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COMPOSITIONS AND METHODS FOR ENHANCED GENE
EXPRESSION

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of United States Provisional Application Serial
No. 62/472,892, filed March 17, 2017, the full disclosure of which is herein incorporated by

reference.

STATEMENT REGARDING SEQUENCE LISTING
[0001] The Sequence Listing associated with this application is provided in text format in
lieu of a paper copy, and is hereby incorporated by reference into the specification. The name
of the text file containing the Sequence Listing is AVBI_009 01WO_ST25.txt. The text file
is 86 KB, was created on March 16, 2018, and is being submitted electronically via EFS-
Web.

FIELD OF THE INVENTION
[0002] This invention pertains to gene therapy of disorders.

BACKGROUND OF THE INVENTION
[0003] A promising approach to treating and preventing genetic diseases and other
disorders is the delivery of therapeutic agents with a gene delivery vector. Viral vectors are
highly efficient gene transfer vehicles and may be useful as gene delivery vectors. Adeno-
associated virus (AAV) based vectors, in particular, are desirable due to the non-integrating

nature of their viral life cycle.

[0004] A number of challenges remain, however, with regard to designing polynucleotide
cassettes and expression vectors for use in gene therapy. One significant challenge is
obtaining sufficient expression of the transgene in target cells following gene transfer. In
some cases, effective treatment of a disease or genetic disorder using a gene delivery vector
(e.g., recombinant virus) may depend on both robust expression and efficient secretion of the
therapeutic polypeptide. Therefore, expression cassettes that are capable of driving high
levels of secreted protein from the targeted (e.g., transduced) cell can be an important part of

a therapeutically effective vector and a successful gene therapy method. Thus, there is a need
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for improved methods and optimized nucleic acid expression cassettes and vectors for

expressing genes in mammalian cells.

[0005] The present invention meets this need.
SUMMARY OF THE INVENTION

[0006] The invention relates generally to the fields of molecular biology and virology, and
in particular, to gene expression cassettes and vectors comprising them for the delivery of
nucleic acid segments encoding selected therapeutic constructs (for example, peptides and
polypeptides) to selected cells and tissues of vertebrate animals. These genetic constructs are
useful in the development of gene delivery vectors, including for example, herpes simplex
virus (HSV), adenovirus (AV), and AAV vectors, for the treatment of mammalian, and in

particular, human diseases, disorders, and dysfunctions.

[0007] More specifically, the invention is directed to gene expression cassettes for enhanced
expression of a secreted protein by a eukaryotic or mammalian cell, and to methods of
making and using such cassettes for use in both research and therapeutic applications,
including but not limited to a method of treating a disease or disorder caused by or associated
with the deficiency, absence, or loss of function of one or more proteins in a subject in need

thereof.

[0008] The present cassettes generally include a nucleic acid sequence, or transgene,
encoding a polypeptide effective in the treatment of a medical condition in a human or non-
human animal subject. In some embodiments, the polypeptide is a secretory polypeptide. The
cassette can be incorporated into a viral vector, such as an adeno-associated virus (AAV)
vector, which can then be administered to eukaryotic or mammalian cells in vitro (e.g., in cell
culture) or to a mammalian subject suffering from or at risk for developing a medical

condition.

[0009] The disclosed compositions may be utilized in a variety of investigative, diagnostic
and therapeutic regimens, including the prevention and treatment of human diseases. For
example, the present compositions may find use in the treatment of an ocular disease,
angiogenesis-dependent disease, disease that responds to treatment with a vascular
endothelial growth factor (VEGF) inhibitor, or in enzyme replacement therapy, wherein the

disease is caused by or associated with a deficiency in or loss of function of an enzyme.
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[0010] Methods and compositions are provided for preparing polynucleotide expression
cassettes and gene delivery vector compositions, e.g., viral vectors, comprising these
expression cassettes for use in the preparation of medicaments useful in central and targeted
gene therapy of diseases, disorders, and dysfunctions in an animal, and in humans in

particular.

[0011] Embodiments of the present invention comprise a non-naturally occurring
polynucleotide cassette for enhanced expression of a transgene in a mammalian cell,
comprising in 5° to 3’ order: (a) a first enhancer region; (b) a promoter region; (c) a coding
sequence encoding a polypeptide gene product; (d) a second enhancer region; and (e) a
polyadenylation site. In some embodiments, the polynucleotide cassette further comprises a
ribonucleic acid (RNA) export signal located downstream of the second enhancer and
upstream of the polyadenylation site. In one embodiment the polynucleotide cassette does not
contain an RNA export signal. In a more specific form, the cassette does not contain an RNA

export signal downstream of the second enhancer and upstream of the polyadenylation site.

[0012] In yet other embodiments, the polynucleotide cassette further comprises an intron

located downstream of the promoter and upstream of the coding sequence.

[0013] In still other embodiments, the polynucleotide cassette further comprises a 5’
untranslated region (5°UTR) that is located upstream of the coding sequence and downstream

of the promoter.
[0014] In preferred embodiments, the polypeptide gene product is a secretory protein.

[0015] Polynucleotide cassettes of the present invention comprise a first enhancer region
located upstream of a promoter region. In preferred embodiments, the first enhancer region
comprises a cytomegalovirus (CMV) sequence. In other embodiments, the first enhancer
region comprises an elongation factor 1 alpha (EF 1) sequence. In certain embodiments the
first enhancer region comprises a sequence with at least 85% identity SEQ ID NO: 1. In

certain embodiments, the identity is at least 90%, at least 95% or at least 99%.

[0016] Polynucleotide cassettes of the present invention comprise a promoter region
comprising a promoter sequence, or a functional fragment thereof. In some embodiments, the
promoter region is specific for eukaryotic cells, or more specifically mammalian cells. In

some embodiments, the promoter region comprises a promoter sequence selected from the
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group consisting of an actin promoter, a cytomegalovirus (CMV) promoter, an elongation
factor 1 alpha (EF1a) promoter, and a glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
promoter. In preferred embodiments, the promoter region comprises a CMV promoter
sequence or an EFla promoter sequence. In certain embodiments the promoter region
comprises a sequence with at least 85% identity to one of the following SEQ ID NO: 3, 4, or
96. In certain embodiments, the identity is at least 90%, at least 95% or at least 99%.

[0017] In some embodiments, polynucleotide cassettes of the present invention further
comprise an intron region downstream of the promoter region. In some embodiments, the
intron sequence is located downstream of the promoter and upstream of the 5’UTR. In some
embodiments, the intron region comprises an elongation factor 1 alpha (EF 1a), actin, or
CMVc¢ sequence. In certain embodiments the intron comprises a sequence with at least 85%
identity to one of the following SEQ ID NO: 5, 18, or 97. In certain embodiments, the
identity is at least 90%, at least 95% or at least 99%.

[0018] Polynucleotide cassettes of the present invention comprise an untranslated region 5’
of the coding sequence, referred to herein as a 5’UTR. In some embodiments, the 5"UTR
sequence is heterologous to the promoter sequence. The 5’UTR is located downstream of the
promoter and upstream of the coding sequence. In some such embodiments, the 5>UTR
comprises a sequence selected from the group consisting of UTR1, UTR2, an enhancer
element from the adenovirus major late promoter (eMLP), and the tripartite leader sequence
from adenovirus (TPL sequence). In some embodiments, the 5"UTR comprises a UTR1
sequence. In one embodiment, the 5’UTR comprises a UTR2 sequence. In preferred
embodiments, the 5’UTR comprises, in 5’ to 3” order, a TPL sequence and an eMLP
sequence. In some embodiments, the 5’UTR does not comprise a polynucleotide ATG. In
certain embodiments the 5° UTR comprises a sequence with at least 85% identity to one of
the following SEQ ID NO: 6, 11, 12, or 19. In certain embodiments, the identity is at least
90%, at least 95% or at least 99%.

[0019] Embodiments of the present invention comprise polynucleotide cassettes for the
enhanced expression of transgenes. Accordingly, polynucleotide cassettes of the present
invention comprise a coding sequence, also referred to as a transgene. In one specific
embodiment, the polynucleotide cassette comprises one coding sequence, or transgene, and
does not comprise two or more transgenes. The transgene may encode a therapeutic agent

such as for example a peptide or a polypeptide. In preferred embodiments, the transgene
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encodes a secretory polypeptide (also referred to herein as a secreted protein or secretory
protein). Examples of secretory polypeptides that can be encoded by the coding sequence
include, but are not limited to, soluble fms-like tyrosine kinase-1 (also known as sFLT-1), a
VEGF-binding fragment of sFLT-1, aflibercept, and alpha-1 antitrypsin or ou-

antitrypsin (A1AT). In some embodiments, the secretory polypeptide is an anti-angiogenic or

anti-vascular endothelial growth factor (anti-VEGF) polypeptide.

[0020] The subject expression cassettes provide for enhanced expression of the transgene
product (e.g., polypeptide) in a mammalian cell relative to the expression of the transgene
product in the mammalian cell from a reference cassette. In preferred embodiments a subject
expression cassette provides for enhanced expression of a secretory protein in a eukaryotic
cell in vivo or in vitro (e.g., in a cell culture or tissue explant) relative to the expression of the
secretory protein in the eukaryotic cell in vivo or in vitro from a reference cassette. In some
aspects the eukaryotic cell is a mammalian cell. In still further aspects the mammalian cell is

a human cell.

[0021] In some embodiments, the expression of a secretory polypeptide from the
polynucleotide cassette in mammalian cells is at least about 2X, 3X, 5X, 9X, 10X, 20X, or
50X higher than the expression of the secretory polypeptide from a reference cassette in the

mammalian cells in vitro or in vivo.

[0022] In some embodiments, the expression level of a non-secreted polypeptide obtained
from the polynucleotide cassette in mammalian cells is approximately the same as, less than
about 1.5X greater than, or less than about 2X greater than the expression level of the non-
secreted polypeptide obtained from a reference cassette in the mammalian cells in vitro or in
vivo. One non-limiting example of a non-secreted polypeptide is green fluorescent protein

(GFP).

[0023] According to some embodiments, the reference cassette (also referred to herein as
the CMYV reference control cassette), referred to herein above and below, comprises, in 5 to
3’ order, a CMYV enhancer sequence (SEQ ID NO:2), a CMV promoter (SEQ ID NO:21), a
chimeric intron (SEQ ID NO:22), a 5’UTR (SEQ ID NO:23), a coding sequence encoding the
peptide or polypeptide gene product, a 3°UTR (SEQ ID NO:25), and an SV40 polyA
sequence (SEQ ID NO:26).
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[0024] According to specific embodiments, enhanced expression of the peptide or
polypeptide is observed in vitro in mammalian cells selected from the group consisting of
HeLa cells, HEK-293 cells, and ARPE-19 cells. In another embodiment, the mammalian cells

are contained in a retinal tissue explant.

[0025] In some forms, the expression of the secretory protein from the polynucleotide
cassette in mammalian cells in vitro or in vivo (e.g., in a subject) is at least 2X, at least 5X, at
least 10X, or from about 5X to about 10X greater than the expression of the secretory protein
from the CMYV reference control cassette in the mammalian cells under the same conditions,
wherein the CMV reference control cassette comprises, in 5’ to 3” order, the CMV enhancer
sequence set forth in SEQ ID NO:2, the CMV promoter sequence set forth in SEQ ID NO:21,
the chimeric intron sequence set forth in SEQ ID NO:22, the 5’UTR sequence set forth in
SEQ ID NO:23, a coding sequence encoding the secretory polypeptide, the 3°UTR sequence
set forth in SEQ ID NO:25, and the SV40 poly A sequence set forth in SEQ ID NO:26. In
some embodiments, the polynucleotide cassette increases the expression of the secretory
protein in mammalian cells by at least 2-fold (2X), 5-fold (5X), 10-fold (10X), or from about
5-to about 10-fold as compared to the expression of the protein from the CMV reference
control cassette in the mammalian cells. In one embodiment, the polynucleotide cassette
enhances or increases the expression of a secreted protein in a transduced mammalian cell
relative to the expression of the protein from the CMV reference control cassette in a

transduced mammalian cell.

[0026] The polynucleotide cassette comprises a second enhancer region located
downstream of the coding sequence and upstream of the polyadenylation signal sequence.
When an RNA export signal sequence is present, the second enhancer sequence is located
upstream of the RNA export signal (i.e., between the coding sequence and the RNA export
signal), and the RN A export signal is located upstream of the polyadenylation signal. In
preferred embodiments, the second enhancer region comprises an expression enhancer
sequence (EES) selected from the group consisting of the full EES, 410-564 EES, and 511-
810 EES.

[0027] In some embodiments, the polynucleotide cassette comprises an RNA export signal
downstream of the second enhancer and upstream of the polyadenylation sequence (also
referred to herein as a poly A sequence, poly A site, or polyadenylation region). The RNA

export signal may comprise a sequence selected from the group consisting of human hepatitis
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B virus post-transcriptional element (HPRE) sequence and woodchuck hepatitis virus post-
transcriptional element (WPRE) sequence. In certain embodiments the RNA export signal
comprises a sequence with at least 85% identity to one of the following SEQ ID NO: 8, or 17.

In certain embodiments, the identity is at least 90%, at least 95% or at least 99%.

[0028] A polynucleotide cassette according to the present invention comprises a
polyadenylation site. The polyadenylation site may be located downstream of the second
enhancer region or downstream of the RNA export region. In some embodiments, the
polyadenylation region comprises a human growth hormone (HGH or hGH), bovine growth
hormone (BGH or bGH), or beta-globin (Bglobin) poly A sequence. In certain embodiments,
the polyadenylation region comprises a sequence with at least 85% identity to one of the
following SEQ ID NO: 9, 14, or 20. In certain embodiments, the identity is at least 90%, at
least 95% or at least 99%.

[0029] Some embodiments of the present invention are directed to a polynucleotide cassette
for enhanced or increased expression of a secretory protein by mammalian cells, as measured
by the amount (e.g., concentration or quantity) of protein in the extracellular environment,
relative to the expression of the protein by a reference cassette in the mammalian cells. The

amount of protein in a sample can be measured by, for example, immunoassay.

[0030] In some embodiments, the polynucleotide cassette for enhanced expression of a
transgene in a mammalian cell, comprises in 5’ to 3” order: (a) a first enhancer region
comprising a CMV sequence (SEQ ID NO:1); (b) a promoter region, comprising an EF1o
sequence (SEQ ID NO:3); (c¢) an intron region comprising an EF1a sequence (SEQ ID
NO:5); (d) a 5’UTR region comprising an UTR2 sequence (SEQ ID NO:6); (e) a coding
sequence encoding a peptide or polypeptide; (f) a second enhancer region comprising a 511-
810 EES sequence (SEQ ID NO:7); (g) an WPRE RNA export sequence (SEQ ID NO:8); and
(h) a BGH polyadenylation site (SEQ ID NO:9). In certain of these embodiments, the
polynucleotide cassette comprises one or more sequences selected from SEQ ID NO: 70-75
or a sequence with at least 85% identity thereto. In certain of these embodiments the 5 arm
of the polynucleotide cassette comprises or consists of SEQ ID NO: 45 or a sequence with at
least 85% identity thereto. In certain of these embodiments the 3” arm of the polynucleotide
cassette comprises or consists of SEQ ID NO: 46 or a sequence with at least 85% identity

thereto.
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[0031] In other embodiments, the polynucleotide cassette for enhanced expression of a
transgene in a mammalian cell, comprises in 5’ to 3” order: (a) a first enhancer region
comprising a CMV sequence (SEQ ID NO:1); (b) a promoter region, comprising a CMV
sequence (SEQ ID NO:4); (c) a 5’UTR region comprising, in 5” to 3’ order, TPL and eMLP
sequences (SEQ ID NO:11 and SEQ ID NO:12, respectively); (d) a coding sequence
encoding a peptide or polypeptide; (e) a second enhancer region comprising a full EES
sequence (SEQ ID NO:13); and (f) a HGH polyadenylation site (SEQ ID NO:14). In certain
of these embodiments, the polynucleotide cassette comprises one or more sequences selected
from SEQ ID NO: 76-80 or a sequence with at least 85% identity thereto. In certain of these
embodiments the 5° arm of the polynucleotide cassette comprises or consists of SEQ ID NO:
47 or a sequence with at least 85% identity thereto. In certain of these embodiments the 3’
arm of the polynucleotide cassette comprises or consists of SEQ ID NO: 48 or a sequence

with at least 85% identity thereto.

[0032] In other embodiments, the polynucleotide cassette for enhanced expression of a
transgene in a mammalian cell, comprises in 5’ to 3” order: (a) a first enhancer region
comprising a CMV sequence (SEQ ID NO:1); (b) a promoter region, comprising a CMV
sequence (SEQ ID NO:4); (c) a 5’UTR region comprising, in 5” to 3° order, TPL and eMLP
sequences (SEQ ID NO:11 and SEQ ID NO:12, respectively); (e) a coding sequence
encoding a peptide or polypeptide; (f) a second enhancer region comprising a 410-564 EES
sequence (SEQ ID NO:16); (g) an HPRE RNA export sequence (SEQ ID NO:17); and (h) a
BGH polyadenylation site (SEQ ID NO:9). In certain of these embodiments, the
polynucleotide cassette comprises one or more sequences selected from SEQ ID NO: 81-86
or a sequence with at least 85% identity thereto. In certain of these embodiments the 5 arm
of the polynucleotide cassette comprises or consists of SEQ ID NO: 49 or a sequence with at
least 85% identity thereto. In certain of these embodiments the 3” arm of the polynucleotide
cassette comprises or consists of SEQ ID NO: 50 or a sequence with at least 85% identity

thereto.

[0033] In other embodiments, the polynucleotide cassette for enhanced expression of a
transgene in a mammalian cell, comprises in 5 to 3” order: (a) a first enhancer region
comprising a CMV sequence (SEQ ID NO:1); (b) a promoter region, comprising an actin
sequence (SEQ ID NO:96); (c¢) a 5> UTR comprising an eMLP sequences (SEQ ID NO:12);

(e) a coding sequence encoding a peptide or polypeptide; (f) a second enhancer region
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comprising a 511-810 EES sequence (SEQ ID NO:7); (g) an HPRE RNA export sequence
(SEQ ID NO:17); and (h) a rabbit Beta Globin polyadenylation site (SEQ ID NO:20). In
certain of these embodiments, the polynucleotide cassette comprises one or more sequences
selected from SEQ ID NO: 87-91 or a sequence with at least 85% identity thereto. In certain
of these embodiments the 5° arm of the polynucleotide cassette comprises or consists of SEQ
ID NO: 51 or a sequence with at least 85% identity thereto. In certain of these embodiments
the 3” arm of the polynucleotide cassette comprises or consists of SEQ ID NO: 52 or a

sequence with at least 85% identity thereto.

[0034] In other embodiments, the polynucleotide cassette for enhanced expression of a
transgene in a mammalian cell, comprises in 5 to 3” order: (a) a first enhancer region
comprising a CMV sequence (SEQ ID NO:1); (b) a promoter region, comprising a CMV
sequence (SEQ ID NO:4); (¢) an intron region comprising an CMV ¢ sequence (SEQ ID
NO:18); (d) a 5’UTR region comprising a UTR1 sequence (SEQ ID NO:19); (e) a coding
sequence encoding a peptide or a polypeptide; (f) a second enhancer region comprising a full
EES sequence (SEQ ID NO:13); (g) an WPRE RNA export sequence (SEQ ID NO:8); and
(h) a rabbit Beta Globin polyadenylation site (SEQ ID NO:20). In certain of these
embodiments, the polynucleotide cassette comprises one or more sequences selected from
SEQ ID NO: 92-95 or a sequence with at least 85% identity thereto. In certain of these
embodiments the 5° arm of the polynucleotide cassette comprises or consists of SEQ ID NO:
53 or a sequence with at least 85% identity thereto. In certain of these embodiments the 3’
arm of the polynucleotide cassette comprises or consists of SEQ ID NO: 54 or a sequence

with at least 85% identity thereto.

[0035] In other embodiments, the polynucleotide cassette for enhanced expression of a
transgene in a mammalian cell, comprises in 5 to 3” order: (a) a first enhancer region
comprising a CMV sequence (SEQ ID NO:1); (b) a promoter region, comprising an actin
sequence (SEQ ID NO:96); (¢) an intron region comprising a chicken beta-actin sequence
(SEQ ID NO:97); (d) a 5’UTR region comprising a UTR1 sequence (SEQ ID NO:19); (e) a
coding sequence encoding a peptide or a polypeptide; (f) a second enhancer region
comprising a 410-564 EES sequence (SEQ ID NO:16); (g) an HPRE RNA export sequence
(SEQ ID NO:17); and (h) a BGH polyadenylation site (SEQ ID NO:9). In certain of these
embodiments, the polynucleotide cassette comprises one or more sequences selected from

SEQ ID NO: 92-95 or a sequence with at least 85% identity thereto. In certain of these
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embodiments the 5° arm of the polynucleotide cassette comprises or consists of SEQ ID NO:
39 or a sequence with at least 85% identity thereto. In certain of these embodiments the 3’
arm of the polynucleotide cassette comprises or consists of SEQ ID NO: 40 or a sequence

with at least 85% identity thereto.

[0036] In certain embodiments, the polynucleotide cassette comprises or consists essentially
of in 5" to 3” order: (a) a 5” arm; (b) a coding sequence encoding a peptide or a polypeptide;
and (c¢) a3’ arm. In certain of these embodiments, the 5° arm comprises a sequence selected
from the group consisting of SEQ ID NO: 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51,
53,55, 57, 59, and 61 or a sequence with at least 85% identity thereto, and the 3> arm
comprises a sequence selected from the group consisting of SEQ ID NO: 28, 30, 32, 34, 36,
38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, and 62 or a sequence with at least 85% identity
thereto. In particular embodiments, the 5 arm and 3 arm are, respectively, SEQ ID NO: 27
and 28, or SEQ ID NO: 29 and 30, or SEQ ID NO: 31 and 32, or SEQ ID NO: 33 and 34, or
SEQ ID NO: 35 and 36, or SEQ ID NO: 37 and 38, or SEQ ID NO: 39 and 40, or SEQ ID
NO: 41 and 42, or SEQ ID NO: 43 and 44, or SEQ ID NO: 45 and 46, or SEQ ID NO: 47 and
48, or SEQ ID NO: 49 and 50, or SEQ ID NO: 51 and 52, or SEQ ID NO: 53 and 54 or SEQ
ID NO: 55 and 56, or SEQ ID NO: 57 and 58, or SEQ ID NO: 59 and 60, or SEQ ID NO: 61
and 62.

[0037] In preferred forms of the invention, the peptide or polypeptide encoded by the
coding sequence in the subject polynucleotide cassette is one that is secreted or exported from

the cell following its expression in the cell.

[0038] In some aspects of the invention, gene delivery vectors are provided comprising a
polynucleotide cassette of the present invention. In some embodiments, the gene delivery
vector is a recombinant virus comprising (a) a capsid protein, and (b) a polynucleotide
cassette of the present invention. In more specific embodiments, the recombinant virus is a
recombinant adeno-associated virus (AAV), wherein the recombinant adeno-associated virus
comprises an AAV capsid protein and a polynucleotide cassette of the present invention. In
some embodiments, the AAV capsid protein is a wild type AAV capsid protein. In other
embodiments, the AAV capsid protein is a variant AAV capsid protein, wherein the variant
capsid protein contains a substitution, deletion, or an insertion of one or more amino acids
relative to the parental capsid protein or the capsid protein from which it is derived. For

example, in one embodiment from about 5 to about 11 amino acids are inserted in an

10
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insertion site in the GH loop or loop IV of the VP1 capsid protein relative to a corresponding
parental AAV capsid protein. Suitable examples include AAV variant capsids having the 7m8
variant capsid protein or a capsid protein that is derived from the AAV variant 7m8 capsid

protein. In one particular example, the variant AAV comprises the AAV2.7m8 capsid protein.

[0039] In some aspects of the invention, pharmaceutical compositions are provided
comprising a polynucleotide cassette of the invention and a pharmaceutically acceptable
excipient. In some embodiments, the pharmaceutical composition comprises a gene delivery

vector of the invention and a pharmaceutical excipient.

[0040] One embodiment is an isolated host cell transfected or transduced with a

polynucleotide cassette of the present invention.

[0041] In some aspects of the invention, methods are provided for expressing a transgene in
mammalian cells in vitro or in vivo, the method comprising contacting one or more
mammalian cells, in vivo or in vitro, with an amount of a polynucleotide cassette, gene
delivery vector, or pharmaceutical composition of the invention, wherein the transgene is
expressed at detectable levels in the one or more mammalian cells, or, more preferably, is
expressed at a level that is about 2-fold, 5-fold, or 10-fold higher than that obtained from (i.e.,
as compared to the expression of the transgene from) a reference CMV cassette comprising,
in 5°to 3” order, a CMV enhancer sequence (SEQ ID NO:2), a CMV promoter (SEQ ID
NO:21), a chimeric intron (SEQ ID NO:22), a 5’UTR (SEQ ID NO:23), the transgene or
coding sequence of interest, a 3°’UTR (SEQ ID NO:25), and an SV40 poly A sequence (SEQ
ID NO:26), in the cells or cell culture, measured under the same conditions (i.e., other
variables remaining constant). Some embodiments provide a method for expressing a
transgene in mammalian cells in vitro or in vivo, comprising contacting one or more
mammalian cells in vitro or in vivo with an amount of recombinant virus of the present
invention, wherein the recombinant virus comprises a polynucleotide cassette according to
the present disclosure. In preferred embodiments the cassette or transgene encodes a
secretory protein (also referred to herein as a secretory polypeptide) and the secretory protein
is expressed in the one or more mammalian cells at a level that is at least 2X, 5X, 10X, from
about 5X to about 10X, or greater than 20X higher than that obtained by contacting the cells
with a recombinant virus comprising the CMYV reference control cassette encoding the same
protein. In some aspects, the mammalian cells are contacted with an amount of

polynucleotide cassette, pharmaceutical composition, or vector effective for altering one or

11
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more characteristics of the cell or for reducing one or more signs or symptoms of a disease in

an individual.

[0042] In some aspects of the invention, methods are provided for the treatment or
prophylaxis of a disease or disorder in a mammal in need of treatment or prophylaxis for a
disease or disorder. In some embodiments, the method comprises administering to the
mammal an effective amount of a pharmaceutical composition of the invention, wherein the
coding sequence encodes a therapeutic gene product. In one embodiment the disease is an
ocular disease and/or is a disease associated with a loss of function of or deficiency in a
cellular protein product. In one embodiment, the ocular disease is associated with or caused
by ocular neovascularization. One embodiment is a method for treating an ocular disease in a
mammal in need thereof, comprising administering to the eye of a mammal in need of
treatment a therapeutically effective amount of a pharmaceutical composition of the
invention. In a more specific embodiment, a therapeutically effective amount of a
pharmaceutical composition of the invention is administered to an eye of the individual in

need of treatment by way of intraocular injection or by way of intravitreal injection.

[0043] Ocular diseases for which the subject cassettes, compositions, and methods may find
use include acute macular neuroretinopathy; Behcet's disease; choroidal neovascularization;
diabetic uveitis; histoplasmosis; macular degeneration, such as acute macular degeneration,
non-exudative age related macular degeneration, and exudative age related macular
degeneration; edema, such as macular edema, cystoid macular edema and diabetic macular
edema; multifocal choroiditis; ocular trauma which affects a posterior ocular site or location;
ocular tumors; retinal disorders, such as retinal vein occlusion, central retinal vein occlusion,
diabetic retinopathy (including proliferative diabetic retinopathy), proliferative
vitreoretinopathy (PVR), retinal arterial occlusive disease, retinal detachment, uveitic retinal
disease; sympathetic ophthalmia; Vogt Koyanagi-Harada (VKH) syndrome; uveal diffusion; a
posterior ocular condition caused by or influenced by an ocular laser treatment; posterior
ocular conditions caused by or influenced by a photodynamic therapy; photocoagulation,
radiation retinopathy; epiretinal membrane disorders; branch retinal vein occlusion; anterior
ischemic optic neuropathy; non-retinopathy diabetic retinal dysfunction; retinoschisis;
retinitis pigmentosa; glaucoma; Usher syndrome, cone-rod dystrophy; Stargardt disease
(fundus flavimaculatus); inherited macular degeneration; chorioretinal degeneration; Leber

congenital amaurosis; congenital stationary night blindness; choroideremia; Bardet-Biedl
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syndrome; macular telangiectasia; Leber's hereditary optic neuropathy; retinopathy of
prematurity; and disorders of color vision, including achromatopsia, protanopia,

deuteranopia, and tritanopia.
BRIEF DESCRIPTION OF THE DRAWINGS

[0044] A better understanding of the features and advantages of the present invention will
be obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying

drawings of which:

[0045] FIG. 1 shows a series of polynucleotide cassettes constructed for assessment of
transgene expression. The regulatory elements and coding sequence (i.e., gene) present in
each cassette are listed from left to right in 5* to 3” order. Cassettes are identified by Cassette
No. For example, Cassette No. 11 may be referred to as Cassette No. 11, Cassette 11, or

simply C11.

[0046] FIG. 2 shows a chart comparing the expression of aflibercept, a secreted protein, by
the polynucleotide cassettes following transfection into HeL.a cells. The expression level is

plotted relative to that obtained from the “base plasmid,” which is described in FIG 1.

[0047] FIG. 3 shows the expression of aflibercept, a secreted protein, from select

polynucleotide cassettes following transduction into HEK 293 cells.

[0048] FIGS. 4A and 4B show the expression of aflibercept, a secreted protein, from
selected polynucleotide cassettes in transduced pig retinal explants one week (FIG. 4A) and
two weeks (FIG. 4B) after transduction. Each cassette was packaged in a 7m8 capsid, a
variant of AAV2. Background signal associated with the assay was determined with a vehicle

(buffer only) non-virus control.

[0049] FIG. 5 depicts the comparison of sFLT-1 expression from various polynucleotide
cassette constructs, including a reference cassette (CMV-sFLT1), in transfected ARPE-19
cells. The sequence encoding SFLT-1 in cassettes 10, 11, and 12 was codon optimized
(“CO”). The Base plasmid, only had the codon-optimized sFLT1 under a ubiquitous

promoter, but without any other regulatory elements.
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[0050] FIG. 6 depicts the comparison of sFLT-1 expression from various constructs in

transfected HEK293 cells.

[0051] FIG. 7 depicts the comparison of sFLT-1 expression from various constructs,

including a reference cassette (CMV-sFLT1), in transfected HeLa cells.

[0052] FIG. 8 shows the expression of green fluorescent protein (GFP) from polynucleotide
cassettes C7, C11, and C13 in transfected HeLa cells as compared to the expression of GFP

from the CMYV reference control cassette and as compared to a vehicle (buffer only) control.

[0053] FIG. 9 depicts the comparison of sFLT-1 expression from various polynucleotide
cassettes in transduced HEK293 cells. Data represent the amount of SFLT-1 in cell culture
supernatants three days after transduction with the 7m8 vector. In each case, the vector
packaged the indicated cassette. Expression (as measured in cell culture supernatants) of
sFLT-1 from cassettes C10 and C11 was compared to the expression of sSFLT-1 from the
CMV reference cassette. Background signal was determined with a vehicle (buffer only)
control. As a further control, cells were transduced with recombinant AAV?2 vector containing
the CMV-sFLT1 reference control cassette. In the first experiment, the amount of sSFLT1
secreted from cassette 11 was higher than the range of the immunoassay, so it had to be

diluted further and analyzed.

[0054] FIGS. 10A and 10B show the expression of sFLT1 from selected polynucleotide
cassettes in transduced pig retinal explants. SFLT1 expression is measured in supernatant

(FIG. 10A) as well as in the tissue lysate (FIG. 10B).

[0055] FIG. 11 shows one illustrative embodiment of a recombinant plasmid containing
Cassette 11. Inverted terminal repeats (ITRs) from adeno-associated virus serotype 2 (AAV2)

flank the cassette.

DETAILED DESCRIPTION OF THE INVENTION
[0056] The present disclosure provides polynucleotide cassettes and expression vectors for
the expression of a gene in cells. Also provided are pharmaceutical compositions and
methods for the use of any of the compositions in promoting the expression of a gene in cells,
for example, in an individual, e.g. for the treatment or prophylaxis of a disorder. These and

other objects, advantages, and features of the invention will become apparent to those persons
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skilled in the art upon reading the details of the compositions and methods as more fully

described below.

DEFINITIONS
[0057] A “non-naturally occurring” polynucleotide cassette is one that is not found in

nature.

[0058] A “secretory protein” or “secretory polypeptide™ also referred to herein as a
“secreted protein™ is any protein that is secreted by or exported from a living cell. One non-
limiting example of a secretory protein for use with the presently described polynucleotide

cassettes 1s SFLT-1.

[0059] The terms “disease,” “disorder,” and “medical condition™ are synonymous and used

interchangeably herein.

[0060] A “vector” as used herein refers to a macromolecule or association of
macromolecules that comprises or associates with a polynucleotide and which can be used to
mediate delivery of the polynucleotide to a cell. Illustrative vectors include, for example,
plasmids, viral vectors (i.e., viruses such as adeno-associated viruses), liposomes, and other

gene delivery vehicles.

[0061] The term “AAV” is an abbreviation for adeno-associated virus, and may be used to
refer to the virus itself or derivatives thereof. The term covers all subtypes and both naturally
occurring and recombinant forms, except where required otherwise. The term “AAV”
includes AAV type 1 (AAV-1), AAV type 2 (AAV-2), AAV type 3 (AAV-3), AAV type 4
(AAV-4), AAV type 5 (AAV-5), AAV type 6 (AAV-6), AAV type 7 (AAV-7), AAV type 8
(AAV-8), avian AAV, bovine AAV, canine AAV, equine AAV, primate AAV, non-primate AAV,
and ovine AAV. “Primate AAV” refers to AAV that infect primates, “non-primate AAV” refers
to AAV that infect non-primate mammals, “bovine AAV” refers to AAV that infect bovine

mammals, etc.

[0062] An “AAV virus” or “AAV viral particle” or “rAAV vector particle” refers to a viral
particle composed of at least one AAV capsid protein (typically by all of the capsid proteins
of a wild-type AAV) and an encapsidated polynucleotide. If the particle comprises a

heterologous polynucleotide (i.e. a polynucleotide other than a wild-type AAV genome such

as a transgene to be delivered to a mammalian cell), it is typically referred to as a
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recombinant AAV vector, or TAAV. In general, the heterologous polynucleotide is flanked by
AAV inverted terminal repeat sequences (ITRs).

[0063] The term “replication defective” as used herein relative to an AAV viral vector of the
invention means the AAV vector cannot independently replicate and package its genome. For
example, when a cell of a subject is infected with rAAV virions, the heterologous gene is
expressed in the infected cells, however, due to the fact that the infected cells lack AAV rep

and cap genes and accessory function genes, the rAAV is not able to replicate further.

[0064] An “AAV variant” or “AAV mutant” as used herein refers to a viral particle
composed of a variant AAV capsid protein, where the variant AAV capsid protein comprises
at least one amino acid difference (e.g., amino acid substitution, amino acid insertion, amino
acid deletion) relative to a corresponding parental AAV capsid protein, and where the variant
capsid protein confers increased infectivity of a retinal cell compared to the infectivity of the
retinal cell by an AAV virion comprising the corresponding parental AAV capsid protein,
where the AAV capsid protein does not comprise an amino acid sequence present in a
naturally occurring AAV capsid protein. A polynucleotide expression cassette of the present
disclosure can be packaged in a variant AAV particle to promote delivery of the cassette to a

specific cell type (e.g., retinal cells) in a target tissue.

[0065] As used herein, the term “gene” or “coding sequence” refers to a nucleotide
sequence that encodes a gene product in vitro or in vivo. The term “transgene” refers to a
coding sequence or a gene that is delivered into a cell by a vector. The coding sequence or

gene can encode a peptide or polypeptide molecule.

[0066] As used herein, a “therapeutic gene” and “therapeutic protein” refers to a gene or
protein that, when expressed, confers a beneficial effect on the cell or tissue in which it is
present, or on a mammal in which the gene or protein is expressed. Examples of beneficial
effects can be the reduction or amelioration of a sign or symptom of a condition or disease,
the prevention or inhibition of a condition or disease, or conferral of a desired characteristic.
Therapeutic genes and proteins include genes and proteins that correct a genetic deficiency in

a cell or mammal.

[0067] A “therapeutically effective amount™ or “effective amount” of a polynucleotide

cassette, recombinant virus, or pharmaceutical composition of the present invention is an
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amount sufficient to result in the reduction of one or more signs or symptoms of a disease or

medical condition in a subject, wherein the subject can be a human or non-human mammal.

[0068] As used herein, the term “gene product” refers to the desired expression product of a

polynucleotide sequence such as a peptide or protein.

[0069] As used herein, the terms “polypeptide” and “protein” refer to polymers of amino
acids of any length. The term “peptide” refers to a polymer of amino acids of about 50 or
fewer amino acids. The terms also encompass an amino acid polymer that has been modified,
as by for example, disulfide bond formation, glycosylation, lipidation, or phosphorylation. In

some instances, a subject polypeptide may have a length of greater than 50 amino acids.

[0070] By “comprising” it is meant that the recited elements are required in, for example,
the composition, method, kit, etc., but other elements may be included to form the, for
example, composition, method, kit etc. within the scope of the claim. For example, an
expression cassette “comprising” a gene encoding a therapeutic polypeptide operably linked
to a promoter is an expression cassette that may include other elements in addition to the gene
and promoter, e.g. polyadenylation sequence, enhancer elements, other genes, linker domains,

etc.

[0071] By “consisting essentially of”, it is meant a limitation of the scope of the, for
example, composition, method, kit, etc., described to the specified materials or steps that do
not materially affect the basic and novel characteristic(s) of the, for example, composition,
method, kit, etc. For example, an expression cassette “consisting essentially of” a gene
encoding a therapeutic polypeptide operably linked to a promoter and a polyadenylation
sequence may include additional sequences, e.g. linker sequences, so long as they do not
materially affect the transcription or translation of the gene. As another example, a variant, or
mutant, polypeptide fragment “consisting essentially of”” a recited sequence has the amino
acid sequence of the recited sequence plus or minus about 10 amino acid residues at the
boundaries of the sequence based upon the full length naive polypeptide from which it was
derived, e.g. 10,9, 8,7, 6, 5, 4, 3, 2 or 1 residue less than the recited bounding amino acid
residue, or 1, 2,3, 4,5, 6,7, 8,9, or 10 residues more than the recited bounding amino acid

residue.

[0072] By “consisting of”, it is meant the exclusion from the composition, method, or kit of

any element, step, or ingredient not specified in the claim. For example, an expression

17



WO 2018/170473 PCT/US2018/022996

cassette “consisting of” a gene encoding a therapeutic polypeptide operably linked to a
promoter, and a polyadenylation sequence consists only of the promoter, polynucleotide
sequence encoding the therapeutic polypeptide, and polyadenlyation sequence. As another

example, a polypeptide “consisting of”” a recited sequence contains only the recited sequence.

[0073] An “expression vector” as used herein encompasses a vector, e.g. plasmid,
minicircle, viral vector, liposome, and the like, comprising a subject polynucleotide cassette
which encodes a gene product of interest, and is used for delivering the subject

polynucleotide to an intended target cell.

[0074] A “promoter” as used herein encompasses a DNA sequence that directs the binding
of RNA polymerase and thereby promotes RNA synthesis. Promoters and corresponding
protein or polypeptide expression may be ubiquitous, meaning strongly active in a wide range
of cells, tissues and species or cell-type specific, tissue-specific, or species specific.
Promoters may be “constitutive,” meaning continually active, or “inducible,” meaning the
promoter can be activated or deactivated by the presence or absence of biotic or abiotic
factors. Also included in the nucleic acid constructs or vectors of the invention are enhancer
sequences that may or may not be contiguous with the promoter sequence. Enhancer
sequences influence promoter-dependent gene expression and may be located in the 5' or 3'

regions of the native gene.

[0075] An “enhancer” as used herein encompasses a cis-acting element that stimulates or
inhibits transcription of adjacent genes. An enhancer that inhibits transcription also is termed
a “silencer”. Enhancers can function (i.e., can be associated with a coding sequence) in either
orientation, over distances of up to several kilobase pairs (kb) from the coding sequence and

from a position downstream of a transcribed region.

[0076] A “polyadenylation signal sequence” as used herein encompasses a recognition
region necessary for endonuclease cleavage of an RNA transcript that is followed by the
polyadenylation consensus sequence AATAAA. A polyadenylation signal sequence provides
a “polyAsite”, i.e. a site on a RNA transcript to which adenine residues will be added by

post-transcriptional polyadenylation.

[0077] As used herein, the term “operably linked” refers to a juxtaposition of genetic
elements, e.g. promoter, enhancer, termination signal sequence, polyadenylation sequence,

etc., wherein the elements are in a relationship permitting them to operate in the expected
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manner. For instance, a promoter is operably linked to a coding region if the promoter helps
initiate transcription of the coding sequence. There may be intervening residues between the

promoter and coding region so long as this functional relationship is maintained.

[0078] As used herein, the term “heterologous™ means derived from a genotypically distinct
entity from that of the rest of the entity to which it is being compared. For example, a
polynucleotide introduced by genetic engineering techniques into a plasmid or vector derived
from a different species is a heterologous polynucleotide. As another example, a promoter
removed from its native coding sequence and operably linked to a coding sequence with
which it is not naturally found linked is a heterologous promoter. Thus, for example, an rAAV
that includes a heterologous nucleic acid encoding a heterologous gene product is an rAAV
that includes a nucleic acid not normally included in a naturally-occurring, wild-type AAV,
and the encoded heterologous gene product is a gene product not normally encoded by a

naturally-occurring, wild-type AAV.

[0079] The term “endogenous”™ as used herein with reference to a nucleotide molecule or
gene product refers to a nucleic acid sequence, e.g. gene or genetic element, or gene product,

e.g. RNA, protein, that is naturally occurring in or associated with a host virus or cell.

[0080] The term “native” as used herein refers to a nucleotide sequence, e.g. gene, or gene

product, e.g. RNA, protein, that is present in a wildtype virus or cell.

[0081] The term “variant™ as used herein refers to a mutant of a reference polynucleotide or
polypeptide sequence, for example a native polynucleotide or polypeptide sequence, i.e.
having less than 100% sequence identity with the reference polynucleotide or polypeptide
sequence. Put another way, a polypeptide variant comprises at least one amino acid difference
(e.g., amino acid substitution, amino acid insertion, amino acid deletion) relative to a
reference polypeptide sequence, e.g. a native polypeptide sequence, and a polynucleotide
variant comprises at least one nucleotide or nucleoside difference (e.g., nucleotide or
nucleoside substitution, insertion, or deletion) relative to a reference polynucleotide

sequence, e.g., a native polynucleotide sequence.

[0082] As used herein, the term “sequence identity” or “percent identity,” refers to the
degree of identity between two or more polynucleotides when aligned using a nucleotide
sequence alignment program; or between two or more polypeptide sequences when aligned

using an amino acid sequence alignment program. Similarly, the term “identical” or percent
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“identity” when used herein in the context of two or more nucleotide or amino acid sequences
refers to two sequences that are the same or have a specified percentage of amino acid
residues or nucleotides when compared and aligned for maximum correspondence, for
example as measured using a sequence comparison algorithm, e.g. the Smith-Waterman
algorithm, etc., or by visual inspection. For example, the percent identity between two amino
acid sequences may be determined using the Needleman and Wunsch, (1970, J. Mol. Biol.
48: 444-453) algorithm which has been incorporated into the GAP program in the GCG
software package, using either a Blossum 62 matrix or a PAM250 matrix, and a gap weight
of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. As another example, the
percent identity between two nucleotide sequences may be determined using the GAP
program in the GCG software package, using a NWSgapdna. CMP matrix and a gap weight of
40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. A particularly preferred set of
parameters (and the one that should be used unless otherwise specified) are a Blossum 62
scoring matrix with a gap penalty of 12, a gap extend penalty of 4, and a frameshift gap
penalty of 5. The percent identity between two amino acid or nucleotide sequences can also
be determined using the algorithm of E. Meyers and W. Miller (1989, Cabios, 4: 11-17)
which has been incorporated into the ALIGN program (version 2.0), using a PAM120 weight
residue table, a gap length penalty of 12 and a gap penalty of 4. The nucleic acid and protein
sequences described herein can be used as a “query sequence” to perform a search against
public databases to, for example, identify other family members or related sequences. Such
searches can be performed using the NBLAST and XBLAST programs (version 2.0) of
Altschul, et al., (1990, J. Mol. Biol, 215: 403-10). BLAST nucleotide searches can be
performed with the NBLAST program, score = 100, wordlength = 12 to obtain nucleotide
sequences homologous to nucleic acid molecules of the invention. BLAST protein searches
can be performed with the XBLAST program, score = 50, wordlength = 3 to obtain amino
acid sequences homologous to protein molecules of the invention. To obtain gapped
alignments for comparison purposes, Gapped BLAST can be utilized as described in Altschul
et al., (1997, Nucleic Acids Res, 25: 3389-3402). When utilizing BLAST and Gapped
BLAST programs, the default parameters of the respective programs (e.g., XBLAST and
NBLAST) can be used.

[0083] As used herein, the terms “biological activity” and “biologically active” refer to the
activity attributed to a particular biological element in a cell. For example, the “biological
activity” of an “immunoglobulin”, “antibody” or fragment or variant thereof refers to the

ability to bind an antigenic determinant and thereby facilitate immunological function. As
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another example, the biological activity of a polypeptide or functional fragment or variant
thereof refers to the ability of the polypeptide or functional fragment or variant thereof to
carry out its native functions of, e.g., binding, enzymatic activity, etc. As a third example, the
biological activity of a gene regulatory element, e.g. promoter, enhancer, kozak sequence, and
the like, refers to the ability of the regulatory element or functional fragment or variant
thereof to regulate, i.e. promote, enhance, or activate the translation of, respectively, the

expression of the gene to which it is operably linked.

[0084] The terms “administering” or “introducing”, as used herein, refer to delivery of a
vector for recombinant protein expression to a cell, to cells and/or organs of a subject, orto a
subject. Such administering or introducing may take place in vivo, in vitro or ex vivo. A
vector for expression of a gene product may be introduced into a cell by transfection, which
typically means insertion of heterologous DNA into a cell by physical means (e.g., calcium
phosphate transfection, electroporation, microinjection or lipofection); or by infection or
transduction which typically refers to the introduction of a nucleic acid molecule into a cell

by way of an infectious agent, i.e. a virus or viral vector.

[0085] Typically, a cell is referred to as “transduced”, “infected”, “transfected™ or
“transformed” depending on the means used for administration, introduction or insertion of
heterologous DNA (i.e., the vector) into the cell. A cell is transduced with exogenous or
heterologous DNA when the DNA is introduced into the cell by a virus or viral vector. A cell
is transfected with exogenous or heterologous DNA when the DNA is introduced into the cell
by a non-viral method. Non-viral methods include both chemical (e.g., lipofection) and non-
chemical methods. The terms “transduced” and “infected” are used interchangeably herein to
refer to cells that have received a heterologous DNA or heterologous polynucleotide from a

virus or viral vector.

[0086] The term “host cell”, as used herein refers to a cell that has been transduced,
infected, transfected or transformed with a vector. The vector may be a plasmid, a viral
particle, a phage, etc. The culture conditions, such as temperature, pH and the like, are those
previously used with the host cell selected for expression, and will be apparent to those
skilled in the art. It will be appreciated that the term “host cell” refers to the original

transduced, infected, transfected or transformed cell and progeny thereof.
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[0087] The terms “treatment” and “treating” refer to the reduction of one or more signs or

symptoms of a disease or disorder.

[0088] “Ocular disease” means a disease, ailment, or condition that affects or involves the
eve or one or the parts or regions of the eye. As such, ocular diseases include retinal diseases,
or diseases that affect the light-sensitive layer of tissue in the back of the eye. The eye
includes the eyeball and the tissues and fluids which constitute the eyeball, the periocular
muscles (such as the oblique and rectus muscles) and the portion of the optic nerve which is
within or adjacent to the eyeball.

[0089] A tissue “explant™ is a piece of tissue that has been transferred from an animal to a

nutrient medium.

[0090] The terms “individual,” “host,” “subject,” and “patient” are used interchangeably
herein, and refer to a mammal, including, but not limited to, human and non-human primates,
including simians and humans; mammalian sport animals (e.g., horses); mammalian farm
animals (e.g., sheep, goats, etc.); mammalian pets (dogs, cats, etc.); and rodents (e.g., mice,

rats, etc.).

[0091] The various compositions and methods of the invention are described below.
Although particular compositions and methods are exemplified herein, it is understood that
any of a number of alternative compositions and methods are applicable and suitable for use
in practicing the invention. It will also be understood that an evaluation of the expression
constructs and methods of the invention may be carried out using procedures standard in the

art.

[0092] The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of cell biology, molecular biology (including recombinant
techniques), microbiology, biochemistry and immunology, which are within the scope of
those of skill in the art. Such techniques are explained fully in the literature, such as,
“Molecular Cloning: A Laboratory Manual”, second edition (Sambrook et al., 1989);
“Oligonucleotide Synthesis™ (M. J. Gait, ed., 1984); “Animal Cell Culture” (R. 1. Freshney,
ed., 1987); “Methods in Enzymology” (Academic Press, Inc.); “Handbook of Experimental
Immunology” (D. M. Weir & C. C. Blackwell, eds.); “Gene Transfer Vectors for Mammalian
Cells” (J. M. Miller & M. P. Calos, eds., 1987); “Current Protocols in Molecular Biology™ (F.
M. Ausubel et al., eds., 1987); “PCR: The Polymerase Chain Reaction”, (Mullis et al., eds.,
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1994); and “Current Protocols in Immunology™ (J. E. Coligan et al., eds., 1991), each of

which is expressly incorporated by reference herein.

[0093] Several aspects of the invention are described below with reference to example
applications for illustration. It should be understood that numerous specific details,
relationships, and methods are set forth to provide a full understanding of the invention. One
having ordinary skill in the relevant art, however, will readily recognize that the invention
can be practiced without one or more of the specific details or with other methods. The
present invention is not limited by the illustrated ordering of acts or events, as some acts may
occur in different orders and/or concurrently with other acts or events. Furthermore, not all
illustrated acts or events are required to implement a methodology in accordance with the

present invention.

[0094] The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the invention. As used herein, the singular forms

€LY G

a”, “an” and “the” are intended to include the plural forms as well, unless the context clearly
indicates otherwise. Furthermore, to the extent that the terms “including”, “includes”,
“having”, “has”, “with”, or variants thereof are used in either the detailed description and/or
the claims, such terms are intended to be inclusive in a manner similar to the term

“comprising”.

[0095] The term “about” or “approximately” means within an acceptable error range for the
particular value as determined by one of ordinary skill in the art, which will depend in part on
how the value is measured or determined, i.e., the limitations of the measurement system.

For example, “about” can mean within 1 or more than 1 standard deviation, per the practice
in the art. Alternatively, “about” or “approximately” can mean a range of up to 20%,
preferably up to 10%, more preferably up to 5%, and more preferably still up to 1% of a
given value. Alternatively, particularly with respect to biological systems or processes, the
term can mean within an order of magnitude, preferably within 5-fold, and more preferably
within 2-fold, of a value. Where particular values are described in the application and claims,
unless otherwise stated the term “about™ meaning within an acceptable error range for the

particular value should be assumed.

[0096] All publications mentioned herein are incorporated herein by reference to disclose

and describe the methods and/or materials in connection with which the publications are
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cited. It is understood that the present disclosure supersedes any disclosure of an incorporated

publication to the extent there is a contradiction.

[0097] It is further noted that the claims may be drafted to exclude any optional element. As
such, this statement is intended to serve as antecedent basis for use of such exclusive

terminology as “solely”, “only” and the like in connection with the recitation of claim

elements, or the use of a “negative” limitation.

[0098] The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing-herein is to be construed as an admission that
the present invention is not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided may be different from the actual publication dates

which may need to be independently confirmed.

[0099] Unless otherwise indicated, all terms used herein have the same meaning as they
would to one skilled in the art and the practice of the present invention will employ,
conventional techniques of microbiology and recombinant DNA technology, which are within

the knowledge of those of skill of the art.
COMPOSITIONS

[00100] In some aspects of the disclosure, compositions are provided for the expression of a
transgene in a eukaryotic cell(s). In some aspects, the eukaryotic cell is a mammalian cell. In
some aspects, the mammalian cell is a retinal cell, such as a retinal ganglion cell, amacrine
cell, horizontal cell, bipolar cell, photoreceptor cell, cone cell, rod cell, Miller glial cell, or

retinal pigmented epithelium.

[00101] In some embodiments of the disclosure, the composition is a polynucleotide
cassette. By a “polynucleotide cassette” is meant a polynucleotide sequence comprising two
or more functional polynucleotide sequences, e.g. regulatory elements, translation initiation
sequences, coding sequences, termination sequences, etc., typically in operable linkage to one
another. Generally, a subject polynucleotide sequence is composed of DNA. Likewise, by a
“polynucleotide cassette for the expression of a transgene in a mammalian cell,” it is meant a
combination of two or more functional polynucleotide sequences, e.g. promoter, enhancer,
5’UTR, translation initiation sequence, coding sequence, termination sequences, etc. that

promotes the expression of the transgene in a cell.
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[00102] For example, in some embodiments, the polynucleotide cassette comprises: in 5° to
3’ order: (a) optionally, a first enhancer region; (b) a promoter region, wherein the promoter
region is specific for eukaryotic cells; (¢) a coding sequence encoding a polypeptide gene
product; (d) a second enhancer region; and (e) a polyadenylation site. In still other
embodiments, the polynucleotide cassette further comprises a 5 untranslated region (5°UTR)
upstream of the coding sequence. In yet other embodiments, the polynucleotide cassette
further comprises an intron region downstream of the promoter and upstream of the coding
sequence. In other embodiments, the polynucleotide cassette further comprises an RNA
export signal downstream of the second enhancer and upstream of the polyadenylation site. In
regard to the polynucleotide cassettes disclosed herein, the coding sequence is understood to
be operably linked to the expression control sequences in the cassette. For example, the
coding sequence is operably linked to the promoter region, enhancer region(s), and the

polyadenylation site.

[00103] In some embodiments, the polynucleotide cassettes of the present disclosure provide
for enhanced expression of a transgene in mammalian cells. In certain embodiments, the
arrangement of the two or more functional polynucleotide sequences within the
polynucleotide cassettes of the present disclosure provide for enhanced expression of a
transgene in mammalian cells. By “enhanced” it is meant that expression of the transgene is
increased, augmented, or stronger, in cells carrying the polynucleotide cassettes of the present
disclosure relative to cells carrying the transgene operably linked to comparable regulatory
elements. Put another way, expression of the transgene is increased, augmented, or stronger,
from the polynucleotide cassettes of the present disclosure relative to expression from a
polynucleotide cassette not comprising the one or more optimized elements of the present
disclosure, i.e. a reference control cassette, such as the CMV reference control cassette
described herein. In certain embodiments, the enhanced expression is specific for or limited
to one or more desired cell types. In one embodiment the transgene encodes a protein that is

secreted by the cell into the aqueous environment surrounding the cell.

[00104] For example, expression of the transgene may be enhanced, or augmented, or
stronger, in cells comprising a polynucleotide cassette comprising a promoter disclosed
herein than in cells that carry the transgene operably linked to a different promoter. As
another example, expression of the transgene may be enhanced, or increased, augmented, or

stronger, in cells comprising a polynucleotide cassette comprising an enhancer sequence
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disclosed herein than in cells that carry the transgene operably linked to a different enhancer
sequence. As another example, expression of the transgene may be enhanced, or increased,
augmented, or stronger, in cells comprising a polynucleotide cassette encoding a 5’UTR
disclosed herein than in cells that carry the transgene operably linked to a different 5’UTR
coding sequence. As another example, expression of the transgene may be enhanced, or
increased, augmented, or stronger, in cells comprising a polynucleotide cassette comprising
an intron as disclosed herein than in cells that carry the transgene operably linked to a
different intronic sequence. In yet another example, expression of the transgene may be
enhanced, or increased, augmented, or stronger, in cells comprising a polynucleotide cassette
comprising an intron as disclosed herein than in cells that carry the transgene operably linked

to a reference control cassette such as the CMV reference control cassette disclosed herein.

[00105] In preferred embodiments, the polynucleotide expression cassette promotes
expression (or a higher level of expression as compared to a reference cassette) of the
transgene in one or more particular cell or tissue types in vitro an in vivo. Examples of cell
types include but are not limited to HeLa cells, HEK-293 cells, ARPE-19 cells (a human
retinal pigment epithelial cell line), retinal ganglion cells, amacrine cells, horizontal cells,
bipolar cells, photoreceptor cells, cone cells, rod cells, Miiller glial cells, and retinal
pigmented epithelium. In another embodiment, enhanced expression is observed in cells in a

retinal tissue explant.

[00106] In some embodiments, the expression of a secretory polypeptide from the
polynucleotide cassette in mammalian cells is at least about 2X, 3X, 5X, 9X, 10X, 20X, or
50X higher than the expression of the secretory polypeptide from a reference cassette in the
mammalian cells in vitro or in vivo. More generally, the expression of the secretory
polypeptide is 2 to 10X, 5 to 10X, 9 to 10X, at least 2X, at least 5X, or at least 10X higher
than the expression of the polypeptide from a reference cassette in mammalian cells. Stated in
other terms, the polynucleotide cassette expresses the secretory protein in a mammalian cell
culture at a level that is at least or that is more than 2-fold, 5-fold, 10-fold, 50-fold or from
about 5 to about 10 fold higher than that obtained from the reference cassette in the

mammalian cell culture (e.g., in a duplicate mammalian cell culture).

[00107] Without wishing to be bound by theory, enhanced expression of a transgene in cells
or outside cells in the extracellular environment (e.g., culture supernatant or tissue matrix) is

believed to be due to a faster build-up of gene product in the cells or a more stable gene
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product in the cells. Thus, enhanced expression of a transgene by the polynucleotide
cassettes of the subject disclosure may be observed in a number of ways. For example,
enhanced expression may be observed by detecting the expression of the transgene following
contact of the polynucleotide cassette to the cells sooner, e.g. 7 days sooner, 2 weeks sooner,
3 weeks sooner, 4 weeks sooner, 8 weeks sooner, 12 weeks sooner, or more, than expression
would be detected if the transgene were operably linked to comparable regulatory elements,
such as those in the CMV reference control cassette described herein. Enhanced expression
may also be observed as an increase in the amount of gene product per cell. For example,
there may be a 2-fold increase or more, e.g. a 3-fold increase or more, a 4-fold increase or
more, a 5-fold increase or more, or a 10-fold increase or more in the amount of gene product
per mammalian cell. Enhanced expression may also be observed as an increase in the
number of mammalian cells that express detectable levels of the transgene carried by the
polynucleotide cassette. For example, there may be a 2-fold increase or more, e.g. a 3-fold
increase or more, a 4-fold increase or more, a 5-fold increase or more, or a 10-fold increase or
more in the number of mammalian cells that express detectable levels of the transgene. As
another example, the polynucleotide of the present invention may promote detectable levels
of the transgene in a greater percentage of cells as compared to a conventional polynucleotide
cassette; for example, where a conventional cassette may promote detectable levels of
transgene expression in, for example, less than 5% of the cells in a certain region, the
polynucleotide of the present invention promotes detectable levels of expression in 5% or
more of the cells in that region; e.g. 10% or more, 15% or more, 20% or more, 25% or more,
30% or more, 35% or more, 40% or more, or 45% or more, in some instances 50% or more,
55% or more; 60% or more, 65% or more, 70% or more, or 75% or more, for example 80%
or more, 85% or more, 90% or more, or 95% or more of the cells that are contacted, will
express detectable levels of gene product. Enhanced expression may also be observed as an

alteration in the viability and/or function of the cells.

[00108] The polynucleotide cassettes of the present disclosure typically comprise a promoter
region. In certain embodiments, the promoter region promotes expression of a coding
sequence in mammalian cells. In some instances, the promoter is a ubiquitous promoter, i.e.,
it is a promoter that is active in a wide range of cells, tissues and species. Suitable examples
include the actin, cytomegalovirus (CMV), elongation factor 1 alpha (EF1a), and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) promoters.
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[00109] In some embodiments, the polynucleotide comprises one or more enhancers.
Enhancers are nucleic acid elements that enhance transcription. In some embodiments, the
polynucleotide cassette comprises a first enhancer upstream of the coding sequence and a
second enhancer downstream of the coding sequence. Exemplary suitable enhancers include
but are not limited to EF1a, CMV, the full EES or a portion thereof such as the 410-564 EES
or 511-810 EES. EES (expression enhancer sequence) corresponds to a human scaffold-
attachment region, or SAR, of human beta-interferon (Agarwal, M et al. (1998) “Scaffold
Attachment Region-Mediated Enhancement of Retroviral Vector Expression in Primary T
Cells™ J. Virol. 72(5):3720-3728). In certain embodiments, the upstream enhancer includes
but is not limited to EFla or CMV. In certain embodiments, the downstream enhancer
includes but is not limited to the full expression enhancer sequence (full EES), 410-564 EES,
or 511-810 EES.

[00110] In some embodiments, the subject polynucleotide cassette comprises a sequence
encoding a 5° untranslated region, i.e. a polynucleotide sequence encoding an untranslated
region 5’ to the coding sequence, also called the 5’UTR. In some embodiments, the 5>UTR
does not contain the polynucleotide ATG. Exemplary suitable 5’UTR sequences include but
are not limited to sequences selected from 1) the tripartite leader sequence from adenovirus
(TPL) (Logan, J et al. (June 1984) “Adenovirus tripartite leader sequence enhances
translation of mRNAs late after infection™ Proc. Natl. Acad. Sci. USA 81: 3655-3659); ii) the
enhancer element sequence from the adenovirus major late promoter (eMLP) (Durocher, Y et
al. (2002) “High-level and high-throughput recombinant protein production by transient
transfection of suspension-growing human 293-EBNAI1 cells” Nucl. Acids. Res. 30(2):e9);
ii1)) UTR1; and iv) UTR2. In a preferred embodiment, the 5>UTR comprises, in 5° to 3™ order,
a TPL and an eMLP sequence.

[00111] In some embodiments, the subject polynucleotide cassette further comprises an
intron comprising a splice donor/acceptor region. In some embodiments, the intron is located
downstream of the promoter region and is located upstream of the translation initiation
sequence of the gene. Introns are DNA polynucleotides that are transcribed into RNA and
removed during mRNA processing through intron splicing. Polynucleotide cassettes
containing introns generally have higher expression than those without introns. Introns can
stimulate expression between 2- and 500-fold (Buchman and Berg, 1988. Mol Cell Bio,
8(10): 4395). Efficiently spliced introns contain a pre-splice donor, branchpoint, and Py rich
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region (Senapathy et al, 1990; Meth. Enzymol. 183, 252-78; Wu and Krainer, 1999; Mol Cell
Biol 19(5):3225-36). 5" introns are generally more efficient compared to introns at the 3” end
(Huang and Gorman, 1990; Mol Cell Bio, 10:1805). Although introns are known generally to
increase the level of gene expression, the specific increase (if any) of a given cDNA is
empirical and must be tested; for example the chimeric intron in the pSI vector increases CAT
expression by 21-fold, but luciferase expression by only 3-fold. Exemplary intron sequences
include but are not limited to sequences from actin, elongation factor 1 alpha (EF1a),

enhancer element from the adenovirus major late promoter (eMLP) and CMVc.

[00112] The coding sequence to be expressed in the cells can be any polynucleotide
sequence, e.g. gene or cDNA that encodes a gene product, e.g. a polypeptide. The coding
sequence may be heterologous to the promoter sequence and/or 5°UTR sequence to which it
is operably linked, i.e. not naturally operably associated with it. Alternatively, the coding
sequence may be endogenous to the promoter sequence and/or 5’UTR sequence to which it is
operably linked, i.e. is associated in nature with that promoter or 5’UTR. The gene product
may act intrinsically in the mammalian cell, or it may act extrinsically, e.g. it may be
secreted. For example, when the transgene is a therapeutic gene, the coding sequence may be
any gene that encodes a desired gene product or functional fragment or variant thereof that
can be used as a therapeutic for treating a disease or disorder. Accordingly, the coding
sequence in the polynucleotide cassette may encode, for example, an opsin protein or a
protein that inhibits VEGF, or the polynucleotide may encode a protein or an enzyme

effective for reducing one or more signs or symptoms of a disease.

[00113] In various preferred embodiments, the transgene encodes a peptide or protein that is
secreted from the cell. In some embodiments, the secreted protein is a therapeutic protein, or
a protein that is effective for the treatment of a disease in a subject. In some embodiments, the
therapeutic protein is an anti-angiogenic polypeptide, or a polypeptide that inhibits the
growth of new blood vessels (angiogenesis). In some forms, the secreted protein is an anti-
VEGF protein, or a protein that inhibits vascular endothelial growth factor (VEGF).

Examples of anti-VEGF proteins include ranibizumab, bevacizumab, and aflibercept. Another
example of an anti-VEGF polypeptides is soluble fms-like tyrosine kinase-1 (SFLT-1). In
other instances, the secreted protein comprises or consists of a VEGF-binding protein or
functional fragment thereof such as any of those disclosed in U.S. Pat. Nos. 5,712,380,
5,861,484 and 7,071,159, or a VEGF-binding fusion protein as, for example, disclosed in
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U.S. Pat. No. 7,635,474. In some forms, the secreted protein comprises or consists of a single
chain antibody, such as for example a single chain anti-VEGF antibody. According to one
embodiment, the transgene encodes sFLT-1, and in a more specific embodiment, human
sFLT-1. Alternatively, the transgene may comprise a sequence encoding a functional, VEGF-
binding fragment of sFLT-1 (Wiesmann et al., 1997; Cell, 91: 695-704). According to another
embodiment, the transgene encodes A1AT, or alpha-1 antitrypsin (Chiuchiolo et al., 2013,
24(4):161-173; Stoller and Aboussouan (2012) Am J Respir. Crit. Care Med. 185(3):246-59),

which may find use in a method for treating a disease associated with A1AT deficiency.

[00114] sFLT-1 is a soluble truncated form of the VEGF receptor FLT-1 and is also known
as soluble vascular endothelial growth factor receptor-1 (sVEGFR-1). Recombinant sFLT-1
binds and inhibits VEGF (Kendall and Thomas, 1993; Proc Natl Acad Sci. 90(22): 10705-
10709). In nature, it is generated by alternative mRNA splicing and lacks the membrane-
proximal immunoglobulin-like domain, the transmembrane spanning region and the
intracellular tyrosine-kinase domain. As described herein, “soluble” FLT-1, or sFLT-1 refers
to FLT-1 that is not restricted to the cellular membrane. Unbound sFLT-1 may diffuse freely

in extracellular space or solution.

[00115] In one embodiment of the invention, the transgene coding sequence is modified, or
“codon optimized” to enhance expression by replacing infrequently represented codons with
more frequently represented codons. The coding sequence is the portion of the mRNA
sequence that encodes the amino acids for translation. During translation, each of 61
trinucleotide codons are translated to one of 20 amino acids, leading to a degeneracy, or
redundancy, in the genetic code. However, different cell types, and different animal species,
utilize tRNAs (each bearing an anticodon) coding for the same amino acids at different
frequencies. When a gene sequence contains codons that are infrequently represented by the
corresponding tRNA, the ribosome translation machinery may slow, impeding efficient
translation. Expression can be improved via “codon optimization™ for a particular species,
where the coding sequence is altered to encode the same protein sequence, but utilizing
codons that are highly represented, and/or utilized by highly expressed human proteins (Cid-
Arregui et al., 2003; J. Virol. 77: 4928). In one aspect, the coding sequence is optimized for
translation in primates. In one aspect of the present invention, the coding sequence of the
transgene is modified to replace codons infrequently expressed in mammal or in primates

with codons frequently expressed in primates. For example, in some embodiments, the
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coding sequence encoded by the transgene encodes a polypeptide having at least 85%
sequence identity to a polypeptide encoded by a sequence disclosed above or herein, for
example at least 90% sequence identity, e.g. at least 95% sequence identity, at least 98%
identity, at least 99% identity, wherein at least one codon of the coding sequence has a higher
tRNA frequency in humans than the corresponding codon in the sequence disclosed above or

herein.

[00116] In some embodiments, the polynucleotide cassette of the present invention further
comprises an RNA export signal. An RNA export signal is a cis-acting post-transcriptional
regulatory element that enhances export of the RNA from the nucleus. Exemplary RNA
export sequences include but are not limited to sequences from the hepatitis B virus post-
transcriptional regulatory element (HPRE) and the woodchuck hepatitis virus post-
transcriptional element (WPRE) (Higashimoto, T et al. “The woodchuck hepatitis virus post-
transcriptional regulatory element reduces readthrough transcription from retroviral vectors™

Gene Ther., September 2007, 14(17):1298-1304).

[00117] In some embodiments, the polynucleotide cassette of the present invention further
comprises a polyadenylation region. As is understood in the art, RNA polymerase II
transcripts are terminated by cleavage and addition of a polyadenylation region, which may
also be referred to as a poly(A) signal, poly(A) region, or poly(A) tail. The poly A region
contains multiple consecutive adenosine monophosphates, often with repeats of the motif
AAUAAA. Several efficient polyadenylation sites have been identified, including those from
SV40, bovine growth hormone, human growth hormone and rabbit beta globin (Xu et al,
2001; Gene 272(1-2):149-156; Xu et al., 2002; J Control Rel. 81(1-2):155-163). The most
efficient poly A signal for expression of a transgene in mammalian cells may depend on the
cell type and species of interest and the particular vector used. In some embodiments of the
invention, the polynucleotide cassette comprises a poly A region selected from the group
consisting of bovine growth hormone (BGH), human growth hormone (HGH), and beta-
globin (Bglobin).

[00118] As will be appreciated by the ordinarily skilled artisan, two or more of the
aforementioned polynucleotide elements may be combined to create the polynucleotide
cassettes of the present disclosure. Thus, for example, the subject polynucleotide cassette
may comprise in operable linkage from 5’ to 3” order, a CMV enhancer, a CMV or EFla
promoter, optionally a CMVc¢ or EFlo intron, a UTR1, UTR2, or TPL and eMLP 5°UTR, a
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coding sequence for sFLT1, or a secreted polypeptide, a full EES, 410-564 EES, or 511-810
EES enhancer, optionally an HPRE or WPRE RNA export sequence, and a BGH, HGH, or a

Bglobin polyadenylation signal sequence.

[00119] Another polynucleotide cassette may comprise in operable linkage from 5°to 3°
order, a CMV enhancer, a CMV promoter, a 5’UTR comprising TPL and eMLP sequences, a
coding sequence encoding a therapeutic agent (e.g., a therapeutic polypeptide), a full length
EES enhancer, and an HGH poly A signal sequence. In particular embodiments, the coding
sequence encodes an anti-angiogenic polypeptide. In particular embodiments, the coding
sequence is codon optimized. In certain of these embodiments, the polynucleotide cassette

comprises one or more sequences selected from SEQ ID NO: 76-80.

[00120] In yet another embodiment, the polynucleotide cassette may comprise in operable
linkage from 5°to 3” order, a CMV enhancer, a CMV promoter, a 5’UTR comprising TPL and
eMLP sequences, a coding sequence encoding a therapeutic agent, 410-564 EES enhancer, an
HPRE RNA export region, and a BGH polyadenylation signal. In particular embodiments,
the coding sequence encodes an anti-angiogenic polypeptide. In particular embodiments, the
coding sequence is codon optimized. In certain of these embodiments, the polynucleotide

cassette comprises one or more sequences selected from SEQ ID NO: 81-86.

[00121] In still another embodiment, polynucleotide cassette may comprise in operable
linkage from 5°to 3" order, a CMV enhancer, an EF 1o promoter, an EF1o intron, a UTR2
5’UTR, a coding sequence encoding a therapeutic agent, a 511-810 EES enhancer, an WPRE
RNA export region, and a bovine growth hormone (BGH) polyadenylation signal. In
particular embodiments, the coding sequence encodes an anti-angiogenic polypeptide. In
particular embodiments, the coding sequence is codon optimized. In certain of these
embodiments, the polynucleotide cassette comprises one or more sequences selected from

SEQ ID NO: 70-75.

[00122] In yet another embodiment, the polynucleotide cassette may comprise in operable
linkage from 5°to 3’ order, a CMV enhancer, a CMV promoter, a CMVc¢ intron, a UTRI1
5’UTR, a coding sequence encoding a therapeutic agent, full length EES enhancer, an WPRE
RNA export region, and a beta-globin (fglobin) polyadenylation signal. In particular

embodiments, the coding sequence encodes an anti-angiogenic polypeptide. In particular
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embodiments, the coding sequence is codon optimized. In certain of these embodiments, the

polynucleotide cassette comprises one or more sequences selected from SEQ ID NO: 92-95.

[00123] In yet another embodiment, the polynucleotide cassette may comprise in operable
linkage from 5°to 3” order, a CMV enhancer, an actin promoter, anan eMLP intron, a coding
sequence encoding a therapeutic agent, a 511-810 EES sequence, an HPRE RNA export
sequence, and a Beta Globin polyadenylation signal. In particular embodiments, the coding
sequence encodes an anti-angiogenic polypeptide. In particular embodiments, the coding
sequence is codon optimized. In certain of these embodiments, the polynucleotide cassette

comprises one or more sequences selected from SEQ ID NO: 87-91.

[00124] In yet another embodiment, the polynucleotide cassette may comprise in operable
linkage from 5°to 3” order, a CMV enhancer an actin promoter, a chicken beta-actin intron, a
UTRI1 5°UTR, a coding sequence encoding a therapeutic agent, a 410-564 EES sequence, an
HPRE RNA export sequence, and a BGH polyadenylation site. In particular embodiments,
the coding sequence encodes an anti-angiogenic polypeptide. In particular embodiments, the
coding sequence is codon optimized. In certain of these embodiments, the polynucleotide

cassette comprises one or more sequences selected from SEQ ID NO: 92-95.

[00125] As will be recognized by one of ordinary skill in the art, the polynucleotide cassettes
may optionally contain other elements including, but not limited to restriction sites to
facilitate cloning and regulatory elements for a particular gene expression vector. Examples
of regulatory sequence include ITRs for AAV vectors, bacterial sequences for plasmid
vectors, attP or attB sites for phage integrase vectors, and transposable elements for

transposons.

[00126] As disclosed herein, in some aspects of the present invention, the subject
polynucleotide cassettes are used to deliver a gene to cells of an animal, e.g. to determine the
effect that the gene has on cell viability and/or function, to treat a cell disorder, etc.
Accordingly, in some aspects of the invention, the composition that provides for the
expression of a transgene in mammalian cells is a gene delivery vector, wherein the gene

delivery vector comprises a polynucleotide cassette of the present disclosure.

[00127] Any convenient gene delivery vector that finds use delivering polynucleotide
sequences to mammalian cells is encompassed by the gene delivery vectors of the present

disclosure. For example, the vector may comprise single or double stranded nucleic acid, e.g.
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single stranded or double stranded DNA. For example, the gene delivery vector may be
DNA, e.g., anaked DNA, e.g. a plasmid, or a minicircle, etc. The vector may comprise
single-stranded or double-stranded RNA, including modified forms of RNA. In another
example, the gene delivery vector may be an RNA, e.g., an mRNA or modified mRNA.

[00128] As another example, the gene delivery vector may be a viral vector derived from a
virus, e.g. an adenovirus, an adeno-associated virus (AAV), a lentivirus, a herpes virus, an
alpha virus or aretrovirus, e.g., Moloney murine leukemia virus (M-MulLV), Moloney
murine sarcoma virus (MoMSYV), Harvey murine sarcoma virus (HaMuSV), murine
mammary tumor virus (MuMTYV), gibbon ape leukemia virus (GaLV), feline leukemia virus
(FLV), spumavirus, Friend murine leukemia virus, Murine Stem Cell Virus (MSCV) and
Rous Sarcoma Virus (RSV)) or lentivirus. While embodiments encompassing the use of
adeno-associated virus are described in greater detail below;, it is expected that the ordinarily
skilled artisan will appreciate that similar knowledge and skill in the art can be brought to
bear on non-AAV gene delivery vectors as well. See, for example, the discussion of retroviral
vectors in, e.g., US Patent No. 7,585,676 and US Patent No. 8,900,858, and the discussion of
adenoviral vectors in, e.g. US Patent No. 7,858,367, the full disclosures of which are

incorporated herein by reference.

[00129] In some embodiments, the gene delivery vector is a recombinant adeno-associated
virus (rAAV). In such embodiments, the subject polynucleotide cassette is flanked on the 5'
and 3' ends by functional AAV inverted terminal repeat (ITR) sequences. By “functional AAV
ITR sequences” is meant that the ITR sequences function as intended for the rescue,
replication and packaging of the AAV virion. Hence, AAV ITRs for use in the gene delivery
vectors of the invention need not have a wild-type nucleotide sequence, and may be altered
by the insertion, deletion or substitution of nucleotides or the AAV ITRs may be derived from
any of several AAV serotypes, e.g. AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT,
AAV8, AAV9, AAV10. Preferred AAV vectors have the wild type Rep and Cap genes
deleted in whole or part, but retain functional flanking ITR sequences. In particular

embodiments, the AAV viral vector is the AAV2 variant 7m8.

[00130] In some embodiments, the subject polynucleotide cassette is encapsidated within an
AAV capsid, which may be derived from any adeno-associated virus serotype, including
without limitation, AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVE, AAVO,
AAV10, etc, any of which may serve as the gene delivery vector. For example, the AAV
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capsid may be a wild type, or native, capsid. Wild type AAV capsids of particular interest
include AAV2, AAVS, and AAV9. However, as with the ITRs, the capsid need not have a
wild-type nucleotide sequence, but rather may be altered relative to the wild-type sequence
by the insertion, deletion or substitution of nucleotides in the VP1, VP2 or VP3 sequence, so
long as the capsid is able to transduce mammalian cells. Put another way, the AAV capsid
may be a variant AAV capsid, which comprises one or more amino acid substitutions,
deletions, or insertions relative to the parental capsid protein or AAV capsid protein from
which it is derived. Variant AAVs of particular interest include those disclosed in US Patent
9,193,956, the full disclosure of which is incorporated by reference herein. In some
embodiments, the variant AAV comprises the 7m8 variant capsid protein (which may be
referred to herein as AAV2.7m8 or 7m8. AAV?2), disclosed in US Patent 9,193,956. In other
embodiments the AAV comprises or consists of the AAV2.5T capsid protein provided in US
Patent No. 9,233,131 as SEQ ID NO:42. In certain embodiments, the AAV comprises the
AAVShH10 or AAV6 capsid protein. FIGS. 8A-8C of U.S. Patent Application Publication
No. 20120164106 show the amino acid sequence of the AAVShH10 capsid protein, which is
also described in Klimczak, R.R. et al., PLOS One 4(10):e7467 (October 14, 2009).

[00131] Preferably, the rAAV is replication defective, in that the AAV vector cannot
independently further replicate and package its genome. For example, when cone cells are
transduced with rAAV virions, the gene is expressed in the transduced cone cells, however,
due to the fact that the transduced cone cells lack AAV rep and cap genes and accessory

function genes, the rAAV is not able to replicate.

[00132] Gene delivery vectors (e.g., rAAV virions) encapsulating the polynucleotide
cassettes of the present disclosure may be produced using standard methodology. For
example, in the case of rAAV virions, an AAV expression vector according to the invention
may be introduced into a producer cell, followed by introduction of an AAV helper construct,
where the helper construct includes AAV coding regions capable of being expressed in the
producer cell and which complement AAV helper functions absent in the AAV vector. This is
followed by introduction of helper virus and/or additional vectors into the producer cell,
wherein the helper virus and/or additional vectors provide accessory functions capable of
supporting efficient rAAV virus production. The producer cells are then cultured to produce
rAAV. These steps are carried out using standard methodology. Replication-defective AAV

virions encapsulating the recombinant AAV vectors of the instant invention are made by
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standard techniques known in the art using AAV packaging cells and packaging technology.
Examples of these methods may be found, for example, in U.S. Pat. Nos. 5,436,146;
5,753,500, 6,040,183, 6,093,570 and 6,548,286, expressly incorporated by reference herein in
their entirety. Further compositions and methods for packaging are described in Wang et al.

(US 2002/0168342), also incorporated by reference herein in its entirety.

[00133] Any concentration of viral particles suitable to effectively transduce mammalian
cells can be prepared for contacting mammalian cells in vitro or in vivo. For example, the
viral particles may be formulated at a concentration of 10% vector genomes per mL (vg/mL)
or more, for example, 5x108 vector genomes per mL; 10° vector genomes per mL; 5 x 10°
vector genomes per mL, 101° vector genomes per mL, 5x10'° vector genomes per mL; 10!
vector genomes per mL; 5 x10!! vector genomes per mL; 10'? vector genomes per mL; 5x10'
vector genomes per mL; 10" vector genomes per mL; 1.5 x10'? vector genomes per mL;
3x10"1 vector genomes per mL; 5x10'3 vector genomes per mL; 7.5x10'3 vector genomes per
mL; 9x10%3 vector genomes per mL; 1 x 10 vector genomes per mL, 5 x 10'* vector
genomes per mL or more, but typically not more than 1 x 10'° vector genomes per mL.
Similarly, any total number of viral particles suitable to provide appropriate transduction of
cells to confer the desired effect or treat the disease can be administered to the mammal. In
various preferred embodiments, at least 10%; 5x108; 10%; 5 x 10°, 10'°, 5x10%; 10; 5 x10'%;
10'2; 5x1012; 10%%; 1.5 x10%%; 3x1013; 5x1013; 7.5x10"%; 910", 1 x 10™ viral particles, or 5 x
101 viral particles or more, but typically not more than 1 x 10'* viral particles are injected per
eye. Any suitable number of administrations of the vector to the mammal or the primate eye
can be made. In one embodiment, the methods comprise a single administration; in other
embodiments, multiple administrations are made over time as deemed appropriate by an

attending clinician.

[00134] The subject viral vector may be formulated into a pharmaceutical composition
comprising any suitable unit dose of the vector, which can be administered to a subject to
produce a change in the subject or to treat a disease in the subject. In some embodiments a
unit dose comprises, without limitation, 1x10% vector genomes of the viral vector or more, for
example at least about 1x10°, 1x10'°, 1x10™, 1x102, 1x10'*, 1 x 10™, or at least about 3 x
10™ vector genomes or more, in certain instances, at least about 1x10'* vector genomes, but
usually no more than 4x10'° vector genomes. In some cases, the unit dose comprises at most

about 5x10%° vector genomes, e.g. 1x10 or 5 x 10 vector genomes or less, for example
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1x10%, 1x102, 1x10'", 1x10'°, or 1x10° vector genomes or less, in certain instances 1x108
vector genomes or less, and typically no less than 1x10® vector genomes. In some cases, the
unit dose comprises 1x101° to 1x10!! vector genomes. In some cases, the unit dose comprises
1x10° to 3x10'? vector genomes. In some cases, the unit dose comprises 1x10° to 3x10*"3
vector genomes. In some cases, the unit dose comprises 1x10® to 3x10'* vector genomes. In

some cases the unit dose comprises from about 1 x 10'° to about 5 x 10 vector genomes.

[00135] In some cases, the unit dose of a pharmaceutical composition may be measured
using multiplicity of infection (MOI). By MOI it is meant the ratio, or multiple, of vector or
viral genomes to the cells to which the nucleic acid may be delivered. In some cases, the
MOI may be 1x10°. In some cases, the MOI may be 1x10° -1x107. In some cases, the MOI
may be 1x10* -1x10%. In some cases, recombinant viruses of the disclosure are at least about
1x10%, 1x102, 1x10%, 1x10%, 1x10%, 1x10°, 1x107, 1x10%, 1x10%, 1x10'°, 1x10', 1x1012,
1x108, 1x10™, 1x10%3, 1x10'%, 1x10'7, and 1x10'® MOI. In some cases, recombinant viruses
of this disclosure are 1x108 to 3x10'* MOI. In some cases, recombinant viruses of the
disclosure are at most about 1x10', 1x102, 1x10%, 1x10*, 1x10°, 1x10°, 1x107, 1x108, 1x10°,
1x10%0, 1x101, 1x1012, 1x10%3, 1x10™, 1x105, 1x10%, 1x10'7, and 1x10'® MOL

[00136] In some aspects, the amount of pharmaceutical composition comprises about 1 x 108
to about 1 x 10" recombinant viruses, about 1 x 10° to about 1 x 10'* recombinant viruses,
about 1 x 10'° to about 1 x 10'* recombinant viruses, or about 1 x 10! to about 3 x 10'?

recombinant viruses.

[00137] In preparing the subject TAAV compositions, any host cells for producing rAAV
virions may be employed, including, for example, mammalian cells (e.g. 293 cells), insect
cells (e.g. SF9 cells), microorganisms and yeast. Host cells can also be packaging cells in
which the AAV rep and cap genes are stably maintained in the host cell or producer cells in
which the AAV vector genome is stably maintained and packaged. Exemplary packaging and
producer cells are derived from SF-9, 293, A549 or Hel a cells. AAV vectors are purified and

formulated using standard techniques known in the art.

[00138] The present invention includes pharmaceutical compositions comprising a
polynucleotide cassette or gene delivery vector described herein and a pharmaceutically-
acceptable carrier, diluent or excipient. For example, one embodiment is a pharmaceutical

composition comprising a recombinant virus comprising a polynucleotide of the present
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disclosure and a pharmaceutically acceptable excipient. In a specific embodiment, the
recombinant virus is a recombinant adeno-associated virus (AAV). The subject
polynucleotide cassettes or gene delivery vector can be combined with pharmaceutically-
acceptable carriers, diluents and reagents useful in preparing a formulation that is generally
safe, non-toxic, and desirable, and includes excipients that are acceptable for primate use.
Such excipients can be solid, liquid, semisolid, or, in the case of an aerosol composition,
gaseous. Examples of such carriers or diluents include, but are not limited to, water, saline,
Ringer's solutions, dextrose solution, and 5% human serum albumin. Supplementary active
compounds can also be incorporated into the formulations. Solutions or suspensions used for
the formulations can include a sterile diluent such as water for injection, saline solution, fixed
oils, polyethylene glycols, glycerine, propylene glycol or other synthetic solvents;
antibacterial compounds such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; chelating compounds such as ethylenediaminetetraacetic
acid (EDTA); buffers such as acetates, citrates or phosphates; detergents such as Tween 20 to
prevent aggregation; and compounds for the adjustment of tonicity such as sodium chloride
or dextrose. The pH can be adjusted with acids or bases, such as hydrochloric acid or sodium

hydroxide. In particular embodiments, the pharmaceutical compositions are sterile.

[00139] For instances in which cone cells are to be contacted in vivo, the subject
polynucleotide cassettes or gene delivery vectors comprising the subject polynucleotide

cassette can be treated as appropriate for delivery to the eye.

[00140] Pharmaceutical compositions suitable for use in the present invention further include
sterile aqueous solutions or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. Thus, the pharmaceutical composition
can be in the form of a sterile injectable solution. For intravenous administration, suitable
carriers include physiological saline, bacteriostatic water, or phosphate buffered saline (PBS).
In some cases, the composition is sterile and should be fluid to the extent that easy
syringability exists. In certain embodiments, it is stable under the conditions of manufacture
and storage and is preserved against the contaminating action of microorganisms such as
bacteria and fungi. The carrier can be, e.g., a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can be

maintained, for example, by the use of a coating such as lecithin, by the maintenance of the
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required particle size in the case of dispersion and by the use of surfactants. Prevention of the
action of microorganisms can be achieved by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for example, sugars, polyalcohols such
as manitol, sorbitol, or sodium chloride in the composition. Prolonged absorption of the
internal compositions can be brought about by including in the composition an agent which

delays absorption, for example, aluminum monostearate and gelatin.

[00141] Sterile solutions can be prepared by incorporating the active compound in the
required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the active compound into a sterile vehicle that contains a basic
dispersion medium and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, methods of
preparation are vacuum drying and freeze-drying that yields a powder of the active ingredient

plus any additional desired ingredient from a previously sterile-filtered solution thereof.

[00142] In one embodiment, the compositions are prepared with carriers that will protect the
gene cassette or expression vector against rapid elimination from the body, such as a
controlled release formulation, including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods
for preparation of such formulations will be apparent to those skilled in the art. The materials
can also be obtained commercially. Liposomal suspensions (including liposomes targeted to
infected cells with monoclonal antibodies to viral antigens) can also be used as
pharmaceutically acceptable carriers. These can be prepared according to methods known to

those skilled in the art, for example, as described in U.S. Pat. No. 4,522,811.

[00143] It is especially advantageous to formulate oral, ocular or parenteral compositions in
dose unit form for ease of administration and uniformity of dose. Dose unit form as used
herein refers to physically discrete units suited as unitary doses for the subject to be treated;
each unit containing a predetermined quantity of gene delivery vector or polynucleotide
cassette calculated to produce the desired therapeutic effect in association with the required

pharmaceutical carrier. The specification for the dose unit forms of the invention are dictated
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by the unique characteristics of the gene delivery vector, polynucleotide cassette, and the

particular therapeutic effect to be achieved.

[00144] The pharmaceutical compositions can be included in a container, pack, or dispenser,

e.g. syringe, e.g. a prefilled syringe, together with instructions for administration.

[00145] By “pharmaceutically acceptable excipient” is meant a material, substance, diluent,
or carrier that is substantially non-toxic to the cells or subject to which it is administered.
That is, the pharmaceutically acceptable excipient may be incorporated into a pharmaceutical
composition and administered to a cell or patient without causing substantially undesirable
biological effects or interacting in a deleterious manner with any of the other components of

the composition in which it is contained.

[00146] The subject polynucleotide cassette or gene delivery vector, e.g., recombinant virus
(virions), can be incorporated into pharmaceutical compositions for administration to
mammalian patients, particularly primates and more particularly humans. The subject
polynucleotide cassette or gene delivery vector, e.g. virions can be formulated in nontoxic,
inert, pharmaceutically acceptable aqueous carriers, preferably at a pH ranging from 3 to 8,
more preferably ranging from 6 to 8, or even more preferably from 7 to 8. Such sterile
compositions will comprise the vector or virion containing the nucleic acid encoding the
therapeutic molecule dissolved in an aqueous buffer having an acceptable pH upon

reconstitution.

[00147] In some embodiments, the pharmaceutical composition provided herein comprise a
therapeutically effective amount of a vector or virion in admixture with a pharmaceutically
acceptable carrier and/or excipient, for example saline, phosphate buffered saline, phosphate
and optionally one or more other agents such as amino acids, polymers, polyols, sugar,
buffers, preservatives, proteins, and inorganic salts such as sodium chloride. Exemplary
amino acids, polymers and sugars and the like are octylphenoxy polyethoxy ethanol
compounds, polyethylene glycol monostearate compounds, polyoxyethylene sorbitan fatty
acid esters, sucrose, fructose, dextrose, maltose, glucose, mannitol, dextran, sorbitol, inositol,
galactitol, xylitol, lactose, trehalose, bovine or human serum albumin, citrate, acetate,
Ringer's and Hank's solutions, cysteine, arginine, carnitine, alanine, glycine, lysine, valine,
leucine, polyvinylpyrrolidone, polyethylene and glycol. Preferably, this formulation is stable

for at least six months at 4° C.

40



WO 2018/170473 PCT/US2018/022996

[00148] In some embodiments, the pharmaceutical composition provided herein comprises a
buffer, such as phosphate buffered saline (PBS) or sodium phosphate/sodium sulfate, tris
buffer, glycine buffer, sterile water and other buffers known to the ordinarily skilled artisan
such as those described by Good et al. (1966) Biochemistry 5(2):467-477. The pH of the
buffer may be in the range of 6.5 to 7.75, preferably 7 to 7.5, and most preferably 7.2 to 7.4.
The pharmaceutical composition may comprise an adenoviral, or adeno-associated adenoviral

vector delivery system, which contains a polynucleotide cassette of the present disclosure.

METHODS

[00149] The ability to deliver a gene expression cassette of the present invention to target
cells of choice in vivo and obtain therapeutically effective amounts of the gene product in the
cells and in the extracellular environment following the transduction event, may be beneficial
for the treatment of many different diseases, including those that depend on the growth of
new blood vessels, wherein the goal of the treatment can be to equip target cells with the
ability to secrete an anti-angiogenic protein in a therapeutically effective amount. While not
wishing to be bound by any theory, an expression cassette capable of enhancing the
expression and, ultimately, the secretion of a therapeutic protein may help provide a clinically
significant benefit for the patient even when only a subset of the target cells are successfully
transduced by the gene delivery vector. High level secretion of the therapeutic protein by the
transduced cells may help balance the infectivity or transduction efficiency achieved with any

given dose or round of gene therapy.

[00150] Accordingly, the subject polynucleotide cassettes and gene delivery vectors, referred
to collectively herein as the “subject compositions™, find use in expressing a transgene in
cells of an animal. For example, the subject compositions may be used in research, e.g. to
determine the effect that the gene has on cell viability and/or function. As another example,
the subject compositions may be used in medicine, e.g. to treat a disorder. The methods and
compositions of the present disclosure may find use in the treatment of any condition that can
be addressed, at least in part, by gene therapy of cells. Cells include but are not limited to

blood, eye, liver, kidney, heart, muscle, stomach, intestine, pancreas, and skin.

[00151] Thus, the present invention provides methods for treating or preventing a disease or
disorder, e.g., an ocular disease or disorder, in a subject in need, comprising administering to
a subject in need thereof a viral vector or virion comprising a polynucleotide cassette of the

present invention that encodes a therapeutic gene product. In preferred embodiments, the
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therapeutic gene product is a secretory polypeptide, or a protein that is secreted or exported
from the cell following its synthesis in the cell and the polynucleotide cassette comprises in
5’ to 3’ order: (a) a first enhancer region comprising a CMV sequence (SEQ ID NO:1); (b) a
promoter region, comprising a CMV sequence (SEQ ID NO:4); (¢) a 5’UTR region
comprising, in 5° to 3’ order, TPL and eMLP sequences (SEQ ID NO:11 and SEQ ID NO:12,
respectively); (d) a coding sequence encoding a peptide or polypeptide; (e) a second enhancer
region comprising a full EES sequence (SEQ ID NO:13); and (f) a HGH polyadenylation site
(SEQ ID NO:14).

[00152] In related embodiments, some methods provide for the expression of a gene in cells
in vitro or in vivo, the method comprising contacting the cells with a composition of the
present disclosure. In some embodiments, contacting occurs in vitro. In some embodiments,
contacting occurs in vivo, i.e., the subject composition is administered to a subject. The
composition can be administered parenterally, via intravenous injection or infusion, orally. In
certain embodiments, it is administered to the eye by injection, e.g., administered to the
retina, sub-retina or vitreous. In certain embodiments, it is administered by retinal injection,
sub-retinal injection, or intravitreal injection. In certain embodiments, it is administered

locally or directly to a tissue or organ of interest, e.g., via injection into the liver.

[00153] The subject can be a mammal, including for example a human subject in need of

treatment for a particular disease or disorder.

[00154] For instances in which mammalian cells are to be contacted in vitro with a subject
polynucleotide cassette or gene delivery vector comprising a subject polynucleotide cassette,
the cells may be from any mammalian species, e.g. rodent (e.g. mice, rats, gerbils, squirrels),
rabbit, feline, canine, goat, ovine, pig, equine, bovine, primate, human. Cells may be from
established cell lines or they may be primary cells, where “primary cells”, “primary cell
lines”, and “primary cultures™ are used interchangeably herein to refer to cells and cells
cultures that have been derived from a subject and allowed to grow in vitro for a limited
number of passages, i.e. splittings, of the culture. For example, primary cultures are cultures
that may have been passaged O times, 1 time, 2 times, 4 times, 5 times, 10 times, or 15 times,

but not enough times go through the crisis stage. Typically, the primary cell lines of the

present invention are maintained for fewer than 10 passages in vitro.
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[00155] If the cells are primary cells, they may be harvested from a mammal by any
convenient method, e.g. whole explant, biopsy, etc. An appropriate solution may be used for
dispersion or suspension of the harvested cells. Such solution will generally be a balanced
salt solution, e.g. normal saline, PBS, Hank’s balanced salt solution, efc., conveniently
supplemented with fetal calf serum or other naturally occurring factors, in conjunction with
an acceptable buffer at low concentration, generally from 5-25 mM. Convenient buffers
include HEPES, phosphate buffers, lactate buffers, etc. The cells may be used immediately,
or they may be stored, frozen, for long periods of time, being thawed and capable of being
reused. In such cases, the cells will usually be frozen in 10% DMSO, 50% serum, 40%
buffered medium, or some other such solution as is commonly used in the art to preserve
cells at such freezing temperatures, and thawed in a manner as commonly known in the art

for thawing frozen cultured cells.

[00156] To promote expression of the transgene, the subject polynucleotide cassette or gene
delivery vector comprising a subject polynucleotide cassette will be contacted with the cells
for about 30 minutes to 24 hours or more, e.g., 1 hour, 1.5 hours, 2 hours, 2.5 hours, 3 hours,
3.5 hours 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 12 hours, 16 hours, 18 hours, 20 hours,
24 hours, etc. The subject polynucleotide cassette or gene delivery vector comprising a
subject polynucleotide cassette may be provided to the subject cells one or more times, e.g.
one time, twice, three times, or more than three times, and the cells allowed to incubate with
the agent(s) for some amount of time following each contacting event e.g. 16-24 hours, after
which time the media is replaced with fresh media and the cells are cultured further.
Contacting the cells may occur in any culture media and under any culture conditions that
promote the survival of the cells. For example, cells may be suspended in any appropriate
nutrient medium that is convenient, such as Iscove's modified DMEM or RPMI 1640,
supplemented with fetal calf serum or heat inactivated goat serum (about 5-10%),
L-glutamine, a thiol, particularly 2-mercaptoethanol, and antibiotics, e.g. penicillin and
streptomycin. The culture may contain growth factors to which the cells are responsive.
Growth factors, as defined herein, are molecules capable of promoting survival, growth
and/or differentiation of cells, either in culture or in the intact tissue, through specific effects
on a transmembrane receptor. Growth factors include polypeptides and non-polypeptide

factors.
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[00157] Typically, an effective amount of subject polynucleotide cassette or gene delivery
vector comprising a subject polynucleotide cassette is provided to produce the expression of
the transgene in cells. As discussed elsewhere herein, the effective amount may be readily
determined empirically, e.g. by detecting the presence or levels of transgene gene product, by
detecting an effect on the viability or function of the cells, etc. Typically, expression will be
enhanced 2-fold or more relative to the expression from a reference or control polynucleotide
cassette, for example 3-fold, 4-fold, or 5-fold or more, in some instances 10-fold, 20-fold or
50-fold or more, e.g. 100-fold. One example of a reference cassette for comparison purposes
is the CMYV reference control cassette, described herein. In specific embodiments, the
transgene encodes a secretory protein and the polynucleotide cassette expresses the secretory
protein in mammalian cells at a level that is at least 2-fold, 5-fold, 10-fold, 5 to 10 fold, 5 to
15 fold, or 10 to 15 fold higher than the level of expression of the secretory protein from the
CMYV reference control cassette in the mammalian cells. According to some embodiments,
when the transgene is one that encodes a non-secreted protein the polynucleotide cassette of
this invention expresses the non-secreted protein in mammalian cells at a level that is
approximately the same as, within 10-20% of, less than about 1.5X, or less than about 2X the
level of expression of the non-secreted protein from the CMV reference control cassette in
mammalian cells. The expression level of the secretory protein for each cassette may be
measured by an immunoassay or antigen-capture assay and may be represented as the
quantity or concentration of protein per volume of supernatant in the extracellular

environment (e.g., cell culture medium or supernatant).

[00158] Immunoassay methods for measuring the presence and quantity (and therefore the
expression level) of a protein in a biological or cell sample are known in the art (e.g., Hage,
D.S. (1999) “Immunoassays” Analytical Chemistry 71(12):294-304; The Immunoassay
Handbook, Fourth Edition: Theory and Applications of Ligand Binding, ELISA and Related
Techniques by David Wild (Editor), Elsevier Science (2013)). Generally, the immunoassay is
based on a reaction between the target protein and an antibody, or antibody fragment,
specifically binding to the protein. Immunoassay may be performed in aliquid or solid phase
system, but for ease of detection a solid phase may be preferred. Suitable immunoassays
include but are not limited to sandwich and competition assays, Western blotting, ELISA
(enzyme-linked immunosorbent assay), radioimmunoassay (RIA), fluoroimmunoasay (FTA),
and the like. The biological sample can be cell culture medium or supernatant (a sample taken

from the culture without lysing the cells), cell lysate, whole cells, blood, serum, plasma, or
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other body fluid or tissue. In some embodiments, as when the transgene is a selectable
marker, the population of cells may be enriched for those comprising the subject
polynucleotide cassette by separating the modified cells from the remaining population.
Separation may be by any convenient separation technique appropriate for the selectable
marker used. For example, if the transgene is a fluorescent marker, cells may be separated by
fluorescence activated cell sorting, whereas if the transgene is a cell surface marker, cells
may be separated from the heterogeneous population by affinity separation techniques, e.g.
magnetic separation, affinity chromatography, “panning” with an affinity reagent attached to
a solid matrix, or other convenient technique. Techniques providing accurate separation
include fluorescence activated cell sorters, which can have varying degrees of sophistication,
such as multiple color channels, low angle and obtuse light scattering detecting channels,
impedance channels, etc. The cells may be selected against dead cells by employing dyes
associated with dead cells (e.g. propidium iodide). Any technique may be employed which is
not unduly detrimental to the viability of the cells. Cell compositions that are highly enriched
for cells comprising the subject polynucleotides are achieved in this manner. By “highly
enriched”, it is meant that the genetically modified cells will be 70% or more, 75% or more,
80% or more, 85% or more, 90% or more of the cell composition, for example, about 95% or

more, or 98% or more of the cell composition.

[00159] For instances in which cells are to be contacted in vivo with a subject polynucleotide
cassette or gene delivery vector comprising a subject polynucleotide cassette, the subject may
be any mammal, e.g. rodent (e.g. mice, rats, gerbils), rabbit, feline, canine, goat, ovine, pig,

equine, bovine, human, or non-human primate.

[00160] The methods and compositions of the present disclosure find use in the treatment of
any condition that can be addressed, at least in part, by gene therapy of cells. Cells include
but are not limited to blood, eye, liver, kidney, heart, muscle, stomach, intestine, pancreas,
and skin. One embodiment is a method for treating a medical condition in a subject in need
of treatment, the method comprising administering to the subject a gene delivery vector that
contains a polynucleotide cassette as disclosed herein, wherein the cassette encodes a
polypeptide effective for reducing one or more signs or symptoms of the medical condition.
In some embodiments the medical condition is an ocular disease, the gene delivery vector is
an adeno-associated virus, and the polypeptide is a polypeptide that is secreted by the cells

transduced by the vector. In one embodiment, the secreted protein inhibits VEGF signaling.
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For example, the secreted protein can be a VEGF-binding protein. In some embodiments the
ocular disease is choroidal neovascularization or macular degeneration. Specific forms of
macular degeneration may include acute macular degeneration, non-exudative age related
macular degeneration, and exudative age related macular degeneration. Administration can be
by any suitable means, including, e.g., ocular delivery, intravitreal injection, intraocular
injection, retinal injection, subretinal injection, parenteral administration, intravenous

injection or infusion, and injection into the liver.

[00161] In some embodiments, the gene delivery vector is administered to the eye of the
subject in need of treatment. In some embodiments the gene delivery vector is administered
to the subject via intraocular injection, by intravitreal injection, or by any other convenient
mode or route of administration. In some embodiments the subject is a human subject

suffering from or at risk for developing macular degeneration or ocular neovascularization.

[00162] In some embodiments, the subject method results in a therapeutic benefit, e.g.
preventing the development of a disorder, halting the progression of a disorder, reversing the
progression of a disorder, etc. In some embodiments, the subject method comprises the step
of detecting that a therapeutic benefit has been achieved. The ordinarily skilled artisan will
appreciate that such measures of therapeutic efficacy will be applicable to the particular
disease being modified, and will recognize the appropriate detection methods to use to

measure therapeutic efficacy.

[00163] Expression of the transgene using the subject transgene is expected to be robust.
Accordingly, in some instances, the expression of the transgene, e.g. as detected by
measuring levels of gene product, by measuring therapeutic efficacy, etc., may be observed
two months or less after administration, e.g. 4, 3 or 2 weeks or less after administration, for
example, 1 week after administration of the subject composition. Expression of the transgene
is also expected to persist over time. Accordingly, in some instances, the expression of the
transgene, e.g. as detected by measuring levels of gene product, by measuring therapeutic
efficacy, etc., may be observed 2 months or more after administration of the subject
composition, e.g., 4, 6, 8, or 10 months or more, in some instances 1 year or more, for

example 2, 3, 4, or 5 years, in certain instances, more than 5 years.

[00164] In certain embodiments, the method comprises the step of detecting expression of

the transgene in the cells, wherein expression is enhanced relative to expression from a
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polynucleotide cassette not comprising the one or more improved elements of the present
disclosure, i.e. a reference control. Typically, expression will be enhanced 2-fold or more
relative to the expression from a reference, i.e. a control polynucleotide cassette, for example
3-fold, 4-fold, or 5-fold or more, in some instances 10-fold, 20-fold or 50-fold or more, e.g.
100-fold, as evidenced by, e.g. earlier detection, higher levels of gene product, a stronger
functional impact on the cells, etc. In one aspect, the transgene encodes a secretory

polypeptide such as sFLTI.

[00165] Typically, if the subject composition is a virus, e.g., an rAAV comprising a
polynucleotide cassette of the present disclosure, an effective amount to achieve a change in a
subject, or to produce a therapeutic effect, will be about 1x108 vector genomes or more, in
some cases 1x10°, 1x10'° 1x10!, 1x10'?, or 1x10'3 vector genomes or more, in certain
instances, 1x10' vector genomes or more, and usually no more than 1x10' vector genomes.
In some cases, the amount of vector genomes that is delivered is at most about 1x10¢ vector
genomes, e.g. 1x10"° vector genomes or less, for example 1x103, 1x10'2, 1x10M, 1x10'°, or
1x10° vector genomes or less, in certain instances 1x108 vector genomes, and typically no
less than 1x10® vector genomes. In some cases, the amount of vector genomes that is
delivered is 1x10'° to 1x10"! vector genomes. In some cases, the amount of vector genomes
that is delivered is 1x101° to 3x10!? vector genomes. In some cases, the amount of vector
genomes that is delivered is 1x10° to 3x10'3 vector genomes. In some cases, the amount of

vector genomes that is delivered is 1x108 to 3x10' vector genomes.

[00166] In some cases, the amount of pharmaceutical composition to be administered may be
measured using multiplicity of infection (MOI). In some cases, MOI may refer to the ratio or
multiple of vector particles or viral genomes to the cells to which the polynucleotide cassette
may be delivered. In some cases, the MOI may be 1x10°. In some cases, the MOI may be
1x10° to 1x107. In some cases, the MOI may be 1x10* to 1x10®. In some cases, recombinant

viruses of the disclosure are about 1x10%, 1x107, 1x10%, 1x10* 1x10°, 1x10°, or 1x107 MOI.

[00167] In some aspects, the pharmaceutical composition comprises about 1 x 108 to about 1
x 10% particles of recombinant viruses, about 1 x 10° to about 1 x 10!* particles of
recombinant viruses, about 1 x 10 to about 1 x 10'? particles of recombinant viruses, or

about 1 x 10! to about 3 x 10'? particles of recombinant viruses.
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[00168] Individual doses are typically not less than an amount required to produce a
measurable effect on the subject, and may be determined based on the pharmacokinetics and
pharmacology for absorption, distribution, metabolism, and excretion (“ADME?”) of the
subject composition or its by-products, and thus based on the disposition of the composition
within the subject. This includes consideration of the route of administration as well as dose
amount. Effective amounts of dose and/or dose regimen can readily be determined
empirically from preclinical assays, from safety and escalation and dose range trials,

individual clinician-patient relationships, as well as in vitro and in vivo assays.

[00169] All of the above U.S. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and non-patent publications referred

to in this specification are incorporated herein by reference, in their entirety.

[00170] From the foregoing it will be appreciated that, although specific embodiments of the
invention have been described herein for purposes of illustration, various modifications may
be made without deviating from the spirit and scope of the invention. Accordingly, the

invention is not limited except as by the appended claims.

EXAMPLES
[00171] The following examples are put forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how to make and use the present invention,
and are not intended to limit the scope of what the inventors regard as their invention nor are
they intended to represent that the experiments below are all or the only experiments
performed. Efforts have been made to ensure accuracy with respect to numbers used (e.g.
amounts, temperature, etc.) but some experimental errors and deviations should be accounted
for. Unless indicated otherwise, parts are parts by weight, molecular weight is weight
average molecular weight, temperature is in degrees Centigrade, and pressure is at or near

atmospheric.

[00172] General methods in molecular and cellular biochemistry can be found in such
standard textbooks as Molecular Cloning: A Laboratory Manual, 3rd Ed. (Sambrook et al.,
Cold Spring Harbor Laboratory Press 2001); Short Protocols in Molecular Biology, 4th Ed.
(Ausubel et al. eds., John Wiley & Sons 1999); Protein Methods (Bollag et al., John Wiley &
Sons 1996); Nonviral Vectors for Gene Therapy (Wagner et al. eds., Academic Press 1999);
Viral Vectors (Kaplift & Loewy eds., Academic Press 1995); Immunology Methods Manual
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(I. Lefkovits ed., Academic Press 1997); and Cell and Tissue Culture: Laboratory Procedures
in Biotechnology (Doyle & Griffiths, John Wiley & Sons 1998), the disclosures of which are
incorporated herein by reference. Reagents, cloning vectors, and kits for genetic
manipulation referred to in this disclosure are available from commercial vendors such as

BioRad, Stratagene, Invitrogen, Sigma-Aldrich, and Clontech.

EXAMPLE 1

CONSTRUCTION OF POLYNUCLEOTIDE EXPRESSION CASSETTES
[00173] Important considerations in the development of any gene therapy method are the
vehicle used to deliver the gene and the expression cassette used to drive production of the
transgene once inside the cell. The cassette is preferably one that promotes robust expression
of the transgene at a level that is sufficient to provide a quick and long-lasting therapeutic
benefit for the patient. To that end a series of polynucleotide expression cassettes containing
various combinations and permutations of regulatory elements and a protein coding sequence

were generated using standard recombinant DNA cloning techniques (FIG. 1).

EXAMPLE 2
CONSTRUCTION OF RECOMBINANT PLASMIDS
[00174] Recombinant plasmids comprising each of the candidate polynucleotide cassettes
and a coding sequence encoding Aflibercept were constructed and cloned in E. coli using
conventional DNA recombination and cloning techniques. Each cassette was positioned
between the inverted terminal repeat (ITR) sequences of adeno-associated virus serotype 2
(AAV?2), as shown in the vector map for cassette 11 (FIG. 11), for subsequent transfer of the

cassettes to the AAV genome and preparation of recombinant AAV virions.

[00175] As shown in FIG. 11, cassette 11 included, in 5° to 3” order, a CMV enhancer, a
CMYV promoter, a 5’UTR comprising sequences from TPL and eMLP, a protein coding
sequence, a full expression enhancer sequence (EES), and a human growth hormone
polyadenylation signal sequence (HGH polyA). In similar fashion, cassette 12 included, in 5’
to 3” order, a CMV enhancer, a CMV promoter, TPL and eMLP 5’UTR sequences, a protein
coding sequence, the 410-564 portion of the expression enhancer sequence (410-564 EES),
the cis-acting post-transcriptional regulatory element of hepatitis B virus (HPRE), and a
bovine growth hormone polyadenylation signal sequence (BGH polyA). The polynucleotide
sequences for cassettes 10, 11, 12, and 14, and for the CMV reference control cassette, as

used in these studies, are shown in Tables 1, 2, 3, 4, and 5 respectively. The ITRs, regulatory
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elements, and coding region, are listed as they occur in the plasmid in 5’ to 3 order, starting at
the top of table and continuing to the bottom of the table. A CMV reference cassette (Table 5)
was also constructed and tested in a side-by-side comparison with other selected cassettes of

the present disclosure.

EXAMPLE 3

PROTEIN EXPRESSION IN TRANSFECTED MAMMALIAN CELLS IN VITRO
[00176] To assess the expression properties of each cassette in vitro, each recombinant
construct was transfected into mammalian cells using FuGENE®6 Transfection Reagent
(Promega). In a first series of experiments (FIG. 2), the cassettes encoded a protein that is
secreted from the cell upon translation. Following transfection, the cells were incubated for
48 hours. Cell culture supernatant from each culture was then sampled and assayed by an
immune assay to assess the levels of secreted protein by each transfected cell culture. FIG. 2
shows the expression levels for cassettes C1-C18 relative to that of a “base plasmid”™ cassette,
described in FIG. 1. As shown in FIG. 2, highest average expression by HeLa cells was
observed for those cells transfected with cassettes 11 and 12.

EXAMPLE 4

PROTEIN EXPRESSION IN TRANSDUCED MAMMALIAN CELLS IN VITRO
[00177] Based on the results shown in FIG. 2, five cassettes (C7, C11, C12, C13, and C14)
were selected for further study. An experiment was performed to compare the expression of a
secreted protein from each cassette when delivered to mammalian cells in vitro by
recombinant adeno-associated virus. The C7, C11, C12, C13, and C14 cassettes used in the
HeLa cell study shown in FIG. 2 were each packaged within the AAV7mS capsid (Dalkara et
al. Sci. Transl. Med., 2013, Vol. 5, Issue 189, 189ra76). Separate cultures of HEK293 cells
were transduced with each recombinantA AV7m8 vector at an MOI of 3 x 103 and then
incubated for 3 days. Following incubation, supernatant was collected from each culture and
assayed using an immunoassay to measure the quantity of secreted protein in the supernatant
by each culture over the course of the 3-day incubation. As in transfected HeLa cells (FIG. 2),
highest expression in HEK293 cells was observed for those cells transduced with cassettes 11

and 12 (FIG. 3).

EXAMPLE 5

PROTEIN EXPRESSION IN TRANSDUCED PIG RETINAL EXPLANT CULTURES
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[00178] The recombinant AAV2.7m8§ vectors used in the study shown in FIG. 3 were further
tested in a porcine retinal explant culture system. Porcine retinas have anatomic and
physiologic features that are similar to humans and can therefore serve as a suitable surrogate
in pre-clinical testing. Explant cultures of full-thickness retina preserve the complex
intracellular processes and communications among the neural retinal cells and are useful

models in target-tissue validation of AAV vector variants.

Transduction of Pig Retinal Explants

[00179] The 7m8.AAV?2 vector is a variant AAV2 vector that is able to transduce
photoreceptors better than wild type AAV2 (Dalkara et al. Sci. Transl. Med. “In Vivo—
Directed Evolution of a New Adeno-Associated Virus for Therapeutic Outer Retinal Gene
Delivery from the Vitreous™, 2013, Vol. 5, Issue 189, 189ra76). Pig retinal explants, with full
thickness retina, were transduced with the 7m8 vectors at an MOI of 2 x 10*. Supernatant was
collected one week and two weeks after transduction and the amount of secreted protein
present in the supernatant was measured by an immunoassay. The experiment was run in
duplicate (Explants 1 and 2) and the results showing the level of protein expressed and
secreted from each transduced explant, as measured by the quantity of protein in the culture
supernatant are shown in FIG. 4, alongside the background level of a non-transduced
“yehicle” control explant. As shown in FIG. 4, the trend in protein expression levels for this
panel of cassettes correlated with the trend observed for transduced HEK293 cells in vitro
(F1G. 3), with cassettes 11, 12, and 14 providing the three highest expression levels and

cassettes 7 and 13 the lowest.

EXAMPLE 6

EXPRESSION OF SFLT-1 IN TRANSFECTED MAMMALIAN CELLS IN VITRO
[00180] It was of interest to study the expression properties of the cassettes in regard to other
proteins and other mammalian cell types. For this purpose, the coding sequences for two
other proteins, sFLT-1 and green fluorescent protein (GFP), were separately cloned into
polynucleotide cassettes C10, C11, and C12. For comparison, a sequence encoding sFLT1
was also separately cloned into the base plasmid cassette (FIG. 1) and a CMV control cassette
(“CMV-sFLT1”). The CMV-sFLT1 control construct comprised, in 5’ to 3” order, a CMV
enhancer sequence (SEQ ID NO:2), a CMV promoter (SEQ ID NO:21), a chimeric intron
(SEQ ID NO:22), a 5’UTR (SEQ ID NO:23), a coding sequence encoding sFLT-1 (SEQ ID
NO:24), a 3°’UTR (SEQ ID NO:25), and an SV40 poly A sequence (SEQ ID NO:26), as
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described in Table 5. With the exception of the CMV-sFLT1 control construct, the coding
sequence for sFLT-1 (also referred to herein as sFLT1) was codon optimized (CO) for

expression in primate cells.

[00181] The sFLT1-encoding vectors were transfected into three different cell lines: a retinal
pigment epithelial cell line (ARPE19 cells), HEK293 cells, and HeLa cells. Transfections
were performed using FUGENE®6 Transfection Reagent. Following the transfection step,
cells were incubated for 48 hours, and the amount of SFLT1 protein present in the cell culture
supernatant was measured using the sSFLT1 ELISA Kit from R & D Systems. Plasmids
encoding GFP under the control of cassette 7, 11, or 13, were transfected into HeLa cells and
compared to a plasmid expressing GFP under the control of the CMV promoter (CMV-
sFLT1, described above). After approximately 48 hours, the cells were trypsinized and the
percentage of GFP-positive cells in each culture was assessed by flow cytometry (BD
FACSCalibur™). Results are shown in FIGs. 5-8. In general, highest expression of sFLT1
was observed in cells transfected with cassettes 11 and 12, as compared to any of the other
cassettes tested (FIGs. 5-7). More specifically, the expression of sSFLT1 from cassette 11 in
ARPE19 cells (X =118,721 pg/mL) was about 2.2X (or about 2-fold) higher than the
expression of SFLT1 from the CMV-sFLT1 control cassette (X = 54268.53 pg/mL) in
ARPE19 cells (FIG. 5). The expression of SFLT1 from cassette 11 in HEK293 cells (X =
148985.40 pg/mL) was about 9X higher than the expression of sSFLT1 from the CMV-sFLT1
control cassette in HEK293 cells (x = 16525.9 pg/mL) (FIG. 6). And the expression of SFLT1
from cassette 11 in transfected HeLa cells (X =204957.57 pg/mL) was about 9X higher than
the expression of SFLT1 from the CMV-sFLT1 control cassette in HeLa cell cultures (X =
22363.03 pg/mL) (FIG. 7). Surprisingly, however, although the level of sSFLT1 expressed
from cassette 11 was consistently higher than the level of SFLT1 expressed from any of the
other cassettes tested, and was significantly higher than the level of sFLT1 expressed from the
CMV-sFLT1 control cassette in every cell line tested (FIGS. 5-7), cassette 11 provided a
similar level of protein per cell compared to the CMV-control cassette when the coding
sequence was changed to one that encoded GFP. As shown in FIG. 8, the fold difference in
amount of protein expressed in mammalian cells by cassette 11 and CMV-sFLT1, previously
observed when each cassette encoded sFLT1, was significantly reduced when the coding
sequence was changed from one encoding sFLT1, a secreted protein, to one encoding GFP, a

non-secreted, cytoplasmic protein. Based on these unexpected results, cassette 11, as

52



WO 2018/170473 PCT/US2018/022996

compared to other cassettes, is believed to be especially well suited for expressing

polypeptides that are secreted from the cell.

EXAMPLE 7

EXPRESSION OF sFLT-1 IN TRANSDUCED MAMMALIAN CELLS
[00182] In a further study, the C10 and C11 cassettes, containing a codon-optimized coding
sequence encoding human FLT-1, and the control CMV-sFLT-1 cassette were packaged in
the 7m8 capsid to form recombinant 7m8.AAV2 virions encoding SFLT-1 under the control of
the various cassette constructs. The CMV-sFLT1 control construct was also packaged in the
wild-type AAV2 capsid (AAV2-CMV-sFLT1). HEK293 cells were transduced with each
adeno-associated viral construct at an MOI of 1 x 105. Three days post-transduction,
supernatant from each culture was collected and the concentration of SFLT-1 in each
supernatant sample was assayed using an sSFLT-1 ELISA kit. As shown in FIG. 9, highest
expression was observed in the HEK293 cells transduced with cassette 11 (C11). The
expression of SFLT-1 from cassette 11 in the transduced HEK293 cells was approximately
50X higher than the expression of sSFLT-1 from the control CMV-sFLT1 cassette (33661
pg/mL compared to 718 pg/mL). The data shown on the right side of FIG. 9 shows that
supernatant from C11 transduced cells had to be further diluted to have the sample in the

range of the assay’s standard curve.

EXAMPLE 8

EXPRESSION OF sFLT-1 IN TRANSDUCED PIG RETINAL EXPLANTS
[00183] To compare the expression of SFLT-1 retinal tissue, pig retinal explants were
transduced with each of the recombinant AAV vectors shown in FIG. 9. The experiment was
run in triplicate and each explant was transduced at an MOI of 4 x 10*. Following
transduction, media was changed every 3 days. After two weeks, 3-day-old media was
collected from each explant culture and the amount of sSFLT-1 in the medium from each
culture was assessed using an SFLT-1 ELISA kit. In addition, retinal explants were lysed and
tissue lysates were assayed by ELISA for sFLT-1 expression within the cells. Results are
shown in FIG. 10. As shown in FIG. 10, the amount of sFLT-1 in the supernatant from the
explants transduced with an AAV2.7m8 encoding sFLT-1 under the control of cassette 11
(7m8-C11-CO.sFLT) is, on average, approximately 60X higher than the amount of sFLT-1 in
the supematant of explants transduced with an AAV2.7m8 encoding sFLT-1 under the control

of the control of the CMV cassette (7m8-CMV-sFLT1). The relative differences in the
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amount of sFLT-1 in the supernatants from the various explant cultures correlated with the
relative differences in the amount of sFLT-1 protein found inside the cells (FIG. 10; Tissue
Lysate), indicating that cassette 11 promotes higher expression of SFLT-1 in mammalian
cells, and thereby facilitates the secretion of higher levels of the protein outside the
transduced cells, in the extracellular medium, as compared to the levels of SFLT-1 observed
in and around (i.e., in the extracellular environment of) cells transduced with the 7m8-CMYV-
sFLT1 control cassette and other sFLT-1-encoding cassettes tested, as shown in FIG. 9 and

10.

EXAMPLE 9

EXPRESSION OF AFLIBERCEPT IN TRANSDUCED GERBIL EYES
[00184] In a further study, the expression of aflibercept driven by the cassettes C7, C11, C12,
C13, C14, were compared in vivo in gerbils. AAV vectors were assembled as described in
Example 4. In addition, AAV7mS8 capsids were assembled containing the MNTC expression
cassette expressing codon-optomized aflibercept. Groups of 8 animals received bilateral
intravitreal (IVT) injections of either vehicle, AAV.7m8-C7-Co-Aflibercept, AAV.7m8-C11-
Co-Aflibercept, AAV.7m8-C12-Co-Aflibercept, AAV.7m8-C13-Co-Aflibercept, or AAV.7m8-
C14-Co-Aflibercept, at 2x10'° vg/eye. At 8 weeks and 16 weeks post-injection four animals
were sacrificed, dissected into (i) the retina, (ii) the vitreous, (iii) the retina/choroid, and (iv)
the iris/ciliary body, and Aflibercept expression was analyzed in each eye (eight eyes total per

group per time point).

[00185] Free Aflibercept expression was measured in tissue samples using a modified
sandwich-type ELISA. Specifically, microtiter plates were coated with recombinant human
VEGF protein. Protein samples were incubated in each well, which was subsequently
washed. After washing, a horseradish peroxidase (HRP) conjugated anti-human IgG
monoclonal antibody was added to each well. The antibody binds to the Fc domain of the
Aflibercept protein, which itself was captured by the VEGF bound to the surface of the well.
Following incubation, wells were washed and bound enzymatic activity was determined by

the addition of Luminol followed by measurement of light emission at 466 nm.

[00186] Expression was detected from each construct in each of the tissue samples examined
at both 8 and 16 meek time points, and was highest in the vitreous for each construct at both

time points.
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TABLE 1: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 10

Element

Source

Sequence (5’ to 3°)

SEQ ID NO:

First Enhancer

CMV

ACTTACGGTAAATGGCCCGCCTGGC
TGACCGCCCAACGACCCCCGCCCAT
TGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTC
CATTGACGTCAATGGGTGGAGTATT
TACGGTAAACTGCCCACTTGGCAGT
ACATCAAGTGTATCATATGCCAAGT
CCGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGC
CCAGTACATGACCTTACGGGACTTT
CCTACTTGGCAGTACATCTACGTATT
AGTCATCGCTATTACCA

1

Promoter

EFlo

GCACATCGCCCACAGTCCCCGAGA
AGTTGGGGGGAGGGGTCGGCAATT
GAACCGGTGCCTAGAGAAGGTGGC
GCGGGGTAAACTGGGAAAGTGATG
TCGTGTACTGGCTCCGCCTTTTTCCC
GAGGGTGGGGGAGAACCGTATATAA
GTGCAGTAGTCGCCGTGAACGTTC

Intron

EFlo

GTAAGTGCCGTGTGTGGTTCCCGCG
GGCCTGGCCTCTTTACGGGTTATGG
CCCTTGCGTGCCTTGAATTACTTCC
ACCTGGCTCCAGTACGTGATTCTTG
ATCCCGAGCTGGAGCCAGGGGCGG
GCCTTGCGCTTTAGGAGCCCCTTCG
CCTCGTGCTTGAGTTGAGGCCTGGC
CTGGGCGCTGGGGCCGCCGCGTGC
GAATCTGGTGGCACCTTCGCGCCTG
TCTCGCTGCTTTCGATAAGTCTCTAG
CCATTTAAAATTTTTGATGACGTGCT
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TABLE 1: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 10

Element Source Sequence (5’ to 3°) SEQ ID NO:

GCGACGCTTTTTTTCTGGCAAGATA
GTCTTGTAAATGCGGGCCAGGATCT
GCACACTGGTATTTCGGTTTTTGGG
CCCGCGGCCGGCGACGGGGCCCAT
GCGTCCCAGCGCACATGTTCGGCGA
GGCGGGGCCTGCGAGCGCGGCCAC
CGAGAATCGGACGGGGGTAGTCTC
AAGCTGGCCGGCCTGCTCTGGTGCC
TGGCCTCGCGCCGCCGTGTATCGCC
CCGCCCTGGGCGGCAAGGCTGGCC
CGGTCGGCACCAGTTGCGTGAGCG
GAAAGATGGCCGCTTCCCGGCCCTG
CTCCAGGGGGCTCAAAATGGAGGA
CGCGGCGCTCGGGAGAGCGGGCAG
GTGAGTCACCCACACAAAGGAAAA
GGGCCTTTCCGTCCTCAGCCGTCGC
TTCATGTGACTCCACGGAGTACCGG
GCGCCGTCCAGGCACCTCGATTAGT
TCTGGAGCTTTTGGAGTACGTCGTC
TTTAGGTTGGGGGGAGGGGTTTTAT
GCGATGGAGTTTCCCCACACTGAGT
GGGTGGAGACTGAAGTTAGGCCAG
CTTGGCACTTGATGTAATTCTCCTTG
GAATTTGGCCTTTTTGAGTTTGGAT
CTTGGTTCATTCTCAAGCCTCAGAC
AGTGGTTCAAAGTTTTTTTCTTCCAT
TTCAG

5’UTR UTR2 ACACCCAAGCTGTCTAGAGCCGCC |6
ACC

Coding Gene of Transgene
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TABLE 1: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 10

Element Source Sequence (5’ to 3°) SEQ ID NO:
Sequence Interest

Second 511-810 GGTTCCCTTTTATTTTTTACATATAAA | 7

Enhancer EES TATATTTCCCTGTTTTTCTAAAAAAG

AAAAAGATCATCATTTTCCCATTGTA
AAATGCCATATTTTTTTCATAGGTCA
CTTACATATATCAATGGGTCTGTTTC
TGAGCTCTACTCTATTTTATCAGCCT
CACTGTCTATCCCCACACATCTCATG
CTTTGCTCTAAATCTTGATATTTAGT
GGAACATTCTTTCCCATTTTGTTCTA
CAAGAATATTTTTGTTATTGTCTTITG
GGCTTTCTATATACATTTTGAAATGA
GGTTGACAAGTTA

RNA Export | WPRE AATCAACCTCTGGATTACAAAATTT |8
GTGAAAGATTGACTGGTATTCTTAA
CTATGTTGCTCCTTTTACGCTATGTG
GATACGCTGCTTTAATGCCTTTGTAT
CATGCTATTGCTTCCCGTATGGCTTT
CATTTTCTCCTCCTTGTATAAATCCT
GGTTGCTGTCTCTTTATGAGGAGTT
GTGGCCCGTTGTCAGGCAACGTGG
CGTGGTGTGCACTGTGTTTGCTGAC
GCAACCCCCACTGGTTGGGGCATTG
CCACCACCTGTCAGCTCCTTTCCGG
GACTTTCGCTTTCCCCCTCCCTATTG
CCACGGCGGAACTCATCGCCGCCTG
CCTTGCCCGCTGCTGGACAGGGGCT
CGGCTGTTGGGCACTGACAATTCCG
TGGTGTTGTCGGGGAAATCATCGTC
CTTTCCTTGGCTGCTCGCCTGTGTT
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TABLE 1: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 10

Element

Source

Sequence (5’ to 3°)

SEQ ID NO:

GCCACCTGGATTCTGCGCGGGACGT
CCTTCTGCTACGTCCCTTCGGCCCT
CAATCCAGCGGACCTTCCTTCCCGC
GGCCTGCTGCCGGCTCTGCGGCCTC
TTCCGCCTCTTCGCCTTCGCCCTCA
GACGAGTCGGATCTCCCTTTGGGCC
GCCTCCCCGC

Poly A

BGH

TTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGG
AAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCG
CATTGTCTGAGTAGGTGTCATTCTAT
TCTGGGGGGTGGGGTGGGGCAGGA
CAGCAAGGGGGAGGATTGGGAATA
CAATAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGGTACCCAGGTGC
TGAAGAATTGACCCGGTTCCTCCTG
GG

TABLE 2: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 11

Element

Source

Sequence (5’ to 3°)

SEQ ID NO:

5’ITR

AAV

GCGCGCTCGCTCGCTCACTGAGGCC
GCCCGGGCAAAGCCCGGGCGTCAGG

GCGACCTTTGGTCGCCCGGCCTCAG
TGAGCGAGCGAGCGCGCAGAGAGG
GAGTGGCCAACTCCATCACTAGGGG
TTCC

10

First Enhancer

CMV

ACTTACGGTAAATGGCCCGCCTGGC
TGACCGCCCAACGACCCCCGCCCAT
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TABLE 2: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 11

Element Source Sequence (5’ to 3°) SEQ ID NO:

TGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTC
CATTGACGTCAATGGGTGGAGTATT
TACGGTAAACTGCCCACTTGGCAGT
ACATCAAGTGTATCATATGCCAAGT
CCGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGC
CCAGTACATGACCTTACGGGACTTT
CCTACTTGGCAGTACATCTACGTATT
AGTCATCGCTATTACCA

Promoter CMV TGCTGATGCGGTTTTGGCAGTACAC | 4
CAATGGGCGTGGATAGCGGTTTGAC
TCACGGGGATTTCCAAGTCTCCACC
CCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTT
CCAAAATGTCGTAATAACCCCGCCC
CGTTGACGCAAATGGGCGGTAGGC
GTGTACGGTGGGAGGTCTATATAAG
CAGAGCTCGTTTAGTGAACCG

5’UTR TPL CTCACTCTCTTCCGCATCGCTGTCT | 11
GCGAGGGCCAGCTGTTGGGCTCGC
GGTTGAGGACAAACTCTTCGCGGT
CTTTCCAGTACTCTTGGATCGGAAA
CCCGTCGGCCTCCGAACGGTACTCC
GCCACCGAGGGACCTGAGCGAGTC
CGCATCGACCGGATCGGAAAACCTC
TCGAGAAAGGCGTCTAACCAGTCA
CAGTCGCAAGGTAGGCTGAGCACC
GTGGCGGGCGGCAGCGGGTGGCAG
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TABLE 2: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 11

Element Source Sequence (5’ to 3°) SEQ ID NO:

TCGGGGTTGTTTCTGGCGGAGGTGC
TGCTGATGATGTAATTAAAGTAGGC
GGTCTTGAGACGGCGGATGGTCGA

5’UTR eMLP CCAGCTGTTGGGGTGAGTACTCCCT | 12
CTCAAAAGCGGGCATTACTTCTGCG
CTAAGATTGTCAGTTTCCAAAAACG
AGGAGGATTTGATATTCACCTGGCC

CG
Coding Gene of Transgene
Sequence Interest
Second Full EES CTGTTCTCATCACATCATATCAAGGT | 13
Enhancer TATATACCATCAATATTGCCACAGAT

GTTACTTAGCCTTTTAATATTTCTCT
AATTTAGTGTATATGCAATGATAGTT
CTCTGATTTCTGAGATTGAGTTTCTC
ATGTGTAATGATTATTTAGAGTTTCT
CTTTCATCTGTTCAAATTTTTGTCTA
GTTTTATTTTTTACTGATTTGTAAGA
CTTCTTTTTATAATCTGCATATTACAA
TTCTCTTTACTGGGGTGTTGCAAATA
TTTTCTGTCATTCTATGGCCTGACTT
TTCTTAATGGTTTTTTAATTTTAAAA
ATAAGTCTTAATATTCATGCAATCTA
ATTAACAATCTTTTCTTTGTGGTTAG
GACTTTGAGTCATAAGAAATTTTTC
TCTACACTGAAGTCATGATGGCATG
CTTCTATATTATTTTCTAAAAGATTTA
AAGTTTTGCCTTCTCCATTTAGACTT
ATAATTCACTGGAATTTTTTTGTGTG
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TABLE 2: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 11

Element Source Sequence (5’ to 3°) SEQ ID NO:

TATGGTATGACATATGGGTTCCCTTT
TATTTTTTACATATAAATATATTTCCC
TGTTTTTCTAAAAAAGAAAAAGATC
ATCATTTTCCCATTGTAAAATGCCAT
ATTTTTTTCATAGGTCACTTACATATA
TCAATGGGTCTGTTTCTGAGCTCTA
CTCTATTTTATCAGCCTCACTGTCTA
TCCCCACACATCTCATGCTTTGCTCT
AAATCTTGATATTTAGTGGAACATTC
ITTCCCATTTTGTTCTACAAGAATAT
TTTTGTTATTGTCTTTGGGCTTTCTAT
ATACATTTTGAAATGAGGTTGACAA

GTTA
Poly A HGH CTGCCCGGGTGGCATCCCTGTGACC | 14
Sequence CCTCCCCAGTGCCTCTCCTGGCCCT

GGAAGTTGCCACTCCAGTGCCCAC
CAGCCTTGTCCTAATAAAATTAAGTT
GCATCATTTTGTCTGACTAGGTGTCC
TTCTATAATATTATGGGGTGGAGGGG
GGTGGTATGGAGCAAGGGGCCCAA
GTTGGGAAGAAACCTGTAGGGCCT
GC

3'ITR AAV GTTAATCATTAACTACAAGGAACCC |15
CTAGTGATGGAGTTGGCCACTCCCT
CTCTGCGCGCTCGCTCGCTCACTGA
GGCCGGGCGACCAAAGGTCGCCCG
ACGCCCGGGCTTTGCCCGGGCGGC
CTCAGTGAGCGAGCGAGCGCGC
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TABLE 3: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 12

Element

Source

Sequence (5’ to 3°)

SEQ ID NO:

First Enhancer

CMV

ACTTACGGTAAATGGCCCGCCTGGC
TGACCGCCCAACGACCCCCGCCCAT
TGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTC
CATTGACGTCAATGGGTGGAGTATT
TACGGTAAACTGCCCACTTGGCAGT
ACATCAAGTGTATCATATGCCAAGT
CCGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGC
CCAGTACATGACCTTACGGGACTTT
CCTACTTGGCAGTACATCTACGTATT
AGTCATCGCTATTACCA

1

Promoter

CMV

TGCTGATGCGGTTTTGGCAGTACAC
CAATGGGCGTGGATAGCGGTTTGAC
TCACGGGGATTTCCAAGTCTCCACC
CCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTT
CCAAAATGTCGTAATAACCCCGCCC
CGTTGACGCAAATGGGCGGTAGGC
GTGTACGGTGGGAGGTCTATATAAG
CAGAGCTCGTTTAGTGAACCG

5’UTR

TPL

CTCACTCTCTTCCGCATCGCTGTCT
GCGAGGGCCAGCTGTTGGGCTCGC
GGTTGAGGACAAACTCTTCGCGGT
CTTTCCAGTACTCTTGGATCGGAAA
CCCGTCGGCCTCCGAACGGTACTCC
GCCACCGAGGGACCTGAGCGAGTC
CGCATCGACCGGATCGGAAAACCTC

11
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TABLE 3: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 12

Element Source Sequence (5’ to 3°) SEQ ID NO:

TCGAGAAAGGCGTCTAACCAGTCA
CAGTCGCAAGGTAGGCTGAGCACC
GTGGCGGGCGGCAGCGGGTGGCAG
TCGGGGTTGTTTCTGGCGGAGGTGC
TGCTGATGATGTAATTAAAGTAGGC
GGTCTTGAGACGGCGGATGGTCGA

5’UTR eMLP CCAGCTGTTGGGGTGAGTACTCCCT | 12
CTCAAAAGCGGGCATTACTTCTGCG
CTAAGATTGTCAGTTTCCAAAAACG
AGGAGGATTTGATATTCACCTGGCC

CG

Coding Gene of Transgene

Sequence Interest

Second 410-564 GGCATGCTTCTATATTATTTTCTAAA | 16

Enhancer EES AGATTTAAAGTTTTGCCTTCTCCATT
TAGACTTATAATTCACTGGAATTTTT
TTGTGTGTATGGTATGACATATGGGT
TCCCTTTTATTTTTTACATATAAATAT
ATTTCCCTGTTTTTCTAAAAAAGA

RNA Export | HPRE ATAACAGGCCTATTGATTGGAAAGT | 17

TTGTCAACGAATTGTGGGTCTTITTG
GGGTTTGCTGCCCCTTTTACGCAAT
GTGGATATCCTGCTTTAATGCCTTTA
TATGCATGTATACAAGCAAAACAGG
CTTTTACTTTCTCGCCAACTTACAA
GGCCTTTCTCAGTAAACAGTATATG
ACCCTTTACCCCGTTGCTCGGCAAC
GGCCTGGTCTGTGCCAAGTGTTTGC
TGACGCAACCCCCACTGGTTGGGG
CTTGGCCATAGGCCATCAGCGCATG
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TABLE 3: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 12

Element

Source

Sequence (5’ to 3°)

SEQ ID NO:

CGTGGAACCTTTGTGTCTCCTCTGC
CGATCCATACTGCGGAACTCCTAGC
CGCTTGTTTTGCTCGCAGCAGGTCT
GGAGCAAACCTCATCGGGACCGAC
AATTCTGTCGTACTCTCCCGCAAGT
ATACATCGTTTCCATGGCTGCTAGGC
TGTGCTGCCAACTGGATCCTGCGCG
GGACGTCCTTTGTTTACGTCCCGTC
GGCGCTGAATCCCGCGGACGACCC
CTCCCGGGGCCGCTTGGGGCTCTAC
CGCCCGCTTCTCCGTCTGCCGTACC
GTCCGACCACGGGGCGCACCTCTCT
TTACGCGGACTCCCCGTCTGTGCCT
TCTCATCTGCCGGACCGTGTGCACT
TCGCTTCACCTCTGCACGTCGCATG
GAGGCCACCGTGAACGCCCACCGG
AACCTGCCCAAGGTCTTGCATAAGA
GGACTCTTGGACTTTCAGCAATGTC
ATC

Poly A

BGH

TTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGG
AAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCG
CATTGTCTGAGTAGGTGTCATTCTAT
TCTGGGGGGTGGGGTGGGGCAGGA
CAGCAAGGGGGAGGATTGGGAATA
CAATAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGGTACCCAGGTGC
TGAAGAATTGACCCGGTTCCTCCTG
GG
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TABLE 4: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 14

Element Source Sequence (5’ to 3°) SEQ ID NO:

First Enhancer | CMV ACTTACGGTAAATGGCCCGCCTGGC |1
TGACCGCCCAACGACCCCCGCCCAT
TGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTC
CATTGACGTCAATGGGTGGAGTATT
TACGGTAAACTGCCCACTTGGCAGT
ACATCAAGTGTATCATATGCCAAGT
CCGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGC
CCAGTACATGACCTTACGGGACTTT
CCTACTTGGCAGTACATCTACGTATT
AGTCATCGCTATTACCA

Promoter CMV TGCTGATGCGGTTTTGGCAGTACAC | 4
CAATGGGCGTGGATAGCGGTTTGAC
TCACGGGGATTTCCAAGTCTCCACC
CCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTT
CCAAAATGTCGTAATAACCCCGCCC
CGTTGACGCAAATGGGCGGTAGGC
GTGTACGGTGGGAGGTCTATATAAG
CAGAGCTCGTTTAGTGAACCG

Intron CMVc GTAAGTCTGTTGACATGTATGTGAT | 18
GTATACTAACCTGCATGGGACGTGG
ATTTACTTGTGTATGTCAGATAGAGT
AAAGATTAACTCTTGCATGTGAGCG
GGGCATCGAGATAGCGATAAATGAG
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TABLE 4: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 14

Element Source Sequence (5’ to 3°) SEQ ID NO:

TCAGGAGGACGGATACTTATATGTG
TTGTTATCCTCCTCTACAG

5’UTR UTR1 AGCTTGCTTGTTCTTTTTGCAGAAG | 19
CTCAGAATAAACGCTCAACTTTGGC

Coding Gene of Transgene

Sequence Interest

Second Full EES CTGTTCTCATCACATCATATCAAGGT | 13
Enhancer TATATACCATCAATATTGCCACAGAT

GTTACTTAGCCTTTTAATATTTCTCT
AATTTAGTGTATATGCAATGATAGTT
CTCTGATTTCTGAGATTGAGTTTCTC
ATGTGTAATGATTATTTAGAGTTTCT
CTTTCATCTGTTCAAATTTTTGTCTA
GTTTTATTTTTTACTGATTTGTAAGA
CTTCTTTTTATAATCTGCATATTACAA
TTCTCTTTACTGGGGTGTTGCAAATA
TTTTCTGTCATTCTATGGCCTGACTT
TTCTTAATGGTTTTTTAATTTTAAAA
ATAAGTCTTAATATTCATGCAATCTA
ATTAACAATCTTTTCTTTGTGGTTAG
GACTTTGAGTCATAAGAAATTTTTC
TCTACACTGAAGTCATGATGGCATG
CTTCTATATTATTTTCTAAAAGATTTA
AAGTTTTGCCTTCTCCATTTAGACTT
ATAATTCACTGGAATTTTTTTGTGTG
TATGGTATGACATATGGGTTCCCTTT
TATTTTTTACATATAAATATATTTCCC
TGTTTTTCTAAAAAAGAAAAAGATC
ATCATTTTCCCATTGTAAAATGCCAT
ATTTTTTTCATAGGTCACTTACATATA
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TABLE 4: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 14

Element Source Sequence (5’ to 3°) SEQ ID NO:

TCAATGGGTCTGTTTCTGAGCTCTA
CTCTATTTTATCAGCCTCACTGTCTA
TCCCCACACATCTCATGCTTTGCTCT
AAATCTTGATATTTAGTGGAACATTC
ITTCCCATTTTGTTCTACAAGAATAT
TTTTGTTATTGTCTTTGGGCTTTCTAT
ATACATTTTGAAATGAGGTTGACAA
GTTA

RNA Export | WPRE AATCAACCTCTGGATTACAAAATTT |8
GTGAAAGATTGACTGGTATTCTTAA
CTATGTTGCTCCTTTTACGCTATGTG
GATACGCTGCTTTAATGCCTTTGTAT
CATGCTATTGCTTCCCGTATGGCTTT
CATTTTCTCCTCCTTGTATAAATCCT
GGTTGCTGTCTCTTTATGAGGAGTT
GTGGCCCGTTGTCAGGCAACGTGG
CGTGGTGTGCACTGTGTTTGCTGAC
GCAACCCCCACTGGTTGGGGCATTG
CCACCACCTGTCAGCTCCTTTCCGG
GACTTTCGCTTTCCCCCTCCCTATTG
CCACGGCGGAACTCATCGCCGCCTG
CCTTGCCCGCTGCTGGACAGGGGCT
CGGCTGTTGGGCACTGACAATTCCG
TGGTGTTGTCGGGGAAATCATCGTC
CTTTCCTTGGCTGCTCGCCTGTGTT
GCCACCTGGATTCTGCGCGGGACGT
CCTTCTGCTACGTCCCTTCGGCCCT
CAATCCAGCGGACCTTCCTTCCCGC
GGCCTGCTGCCGGCTCTGCGGCCTC
TTCCGCCTCTTCGCCTTCGCCCTCA
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TABLE 4: POLYNUCLEOTIDE SEQUENCE OF CASSETTE 14

Element Source Sequence (5’ to 3°) SEQ ID NO:

GACGAGTCGGATCTCCCTTTGGGCC

GCCTCCCCGC
PolyA Rabbit - TGGCTAATAAAGGAAATTTATTTTCA | 20
globin TTGCAATAGTGTGTTGGAATTTTTTG
poly A TGTCTCTCACTCGGAAGGACATATG

GGAGGGCAAATCATTTAAAACATCA
GAATGAGTATTTGGTTTAGAGTTTG
GCAACATATGCCCATATGCTGGCTG
CCATGAACAAAGGTTGGCTATAAAG
AGGTCATCAGTATATGAAACAGCCC
CCTGCTGTCCATTCCTTATTCCATAG
AAAAGCCTTGACTTGAGGTTAGATT
ITTTTTATATTTTGTTTTGTGTTATTT
TTTTCTTTAACATCCCTAAAATTTTC
CTTACATGTTTTACTAGCCAGATTTT
TCCTCCTCTCCTGACTACTCCCAGT
CATAGCTGTCCCTCTTCTCTTATGGA
GATC

TABLE 5: POLYNUCLEOTIDE SEQUENCE OF THE CMYV REFERENCE CONTROL CASSETTE
(CMV-SFLT1)

Element | Source Sequence (5’ to 3°) SEQID NO:

Enhancer | CMV TCAATATTGGCCATTAGCCATATTATTCATT | 2
GGTTATATAGCATAAATCAATATTGGCTATT
GGCCATTGCATACGTTGTATCTATATCATAA
TATGTACATTTATATTGGCTCATGTCCAATA
TGACCGCCATGTTGGCATTGATTATTGACT
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AGTTATTAATAGTAATCAATTACGGGGTCA
TTAGTTCATAGCCCATATATGGAGTTCCGC
GTTACATAACTTACGGTAAATGGCCCGCCT
GGCTGACCGCCCAACGACCCCCGCCCATIT
GACGTCAATAATGACGTATGTTCCCATAGT
AACGCCAATAGGGACTTTCCATTGACGTC
AATGGGTGGAGTATTTACGGTAAACTGCCC
ACTTGGCAGTACATCAAGTGTATCATATGC
CAAGTCCGCCCCCTATTGACGTCAATGAC
GGTAAATGGCCCGCCTGGCATTATGCCCAG
TACATGACCTTACGGGACTTTCCTACTTGG
CAGTACATCTACGTATTAGTCATCGCTATTA
CCATGGTGATGCGGTTTTGGCAGTACACC
AATGGGCGTGGATAGCGGTTTGACTCACG
GGGATTTCCAAGTCTCCACCCCATTGACGT
CAATGGGAGTTTGTTTTGGCACCAAAATC
AACGGGACTTTCCAAAATGTCGTAATAAC
C

Promoter | CMV CCGCCCCGTTGACGCAAATGGGCGGTAGG | 21
CGTGTACGGTGGGAGGTCTATATAAGCAG
AGCTCGTTTAGTGAACCGTCAGATC

Intron Chimeric | GTAAGTATCAAGGTTACAAGACAGGTTTA |22
Intron AGGAGACCAATAGAAACTGGGCTTGTCGA
GACAGAGAAGACTCTTGCGTTTCTGATAG
GCACCTATTGGTCTTACTGACATCCACTTT
GCCTTTCTCTCCACAG

5’UTR GGGGCTCGGGTGCAGCGGCCAGCGGGCG | 23
CCTGGCGGCGAGGATTACCCGGGGAAGTG
GTTGTCTCCTGGCTGGAGCCGCGAGACGG
GCGCTCAGGGCGCGGGGECCAGGCGECAGEC
GAACGAGAGGACGGACTCTGGCGGCCAGG
GTCTTTGGCCGCGGGGAGCGCGGGCACCG
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GGCGAGCAGGCCGCGTCGCGCTCACC

Coding sFLT-1 ATGGTCAGCTACTGGGACACCGGGGTCCT | 24
Sequence GCTGTGCGCGCTGCTCAGCTGTCTGCTTCT
CACAGGATCTAGTTCAGGTTCAAAATTAA
AAGATCCTGAACTGAGTTTAAAAGGCACC
CAGCACATCATGCAAGCAGGCCAGACACT
GCATCTCCAATGCAGGGGGGAAGCAGCCC
ATAAATGGTCTTTGCCTGAAATGGTGAGTA
AGGAAAGCGAAAGGCTGAGCATAACTAAA
TCTGCCTGTGGAAGAAATGGCAAACAATT
CTGCAGTACTTTAACCTTGAACACAGCTC
AAGCAAACCACACTGGCTTCTACAGCTGC
AAATATCTAGCTGTACCTACTTCAAAGAAG
AAGGAAACAGAATCTGCAATCTATATATTT
ATTAGTGATACAGGTAGACCTTTCGTAGAG
ATGTACAGTGAAATCCCCGAAATTATACAC
ATGACTGAAGGAAGGGAGCTCGTCATTCC
CTGCCGGGTTACGTCACCTAACATCACTGT
TACTTTAAAAAAGTTTCCACTTGACACTTT
GATCCCTGATGGAAAACGCATAATCTGGG
ACAGTAGAAAGGGCTTCATCATATCAAATG
CAACGTACAAAGAAATAGGGCTTCTGACC
TGTGAAGCAACAGTCAATGGGCATTTGTAT
AAGACAAACTATCTCACACATCGACAAAC
CAATACAATCATAGATGTCCAAATAAGCAC
ACCACGCCCAGTCAAATTACTTAGAGGCC
ATACTCTTGTCCTCAATTGTACTGCTACCA
CTCCCTTGAACACGAGAGTTCAAATGACC
TGGAGTTACCCTGATGAAAAAAATAAGAG
AGCTTCCGTAAGGCGACGAATTGACCAAA
GCAATTCCCATGCCAACATATTCTACAGTG
TTCTTACTATTGACAAAATGCAGAACAAA
GACAAAGGACTTTATACTTGTCGTGTAAG
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GAGTGGACCATCATTCAAATCTGTTAACAC
CTCAGTGCATATATATGATAAAGCATTCATC
ACTGTGAAACATCGAAAACAGCAGGTGCT
TGAAACCGTAGCTGGCAAGCGGTCTTACC
GGCTCTCTATGAAAGTGAAGGCATTTCCCT
CGCCGGAAGTTGTATGGTTAAAAGATGGG
TTACCTGCGACTGAGAAATCTGCTCGCTAT
TTGACTCGTGGCTACTCGTTAATTATCAAG
GACGTAACTGAAGAGGATGCAGGGAATTA
TACAATCTTGCTGAGCATAAAACAGTCAA
ATGTGTTTAAAAACCTCACTGCCACTCTAA
TTGTCAATGTGAAACCCCAGATTTACGAA
AAGGCCGTGTCATCGTTTCCAGACCCGGC
TCTCTACCCACTGGGCAGCAGACAAATCC
TGACTTGTACCGCATATGGTATCCCTCAAC
CTACAATCAAGTGGTTCTGGCACCCCTGTA
ACCATAATCATTCCGAAGCAAGGTGTGAC
TTTTGTTCCAATAATGAAGAGTCCTTTATC
CTGGATGCTGACAGCAACATGGGAAACAG
AATTGAGAGCATCACTCAGCGCATGGCAA
TAATAGAAGGAAAGAATAAGATGGCTAGC
ACCTTGGTTGTGGCTGACTCTAGAATTTCT
GGAATCTACATTTGCATAGCTTCCAATAAA
GTTGGGACTGTGGGAAGAAACATAAGCTT
TTATATCACAGATGTGCCAAATGGGTTTCA
TGTTAACTTGGAAAAAATGCCGACGGAAG
GAGAGGACCTGAAACTGTCTTGCACAGTT
AACAAGTTCTTATACAGAGACGTTACTTGG
ATTTTACTGCGGACAGTTAATAACAGAACA
ATGCACTACAGTATTAGCAAGCAAAAAAT
GGCCATCACTAAGGAGCACTCCATCACTC
TTAATCTTACCATCATGAATGTTTCCCTGCA
AGATTCAGGCACCTATGCCTGCAGAGCCA
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GGAATGTATACACAGGGGAAGAAATCCTC
CAGAAGAAAGAAATTACAATCAGAGGTGA
GCACTGCAACAAAAAGGCTGTTTTCTCTC
GGATCTCCAAATTTAAAAGCACAAGGAAT
GATTGTACCACACAAAGTAATGTAAAACAT
TAA

3’UTR AGGACTCATTAAAAAGTAAC 25

PolyA SV40 CAGACATGATAAGATACATTGATGAGTTTG | 26
GACAAACCACAACTAGAATGCAGTGAAA

AAAATGCTTTATTTGTGAAATTTGTGATGC
TATTGCTTTATTTGTAACCATTATAAGCTGC
AATAAACAAGTTAACAACAACAATTGCAT
TCATTTTATGTTTCAGGTTCAGGGGGAGAT
GTGGGAGGTTTTTTAAAGCAAGTAAAACC
TCTACAAATGTGGTA

[00187] Inverted terminal repeat (ITR) sequences from AAV may be placed in flanking
positions around any of the cassettes for subsequent transfer of the cassette to an AAV
genome, as exemplified for cassette 11. A Kozak sequence (e.g., GCCACC) may occur 5’ of
the start codon of the coding sequence. The CMV reference control cassette may comprise
any transgene of interest. Table 5 shows one illustrative embodiment, wherein the transgene

encodes sFLT-1.
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CLAIMS

What is claimed is:

1. A non-naturally occurring polynucleotide cassette for enhanced expression of
a transgene in a mammalian cell, comprising in 5° to 3” order:

(a) a first enhancer region;

(b) a promoter region;

(c) a coding sequence encoding a secretory polypeptide;

(d) a second enhancer region; and

(e) a polyadenylation site,

wherein the coding sequence is operably linked to the promoter region,

wherein the expression of the secretory polypeptide from the polynucleotide cassette
in mammalian cells is at least 5X higher than the expression of the secretory polypeptide
from a reference cassette in the mammalian cells, and

wherein the reference cassette comprises, in 5° to 3’ order, a CMV enhancer sequence
(SEQ ID NO:2), a CMV promoter (SEQ ID NO:21), a chimeric intron (SEQ ID NO:22), a
5’UTR (SEQ ID NO:23), a coding sequence encoding the secretory polypeptide, a 3°UTR
(SEQ ID NO:25), and an SV40 poly A sequence (SEQ ID NO:26).

2. The polynucleotide cassette of claim 1, wherein the cassette does not contain
an RNA export signal.
3. The polynucleotide cassette of any of the preceding claims, wherein the first

enhancer region comprises the cytomegalovirus (CMV) sequence set forth in SEQ ID NO:1

or a sequence with at least 85% identity thereto.

4, The polynucleotide cassette of any of the preceding claims, wherein the
promoter region comprises the CMV promoter sequence set forth in SEQ ID NO:4 or a

sequence with at least 85% identity thereto.
5. The polynucleotide cassette of any of the preceding claims, further comprising

an untranslated region (5’UTR) downstream of the promoter region and upstream of the

coding sequence, wherein the 5"UTR comprises, in 5° to 3” order, a TPL sequence according
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to SEQ ID NO:11 or a sequence with at least 85% identity thereto, and an eMLP sequence
according to SEQ ID NO:12 or a sequence with at least 85% identity thereto.

6. The polynucleotide cassette of any of the preceding claims, wherein the
second enhancer comprises the full EES sequence set forth in SEQ ID NO:13 or a sequence
with at least 85% identity thereto.

7. The polynucleotide cassette of any of the preceding claims, wherein the
polyadenylation site comprises the human growth hormone (HGH) polyadenylation site set

forth in SEQ ID NO:14 or a sequence with at least 85% identity thereto.

8. The polynucleotide cassette of any of the preceding claims, further comprising
one or more regions comprising a sequence selected from SEQ ID NO: 76-80 or a sequence

with at least 85% identity thereto.

9. The polynucleotide cassette of any of the preceding claims, wherein the

secretory polypeptide is an anti-angiogenic polypeptide.

10. The polynucleotide cassette of any of the preceding claims, wherein the
secretory polypeptide comprises soluble fms-like tyrosine kinase-1 (sFLT-1) or a VEGF-
binding fragment of sFLT-1.

11. A polynucleotide cassette according to claim 1, comprising in 5’ to 3°:

(a) a first enhancer region comprising a CMV sequence consisting of SEQ ID NO:1 or
a sequence having at least 85% identity thereto;

(b) a promoter region comprising a CMV sequence consisting of SEQ ID NO:4 or a
sequence having at least 85% identity thereto;

(c) a 5’UTR region comprising, in 5’ to 3’ order, a TPL sequence consisting of SEQ

ID NO:11 or a sequence having at least 85% identity thereto, and an eMLP sequence

consisting of SEQ ID NO:12 or a sequence having at least 85% identity thereto;

(d) a coding sequence encoding said secretory polypeptide, wherein the coding
sequence is operably linked to the promoter region;

(e) a second enhancer region comprising a full EES sequence consisting of SEQ ID

NO:13 or a sequence having at least 85% identity thereto; and
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(f) aHGH polyadenylation site consisting of SEQ ID NO:14 or a sequence having at
least 85% identity thereto, and

optionally wherein the cassette does not comprise an RNA export signal.

12. The polynucleotide cassette of claim 11, further comprising each of SEQ ID
NO: 76-80.

13. A polynucleotide cassette according to claim 1, comprising in 5’ to 3°:

(a) a first enhancer region comprising a CMV sequence consisting of SEQ ID NO:1 or
a sequence having at least 85% identity thereto;

(b) a promoter region, comprising an EF1a sequence consisting of SEQ ID NO:3 ora
sequence having at least 85% identity thereto;

(c) an intron region comprising an EF 1o sequence consisting of SEQ ID NO:5 ora
sequence having at least 85% identity thereto;

(d) a 5’UTR region comprising an UTR2 sequence consisting of SEQ ID NO:6 or a
sequence having at least 85% identity thereto;

(e) a coding sequence encoding said secretory polypeptide, wherein the coding
sequence is operably linked to the promoter region;

() a second enhancer region comprising a 511-810 EES sequence consisting of SEQ
ID NO:7 or a sequence having at least 85% identity thereto;

(g) an WPRE RNA export sequence consisting of SEQ ID NO:8 or a sequence having
at least 85% identity thereto; and

(h) a BGH polyadenylation site consisting of SEQ ID NO:9 or a sequence having at
least 85% identity thereto.

14. The polynucleotide cassette of claim 13, further comprising each of SEQ ID
NO: 70-75.

15. A polynucleotide cassette according to claim 1, comprising in 5’ to 3°:

(a) a first enhancer region comprising a CMV sequence consisting of SEQ ID NO:1 or
a sequence having at least 85% identity thereto;

(b) a promoter region, comprising a CMV sequence consisting of SEQ ID NO:4 or a

sequence having at least 85% identity thereto;
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(c) a 5’UTR region comprising, in 5° to 3’ order, TPL and eMLP sequences consisting
of SEQ ID NO:11 and SEQ ID NO:12, respectively or a sequence having at least 85%
identity thereto;

(e) a coding sequence encoding a peptide or polypeptide;

() a second enhancer region comprising a 410-564 EES sequence consisting of SEQ
ID NO:16 or a sequence having at least 85% identity thereto;

(g) an HPRE RNA export sequence consisting of SEQ ID NO:17 or a sequence
having at least 85% identity thereto; and

(h) a BGH polyadenylation site consisting of SEQ ID NO:9 or a sequence having at
least 85% identity thereto.

16. The polynucleotide cassette of claim 15, further comprising each of SEQ ID
NO: 81-86.

17. A polynucleotide cassette according to claim 1, comprising in 5’ to 3°:

(a) a first enhancer region comprising a CMV sequence consisting of SEQ ID NO:1 or
a sequence having at least 85% identity thereto;

(b) a promoter region, comprising an actin sequence consisting of SEQ ID NO:96 or a
sequence having at least 85% identity thereto;

(c)a 5" UTR comprising an eMLP sequences consisting of SEQ ID NO:12 or a
sequence having at least 85% identity thereto;

(e) a coding sequence encoding a peptide or polypeptide;

() a second enhancer region comprising a 511-810 EES sequence consisting of SEQ
ID NO:7 or a sequence having at least 85% identity thereto;

(g) an HPRE RNA export sequence consisting of SEQ ID NO:17 or a sequence
having at least 85% identity thereto; and

(h) a rabbit Beta Globin polyadenylation site consisting of SEQ ID NO:20 or a

sequence having at least 85% identity thereto.

18. The polynucleotide cassette of claim 17, further comprising each of SEQ ID
NO: 87-91.

19. A polynucleotide cassette according to claim 1, comprising in 5’ to 3°:

(a) a first enhancer region comprising a CMV sequence consisting of SEQ ID NO:1 or
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a sequence having at least 85% identity thereto;

(b) a promoter region, comprising a CMV sequence consisting of SEQ ID NO:4 or a
sequence having at least 85% identity thereto;

(¢) an intron region comprising an CMV ¢ sequence consisting of SEQ ID NO:18 or a
sequence having at least 85% identity thereto;

(d) a 5’UTR region comprising a UTR1 sequence consisting of SEQ ID NO:19 or a
sequence having at least 85% identity thereto;

(e) a coding sequence encoding a peptide or a polypeptide;

() a second enhancer region comprising a full EES sequence consisting of SEQ ID
NO:13 or a sequence having at least 85% identity thereto;

(g) an WPRE RNA export sequence consisting of SEQ ID NO:8 or a sequence having
at least 85% identity thereto; and

(h) a rabbit Beta Globin polyadenylation site consisting of SEQ ID NO:20 or a

sequence having at least 85% identity thereto.

20. The polynucleotide cassette of claim 19, further comprising each of SEQ ID
NO: 92-95.

21. A recombinant virus comprising:
a) a capsid protein, and

b) the polynucleotide cassette according to any of the preceding claims.

22. The recombinant virus of claim 21 wherein the recombinant virus is a

recombinant adeno-associated virus.

23. The recombinant virus of claim 22 wherein the capsid protein is an AAV

variant 7m8 capsid protein or is derived from the AAV variant 7m8 capsid protein.

24, A pharmaceutical composition comprising the recombinant virus of any one of

claims 21-23 and a pharmaceutically acceptable excipient.

25. An isolated host cell transfected or transduced with the polynucleotide cassette

of claim 1.
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26. A method for expressing a transgene in mammalian cells, comprising
contacting one or more mammalian cells with an amount of the recombinant virus of any one
of claims 21-23, wherein the secretory polypeptide is expressed in the one or more
mammalian cells at a level that is at least 5X higher than that obtained by contacting the cells
with a recombinant virus comprising a reference cassette encoding the secretory polypeptide,
wherein the reference cassette comprises, in 5° to 3” order, a CMV enhancer sequence (SEQ
ID NO:2), a CMV promoter (SEQ ID NO:21), a chimeric intron (SEQ ID NO:22), a 5’UTR
(SEQ ID NO:23), a coding sequence encoding the secretory polypeptide, a 3°UTR (SEQ ID
NO:25), and an SV40 poly A sequence (SEQ ID NO:26).

27. A method for the treatment or prophylaxis of a disease in a mammal in need of
treatment or prophylaxis for a disease, comprising administering to the mammal an effective

amount of the pharmaceutical composition of claim 24.

28. The method of claim 27, wherein the disease is an ocular disease and the

pharmaceutical composition is administered to the eye of the mammal.

29. The method of claim 28, wherein the pharmaceutical composition is

administered to an eye of the mammal via intraocular injection or intravitreal injection.

30. The method of claim 29, wherein the ocular disease is selected from the group

consisting of choroidal neovascularization and macular degeneration.
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FIG. 1

Polynucleotide cassette constructs

First Second RNA
Cassette No.| Enhancer | Promoter 5'UTR Gene Enhancer | Export polyA
1 EF1 EFla TPL MLP | Coding Sequence Full EES HPRE HGH
410-564
2 EFla EFla UTR2 Coding Sequence EES HGH
511-810
3 EFla EFla EFla UTR2 Coding Sequence EES BGH
511-810
4 EFla EFla EFla UTR1 Coding Sequence EES BGlobin
511-810
5 CMV GAPDH UTR1 Coding Sequence EES HPRE HGH
410-564
6 CMV GAPDH TPL | eMLP | Coding Sequence EES WPRE BGlobin
410-564
7 CMV Actin Actin UTR1 Coding Sequence EES HPRE BGH
410-564
8 CMV Actin Actin TPL | eMLP | Coding Sequence EES BGlobin
410-564
9 CMV EFla EFla UTR1 Coding Sequence EES HGH
511-810
10 CMV EFla EFla UTR2 Coding Sequence EES WPRE BGH
11 CMV CMV Coding Sequence Full EES HGH
410-564
12 CMV CMV Coding Sequence EES HPRE BGH
511-810
13 CMV Actin Coding Sequence EES HPRE BGlobin
14 CMV CMV Coding Sequence Full EES WPRE BGlobin
15 CMV CMV Coding Sequence Full EES HPRE BGlobin
16 CMV CMV Coding Sequence Full EES WPRE BGH
511-810
17 CMV GAPDH Coding Sequence EES WPRE HGH
18 CMV Actin Coding Sequence Full EES BGH
Base CMV EFla Coding Sequence Rb Globin
plasmid
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FIG. 2

Expression of Aflibercept in
transfected Hela Cells
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FIG. 4A
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FIG. 4B
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FIG. 5

Expression of sFLT1 in transfected ARPE19 cells
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FIG. 6

sFLT1 concentration (pg/ml)
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FIG. 7

Expression of sFLT1 in transfected Hela cells
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FIG. 8

Expression of green fluorescent protein (GFP) in
transfected Hela cells
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FIG. 9
Expression of sFLT1 in transduced HEK293 cells
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Expression of sFLT1 from transduced pig retinal explants

FIG. 10A
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