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ABSTRACT

Compositions and methods are provided for treating com-
panion animals are provided. An adeno-associated viral
vector is provided which includes a nucleic acid molecule
comprising a sequence encoding erythropoietin (EPO). In
desired embodiments, the subject is a cat or dog.

Specification includes a Sequence Listing.

8348
8350
8351

- \\\\_,__
ol

Day

-

4@ 50



Patent Application Publication

Sep. 6,2018 Sheet 1 of 3

{} ; 3 H L4
a 10 20 30 40 50
Day
FIG. 1.
80
o \\? ““““““““““ -
-
.n&,‘
“““““““ Range of nomal
..... §\§
M§W
e

20 A0 &0 80
Bay

US 2018/0251508 A1
- 8348
N B350
g~ 9351
- 1-826
- 1627
- 1829
1528
L6827 L‘Jntreated
Leog | Hitermates

FIG. 2.



Patent Application Publication  Sep. 6,2018 Sheet 2 of 3 US 2018/0251508 A1

FIG. 3A

SEQ 1D NO: 3 CANINE EPO

MCEPAPPKPTOSAWHSFPECPALLLLESLLLLPLGLPVLIGAPPRLICDSRVLERYILE
AREAENVTMGCAQGCSFSENITVPDTKVNFYTWKRMDVGQQALEVWAQGLALLSE
AILRGQALLANASQPSETPQLHVDKAVSSLRSLTSLLRALGAQKEAMSLPEEASPA
PLRTFTVDTLCKLFRIYSNFLRGKLTLYTGEACRRGDR

FIG. 3B

SEQID NO: 4 FELINE EPO

MGSCECPALLLLLSLLLLIPLGLPVLIGAPPRLICDSRVLERYILEAREAENVTMGCAE
GCSFSENITVPDTKVNFYTWKRMDVGQQAVEVWQGLALLSEAILRGQALLANSSQ
PSETLQLHVDKAVSSLRSLTSLLRALGAQKEATSLPEATSAAPLRTFTVDTLCKLFR]
YSNFLRGKLTLYTGEACRRGDR
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AAV-EPO FOR TREATING COMPANION
ANIMALS

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED IN ELECTRONIC
FORM

[0001] Applicant hereby incorporates by reference the
Sequence Listing material filed in electronic form herewith.
This file is labeled “15-7472PCT_Seq_Listing.txt”.

BACKGROUND OF THE INVENTION

[0002] Erythropoietin (EPO) is a hormone made predomi-
nantly within the peritubular cells of the kidney. It acts on
the bone marrow, stimulating erythropoiesis. Erythropoietin
also controls apoptosis (programmed cell death) of mature
red blood cells. Renal disease reduces erythropoietin pro-
duction. In humans, the management of anemia in chronic
kidney disease has been revolutionized by the development
of recombinant human erythropoietin (epoetin). Many of the
symptoms that had been ascribed to chronic kidney disease
such as fatigue, lethargy, somnolence and shortness of
breath, which all impact unfavorably on quality of life, were
resolved or markedly improved when anemia was corrected.
[0003] There are over 2 million cats and 350,000 dogs that
suffer from chronic kidney disease (CKD). Companion
animals with CKD-related renal failure suffer in similar
ways. They do not have sufficient EPO and subsequently
become very anemic. In the past veterinarians have given
human recombinant EPO until the animals would develop an
immune response to the infused EPO. Effectively, this leaves
no long term treatment in the market for a very well
understood physiological process that has a clear need in the
clinic.

[0004] Therefore, compositions useful for expressing EPO
in subjects, particularly companion animals, are needed.

SUMMARY OF THE INVENTION

[0005] Novel engineered erythropoietin (EPO) constructs
are provided herein. These constructs can be delivered to
subjects in need thereof via a number of routes, and par-
ticularly by expression in vivo mediated by a recombinant
vector such as a recombinant adeno-associated virus (tAAV)
vector.

[0006] In some embodiments, the EPO is encoded by an
endogenous sequence. That is, the EPO sequence is derived
from the same subject species for which administration is
ultimately intended.

[0007] In some embodiments, a pharmaceutical composi-
tion comprising a pharmaceutically acceptable carrier and a
recombinant vector as described herein is provided. Also
provided are methods for treating chronic kidney disease by
administering to a subject in need thereof a recombinant
vector described herein that has an expression cassette,
wherein said expression cassette further comprises regula-
tory control sequences which direct expression of the EPO
construct in the subject. In some embodiments, the subject
being treated is a companion animal. In one embodiment,
the subject is a feline. In another embodiment, the subject is
a canine. As used herein, the terms “patient” and “subject”
are used interchangeably, and can refer to a human or
veterinary subject.

[0008] Inyet another embodiment, methods for increasing
the amount of circulating EPO in a subject comprising
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providing a recombinant vector described herein that has an
expression cassette encoding EPO.

[0009] The recombinant vectors described above can be
used in a regimen for treating chronic kidney disease and
other conditions characterized by a decrease in the amount
of circulating red blood cells.

[0010] Other aspects and advantages of the invention will
be readily apparent from the following detailed description
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a graph showing hematocrits of cats
treated with AAVS8 expressing feline erythropoietin. Dashed
lines indicate the normal range.

[0012] FIG. 2 is a graph showing hematocrits of dogs
treated with AAVS expressing canine erythropoietin. Dashed
lines indicate the normal range.

[0013] FIG. 3A shows the canine EPO propeptide
sequence, with the leader sequence underlined. FIG. 3B
shows the feline EPO propeptide sequence, with the leader
sequence underlined.

[0014] FIG. 4 is a graph showing hematocrits of cats
treated with AAV8 expressing feline erythropoietin. Cats
were treated with 3.0x107 GC, 3.0x10® GC, 3.0x10° GC, or
3.0x10'° GC AAVSTEPO.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] Adeno-associated viral vectors carrying EPO
expression constructs have been developed for use in sub-
jects including companion animals (e.g., feline and canine).
Though likely effective, a recombinant canine or feline
specific EPO protein therapeutic would cost much more to
develop and manufacture than a viral vector mediated sys-
tem for delivery of EPO to the affected animal. With a viral
vector therapeutic, there is also the convenience of being
able to treat the animal once, as opposed to frequent injec-
tions of recombinant EPO. Stable expression of EPO would
correct anemia and give the animal an improved quality of
life. The EPO constructs described herein are also charac-
terized in that they provide an EPO sequence which is
endogenous to the subject, which reduces the risk of the
subject developing an immune response to a non-native
protein.

[0016] Also provided are uses for the constructs described
herein. Delivery of these constructs to subjects in need
thereof via a number of routes, and particularly for expres-
sion in vivo which is mediated by a recombinant vector such
as a rAAV vector, is described. In one embodiment, methods
of using the constructs in regimens for treating chronic
kidney disease in a subject in need thereof and increasing the
EPO in a subject are also provided. In one embodiment,
methods of using these constructs in regimens for treating
anemia in a subject in need thereof are provided. In another
embodiment, the subject’s anemia is related to the use of
other medications. Possible medications which contribute to
anemia include, but are not limited to, HIV/AIDS treatments
(including AZT) and cancer therapeutics, including chemo-
therapy. In another embodiment, the subject’s anemia is
related to a medical condition. Possible medical conditions
that contribute to anemia include, but are not limited to,
cancer, HIV/AIDS, rheumatoid arthritis, Crohn’s disease
and other chronic inflammatory diseases and dysfunctional
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bone marrow (e.g., aplastic anemia, leukemia, myelodys-
plasia or myelofibrosis), multiple myeloma, myeloprolifera-

Canine (query; part of SEQ ID NO: 3) v.
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feline sequence on the bottom, with the consensus sequence
in the middle.

Feline (subject, part of SEQ ID NO: 4)

Query 19 ECPALLLLLSLLLLPLGLPVLGAPPRLICDSRVLERYILEAREAENVTMGCAQGCSFSEN 78
ECPALLLLLSLLLLPLGLPVLGAPPPLICDSRVLERYILEAREAENVTMGCA+GCSFSEN

Sbjct 5 ECPALLLLLSLLLLPLGLPVLGAPPRLICDSRVLERYILEAREAENVTMGCAEGCSFSEN 64

Query 79 ITVPDTKVNFYTWKRMDVGQQALEVWQGLALLSEAILRGQALLANASQPSETPQLHVDKA 136
ITVPDTKVNFYTWKRMDVGQQA+EVWQGLALLSEAILRGQALLAN+SQPSET QLHVDKA

Sbjct 65 ITVPDTKVNFYTWKRMDVGQQAVEVWQGLALLSEAILRGQALLANSSQPSETLQLHVDKA 124

Query 139 VSSLRSLTSLLRALGAQKEAMSLPEEASPAPLRTFTVDTLCKLFRIYSNFLRGKLTLYTG 198
VSSLRSLTSLLRALGAQKEA SLPE S APLRTFTVDTLCKLFRIYSNFLRGKLTLYTG

Sbjct 125 VSSLRSLTSLLRALGAQKEATSLPEATSAAPLRTFTVDTLCKLFRIYSNFLPGKLTLYTG 184

Query 199 EACRRGDR 206
EACRRGDR

Sbjct 185 EACRRGDR 192

tive disorders and lymphoma, hemolytic anemia, sickle cell
anemia and thalassemia. In addition, methods are provided
for enhancing the activity of EPO in a subject.

[0017] EPO is expressed in vivo as a propeptide, with the
leader sequences sharing some homology across species.
SEQ ID NO: 3 shows the sequence of the canine EPO
propeptide, with the mature protein beginning at amino acid
41. The leader sequence is underlined in FIG. 3a. SEQ ID
NO: 4 shows the sequence of the feline EPO propeptide,
with the mature protein beginning at amino acid 27. The
leader sequence is underlined in FIG. 3B.

[0018] In one embodiment, functional variants of EPO
include variants which may include up to about 10% varia-
tion from an EPO nucleic acid or amino acid sequence
described herein or known in the art, which retain the
function of the wild type sequence. The sequence on which
the EPO variant is based may, in some embodiments,
include the propeptide leader sequence (e.g., as shown in
SEQ ID NO: 3 and SEQ ID NO: 4). In another embodiment,
the EPO variant described herein refers only to the mature
peptide (e.g., amino acids 41-206 of SEQ ID NO: 3 or amino
acids 27-192 of SEQ ID NO: 4). As used herein, by “retain
function” it is meant that the nucleic acid or amino acid
functions in the same way as the wild type sequence,
although not necessarily at the same level of expression or
activity. For example, in one embodiment, a functional
variant has increased expression or activity as compared to
the wild type sequence. In another embodiment, the func-
tional variant has decreased expression or activity as com-
pared to the wild type sequence. In one embodiment, the
functional variant has 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% or greater increase or decrease in expres-
sion or activity as compared to the wild type sequence. The
amino acid sequence of canine EPO is provided herein as
SEQ ID NO: 3. The amino acid sequence of feline EPO is
provided herein as SEQ ID NO: 4.

[0019] In another embodiment, functional variants of EPO
include variants which may include up to about 20% varia-
tion from an EPO nucleic acid or amino acid sequence
described herein or known in the art, which retain the
function of the wild type sequence. In one embodiment,
functional variants of EPO include variants which may
include up to about 30% variation from an EPO nucleic acid
or amino acid sequence described herein or known in the art,
which retain the function of the wild type sequence. The
following alignment shows the canine sequence on top, the

[0020] In one embodiment, the term EPO refers to active
EPO in which one or more amino acid substitutions have
been made, as compared to the wild type sequence (SEQ ID
NO: 3 or SEQ ID NO: 4, either sequence with or without the
leader peptide). In one embodiment, one or more amino acid
substitutions are made in a residue in which variation is
shown across species as in the alignment above. In another
embodiment, one or more amino acid substitutions are made
in a residue in which conservation is shown across species.
Although EPO shares a high degree of identity across
species, in one embodiment, it is desirable to select the EPO
sequence based on the species of the subject for which
administration of the vector is ultimately intended. In one
example, the subject is a mammal. For example, in one
embodiment, if the subject is a feline, the EPO sequence is
derived from a feline protein. In another embodiment, the
EPO sequence is derived from a canine protein. In another
embodiment, the EPO sequence is derived from a non-
human primate protein. In another embodiment, the EPO is
derived from bovine, ovine, or porcine protein. In another
embodiment, the EPO sequence is SEQ ID NO: 3. In another
embodiment, the EPO sequence is SEQ ID NO: 4.

[0021] The EPO peptide or nucleic acid coding sequence
may include a heterologous leader sequence in conjunction
with the EPO mature protein sequence. The term “heterolo-
gous” when used with reference to a protein or a nucleic acid
indicates that the protein or the nucleic acid comprises two
or more sequences or subsequences which are not found in
the same relationship to each other in nature. For instance,
the expression cassette is typically recombinantly produced,
having two or more sequences from unrelated genes
arranged to make a new functional nucleic acid. For
example, in one embodiment, the leader sequence may be
from a different gene than EPO. Thus, with reference to the
EPO coding sequences, the leader is heterologous. In one
embodiment, the leader sequence is derived from a different
species than the EPO sequence.

[0022] In one embodiment, the sequence encodes an I11.-2
leader peptide fused upstream of the EPO mature polypep-
tide. In one embodiment, the leader sequence is SEQ ID NO:
99MYRMQLLSCIALSLALYV TN S. However,
another heterologous leader sequence may be substituted for
the IL-2 signal/leader peptide. The leader may be a signal
sequence which is natively found in a cytokine (e.g., IL.-2,
1112, 1118, or the like), immunoglobulin, insulin, albumin,
[-glucuronidase, alkaline protease or the fibronectin secre-
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tory signal peptides, or sequences from tissue specific
secreted proteins, amongst others. In one embodiment, the
leader sequence is the endogenous leader sequence from the
EPO propeptide.

[0023] As used herein, the terms “derived” or “derived
from” mean the sequence or protein is sourced from a
specific subject species or shares the same sequence as a
protein or sequence sourced from a specific subject species.
For example, a propeptide sequence which is “derived from”
a canine, shares the same sequence (or a variant thereof, as
defined herein) as the same propeptide sequence as
expressed in a canine. However, the specified nucleic acid or
amino acid need not actually be sourced from a canine.
Various techniques are known in the art which are able to
produce a desired sequence, including mutagenesis of a
similar protein (e.g., a homolog) or artificial production of a
nucleic acid or amino acid sequence. The “derived” nucleic
acid or amino acid retains the function of the same nucleic
acid or amino acid in the species from which it is “derived”,
regardless of actual source of the derived sequence.

[0024] As used herein the terms “EPO construct”, “EPO
expression construct” and synonyms include the EPO
sequence as described herein. The terms “EPO construct”,
“EPO expression construct” and synonyms can be used to
refer to the nucleic acid sequences encoding the EPO
(including the EPO mature protein or propeptide with
endogenous or heterologous leader) or the expression prod-
ucts thereof.

[0025] The term “amino acid substitution” and its syn-
onyms are intended to encompass modification of an amino
acid sequence by replacement of an amino acid with another,
substituting, amino acid. The substitution may be a conser-
vative substitution. It may also be a non-conservative sub-
stitution. The term conservative, in referring to two amino
acids, is intended to mean that the amino acids share a
common property recognized by one of skill in the art. For
example, amino acids having hydrophobic nonacidic side
chains, amino acids having hydrophobic acidic side chains,
amino acids having hydrophilic nonacidic side chains,
amino acids having hydrophilic acidic side chains, and
amino acids having hydrophilic basic side chains. Common
properties may also be amino acids having hydrophobic side
chains, amino acids having aliphatic hydrophobic side
chains, amino acids having aromatic hydrophobic side
chains, amino acids with polar neutral side chains, amino
acids with electrically charged side chains, amino acids with
electrically charged acidic side chains, and amino acids with
electrically charged basic side chains. Both naturally occur-
ring and non-naturally occurring amino acids are known in
the art and may be used as substituting amino acids in
embodiments. Methods for replacing an amino acid are well
known to the skilled in the art and include, but are not
limited to, mutations of the nucleotide sequence encoding
the amino acid sequence. Reference to “one or more” herein
is intended to encompass the individual embodiments of, for
example, 1, 2, 3, 4, 5, 6, or more.

[0026] Also provided are the assembled EPO proteins
described herein. In one embodiment, the EPO protein is
produced by a described AAV construct. In one embodiment,
the EPO protein includes a heterologous leader combined
with the mature EPO protein. In one embodiment, the
heterologous leader is from I[-2. The assembled EPO
proteins have many uses including diagnostic assays. Thus,
in one embodiment, the EPO protein is labeled. As used
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herein, “labels™ are chemical or biochemical moieties useful
for labeling the EPO protein. “Labels” include fluorescent
agents, chemiluminescent agents, chromogenic agents,
quenching agents, radionucleotides, enzymes, substrates,
cofactors, inhibitors, radioactive isotopes, magnetic par-
ticles, and other moieties known in the art. “Labels” or
“reporter molecules™ are capable of generating a measurable
signal and may be covalently or noncovalently joined to an
oligonucleotide or nucleotide (e.g., a non-natural nucleotide)
or ligand. Most desirably, the label is detectable visually, e.g.
colorimetrically. Many such labels are known in the art and
include, without limitation, fluorescent detectable fluoro-
chromes, e.g., fluorescein isothiocyanate (FITC), phyco-
erythrin (PE), allophycocyanin (APC), coriphosphine-O
(CPO) or tandem dyes, PE-cyanin-5 (PC5), and PE-Texas
Red (ECD). Commonly used fluorochromes include fluo-
rescein isothiocyanate (FITC), phycoerythrin (PE), allophy-
cocyanin (APC), and also include the tandem dyes, PE-
cyanin-5 (PC5), PE-cyanin-7 (PC7), PE-cyanin-5.5,
PE-Texas Red (ECD), rhodamine, PerCP, fluorescein isoth-
iocyanate (FITC) and Alexa dyes. Combinations of such
labels, such as Texas Red and rhodamine, FITC+PE, FITC+
PECyS and PE+PECy7, among others may be used depend-
ing upon assay method. Other desirable labels or tags
include those which allow physical separation or immobi-
lization on a substrate of the protein. Such labels include
biotin. Other suitable labels or tags are described, e.g., in US
2011-0177967 Al, which is incorporated herein by refer-
ence.

[0027] In another embodiment, the EPO peptide includes
variants which may include up to about 10% variation from
the EPO sequence. That is, the EPO peptide shares about
90% identity to about 99.9% identity, about 95% to about
99% identity or about 97% to about 98% identity to the EPO
sequences provided herein and/or known in the art.

[0028] In addition to the EPO peptides provided herein,
nucleic acid sequences encoding these peptides are pro-
vided. In one embodiment, a nucleic acid sequence is
provided which encodes for the EPO peptides described
herein. In another embodiment, this includes any nucleic
acid sequence which encodes the canine EPO protein of
SEQ ID NO: 3 or a sequence sharing at least 90% identity
with SEQ ID NO: 3. In another embodiment, this includes
any nucleic acid sequence which encodes the feline EPO
protein of SEQ ID NO: 4 or a sequence sharing at least 90%
identity with SEQ ID NO: 4.

[0029] In one embodiment, the nucleic acid sequence
encoding canine EPO is SEQ ID NO: 5. In one embodiment,
the nucleic acid sequence encoding feline EPO is SEQ ID
NO: 6. In yet another embodiment, the EPO nucleic acid
includes variants which may include up to about 10%
variation from an EPO sequence disclosed herein or known
in the art. In yet another embodiment, the EPO nucleic acid
includes variants which may include up to about 20%
variation from an EPO sequence disclosed herein or known
in the art. In yet another embodiment, the EPO nucleic acid
includes variants which may include up to about 30%
variation from an EPO sequence disclosed herein or known
in the art. In another embodiment, the EPO nucleic acid
includes variants which may include up to about 40%
variation from an EPO sequence disclosed herein or known
in the art.

[0030] In one embodiment, the nucleic acid sequence
encoding EPO is a codon optimized sequence encoding any
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of the EPO peptides described herein, including sequences
sharing at least 90% identity with the described sequence. In
one embodiment, the nucleic acid sequence is codon opti-
mized for expression in the subject for which administration
is desired. In one embodiment, the nucleic acid sequence
encoding canine EPO is SEQ ID NO: 7. In one embodiment,
the nucleic acid sequence encoding feline EPO is SEQ ID
NO: 8.

[0031] When a variant of the EPO peptide is desired, the
coding sequences for these peptides may be generated using
site-directed mutagenesis of the wild-type nucleic acid
sequence. Web-based or commercially available computer
programs, as well as service based companies may be used
to back translate the amino acids sequences to nucleic acid
coding sequences, including both RNA and/or cDNA. See,
e.g., backtranseq by EMBOSS, http://www.ebi.ac.uk/Tools/
st/; Gene Infinity (http://www.geneinfinity.org/sms-/sms_
backtranslation.html); ExPasy  (http://www.expasy.org/
tools/). In one embodiment, the RNA and/or cDNA coding
sequences are designed for optimal expression in the subject
species for which administration is ultimately intended, as
discussed herein. Thus, in one embodiment, the coding
sequences are designed for optimal expression in a feline. In
another embodiment, the coding sequences are designed for
optimal expression in a canine. In yet another embodiment,
the coding sequences are designed for optimal expression in
a primate.

[0032] The coding sequences may be designed for optimal
expression using codon optimization. Codon-optimized cod-
ing regions can be designed by various different methods.
This optimization may be performed using methods which
are available on-line, published methods, or a company
which provides codon optimizing services. One codon opti-
mizing method is described, e.g., in International Patent
Publication No. WO 2015/012924, which is incorporated by
reference herein. Briefly, the nucleic acid sequence encoding
the product is modified with synonymous codon sequences.
Suitably, the entire length of the open reading frame (ORF)
for the product is modified. However, in some embodiments,
only a fragment of the ORF may be altered. By using one of
these methods, one can apply the frequencies to any given
polypeptide sequence, and produce a nucleic acid fragment
of a codon-optimized coding region which encodes the
polypeptide.

[0033] The terms “percent (%) identity”, “sequence iden-
tity”, “percent sequence identity”, or “percent identical” in
the context of nucleic acid sequences refers to the bases in
the two sequences which are the same when aligned for
correspondence. The length of sequence identity comparison
may be over the full-length of the genome, the full-length of
a gene coding sequence, or a fragment of at least about 100
to 150 nucleotides, or as desired. However, identity among
smaller fragments, e.g. of at least about nine nucleotides,
usually at least about 20 to 24 nucleotides, at least about 28
to 32 nucleotides, at least about 36 or more nucleotides, may
also be desired. Multiple sequence alignment programs are
also available for nucleic acid sequences. Examples of such
programs include, “Clustal W, “CAP Sequence Assembly”,
“BLAST”, “MAP”, and “MEME”, which are accessible
through Web Servers on the internet. Other sources for such
programs are known to those of skill in the art. Alternatively,
Vector NTI utilities are also used. There are also a number
of algorithms known in the art that can be used to measure
nucleotide sequence identity, including those contained in
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the programs described above. As another example, poly-
nucleotide sequences can be compared using Fasta™, a
program in GCG Version 6.1. Fasta™ provides alignments
and percent sequence identity of the regions of the best
overlap between the query and search sequences. For
instance, percent sequence identity between nucleic acid
sequences can be determined using Fasta™ with its default
parameters (a word size of 6 and the NOPAM factor for the
scoring matrix) as provided in GCG Version 6.1, herein
incorporated by reference.

[0034] The terms “percent (%) identity”, “sequence iden-
tity”, “percent sequence identity”, or “percent identical” in
the context of amino acid sequences refers to the residues in
the two sequences which are the same when aligned for
correspondence. Percent identity may be readily determined
for amino acid sequences over the full-length of a protein,
polypeptide, about 70 amino acids to about 100 amino acids,
or a peptide fragment thereof or the corresponding nucleic
acid sequence coding sequencers. A suitable amino acid
fragment may be at least about 8 amino acids in length, and
may be up to about 150 amino acids. Generally, when
referring to “identity”, “homology”, or “similarity” between
two different sequences, “identity”, “homology™ or “simi-
larity” is determined in reference to “aligned” sequences.
“Aligned” sequences or “alignments” refer to multiple
nucleic acid sequences or protein (amino acids) sequences,
often containing corrections for missing or additional bases
or amino acids as compared to a reference sequence. Align-
ments are performed using any of a variety of publicly or
commercially available Multiple Sequence Alignment Pro-
grams. Sequence alignment programs are available for
amino acid sequences, e.g., the “Clustal X, “MAP”,
“PIMA”, “MSA”, “BLOCKMAKER”, “MEME”, and
“Match-Box™ programs. Generally, any of these programs
are used at default settings, although one of skill in the art
can alter these settings as needed. Alternatively, one of skill
in the art can utilize another algorithm or computer program
which provides at least the level of identity or alignment as
that provided by the referenced algorithms and programs.
See, e.g., J. D. Thomson et al, Nucl. Acids. Res., “A
comprehensive comparison of multiple sequence align-
ments”, 27(13):2682-2690 (1999).

[0035] In one embodiment, the nucleic acid sequences
encoding the EPO constructs described herein are engi-
neered into any suitable genetic element, e.g., naked DNA,
phage, transposon, cosmid, RNA molecule (e.g.,, mRNA),
episome, etc., which transfers the EPO sequences carried
thereon to a host cell, e.g., for generating nanoparticles
carrying DNA or RNA, viral vectors in a packaging host cell
and/or for delivery to a host cells in subject. In one embodi-
ment, the genetic element is a plasmid. The selected genetic
element may be delivered by any suitable method, including
transfection, electroporation, liposome delivery, membrane
fusion techniques, high velocity DNA-coated pellets, viral
infection and protoplast fusion. The methods used to make
such constructs are known to those with skill in nucleic acid
manipulation and include genetic engineering, recombinant
engineering, and synthetic techniques. See, e.g., Green and
Sambrook, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Press, Cold Spring Harbor, N.Y. (2012).

[0036] As used herein, an “expression cassette” refers to a
nucleic acid molecule which comprises coding sequences
for the EPO peptide, promoter, and may include other
regulatory sequences therefor, which cassette may be engi-
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neered into a genetic element and/or packaged into the
capsid of a viral vector (e.g., a viral particle). Typically, such
an expression cassette for generating a viral vector contains
the EPO construct sequences described herein flanked by
packaging signals of the viral genome and other expression
control sequences such as those described herein. Any of the
expression control sequences can be optimized for a specific
species using techniques known in the art including, e.g,
codon optimization, as described herein.

[0037] The expression cassette typically contains a pro-
moter sequence as part of the expression control sequences.
In one embodiment, a CB7 promoter is used. CB7 is a
chicken p-actin promoter with cytomegalovirus enhancer
elements. Alternatively, other liver-specific promoters may
be used [see, e.g., The Liver Specific Gene Promoter Data-
base, Cold Spring Harbor, http://rulai.schl.edw/LLSPD, alpha
1 anti-trypsin (A1AT); human albumin Miyatake et al., J.
Virol., 71:5124 32 (1997), humAlb; and hepatitis B virus
core promoter, Sandig et al., Gene Ther., 3:1002 9 (1996)].
TTR minimal enhancer/promoter, alpha-antitrypsin pro-
moter, LSP (845 nt)25(requires intron-less scAAV). In one
embodiment, the liver-specific promoter thyroxin binding
globulin (TBG) is used. Other promoters, such as viral
promoters, constitutive promoters, regulatable promoters
[see, e.g., WO 2011/126808 and WO 2013/04943], or a
promoter responsive to physiologic cues may be used may
be utilized in the vectors described herein.

[0038] In addition to a promoter, an expression cassette
and/or a vector may contain other appropriate transcription
initiation, termination, enhancer sequences, efficient RNA
processing signals such as splicing and polyadenylation
(polyA) signals; TATA sequences; sequences that stabilize
cytoplasmic mRNA; sequences that enhance translation
efficiency (i.e., Kozak consensus sequence); introns;
sequences that enhance protein stability; and when desired,
sequences that enhance secretion of the encoded product.
The expression cassette or vector may contain none, one or
more of any of the elements described herein. Examples of
suitable poly A sequences include, e.g., SV40, bovine growth
hormone (bGH), and TK polyA. Examples of suitable
enhancers include, e.g., the CMV enhancer, the RSV
enhancer, the alpha fetoprotein enhancer, the TTR minimal
promoter/enhancer, LSP (TH-binding globulin promoter/
alphal-microglobulin/bikunin enhancer), amongst others.
[0039] In one embodiment, the viral vector includes a
nucleic acid expression cassette comprising: a 5' AAV
inverted terminal repeat sequence (ITR), a promoter with
optional enhancer, an EPO sequence, a poly A sequence, and
a 3' AAV ITR, wherein said expression cassette expresses a
functional EPO in a host cell.

[0040] These control sequences are “operably linked” to
the EPO construct sequences. As used herein, the term
“operably linked” refers to both expression control
sequences that are contiguous with the gene of interest and
expression control sequences that act in trans or at a distance
to control the gene of interest.

[0041] The expression cassette may be engineered onto a
plasmid which is used for production of a viral vector. The
minimal sequences required to package the expression cas-
sette into an AAV viral particle are the AAV 5' and 3' [TRs,
which may be of the same AAV origin as the capsid, or of
a different AAV origin (to produce an AAV pseudotype). In
one embodiment, the ITR sequences from AAV2, or the
deleted version thereof (AITR), are used for convenience
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and to accelerate regulatory approval. However, [TRs from
other AAV sources may be selected. Where the source of the
ITRs is from AAV2 and the AAV capsid is from another
AAV source, the resulting vector may be termed
pseudotyped. Typically, an expression cassette for an AAV
vector comprises an AAV 5' ITR, the propeptide-EPO active
peptide coding sequences and any regulatory sequences, and
an AAV 3' ITR. However, other configurations of these
elements may be suitable. A shortened version of the 5' ITR,
termed AITR, has been described in which the D-sequence
and terminal resolution site (trs) are deleted. In other
embodiments, the full-length AAV 5' and 3' ITRs are used.

[0042] Exemplary plasmids are provided in the sequence
listing. SEQ ID NO: 1 provides the sequence of a plasmid
encoding a canine EPO construct, entitled pn1044.CB7.
caEPO. In one embodiment, the expression cassette is
engineered into the plasmid of SEQ ID NO: 1. SEQ ID NO:
2 provides the sequence of a plasmid encoding a feline EPO
construct, entitled pn1044.CB7 feEPO. In one embodiment,
the expression cassette is engineered into the plasmid of
SEQ ID NO: 2. Plasmids, such as those, shown in SEQ ID
NO: 1 and SEQ ID NO: 2 may be modified to include one
or more additional components as described herein, or to
remove or replace components as necessary. In one embodi-
ment, the plasmid has the sequence of SEQ ID NO: 1 or a
sequence sharing at least 80% identity therewith. In another
embodiment, the plasmid has the sequence of SEQ ID NO:
2 or a sequence sharing at least 80% identity therewith.

[0043] The abbreviation “sc” refers to self-complemen-
tary. “Self-complementary AAV” refers a plasmid or vector
having an expression cassette in which a coding region
carried by a recombinant AAV nucleic acid sequence has
been designed to form an intra-molecular double-stranded
DNA template. Upon infection, rather than waiting for cell
mediated synthesis of the second strand, the two comple-
mentary halves of scAAV will associate to form one double
stranded DNA (dsDNA) unit that is ready for immediate
replication and transcription. See, e.g., D M McCarty et al,
“Self-complementary recombinant adeno-associated virus
(scAAV) vectors promote efficient transduction indepen-
dently of DNA synthesis”, Gene Therapy, (August 2001),
Vol 8, Number 16, Pages 1248-1254. Self-complementary
AAVs are described in, e.g., U.S. Pat. Nos. 6,596,535;
7,125,717; and 7,456,683, each of which is incorporated
herein by reference in its entirety.

[0044] An adeno-associated virus (AAV) viral vector is an
AAV DNase-resistant particle having an AAV protein capsid
into which is packaged nucleic acid sequences for delivery
to target cells. An AAV capsid is composed of 60 capsid
(cap) protein subunits, VP1, VP2, and VP3, that are arranged
in an icosahedral symmetry in a ratio of approximately
1:1:10 to 1:1:20, depending upon the selected AAV. AAV
serotypes may be selected as sources for capsids of AAV
viral vectors (DNase resistant viral particles) including, e.g.,
AAVI, AAV2, AAV3, AAV4, AAVS5, AAV6, AAV6.2,
AAV7, AAVS, AAVY, rh10, AAVrh64R1, AAVrh64R2, rh8,
rh.10, variants of any of the known or mentioned AAVs or
AAVs yet to be discovered. In one embodiment, the AAV is
an AAV8 capsid, or a variant thereof. See, e.g., US Published
Patent Application No. 2007-0036760-A1; US Published
Patent Application No. 2009-0197338-A1; EP 1310571. See
also, WO 2003/042397 (AAV7 and other simian AAV), U.S.
Pat. No. 7,790,449 and U.S. Pat. No. 7,282,199 (AAV3S),
WO 2005/033321 and U.S. Pat. No. 7,906,111 (AAV9), and
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WO 2006/110689, and WO 2003/042397 (rh.10). Alterna-
tively, a recombinant AAV based upon any of the recited
AAVs, may be used as a source for the AAV capsid. These
documents also describe other AAV which may be selected
for generating AAV and are incorporated by reference. In
some embodiments, an AAV cap for use in the viral vector
can be generated by mutagenesis (i.e., by insertions, dele-
tions, or substitutions) of one of the aforementioned AAV
Caps or its encoding nucleic acid. In some embodiments, the
AAV capsid is chimeric, comprising domains from two or
three or four or more of the aforementioned AAV capsid
proteins. In some embodiments, the AAV capsid is a mosaic
of Vpl, Vp2, and Vp3 monomers from two or three different
AAVs or recombinant AAVs. In some embodiments, an
rAAV composition comprises more than one of the afore-
mentioned Caps. In another embodiment, the AAV capsid
includes variants which may include up to about 10%
variation from any described or known AAV capsid
sequence. That is, the AAV capsid shares about 90% identity
to about 99.9% identity, about 95% to about 99% identity or
about 97% to about 98% identity to an AAV capsid provided
herein and/or known in the art. In one embodiment, the AAV
capsid shares at least 95% identity with an AAV capsid.
When determining the percent identity of an AAV capsid, the
comparison may be made over any of the variable proteins
(e.g., vpl, vp2, or vp3). In one embodiment, the AAV capsid
shares at least 95% identity with the AAVS8 vp3. In another
embodiment, a self-complementary AAV is used.

[0045] For packaging an expression cassette into virions,
the ITRs are the only AAV components required in cis in the
same construct as the gene. In one embodiment, the coding
sequences for the replication (rep) and/or capsid (cap) are
removed from the AAV genome and supplied in trans or by
a packaging cell line in order to generate the AAV vector.
For example, as described above, a pseudotyped AAV may
contain ITRs from a source which differs from the source of
the AAV capsid. Additionally or alternatively, a chimeric
AAV capsid may be utilized. Still other AAV components
may be selected. Sources of such AAV sequences are
described herein and may also be isolated or obtained from
academic, commercial, or public sources (e.g., the American
Type Culture Collection, Manassas, Va.). Alternatively, the
AAV sequences may be obtained through synthetic or other
suitable means by reference to published sequences such as
are available in the literature or in databases such as, e.g.,
GenBank®, PubMed®, or the like.

[0046] Methods for generating and isolating AAV viral
vectors suitable for delivery to a subject are known in the art.
See, e.g., U.S. Pat. No. 7,790,449; U.S. Pat. No. 7,282,199;
WO 2003/042397, WO 2005/033321, WO 2006/110689;
and U.S. Pat. No. 7,588,772 B2]. In a one system, a producer
cell line is transiently transfected with a construct that
encodes the transgene flanked by ITRs and a construct(s)
that encodes rep and cap. In a second system, a packaging
cell line that stably supplies rep and cap is transiently
transfected with a construct encoding the transgene flanked
by ITRs. In each of these systems, AAV virions are produced
in response to infection with helper adenovirus or herpes-
virus, requiring the separation of the rAAVs from contami-
nating virus. More recently, systems have been developed
that do not require infection with helper virus to recover the
AAV—the required helper functions (i.e., adenovirus El,
E2a, VA, and E4 or herpesvirus ULS5, ULS, UL52, and
UL29, and herpesvirus polymerase) are also supplied, in
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trans, by the system. In these newer systems, the helper
functions can be supplied by transient transfection of the
cells with constructs that encode the required helper func-
tions, or the cells can be engineered to stably contain genes
encoding the helper functions, the expression of which can
be controlled at the transcriptional or posttranscriptional
level. In yet another system, the transgene flanked by ITRs
and rep/cap genes are introduced into insect cells by infec-
tion with baculovirus-based vectors. For reviews on these
production systems, see generally, e.g., Zhang et al., 2009,
“Adenovirus-adeno-associated virus hybrid for large-scale
recombinant adeno-associated virus production,” Human
Gene Therapy 20:922-929, the contents of each of which is
incorporated herein by reference in its entirety. Methods of
making and using these and other AAV production systems
are also described in the following U.S. patents, the contents
of each of which is incorporated herein by reference in its
entirety: U.S. Pat. Nos. 5,139,941; 5,741,683; 6,057,152;
6,204,059; 6,268,213; 6,491,907, 6,660,514; 6,951,753,
7,094,604; 7,172,893; 7,201,898; 7,229,823; and 7,439,065.
See generally, e.g., Grieger & Samulski, 2005, “Adeno-
associated virus as a gene therapy vector: Vector develop-
ment, production and clinical applications,” Adv. Biochem.
Engin/Biotechnol. 99: 119-145; Buning et al., 2008, “Recent
developments in adeno-associated virus vector technology,”
J. Gene Med. 10:717-733; and the references cited below,
each of which is incorporated herein by reference in its
entirety. The methods used to construct any embodiment of
this invention are known to those with skill in nucleic acid
manipulation and include genetic engineering, recombinant
engineering, and synthetic techniques. See, e.g., Green and
Sambrook et al, Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (2012).
Similarly, methods of generating rAAV virions are well
known and the selection of a suitable method is not a
limitation on the present invention. See, e.g., K. Fisher et al,
(1993) 1. Virol., 70:520-532 and U.S. Pat. No. 5,478,745.

[0047] Also provided are compositions which include the
viral vector constructs described herein. The pharmaceutical
compositions described herein are designed for delivery to
subjects in need thereof by any suitable route or a combi-
nation of different routes. Direct delivery to the liver (op-
tionally via intravenous, via the hepatic artery, or by trans-
plant), oral, inhalation, intranasal, intratracheal, intraarterial,
intraocular, intravenous, intramuscular, subcutaneous, intra-
dermal, and other parental routes of administration. The
viral vectors described herein may be delivered in a single
composition or multiple compositions. Optionally, two or
more different AAV may be delivered, or multiple viruses
[see, e.g., WO 2011/126808 and WO 2013/049493]. In
another embodiment, multiple viruses may contain different
replication-defective viruses (e.g., AAV and adenovirus).

[0048] The replication-defective viruses can be formu-
lated with a physiologically acceptable carrier for use in
gene transfer and gene therapy applications. In the case of
AAV viral vectors, quantification of the genome copies
(“GC”) may be used as the measure of the dose contained in
the formulation or suspension. Any method known in the art
can be used to determine the genome copy (GC) number of
the replication-defective virus compositions of the inven-
tion. One method for performing AAV GC number titration
is as follows: Purified AAV vector samples are first treated
with DNase to eliminate un-encapsidated AAV genome
DNA or contaminating plasmid DNA from the production
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process. The DNase resistant particles are then subjected to
heat treatment to release the genome from the capsid. The
released genomes are then quantitated by real-time PCR
using primer/probe sets targeting specific region of the viral
genome (usually poly A signal).

[0049] Also, the replication-defective virus compositions
can be formulated in dosage units to contain an amount of
replication-defective virus that is in the range of about
1.0x10° GC to about 1.0x10'> GC. In another embodiment,
this amount of viral genome may be delivered in split doses.
In one embodiment, the dosage is about 1.0x10'° GC to
about 1.0x10'* GC for an average feline or small canine
subject of about 5 kg. In one embodiment, the dosage is
about 1.0x10'" GC to about 1.0x10'* GC for an average
medium canine subject of about 20 kg. The average canine
ranges from about 5 to about 50 kg in body weight. In one
embodiment, the dosage is about 1.0x10'" GC to 1.0x10*?
GC for a subject. In another embodiment, the dose about
3x10'? GC. For example, the dose of AAV virus may be
about 1x10'! GC, about 5x10'! GC, about 1x10'* GC, about
5%10*2 GC, or about 1x10'* GC. In one embodiment, the
dosage is about 3x10'°® GC/kg. In another example, the
constructs may be delivered in an amount of about 0.001 mg
to about 10 mg per mL. In one embodiment, the constructs
may be delivered in volumes from 1 pL to about 100 mL for
a veterinary subject. See, e.g., Diehl et al, J. Applied
Toxicology, 21:15-23 (2001) for a discussion of good prac-
tices for administration of substances to various veterinary
animals. This document is incorporated herein by reference.
As used herein, the term “dosage” can refer to the total
dosage delivered to the subject in the course of treatment, or
the amount delivered in a single (of multiple) administra-
tion.

[0050] The above-described recombinant vectors may be
delivered to host cells according to published methods. The
rA AV, preferably suspended in a physiologically compatible
carrier, diluent, excipient and/or adjuvant, may be adminis-
tered to a desired subject including without limitation, a cat,
dog, or other non-human mammalian subject. Suitable car-
riers may be readily selected by one of skill in the art in view
of the indication for which the transfer virus is directed. For
example, one suitable carrier includes saline, which may be
formulated with a variety of buffering solutions (e.g., phos-
phate buffered saline). Other exemplary carriers include
sterile saline, lactose, sucrose, calcium phosphate, gelatin,
dextran, agar, pectin, peanut oil, sesame oil, and water. The
selection of the carrier is not a limitation of the present
invention.

[0051] Optionally, the compositions of the invention may
contain, in addition to the rAAV and/or variants and carrier
(s), other conventional pharmaceutical ingredients, such as
preservatives, or chemical stabilizers. Suitable exemplary
preservatives include chlorobutanol, potassium sorbate, sor-
bic acid, sulfur dioxide, propyl gallate, the parabens, ethyl
vanillin, glycerin, phenol, and parachlorophenol. Suitable
chemical stabilizers include gelatin and albumin.

[0052] The viral vectors and other constructs described
herein may be used in preparing a medicament for delivering
an EPO construct to a subject in need thereof and/or for
treating chronic kidney disease in a subject. Thus, in another
aspect a method of treating chronic kidney disease is pro-
vided. The method includes administering a composition as
described herein to a subject in need thereof. In one embodi-
ment, the composition includes a viral vector containing an
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EPO expression cassette, as described herein. In one
embodiment, the subject is a mammal. In another embodi-
ment, the subject is a feline or canine. In yet another aspect
a method of treating anemia is provided. The method
includes administering a composition as described herein to
a subject in need thereof In one embodiment, the composi-
tion includes a viral vector containing an EPO expression
cassette, as described herein. In one embodiment, the subject
is a mammal. In another embodiment, the subject is a feline
or canine.

[0053] In another embodiment, a method for treating
chronic kidney disease in a feline is provided. The method
includes administering an AAV viral vector comprising a
nucleic acid molecule comprising a sequence encoding
feline EPO. In another embodiment, a method for treating
chronic kidney disease in a canine is provided. The method
includes administering an AAV viral vector comprising a
nucleic acid molecule comprising a sequence encoding
canine EPO.

[0054] A course of treatment may optionally involve
repeat administration of the same viral vector (e.g., an AAV8
vector) or a different viral vector (e.g., an AAVS and an
AAVrh10). Still other combinations may be selected using
the viral vectors described herein. Optionally, the composi-
tion described herein may be combined in a regimen involv-
ing other drugs or protein-based therapies, including e.g.,
recombinant EPO. Optionally, the composition described
herein may be combined in a regimen involving lifestyle
changes including dietary and exercise regimens.

[0055] It is to be noted that the term “a” or “an” refers to
one or more. As such, the terms “a” (or “an”), “one or more,”
and “at least one” are used interchangeably herein.

[0056] The words “comprise”, “comprises”, and “com-
prising” are to be interpreted inclusively rather than exclu-
sively. The words “consist”, “consisting”, and its variants,
are to be interpreted exclusively, rather than inclusively.
While various embodiments in the specification are pre-
sented using “comprising” language, under other circum-
stances, a related embodiment is also intended to be inter-
preted and described using “consisting of” or “consisting
essentially of” language.

[0057] As used herein, the term “about” means a variabil-
ity of 10% from the reference given, unless otherwise
specified.

[0058] The term “regulation” or variations thereof as used
herein refers to the ability of a composition to inhibit one or
more components of a biological pathway.

[0059] A “subject”is a mammal, e.g., a human, mouse, rat,
guinea pig, dog, cat, horse, cow, pig, or non-human primate,
such as a monkey, chimpanzee, baboon or gorilla. As used
herein, the term “subject” is used interchangeably with
“patient”.

[0060] As used herein, “disease”, “disorder” and “condi-
tion” are used interchangeably, to indicate an abnormal state
in a subject.

[0061] Unless defined otherwise in this specification, tech-
nical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art
and by reference to published texts, which provide one
skilled in the art with a general guide to many of the terms
used in the present application.

[0062] The following examples are illustrative only and
are not intended to limit the present invention.
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EXAMPLE 1

Construction of EPO Vectors

[0063] The amino acid sequences of canine and feline
erythropoietin were obtained from Genbank. The amino acid
sequences were backtranslated and codon optimized, fol-
lowed by addition of a kozac consensus sequence, stop
codon, and cloning sites. The sequences were produced by
GeneArt, and cloned into an expression vector containing a
chicken-beta actin promoter with CMV enhancer (p1044).
The expression construct is flanked by AAV2 ITRs. The
canine and feline constructs were packaged in an AAV
serotype 8 capsid by triple transfection and iodixanol gra-
dient purification and titered by Taqman quantitative PCR.

EXAMPLE 2

AAV-Mediated Expression of Feline Erythropoietin
in Cats

[0064] Three cats were treated with a single intramuscular
injection of 3x10'° genome copies per kilogram body
weight (GC/kg) AAVS expressing feline erythropoietin
(FIG. 1). Blood samples were collected at the time of
injection and periodically thereafter for measurement of
hematocrit. Therapeutic phlebotomy was initiated on day 42
after vector injection. To date, the results have shown seen
sustained expression of EPO for greater than 100 days.

EXAMPLE 3

AAV-Mediated Expression of Canine Erythropoietin
in Dogs

[0065] Three dogs were treated with a single intramuscu-
lar injection of 3x10'° GC/kg AAVS8 expressing canine
erythropoietin. Blood samples were collected at the time of
injection and periodically thereafter for measurement of
hematocrit (FIG. 2). Blood samples from untreated litter-
mates were included as controls. Therapeutic phlebotomy
was initiated on day 60 after vector injection.

EXAMPLE 4

Dosage Study of AAV-Mediated Expression of
Feline Erythropoietin in Cats

[0066] Cats were treated with a single intramuscular injec-
tion of up to 3x107, 3x10%, 3x10°, or 3x10"° genome copies
per kilogram body weight (GC/kg) of AAVS8 expressing
feline erythropoietin. These three cohorts were of 4 cats per
dosage. All cats were normal/wildtype and selected ran-
domly. The purpose of this study was show long term safety
and efficacy to highlight a possible clinical candidate for a
client owned animal study. FIG. 4.

EXAMPLE 5

AAV-Mediated Expression of Feline Erythropoietin
in Cats

[0067] Cats are treated with a single intramuscular injec-
tion of up to 3x10° genome copies per kilogram body weight
(GC/kg) AAVS expressing feline erythropoietin in the left or
right quadriceps in a total volume of up to 400 ul.. Blood
samples are collected at the time of injection and periodi-
cally thereafter for measurement of hematocrit. Vector may
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be readministered 28 days or more post the initial vector
administration using the same criteria.

[0068] This study will include up to nine cats with anemia
related to stage III chronic kidney disease. CKD related
anemia will be defined as a hematocrit less than 29% on two
occasions at least one month apart and without another
apparent cause for the anemia. Enrolled subjects will receive
a single intramuscular injection of an adenoassociated virus
vector carrying a feline erythropoietin transgene (AAVS.
fEpo). Subjects will be evaluated at the study site at the time
of vector administration and at 2, 4, 6, and 8 weeks after
administration. At each visit blood will be collected for
evaluation of erythropoietin concentration, hematocrit,
reticulocyte count, mean corpuscular volume, mean corpus-
cular hemoglobin, and mean corpuscular hemoglobin con-
centration. Patients will return to the study site or follow up
with their primary veterinarian at 3 months, 6 months and 12
months after study drug administration for measurement of
hematocrit. The study drug has previously been found to be
safe in 4 normal cats at doses up to 3E8 genome copies/kg.
The first three subjects enrolled in this trial will receive a
dose of 1E8 genome copies/kg AAV8.fEpo. An initial evalu-
ation of safety and vector activity will take place after the
first three subjects have reached 8 weeks post vector admin-
istration. Depending on the results at the 8 week analysis in
this initial cohort of 3 animals, dosing of the second cohort
of three animals will proceed using the following scheme:

[0069] 1. If any severe adverse events occur in the
initial cohort or if any animal reaches a hematocrit
55%, the dose will be reduced threefold and three
additional animals will be enrolled at this reduced dose.
(total study enrollment of 6 subjects)

[0070] 2. If there are no adverse events and all cats
demonstrate an increase in hematocrit of at least 5% or
reach the normal hematocrit range, 3 additional cats
will be treated at the starting dose. (total study enroll-
ment of 6 subjects)

[0071] 3. If there are no adverse events and all cats do
not achieve at least a 5% increase in hematocrit or reach
the normal range, 3 additional cats will be treated at a
3fold higher dose of 3E8 genome copies/kg. There will
again be an interim evaluation of safety and activity
after all three animals in this cohort have reached 6
weeks post vector administration. If there are no
adverse events and all cats demonstrate an increase in
hematocrit of at least 5% or reach the normal hemato-
crit range, 3 additional cats will be treated at this dose.
If there are no adverse events and all cats do not
achieve at least a 5% increase in hematocrit or reach the
normal range, 3 additional cats will be treated at a dose
of 6E8 genome copies/kg. (total study enrollment of 9
subjects) This study will therefore enroll at least 6 and
as many as 9 subjects depending on the results of
interim analyses of safety and change in hematocrit.
Primary endpoints include safety and evaluation of
vector expression

[0072] Secondary endpoints include quality of life for
animals and long-term sustained expression of vector

[0073]

[0074] Cats with stage III renal failure (serum creatinine
2.95 mg/dl)

[0075] Hematocrit 29% on two occasions at least one
month apart

Inclusion criteria:
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[0076] Owner willing to return to study site for visits at
2 weeks, 4 weeks, 6 weeks, and 8 weeks after study
drug administration, and to study site or primary vet-
erinary clinic at 3 months, 6 months and 12 months
after study drug administration.

[0077] Exclusion criteria:

[0078] Anticipated life expectancy less than 3 months

[0079] Kidney transplant

[0080] Past treatment with recombinant erythropoietin
(epoetin, darbepoietin)

[0081] Any other condition that in the opinion of the
principle investigator would preclude evaluation of the
safety and activity of the study drug

[0082] Preexisting neutralizing antibodies to AAV8

[0083] Eligible cats will be screened during first visit.
This will include a full history and clinical exam,
CBC/chemistry, and preexisting antibodies to AAVS,
and full release on consent form.

[0084] All eligible cats that agree to terms of research
protocol will receive a single intramuscular injection of
AAVS.fEPO of up to 3E9 genome copies/kg at least
one week after being accepted into study.
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[0085] Following vector administration, cats will be
evaluated every other week for a duration of 8 weeks.
These clinical check ups will include CBC retic/chem,
full clinical evaluation, and serum collection. After 8
weeks, these clinical evaluations will move to every 3
months, starting on day 90 after vector administration.
The 3 month, 6 month, 9 month, and 1 year evaluations
will be done.

[0086] Possible Complications

[0087] Any animal that displays polycythemia of 65%
Hematocrit will be given a therapeutic phlebotomy of
up to 10% blood volume per every 3 weeks.

[0088] All publications cited in this specification, as well
as provisional patent application Nos. 62/212,144 and
62/336,211 are incorporated herein by reference. Similarly,
the SEQ ID NOs which are referenced herein and which
appear in the appended Sequence Listing are incorporated
by reference. While the invention has been described with
reference to particular embodiments, it will be appreciated
that modifications can be made without departing from the
spirit of the invention. Such modifications are intended to
fall within the scope of the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9

<210> SEQ ID NO 1

<211> LENGTH: 5791

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: constructed sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (12)..(629

<223> OTHER INFORMATION: Epo

<220> FEATURE:

<221> NAME/KEY: polyA signal

<222> LOCATION: (696)..(822)

<223> OTHER INFORMATION: Rabbit>lobinﬂolyA
<220> FEATURE:

<221> NAME/KEY: repeat_region

<222> LOCATION: (911)..(1040)

<223> OTHER INFORMATION: 3' ITR (complement)
<220> FEATURE:

<221> NAME/KEY: rep_origin

<222> LOCATION: (1217)..(1672)

<223> OTHER INFORMATION: fl/ori (complement)
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1803)..(2660)

<223> OTHER INFORMATION: AP (R)

<220> FEATURE:

<221> NAME/KEY: rep_origin

<222> LOCATION: (2834)..(3422)

<223> OTHER INFORMATION: origin of replication
<220> FEATURE:

<221> NAME/KEY: repeat_region

<222> LOCATION: (3862)..(3991)

<223> OTHER INFORMATION: 5' ITR

<220> FEATURE:

<221> NAME/KEY: repeat_region

<222> LOCATION: (4059)..(4440)

<223> OTHER INFORMATION: CMVfiE{romoter
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (4443)..(4724)

<223> OTHER INFORMATION: CB promoter

<220> FEATURE:

<221> NAME/KEY: TATA_signal

<222> LOCATION: (4697)..(4700)
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<220> FEATURE:

<221> NAME/KEY: Intron

<222> LOCATION: (4819)..(5791

<223> OTHER INFORMATION: chickeneta-actinntron

<400> SEQUENCE: 1

aattcgcecac catgtgegag cctgececcce ctaagectac acagtcetgec tggecacaget
tceccegagty tectgetete ctgetgetge tgagtttget getgetgect ctgggectge
ctgtgetggg agcacctect agactgatct gegacageeg ggtgetggaa cggtacatcee
tggaagcceg cgaggecgag aatgtgacca tgggatgtge ccagggetge agettcageg
agaacatcac cgtgecccgac accaaagtga acttctacac ctggaagaga atggacgtgg
geccagcagge cctggaagtyg tggcagggac tggecctget gtetgaggee atectgagag
gacaggctcet getggecaat gecagecage ctagegagac acctcagetg cacgtggaca
aggcegtgte ctcectgaga agectgacca gectgetgag agecactggga geccagaaag
aagccatgag cctgectgag gaagecagece ctgcccectet gagaacctte accgtggaca
cectgtgcaa getgtteegg atctacagca acttectgeg gggcaagetyg accctgtaca
ceggegagge ttgteggaga ggcgacagat gatgaggtac ctcectagagte gaccegggeyg
gectegagga cggggtgaac tacgectgag gatccgatcet tttteectet gecaaaaatt
atggggacat catgaagccce cttgageatce tgacttetgg ctaataaagyg aaatttattt
tcattgcaat agtgtgttgg aattttttgt gtectctcact cggaagcaat tegttgatet
gaatttegac cacccataat acccattace ctggtagata agtagcatgg cgggttaatce
attaactaca aggaacccct agtgatggag ttggccacte cctetetgeyg cgetegeteg
ctcactgagg ccgggegace aaaggtegece cgacgecegyg getttgeeeyg ggeggectea
gtgagcgage gagecgegcag ccttaattaa cctaattcac tggcegtegt tttacaacgt
cgtgactggg aaaaccctgg cgttacccaa cttaatcegece ttgcagcaca tcccecttte
gecagetgge gtaatagega agaggcccge accgategece ctteccaaca gttgegeage
ctgaatggeg aatgggacge gecctgtage ggegcattaa gegeggeggyg tgtggtggtt
acgegecageg tgaccgectac acttgecage gecctagege cegetecttt cgetttette
ccttecttte tegecacgtt cgceggettt ceccgtcaag ctetaaateyg ggggetcect
ttagggttee gatttagtge tttacggecac ctegacccca aaaaacttga ttagggtgat
ggttcacgta gtgggccate gecctgatag acggttttte gecctttgac gttggagtec
acgttcttta atagtggact cttgtteccaa actggaacaa cactcaaccce tatcteggte
tattcttttyg atttataagg gattttgecyg atttceggect attggttaaa aaatgagetg
atttaacaaa aatttaacgc gaattttaac aaaatattaa cgcttacaat ttaggtggea
cttttegggyg aaatgtgcege ggaaccecta tttgtttatt tttctaaata cattcaaata
tgtatccget catgagacaa taaccctgat aaatgcttca ataatattga aaaaggaaga
gtatgagtat tcaacattte cgtgtcgcee ttattccctt ttttgeggea ttttgectte
ctgtttttge tcacccagaa acgctggtga aagtaaaaga tgctgaagat cagttgggtyg
cacgagtggg ttacatcgaa ctggatctca acagcggtaa gatccttgag agttttegee

ccgaagaacyg ttttecaatg atgagcactt ttaaagttet getatgtgge geggtattat

ccegtattga cgccgggecaa gagcaacteg gtegecgeat acactattcet cagaatgact

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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tggttgagta ctcaccagtc acagaaaagc atcttacgga tggcatgaca gtaagagaat 2160
tatgcagtgc tgccataacc atgagtgata acactgcggce caacttactt ctgacaacga 2220
tcggaggacce gaaggagcta accgcttttt tgcacaacat gggggatcat gtaactcgcece 2280
ttgatcgttyg ggaaccggag ctgaatgaag ccataccaaa cgacgagcegt gacaccacga 2340
tgcctgtage aatggcaaca acgttgcgca aactattaac tggcgaacta cttactctag 2400
cttceceggca acaattaata gactggatgg aggcggataa agttgcagga ccacttcectgce 2460
gcteggeect teecggetgge tggtttattg ctgataaatce tggagccggt gagegtgggt 2520
ctcgecggtat cattgcagca ctggggccag atggtaagcc ctcccgtatce gtagttatcet 2580
acacgacggg gagtcaggca actatggatg aacgaaatag acagatcgcet gagataggtg 2640
cctcactgat taagcattgg taactgtcag accaagttta ctcatatata ctttagattg 2700
atttaaaact tcatttttaa tttaaaagga tctaggtgaa gatccttttt gataatctca 2760
tgaccaaaat cccttaacgt gagttttcgt tccactgage gtcagacccce gtagaaaaga 2820
tcaaaggatc ttcttgagat ccttttttte tgcgcgtaat ctgctgcttg caaacaaaaa 2880
aaccaccgct accagcggtg gtttgtttge cggatcaaga gctaccaact ctttttecga 2940
aggtaactgg cttcagcaga gcgcagatac caaatactgt tcttctagtg tagccgtagt 3000
taggccacca cttcaagaac tctgtagcac cgcctacata cctcegectctg ctaatcectgt 3060
taccagtggce tgctgccagt ggcgataagt cgtgtcttac cgggttggac tcaagacgat 3120
agttaccgga taaggcgcag cggtcggget gaacgggggyg ttegtgcaca cagceccaget 3180
tggagcgaac gacctacacc gaactgagat acctacageg tgagctatga gaaagcgcca 3240
cgctteccga agggagaaag gcggacaggt atccggtaag cggcagggte ggaacaggag 3300
agcgcacgag ggagcttceca gggggaaacg cctggtatct ttatagtcct gtegggttte 3360
gccacctetg acttgagegt cgatttttgt gatgctcecgte aggggggcgg agcctatgga 3420
aaaacgccag caacgcggcec tttttacggt tcctggectt ttgctggcect tttgctcaca 3480
tgttctttece tgcgttatece cctgattctg tggataaccg tattaccgece tttgagtgag 3540
ctgataccge tcgecgcage cgaacgacceg agegcagega gtcagtgage gaggaagcegg 3600
aagagcgccce aatacgcaaa ccgcectectcee ccgegegttg gecgattcat taatgcaget 3660
ggcacgacag gtttcccgac tggaaagcgg gcagtgageg caacgcaatt aatgtgagtt 3720
agctcactca ttaggcaccc caggctttac actttatget teccggectcegt atgttgtgtg 3780
gaattgtgag cggataacaa tttcacacag gaaacagcta tgaccatgat tacgccagat 3840
ttaattaagg ccttaattag gcectgcgegcet cgctcecgetca ctgaggccge ccgggcaaag 3900
cecegggegte gggegaccett tggtcgeceg gectcagtga gegagcegage gcegcagagag 3960
ggagtggcca actccatcac taggggttcce ttgtagttaa tgattaaccc gccatgctac 4020
ttatctacca gggtaatggg gatcctctag aactataget agtcgacatt gattattgac 4080
tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata tggagttccg 4140
cgttacataa cttacggtaa atggcccgce tggctgaccg cccaacgacce cccgeccatt 4200
gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca 4260
atgggtggac tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcc 4320

aagtacgccce cctattgacg tcaatgacgg taaatggccce gectggcatt atgcccagta 4380
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catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tcgctattac 4440
catggtcgag gtgagcccca cgttcectgett cactctecce atctceccccecece cctecccace 4500
cccaattttg tatttattta ttttttaatt attttgtgca gcgatggggg ¢cggggggggy 4560
gggggggege gegecaggeg gggeggggey gggcegagggyg <©ggggcegggy cgaggceggag 4620
aggtgcggceg gcagccaatce agagcggcgce gctccgaaag tttcectttta tggcgaggceg 4680
geggeggegyg cggccctata aaaagcgaag cgcegeggegg goeggggagtce getgegacge 4740
tgccttegee cegtgecceg cteegecgee gectegegee gecegeceeg getcetgactg 4800
accgcgttac tcccacaggt gagcgggcgg gacggccectt ctcectecggg ctgtaattag 4860
cgcttggttt aatgacggcet tgtttcetttt ctgtggetge gtgaaagcct tgaggggcetce 4920
cgggagggce ctttgtgegg ggggagegge teggggggtg cgtgegtgtg tgtgtgegtg 4980
gggagcegeceg cgtgeggete cgegetgece ggeggcetgtg agegetgegyg gegeggegeg 5040
gggcetttgty cgctecgecag tgtgcegegayg gggagegegg coegggggegy tgeccegegg 5100
tgcggggggg gctgcgaggg gaacaaaggce tgcgtgeggg gtgtgtgegt gggggggtga 5160
gecagggggty tgggegegte ggtegggetyg caacccccce tgcacccccce tceccgagtt 5220
getgagcacyg gecceggette gggtgegggyg ctecegtacgg ggegtggege ggggetegec 5280
gtgcegggeg gggggtggcg geaggtgggg gtgcegggeg gggeggggec gectcgggece 5340
ggggagggcet cgggggaggg gegcggegge ccccggageg ccggcggetg tcgaggegeg 5400
gcgagcecgca gcecattgect tttatggtaa tcecgtgcgaga gggcgcaggyg acttectttg 5460

tcccaaatct gtgeggagece gaaatctggg aggegecgece geacceccte tagegggege 5520

ggggcgaagc ggtgcggcgc cggcaggaag gaaatgggcg gggagggcct ththgth 5580

ccgegecegece gtcececttet cectetecag cctegggget gtececgegggg ggacggctge 5640

cttegggggg gacggggcag ggcggggtte ggettcectgge gtgtgaccgg cggctctaga 5700

gcctetgeta accatgttca tgccttette tttttectac agetcecctggg caacgtgetyg 5760

gttattgtgc tgtctcatca ttttggcaaa g 5791

<210> SEQ ID NO 2

<211> LENGTH: 5749

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: constructed sequence
<220> FEATURE:

<221> NAME/KEY: polyA signal

<222> LOCATION: (56)..(182)

<223> OTHER INFORMATION: Rabbit>lobinﬂolyA
<220> FEATURE:

<221> NAME/KEY: repeat _region

<222> LOCATION: (271)..(400)

<223> OTHER INFORMATION: 3' ITR (complement)
<220> FEATURE:

<221> NAME/KEY: rep_origin

<222> LOCATION: (577)..(1032)

<223> OTHER INFORMATION: F1 ori

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1163)..(2020)

<223> OTHER INFORMATION: AP (R)

<220> FEATURE:

<221> NAME/KEY: rep origin

<222> LOCATION: (2194)..(2782)

<223> OTHER INFORMATION: Originef[r]eplication
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<220> FEATURE:
<221> NAME/KEY: repeat_region
<222> LOCATION: (3222)..(3351
<223> OTHER INFORMATION: 5' ITR
<220> FEATURE:
<221> NAME/KEY: repeat_region
<222> LOCATION: (3419)..(3800
<223> OTHER INFORMATION: CMVfiE{romoter
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (3803)..(4084)
<223> OTHER INFORMATION: CB promoter
<220> FEATURE:
<221> NAME/KEY: TATA signal
<222> LOCATION: (4057)..(4060
<220> FEATURE:
<221> NAME/KEY: Intron
<222> LOCATION: (4179)..(5151
<223> OTHER INFORMATION: chickeneta-actinntron
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (5163)..(5738)
<223> OTHER INFORMATION: Epo
<400> SEQUENCE: 2
ctctagagte gaccegggeg gectcgagga cggggtgaac tacgectgag gatccgatct 60
tttteecctet gccaaaaatt atggggacat catgaagccce cttgagcatce tgacttetgg 120
ctaataaagg aaatttattt tcattgcaat agtgtgttgg aattttttgt gtctctcact 180
cggaagcaat tcgttgatct gaatttcgac cacccataat acccattacce ctggtagata 240
agtagcatgg cgggttaatc attaactaca aggaacccct agtgatggag ttggccacte 300
cctetetgeg cgcetegeteg ctcactgagg cegggcgace aaaggtcegece cgacgeccgg 360
getttgeceyg ggeggectca gtgagcgage gagcegegcag ccttaattaa cctaattcac 420
tggcegtegt tttacaacgt cgtgactggg aaaaccctgg cgttacccaa cttaatcgece 480
ttgcagcaca tcccecttte gecagetgge gtaatagega agaggcccge accgatcgece 540
cttececaaca gttgegecage ctgaatggeg aatgggacge gecctgtage ggcegcattaa 600
gegeggegygy tgtggtggtt acgegecageg tgaccgetac acttgecage gecctagege 660
cegetecttt cgetttette ccttecttte tegecacgtt cgecggettt cccegtcaag 720
ctctaaateg ggggetcecect ttagggttcec gatttagtge tttacggcac ctcgacccca 780
aaaaacttga ttagggtgat ggttcacgta gtgggccatce gecctgatag acggttttte 840
geectttgac gttggagtcee acgttcecttta atagtggact cttgttccaa actggaacaa 900
cactcaaccc tatctcggte tattcttttg atttataagg gattttgccg atttcecggect 960
attggttaaa aaatgagctg atttaacaaa aatttaacgc gaattttaac aaaatattaa 1020
cgcttacaat ttaggtggca cttttcecgggg aaatgtgcegce ggaaccccta tttgtttatt 1080
tttctaaata cattcaaata tgtatccgct catgagacaa taaccctgat aaatgcttca 1140
ataatattga aaaaggaaga gtatgagtat tcaacatttc cgtgtcgcce ttattccctt 1200
ttttgcggca ttttgcctte ctgtttttge tcacccagaa acgctggtga aagtaaaaga 1260
tgctgaagat cagttgggtg cacgagtggg ttacatcgaa ctggatctca acagcggtaa 1320
gatccttgag agttttcgce ccgaagaacg ttttccaatg atgagcactt ttaaagttcect 1380
gctatgtgge geggtattat ccegtattga cgccgggcaa gagcaactcg gtcegceccgcat 1440
acactattct cagaatgact tggttgagta ctcaccagtc acagaaaagc atcttacgga 1500
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tggcatgaca gtaagagaat tatgcagtgc tgccataacc atgagtgata acactgcggc 1560
caacttactt ctgacaacga tcggaggacc gaaggagcta accgcttttt tgcacaacat 1620
gggggatcat gtaactcgce ttgatcgttg ggaaccggag ctgaatgaag ccataccaaa 1680
cgacgagcgt gacaccacga tgcctgtage aatggcaaca acgttgcgca aactattaac 1740
tggcgaacta cttactctag cttccecggca acaattaata gactggatgg aggcggataa 1800
agttgcagga ccacttctge gcectcecggecct tceceggctgge tggtttattg ctgataaatce 1860
tggagceggt gagcgtgggt ctecgceggtat cattgcagca ctggggccag atggtaagcece 1920
ctccegtate gtagttatcet acacgacggg gagtcaggca actatggatg aacgaaatag 1980
acagatcgct gagataggtg cctcactgat taagcattgg taactgtcag accaagttta 2040
ctcatatata ctttagattg atttaaaact tcatttttaa tttaaaagga tctaggtgaa 2100
gatccttttt gataatctca tgaccaaaat cccttaacgt gagttttcgt tccactgage 2160
gtcagacccee gtagaaaaga tcaaaggatc ttcttgagat ccttttttte tgcgcgtaat 2220
ctgctgcettg caaacaaaaa aaccaccgct accagcggtg gtttgtttge cggatcaaga 2280
gctaccaact ctttttccga aggtaactgg cttcagcaga gcgcagatac caaatactgt 2340
tcttctagtg tagccgtagt taggccacca cttcaagaac tctgtagcac cgcctacata 2400
cctegetetg ctaatcctgt taccagtgge tgctgccagt ggcgataagt cgtgtcettac 2460
cgggttggac tcaagacgat agttaccgga taaggcgcag cggteggget gaacgggggyg 2520
ttegtgcaca cagcccagcet tggagcgaac gacctacacce gaactgagat acctacageg 2580
tgagctatga gaaagcgcca cgcttceccga agggagaaag gcggacaggt atccggtaag 2640
cggcagggte ggaacaggag agcgcacgag ggagcttceca gggggaaacyg cctggtatct 2700
ttatagtcct gtcgggttte gecacctcectg acttgagegt cgatttttgt gatgctegte 2760
aggggggcgg agcctatgga aaaacgccag caacgcggcece tttttacggt tectggectt 2820
ttgctggect tttgctcaca tgttctttcee tgcgttatce cctgattctg tggataaccg 2880
tattaccgcce tttgagtgag ctgataccgce tcgecgcage cgaacgaccg agcgcagcga 2940
gtcagtgage gaggaagcgg aagagcgccce aatacgcaaa ccgectctece cegegegttg 3000
gccgattcecat taatgcagct ggcacgacag gtttcccgac tggaaagcegg gcagtgagceg 3060
caacgcaatt aatgtgagtt agctcactca ttaggcaccc caggctttac actttatgcet 3120
tceggetegt atgttgtgtyg gaattgtgag cggataacaa tttcacacag gaaacagcta 3180
tgaccatgat tacgccagat ttaattaagg ccttaattag gectgcgcget cgctcgetca 3240
ctgaggcecge ccgggcaaag cccgggegte gggegacctt tggtegeceyg gectcagtga 3300
gcgagcgage gcgcagagag ggagtggcca actccatcac taggggttcece ttgtagttaa 3360
tgattaaccc gccatgctac ttatctacca gggtaatggg gatcctctag aactataget 3420
agtcgacatt gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat 3480
agcccatata tggagttccg cgttacataa cttacggtaa atggcccgece tggctgaccg 3540
cccaacgacce cccgeccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata 3600
gggactttecc attgacgtca atgggtggac tatttacggt aaactgccca cttggcagta 3660
catcaagtgt atcatatgcc aagtacgccce cctattgacg tcaatgacgg taaatggccce 3720

gcctggcatt atgcccagta catgacctta tgggacttte ctacttggca gtacatctac 3780
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gtattagtca tcgctattac catggtcgag gtgagcccca cgttcetgett cactcteccce 3840
atctcceccee cctecccace cccaattttg tatttattta ttttttaatt attttgtgcea 3900
gegatggggg ©gg99ggggggyg 9ggggggcge gegccaggceyg gggeggggcyg gggcgagggy 3960
cggggegggy cgaggceggag aggtgeggeg gcagecaatce agageggege gcetccgaaag 4020
tttcectttta tggcgaggceyg geggcggcegyg cggccctata aaaagcgaag cgcgcecggcegyg 4080
geggggagte getgegacge tgecttegee cegtgecceg cteegecgeo gectegegec 4140
gecegeceeg getcetgactg accgegttac tcccacaggt gagegggegyg gacggecectt 4200
cteccteeggg ctgtaattag cgettggttt aatgacgget tgtttcectttt ctgtggetgce 4260
gtgaaagcct tgaggggctc cgggagggece ctttgtgegg ggggagcggce tcggggggtyg 4320
cgtgegtgtg tgtgtgcegtyg gggagcegccg cgtgcggcete cgcgectgcee ggcggcetgtg 4380
agcgetgegyg gegeggegeg gggetttgtyg cgetecgeag tgtgegegag gggagegegg 4440
cecgggggcegg tgccccgegg tgecggggggyg getgcgaggg gaacaaaggc tgcgtgceggyg 4500
gtgtgtgegt gggggggtga gcagggggtg tgggcgcgte ggtcgggetg caaccccececce 4560
tgcaccecccee tecccecgagtt getgagcacg gcecceggette gggtgegggg cteccgtacgg 4620
ggegtggege ggggctegece gtgecgggceg gggggtggceyg gcaggtgggg gtgecgggceyg 4680
gggeggggee gectegggece ggggagggcet cgggggaggg gegceggcegge ccceggageg 4740
ccggeggetg tcgaggcgeg gegagcecgca gccattgect tttatggtaa tegtgcgaga 4800
gggcgcaggg acttcectttg tceccaaatct gtgcggagec gaaatctggg aggcgcecgec 4860
gecaccececte tagegggege ggggcgaage ggtgceggege cggcaggaayg gaaatgggeg 4920
gggagggcect tegtgegtceg ccgegecgece gtccecttet cectetecag cctegggget 4980
gteegegggg ggacggcetge cttegggggg gacggggcag ggeggggttc ggettetgge 5040
gtgtgaccgg cggctctaga gcctcectgecta accatgttca tgecttette tttttectac 5100
agctcctggg caacgtgcetg gttattgtge tgtcectcatca ttttggcaaa gaattcgeca 5160
ccatgggcag ctgcgagtgt cctgctcectcee tgetgctget gagtttgctg ctgcetgecte 5220
tgggcctgece tgtgctggga gcacctecta gactgatcetg cgacagccgg gtgctggaac 5280
ggtacatcct ggaagcccge gaggccgaga atgtgaccat gggatgtgec gagggetgea 5340
gettcagega gaacatcacce gtgeccgaca ccaaagtgaa cttctacacce tggaagagaa 5400
tggacgtggg ccagcaggcc gtggaagtgt ggcagggact ggccctgctg tetgaggeca 5460
tcctgagagg acaggetetg ctggccaaca gcagecagece tagegaaace ctgcagetge 5520
acgtggacaa ggccgtgtece tcectgagaa gectgaccag cetgetgaga gcactgggag 5580
cccagaaaga ggccacctet ctgecctgagg ccacatctge cgccecctcectg agaaccttca 5640
ccgtggacac cctgtgcaag ctgttceccgga tctacagcaa cttectgcgg ggcaagctga 5700
ccetgtacac cggcgaggcet tgtcggagag gcgacagatg atgaggtac 5749
<210> SEQ ID NO 3

<211> LENGTH: 206

<212> TYPE: PRT

<213> ORGANISM: Canis familiaris

<400> SEQUENCE: 3

Met Cys Glu Pro Ala Pro Pro Lys Pro Thr Gln Ser Ala Trp His Ser
1 5 10 15
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Phe Pro Glu Cys Pro Ala Leu Leu Leu Leu Leu Ser Leu Leu Leu Leu
20 25 30

Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu Ile Cys Asp
35 40 45

Ser Arg Val Leu Glu Arg Tyr Ile Leu Glu Ala Arg Glu Ala Glu Asn
50 55 60

Val Thr Met Gly Cys Ala Gln Gly Cys Ser Phe Ser Glu Asn Ile Thr
65 70 75 80

Val Pro Asp Thr Lys Val Asn Phe Tyr Thr Trp Lys Arg Met Asp Val
85 90 95

Gly Gln Gln Ala Leu Glu Val Trp Gln Gly Leu Ala Leu Leu Ser Glu
100 105 110

Ala Ile Leu Arg Gly Gln Ala Leu Leu Ala Asn Ala Ser Gln Pro Ser
115 120 125

Glu Thr Pro Gln Leu His Val Asp Lys Ala Val Ser Ser Leu Arg Ser
130 135 140

Leu Thr Ser Leu Leu Arg Ala Leu Gly Ala Gln Lys Glu Ala Met Ser
145 150 155 160

Leu Pro Glu Glu Ala Ser Pro Ala Pro Leu Arg Thr Phe Thr Val Asp
165 170 175

Thr Leu Cys Lys Leu Phe Arg Ile Tyr Ser Asn Phe Leu Arg Gly Lys
180 185 190

Leu Thr Leu Tyr Thr Gly Glu Ala Cys Arg Arg Gly Asp Arg
195 200 205

<210> SEQ ID NO 4

<211> LENGTH: 192

<212> TYPE: PRT

<213> ORGANISM: Felis catus

<400> SEQUENCE: 4

Met Gly Ser Cys Glu Cys Pro Ala Leu Leu Leu Leu Leu Ser Leu Leu
1 5 10 15

Leu Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu Ile
20 25 30

Cys Asp Ser Arg Val Leu Glu Arg Tyr Ile Leu Glu Ala Arg Glu Ala
35 40 45

Glu Asn Val Thr Met Gly Cys Ala Glu Gly Cys Ser Phe Ser Glu Asn
50 55 60

Ile Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Thr Trp Lys Arg Met
65 70 75 80

Asp Val Gly Gln Gln Ala Val Glu Val Trp Gln Gly Leu Ala Leu Leu
85 90 95

Ser Glu Ala Ile Leu Arg Gly Gln Ala Leu Leu Ala Asn Ser Ser Gln
100 105 110

Pro Ser Glu Thr Leu Gln Leu His Val Asp Lys Ala Val Ser Ser Leu
115 120 125

Arg Ser Leu Thr Ser Leu Leu Arg Ala Leu Gly Ala Gln Lys Glu Ala
130 135 140

Thr Ser Leu Pro Glu Ala Thr Ser Ala Ala Pro Leu Arg Thr Phe Thr
145 150 155 160

Val Asp Thr Leu Cys Lys Leu Phe Arg Ile Tyr Ser Asn Phe Leu Arg



US 2018/0251508 Al Sep. 6, 2018
17

-continued

165 170 175

Gly Lys Leu Thr Leu Tyr Thr Gly Glu Ala Cys Arg Arg Gly Asp Arg
180 185 190

<210> SEQ ID NO 5

<211> LENGTH: 576

<212> TYPE: DNA

<213> ORGANISM: Canis familiaris

<400> SEQUENCE: 5

atgggggcegt gcgaatgtcce tgccctgtte cttttgetgt ctttgctget gettectetg 60
ggecteccayg tectgggege ccccectege cteatttgtyg acageegggt ccectggagaga 120
tacatcctgg aggccaggga ggccgaaaat gtcacgatgg getgtgctca aggctgcage 180
ttcagtgaga atatcaccgt cccagacacc aaggttaatt tctatacctyg gaagaggatg 240
gatgttggge agcaggcctt ggaagtctgg cagggectgg cactgctcectce agaagccatce 300
ctgeggggte aggecctgtt ggccaacgece teccagcecat ctgagactece gcagetgcat 360
gtggacaaag ccgtcagcag cctgegecage ctcacctete tgetteggge getgggagec 420
cagaaggagg ccatgtccct tccagaggaa gectctectyg ctecactecg aacattcact 480
gttgatactt tgtgcaaact tttccgaatc tactccaatt tectcegtgg aaagctgaca 540
ctgtacacag gggaggcctyg cagaagagga gacagg 576

<210> SEQ ID NO 6

<211> LENGTH: 579

<212> TYPE: DNA

<213> ORGANISM: Felis catus

<400> SEQUENCE: 6

atggggtcegt gcgaatgtce tgccctgetg cttetgetat ctttgetget gettecectyg 60
ggecteccayg tectgggege ccceectege cteatcetgtyg acagecgagt cctggagagyg 120
tacattctgg gggccaggga ggccgaaaat gtcacgatgg getgtgcetga aggctgcage 180
ttcagtgaga atatcactgt cccagacacc aaggtcaact tctatacctyg gaagaggatg 240
gacgtcggyge agcaggctgt ggaagtctgg cagggecteg cectgcetcete agaagccatce 300
ctgcggggee aggcecctgcet ggccaactece teccagecat ctgagaccct gcagetgcat 360
gtggataaag ccgtcagcag cctgegcage ctcacctece tgetteggge actgggagec 420
cagaaggaag ccacctcect tccagaggca acctcetgetyg ctecactecg aacattcact 480
gtegatactt tgtgcaaact tttccgaatc tactccaact tectgegggg aaagctgacyg 540
ctgtacacag gggaggcctg ccgaagagga gacaggtga 579

<210> SEQ ID NO 7

<211> LENGTH: 618

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: codon optimized sequence

<400> SEQUENCE: 7
atgtgcgage ctgccccccee taagectaca cagtetgect ggcacagett ccccgagtgt 60
cctgetetee tgetgetget gagtttgetyg ctgetgecte tgggectgee tgtgetggga 120

gecacctecta gactgatctg cgacagecegyg gtgctggaac ggtacatcct ggaageccge 180
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-continued
gaggccgaga atgtgaccat gggatgtgcce cagggctgca gettcagega gaacatcacce 240
gtgcccgaca ccaaagtgaa cttctacacce tggaagagaa tggacgtggg ccagcaggec 300
ctggaagtgt ggcagggact ggccctgetg tcetgaggeca tectgagagyg acaggetcetg 360
ctggecaatg ccagccagcece tagcgagaca cctcagetge acgtggacaa ggccgtgtcee 420
tcectgagaa gectgaccag cctgctgaga geactgggag cccagaaaga agccatgage 480
ctgcctgagg aagccagecce tgcccctetg agaaccttea cegtggacac cctgtgcaag 540
ctgtteccegga tctacagcaa cttcectgegg ggcaagcetga cectgtacac cggegagget 600
tgtcggagag gcgacaga 618
<210> SEQ ID NO 8
<211> LENGTH: 576
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: codon optimized sequence
<400> SEQUENCE: 8
atgggcagcet gcgagtgtce tgctctectg ctgetgetga gtttgetget getgectetg 60
ggectgectyg tgetgggage acctectaga ctgatctgeg acageegggt getggaacgg 120
tacatcctgg aagcccgega ggccgagaat gtgaccatgg gatgtgccga gggcetgcage 180
ttcagcgaga acatcaccgt gcccgacacce aaagtgaact tctacacctyg gaagagaatg 240
gacgtgggee agcaggccgt ggaagtgtgg cagggactgg cectgcetgte tgaggccatce 300
ctgagaggac aggctctgct ggccaacage agecagcecta gcegaaaccct gcagetgcac 360
gtggacaagyg ccgtgtccte cctgagaage ctgaccagec tgctgagagce actgggagec 420
cagaaagagg ccacctctct gectgaggece acatctgecyg cceectetgag aaccttcace 480
gtggacacce tgtgcaagcet gttcecggatce tacagcaact tectgegggg caagetgacce 540
ctgtacaccg gcgaggcttyg tcecggagaggce gacaga 576
<210> SEQ ID NO 9
<211> LENGTH: 20
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence

<220>
<223>

<400>

FEATURE:
OTHER INFORMATION:

SEQUENCE: 9

IL-2 leader

Met Tyr Arg Met Gln Leu Leu Ser Cys Ile Ala Leu Ser Leu Ala Leu

1

5

Val Thr Asn Ser

20

10

15

1. A recombinant adeno-associated virus (rAAV) com-

prising an AAV capsid having packaged therein a vector
genome, wherein said vector genome comprises nucleic acid
sequences encoding feline or canine erythropoietin (EPO),
inverted terminal repeat sequences and expression control
sequences that direct expression of the EPO in a host cell.

2-3. (canceled)

4. The rAAV of claim 1, wherein the EPO sequence
encodes the mature EPO protein in combination with a
heterologous leader sequence.

5. The rAAV of claim 1, wherein the EPO sequence
encodes the protein sequence of SEQ ID NO: 4.

6. The rAAV of claim 1, wherein the EPO sequence
encodes the protein sequence of SEQ ID NO: 3.

7. The rAAV of claim 1, wherein the EPO sequence
comprises the nucleic acid sequence of SEQ ID NO: 6 or a
codon-optimized variant thereof.

8. (canceled)

9. The rAAV of claim 7, wherein codon optimized variant
is SEQ ID NO: 8.
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10. The rAAV of claim 1, wherein the EPO sequence
comprises the nucleic acid sequence of SEQ ID NO: 5 or a
codon optimized variant thereof.

11. (canceled)

12. The rAAV of claim 10, wherein codon optimized
variant is SEQ ID NO: 7.

13. The rAAV of claim 1, wherein the expression control
sequences comprise a promoter.

14. The rAAV of claim 13, wherein the promoter is
selected from a CB7 promoter, a TBG promoter, a Nkcc2
promoter, a uromodulin promoter, a Ksp-cadherin promoter
and a THP gene promoter.

15-18. (canceled)

19. The rAAV of claim 1, further comprising one or more
of an intron, a Kozak sequence, a polyA, and post-transcrip-
tional regulatory elements.

21. The recombinant vector according to claim 1, wherein
the AAV capsid is selected from AAVS, rh64R1, AAV9,
AAVhu.37, or rh10 and variants thereof.

22. The viral vector of claim 1, wherein the capsid is an
AAVS capsid.
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23. The viral vector of claim 1, further comprising AAV
inverted terminal repeat sequences.

24. (canceled)

25. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and a viral vector according to
claim 1.

26. A method for treating chronic kidney disease, said
method comprising administering a pharmaceutical compo-
sition comprising a pharmaceutically acceptable carrier and
a viral vector according to claim 1 to a subject in need
thereof.

27. The method according to claim 26, wherein said
composition is administered intravenously.

28. The method according to claim 26, wherein said
subject is feline or canine.

29. The method according to claim 26, wherein said
subject is feline and the EPO is a feline sequence.

30. The method according to claim 26, wherein said
composition is administered in combination with another
therapy.

31-34. (canceled)



