cells) to produce
engineered neural cells (or engineered neural stem or progenitor cells), wherein the
engineered neural cells (or engineered neural stem or progenitor cells) express the E4AORF1
polypeptide, and (c) culturing the engineered neural cells (or engineered neural stem or
progenitor cells). In yet another exemplary embodiment the present invention provides a
method comprising: (a) introducing a nucleic acid molecule encoding an adenovirus EAORF1
protein (or a variant, derivative, mutant, fragment, or peptidomimetic thereof) into one or
more neural stem or progenitor cells to form engineered neural stem or progenitor cells, and
(b) differentiating the one or more engineered neural stem or progenitor cells in order to
produce engineered neural cells, wherein the engineered neural cells expresses the E4AORF1
protein. In yet another exemplary embodiment the present invention provides a method
comprising: (a) obtaining a population of engineered neural stem or progenitor cells that
express an adenovirus E4AORF1 protein (or a variant, derivative, mutant, fragment, or
peptidomimetic thereof), and (b) differentiating the one or more engineered neural stem or
progenitor cells in order to produce engineered neural cells, wherein the engineered neural
cells express the EAORF1 protein. In yet another exemplary embodiment the present
invention provides a method comprising: (a) obtaining a population of neural stem or
progenitor cells, (b) introducing a nucleic acid molecule encoding an adenovirus EAORF1
protein (or a variant, derivative, mutant, fragment, or peptidomimetic thereof) into one or
more neural stem or progenitor cells to form engineered neural stem or progenitor cells, and
(c) differentiating the one or more engineered neural stem or progenitor cells in order to
produce engineered neural cells, wherein the engineered neural cells express the EAORF1

protein.

[00010] These and other embodiments of the invention are described further in the 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

[00011] Figure 1. Graphs showing the effects of E4AORF1expression on axon length
(Figure 1A), number of minor processes per neuron (Figure 1B), and number of primary
axonal branches per axon (Figure 1C) in hippocampal neurons. Data was obtained following
transduction with either E4ORF1 plus GFP (“E4ORF1”’) or GFP alone (“Control”). The “*”
symbol represents statistical significance (p < 0.05). E4ORF1-expressing hippocampal
neurons exhibited a statistically-significant increase in axon length, number of minor
processes per neuron, and number of primary axonal branches per axon as compared to

controls.

[00012] Figure 2. Exemplary fluorescence microscopy images of control (Figures 2A, 2B,
and 2C) and E4ORF1-expressing hippocampal neurons (Figures 2D, 2E, and 2F). Neurons in
both the control and E4ORF1groups express green fluorescent protein (GFP). The resulting

green fluorescence appears light/white (against a dark background) in the gray-scale versions

of the images provided herein.
DETAILED DESCRIPTION

[00013] The “Summary of the Invention,” “Figures,” “Brief Description of the Figures,”
“Examples,” and “Claims” sections of this patent disclosure describe some of the main
embodiments of the invention. This “Detailed Description” section provides certain
additional description relating to the compositions and methods of the present invention, and
is intended to be read in conjunction with all other sections of this patent disclosure.
Furthermore, and as will be apparent to those in the art, the different embodiments described
throughout this patent disclosure can be, and are intended to be, combined in various different
ways. Such combinations of the specific embodiments described herein are intended to fall

within the scope of the present invention.
L. Definitions

[00014] Certain definitions are provided below. Other terms are 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 their usual meaning in the art.
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[00015]  As used herein, the terms “about” and “approximately,” when used in relation to

numerical values, mean within + or — 20% of the stated value.

[00016]  As used herein the term “control” as used as an adjective or noun to describe cells
or a cell group cells (e.g. control cells, control cell group, etc.) is used in accordance with its
established scientific meaning. For example, several embodiments of the invention involve
comparisons between “engineered” and “control” cells. In those embodiments, the
“engineered cells typically contain a nucleotide sequence that encodes an adenovirus
E40RF]1 polypeptide or an adenovirus EAORF1 polypeptide, while the “control” cells do not
comprise a nucleotide sequence that encodes an adenovirus E4ORF1 polypeptide or an
adenovirus E4ORF1 polypeptide but are otherwise comparable to the “engineered” cells in
that they are cells of the same type as the “engineered” cells (e.g. if the engineered cells are
astrocytes, the control cells should also be astrocytes) and are treated comparably (or
essentially identically or identically) to the “engineered” cells — in accordance with standard
scientific practice. For example the engineered cells and control cells should be handled
and/or cultured in a comparable way, or in an essentially identical way. In some
embodiments the control cells may comprise the population of cells from which the
engineered cells were derived — for example the control cell group may comprise the starting
cell population (for example prior to transduction with an E4ORF1 sequence) which was
subsequently engineered to produce the engineered cells, for example by transduction with an
E40RF]1 sequence. In other embodiments the control cells may not comprise the starting cell
population from which the engineered cells were derived, but may instead comprise a

different population of cells of the same type as the engineered cells.

[00017] The term “culturing” as used herein, refers to the propagation of cells on or in
media of various kinds. “Co-culturing” refers to the propagation of two or more distinct
types of cells on or in media of various kinds, for instance, in some embodiments, neuronal

cells and glial cells may be co-cultured.

[00018] The terms “E40RF1” and “adenovirus EAORF1,” as used herein, refer to open-
reading frame 1 (or “ORF1”) of the adenoviral early 4 (“E4”) genomic region — further
details of which are provided below. Unless specifically stated otherwise, references to
“E40ORF1” or “adenovirus EAORF1” may relate to nucleotide sequences that encode an

“E40ORF1” protein/polypeptide or an “E40ORF1” protein/polypeptide. In each of the
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embodiments provided herein that involve an “E4ORF1” nucleotide sequence or polypeptide,
such embodiments can also be carried out using a variant, derivative, mutant, fragment, or
peptidomimetic of such nucleotide sequences or polypeptides — provided that such a variant,
derivative, mutant, fragment, or peptidomimetic has, or retains, one or more of the functional
properties described herein (which include, but are not limited to, an ability to increase cell
proliferation when expressed in glial cells, and an ability to increase axonal length when
expressed in neuronal cells). Further descriptions and definitions relating to EAORF1 are

provided below.

[00019]  As used herein the term “effective amount” refers to an amount of a specified
agent or cell population (e.g. an E4AORF1 nucleic acid molecule or vector, or a population of
E40ORF1-expressing neural cells), as described herein, that is sufficient to achieve a
detectable and positive effect on one or more of the desirable outcomes described herein. For
example, in the case of expression of E4AORF]1 in glial cells, an effective amount of an
E40ORF1 nucleotide sequence (e.g. in a vector) or an EAORF1 polypeptide to be
introduced/delivered to the glial cells may be one that results in a detectable increase in the
glial cells’ proliferation rate as compared to that of control (non-E4ORF1-expressing) cells.
Similarly, in the case of expression of E4ORF1 in neuronal cells, an effective amount of an
E40ORF1 nucleotide sequence (e.g. in a vector) or an EAORF1 polypeptide to be
introduced/delivered to the neuronal cells may be one that results in a detectable increase in
the neuronal cells’ axonal length as compared to that of control (non-E4ORF1-expressing)
cells. In the case of methods that involve administering E4AORF1 nucleotide sequences (e.g.
in a vector), EAORF1 polypeptides, or E4ORF1-expressing neural cells to a subject, an
effective amount to be administered to the subject may be one that results in a detectable
improvement of one or more desired biological or therapeutic indicators, (such as, for
example, improved neuronal regeneration, improved remyelination, etc.), for example as
compared to that of controls without EAORF1. An appropriate “effective amount” in any
individual case may be determined empirically, for example using standard techniques known
in the art, such as dose escalation studies, and may be determined taking into account such
factors as the planned use, the planned mode of delivery/administration, desired frequency of
delivery/administration, etc. Furthermore, an “effective amount” may be determined using
assays such as those described in the Examples section of this patent disclosure to assess

effects on various neuronal and glial cell phenotypic characteristics.
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[00020] The term “engineered” when used in relation to cells herein refers to cells that
have been engineered by man to express an adenovirus EAORF1 nucleotide sequence or an
E40RF]1 polypeptide. The term “engineered cells” is not intended to encompass any
naturally occurring cells, but is, instead, intended to encompass cells that are the result of the
introduction into cells of recombinant nucleotide sequences that encode an adenovirus
E40RF1 polypeptide. Additional details regarding suitable recombinant nucleotide
sequences that can be used to generate such engineered cells are provided below — for
example in relation to suitable EAORF1 sequences (¢.g. cDNAs), suitable vectors, suitable

promoters, and the like.

[00021] The terms “expansion” or “expanding” as used herein in the context of cells or
cell culture refer to an increase in the number of cells of a certain type (for example glial cells
or neuronal cells) from an initial population of cells, which may or may not be identical. The
initial cells used for expansion need not be the same as the cells generated as a result of the
expansion. For instance, the expanded cells may be produced by growth and differentiation

of the initial population of cells.

[00022] “Genetic modification” or “gene-modified” refers to any addition, deletion or
disruption of or to a cell’s normal nucleotide sequences. In some embodiments, the neural
cells described herein may, in addition to containing and/or expressing an EAORF1 sequence,
may also comprise one or more other genetic modifications — as desired. The term “genetic
modification” encompasses use of a gene delivery vehicle and includes, but is not limited to,
transduction (viral mediated transfer of nucleic acid to a recipient, either in vivo or in vitro),
transfection (uptake by cells of isolated nucleic acid), liposome mediated transfer and others

means well known in the art.

[00023]  As used herein the term “isolated” refers to a product, compound, or composition
which is separated from at least one other product, compound, or composition with which it

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

[00024] The terms “subject” and “patient” are used herein interchangeably and refer to,
except where indicated, mammals such as humans and non-human primates, as well as

rabbits, rats, mice, goats, pigs, and other mammalian species.
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[00025] The phrase “substantially pure” as used herein in relation to a cell population
refers to a population of cells of a specified type (e.g. as determined by expression of one or
more specified cell markers, morphological characteristics, or functional characteristics), or
of specified types (plural) in embodiments where two or more different cell types are used
together, that is at least about 50%, preferably at least about 75-80%, more preferably at least
about 85-90%, 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 50%, preferably fewer than about 20-25%, more preferably fewer
than about 10-15%, and most preferably fewer than about 5% of cells that are not of the
specified type or types.

IL E40ORF1

[00026] In each of the embodiments of the present invention that involve or recite an
E40ORFT1 nucleic acid sequence or an EAORF1 polypeptide, the EAORF1 sequence used may
comprise the whole adenovirus EAORF1 sequence, or a derivative, variant, mutant, fragment
or peptidomimetic thereof that has one or more of the functional properties described herein
(for example, but not limited to, the ability to increase cell proliferation in glial cells or the
ability to increase axon length in neurons). Adenovirus E4ORF1 sequences are known in the
art and any such sequence can be used in accordance with the present invention. For
example, the sequence of the human adenovirus type 5 E4 region (containing ORF1) is
available on Genbank (see for example accession number D12587). In one embodiment of
the invention, the EAORF1 sequence used is that of human adenovirus type 5, which is well
known in the art, or a sequence with greater than 85% sequence identity to the E4ORF1
sequence of human adenovirus type 5. In another embodiment, the variant or mutant of the
E40RF]1 sequence is a sequence with about an 85% identity to the E4AORF1 sequence of
human adenovirus type 5, or about an 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% sequence identity to the E4AORF1 sequence of human adenovirus type 5
that retains the ability to promote the survival and proliferation of the various cells described
herein. In another embodiment, a fragment of the EAORF1 is a sequence which varies in
length by +-.30 nucleotides relative to the E4ORF1 sequence of human adenovirus type 5, or
about .+-.28 nucleotides, .+-.26 nucleotides, .+-.24 nucleotides, .+-.22 nucleotides, .+-.20
nucleotides, .+-.18 nucleotides, .+-.16 nucleotides, .+-.14 nucleotides, .+-.12 nucleotides, .+-

.10 nucleotides, .t+-.9 nucleotides, .+-.8 nucleotides, .+-.7 nucleotides, .+-.6 nucleotides, .+-.5

10
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nucleotides, .+-.4 nucleotides, .t+-.3 nucleotides, .+-.2 nucleotides, or .+-.1 nucleotides
relative to the E4AORF1 sequence of human adenovirus type 5, all of which may retain the
properties described herein, including, but not limited to, the ability to promote survival and

proliferation of the various cells described herein.

[00027] Alternatively, the EAORF1 sequence used can be, or can be derived from, other
adenovirus types or strains. Examples of other adenoviral E4AORF1 sequences include, but are
not limited to, those of human adenovirus 9 (Genbank Accession No. CAI05991), human
adenovirus 7 (Genbank Accession No. AAR89977), human adenovirus 46 (Genbank
Accession No. AAX70946), human adenovirus 52 (Genbank Accession No. ABK35065),
human adenovirus 34 (Genbank Accession No. AAW33508), human adenovirus 14
(Genbank Accession No. AAW33146), human adenovirus 50 (Genbank Accession No.
AAW33554), human adenovirus 2 (Genbank Accession No. AP.sub.--000196), human
adenovirus 12 (Genbank Accession No. AP.sub.--000141), human adenovirus 35 (Genbank
Accession No. AP.sub.--000607), human adenovirus 7 (Genbank Accession No. AP.sub.--
000570), human adenovirus 1 (Genbank Accession No. AP.sub.--000533), human adenovirus
11 (Genbank Accession No. AP.sub.--000474), and human adenovirus 3 (Genbank Accession
No. ABB 17792).

[00028] In some embodiments the EAORF1 nucleic acid sequences can be used in
conjunction with one or more other nucleic acid sequences from the E4 region, such as the
E40RF2, EAORF3, EAORF4, E4AORFS5, and/or E4AORF6 sequences, or variants, mutants or
fragments thereof. For example, the E4ORF1 sequence can be used in conjunction with one
or more other sequences from the E4 region for the production of EAORF1- expressing cells.
In some embodiments, the E4AORF1 sequences are not in the context of the entire E4 region,
or not in the context of each of the ORFs found in the entire E4 region, or not in the context
of the E4AORF2, EAORF3, E4ORF4, E4ORF5, and/or EAORF6 regions. For example,
although E4ORF1 sequences can be used in constructs (such as a viral vectors) that contain
other sequences, genes, or coding regions (such as marker genes, antibiotic resistance genes,
and the like), in certain embodiments, the EAORF1 sequences are used in constructs that do
not contain the entire E4 region, or that do not contain other ORFs from the entire E4 region,

such as E4ORF2, E4AORF3, EAORF4, EAORF5 and/or EAORF6.
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[00029] The E4AORF1 sequences can be used in constructs that contain various other
sequences, genes, or coding regions, depending on the desired use. For example, the
E40ORF1 nucleic acid sequences can be used in conjunction with antibiotic resistance genes,
reporter genes or expression tags (such as, for example, GFP), or any other sequences or
genes that might be desirable to express. The E4ORF1 nucleic acid sequences can also be
expressed as part of fusion proteins. The E4AORF1 sequences can also be used in conjunction
with any other desired nucleic acid sequence, gene, coding region, or non-coding region that
may be present in an expression construct or viral vector that is desired to be used, or with

any other nucleic acid sequence, gene, coding region, or non-coding region that is desired.

[00030] In some embodiments the E4AORF1 nucleic acid sequences can be under the
control of one or more promoters to allow for expression. Any promoter able to drive
expression of the E4ORF1 nucleic acid sequences in the desired cell type can be used.
Examples of suitable promoters include, but are not limited to, the CMV, SV40, RSV, HIV-
Ltr, and MML promoters. The promoter can also be a promoter from the adenovirus genome,
or a variant thereof. For example, the promoter can be the promoter used to drive expression

of E40ORF1 1in an adenovirus.

[00031] In some embodiments, the E4AORF1 nucleic acid sequences can be placed under
the control of an inducible promoter, so that expression of the E4AORF1 nucleic acid
sequences can be turned on or off as desired. Any suitable inducible expression system can be
used, such as, for example, a tetracycline inducible expression system, or a hormone
inducible expression system. This can be useful for in vivo applications. For example, the
E40ORF1 nucleic acid sequences can be expressed while they are needed and then switched
off when the desired outcome has been achieved, for example when there has been sufficient
growth or proliferation of the cells expressing the E4ORF1. The ability to turn off expression

of the E4ORF1 sequences could be useful for in vivo applications.

[00032] In those embodiments of the present invention that involve nucleic acid sequences
encoding adenovirus E4AORF1, the nucleic acid sequence(s) can be any suitable nucleic acid
sequence(s) — whether made of naturally occurring nucleotides, synthetic nucleotides, or a
combination thereof. For example, in some embodiments the nucleic acid(s) can comprise
RNA, such as synthetic modified RNA that is stable within cells and can be used to direct

protein expression/production directly within cells. In other embodiments the nucleic acid(s)
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can comprise DNA. In embodiments where DNA is used, the DNA sequences encoding
E40ORF1 may be operably linked to one or more suitable promoters and/or regulatory
elements to allow (and/or facilitate, enhance, or regulate) expression within cells, and may be
present in one or more suitable vectors or constructs. Nucleic acid sequences encoding
E40ORF1 can be introduced into endothelial cells in the same nucleic acid construct or they

can be introduced in separate nucleic acid constructs.

[00033] In those embodiments of the present invention that involve introducing a nucleic
acid sequence encoding an adenovirus EAORF1 polypeptide into cells, the nucleic acid
sequence encoding E4AORF1 can be any suitable nucleic acid — whether made of naturally
occurring nucleotides, synthetic nucleotides, or a combination thercof. For example, in some
embodiments the nucleic acid(s) can comprise RNA, such as synthetic modified RNA that is
stable within cells and can be used to direct protein expression/production directly within
cells. In other embodiments the nucleic acid(s) can comprise DNA. In embodiments where
DNA is used, the DNA sequences encoding E4ORF1 may be operably linked to one or more
suitable promoters and/or regulatory elements to allow, and/or facilitate, enhance, or regulate,
expression within cells, and may be present in one or more suitable vectors or constructs. The
nucleic acid sequence encoding E4ORF1 can be introduced at the same time or separately
(with one being introduced at one time and the other being introduced at a different time).
Also the nucleic acid sequence encoding E4AORF1 can be introduced in same nucleic acid

construct or they can be introduced in separate nucleic acid constructs.

[00034] The step of introducing EAORF1 sequences can be performed using any suitable
system known in the art, including, but not limited to, transfection techniques and viral-
mediated transduction techniques. Transfection methods that can be used in accordance with
the present invention include, but are not limited to, liposome-mediated transfection,
polybrene-mediated transfection, DEAE dextran-mediated transfection, electroporation,
calcium phosphate precipitation, microinjection, and micro-particle bombardment. Viral-
mediated transduction methods that can be used include, but are not limited to, lentivirus-
mediated transduction, adenovirus-mediated transduction, retrovirus-mediated transduction,

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

[00035] Any suitable means of transfecting or transducing cells with E4ORF1 nucleic acid

sequences can be used. For example, the EAORF1 nucleic acid sequences can be transfected
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into cells using standard methods known in the art, including, but not limited to, liposome-
mediated transfection, polybrene-mediated transfection, DEAE dextran-mediated
transfection, electroporation, calcium phosphate precipitation, microinjection, or micro-
particle bombardment. Similarly, the EAORF1 nucleic acid sequences can be delivered to
cells using a viral delivery system such as lentivirus, adenovirus, retrovirus, adeno-associated
virus or herpesvirus delivery system. In one embodiment, the EAORF1 nucleic acid

sequences are delivered to cells using a lentiviral gene delivery system.

[00036] The present invention also provides vectors, including expression vectors and
viral vectors, which contain the EAORF1 nucleic acid sequences. In some embodiments
these sequences are unaccompanied by the entire E4 region. In some embodiments these
sequences are unaccompanied by other adenovirus E4ORFs such as E4AORFs 2-6. In one
embodiment, the present invention provides a lentivirus vector comprising the E4ORF1
sequence. In one embodiment the present invention provides a lentivirus vector comprising
the E4ORF1 sequence unaccompanied by the entire E4 region, or unaccompanied by

adenovirus E4ORFs 2, 3, 4, 5 and/or 6

[00037] While in some embodiments a nucleotide sequence encoding an E4AORF1
polypeptide (or a variant, derivative, mutant, or fragment thereof), may be used, in other
embodiments an EAORF1 polypeptide (or a variant, derivative, mutant, fragment, or
peptidomimetic thereof) may be used. A peptidomimetic is a small protein-like chain
designed to mimic a peptide. Such a molecule could be designed to mimic an E4ORF1
polypeptide. Various different ways of modifying a peptide to create a peptidomimetic or
otherwise designing a peptidomimetic are known in the art and can be used to create an

E40RF]1 peptidomimetic.

[00038] The handling, manipulation, and expression of E4ORF1 sequences according to
the present invention may be performed using conventional techniques of molecular biology
and cell biology. Such techniques are well known in the art. For example, one may refer to
the teachings of Sambrook, Fritsch and Maniatis eds., “Molecular Cloning A Laboratory
Manual, 2nd Ed., Cold Springs Harbor Laboratory Press, 1989); the series Methods of
Enzymology (Academic Press, Inc.), or any other standard texts for guidance on suitable

techniques to use in handling, manipulating, and expressing E4ORF1 sequences.

111. Compositions

14



WO 2015/200897 PCT/US2015/038182

[00039] In some embodiments the present invention provides “engineered neural cells”
and/or “engineered neural stem or progenitor cells” that comprise a nucleic acid sequence
that encodes an adenovirus E4AORF1 polypeptide, or that comprise an adenovirus E4ORF1
polypeptide, and compositions comprising such engineered cells. In those embodiments of
the invention that provide engineered neural stem or progenitor cells, such cells may be
differentiated to form engineered neural cells (such as engineered neurons or glia).
Conversely, in those embodiments of the invention that provide engineered neural cells, such
cells may have been derived from neural stem or progenitor cells, such as engineered neural
stem or progenitor cells. In some embodiments, the neural cells and/or neural stem or
progenitor cells provided herein are mammalian cells, such as human or non-human primate

cells, or rabbit, rat, mouse, goat, pig, or other mammalian cells.

[00040]  As used herein the term “neural cells” refers collectively to both neuronal cells
and glial cells. As used herein the terms “neural stem cells” and “neural progenitor cells” are
used in accordance with their accepted meanings in the art. While stem cells and progenitor
cells differ in their developmental potential (stem cells generally being at least multipotent,
while progenitor cells generally have a more limited developmental potential), the terms
“neural stem cells” and “neural progenitor cells,” as those terms are used herein, are used to
refer to cells that have the ability to produce both neuronal cells and glial cells. Some
embodiments of the present invention involve neuronal progenitors and glial progenitors.
Those terms, as used herein, refer to progenitor cells with more limited potency than neural
progenitors — with neuronal progenitors having the ability to produce neuronal cells and glial

progenitors having the ability to produce glial cells.

[00041] In some embodiments the engineered neural cells (or neural stem or progenitor
cells) provided herein are, or are derived from, cells that are gene-modified such that they
comprise one or more genetic modifications in addition to and apart from the expression of
E40RF]1. For example, such cells may comprise a corrected version of a gene known to be

involved in, or suspected of being involved in a disease or disorder that affects neural cells.

[00042] The engineered neural cells of the present invention may exist in, or be provided,
in various forms. For example, in some embodiments the engineered neural cells may
comprise a population of cells, such as an isolated population of cells. In some embodiments

the engineered neural cells may comprise a population of cells in vitro. In some
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embodiments the engineered neural 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 neural cells of the invention, for
example E4ORF1-expressing neural cells, or E4ORF1-expressing neural cells expressing at
least one, two, three, or more neural cell markers, neuronal cell markers, or glial cell markers,
such as one of the neural, neuronal, or glial cell markers described herein. In some
embodiments the engineered neural cells (or engineered neural stem or progenitor cells) may
be provided in the form of a composition containing the engineered cells and one or more
additional components. For example, in some embodiments the present invention may
provide a composition comprising a population of engineered neural cells (or engineered
neural stem or progenitor cells) as described herein together with a carrier solution, such as a
physiological saline solution, cell suspension medium, cell culture medium, or the like. In
some embodiments such compositions may be therapeutic compositions - comprising a
population of engineered neural cells (or engineered neural stem or progenitor cells) and a
carrier solution that is suitable for administration to a subject, such as a human subject. Other
therapeutically acceptable agents can be included if desired. One of ordinary skill in the art
can readily select suitable agents to be included in the therapeutic compositions depending on
the intended use. In some embodiments the engineered neural cells (or engineered neural
stem or progenitor cells) of the invention may be provided in the form of a composition (e.g.
a therapeutic composition) that contains the engineered neural cells and one or more
additional cell types. Such additional cell types may be, for example, cell types useful in the
maintenance or culture of the engineered neural cells (such as “feeder” cells, cells that
produce trophic factors, and the like), or cell types intended to be used together with the
engineered neural cells — for example for use in an in vitro model system or for use in co-
administration to a subject. Examples of such additional cell types include, but are not
limited to, other neural cells (such as astrocytes, oligodendrocytes, Schwann cells, and/or
neurons), other neural progenitor cells, endothelial cells, and pericytes. Where endothelial
cells are used, the endothelial cells may also themselves be engineered to express an E4ORF1
polypeptide. For example, E4AORF1-expressing endothelial cells to be used can be generated
as described in U.S. Patent No. 8,465,732, the contents of which are hereby incorporated by

reference.
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i..  Neuronal Cells

[00043] In those embodiments of the present invention that provide or involve neuronal
cells, the neuronal cells may be any type of neuronal cell, including central and peripheral
neurons. In some embodiments the neuronal cells are hippocampal neurons in particular. In
some embodiments the neuronal cells are, or are derived from, primary neuronal cells. In
other embodiments, the neuronal cells are derived from stem cells, progenitor cells, or non-
neuronal cells. For example, in some embodiments the neuronal cells may be derived from
neural stem cells, or neural progenitor cells, or neuronal progenitor cells. In some
embodiments the neuronal cells may be derived from pluripotent stem cells, such as
embryonic stem cells or induced pluripotent stem cells (iPSCs). Similarly, in some
embodiments the neuronal cells may be derived by trans-differentiation from other
differentiated cells such as differentiated non- neuronal cells. In some embodiments the
neuronal cells are, or are derived from, cells that are gene-modified or comprise one or more
genetic modifications in addition to and apart from the expression of E4ORF1. For example,
such cells may comprise a corrected version of a gene known to be involved in, or suspected

of being involved in a disease or disorder that affects neurons.

[00044] In some embodiments, engineered (E4ORF1-expressing) neuronal cells of the
invention have an axon length that is (or is about), on average, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 100%, 125%, 150%, 175%, 200% or more than 200% greater than
that of axons of control neuronal cells. In some embodiments, engineered (E4ORF1-
expressing) neuronal cells of the invention have a number of axonal branches per 100 um of
axon that is (or is about), on average, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
100%, 125%, 150%, 175%, 200% or more than 200% greater than the number of axonal
branches per 100 um of axon of control neuronal cells. In some embodiments, engineered
(E4ORF1-expressing) neuronal cells of the invention have a number of processes per neuron
that is (or is about), on average, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%,
125%, 150%, 175%, 200%, or more than 200% greater than the number of processes per
neuron of control neuronal cells. In some embodiments, engineered (E4ORF1-expressing)
neuronal cells of the invention have a number of axonal branches that is (or is about), on
average, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 125%, 150%, 175%,
200%, or more than 200% greater than the number of axonal branches of control neuronal

cells. In some such embodiments, the measurements referred to above are obtained 3, 4, 3, 6,
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7,8,9,10, 11, 12, 13, or 14 days after transduction or transfection of the engineered cells
with an E4ORF1 sequence. In some such embodiments, the measurements referred to above
are obtained using any standard method known in the art for measuring such neuronal
characteristics. In some such embodiments, the measurements referred to above are obtained

using a method as described in Example 2 herein, or any suitable variant of such method.

[00045] Many cell types, including neuronal cell types, tend to lose some of their normal
phenotypic characteristics when grown in culture, and particularly when transformed to
facilitate their growth in culture. For example when cells are grown in culture they may
become less differentiated and/or exhibit a decrease or loss of one or more of their usual
phenotypic characteristics. It is a particular advantage of the present invention that the
engineered neuronal cells of the invention maintain certain typical neuronal-cell specific
phenotypic characteristics even upon expression of adenovirus E4AORF1 sequences therein.
For example, in certain embodiments, engineered neuronal cells according to the present
invention express one or more markers normally-expressed by one or more subtypes of
neuronal cells, including, but not limited to, the pan neuronal markers BIII tubulin, MAP2,
tau, NeuN and/or neurofilament. The engineered neuronal cells of the invention may also
retain one or more other characteristics of neuronal cells including, but not limited to, lincage
identity, morphological / structural characteristics (such as the presence of axons, dendrites,
synaptic terminals, synaptic and other connections between neurons, morphological
interactions with glial cells, and the like), electrophysiological or other physiological
characteristics (including electrical excitability, ion channel activity, neurotransmitter
receptor activity, action potential transmission, synaptic transmission, synaptic plasticity,
long-term potentiation, and the like), biochemical characteristics (such as expression and/or
release of neurotransmitters, expression and/or activation of neurotransmitter receptors,
expression of neuronal marker proteins, and the like), and/or any other biological

characteristics of neurons known in the art.
il. Glial Cells

[00046] In those embodiments of the present invention that involve glial cells, the glial
cells may be astrocytes, oligodendrocytes, ependymal cells, radial glia, Schwann cells,
satellite cells, enteric glial cells, or microglial cells. In some embodiments the glial cells are

astrocytes in particular. In some embodiments the glial cells are, or are derived from,
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primary glial cells. In other embodiments, the glial cells are derived from stem cells,
progenitor cells, or non-glial cells. For example, in some embodiments the glial cells may be
derived from neural stem cells, or neural progenitor cells, or glial progenitor cells. In some
embodiments the glial cells may be derived from pluripotent stem cells, such as embryonic
stem cells or induced pluripotent stem cells (iPSCs). Similarly, in some embodiments the
glial cells may be derived by trans-differentiation from other differentiated cells such as

differentiated non-glial cells.

[00047] In some embodiments the glial cells are, or are derived from, cells that are gene-
modified or comprise one or more genetic modifications in addition to and apart from the
expression of EAORF1. For example, such cells may comprise a corrected version of a gene
known to be involved in, or suspected of being involved in a disease or disorder that affects

glial cells.

[00048] In some embodiments, engineered (E4ORF1-expressing) glial cells of the
invention have a proliferation rate that is, or is about, or is at least, or is at least about, on
average, 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 8-fold, 10-fold, or more than 10-fold
greater than that of control glial cells. In some embodiments, the engineered (E4ORF1-
expressing) glial cells of the invention exhibit an increase in cell number at about three weeks
following transduction or transfection with EAORF]1 that is, or is about, or is at least, or is at
least about, 4-fold, 5-fold, 6-fold, or more than 6-fold greater than the increase in cell number
in control glial. In some embodiments, engineered (E4ORF 1-expressing) glial cells of the
invention can be maintained in culture for more than 2, more than 3, or more preferably more
than 4, 5, 6, 7, 8, 9, or 10 passages while still maintaining high viability and/or while
continuing to maintain a glial phenotype (for example as determined by morphology and/or
expression of glial markers, such as glial fibrillary acidic protein (GFAP) in the case of
astrocytes. In some embodiments, the engineered (E4ORF1-expressing) glial cells of the
invention can be maintained in culture for a greater number of passages without a significant
decrease in viability and/or without significant loss of the glial phenotype (for example as
determined by morphology and/or expression of glial markers, such as GFAP) as compared
to control glial cells. In some such embodiments, the measurements of proliferation rates and
cell numbers, and assessment of passaging success in the glial cells, may be performed using

any standard methods known in the art for measuring/assessing such characteristics. In some
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such embodiments, the measurements referred to above are obtained using a method as

described in Example 1 herein, or any suitable variant of such method.

[00049] It 1is a particular advantage of the present invention that the engineered glial cells
of the invention maintain certain typical glial-cell specific phenotypic characteristics even
upon expression of adenovirus E4ORF1 sequences therein. For example, in certain
embodiments, engineered glial cells according to the present invention express one or more
markers normally expressed by one or more subtypes of glial cells, including, but not limited
to, glial fibrillary acid protein (GFAP), glial cell-derived neurotrophic factor (GDNF), and
GLT-1. For example, in embodiments where the glial cells are astrocytes, the glial cells may
express GFAP. The engineered glial cells of the invention may also retain one or more other
phenotypic characteristics typical of glial cells. For example, in the case of engineered
astrocytes, the phenotypic characteristics that may be maintained include, but are not limited
to, morphological / structural characteristics (such as the typical star-like branching
morphology of astrocytes, association with neuronal synapses, “vascular feet" that connect
astrocytes to capillary walls, and the like), electrophysiological and other physiological
characteristics (including ion channel activity, regulation of ion concentration in the
extracellular space, and the like), biochemical characteristics (such as expression and/or
release and/or uptake of neurotransmitters such as glutamate, expression of astrocyte marker
proteins, metabolic support to neurons, and the like), neuronal guidance, formation of glial

scar tissue, and/or any other biological characteristics of astrocytes known in the art.

V. Methods and Applications

[00050] The engineered neural cells and/or engineered neural stem or progenitor cells
provided by the present invention have certain properties that can make them useful in a
variety of different applications. Similarly, the methods provided herein for making such
engineered neural cells and/or engineered neural stem or progenitor cells can be used in a
variety of different settings. In general, the engineered neural cells and neural stem or
progenitor cells provided herein can be used for any application in which non-engineered (i.e.
non-E40FR1-expressing) neural cells or neural stem or progenitor cells are currently used or
could be used. For example, in the case of engineered neural stem or progenitor cells, such
cells may be used for any applications for which neural stem or progenitor cells are currently

used or could be used (including, but not limited to, for research purposes and/or for
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therapeutic purposes, such as for transplantation into a subject for regenerative therapy, for
example for treatment of Parkinson’s diseases, Huntington’s disease, multiple sclerosis of
other diseases or disorders affecting the nervous system), or may be used to generate a
population of engineered differentiated neural cells, which may then in turn be used for any
applications for which differentiated neural cells are currently used or could be used,
including, but not limited to, for research purposes and for therapeutic purposes — similarly to

the uses described above for neural stem and progenitor cells.

[00051] The increased cellular proliferation rates and passage numbers exhibited by
E40ORF1-expressing glial cells as compared to control (i.e. non-E4ORF-1 expressing) glial
cells can make it advantageous to use the engineered glial cells of the present invention in
place of other glial cells in a variety of methods including, methods for generating or
maintaining cultures of glial cells, methods for deriving glial cells from stem or progenitor
cells, methods of deriving glial cells from differentiated non-glial cells (e.g. by
transdifferentiation), basic scientific research applications, target discovery applications, drug
discovery applications, and drug efficacy, toxicity, and/or safety testing applications. In
some embodiments, the engineered glial cells of the invention may be used in co-culture
methods — for example involving co-culture of glial cells with neuronal cells. In some
embodiments, the engineered glial cells of the invention may be used in disease models, or
other biological model systems, such as blood-brain-barrier model systems. Furthermore, in
some embodiments engineered glial cells may be useful in therapeutic applications for which
non-engineered glial cells are used or could be used, including, but not limited to, in vivo cell
transplantation procedures, for example for regenerative medicine applications. For example,
in some embodiments engineered glial cells or neural stem or progenitor cells may be
generated or used in connection with an in vivo transplantation procedures, for example to
treat a disease, disorder or condition associated with a glial cell defect, a glial cell deficiency,
or glial cell damage. Examples of such diseases, disorders and conditions include, but are not
limited to, those associated with traumatic brain injury, spinal cord injury, neurodegenerative
diseases, neurodevelopmental diseases, and diseases associated with demyelination or
dysmyelination of neurons, including, but not limited to, multiple sclerosis (MS), post viral
acute demyelination, transverse myelitis, chronic inflammatory demyelinating
polyneuropathy (CIDP), Guillain-Barre Syndrome, progressive multifocal
leukoencephalopathy (PML), leukodystrophies, adrenoleukodystrophy, Krabbe
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leukodystrophy, metachromatic leukodystrophy, Alexander disease, Canavan disease,

Cockayne syndrome, and Pelizacus-Merzbacher disease.

[00052] Similarly, the increased axon length, increased numbers of minor processes, and
increased number of branches per axon exhibited by E4ORF1-expressing neuronal cells as
compared to control (i.e. non-E4ORF-1 expressing) neuronal cells can make it advantageous
to use the engineered neuronal cells (or neural stem of progenitor cells that can become
engineered neuronal cells) of the invention in place of other neuronal cells (or neural stem of
progenitor cells) in a variety of methods, including methods for generating or maintaining
cultures of neuronal cells, methods for deriving neuronal cells from stem or progenitor cells,
methods of deriving neuronal cells from differentiated non-neuronal cells (e.g. by
transdifferentiation), basic scientific research applications, target discovery applications, drug
discovery applications, and drug efficacy, toxicity, and/or safety testing applications. In
some embodiments, the engineered neuronal cells of the invention may be used in co-culture
methods — for example involving co-culture of glial cells with neuronal cells. In some
embodiments, the engineered neuronal cells of the invention may be used in disease models,
or other biological model systems, such as blood-brain-barrier model systems. Furthermore,
in some embodiments the engineered neuronal cells (or neural stem of progenitor cells that
can become engineered neuronal cells) may be useful in therapeutic applications for which
non-engineered neuronal cells or neuronal stem or progenitor cells are used or could be used,
including, but not limited to, regenerative medicine applications. For example, in some
embodiments the engineered neuronal cells or neural stem or progenitor cells may be used in
an in vivo transplantation procedure, for example to treat a disease, disorder or condition
associated with a neuronal cell defect, a neuronal cell deficiency, or neuronal cell damage.
Examples of such diseases, disorders and conditions include, but are not limited to, those
associated with traumatic brain injury, spinal cord injury, neurodegenerative diseases and
neurodevelopmental diseases, including, but not limited to Alzheimer’s Disease, Parkinson’s

Disease, Huntington’s disease, and amyotrophic lateral sclerosis (ALS).

[00053] As mentioned above, in some embodiments the engineered cells of the present
invention can be used in various therapeutic applications. Thus, in some aspects, the present
invention provides various therapeutic methods, such as methods for treating subjects in need
thereof by administering to such subjects an effective amount of engineered EAORFI1-

expressing neural cells (or of a composition comprising engineered EAORF1-expressing
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neural cells), or an effective amount of engineered neural stem or progenitor cells. In such
treatment methods, the cells can be administered to subjects using any suitable means known
in the art. For example, the cells can be administered by injection or infusion into the blood
stream or tissue at a desired location. For example, in the case of treatment of diseases,
disorders, or conditions of the nervous system, engineered cells according to the present
invention may be administered directly into, or in the vicinity of, the affected areas of the
nervous system. In the case of treatment of specific neural injuries or specific neural lesions,
the cells may be administered directly into, or in the vicinity of, the site of the injury or
lesion, for example the site of a spinal cord injury or lesion. In some embodiments the
engineered neural cells (or engineered neural stem or progenitor cells) of the invention may
administered together with one or more additional cell types. Such additional cell types may
be, for example, cell types useful for supporting the maintenance or survival of the
engineered neural cells (such as “feeder” cells, cells that produce trophic factors, and the
like), and/or cell types that may provide some additional therapeutic benefit. Examples of
such additional cell types include, but are not limited to, other neural cells (such as astrocytes,
oligodendrocytes, Schwann cells, and/or neurons), other neural progenitor cells, endothelial
cells, and pericytes. Where endothelial cells are to be used, the endothelial cells may also
themselves be engineered to express an E4ORF1 polypeptide. Such E4ORF1-expressing
endothelial can be generated as described in U.S. Patent No. 8,465,732, the contents of which
are hereby incorporated by reference. The engineered cells can be administered in a single
dose or in multiple doses. The skilled artisan will be able to select a suitable method of

administration according and a suitable dosing regimen depending on the desired use.

[00054] Similarly, in other embodiments engineered cells of the present invention can be
created in vivo in various therapeutic applications. Thus, in some aspects, the present
invention provides various therapeutic methods, such as methods for treating subjects in need
thereof, which comprise administering to such subjects an effective amount of an E4ORF1-
encoding nucleotide sequence (for example in a suitable vector, and/or under the control of a
suitable promoter) such that neural cells in the subject are transfected or transduced with the
E40RF1 sequence and become engineered neural cells in vivo. In such treatment methods,
the nucleotide molecules can be administered to subjects using any suitable means known in
the art. For example, the nucleotide molecules (for example in a suitable vector) can be

administered by injection or infusion into the blood stream or tissue at a desired location. For
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example, in the case of treatment of diseases, disorders, or conditions of the nervous system,
the nucleic acid molecules may be administered directly into, or in the vicinity of, the
affected arecas of the nervous system. In the case of treatment of specific neural injuries or
specific neural lesions, the nucleic acid molecules may be administered directly into, or in the
vicinity of, the site of the injury or lesion, for example the site of a spinal cord injury or
lesion. The nucleic acid molecules can be administered in a single dose or in multiple doses.
The skilled artisan will be able to select a suitable method of administration according and a

suitable dosing regimen depending on the desired use.

[00055] Many neural cells are notoriously difficult to grow or maintain in culture without
immortalization or without the use of feeder cells. Through expression of adenovirus
E40RF1 in such cells, the present invention can provide a means to facilitate the culture of
such cell types — without compromising the cells’ phenotypic integrity or lineage identity.
For example, it is a particular advantage of the present invention that engineered E4AORF1-
expressing neural cells have certain features that may facilitate cell culture or may result in
the generation of superior cell cultures. For example, engineered glial cells of the invention
have higher proliferation rates than control glial cells, and engineered glial cells have certain
enhanced morphological features as compared to control neural cells. Methods of culturing
cells are well known in the art and any suitable cell culture methods can be used. For
example, the engineered glial cells of the invention can be cultured using methods known to
be useful for culturing non-engineered glial cells and the engineered neuronal cells of the
invention can be cultured using methods known to be useful for culturing non-engineered
neuronal cells. In some embodiments cell culture can be performed 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 cells of the invention can also be cryopreserved.
One of skill in the art can readily culture and cryopreserve cells, such as the E4AORF1-
expressing neural cells of the invention, using methods known to those skilled in the art, such
as the methods described in Culture of Animal Cells: A Manual of Basic Technique, 4th
Edition (2000) by R. Ian Freshney ("Freshney"), the contents of which are hereby

incorporated by reference.

[00056] In some embodiments, the present invention provides feeder cells, conditioned
medium, and cell products that comprise, or are derived from, engineered neural cells of the

invention and that can be useful to support the survival or growth of other cells, such as other
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neural cells (including non-engineered neural cells). For example, in one embodiment a
population of engineered glial cells can be used as feeder cells to support the growth of
neurons, or a population of engineered neuronal cells can be used as feeder cells to support
the growth of glial cells. Similarly, in other embodiments the present invention may provide
conditioned cell culture medium obtained from a culture of engineered neural cells of the
invention, or cell products (such as total cell lysates, cell fractions, or specific cell products)

obtained from a culture of engineered neural cells of the invention.

[00057] In some embodiments the present invention provides a co-culture method for
culturing a population of neurons, the method comprising: culturing a population of neurons
and a population of engineered glial cells together in the same culture vessel, wherein the
engineered glial cells contain a nucleotide sequence that encodes an adenovirus E4AORF1
polypeptide or contain an adenovirus EAORF1 polypeptide. In some such embodiments the
engineered glial cells form a feeder cell layer on a surface of the culture vessel, and the
neurons may be placed on the feeder cell layer. In another embodiment the present invention
provides a method of culturing neurons comprising: contacting a population of neurons with
glial-cell conditioned medium, wherein the glial-cell conditioned medium is obtained from a
culture of engineered glial cells, and wherein the engineered glial cells contain a nucleotide
sequence that encodes an adenovirus E4AORF1 polypeptide or contain an adenovirus E4AORF1
polypeptide. Similarly, in another embodiment the present invention provides a method of
culturing neurons comprising: (a) obtaining a population of engineered glial cells, wherein
the engineered glial cells contain a nucleotide sequence that encodes an adenovirus E4ORF1
polypeptide or contain an adenovirus E4ORF]1 polypeptide, (b) culturing the engineered glial
cells in a culture vessel, (¢) collecting conditioned medium from the culture vessel, (d) adding
the conditioned medium to a culture of neurons, and (e) culturing the neurons. In some
embodiments the present invention also provides conditioned cell culture medium obtained
from a culture of engineered glial cells, wherein the engineered glial cells contain a
nucleotide sequence that encodes an adenovirus E4ORF1 polypeptide or contain an

adenovirus E4ORF1 polypeptide.

[00058] In some embodiments the engineered neural cells of the present invention may be
useful in an in vitro blood brain barrier model system. For example, such a system may
comprise a population of engineered glial cells, wherein the engineered glial cells contain a

nucleotide sequence that encodes an adenovirus E4ORF1 polypeptide or contain an

25



WO 2015/200897 PCT/US2015/038182

adenovirus E4ORF1 polypeptide. Similarly, in some embodiments the present invention
provides an in vitro blood brain barrier model system or kit comprising: (a) a population of
engineered glial cells, wherein the engineered glial cells contain a nucleotide sequence that
encodes an adenovirus E4AORF1 polypeptide or contain an adenovirus E4AORF1 polypeptide,
(b) pericytes, and (c) endothelial cells. In each of such embodiments the engineered glial

cells may be astrocytes.
V. Kits

[00059] The present invention also provides kits for carrying out the various methods
described herein and/or for producing the engineered cells provided herein. Such kits may
contain any of the components described herein, including, but not limited to, EAORF1
sequences (for example in a vector), neural cells (such as neurons or glia), populations of
engineered neural cells (such as engineered neurons or glia), control non-engineered neural
cells, sample/standard engineered neural cells, means or compositions for detection of
E40RF1 sequences or EAORF1 polypeptides (e.g. nucleic acid probes, antibodies, etc.),
media or compositions useful for maintaining or expanding neural cells or engineered neural
cells, media conditioned by engineered glial cells, means or compositions for administering
engineered neural cells to a subject, or any combination thereof. In some embodiments the
present invention provides kits comprising engineered glial cells, such as astrocytes, for use
in an in vitro blood brain barrier model system. For example, in one embodiment the present
invention provides a kit comprising a population of engineered astrocytes as described herein
as well as pericytes and endothelial cells. All such kits may optionally comprise instructions
for use, containers, culture vessels and the like. A label may accompany the kit and may
include any writing or recorded material, which may be electronic or computer readable form
(e.g., disk, optical disc, memory chip, or tape) providing instructions or other information for

use of the kit contents,

[00060] Certain aspects of the present invention may be further described in the following

non-limiting Examples.
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EXAMPLES

Example 1: Generation and Characterization of E4ORF1-Expressing Astrocytes

[00061] Methods. 10-12 P1 postnatal mouse pups were sacrificed, and the brains were
isolated into dissection medium. The two cerebral hemispheres were tweezed apart and the
meninges and the olfactory bulbs were carefully removed. Fine scissors were used to mince
the tissues into small pieces (about 0.5mm diameter). The small tissue pieces were collected
and transferred with the dissection medium into a 15 ml conical tube. The tissue pieces were
allowed to settle (~ 1-2 minutes), and were then removed from the dissection medium
carefully. 6-8 ml of TrypLE was added to the conical tube and the cap closed tightly. The
tube was flipped up and down 3 times followed by placing the tube in a water bath at 37°C
for 15 minutes, while swirling the tube occasionally. The TrypLE was then removed without
disturbing the diced tissue and 1-2 ml of astrocyte culture medium was added. DNAse was
added for 1 minute while agitating the tube by frequent tapping. The tissue pieces were then
rinsed with astrocyte culture medium 3 times. The tissue pieces were then triturated in ~ 1ml
of astrocyte culture medium by passing the tissue pieces and medium up and down 15 times
through a plastic P1000 pipette tip, followed by triturating the tissue and medium once using
a flame polished glass pipette. The triturated cell suspension was then centrifuged for 5
minutes at 400g and the supernatant was then removed. The cell pellet was resuspended in 5
ml astrocyte culture medium, before plating the cells on a T25 flask and then incubating them
in a regular cell culture incubator. The medium was replaced with fresh astrocyte culture
medium every day for 6 days after firmly patting the flasks 5-8 times to remove weakly
adherent non-astroglial cells. On day 7, the cells were transduced with E4AORF1 lentivirus
(40-50 ul concentrated virus) using polybrene (8 ug/ml, medium without antibiotics). After
24 hours the infection medium was replaced with regular astrocyte culture medium. The

cells were passaged upon reaching confluence.

[00062] Materials. P1 B6 postnatal mouse pups were used. The dissection medium was
L15 medium supplemented with 1X B27 supplement and 1X penicillin/streptomycin. The
astrocyte culture medium was MEM Medium supplemented with 10% horse serum, 0.6%
glucose, 1X GlutaMax, and 1X penicillin/streptomycin. T25/T75 culture flasks,
TrypLE/Accutase, and DNAse were also used.
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[00063] Results. One week after E4AORF1 transduction the E4AORF1-expressing astrocytes
exhibited a 3-5 fold increase in cell numbers as compared to control astrocytes that were not
transduced with EAORF1. By three weeks after EAORF1 transduction the E4AORF1-
expressing astrocytes exhibited a 5-6 fold increase in cell numbers as compared to the control
astrocytes. The E4ORF1 astrocyte cells were also able to be passaged for larger numbers of
population doublings than controls without any detrimental effects noted. The E4ORF1
astrocytes maintained high viability after 4 passages, and appeared to maintain their astroglial
phenotype — they expressed glial fibrillary acidic protein (GFAP) and their morphology and
morphological heterogeneity was comparable to that of the control cells. Neither NG2 nor

CD31 expression was detected.

Example 2: Generation and Characterization of EAORF1-Expressing Neurons

[00064] Methods. Embryonic day 18 (E18) mouse embryos were sacrificed, and the
brains were isolated into dissection medium. The two cerebral hemispheres were tweezed
apart and the meninges and the olfactory bulbs were carefully removed. The hippocampi
were carefully isolated from the hemispheres. Fine scissors were used to mince the tissues
into small pieces (about 0.5mm diameter). The small tissue pieces were collected and
transferred with the dissection medium into a 15 ml conical tube. The tissue pieces were
allowed to settle (~ 1-2 minutes), and were then removed from the dissection medium
carefully. 6-8 ml of TrypLE was added to the conical tube and the cap closed tightly. The
tube was flipped up and down 3 times followed by placing the tube in a water bath at 37°C
for 15 minutes, while swirling the tube occasionally. The TrypLE was then removed without
disturbing the diced tissue and 1-2 ml of neuronal plating medium was added. DNAse was
added for 1 minute while agitating the tube by frequent tapping. The tissue pieces were then
rinsed with neuronal plating medium 3 times. The tissue pieces were then triturated in ~ 1ml
of neuronal plating medium by passing the tissue pieces and medium up and down 10 times
through a plastic P1000 pipette tip, followed by triturating the tissue and medium once using
a flame polished glass pipette. The triturated cell suspension was then centrifuged for 5
minutes at 400g and the supernatant was then removed. The cell pellet was resuspended in 5
ml neuronal plating medium, before plating the cells on poly-L-lysine coated surface of 24
well plates or on polylysine coated glass coverslips (100,000 per coverslip in a well a 24-well
plate) and then incubating them in a regular cell culture incubator. The next day (day 3), the

cells were transduced with E4ORF1 lentivirus (2 ul concentrated virus) or with E4ORF1

28



WO 2015/200897 PCT/US2015/038182

lentivirus along with turboGFP lentivirus (Evrogen Inc., 5-10ul concentrated virus in total)
using polybrene (8 ug/ml, medium without antibiotics). Neurons transduced with only
turboGFP served as controls. After 16 or 24 hours the infection medium was replaced with
regular neuronal plating medium or with neuronal plating medium plus laminin (0.01mg/ml).
Half of the volume of the culture medium was changed every 4-5 days. Cells to be used for

imaging were kept for 4-5 days before fixation and imaging by confocal microscopy.

[00065] Materials. E18 pregnant B6 mouse. The dissection medium was L.15 medium
supplemented with 1X B27 supplement and 1X penicillin/streptomycin. The plating medium
was Neurobasal Medium supplemented with 5% FBS, 0.6% glucose, 1X GlutaMax, and 1X
penicillin/streptomycin, 1X B27 supplement. 24 well plates which were coated with poly-L-
lysine (1mg/ml), TrypLE, and DNAse were also used.

[00066] Results. Neurons expressing EAORF1 were found to have increased axon lengths
as compared to neurons not expressing E4AORF1 (average axon length of 1254.5+137.2um as
compared to 835.3£146.2um in controls) (see Figure 1A), increased minor process number
per neuron as compared to neurons not expressing E4AORF1 (5.73+0.43 per neuron as
compared to 4.04+0.38 per neuron in controls) (see Figure 1B), and increased number of
primary axonal branches per axon as compared to neurons not expressing E4ORF1
(6.74£0.71 as compared to 2.91+0.33 in the control group) (see Figure 1C). These
differences were all statistically significant (p < 0.05). Tables 1, 2, 3, and 4 below provide
some additional data from these experiments. Engineered (E4ORF1-expressing)
hippocampal neurons were found to maintain a typical neuronal morphology and expressed
pan neuronal markers such as BIII tubulin, MAP2, tau, NeuN and neurofilament. Figure 2
provides some illustrative microscopy images of control (Figures 2A, 2B, and 2C) and

E40ORF1-expressing neurons (Figures 2D, 2E, and 2F).
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Table 1. Characteristics of E4AORF1-Expressing Neurons

Axon length | Axonal Process Branches per
(um) branches | number 100 um of axon
1746 8 5 0.46
1359 10 7 0.74
2003 12 5 0.60
1393 5 7 0.36
1535 3 4 0.20
359 11 9 3.06
552 7 11 1.27
1324 7 10 0.53
2138 17 5 0.80
943 6 5 0.64
1217 9 3 0.74
736 8 6 1.09
1161 6 7 0.52
2407 3 5 0.12
845 5 4 0.59
1568 7 7 0.45
379 3 6 0.79
2529 5 5 0.20
2036 4 3 0.20
731 6 1. 5 0.82
677 6 5 0.89
853 3 4 0.35
362 4 4 1.10
Mean | Mean 6.74 | Mean 5.74 Mean
1254.48 0.72
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Table 2. Characteristics of Control (Non-E40ORF1-Expressing) Neurons

Axon length | Axonal Process Branches per
(um) branches | number 100 um of axon
1555 4 8 0.26
773 2 4 0.26
1649 4 5 0.24
2741 3 6 0.11
443 3 4 0.68
205 1 5 0.49
573 4 4 0.70
316 1 5 0.32
245 2 2 0.82
1395 3 1 0.22
458 1 6 0.22
936 2 4 0.21
318 4 3 1.26
344 2 1 0.58
2417 7 3 0.29
421 3 5 0.71
851 5 3 0.59
249 1 4 0.40
1026 3 3 0.29
1106 4 4 0.36
620 1 3 0.16
210 2 2 0.95
361 5 8 1.39
Mean 835.30 | Mean 2.91 | Mean 4.04 Mean
0.50
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Table 3. Characteristics of E4AORF1 vs. Control Neurons

E40RF1 Control E40RF1 Control
axon axon process process
length length number | number
Mean 1254.5 835.3 5.7 4.0
Standard 137.2 146.2 04 04
Error
Median 1217.0 573.0 5.0 4.0
Mode #N/A #N/A 5.0 4.0
Standard 658.1 701.2 2.1 1.8
Deviation
Sample | 433118.1 | 491721.0 43 34
Variance
Kurtosis -0.8 1.8 1.0 0.3
Skewness 0.4 1.5 1.1 0.5
Range 2170.0 2536.0 8.0 7.0
Minimum 359.0 205.0 3.0 1.0
Maximum 2529.0 2741.0 11.0 8.0
Sum 28853.0 19212.0 132.0 93.0
Count 23.0 23.0 23.0 23.0

Table 4. Additional Characteristics of E4AORF1 vs. Control Neurons

E40RF1 Control E40RF1 Control

branches per | branches per axonal axonal

100 um of 100 um of branches | branches

axon axon

Mean 0.72 0.50 6.74 291

Standard 0.12 0.07 0.70 0.33
Error

Median 0.60 0.36 6.00 3.00

Mode #N/A #N/A 3.00 4.00

Standard 0.60 0.35 3.39 1.56
Deviation

Sample 0.36 0.12 11.48 245
Variance

Kurtosis 11.10 1.01 2.55 0.48

Skewness 291 1.25 1.39 0.70

Range 2.94 1.28 14.00 6.00

Minimum 0.13 0.11 3.00 1.00

Maximum 3.06 1.39 17.00 7.00

Sum 16.50 11.49 155.00 67.00

Count 23.00 23.00 23.00 23.00

[00067] The present invention is further described by the following claims.
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[00068] Throughout the description and claims of the specification, the word “comprise” and
variations of the word, such as “comprising” and “comprises”, is not intended to exclude other

additives, components, integers or steps.

[00069] A reference herein to a patent document or other matter which is given as prior art is
not to be taken as admission that the document or matter was known or that the information it

contains was part of the common general knowledge as at the priority date of any of the claims.
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CLAIMS

We claim;

10.

11.

. A substantially pure, isolated population of engineered neural cells, neural stem cells, or

neural progenitor cells that: (a) comprise a nucleic acid sequence that encodes an
adenovirus EAORF1 polypeptide operably linked to a promoter or comprise an
adenovirus EAORF1 polypeptide, (b) do not comprise the entire adenovirus E4 region,
and (c¢) do not comprise nucleic acid sequences that encode adenovirus EAORF2,

E4ORF3, EAORF4, EAORFS5 or EAORF6 polypeptides.
The population of claim 1, wherein the engineered neural cells are neuronal cells.

The population of claim 2, wherein the engineered neuronal cells are hippocampal

ncurons.

The population of claim 2 or 3, wherein the neuronal cells express one or more markers

selected from the group consisting of BIII tubulin, MAP2, tau, NeuN and neurofilament.
The population of claim 1, wherein the engineered neural cells are glial cells.

The population of claim 5, wherein the glial cells are selected from the group consisting
of astrocytes, oligodendrocytes, ependymal cells, radial glia, Schwann cells, satellite

cells, and enteric glial cells.
The population of claim 5, wherein the glial cells are astrocytes.

The population of any one of claims 5 to 7, wherein the engineered glial cells express one
or more markers selected from the group consisting of glial fibrillary acid protein

(GFAP), glial cell-derived neurotrophic factor (GDNF), and GLT-1.

The population of claim 5, wherein the engineered glial cells are GFAP-positive

astrocytes.

The population of claim 1, wherein the engineered neural cells are, or are derived from,

primary neural cells.

The population of claim 1, wherein the engineered neural cells are derived from stem

cells, progenitor cells, or non-neural cells,.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

The population of claim 1, wherein the engineered neural cells are derived from

pluripotent stem cells.

The population of claim 12, wherein the pluripotent stem cells are embryonic stem cells

or induced pluripotent stem cells (iPSCs).

The population of claim 1, wherein the engineered neural cells are derived by

reprogramming of non-neural cells.

The population of claim 1, wherein the engineered neural cells are derived by trans-

differentiation from non-neural cells.

The population of any one of claims 1 to 15, wherein the engineered neural cells, neural

stem cells, or neural progenitor cells are mammalian cells.

The population of any one of claims 1 to 16, wherein the engineered neural cells, neural

stem cells, or neural progenitor cells are human cells.

The population of any one of claims 1 to 17, wherein the population is a substantially

pure population of engineered neural cells, neural stem cells, or neural progenitor cells.

The population of any one of claims 1 to 18, wherein the engineered neural cells, neural

stem cells, or neural progenitor cells are in vitro.

Use of a population of cells according to any one of claims 1 to 19 in an in vivo

transplantation procedure.

Use of a population of cells according to any one of claims 1 to 19 in a method of treating
a disease, disorder, or condition associated with a neural cell defect, a neural cell

deficiency, or neural cell damage.

A method of treating a disease, disorder, or condition associated with a neural cell defect,
a neural cell deficiency, or neural cell damage, the method comprising administering to a
subject in need thereof a population of engineered neural cells according to any one of

claims 1 to 19.

The method of claim 21, wherein the disecase, disorder or condition is selected from the

group consisting of traumatic brain injury, spinal cord injury, multiple sclerosis (MS),
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24.

25.

26.

27.

28.

29.

post viral acute demyelination, transverse myelitis, chronic inflammatory demyelinating
polyneuropathy (CIDP), Guillain-Barre Syndrome, progressive multifocal
leukoencephalopathy (PML), leukodystrophies, adrenoleukodystrophy, Krabbe
leukodystrophy, metachromatic leukodystrophy, Alexander disease, Canavan disease,

Cockayne syndrome, and Pelizacus-Merzbacher disease.

The method of claim 21, wherein the disease, disorder or condition is a neurodegenerative
disease, a neurodevelopmental disease, or disease associated with demyelination or

dysmyelination or neurons.

A composition comprising the cell population of any one of claims 1 to 19 and a carrier

solution.

A therapeutic composition comprising the cell population of any one of claims 1 to 19

and a carrier solution suitable for administration to a living subject.

A method of producing a population of engineered neural cells, neural stem cells, or
neural progenitor cells according to any one of claims 1 to 19, the method comprising:
introducing a nucleic acid molecule encoding an adenovirus E4AORF1 protein into one or
more neural cells, neural stem cells, or neural progenitor cells, thereby producing

engineered neural cells, neural stem cells, or neural progenitor cells.

A method of producing a population of engineered neural cells, neural stem cells, or
neural progenitor cells, the method comprising: (a) obtaining a population of engineered
neural cells, neural stem cells, or neural progenitor cells, wherein the engineered neural
cells, neural stem cells, or neural progenitor cells comprise a nucleic acid sequence that
encodes an adenovirus EAORF1 polypeptide, and (b) culturing the engineered neural

cells, neural stem cells, or neural progenitor cells.

A method of producing a population of engineered neural cells, neural stem cells, or
neural progenitor cells, the method comprising: (a) obtaining one or more neural cells,
neural stem cells, or neural progenitor cells, (b) introducing a nucleic acid molecule
encoding an adenovirus EAORF1 polypeptide into the one or more neural cells, neural
stem cells, or neural progenitor cells, to produce engineered neural cells, neural stem
cells, or neural progenitor cells, and (c) culturing the engineered neural cells, neural stem

cells, or neural progenitor cells.
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30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

A method of producing a population of engineered neural cells, the method comprising:
(a) introducing a nucleic acid molecule encoding an adenovirus E4AORF1 polypeptide into
one or more stem or progenitor cells to form engineered stem or progenitor cells, and (b)
differentiating the engineered stem or progenitor cells into neural cells, thereby producing

a population of engineered neural cells.

A method of producing a population of engineered neural cells, the method comprising:
(a) obtaining a population of engineered stem or progenitor cells that comprise a nucleic
acid sequence that encodes an adenovirus E4AORF1 polypeptide, and (b) differentiating
the one or more engineered neural stem or progenitor cells in order to produce engineered

neural cells.

The method of claim 27, 30, or 31 further comprising culturing the culturing the

engineered neural cells, neural stem cells, or neural progenitor cells.

The method of any one of claims 27 to 32, wherein the engineered neural cells express an

adenovirus EAORF1 polypeptide.

The method of any one of claims 27 to 33, wherein the nucleic acid molecule is

introduced into the neural cells, neural stem cells, or neural progenitor cells in vitro.

The method of claim 27 or 30, wherein the nucleic acid molecule is introduced into the

neural cells, neural stem cells, or neural progenitor cells in vivo.

The method of claim 30 or 31, wherein the stem or progenitor cells are neural stem or

progenitor cells.
The method of claim 30 or 31, wherein the stem cells are pluripotent stem cells.

The method of claim 37, wherein the pluripotent stem cells are embryonic stem cells or

induced pluripotent stem cells (iPSCs).

The method of claim 27, 29, or 30, wherein the introducing step is performed by

transfection.

The method of claim 39, wherein the transfection is performed using a method selected

from the group consisting of liposome-mediated transfection, polybrene-mediated
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41.

42.

43.

44,

45.

46.

47.

transfection, DEAE dextran-mediated transfection, electroporation, calcium phosphate

precipitation, microinjection, and micro-particle bombardment.

The method of claim 27, 29, or 30, wherein introducing step is performed by viral-

mediated transduction.

The method of claim 41, wherein the viral-mediated transduction is performed using a
method selected from the group consisting of lentivirus-mediated transduction,
adenovirus-mediated transduction, retrovirus-mediated transduction, adeno-associated

virus-mediated transduction and herpesvirus-mediated transduction.

A co-culture method for culturing a population of neurons, the method comprising:

culturing a population of neurons and a population of engineered glial cells together in the

same culture vessel, wherein the engineered glial cells contain a nucleotide sequence that
encodes and adenovirus E4AORF1 polypeptide or contain an adenovirus E4AORF1
polypeptide.

The method of claim 43, wherein the engineered glial cells form a feeder cell layer on a

surface of the culture vessel.
The method of claim 44, wherein the neurons are placed on the feeder cell layer.

A method of culturing neurons, comprising: contacting a population of neurons with
glial-cell conditioned medium, wherein the glial-cell conditioned medium is obtained
from a culture of engineered glial cells, wherein the engineered glial cells contain a
nucleotide sequence that encodes and adenovirus E4ORF1 polypeptide or contain an

adenovirus EAORF1 polypeptide.

A method of culturing neurons, the method comprising: (a) obtaining a population of
engineered glial cells, wherein the engineered glial cells contain a nucleotide sequence
that encodes and adenovirus E4AORF1 polypeptide or contain an adenovirus E4AORF1
polypeptide, (b) culturing the engineered glial cells in a culture vessel, (¢) collecting
conditioned medium from the culture vessel, (d) adding the conditioned medium to a

culture of neurons, and (e) culturing the neurons.
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48.

49.

50.

51.

52.

53.

54.

55.

56

A conditioned cell culture medium obtained from a culture of engineered glial cells,
wherein the engineered glial cells contain a nucleotide sequence that encodes an

adenovirus E4ORF1 polypeptide or contain an adenovirus E4AORF1 polypeptide.

An in vitro blood brain barrier model system comprising a population of engineered glial
cells according to claim 5, wherein the engineered glial cells contain a nucleotide
sequence that encodes an adenovirus EAORF1 polypeptide or contain an adenovirus

E40RF1 polypeptide.
The system of claim 49, wherein the engineered glial cells are astrocytes.

An in vitro blood brain barrier model system or kit comprising: (a) a population of
engineered glial cells according to claim 5, wherein the engineered glial cells contain a
nucleotide sequence that encodes an adenovirus E4AORF1 polypeptide or contain an

adenovirus E4ORF1 polypeptide, (b) pericytes, and (c) endothelial cells.
The model or system of claim 51, wherein the engineered glial cells are astrocytes.
The population of claim 1, wherein the nucleic acid sequence is in a viral vector.

The population of claim 53, wherein the viral vector is a lentiviral vector, a retroviral vector,

an adeno-associated virus vector, or a herpesvirus vector.

The population of claim 1, wherein the promoter is a CMV, SV40, RSV, HIVLtr or MML

promoter.

. The population of claim 1, wherein the promoter is an inducible promoter.
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