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DESCRIPTION

Description

FIELD OF THE INVENTION

[0001] The present invention relates to methods and cell lines for producing an adeno-
associated virus (AAV) particle with an oversized recombinant AAV genome.

BACKGROUND OF THE INVENTION

[0002] Recombinant AAV (rAAV) vectors have become attractive delivery vehicles for gene
transfer for genetic and chronic diseases. One of the limitations for use of rAAV vectors has
been their small packaging capacity that has hindered gene therapy for a number of clinical
applications requiring large cDNAs, e.g., Factor VIII (FVIII), dystrophin, dysferlin and cystic
fibrosis transmembrane conductance regulator (CFTR). Early studies defined the packaging
limit at 4.7 to 4.8 kb (Dong, J-Y et al. (1996) Human Gene Therapy 7:2101-2112). More recent
studies have confirmed a limit of packaged vector genomes roughly at 5.0 to 5.2 kb size for
AAV2, AAV5 or AAVS capsids. In these studies, the oversized (or "fragmented") genomes of
both polarities were typically deleted at the 5' end and most packaged genomes did not exceed
~5.2 kb (Lu, H. et al. (2008) Human Gene Therapy 19:648-654; Wu, Z. et al. (2010) Molecular
Therapy 18:80-86; Grose, W.E. et al. (2012) PLoS One 7:€39233).

[0003] Sarkar, R, Blood, 2004, 103(4), 1253-60, relates to AAV serotypes 2, 5, 7 in gene
therapy of factor VIII (FVIII) deficiency in a hemophilia A mouse model by expressing canine B
domain-deleted FVIII cDNA either in a single vector or in two separate AAV vectors. Lu H, Hum
Gene Ther, 2008, 19(6), 648-54 relates to the correction of hemophilia A with AAV vectors
containing a full size FVIII gene.

[0004] WO 2015/038625 relates to AAV FVIII vectors that produce a functional Factor VI
polypeptide and AAV FVIII vectors with high expression activity. US 2007/042462 relates to
methods and materials for expressing a polypeptide with FVIII activity comprising administering
an rAAV vector encoding a truncated version of human FVIII.

[0005] Accordingly, a need exists for better production platforms for oversized vectors that
allow generation of robust yields with sufficient quality.

SUMMARY OF THE INVENTION



DK/EP 3280799 T3

[0006] Described herein is a comprehensive analysis of production of oversized vectors by a
producer cell line (PCL) platform. As described below, this PCL platform generates higher yield
of better quality oversized recombinant adeno-associated virus (rAAV) vectors. The rAAV
vectors generated contain higher amount of encapsidated larger genomes than observed in
vector made by standard, triple transfection method. Additionally the cell lines are stable, and
the vectors contain little contaminating, aberrant DNA. The vectors generate complete
expression cassettes upon gene transfer in vivo and result in production of functional protein.

[0007] The invention provides a method for producing an adeno-associated virus (AAV)
particle comprising an oversized recombinant AAV genome, the method comprising a) culturing
an AAV producer cell line under conditions to generate rAAV particles, wherein the AAV
producer cell line comprises i) nucleic acid encoding AAV rep and cap genes, and ii) an
oversized rAAV genome, wherein the rAAV genome is between 5.4 kb and 6.7 kb or 5.4 kb and
6 kb; b) providing AAV helper functions; and c) collecting the rAAV particles comprising
oversized rAAV genomes, wherein the nucleic acid encoding AAV rep and cap genes and the
oversized rAAV genome are stably integrated into the genome of the producer cell line. In
some embodiments, the nucleic acid encoding AAV rep and cap genes and/or the rAAV
genome are stably maintained in the producer cell line. In some embodiments, the rAAV
genome comprises one or more AAV inverted terminal repeats (ITRs) and a heterologous
transgene. In some embodiments, the rAAV genome comprises two AAV ITRs.

[0008] In some embodiments of the above methods, the heterologous transgene encodes a
therapeutic transgene product. In some embodiments, the heterologous transgene is a human
transgene. In some embodiments, the heterologous transgene encodes Factor VIII,
dystrophin, dysferlin or cystic fibrosis transmembrane conductance regulator (CFTR). In some
embodiments, the heterologous transgene is operably linked to a promoter. In further
embodiments, the promoter is the mouse transthyretin (mTTR) promoter. In some
embodiments, the rAAV genome comprises an intron. In further embodiments, the intron is a
synthetic intron. In some embodiments, the rAAV genome comprises a polyadenylation signal.
In further embodiments, the polyadenylation signal is a synthetic polyadenylation signal or a
bovine growth hormone polyadenylation signal.

[0009] In some embodiments of the above methods, the rAAV particle comprises an AAV1,
AAV2, AAV3, AAV4, AAV5, AAVB, AAV7, AAVE, AAVrh8, AAVrh8R, AAV9, AAV10, AAVrh10,
AAV11, AAV12, AAV2RAT1A, AAV2/2-Tm8, AAV DJ, AAV2 N587A, AAV2 E548A, AAV2 N708A,
AAV V708K, a goat AAV, AAV1/AAV2 chimeric, bovine AAV, or mouse AAV capsid rAAV2/HBoV1
serotype capsid. In some embodiments, the AAV serotype is AAV1, AAV2, AAVS, AAV6, AAV7,
AAVSE, AAVrh8, AAVrh8R, AAVY9, AAV10, or AAVrh10. In some embodiments of the above
methods, the AAV ITRs are AAV1, AAV2, AAV3, AAV4, AAV5, AAVB, AAV7, AAV8, AAVrh8,
AAVrh8R, AAV9, AAV10, AAVrh10, AAV11, AAV12, AAV2R471A, AAV DJ, a goat AAV, bovine
AAV, or mouse AAV serotype ITRs. In some embodiments, the AAV ITRs are AAV2 ITRs. In
some embodiments, the ITR and the capsid of the rAAV particle are derived from the same
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AAV serotype. In some embodiments, the ITR and the capsid are derived from AAV2. In other
embodiments, the ITR and the capsid of the rAAV particles are derived from different AAV
serotypes. In some embodiments, the AAV particles comprise AAV2 ITRs and AAVrh8R capsid.
In some embodiments, the AAV particles comprise AAV2 ITRs and AAV8 capsid.

[0010] In some embodiments of the above methods, the producer cell line is derived from
primate cells. In some embodiments, the producer cell line is derived from HelLa, 293, A549, or
Perc.6 cells. In some embodiments, the producer cell line is adapted for growth in suspension.
In some embodiments, the AAV helper functions are provided by adenovirus or HSV. In some
embodiments, the rAAV particles are collected from between about 48 hours and about 96
hours after the provision of helper functions. In some embodiments, the methods further
comprise purification of the rAAV particles. In some embodiments, the purification comprises
one or more chromatography steps. In some aspects, the invention provides a rAAV particle
comprising an oversized rAAV genome produced by the methods described herein.

[0011] In some aspects, a composition, which is not part of the present invention, comprises
rAAV particles wherein at least about 15%, at least about 20%, at least about 25%, at least
about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at
least about 55%, at least about 60% or at least about 70% of the rAAV particle encapsidate a
rAAV genome greater than about 4.7 kb. In some embodiments, the rAAV genome comprises
one or more AAV inverted terminal repeats (ITRs) and a heterologous transgene. In some
embodiments, the rAAV genome comprises two AAV ITRs

[0012] In some embodiments of the above compositions, which are not part of the invention,
the heterologous transgene encodes a therapeutic transgene product. In some embodiments,
the heterologous transgene is a human transgene. In some embodiments, the heterologous
transgene encodes Factor VIII, dystrophin, dysferlin or cystic fibrosis transmembrane
conductance regulator (CFTR). In some embodiments, the heterologous transgene is operably
linked to a promoter. In further embodiments, the promoter is the mouse transthyretin (MTTR)
promoter. In some embodiments, the rAAV genome comprises an intron. In further
embodiments, the intron is a synthetic intron. In some embodiments, the rAAV genome
comprises a polyadenylation signal. In further embodiments, the polyadenylation signal is a
synthetic polyadenylation signal or a bovine growth hormone polyadenylation signal.

[0013] In some embodiments of the above compositions, which are not part of the invention,
the rAAV particle comprises an AAV1, AAV2, AAV3, AAV4, AAVS, AAVB, AAV7, AAV8, AAVrh8,
AAVrh8R, AAV9, AAV10, AAVrh10, AAV11, AAV12, AAV2R4A71A, AAV2/2-Tm8, AAV DJ, AAV2
N587A, AAV2 E548A, AAV2 N708A, AAV V708K, a goat AAV, AAV1/AAV2 chimeric, bovine AAV,
or mouse AAV capsid rAAV2/HBoV1 serotype capsid. In some embodiments, the AAV serotype
is AAV1, AAV2, AAV5, AAVB, AAV7, AAVS, AAVrh8, AAVrh8R, AAVY, AAV10, or AAVrh10. In
some embodiments of the above methods, the AAV ITRs are AAV1, AAV2, AAV3, AAV4, AAVS5,
AAVE, AAV7, AAVS, AAVrh8, AAVrh8R, AAVY, AAV10, AAVrh10, AAV11, AAV12, AAV2R471A,
AAV DJ, a goat AAV, bovine AAV, or mouse AAV serotype ITRs. In some embodiments, the AAV
ITRs are AAV2 ITRs. In some embodiments, the ITR and the capsid of the rAAV particle are
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derived from the same AAV serotype. In some embodiments, the ITR and the capsid are
derived from AAV2. In other embodiments, the ITR and the capsid of the rAAV particles are
derived from different AAV serotypes. In some embodiments, the AAV particles comprise AAV2
ITRs and AAVrh8R capsid. In some embodiments, the AAV particles comprise AAV2 ITRs and
AAVS capsid.

[0014] In some embodiments of the above compositions, the AAV particles comprising an
oversized AAV genome are produced in a producer cell. In some embodiments, the producer
cell line is derived from primate cells. In some embodiments, the producer cell line is derived
from Hela, 293, A549, or Perc.6 cells. In some embodiments, the producer cell line is adapted
for growth in suspension. In some embodiments, the AAV helper functions are provided by
adenovirus or HSV. In some embodiments, the rAAV particles are collected from between
about 48 hours and about 96 hours after the provision of helper functions.

[0015] In some aspects, the invention provides a method for enhancing the expression of an
oversized rAAV genome, the method comprising producing rAAV particles in a producer cell
line by providing AAV helper functions to the cell line, wherein the producer cell line comprises
a) nucleic acid encoding AAV rep and cap genes, and b) an oversized rAAV genome, wherein
the rAAV genome is between 5.4 kb and 6.7 kb or 5.4 kb and 6 kb, wherein the nucleic acid
encoding AAV rep and cap genes and the oversized rAAV genome are stably integrated into
the genome of the producer cell line and wherein the oversized rAAV genome displays
enhanced expression when packaged in AAV particles using the producer cell line compared to
AAV particles prepared by transient transfection of cells. In some embodiments, the expression
of the oversized rAAV genome is about 1.25-fold, about 1.5-fold, about 1.75-fold, about 2.0-
fold, about 2.5-fold, about 2.75-fold, about 3-fold, or about 5-fold greater than expression of
the oversized rAAV genome from rAAV particles produced by transient transfection. In some
embodiments, the expression kinetics of the oversized rAAV genome produced by a producer
cell line is about 5% faster, about 10% faster, about 25% faster, about 50% faster, about 75%
faster, or about 90% faster than expression kinetics of the oversized rAAV genome from rAAV
particles produced by transient transfection.

[0016] In some embodiments of the enhanced expression of an oversized rAAV genome, the
nucleic acid encoding AAV rep and cap genes and/or the rAAV genome are stably maintained
in the producer cell line. In some embodiments, the rAAV genome comprises one or more AAV
inverted terminal repeats (ITRs) and a heterologous transgene. In some embodiments, the
rAAV genome comprises two AAV ITRs. The rAAV genome is between 5.2 kb and 8.7 kb.

[0017] In some embodiments of the enhanced expression of an oversized rAAV genome, the
heterologous transgene encodes a therapeutic transgene product. In some embodiments, the
heterologous transgene encodes Factor VIII, dystrophin, dysferlin or cystic fibrosis
transmembrane conductance regulator (CFTR). In some embodiments, the heterologous
transgene is a human transgene. In some embodiments, the heterologous transgene is
operably linked to a promoter. In some embodiments, the promoter is the mouse transthyretin
(mTTR) promoter. In some embodiments, the rAAV genome comprises an intron. In some
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embodiments, the intron is a synthetic intron. In some embodiments, the rAAV genome
comprises a polyadenylation signal. In some embodiments, the polyadenylation signal is a
synthetic polyadenylation signal or a bovine growth hormone polyadenylation signal.

[0018] In some embodiments of the enhanced expression of an oversized rAAV genome, the
rAAV particle comprises an AAV1, AAV2, AAV3, AAV4, AAVS, AAVE, AAV7, AAVE, AAVrhS,

AAVrh8R, AAV9, AAV10, AAVrh10, AAV11, AAV12, AAV2R471A, AAV2/2-Tm8, AAV DJ, AAV2

N587A, AAV2 E548A, AAV2 N708A, AAV V708K, a goat AAV, AAV1/AAV2 chimeric, bovine AAV,
or mouse AAV capsid rAAV2/HBoV1 serotype capsid. In some embodiments, the AAV serotype
is AAV1, AAV2, AAV5, AAVE, AAV7, AAVS, AAVrh8, AAVrh8R, AAVY, AAV10, or AAVrh10. In

some embodiments, the AAV ITRs are AAV1, AAV2, AAV3, AAV4, AAVS5, AAVG, AAVT, AAVS,

AAVrh8, AAVrh8R, AAVY, AAV10, AAVrh10, AAV11, AAV12, AAV2R471A, AAV DJ, a goat AAV,

bovine AAV, or mouse AAV serotype ITRs. In some embodiments, the AAV ITRs are AAV2
ITRs. In some embodiments, the ITR and the capsid of the rAAV particle are derived from the
same AAV serotype. In some embodiments, the ITR and the capsid are derived from AAV2. In
some embodiments, the ITR and the capsid of the rAAV particles are derived from different
AAV serotypes. In some embodiments, the AAV particles comprise AAV2 ITRs and AAVrh8R
capsid. In some embodiments, the AAV particles comprise AAV2 ITRs and AAV8 capsid.

[0019] In some embodiments of the enhanced expression of an oversized rAAV genome, the
producer cell line is derived from primate cells. In some embodiments, the producer cell line is
derived from Hela, 293, A549, or Perc.6 cells. In some embodiments, the producer cell line is
adapted for growth in suspension. In some embodiments, the AAV helper functions are
provided by adenovirus, HSV or baculovirus. In some embodiments, the rAAV particles are
collected from between about 48 hours and about 96 hours after the provision of helper
functions. In some embodiments, the methods further comprise purification of the rAAV
particles. In some embodiments, the purification comprises one or more chromatography
steps.

[0020] In some aspects, the invention provides a cell line for producing an adeno-associated
virus (AAV) particle comprising an oversized recombinant AAV genome, the cell line comprising
a) nucleic acid encoding AAV rep and cap genes, and b) an oversized rAAV genome, wherein
the oversized rAAV genome is between 5.4 kb and 6.7 kb or 5.4 kb and 6 kb, wherein the
nucleic acid encoding AAV rep and cap genes and the oversized rAAV genome are stably
integrated into the genome of the cell line. In some embodiments, the nucleic acid encoding
AAV rep and cap genes and/or the rAAV genome are stably maintained in the producer cell
line. In some embodiments, the rAAV genome comprises one or more AAV inverted terminal
repeats (ITRs) and a heterologous transgene.

[0021] In some embodiments of the cell lines, the heterologous transgene encodes a
therapeutic transgene product. In some embodiments, the heterologous transgene is a human
transgene. In some embodiments, the heterologous transgene encodes Factor VIII,
dystrophin, dysferlin or cystic fibrosis transmembrane conductance regulator (CFTR). In some
embodiments, the heterologous transgene is operably linked to a promoter. In further
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embodiments, the promoter is the mouse transthyretin (mTTR) promoter. In some
embodiments, the rAAV genome comprises an intron. In further embodiments, the intron is a
synthetic intron. In some embodiments, the rAAV genome comprises a polyadenylation signal.
In further embodiments, the polyadenylation signal is a synthetic polyadenylation signal or a
bovine growth hormone polyadenylation signal.

[0022] In some embodiments of the above cell lines, the rAAV particle comprises an AAV1,
AAV2, AAV3, AAV4, AAVS, AAVB, AAV7, AAVS, AAVrh8, AAVFh8R, AAV9, AAV10, AAVrh10,

AAV11, AAV12, AAV2RAT1A, AAV2/2-Tm8, AAV DJ, AAV2 N587A, AAV2 E548A, AAV2 N708A,
AAV V708K, a goat AAV, AAV1/AAV2 chimeric, bovine AAV, or mouse AAV capsid rAAV2/HBoV1
serotype capsid. In some embodiments, the AAV serotype is AAV1, AAV2, AAVS, AAV6, AAV7,
AAVSE, AAVrh8, AAVrh8R, AAVY9, AAV10, or AAVrh10. In some embodiments of the above
methods, the AAV ITRs are AAV1, AAV2, AAV3, AAV4, AAV5, AAVB, AAV7, AAV8, AAVrh8,

AAVrh8R, AAV9, AAV10, AAVrh10, AAV11, AAV12, AAV2R471A, AAV DJ, a goat AAV, bovine

AAV, or mouse AAV serotype ITRs. In some embodiments, the AAV ITRs are AAV2 ITRs. In
some embodiments, the ITR and the capsid of the rAAV particle are derived from the same
AAV serotype. In some embodiments, the ITR and the capsid are derived from AAV2. In other
embodiments, the ITR and the capsid of the rAAV particles are derived from different AAV
serotypes. In some embodiments, the AAV particles comprise AAV2 ITRs and AAVrh8R capsid.
In some embodiments, the AAV particles comprise AAV2 ITRs and AAV8 capsid.

[0023] In some embodiments of the above cell lines, the producer cell line is derived from
primate cells. In some embodiments, the producer cell line is derived from HelLa, 293, A549, or
Perc.6 cells. In some embodiments, the producer cell line is adapted for growth in suspension.
In some embodiments, AAV particles are produced in the cell line by providing AAV helper
functions. In some embodiments, the AAV helper functions are provided by adenovirus or HSV.
In some embodiments, rAAV particles are collected from between about 48 hours and about 96
hours after the provision of helper functions.

[0024] In some embodiments, the invention provides AAV particles comprising an oversized
rAAV genome wherein the heterologous transgene encodes a therapeutic transgene product.
In some embodiments, the heterologous transgene is a human transgene. In some
embodiments, the heterologous transgene encodes Factor VIII, dystrophin, dysferlin or cystic
fibrosis transmembrane conductance regulator (CFTR). In some embodiments, the
heterologous transgene is operably linked to a promoter. In further embodiments, the promoter
is the mouse transthyretin (MTTR) promoter. In some embodiments, the rAAV genome
comprises an intron. In further embodiments, the intron is a synthetic intron. In some
embodiments, the rAAV genome comprises a polyadenylation signal. In further embodiments,
the polyadenylation signal is a synthetic polyadenylation signal or a bovine growth hormone
polyadenylation signal.

[0025] In some embodiments of the above cell lines, the rAAV particle comprises an AAV1,
AAV2, AAV3, AAV4, AAVS, AAVB, AAV7, AAVS, AAVrh8, AAVFh8R, AAV9, AAV10, AAVrh10,
AAV11, AAV12, AAV2RAT1A, AAV2/2-Tm8, AAV DJ, AAV2 N587A, AAV2 E548A, AAV2 N708A,
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AAV V708K, a goat AAV, AAV1/AAV2 chimeric, bovine AAV, or mouse AAV capsid rAAV2/HBoV1
serotype capsid. In some embodiments, the AAV serotype is AAV1, AAV2, AAVS, AAV6, AAV7,
AAVSE, AAVrh8, AAVrh8R, AAVY9, AAV10, or AAVrh10. In some embodiments of the above
methods, the AAV ITRs are AAV1, AAV2, AAV3, AAV4, AAV5, AAVB, AAV7, AAV8, AAVrh8,
AAVrh8R, AAV9, AAV10, AAVrh10, AAV11, AAV12, AAV2R471A, AAV DJ, a goat AAV, bovine
AAV, or mouse AAV serotype ITRs. In some embodiments, the AAV ITRs are AAV2 ITRs. In
some embodiments, the ITR and the capsid of the rAAV particle are derived from the same
AAV serotype. In some embodiments, the ITR and the capsid are derived from AAV2. In other
embodiments, the ITR and the capsid of the rAAV particles are derived from different AAV
serotypes. In some embodiments, the AAV particles comprise AAV2 ITRs and AAVrh8R capsid.
In some embodiments, the AAV particles comprise AAV2 ITRs and AAV8 capsid.

[0026] In some embodiments of the invention, the AAV particles comprising an oversized AAV
genome are produced in a producer cell. In some embodiments, the producer cell line is
derived from primate cells. In some embodiments, the producer cell line is derived from Hela,
293, A549, or Perc.6 cells. In some embodiments, the producer cell line is adapted for growth
in suspension. In some embodiments, the AAV helper functions are provided by adenovirus or
HSV. In some embodiments, the rAAV particles are collected from between about 48 hours and
about 96 hours after the provision of helper functions.

[0027] In some embodiments, the invention provides an AAV particle comprising an oversized
rAAV genome wherein the rAAV genome comprises 5' to 3' an AAV2 ITR, a mTTR promoter, a
synthetic intron, a transgene encoding human FVIII, a synthetic polyadenylation sequence, and
an AAV2 ITR. In some embodiments, the rAAV genome comprises 5' to 3' an AAV2 ITR, a
mTTR promoter, a synthetic intron, a transgene encoding human FVIII, a bovine growth
hormone synthetic polyadenylation sequence, and an AAV2 ITR. In some embodiments, the
FVIII comprises a deletion of all or part of the B domain. In some embodiments, the AAV
particle comprises AAVrh8R capsid. In some embodiments, the AAV particle comprises AAV8
capsid.

[0028] In some aspects, the invention provides a rAAV vector, which is not part of the present
invention, comprising a rAAV genome, wherein the rAAV genome comprises 5' to 3' an AAV2
ITR, a mTTR promoter, a synthetic intron, a transgene encoding human FVIIl, a synthetic
polyadenylation sequence, and an AAV2 ITR. In some embodiments, the rAAV genome
comprises 5' to 3' an AAV2 ITR, a mTTR promoter, a synthetic intron, a transgene encoding
human FVIII, a bovine growth hormone synthetic polyadenylation sequence, and an AAV2 ITR.
In some embodiments, the FVIII comprises a deletion of all or part of the B domain.

[0029] In some embodiments, the invention provides method of treating an individual with a
disease or disorder comprising administering to the individual an AAV particle comprising an
oversized rAAV genome encoding a therapeutic transgene wherein the therapeutic transgene
is suitable for treating the disease or disorder, which is not part of the present invention. In
some embodiments, the individual is a mammal (e.g., a human). In some embodiments, the
disease or disorder is hemophilia A. In some embodiments, the therapeutic transgene encodes
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factor VIII; for example, human factor VIl including B domain-deleted human factor VIII.

[0030] In some embodiments, the invention provides kits, which are not part of the present
invention, comprising AAV particles comprising an oversized rAAV genome as described
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

FIG. 1A shows a diagram of hFVIIl expression cassettes, based on mouse transthyretin
(mTTR) promoter, ranging from 5.1 to 5.4 kb vector genome sizes (as indicated). Sequence
modification in HNF4 binding sites (open circles) and HNF3 binding sites (filled circles) and
their location are shown. Abbreviations for FIGS. 1A, 1B and 1C: ITRs, rAAY inverted terminal
repeats; mTTR, mouse transthyretin promoter (202 or 482 bp); HI, hybrid intron; FVIII, B-
domain deleted human FVIII cDNA; syn pA, synthetic (syn pA); BGH or bovine growth hormone
(BGH) poly A (pA).

FIG. 1B shows an alignment of the mTTR promoter sequences used in the experiments
described herein.

FIG. 1C FVIII levels from mTTR-FVIII expression cassettes in vivo. The plasmid vectors were
injected intravenously by high volume injection into C56BL/6 mice, and Factor VIII levels in
plasma were measured by ELISA assay.

FIG. 1D shows the structure of the 5.1 kb FVIII expression cassette. This cassette includes
rAAV inverted terminal repeats (ITRs), mouse transthyretin (mTTR) promoter, hybrid intron
(HI), a B-domain deleted human FVIII cDNA, and a synthetic poly A sequence.

FIG. 1E shows the TriplePlay plasmid containing the FVIII vector genome, AAV rep and cap
genes, as well as genes responsible for puromycin and kanamycin drug resistance.

FIGS. 2A and 2B show Southern blot analyses of genomic DNA from selected masterwell
clones (MWs). (FIG. 2A) FVIII TriplePlay plasmid was cut with Spel that generates a 13 kb
linear fragment. This was used as a size control for unit-length TriplePlay plasmid and for
integrated copy number standard. (FIG. 2B) Integrity of the integrated vector genome was
analyzed by digestion with Bglll and Hincll. These enzymes cut within the FVIII expression
cassette resulting in 1.8 and 2.8 kb fragments. In both figures, diagrams showing the vectors
and restriction sites are provided.

FIGS. 3A and 3B show analyses of AAVrh8R/5.1 kb mTTR-FVIII vector production yield and
stability. (FIG. 3A) Time-course for AAVrh8R/5.1 kb vector production. Shaker cultures were
infected with wild-type adenovirus (wt Ad), samples were collected on days 2, 3 and 4, and
vector yield was quantitated by qPCR in vector genomes per ml (VG/mI). (FIG. 3B) The
stability of selected high producing masterwells. rAAV vector production levels are shown for
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MW#287 (AAV8/5.1 kb), MW#35 (AAVrh8R/5.1 kb) and MW#163 (AAVrh8R/5.4 kb).
Masterwells were passaged up to passage 20 or 26 and rAAV productivity (DRP/ml) was
quantitated by gPCR.

FIGS. 4A and 4B show an analysis of quality of oversized 5.1 kb rAAVrh8R/FVIII vectors. PCL
and TXN produced 5.1 kb vector lots were compared by AUC analysis. AAVrh8R/5.1 kb FVIII
was generated three times using MW#35 (FIG. 4A) and was compared to same vector
produced by TXN method (FIG. 4B). Quality of the vectors was assessed by analytical
ultracentrifugation analysis (AUC) that measures differences in the mass of the virus. Insert
indicates % of capsids with differing sedimentation (S) values. The empty capsids typically
have S value of 63 to 66 while capsids with wild-type size vector genome are typically at S of
100 to 103.

FIGS. 5A and 5B show analysis of quality of oversized 5.4 kb rAAVrh8R/FVIII vectors. PCL
(FIG. 5A) and TXN (FIG. 5B) produced 5.4 kb vector lots were compared by AUC analysis.
Insert indicates % of capsids with differing sedimentation (S) values. Percentages of empty
capsids (64S/63S) and particles with larger genomes (101S/998S) are circled.

FIGS. 6A and 6B show characterization of packaged vector genomes in PCL or TXN
generated rAAVrh8R/5.1 kb vectors by Southern blot. Vector genomes were isolated from
purified virions and analyzed for sizes by alkaline gel electrophoreses followed by Southern
blot using probes specific to the vector. (FIG. 6A) Southern analysis using with 4.0 kb FVIII

probe (FVIIl domains A1, A2, A3 and C1). VG were loaded at 1.1 and 6.0 x 10° VG/lane and
separated on 1% alkaline gel. 5.1 kb FVIIl vector generated by PCL (MVW#35) or triple
transfection were compared to 4.6 kb size vector (identical to rh8R/5.1 kb vector except C1
domain was deleted to create normal size vector). (FIG. 6B) The signal intensity of each
distinct VG size was quantitated and graphed as % of total signal in each lane.

FIGS. 7A, 7B and 7C show characterization for 5' ends of packaged vector genomes in PCL or
TXN generated rAAVrh8R/5.1 kb vectors by DNA dot blot analysis. Vector lots used in Fig. 5
were analyzed by applying 2-fold serial dilutions of each vector onto membrane (starting at 2.4

x 109 total of eight decreasing vector concentrations plus no genomes applied as negative
control). Each blot was hybridized with 3' end-labeled oligonucleotide probe specific to middle
or the 5' terminal ends of the vector genomes (plus or minus polarity). The signal intensity was
quantitated and normalized to 4.6 kb vector (completely packaged). Three concentrations were
used to generate standard error. (FIG. 7A) Diagram showing the location of the oligonucleotide
probes used. Values indicate distance in nucleotides for the respective 3' termini. (FIG. 7B)
Analysis of the minus strands. (FIG. 7C) Analysis of the plus strands.

FIGS. 8A, 8B, 8C and 8D show the characterization of 5' and 3' ends of packaged vector
genomes in PCL or TXN generated rAAVrh8R/5.1 kb vectors. (FIG. 8A) Diagram showing the
location of the oligonucleotide probes to 5' and 3'termini of plus and minus strands of vector
genomes used. (FIG. 8B) Quantitation of plus and minus strands of 5.1 kb vector genomes in
each lot. Vector analyzed included consisted 4.6 kb or 5.1 kb mTTR-FVIII genomes. Vector
production method (PCL or TXN) is indicated. All vectors were purified in similar manner.
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Analysis was performed as described in Fig 5 by applying 2-fold serial dilutions of each vector

onto membrane (starting at 3.0 x 109 total of eight decreasing vector concentrations).
Plasmids containing FIX (negative control) or FVIII (positive control) cDNA were used as
controls for specificity of the signal. (FIG. 8C) Southern analysis using 3' and 5' terminal

oligonucleotide probes for the 5.1 kb vectors. VG were loaded at 1.5 and 7.5 x 10° VG/lane
and separated on 1% alkaline gel. 5.1 kb FVIIl vector generated by PCL (MW#35) or triple
transfection (TXN) were compared to 4.6 kb size vector. Size markers (2.7, 4.7 and 5.1 kb) are
shown. Top panel, plus strand analysis; bottom panel, minus strand analysis. Oligonucleotides
used for each panel are shown. White arrows indicate missing signals. (FIG. 8D) Quantitation
of genome sizes in each vector. The signal intensity in the panels probed with the 3' terminal
oligonucleotide probes (detects all packaged genomes) was quantitated by Imaged. The
intensity of each distinct VG size (> 4.7 kb, 4.7 kb and < 4.7 kb) was quantitated and graphed
as % of total signal in each lane.

FIGS. 9A, 9B and 9C show characterization of 5' and 3' ends of packaged vector genomes in
PCL or TXN generated rAAVrh8R/5.4 kb vectors. (FIG. 9A) Diagram showing the location of
the oligonucleotide probes to 5' and 3'termini of plus and minus strands of vector genomes
used. (FIG. 9B) Quantitation of plus and minus strands of 5.4 kb vector genomes in each lot by
dot blot analysis. Analysis was performed as described in Fig 8. (FIG. 9C) Southern analysis of
5.4 kb vectors using 3' and 5' terminal oligonucleotide probes. Experiment was performed as
described in Fig 8.

FIGS. 10A and 10B show efficacy of PCL produced rAAVrh8R/5.1 kb vector in vivo in
hemophilia A KO mice. The vector was administered to mice by tail vein at 3 x 10" and 4 x

10'% DRP/mouse and plasma FVIII levels were analyzed up to day 56. (FIG. 10A) Plasma FVIII
protein activity. Activity was measured in day 7, 14, 28, 42 and 56 plasma samples by Coatest
assay. (FIG. 10B) Clotting times on days 28 and 56. Clotting times were analyzed by activated
partial thromboplastin time (aPTT). Each treatment group contained n=7-10 mice/group.
Statistical significance is indicated as follows: *, p < 0.05; **, p < 0.01, ** p < 0.001 by Student
t-test.

FIGS. 11A, 11B and 11C show comparison of PCL and TXN produced 5.1 kb AAVrh8R/FVIII
vectors in vivo using hemophilia A KO mice. Vectors were administered to mice by tail vein at 4

x 1010 DRP/mouse. (FIG. 11A) Plasma FVIII protein activity. Activity was measured in days 21,
35, 56, 70 and 84 samples by Coatest assay. (FIG. 11B) Plasma clotting times on day 21.
(FIG. 11C) Plasma clotting times on day 56. Plasma clotting times were measured by aPTT
assay. Clotting times for mouse strains (129S and BALB/c) are shown for comparison.
(Fig.11D) Vector genome (VG) copies in the liver on day 84. VG copies were quantitated by
gPCR and are shown as copies/500 ng of total liver DNA. Each treatment group contained n=8
mice/group. Statistical significance is indicated as follows: *, p < 0.05; **, p < 0.01, =, p < 0.001
by Student t-test. The method of virus production is indicated (PCL or TXN) in each panel.

FIGS 12A, 12B and 12C show comparison of PCL and TXN produced 5.4 kb AAVrh8R/FVIII
vectors in vivo using hemophilia A KO mice. Vectors were administered to mice by tail vein at 4
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x 10" DRP/mouse and plasma samples collected on days 24 and 43 after vector
administration. (FIG. 12A) Plasma FVIII activity. Activity was measured in day 24 and 43
plasma samples by Coatest assay. (FIG. 12B) Day 24 plasma clotting times by aPTT assay.
(FIG. 12C) Vector genome (VG) copies in liver on days 3 and 43. Animals were sacrificed 3
and 43 days after vector administration and VG copies were quantitated by qPCR and are
shown as copies/500 ng of total liver DNA. Each treatment group contained n= 6-8 mice/group.
Statistical significance is indicated as follows: *, p < 0.05; **, p < 0.01, *** p < 0.001 by Student
t-test.

FIG. 13A shows a diagram for 5.1, 5.9 and 6.7 kb AAV2/SEAP vectors. FIG. 13B shows data
from individual masterwells (MWs) with respect to the vector yield in relative and specific
production (n=2) assays. The vector yield is indicated as DRP/ml.

DETAILED DESCRIPTION

[0032] As discussed in detail herein, the inventors have developed a producer cell line platform
capable of generating higher yield of better quality oversized recombinant adeno-associated
virus (rAAV) vectors. This platform has been characterized using rAAV vectors containing
human factor VIII cDNA as an exemplary construct. Compared to production using the
standard triple transfection method, this platform generated rAAV vectors with a higher amount
of encapsidated larger genomes. rAAV vectors generated using this platform were also
competent for gene transfer in vivo and resulted in production of functional factor VIII.

[0033] Accordingly, the present invention provides methods for producing an adeno-associated
virus (AAV) particle containing an oversized recombinant AAV genomeThe methods include
culturing an AAV producer cell line under conditions to generate rAAV particles, where the AAV
producer cell line contains i) nucleic acid encoding AAV rep and cap genes, and ii) a oversized
rAAV genome, where the rAAV genome is between5.4 kb and 9.4 kb, 5.4 kb and 6.7 kb, 5.4 kb
and 6 kb, 5.4 kb and 7 kb, 5.4 kb and 8 kb, 5.4 kb and 9 kb, or 5.4 kb and 8.7 kb; b) providing
AAV helper functions; and c) collecting the rAAV particles containing oversized rAAV genomes,
wherein the nucleic acid encoding AAV rep and cap genes and the oversized rAAV genome are
stably integrated into the genome of the producer cell line..

[0034] Still further provided herein are compositions including rAAV particles, which are not
part of the present invention, where at least at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about 60% or at least about 70% of the rAAV
particle encapsidate an rAAV genome greater than about 5 kb.

[0035] Yet further provided herein are cell lines for producing an adeno-associated virus (AAV)
particle containing an oversized recombinant AAV genome, the cell line including a) nucleic
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acid encoding AAV rep and cap genes, and b) an oversized rAAV genome, where the rAAV
genome is between5.4 kb and 9.4 kb, 5.4 kb and 6.7 kb, 5.4 kb and 6 kb, 5.4 kb and 7 kb, 5.4
kb and 8 kb, 5.4 kb and 9 kb, or 5.4 kb and 8.7 kb, and wherein the nucleic acid encoding AAV
rep and cap genes and the oversized rAAV genome are stably integrated into the genome of
the cell line.

[0036] Yet further provided herein are adeno-associated virus (AAV) particles, which are not
part of the present invention, containing a rAAV genome encapsidated by an AAV capsid,
where the rAAV genome is between about 4.7 kb and about 9.4 kb, optionally about 4.7 kb and
6.7 kb. In some embodiments, the rAAV genome is greater than about 5 kb.

I. General Techniques

[0037] The techniques and procedures described or referenced herein are generally well
understood and commonly employed using conventional methodology by those skilled in the
art, such as, for example, the widely utilized methodologies described in Molecular Cloning: A
Laboratory Manual (Sambrook et al., 4th ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., 2012); Current Protocols in Molecular Biology (F.M. Ausubel, et al. eds.,
2003); the series Methods in Enzymology (Academic Press, Inc.); PCR 2: A Practical Approach
(M.J. MacPherson, B.D. Hames and G.R. Taylor eds., 1995); Antibodies, A Laboratory Manual
(Harlow and Lane, eds., 1988); Culture of Animal Cells: A Manual of Basic Technique and
Specialized Applications (R.l. Freshney, 6th ed., J. Wiley and Sons, 2010); Oligonucleotide
Synthesis (M.J. Gait, ed., 1984); Methods in Molecular Biology, Humana Press; Cell Biology: A
Laboratory Notebook (J.E. Cellis, ed., Academic Press, 1998); Introduction to Cell and Tissue
Culture (J.P. Mather and P.E. Roberts, Plenum Press, 1998); Cell and Tissue Culture:
Laboratory Procedures (A. Doyle, J.B. Griffiths, and D.G. Newell, eds., J. Wiley and Sons,
1993-8); Handbook of Experimental Immunology (D.M. Weir and C.C. Blackwell, eds., 1996);
Gene Transfer Vectors for Mammalian Cells (J.M. Miller and M.P. Calos, eds., 1987); PCR: The
Polymerase Chain Reaction, (Mullis et al., eds., 1994); Current Protocols in Immunology (J.E.
Coligan et al., eds., 1991); Short Protocols in Molecular Biology (Ausubel et al., eds., J. Wiley
and Sons, 2002); Immunobiology (C.A. Janeway et al., 2004); Antibodies (P. Finch, 1997);
Antibodies: A Practical Approach (D. Catty., ed., IRL Press, 1988-1989); Monoclonal
Antibodies: A Practical Approach (P. Shepherd and C. Dean, eds., Oxford University Press,
2000); Using Antibodies: A Laboratory Manual (E. Harlow and D. Lane, Cold Spring Harbor
Laboratory Press, 1999); The Antibodies (M. Zanetti and J. D. Capra, eds., Harwood Academic
Publishers, 1995); and Cancer: Principles and Practice of Oncology (V.T. DeVita et al., eds.,
J.B. Lippincott Company, 2011).

Il. Definitions

[0038] A "vector,” as used herein, refers to a recombinant plasmid or virus that comprises a
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nucleic acid to be delivered into a host cell, either in vitro or in vivo.

[0039] The term "polynucleotide” or "nucleic acid" as used herein refers to a polymeric form of
nucleotides of any length, either ribonucleotides or deoxyribonucleotides. Thus, this term
includes, but is not limited to, single-, double- or multi-stranded DNA or RNA, genomic DNA,
cDNA, DNA-RNA hybrids, or a polymer comprising purine and pyrimidine bases, or other
natural, chemically or biochemically modified, non-natural, or derivatized nucleotide bases. The
backbone of the polynucleotide can comprise sugars and phosphate groups (as may typically
be found in RNA or DNA), or modified or substituted sugar or phosphate groups. Alternatively,
the backbone of the polynucleotide can comprise a polymer of synthetic subunits such as
phosphoramidates and thus can be an oligodeoxynucleoside phosphoramidate (P-NH») or a

mixed phosphoramidate- phosphodiester oligomer. In addition, a double-stranded
polynucleotide can be obtained from the single stranded polynucleotide product of chemical
synthesis either by synthesizing the complementary strand and annealing the strands under
appropriate conditions, or by synthesizing the complementary strand de novo using a DNA
polymerase with an appropriate primer.

[0040] The terms "polypeptide” and "protein" are used interchangeably to refer to a polymer of
amino acid residues, and are not limited to a minimum length. Such polymers of amino acid
residues may contain natural or non-natural amino acid residues, and include, but are not
limited to, peptides, oligopeptides, dimers, trimers, and multimers of amino acid residues. Both
full-length proteins and fragments thereof are encompassed by the definition. The terms also
include post-expression modifications of the polypeptide, for example, glycosylation, sialylation,
acetylation, phosphorylation, and the like. Furthermore, for purposes of the present invention,
a "polypeptide" refers to a protein which includes modifications, such as deletions, additions,
and substitutions (generally conservative in nature), to the native sequence, as long as the
protein maintains the desired activity. These modifications may be deliberate, as through site-
directed mutagenesis, or may be accidental, such as through mutations of hosts which
produce the proteins or errors due to PCR amplification.

[0041] A "recombinant viral vector” refers to a recombinant polynucleotide vector comprising
one or more heterologous sequences (i.e., nucleic acid sequence not of viral origin). In the
case of recombinant AAV vectors, the recombinant nucleic acid is flanked by at least one
inverted terminal repeat sequences (ITRs). In some embodiments, the recombinant nucleic
acid is flanked by two ITRs.

[0042] A "recombinant AAV vector (rAAV vector)" refers to a polynucleotide vector comprising
one or more heterologous sequences (i.e., nucleic acid sequence not of AAV origin) that are
flanked by at least one or two AAV inverted terminal repeat sequences (ITRs). Such rAAV
vectors can be replicated and packaged into infectious viral particles when present in a host
cell that has been infected with a suitable helper virus (or that is expressing suitable helper
functions) and that is expressing AAV rep and cap gene products (i.e., AAV Rep and Cap
proteins). When a rAAV vector is incorporated into a larger polynucleotide (e.g., in a
chromosome or in another vector such as a plasmid used for cloning or transfection), then the
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rAAV vector may be referred to as a "pro-vector” which can be "rescued" by replication and
encapsidation in the presence of AAV packaging functions and suitable helper functions. A
rAAV vector can be in any of a number of forms, including, but not limited to, plasmids, linear
artificial chromosomes, complexed with lipids, encapsulated within liposomes, and
encapsidated in a viral particle, e.g., an AAV particle. A rAAV vector can be packaged into an
AAV virus capsid to generate a "recombinant adeno-associated viral particle (rAAV particle)".

[0043] As used herein, a "producer cell line" is a stable cell line capable of producing AAV
particles. In some embodiments, AAV replication and/or capsid genes are stably maintained in
the host cell line. In some embodiments, an AAV vector genome comprising one or more AAV
ITRs and heterologous nucleic acid (e.g., a heterologous transgene) are stably maintained in
the host cell line. In some embodiments, AAV replication and/or capsid genes and an AAV
vector genome comprising one or more AAV ITRs and heterologous nucleic acid (e.g., a
heterologous transgene) are stably maintained in the host cell line. In some embodiments, one
or more of AAV replication genes, capsid genes or an AAV vector genome comprising one or
more AAV ITRs are stably integrated into the genome of the host cell line. One skilled in the art
would understand that a stably maintained nucleic acid is maintained in the host cell line upon
multiple passages (e.g., 5, 10, 15, 25, or more passages).

[0044] "Heterologous" means derived from a genotypically distinct entity from that of the rest of
the entity to which it is compared or into which it is introduced or incorporated. For example, a
polynucleotide introduced by genetic engineering techniques into a different cell type is a
heterologous polynucleotide (and, when expressed, can encode a heterologous polypeptide).
Similarly, a cellular sequence (e.g., a gene or portion thereof) that is incorporated into a viral
vector is a heterologous nucleotide sequence with respect to the vector.

[0045] The term "transgene” refers to a polynucleotide that is introduced into a cell and is
capable of being transcribed into RNA and optionally, translated and/or expressed under
appropriate conditions. In aspects, it confers a desired property to a cell into which it was
introduced, or otherwise leads to a desired therapeutic or diagnostic outcome. In another
aspect, it may be transcribed into a molecule that mediates RNA interference, such as miRNA,
siRNA, or shRNA.

[0046] The term "transthyretin (TTR) promoter"” refers to a polynucleotide sequence capable of
driving gene expression derived from a transthyretin gene. In some embodiments, the
transthyretin promoter may be from a mouse transthyretin (ImTTR) gene (e.g., Mus musculus
transthyretin, as represented by GenBank Entrez Gene ID 22139). Examples of TTR
promoters are presented in Fig. 1B.

[0047] The terms "genome particles (gp)," "genome equivalents,” or "genome copies" as used
in reference to a viral titer, refer to the number of virions containing the recombinant AAV DNA
genome, regardless of infectivity or functionality. The number of genome particles in a
particular vector preparation can be measured by procedures such as described in the
Examples herein, or for example, in Clark et al. (1999) Hum. Gene Ther., 10:1031-1039;
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Veldwijk et al. (2002) Mol. Ther., 6:272-278.

[0048] The term "vector genome (vg)" as used herein may refer to one or more
polynucleotides comprising a set of the polynucleotide sequences of a vector, e.g., a viral
vector. A vector genome may be encapsidated in a viral particle. Depending on the particular
viral vector, a vector genome may comprise single-stranded DNA, double-stranded DNA, or
single-stranded RNA, or double-stranded RNA. A vector genome may include endogenous
sequences associated with a particular viral vector and/or any heterologous sequences
inserted into a particular viral vector through recombinant techniques. For example, a
recombinant AAV vector genome may include at least one ITR sequence flanking a promoter,
a sequence of interest (e.g., a heterologous transgene), optionally an intron, and a
polyadenylation sequence. A complete vector genome may include a complete set of the
polynucleotide sequences of a vector. In some embodiments, the nucleic acid titer of a viral
vector may be measured in terms of vg/mL. Methods suitable for measuring this titer are
known in the art (e.g., quantitative PCR).

[0049] The term "oversized recombinant AAV genome" may refer to a recombinant AAV
genome with a size (as measured in nucleotide base pairs) greater than the conventional
packaging limit for an AAV genome, which has been defined in the art as 4.7 to 4.8 kb (see,
e.g., Dong, J-Y et al. (1996) Human Gene Therapy 7:2101-2112). In some embodiments, an
oversized recombinant AAV genome is greater than about 4.7 kb. In some embodiments, an
oversized recombinant AAV genome is greater than about 5 kb. In some embodiments, an
oversized recombinant AAV genome is between 5.4 kb and 6.7 kb.

[0050] The terms "infection unit (iu),” "infectious particle,” or "replication unit,” as used in
reference to a viral titer, refer to the number of infectious and replication-competent
recombinant AAV vector particles as measured by the infectious center assay, also known as
replication center assay, as described, for example, in McLaughlin et al. (1988) J. Virol.,
62:1963-1973.

[0051] The term "transducing unit (tu)" as used in reference to a viral titer, refers to the
number of infectious recombinant AAV vector particles that result in the production of a
functional transgene product as measured in functional assays such as described in Examples
herein, or for example, in Xiao et al. (1997) Exp. Neurobiol., 144:113-124; or in Fisher et al.
(1996) J. Virol., 70:520-532 (LFU assay).

[0052] An "inverted terminal repeat” or "ITR" sequence is a term well understood in the art and
refers to relatively short sequences found at the termini of viral genomes which are in opposite
orientation.

[0053] An "AAV inverted terminal repeat (ITR)" sequence, a term well-understood in the art, is
an approximately 145-nucleotide sequence that is present at both termini of the native single-
stranded AAV genome. The outermost 125 nucleotides of the ITR can be present in either of
two alternative orientations, leading to heterogeneity between different AAV genomes and
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between the two ends of a single AAV genome. The outermost 125 nucleotides also contains
several shorter regions of self-complementarity (designated A, A", B, B', C, C' and D regions),
allowing intrastrand base-pairing to occur within this portion of the ITR.

[0054] A "terminal resolution sequence” or "trs" is a sequence in the D region of the AAV ITR
that is cleaved by AAV rep proteins during viral DNA replication. A mutant terminal resolution
sequence is refractory to cleavage by AAV rep proteins.

[0055] "AAV helper functions" refer to functions that allow AAV to be replicated and packaged
by a host cell. AAV helper functions can be provided in any of a number of forms, including, but
not limited to, helper virus or helper virus genes which aid in AAV replication and packaging.
Other AAV helper functions are known in the art such as genotoxic agents.

[0056] A "helper virus" for AAV refers to a virus that allows AAV (which is a defective
parvovirus) to be replicated and packaged by a host cell. A number of such helper viruses
have been identified, including adenoviruses, herpesviruses, poxviruses such as vaccinia and
baculovirus. The adenoviruses encompass a number of different subgroups, although
Adenovirus type 5 of subgroup C (Ad5) is most commonly used. Numerous adenoviruses of
human, non-human mammalian and avian origin are known and are available from
depositories such as the ATCC. Viruses of the herpes family, which are also available from
depositories such as ATCC, include, for example, herpes simplex viruses (HSV), Epstein-Barr
viruses (EBV), cytomegaloviruses (CMV) and pseudorabies viruses (PRV). Examples of
adenovirus helper functions for the replication of AAV include E1A functions, E1B functions,
E2A functions, VA functions and E4orf6 functions. Baculoviruses available from depositories
include Autographa californica nuclear polyhedrosis virus.

[0057] A preparation of rAAV is said to be "substantially free" of helper virus if the ratio of
infectious AAV particles to infectious helper virus particles is at least about 102:1; at least about

1041, at least about 10%1; or at least about 1081 or more. In some embodiments,
preparations are also free of equivalent amounts of helper virus proteins (i.e., proteins as
would be present as a result of such a level of helper virus if the helper virus particle impurities
noted above were present in disrupted form). Viral and/or cellular protein contamination can
generally be observed as the presence of Coomassie staining bands on SDS gels (e.g., the
appearance of bands other than those corresponding to the AAV capsid proteins VPI, VP2 and
VP3).

[0058] "Percent (%) sequence identity” with respect to a reference polypeptide or nucleic acid
sequence is defined as the percentage of amino acid residues or nucleotides in a candidate
sequence that are identical with the amino acid residues or nucleotides in the reference
polypeptide or nucleic acid sequence, after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. Alignment for purposes of
determining percent amino acid or nucleic acid sequence identity can be achieved in various
ways that are within the skill in the art, for instance, using publicly available computer software
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programs, for example, those described in Current Protocols in Molecular Biology (Ausubel et
al., eds., 1987), Supp. 30, section 7.7.18, Table 7.7.1, and including BLAST, BLAST-2, ALIGN
or Megalign (DNASTAR) software. An example of an alignment program is ALIGN Plus
(Scientific and Educational Software, Pennsylvania). Those skilled in the art can determine
appropriate parameters for measuring alignment, including any algorithms needed to achieve
maximal alignment over the full length of the sequences being compared. For purposes herein,
the % amino acid sequence identity of a given amino acid sequence A to, with, or against a
given amino acid sequence B (which can alternatively be phrased as a given amino acid
sequence A that has or comprises a certain % amino acid sequence identity to, with, or against
a given amino acid sequence B) is calculated as follows: 100 times the fraction X/Y, where Xis
the number of amino acid residues scored as identical matches by the sequence alignment
program in that program'’s alignment of A and B, and where Y is the total number of amino acid
residues in B. It will be appreciated that where the length of amino acid sequence A is not
equal to the length of amino acid sequence B, the % amino acid sequence identity of A to B will
not equal the % amino acid sequence identity of B to A. For purposes herein, the % nucleic
acid sequence identity of a given nucleic acid sequence C to, with, or against a given nucleic
acid sequence D (which can alternatively be phrased as a given nucleic acid sequence C that
has or comprises a certain % nucleic acid sequence identity to, with, or against a given nucleic
acid sequence D) is calculated as follows: 100 times the fraction W/Z, where W is the number
of nucleotides scored as identical matches by the sequence alignment program in that
program's alignment of C and D, and where Z is the total number of nucleotides in D. It will be
appreciated that where the length of nucleic acid sequence C is not equal to the length of
nucleic acid sequence D, the % nucleic acid sequence identity of C to D will not equal the %
nucleic acid sequence identity of D to C.

[0059] An "isolated” molecule (e.g., nucleic acid or protein) or cell means it has been identified
and separated and/or recovered from a component of its natural environment.

[0060] An "effective amount" is an amount sufficient to effect beneficial or desired results,
including clinical results (e.g., amelioration of symptoms, achievement of clinical endpoints, and
the like). An effective amount can be administered in one or more administrations. In terms of
a disease state, an effective amount is an amount sufficient to ameliorate, stabilize, or delay
development of a disease.

[0061] An "individual" or "subject" is a mammal. Mammals include, but are not limited to,
domesticated animals (e.g., cows, sheep, cats, dogs, and horses), primates (e.g., humans and
non-human primates such as monkeys), rabbits, and rodents (e.g., mice and rats). In certain
embodiments, the individual or subject is a human.

[0062] As used herein, "treatment” is an approach for obtaining beneficial or desired clinical
results. For purposes of this invention, beneficial or desired clinical results include, but are not
limited to, alleviation of symptoms, diminishment of extent of disease, stabilized (e.g., not
worsening) state of disease, preventing spread (e.g., metastasis) of disease, delay or slowing
of disease progression, amelioration or palliation of the disease state, and remission (whether
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partial or total), whether detectable or undetectable. "Treatment” can also mean prolonging
survival as compared to expected survival if not receiving treatment.

[0063] As used herein, the term "prophylactic treatment” refers to treatment, wherein an
individual is known or suspected to have or be at risk for having a disorder but has displayed
no symptoms or minimal symptoms of the disorder. An individual undergoing prophylactic
treatment may be treated prior to onset of symptoms.

[0064] As used herein, a "therapeutic" agent (e.g., a therapeutic polypeptide, nucleic acid, or
transgene) is one that provides a beneficial or desired clinical result, such as the exemplary
clinical results described above. As such, a therapeutic agent may be used in a treatment as
described above.

[0065] As used herein, "differential coefficient distribution value” or "C(S)" is a variant of the
distribution of Lamm equation solutions to describe distributions of sedimenting particles; for
example during ultracentrifugation.

[0066] As used herein, "Svedberg units" refers to a unit for sedimentation rate. The
sedimentation rate for a particle of a given size and shape measures how fast the particle

sediments. One Svedberg unit is equivalent to 1013 seconds. For example, Svedberg units are
often used to reflect the rate at which a molecule travels under the centrifugal force of a
centrifuge.

[0067] As used herein, "sedimentation velocity conditions” or "boundary sedimentation velocity
conditions" may refer to any experimental conditions under which a sample solution is
subjected to sedimentation velocity analysis. Sedimentation velocity allows the study of
particles over a wide range of pH and ionic strength conditions and at temperatures 4 to 40 °C.
The rate at which the sedimentation boundary moves is a measure of the sedimentation
coefficient of the sedimenting species. The sedimentation coefficient depends on the molecular
weight (larger particles sediment faster) and also on molecular shape. The minimum width of
the sedimentation boundary is related to the diffusion coefficient of the molecule; the presence
of multiple species with similar sedimentation coefficients will cause the boundary to be
broader than expected on the basis of diffusion alone. Sedimentation velocity conditions may
include without limitation any conditions related to the rotor speed, distance between sample
and rotor center, temperature, solvent, sample, buffer, ultracentrifugation time, time interval for
detection, sector and optical window characteristics, AUC instrumentation (including
ultracentrifuge and detection apparatus), equilibrium dialysis of reference solvent, and data
analysis algorithms.

[0068] As used herein, the term "analytical density gradient sedimentation equilibrium” relates
to methods for measuring the buoyant density of a particle, or using differences in buoyant
density to separate different species of particles. These methods may use, for example, AUC
sedimentation equilibrium techniques. In these methods, a particle solution (e.g., without
limitation, a solution of a polypeptide, polynucleotide, or viral capsids) may be subjected to
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ultracentrifugation in a gradient solvate, such as a cesium chloride or cesium sulfate gradient,
until equilibrium with the solvate is attained. At equilibrium, the particle solution will concentrate,
or band, at the position in the gradient where the density of the particle is equal to that of the
solvate. The position of bands may be used to calculate particle density, or a band may be
extracted to isolate a single species of particle.

[0069] As used herein, the "SEDFIT algorithm" is an algorithm that allows one to analyze
hydrodynamic data such as sedimentation velocity (Schuck (2000) Biophys. J., 78:1606-19). In
the SEDFIT algorithm, a grid of sedimentation coefficients across an expected range is
created. Sedimentation boundaries are simulated using solutions to the Lamm equation for
each sedimentation coefficient, assuming constant particle shape and solvent frictional ratio.

[0070] As used herein, the term "F statistic" or "F ratio" refers to the confidence level. This
parameter controls the amount of regularization used. It has a different meaning for different
ranges: From 0 to 0.5, no regularization is used. Values from 0.5 to 0.999 correspond to
probabilities P (confidence levels). From these P-values, the desired chi-square increase
allowed for the parsimony constraint of the regularization is calculated with F-statistics. A value
of 0.51 will cause very little regularization; values of 0.68 to 0.90 would correspond to
commonly used confidence levels (usually, with 50 scans or more the chi-square increase
corresponding to a probability of 0.7 is of the order of 0.1%), while values close to 0.99 would
cause very high regularization. The relationship of these values with probabilities can be
examined using the F-statistics calculator. If numbers > 1 are entered, they are taken directly
as chi-square ratios (as there are no probabilities > 1). For example, a value of 1.1 will result in
regularization with 10% chi-square increase.

[0071] Reference to "about" a value or parameter herein includes (and describes)
embodiments that are directed to that value or parameter per se. For example, description
referring to "about X" includes description of "X."

[0072] As used herein, the singular form of the articles "a," "
references unless indicated otherwise.

an,” and "the" includes plural

[0073] It is understood that aspects and embodiments of the invention described herein
include "comprising,” "consisting,” and/or "consisting essentially of" aspects and embodiments.

lll. Viral particles

[0074] Certain aspects of the present disclosure relate to adeno-associated virus (AAV)
particles containing an oversized recombinant AAV (rAAV) genome (e.g., as produced by the
methods and/or cell lines disclosed herein). Certain aspects of the present disclosure relate to
adeno-associated virus (AAV) particles containing an oversized rAAV genome between 5.4 kb
and 6.7 kb or 5.4 kb and 6 kb.
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[0075] In some embodiments, the viral particle is a recombinant AAV particle comprising a
nucleic acid comprising a heterologous nucleic acid (e.g., a heterologous transgene) flanked
by one or two AAV inverted terminal repeats (ITRs). The nucleic acid is encapsidated in the
AAV particle. The AAV particle also comprises capsid proteins. In some embodiments, the
nucleic acid comprises the coding sequence(s) of interest (e.g., a heterologous transgene)
operatively linked components in the direction of transcription, control sequences including
transcription initiation and termination sequences, thereby forming an expression cassette. The
expression cassette is flanked on the 5 and 3' end by at least one functional AAV ITR
sequence. By "functional AAV ITR sequence" it is meant that the ITR sequence functions as
intended for the rescue, replication and packaging of the AAV virion. See Davidson et al.,
PNAS, 2000, 97(7)3428-32; Passini et al., J. Virol., 2003, 77(12):7034-40; and Pechan et al.,
Gene Ther., 2009, 16:10-16. For practicing some aspects of the invention, the recombinant
vectors comprise at least all of the sequences of AAV essential for encapsidation and the
physical structures for infection by the rAAV. AAV ITRs for use in the vectors of the invention
need not have a wild-type nucleotide sequence (e.g., as described in Kotin, Hum. Gene Ther,,
1994, 5:793-801), 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. More than 40 serotypes of
AAV are currently known, and new serotypes and variants of existing serotypes continue to be
identified. See Gao et al, PNAS, 2002, 99(18): 11854-6; Gao et al, PNAS, 2003,
100(10):6081-6; and Bossis et al., J. Virol., 2003, 77(12):6799-810. Use of any AAV serotype is
considered within the scope of the present invention. In some embodiments, a rAAV vector is a
vector derived from an AAV serotype, including without limitation, AAV1, AAV2, AAV3, AAV4,
AAVS, AAVE, AAV7, AAVSE, AAVrh8, AAVrh8R, AAV9, AAV10, AAVrh10, AAV11, AAV12,
AAV2R471A, AAV DJ, a goat AAV, bovine AAV, or mouse AAV or the like. For example, in some
embodiments, the AAV serotype is AAV1, AAV2, AAVS, AAVE, AAV7, AAVS, AAVrh8, AAVrh8R,
AAV9, AAV10, or AAVrh10. In some embodiments, the nucleic acid in the AAV ITRs are AAV1,
AAV2, AAV3, AAV4, AAV5, AAVB, AAV7, AAVS, AAVrh8, AAVrh8R, AAVY, AAV10, AAVrh10,
AAV11, AAV12, AAV2R471A, AAV DJ, a goat AAV, bovine AAV, or mouse AAV serotype ITRs or
the like. In certain embodiments, the nucleic acid in the AAV comprises an AAV2 ITR.

[0076] In further embodiments, the rAAV particles comprise an AAV1 capsid, an AAV2 capsid,
an AAV3 capsid, an AAV4 capsid, an AAV5 capsid, an AAV6 capsid (e.g., a wild-type AAV6
capsid, or a variant AAV6 capsid such as ShH10, as described in U.S. PG Pub. 2012/0164106),
an AAV7 capsid, an AAV8 capsid, an AAVrh8 capsid, an AAVrh8R capsid, an AAV9 capsid (e.g.,
a wild-type AAV9 capsid, or a modified AAV9 capsid as described in US. PG Pub.
2013/0323226), an AAV10 capsid, an AAVrh10 capsid, an AAV11 capsid, an AAV12 capsid, a
tyrosine capsid mutant, a heparin binding capsid mutant, an AAV2R471A capsid, an
AAVAAV2/2-Tm8 capsid, an AAV DJ capsid (e.g., an AAV-DJ/8 capsid, an AAV-DJ/9 capsid, or
any other of the capsids described in U.S. PG Pub. 2012/0066783), an AAV2 N587A capsid, an
AAV2 E548A capsid, an AAV2 N708A capsid, an AAV V708K capsid, a goat AAV capsid, an
AAV1/AAV2 chimeric capsid, a bovine AAV capsid, a mouse AAV capsid, a rAAV2/HBoV1
capsid, or an AAV capsid described in U.S. Pat. No. 8,283,151 or International Publication No.
WO/2003/042397. In some embodiments, a mutant capsid protein maintains the ability to form
an AAV capsid. In some embodiments, the rAAV particle comprises AAVS tyrosine mutant
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capsid (Zhong L. et al., (2008) Proc Natl Acad Sci U S A 105(22):7827-7832. In further
embodiments, the rAAV particle comprises capsid proteins of an AAV serotype from Clades A-F
(Gao, et al., J. Virol. 2004, 78(12):6381). In some embodiments, the rAAV particle comprises
an AAV1 capsid protein or mutant thereof. In other embodiments, the rAAV particle comprises
an AAV2 capsid protein or mutant thereof. In some embodiments, the AAV serotype is AAV1,
AAV2, AAVS, AAVB, AAV7, AAVS, AAVrh8, AAVrh8R, AAVY, AAV10, or AAVrh10. In some
embodiments, the rAAV particle comprises an AAV serotype 1 (AAV1) capsid. In some
embodiments, the rAAV particle comprises an AAV serotype 2 (AAV2) capsid. In some
embodiments, the rAAV particle comprises an AAVrh8R capsid or mutant thereof.

[0077] Different AAV serotypes are used to optimize transduction of particular target cells or to
target specific cell types within a particular target tissue (e.g., liver or CNS tissue). A rAAV
particle can comprise viral proteins and viral nucleic acids derived from the same serotype or
different serotypes (e.g., a mixed serotype). For example, in some embodiments a rAAV
particle can comprise AAV1 capsid proteins and at least one AAV2 ITR or it can comprise AAV2
capsid proteins and at least one AAV1 ITR. Any combination of AAV serotypes for production of
a rAAV particle is provided herein as if each combination had been expressly stated herein. In
some embodiments, the invention provides rAAV particles comprising an AAV1 capsid and a
rAAV vector of the present disclosure (e.g., an expression cassette comprising a heterologous
nucleic acid), flanked by at least one AAV2 ITR. In some embodiments, the invention provides
rAAV particles comprising an AAV2 capsid. In some embodiments, the ITR and the capsid are
derived from AAV2. In other embodiments, the ITR is derived from AAV2, and the capsid is
derived from AAVrh8R.

[0078] Further aspects of the present disclosure relate to compositions, which are not part of
the present invention, including rAAV particles, where at least about 15%, at least about 20%,
at least about 25%, at least about 30%, at least about 35%, at least about 40%, at least about
45%, at least about 50%, at least about 55%, at least about 60% or at least about 70%, at least
about 80%, at least about 90% or at least about 95% of the rAAV particles encapsidate a rAAV
genome between about 5.4 kb and 6.7 kb or 5.4 kb and 6 kb. In some embodiments, the
packaged AAV genome did not contain a truncation of the 5' end. In some embodiments, the
packaged AAV genome did not contain a truncation of the 3' end. Methods for assaying the
size of a rAAV genome are known in the art and include without limitation Southern blotting and
analytical ultracentrifugation, as described below.

[0079] In some embodiments, the compositions of the present disclosure, contain rAAV
particles, where at least about 15%, at least about 20%, at least about 25%, at least about
30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least
about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at
least about 80%, at least about 85%, at least about 90% or at least about 95% of the rAAV
particles encapsidate a rAAV genome between 5.4 kb and 6.7 kb or 5.4 kb and 6 kb. In some
embodiments, the packaged AAV genome did not contain a truncation of the 5' end. In some
embodiments, the packaged AAV genome did not contain a truncation of the 3' end.
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[0080] In some embodiments of the invention, recombinant viral particles in the composition
are highly purified, suitably buffered, and concentrated. In some embodiments, the viral

particles are concentrated to at least about 1 x 107 vg/mL to about 9 x 10'3 vg/mL or any
concentration therebetween.

[0081] As described herein, one technique for characterizing a preparation of viral particles
(e.g., one or more properties related to vector genome size and/or integrity) is through use of
Southern blotting. For example, as described in more detail in the Examples below, a
preparation of rAAV particles (optionally purified as described herein) may be treated with
DNase to remove any non-encapsidated nucleic acid, treated with an agent to stop DNase
digestion (e.g., EDTA), digested with a proteinase, then subjected to DNA extraction to remove
packaged vector genomes. Vector genomes may then be separated using electrophoresis,
cross-linked onto a membrane, and probed with one or more labeled probes that specifically
hybridize to the vector genome. The size of the DNA fragments that are labeled by
hybridization to the labeled probe (e.g., as compared to one or more specific size markers)
indicates vector genome size. In addition, one or more probes may be used that hybridize to
known segments of the vector genome (e.g., 5' or 3' ends). If one or more of these probes fail
to hybridize to a vector genome, this indicates that the vector genome(s) of the preparation
may be truncated or otherwise deleted, such that they are shorter than their predicted full size.
Since packaging of AAV genomes is known to occur starting from the 3' ends (King, J.A. et al.
(2001) EMBO J. 20:3282-3291), oversized vectors may lack sequence in 5' ends of minus and
plus strands when genome size exceeds 4.7 kb. In some embodiments, the viral particles
comprise oversized rAAV genomes greater than about 5.0 kb wherein the viral genomes
encapsidated in the rAAV particles comprise relatively intact 5' and 3' ends; for example, as
measured by hybridization to probes specific for the 5' and/or 3'ends. Hybridization may be
measured by methods known in the art such as, but not limited to, Southern blot analysis or
PCR. In some embodiments, the packaged AAV genome did not contain a truncation of the 5'
end. In some embodiments, the packaged AAV genome did not contain a truncation of the 3'
end.

Analytical ultracentrifugation

[0082] As described herein, one technique for characterizing a preparation of viral particles
(e.g., one or more properties related to vector genome size and/or integrity) is through use of
analytical ultracentrifugation (AUC). For example, in some embodiments, AUC is used to
assess vector genome integrity of recombinant adeno-associated viral (rAAV) particles in
preparations of rAAV particles to distinguish viral particles with full, intact genomes, empty viral
capsids and viral particles with variant (e.g., truncated, aggregates, impurities and the like) viral
genomes. Further description of the use of analytical ultracentrifugation for characterizing viral
(e.g., AAV) particles may be found in U.S. Provisional Patent Application Serial No. 62/105,714,
"Analytical Ultracentrifugation for Characterization of Recombinant Viral Particles," filed
January 20, 2015.
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[0083] Analytical ultracentrifugation is a means to evaluate the molecular weight and the
hydrodynamic and thermodynamic properties of a protein or other macromolecule.
Heterogeneity of a protein or macromolecule by sedimentation velocity over a range of
conditions including concentration, temperature, ionic strength, and pH. For example, a protein
may be analyzed in a clinically relevant formulation. Use of analytical ultracentrifugation to
characterize adenovirus preparations is provided by Berkowitz, SA & Philo JS, (2007) Anal.
Biochem., 362:16-37.

[0084] AUC analysis refers to quantitative methods for characterizing the biophysical
properties of particles (e.g., polypeptides, polynucleotides, and viral capsids) by measuring
their migration through a solvent in a centrifugal field. AUC analysis has been well
characterized over many decades and is highly versatile. Because AUC analysis relies upon
first-principle hydrodynamic and thermodynamic information, AUC may be applied to determine
the biophysical properties of many types of particles across a wide range of particle
concentrations and sizes. AUC analysis typically encompasses two basic types of experiment:
sedimentation velocity and sedimentation equilibrium. Sedimentation equilibrium analysis yields
thermodynamic properties of particles that may be used to measure characteristics such as
stoichiometry and association constants. Sedimentation velocity vyields hydrodynamic
properties of particles that may be used to measure characteristics such as size, shape, and
concentration. A feature of AUC analysis of viral preparations is that the same assay conditions
may be used to analyze different preparations of viral particles regardless of nucleotide
sequence of the viral genome or serotype of the capsid.

[0085] Certain aspects of the present disclosure relate to the use of sedimentation velocity
analysis to characterize viral capsid properties. In some embodiments, sedimentation velocity
analysis uses an ultracentrifuge velocity cell with two sectors in dialysis equilibrium (one for an
experimental sample and one for a solvent-only reference sample), each containing two optical
windows that allow light to pass through the compartment. Ultracentrifugation applies an
angular velocity to the cell and leads to rapid sedimentation of the solute particles towards the
bottom of the sector. As sedimentation occurs, solute is depleted near the meniscus at the top
of the cell, creating a sedimenting boundary between the depleted region and the sedimenting
solute. The rate of movement or migration of the sedimenting boundary is measured by taking
measurements that compare the properties of the sample and reference sectors at specific
time intervals (for sedimentation velocity, these intervals are typically on the order of minutes).
If multiple species of solute are present, this may lead to the formation of multiple sedimenting
boundaries, each corresponding to a resolvable species.

[0086] Several methods for optically detecting a sedimenting boundary and measuring its rate
of movement or migration are known in the art (for reference, see Cole et al. (2008) Methods
Cell Biol., 84:143-79). In some embodiments, the reference and sample sectors may be
assayed using absorbance detection. In this detection method, the absorbance at a particular
wavelength may be measured for the sample and reference sectors at different radial positions
within each sector. Alternatively, the time course of absorbance at a single radial position may
be measured. Beer's Law provides a mathematical relationship between absorbance and a
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solute's extinction coefficient.

[0087] In some embodiments, the reference and sample sectors may be assayed using
interference detection (e.g., Rayleigh interference detection). In the Rayleigh interference
detection method, the interference optical system contains two parallel slits. A single, coherent
beam of light is split such that it passes through both windows, and then the two beams are re-
merged. When these two light waves are merged, they form an interference pattern of
alternating light and dark fringes. If the sample and reference samples were to have an
identical refractive index, the resulting interference fringes would be perfectly straight.
Increasing the concentration of solute increases the solution's refractive index, thereby
retarding the sample light beam and causing a vertical fringe shift. By measuring this fringe
shift, one may measure the concentration of solute in the sample. Unlike absorbance
detection, which measures absolute values for the sample and reference, interference
detection measures a relative difference between the sample and reference. However,
interference detection yields integrated peaks that are directly proportional to concentration,
and it may be used for types of samples that do not absorb significantly. For a reference on
using Rayleigh interference optics with AUC, see Furst (1997) Eur. Biophys. J. 35:307-10.

[0088] Measurement of the rate at which the sedimentation boundary moves may be used to
derive many physical properties of solute particles. The rate of the boundary movement
determines the sedimentation coefficient, which is based on the mass and shape (frictional
coefficient) of the particle. The sedimentation coefficient of a particle, s, refers to the ratio of its
velocity to the acceleration applied to it by a centrifugal field. Sedimentation coefficients are

expressed in Svedberg units, S (one Svedberg unit is equivalent to 1013 seconds). The
sedimentation coefficient of a particle or solution of particles depends upon its properties, for
example molecular weight (corrected for buoyancy), and the properties of the solvent.

[0089] The change in the concentration boundary of a solute over time during
ultracentrifugation may be determined using the Lamm equation (Schuck (2000) Biophys. J.,
78:1606-19). Briefly, the Lamm equation calculates the change in the concentration boundary
of a solute over time in response to the competing forces of sedimentation (which concentrates
the solute) and diffusion (which disperses the solute), taking into account the sector-shaped

cell and the centrifugal field generated by the rotor. The Lamm equation may be expressed as:
Equation 1:  &c/0t=D [(2"2 ¢/0r"2 H1/1(Oc/or)]-sw2 [r(Ec/Cr)+2c]

where ¢ is the solute concentration, D represents the solute diffusion constant, s represents
the sedimentation coefficient, w represents the angular velocity of the rotor, r is the radius, and
tis time.

[0090] By fitting raw AUC data to solutions of the Lamm equation, it is possible to determine
solute characteristics such as the sedimentation coefficient and the change in concentration
distribution. For example, experimentally determined values for the rate of change of a
sedimenting boundary may be modeled using the Lamm equation to derive the sedimentation
coefficient, molecular mass, or concentration of the solute forming the boundary. Several
programs known in the art, such as SEDFIT (Schuck (2000) Biophys. J., 78:1606-19), may be
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used to model the Lamm equation to AUC data. These programs are also able to apply the
Lamm equation to solutions containing multiple solutes or multiple sedimenting boundaries.

[0091] One example of a suitable program for the determination of solute characteristics is the
SEDFIT algorithm. In some embodiments, the SEDFIT algorithm may be used to calculate a
differential coefficient distribution value, or C(S), using AUC data from a solution containing a
mixture of particle species (for reference, see Schuck (2000) Biophys. J., 78:1606-19). In the
SEDFIT algorithm, a grid of sedimentation coefficients across an expected range is created.
Sedimentation boundaries are simulated using solutions to the Lamm equation for each
sedimentation coefficient, assuming constant particle shape and solvent frictional ratio. Actual
AUC data are then fit to these Lamm solutions to derive the differential coefficient distribution
value, or C(S). Many other programs useful for analyzing AUC data may be found in Cole and
Hansen (1999) J. Biomol. Tech. 10:163-76.

[0092] In some embodiments, viral particles are generated in a suitable host cells and purified.
In some embodiments, the viral particles are purified by affinity chromatography. Methods to
purify AAV particles are known in the art. For example, by use of an antibody of a viral capsid
protein or binding ligand of a viral capsid protein immobilized on a chromatography media.

[0093] In some embodiments, sedimentation velocity analytical ultracentrifugation (SV-AUC)
analysis is performed using an analytical ultracentrifuge that is capable of characterizing a

sample in its native state under biologically relevant solution conditions (e.g., ProteomeLab™

XL-I (Beckman Coulter)). When using the ProteomelLab™ XL-1, sample is loaded into the
sample sector of a two sector velocity cell, a vehicle control (e.g., PBS without recombinant
viral) is loaded into the corresponding reference sector. The sample is placed in the four-hole
rotor and allowed to equilibrate in the instrument until a temperature of about 20 °C and full
vacuum are maintained for about one hour. In an exemplary embodiment, sedimentation
velocity centrifugation is performed at about 20,000 RPM, about 20 °C, and about 0.003 cm
radial step setting, with no delay and with no replicates. As noted below, different parameters
may be used for centrifugation. In some embodiments, absorbance (260 nm) and/or
interference optics (e.g., Rayleigh interference optics) are used to simultaneously record radial
concentration as a function of time until the smallest sedimenting component clears the optical
window. In some embodiments, the radial concentration is recorded until the sedimenting
species with the lowest density clears the sector. In some embodiments, sedimentation is
monitored until the recombinant viral particles with the lowest density sediments to the bottom
of a sector of an ultracentrifuge. A sector may be a portion of an ultracentrifuge; for example
an ultracentrifuge velocity cell. In some embodiments, a sector may be a portion of an
ultracentrifuge where samples are detected. In some embodiments, the ultracentrifugation
utilizes an ultracentrifuge comprising an ultracentrifuge velocity cell. In some embodiments, is
monitored until recombinant viral particles sediment to the bottom of an ultracentrifuge velocity
cell. In some embodiments, sedimentation is monitored until the recombinant viral particles
with the lowest density sediments and clears the optical window. In some embodiments, the
radial concentration is recorded for at least about any of 0.5 hours, 0.75 hours, 1.0 hours, 1.5
hours, 2.0 hours, 3.0 hours, 4.0 hours, or 5.0 hours. In some embodiments, the radial
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concentration is recorded for about 1.2 hours. Optimizing runs conditions may include, for
example, continuing the run until all of the sedimenting species are fully sedimented to the
bottom of the sector, with the temperature held constant at 20 °C and a speed between 18,000
rpm and 20,000 rpm. As noted below, other temperatures and speeds may be used.

[0094] The percent full capsid is determined by analyzing a multiple of scans (e.g., 75) from
each detection method using the SEDFIT continuous size C(S) distribution model. Second

(2"%) derivative regularization is applied to the fitting. In some embodiments, the confidence
level of F statistic is about 0.68. In some embodiments, the confidence level of F statistic is
more than about any of 0.68, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95 or 0.99, or any value
therebetween. In some embodiments, the following C(S) parameters are held constant:
resolution of about 200S to about 5000S, S min is about 1S to about 100S, S max is about
100S to about 5000S, and frictional ratio is about 1.0 or is left to float to a value determined by
centrifugation software. In some embodiments, the resolution is about any of 200S, 300S,
400S, 500S, 600S, 700S, 800S, 900S, or 1000S or any value therebetween. In some
embodiments, the resolution is about 200S. In some embodiments, the Smax is about any of
100S, 200S, 300S, 400S, 500S, 600S, 700S, 800S, 900S, or 1000S or any value
therebetween. In some embodiments, wherein Smax is about 200S. In some embodiments,
the frictional ratio is left to float to a value determined by centrifugation software. In some
embodiments, the frictional ratio is about 1.0. In some embodiments, radial invariant (RI) and
time invariant (T1) noise subtractions are applied. In some embodiments, the meniscus position
is allowed to float, letting the software choose the optimal position. In some embodiments, the
frictional ratio is allowed to float, letting the software choose the optimal position. The model fits
the data to the Lamm equation, and the resulting size distribution is a "distribution of
sedimentation coefficients” that looks like a chromatogram with the area under each peak
proportional to concentration in units of Fringes or ODogg units. The sedimentation coefficient

(in Svedberg units) and the relative concentration (in OD units) are determined for each
component in the distribution. In some embodiments, multiple AUC runs are independent
assays, and each analysis the following attributes are monitored to ensure quality of results:
goodness of fit (rmsd), the ratio of ODoygg nm/ interference signal in fringes (A260/IF ratio) for

each peak, consistency of sedimentation coefficients for each species between runs, and
overall quality of the scans.

[0095] In some embodiments of the invention, extinction coefficients are used to calculate
molar concentration and the actual percent value of the intact vector peak from absorbance
data. Molar absorbance extinction coefficients for both empty capsids (e60/capsid=3-72€6) and

intact vector (€2g0/vector=3.00e7) can be calculated based on published formulae (Sommer et

al. (2003) Mol Ther., 7:122-8). Extinction coefficients are available for empty capsid and intact
vector peaks. The C(S) values can be determined using the SEDFIT algorithm described by
Schuck (2000) Biophys. J., 78:1606-19. Molar concentration of both intact vector and empty
capsid can be calculated using Beer's Law and the percentage of full capsid are calculated
from these values. In some embodiments, values are reported in terms of the percentage of
full capsid.
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[0096] In some embodiments, it is not possible to determine empirically the extinction
coefficient of particular species of recombinant viral particles (e.g., viral particles with
fragmented genomes of unknown size and sequence). A relationship between S value and
genome size may be established by analyzing recombinant viral vector preps with
encapsidated viral genomes of known nucleotide size and a corresponding S value are
determined as described herein. The calculated S values can be plotted to generate a
standard curve to which recombinant viral species of unknown molecular weight or genome
size can be compared to determine the molecular weight of the unknown species.

[0097] In some aspects, a preparation of recombinant viral particles (e.g., rAAV particles) is
characterized by a) subjecting the preparation to analytical ultracentrifugation under boundary
sedimentation velocity conditions wherein the sedimentation of recombinant viral particles is
monitored at time intervals (e.g., one or more times), b) plotting the differential sedimentation
coefficient distribution value (C(s)) versus the sedimentation coefficient in Svedberg units (S),
c) integrating the area under each peak in the C(s) distribution to determine the relative
concentration of each peak, wherein each peak represents a species of recombinant viral
particle. In some embodiments, the species of recombinant viral particle identified include, but
are not limited to: full recombinant viral particles comprising intact recombinant viral genomes,
empty recombinant viral capsid particles, and recombinant viral particles comprising variant
recombinant viral genomes. In some embodiments the variant genomes are smaller than the
intact recombinant viral genome (e.g., truncated genomes). In some embodiments, the variant
genomes are larger than the intact recombinant viral genome (e.g., aggregates, recombinants,
efc.). In some embodiments, a preparation of recombinant viral particles (e.g., rAAV particles)
is characterized by a) subjecting the preparation to analytical ultracentrifugation under
boundary sedimentation velocity conditions wherein the sedimentation of recombinant viral
particles is monitored at time intervals (e.g., one or more times), b) plotting the differential
sedimentation coefficient distribution value C(s) versus the sedimentation coefficient in
Svedberg units (S), ¢) identifying species of recombinant viral particles in the preparation by
presence of peaks on the plot corresponding to an S value, wherein the genome size of a
particular species of recombinant viral particles is calculated by comparing the S value of the
species to a standard curve generated by S values of recombinant viral particles comprising
encapsidated viral genomes of different known size. In some embodiments, the methods
further comprise integrating the area under each peak in the C(S) distribution to determine the
relative concentration of each species of recombinant viral particles. In some embodiments,
the sedimentation of recombinant viral particles is monitored at one time interval. In some
embodiments, the sedimentation of recombinant viral particles is monitored at more than one
time interval.

[0098] In some embodiments, the sedimentation of recombinant viral particles (e.g., rAAV
particles) is monitored by measuring optical density or absorbance at about 260 nm. Means of
measuring absorbance are known in the art. In some embodiments, an ultracentrifuge used for
AUC is equipped with means for measuring absorbance. In other embodiments, the
sedimentation of recombinant viral particles is monitored by interference. In some
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embodiments, the sedimentation of recombinant viral particles is monitored by Rayleigh
interference. Means of measuring interference are known in the art (Furst (1997) Eur. Biophys.
J. 35:307-10). In some embodiments, an ultracentrifuge used for AUC is equipped with means
for measuring interference. In some embodiments, the sedimentation of recombinant viral
particles is monitored by both absorbance and interference. In some embodiments, the
absorbance and/or interference are measured using a reference standard. In some
embodiments, the reference standard matches the solution of the recombinant viral
preparation with the exception that the recombinant viral is not present. For example, the
recombinant viral preparation may comprise recombinant viral in a buffer such as phosphate
buffered saline. In this example, the reference standard may be phosphate buffered saline
without recombinant viral particles.

[0099] In some embodiments, the sedimentation velocity of viral particles during
ultracentrifugation is determined by monitoring the sedimentation of viral particles continuously
during ultracentrifugation. It is within the purview of the skilled artisan to optimize the
parameters of AUC for different types of viral particles. In some embodiments, data acquisition
for rAAV particles is performed with an AUC speed of between about 3,000 and about 20,000
rpm. In some embodiments, data analysis for rAAV particles is performed with an Sy, of about

1S and an S,y of about 1000S. In some embodiments, data analysis for rAAV particles is

performed with a resolution of about 200S to about 1,000S. In some embodiments, the
resolution is about any of 200S, 300S, 400S, 500S, 600S, 700S, 800S, 900S, or 1000S or any
value therebetween. In some embodiments, the resolution is about 200S. In some
embodiments, data analysis for rAAV particles is performed with an S5 of about any of 100S,

200S, 300S, 400S, 500S, 600S, 700S, 800S, 900S, or 1000S or any value therebetween. In
some embodiments, Sy, is about 200S to about 5000S. In some embodiments, wherein S5

is about 200S. In some embodiments, radial invariant (RI) and time invariant (TI) noise
subtractions are applied. In some embodiments, the meniscus position is allowed to float,
letting the software choose the optimal position. In some embodiments, the frictional ratio is
allowed to float, letting the software choose the optimal position. In some embodiments, data
analysis for rAAV particles is held constant at 1. In some embodiments, data analysis for rAAV
particles is allowed to float by using the FIT command with a value optimized using non-linear
regression.

[0100] With respect to recombinant viral particles (e.g., rAAV particles), in some embodiments,
the sedimentation velocity of recombinant viral during ultracentrifugation is determined by
monitoring (e.g., scanning) the sedimentation of recombinant viral particles once in more than
about every 15 seconds, 30 seconds, 45 seconds, 1 minute (60 seconds), 2 minutes, 3
minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes, 9 minutes, 10 minutes, 15
minutes, 20 minutes, 25 minutes. Scans may be continuously acquired without delay as quickly
as the optical systems allow. Interference scans are rapid, and a single scan is complete in
-10-15 seconds, while absorbance scans require ~ 60 seconds. When dual detection is used
the speed of scan acquisition for both are determined by the absorbance system. In some
embodiments of the invention, more than about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
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65, 70, 75, 80, 85, 90, 95, or 100 scans are used to monitor sedimentation of recombinant viral
particles during ultracentrifugation. In some embodiments, a minimum of 30 scans is required
for analysis, and scans are collected until the sedimentation process is complete. In some
embodiments, the sedimentation process may typically be described by between 40 and 75
scans. In some embodiments, the sedimentation velocity of recombinant viral particles is
determined based on about 75 scans. In some embodiments, the sedimentation velocity of
recombinant viral particles is determined based on about 55 scans to about 75 scans. In some
embodiments, the sedimentation velocity of recombinant viral particles is determined based on
about 55 scans to about 60 scans. In some embodiments, the sedimentation velocity of
recombinant viral particles is determined based on about 60 scans to about 75 scans. In some
embodiments, the sedimentation velocity of recombinant viral particles is determined based on
about 60 scans to about 70 scans. In some embodiments, the sedimentation velocity of
recombinant viral particles is determined based on multiple ultracentrifugations (runs). In some
embodiments, the sedimentation velocity of recombinant viral particles is determined based on
anyof 1,2, 3,4,5,6, 7, 8,9, 10 or more ultracentrifugation runs. In some embodiments, the
sedimentation velocities are used to determine C(S) values using the SEDFIT algorithm. In
some embodiments, a second derivative regularization is applied to a fitting level with a
confidence level of F statistic of about 0.68. In some embodiments, the following C(S)
parameters are held constant: resolution 100S to about 200S, S min is about 1, S max is about
200S to 300S, and frictional ratio is about 1.0 to 1.2S. In some embodiments, radial invariant
(RI) and time invariant (TI) noise subtractions are applied.

[0101] In some embodiments, the boundary sedimentation velocity of recombinant viral
particles (e.g., rAAV particles) in a preparation of recombinant viral particles is determined by
ultracentrifuging the preparation of recombinant viral particles at more than about any of 5,000
rpm; 10,000 rpm; 15,000 rpm; 20,000 rpm; 25,000 rpm; 30,000 rpm; 35,000 rpm; 40,000 rpm;
45,000 rpm; or 50,000 rpm or any value therebetween. In some embodiments of the invention,
the boundary sedimentation velocity of recombinant viral particles in a preparation of
recombinant viral particles is determined by ultracentrifuging the preparation of recombinant
viral particles at about 20,000 rpm. In some embodiments of the invention, the boundary
sedimentation velocity of recombinant viral particles in a preparation of recombinant viral
particles is determined by ultracentrifuging the preparation of recombinant viral particles at
about 15,000 rpm to about 20,000 rpm.

[0102] In some embodiments, the boundary sedimentation velocity of recombinant viral
particles in a preparation of recombinant viral particles (e.g., rAAV particles) is determined by
ultracentrifuging the preparation of recombinant viral particles at about or more than 4 °C, 10
°C, 15 °C, 20 °C, 25 °C, or 30 °C or any temperature therebetween. In some embodiments,
the boundary sedimentation velocity of recombinant viral particles in a preparation of
recombinant viral particles is determined by ultracentrifuging the preparation of recombinant
viral particles at about 20 °C. In some embodiments, the boundary sedimentation velocity of
recombinant viral particles in a preparation of recombinant viral particles is determined by
ultracentrifuging the preparation of recombinant viral particles at about 15 °C to about 20 °C.
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Viral particles with enhanced expression

[0103] In some aspects, the invention provides viral particles comprising oversized vector
genomes with enhanced expression, which are not within the scope of the present invention. In
some embodiments, oversized rAAV genomes display enhanced expression when packaged in
AAV particles using a producer cell line compared to AAV particles prepared by transient
transfection of cells. In some embodiments the invention provides methods for enhancing the
expression of an oversized rAAV genome, the method comprising producing rAAV particles in a
producer cell line by providing AAV helper functions to the cell line, wherein the producer cell
line comprises a) nucleic acid encoding AAV rep and cap genes, and b) a rAAV genome,
wherein the rAAV genome is between 5.4 kb and 6.7 kb or 5.4 kb and 6 kb, wherein the nucleic
acid encoding AAV rep and cap genes and the oversized rAAV genome are stably integrated
into the genome of the producer cell line, and wherein the oversized rAAV genome displays
enhanced expression when packaged in AAV particles using the producer cell line compared to
AAV particles prepared by transient transfection of cells. In some embodiments, expression of
the oversized rAAV genome is about 1.25-fold, about 1.5-fold, about 1.75-fold, about 2.0-fold,
about 2.25-fold, about 2.5-fold, about 2.75-fold, about 3-fold, about 3.25-fold, about 3.5-fold,
about 3.75-fold, about 4-fold, about 4.25-fold, about 4.5-fold, about 4.75-fold,or about 5-fold
greater than expression of the oversized rAAV genome when produced by transient
transfection. In some embodiments, the faster expression kinetics is a faster increase in
expression of the oversized rAAV genome over time following delivery of an AAV particle
comprising an oversized rAAV genome to a cell. In some embodiments, the expression kinetics
of the oversized rAAV genome produced by a producer cell line is about any of 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or
100% faster than expression kinetics of the oversized rAAV genome from rAAV particles
produced by transient transfection.

Heterologous transgenes

[0104] In some embodiments, the viral particle is a recombinant AAV particle comprising an
oversized vector genome comprising a heterologous nucleic acid (e.g., a heterologous
transgene) flanked by one or two AAV inverted terminal repeats (ITRs). The nucleic acid is
encapsidated in the AAV particle. In some embodiments, a rAAV genome of the present
disclosure contains one or more AAV inverted terminal repeats (ITRs) and a heterologous
transgene. For example, in some embodiments, a rAAV genome of the present disclosure
contains two AAV inverted terminal repeats (ITRs). In certain embodiments, a rAAV genome of
the present disclosure contains two AAV inverted terminal repeats (ITRs) and a heterologous
transgene. In some embodiments, the vector genome is between 5.4 kb and 6.7 kb or 5.4 kb
and 6 kb.

[0105] In some embodiments, the heterologous transgene encodes a therapeutic transgene
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product. In some embodiments, the therapeutic transgene product is a therapeutic
polypeptide. A therapeutic polypeptide may, e.g., supply a polypeptide and/or enzymatic
activity that is absent or present at a reduced level in a cell or organism. Alternatively, a
therapeutic polypeptide may supply a polypeptide and/or enzymatic activity that indirectly
counteracts an imbalance in a cell or organism. For example, a therapeutic polypeptide for a
disorder related to buildup of a metabolite caused by a deficiency in a metabolic enzyme or
activity may supply a missing metabolic enzyme or activity, or it may supply an alternate
metabolic enzyme or activity that leads to reduction of the metabolite. A therapeutic
polypeptide may also be used to reduce the activity of a polypeptide (e.g., one that is
overexpressed, activated by a gain-of-function mutation, or whose activity is otherwise
misregulated) by acting, e.g., as a dominant-negative polypeptide.

[0106] In some embodiments, the heterologous transgene encodes Factor VIIl. In some
embodiments, the Factor VIl is a human Factor VIII coding sequence, including without
limitation any coding sequence expressed by a human Factor VIII gene. The human Factor VIII
gene (e.g., GenBank Entrez Gene ID 2157) is also known as AHF, F8, F8B, F8C, HEMA, FVIii,
and DXS1253E. In some embodiments, Factor VIIl has the amino acid sequence of human
Factor VIIl (e.g., as represented by GenBank Accession No. AAA52484). A heterologous
transgene encoding Factor VIII may be used, for example, to express Factor VIl in an
individual suffering from hemophilia A, a recessive, X-linked coagulation disorder associated
with a deficiency in Factor VIII. Factor VIl is known to participate in blood coagulation as part
of the intrinsic blood coagulation pathway and is normally expressed by the liver sinusoidal
cells and endothelial cells throughout the body.

[0107] In some embodiments, the heterologous transgene encodes dystrophin. In some
embodiments, the dystrophin is a human dystrophin coding sequence, including without
limitation any coding sequence expressed by a human dystrophin gene. The human dystrophin
gene (e.g., GenBank Entrez Gene ID 1756) is also known as DMD, BMD, CMD3B, MRX85,
DXS8142, DXS164, DXS206, DXS230, DXS239, DXS268, DXS269, DXS270, and DXS272. In
some embodiments, dystrophin has the amino acid sequence of human dystrophin (e.g., as
represented by GenBank Accession No. AAA53189). A heterologous transgene encoding
dystrophin may be used, for example, to express dystrophin in an individual suffering from
Duchenne or Becker muscular dystrophy, recessive, X-linked muscular dystrophies associated
with mutations in dystrophin. Becker muscular dystrophy is a less severe disorder caused by
loss of function mutations in dystrophin, whereas Duchenne muscular dystrophy is associated
with more severe loss of function or null mutations (e.g., nonsense or frameshift mutations) in
dystrophin. Dystrophin is known to function in the dystrophin-glycoprotein complex (DGC),
which is required to connect the F-actin of muscle cells to the extracellular matrix, thereby
stabilizing the sarcolemma during muscle contraction and relaxation.

[0108] In some embodiments, the heterologous transgene encodes cystic fibrosis
transmembrane conductance regulator (CFTR), also known as ATP-binding cassette subfamily
C, member 7. In some embodiments, the CFTR is a human CFTR coding sequence, including
without limitation any coding sequence expressed by a human CFTR gene. The human CFTR
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gene (e.g., GenBank Entrez Gene ID 1080) is also known as CF, MRP7, ABC35, ABCC?7,
CFTRIMRRE TNR-CFTR, and dj760C5.1. In some embodiments, CFTR has the amino acid
sequence of human CFTR (e.g., as represented by GenBank Accession No. NP_000483). A
heterologous transgene encoding CFTR may be used, for example, to express CFTR in an
individual suffering from cystic fibrosis, an autosomal, recessive disorder associated with
mutations in CFTR that affects the lungs, pancreas, intestines, and many other organs. CFTR

is known to function as an ATP-gated ion channel involved in CI™ ion transport. The absence of
sufficient CFTR function leads to multiple pathologies; one example is that ion transport across
epithelial cells is disrupted, leading to increased cellular water absorption and the pathological
thickening and buildup of mucus in the lungs and other tissues.

[0109] In some embodiments, the therapeutic transgene product is a therapeutic nucleic acid.
In some embodiments, a therapeutic nucleic acid may include without limitation an siRNA, an
shRNA, an RNAIi, an miRNA, an antisense RNA, a ribozyme or a DNAzyme. As such, a
therapeutic nucleic acid may encode an RNA that when transcribed from the nucleic acids of
the vector can treat a disorder by interfering with translation or transcription of an abnormal or
excess protein associated with the disorder. For example, the heterologous transgene may
encode an RNA which treats a disorder by highly specific elimination or reduction of mRNA
encoding the abnormal and/or excess proteins. Therapeutic RNA sequences include RNAI,
small inhibitory RNA (siRNA), micro RNA (miRNA), and/or ribozymes (such as hammerhead
and hairpin ribozymes) that can treat disorders by highly specific elimination or reduction of
MRNA encoding the abnormal and/or excess proteins.

[0110] In some embodiments, the heterologous transgene is a human transgene. In some
embodiments, the heterologous transgene is linked to a promoter. In some embodiments, the
transgene (e.g., a heterologous nucleic acid described herein) is operably linked to a promoter.
Exemplary promoters include, but are not limited to, the cytomegalovirus (CMV) immediate
early promoter, the GUSB promoter, the RSV LTR, the MoMLV LTR, the phosphoglycerate
kinase- 1 (PGK) promoter, a simian virus 40 (SV40) promoter and a CK6 promoter, a
transthyretin promoter (TTR), a TK promoter, a tetracycline responsive promoter (TRE), an
HBV promoter, an hAAT promoter, a LSP promoter, chimeric liver-specific promoters (LSPs),
the E2F promoter, the telomerase (hTERT) promoter; the cytomegalovirus enhancer/chicken
beta-actin/Rabbit B-globin promoter (CAG promoter; Niwa et al., Gene, 1991, 108(2):193-9)
and the elongation factor 1-alpha promoter (EFl-alpha) promoter (Kim et al., Gene, 1990,
91(2):217-23 and Guo et al., Gene Ther,, 1996, 3(9):802-10). In some embodiments, the
promoter comprises a human B-glucuronidase promoter or a cytomegalovirus enhancer linked
to a chicken B-actin (CBA) promoter. The promoter can be a constitutive, inducible or
repressible promoter. In some embodiments, the promoter is a mouse transthyretin promoter.

[0111] Examples of constitutive promoters include, without limitation, the retroviral Rous
sarcoma virus (RSV) LTR promoter (optionally with the RSV enhancer), the cytomegalovirus
(CMV) promoter (optionally with the CMV enhancer) [see, e.g., Boshart et al, Cell, 41:521-530
(1985)], the SV40 promoter, the dihydrofolate reductase promoter, the 13-actin promoter, the
phosphoglycerol kinase (PGK) promoter, and the EFla promoter (Invitrogen).
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[0112] Inducible promoters allow regulation of gene expression and can be regulated by
exogenously supplied compounds, environmental factors such as temperature, or the
presence of a specific physiological state, e.g., acute phase, a particular differentiation state of
the cell, or in replicating cells only. Inducible promoters and inducible systems are available
from a variety of commercial sources, including, without limitation, Invitrogen, Clontech and
Ariad. Many other systems have been described and can be readily selected by one of skill in
the art. Examples of inducible promoters regulated by exogenously supplied promoters include
the zinc-inducible sheep metallothionine (MT) promoter, the dexamethasone (Dex)-inducible
mouse mammary tumor virus (MMTV) promoter, the T7 polymerase promoter system (WO
98/10088); the ecdysone insect promoter (No et al., Proc. Natl. Acad. Sci. USA, 93:3346-3351
(1996)), the tetracycline-repressible system (Gossen et al.,, Proc. Natl. Acad. Sci. USA,
89:5547-5551 (1992)), the tetracycline-inducible system (Gossen et al., Science, 268:1766-
1769 (1995), see also Harvey et al., Curr. Opin. Chem. Biol., 2:512-518 (1998)), the RU486-
inducible system (Wang et al., Nat. Biotech., 15:239-243 (1997) and Wang et al., Gene Ther,,
4:432-441 (1997)) and the rapamycin-inducible system (Magari et al., J. Clin. Invest.,
100:2865-2872 (1997)). Still other types of inducible promoters which may be useful in this
context are those which are regulated by a specific physiological state, e.g., temperature,
acute phase, a particular differentiation state of the cell, or in replicating cells only.

[0113] In another embodiment, the native promoter, or fragment thereof, for the transgene will
be used. The native promoter may be preferred when it is desired that expression of the
transgene should mimic the native expression. The native promoter may be used when
expression of the transgene must be regulated temporally or developmentally, or in a tissue-
specific manner, or in response to specific transcriptional stimuli. In a further embodiment,
other native expression control elements, such as enhancer elements, polyadenylation sites or
Kozak consensus sequences may also be used to mimic the native expression.

[0114] In some embodiments, the regulatory sequences impart tissue-specific gene
expression capabilities. In some cases, the tissue-specific regulatory sequences bind tissue-
specific transcription factors that induce transcription in a tissue specific manner. For example,
tissue-specific expression in the liver, lungs, muscle, intestine, pancreas, and/or other tissues
may be desired. Appropriate tissue-specific regulatory sequences (e.g., promoters, enhancers,
etfc.) are well known in the art. For example, in some embodiments, the promoter is a mouse
transthyretin (mTTR) promoter, which is known to drive gene expression in the liver.

[0115] In some embodiments, the rAAV genome includes an intron. In some embodiments, the
intron is a hybrid intron.

[0116] In some embodiments, the rAAV genome includes a polyadenylation signal. Many
polyadenylation signals are known in the art. In some embodiments, the polyadenylation signal
is a synthetic polyadenylation signal. In other embodiments, the polyadenylation signal is a
bovine growth hormone (BGH) polyadenylation signal. For a more detailed description of the
BGH polyadenylation signal, see, e.g., Goodwin, E.C. and Rottman, F.M. (1992) J. Biol. Chem.
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267:16330-16334.

[0117] In some embodiments, the invention provides AAV particles comprising an oversized
AAV genome, wherein the AAV genome comprises 5' to 3' and AAV2 ITR, an mTTR202
promoter, a hybrid intron, a B-domain deleted Factor VIII transgene, a synthetic
polyadenylation signal and an AAV2 ITR. In some embodiments, the oversized AAV genome
comprises 5' to 3' and AAV2 ITR, an mTTR202opt promoter, a hybrid intron, a B-domain
deleted Factor VIl transgene, a synthetic polyadenylation signal and an AAV2 ITR. In some
embodiments, the oversized AAV genome comprises 5' to 3' and AAV2 ITR, an mTTR482
promoter, a hybrid intron, a B-domain deleted Factor VIII transgene, a synthetic
polyadenylation signal and an AAV2 ITR. In some embodiments, the oversized AAV genome
comprises 5' to 3' and AAV2 ITR, an mTTR482 promoter, a hybrid intron, a B-domain deleted
Factor VIl transgene, a bovine growth hormone polyadenylation signal and an AAV2 ITR.

[0118] The rAAV genome elements described above (e.g., a promoter, an intron, and a
polyadenylation signal) may be present alone or in any combination with a heterologous
transgene of the present disclosure. The rAAV genome may include any element to establish
the expression of a heterologous transgene, for example, a promoter, a heterologous nucleic
acid, an ITR, a ribosome binding element, terminator, enhancer, selection marker, intron, a
polyadenylation (polyA) signal, and/or origin of replication. For example, in some
embodiments, the rAAV genome contains a heterologous transgene and one or more elements
selected from a promoter of the present disclosure, an intron of the present disclosure, and a
polyadenylation signal of the present disclosure. In some embodiments, the rAAV genome may
include at least one ITR sequence flanking a heterologous transgene and one or more
elements selected from a promoter of the present disclosure, an intron of the present
disclosure, and a polyadenylation signal of the present disclosure.

[0119] In some embodiments, the oversized rAAV vector is a self-complementary rAAV vector,
e.g., one that comprises a recombinant self-complementing (the term "self-complementary
may be used interchangeably herein) genome. AAV viral particles with self-complementing
genomes and methods of use of self-complementing AAV genomes are described in US Patent
Nos. 6,596,535; 7,125,717; 7,465,583; 7,785,888; 7,790,154; 7,846,729; 8,093,054; and
8,361,457; and Wang Z., et al., (2003) Gene Ther 10:2105-2111. A rAAV comprising a self-
complementing genome will quickly form a double stranded DNA molecule by virtue of its
partially complementing sequences (e.g., complementing coding and non-coding strands of a
transgene). In some embodiments, the vector comprises first nucleic acid sequence encoding
the heterologous nucleic acid and a second nucleic acid sequence encoding a complement of
the nucleic acid, where the first nucleic acid sequence can form intrastrand base pairs with the
second nucleic acid sequence along most or all of its length.

[0120] In some embodiments, the first heterologous nucleic acid sequence and a second
heterologous nucleic acid sequence are linked by a mutated ITR (e.g., the right ITR). In some
embodiments, the ITR comprises the polynucleotide sequence 5-CACTCCCTCTCTGCGCGC
TCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCACGCCCGGGCTTTGCCC
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GGGCG - 3' (SEQ ID NO:24). The mutated ITR comprises a deletion of the D region
comprising the terminal resolution sequence. As a result, on replicating an AAV viral genome,
the rep proteins will not cleave the viral genome at the mutated ITR and as such, a
recombinant viral genome comprising the following in 5' to 3' order will be packaged in a viral
capsid: an AAV ITR, the first heterologous polynucleotide sequence including regulatory
sequences, the mutated AAV ITR, the second heterologous polynucleotide in reverse
orientation to the first heterologous polynucleotide and a third AAV ITR.

IV. Methods of Producing Viral Particles

[0121] Certain aspects of the present disclosure relate to methods for producing an adeno-
associated virus (AAV) particle containing an oversized recombinant AAV genome. In some
embodiments, the methods include culturing an AAV producer cell line under conditions to
generate rAAV particles, where the AAV producer cell line comprises i) nucleic acid encoding
AAV rep and cap genes, and ii) a rAAV genome, where the oversized rAAV genome is between
5.4 and 6.7 kb or 5.4 kb and 6 kb; b) providing AAV helper functions; and c) collecting the rAAV
particles containing oversized rAAV genomes, wherein the nucleic acid encoding AAV rep and
cap genes and the oversized rAAV genome are stably integrated into the genome of the
producer cell line. In some embodiments, the AAV producer cell line comprises stably
maintained nucleic acid encoding AAV rep and cap genes. In some embodiments, the AAV
producer cell line comprises nucleic acid encoding AAV rep and cap genes stably integrated
into the cell line genome. In some embodiments, the packaged AAV genome did not contain a
truncation of the 5' end. In some embodiments, the packaged AAV genome did not contain a
truncation of the 3' end.

[0122] Other aspects of the present disclosure relate to cell lines for producing an adeno-
associated virus (AAV) particle comprising an oversized recombinant AAV genome, the cell line
including a) nucleic acid encoding AAV rep and cap genes, and b) a rAAV genome, wherein the
rAAV genome is between 5.4 and 6.7 kb or 5.4 kb and 6 kb, and wherein the nucleic acid
encoding AAV rep and cap genes and the oversized rAAV genome are stably integrated into
the genome of the cell line. In some embodiments, the AAV producer cell line comprises stably
maintained nucleic acid encoding AAV rep and cap genes..

[0123] Numerous methods are known in the art for production of rAAV vectors, including
transfection, stable cell line production, and infectious hybrid virus production systems which
include adenovirus-AAV hybrids, herpesvirus-AAV hybrids (Conway, JE et al., (1997) J. Virology
71(11):8780-8789) and baculovirus-AAV hybrids. rAAV production cultures for the production of
rAAV virus particles all require; 1) suitable host cells, 2) suitable helper virus function, 3) AAV
rep and cap genes and gene products; 4) a nucleic acid (such as a therapeutic nucleic acid)
flanked by at least one AAV ITR sequences (e.g., an oversized rAAV vector genome); and 5)
suitable media and media components to support rAAV production. In some embodiments, the
suitable host cell is a primate host cell. In some embodiments, the suitable host cell is a
human-derived cell lines such as Hela, A549, 293, or Perc.6 cells. In some embodiments, the



DK/EP 3280799 T3

suitable helper virus function is provided by wild-type or mutant adenovirus (such as
temperature sensitive adenovirus), herpes virus (HSV), baculovirus, or a plasmid construct
providing helper functions. In some embodiments, the AAV rep and cap gene products may be
from any AAV serotype. In general, but not obligatory, the AAV rep gene product is of the same
serotype as the ITRs of the rAAV vector genome as long as the rep gene products may
function to replicated and package the rAAV genome. Suitable media known in the art may be
used for the production of rAAV vectors. These media include, without limitation, media
produced by Hyclone Laboratories and JRH including Modified Eagle Medium (MEM),
Dulbecco's Modified Eagle Medium (DMEM), custom formulations such as those described in
U.S. Patent No. 6,566,118, and Sf-900 || SFM media as described in U.S. Patent No.
6,723,551. In some embodiments, the AAV helper functions are provided by adenovirus or
HSV. In some embodiments, the AAV helper functions are provide by baculovirus and the host
cell is an insect cell (e.g., Spodoptera frugiperda (Sf9) cells).

[0124] One method for producing rAAV particles is the triple transfection method. Briefly, a
plasmid containing a rep gene and a capsid gene, along with a helper adenoviral plasmid, may
be transfected (e.g., using the calcium phosphate method) into a cell line (e.g., HEK-293 cells),
and virus may be collected and optionally purified. As such, in some embodiments, the rAAV
particle was produced by triple transfection of a nucleic acid encoding the rAAV vector, a
nucleic acid encoding AAV rep and cap, and a nucleic acid encoding AAV helper virus functions
into a host cell, wherein the transfection of the nucleic acids to the host cells generates a host
cell capable of producing rAAV particles.

[0125] In some embodiments, rAAV particles may be produced by a producer cell line method,
such as the exemplary producer cell line method provided infra (see also Martin et al., (2013)
Human Gene Therapy Methods 24:253-269; U.S. PG Pub. No. US2004/0224411; and Liu, X.L.
et al. (1999) Gene Ther. 6:293-299). Briefly, a cell line (e.g., a HelLa, 293, A549, or Perc.6 cell
line) may be stably transfected with a plasmid containing a rep gene, a capsid gene, and an
oversized vector genome comprising a promoter-heterologous nucleic acid sequence. Cell
lines may be screened to select a lead clone for rAAV production, which may then be
expanded to a production bioreactor and infected with a helper virus (e.g., an adenovirus or
HSV) to initiate rAAV production. Virus may subsequently be harvested, adenovirus may be
inactivated (e.g., by heat) and/or removed, and the rAAV particles may be purified. As such, in
some embodiments, the rAAV particle was produced by a producer cell line comprising one or
more of nucleic acid encoding the rAAV vector, a nucleic acid encoding AAV rep and cap, and a
nucleic acid encoding AAV helper virus functions. As described herein, the producer cell line
method may be advantageous for the production of rAAV particles with an oversized genome,
as compared to the triple transfection method.

[0126] In some embodiments, the nucleic acid encoding AAV rep and cap genes and/or the
rAAV genome are stably maintained in the producer cell line. In some embodiments, nucleic
acid encoding AAV rep and cap genes and/or the rAAV genome is introduced on one or more
plasmids into a cell line to generate a producer cell line. In some embodiments, the AAV rep,
AAV cap, and rAAV genome are introduced into a cell on the same plasmid. In other
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embodiments, the AAV rep, AAV cap, and rAAV genome are introduced into a cell on different
plasmids. In some embodiments, a cell line stably transfected with a plasmid maintains the
plasmid for multiple passages of the cell line (e.g., 5, 10, 20, 30, 40, 50 or more than 50
passages of the cell). For example, the plasmid(s) may replicate as the cell replicates, or the
plasmid(s) may integrate into the cell genome. A variety of sequences that enable a plasmid to
replicate autonomously in a cell (e.g., a human cell) have been identified (see, e.g., Krysan,
PJ. et al. (1989) Mol. Cell Biol. 9:1026-1033). In some embodiments, the plasmid(s) may
contain a selectable marker (e.g., an antibiotic resistance marker) that allows for selection of
cells maintaining the plasmid. Selectable markers commonly used in mammalian cells include
without limitation blasticidin, G418, hygromycin B, zeocin, puromycin, and derivatives thereof.
Methods for introducing nucleic acids into a cell are known in the art and include without
limitation viral transduction, cationic transfection (e.g., using a cationic polymer such as DEAE-
dextran or a cationic lipid such as lipofectamine), calcium phosphate transfection,
microinjection, particle bombardment, electroporation, and nanoparticle transfection (for more
details, see, e.g., Kim, T.K. and Eberwine, J.H. (2010) Anal. Bioanal. Chem. 397:3173-3178).

[0127] In some embodiments, the nucleic acid encoding AAV rep and cap genes and/or the
rAAV genome are stably integrated into the genome of the producer cell line. In some
embodiments, nucleic acid encoding AAV rep and cap genes and/or the rAAV genome is
introduced on one or more plasmids into a cell line to generate a producer cell line. In some
embodiments, the AAV rep, AAV cap, and rAAV genome are introduced into a cell on the same
plasmid. In other embodiments, the AAV rep, AAV cap, and rAAV genome are introduced into a
cell on different plasmids. In some embodiments, the plasmid(s) may contain a selectable
marker (e.g., an antibiotic resistance marker) that allows for selection of cells maintaining the
plasmid. Methods for stable integration of nucleic acids into a variety of host cell lines are
known in the art (see Examples below for more detailed description of an exemplary producer
cell line created by stable integration of nucleic acids). For example, repeated selection (e.g.,
through use of a selectable marker) may be used to select for cells that have integrated a
nucleic acid containing a selectable marker (and AAV cap and rep genes and/or a rAAV
genome). In other embodiments, nucleic acids may be integrated in a site-specific manner into
a cell line to generate a producer cell line. Several site-specific recombination systems are
known in the art, such as FLP/FRT (see, e.g., O'Gorman, S. et al. (1991) Science 251:1351-
1355), Cre/loxP (see, e.g., Sauer, B. and Henderson, N. (1988) Proc. Natl. Acad. Sci. 85:5166-
5170), and phi C31-att (see, e.g., Groth, A.C. et al. (2000) Proc. Natl. Acad. Sci. 97:5995-
6000).

[0128] In some embodiments, the producer cell line is derived from a primate cell line (e.g., a
non-human primate cell line, such as a Vero or FRhL-2 cell line). In some embodiments, the
cell line is derived from a human cell line. In some embodiments, the producer cell line is

derived from Hela, 293, A549, or PERC.6® (Crucell) cells. For example, prior to introduction
and/or stable maintenance/integration of nucleic acid encoding AAV rep and cap genes and/or
the oversized rAAV genome into a cell line to generate a producer cell line, the cell line is a

Hela, 293, A549, or PERC.6%® (Crucell) cell line, or a derivative thereof.
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[0129] In some embodiments, the producer cell line is adapted for growth in suspension. As is
known in the art, anchorage-dependent cells are typically not able to grow in suspension
without a substrate, such as microcarrier beads. Adapting a cell line to grow in suspension may
include, for example, growing the cell line in a spinner culture with a stirring paddle, using a
culture medium that lacks calcium and magnesium ions to prevent clumping (and optionally an
antifoaming agent), using a culture vessel coated with a siliconizing compound, and selecting
cells in the culture (rather than in large clumps or on the sides of the vessel) at each passage.
For further description, see, e.g., ATCC frequently asked questions document (available at
www.atcc.org/Global/FAQs/9/1/Adapting%20a%20monolayer%20cell%20line%20t0%20sus
pension-40.aspx) and references cited therein.

[0130] In some aspects, a method is provided for producing any rAAV particle as disclosed
herein comprising (a) culturing a host cell under a condition that rAAV particles are produced,
wherein the host cell comprises (i) one or more AAV package genes, wherein each said AAV
packaging gene encodes an AAV replication and/or encapsidation protein; (i) a rAAV pro-
vector comprising a nucleic acid encoding a heterologous nucleic acid as described herein
flanked by at least one AAV ITR, and (iii) an AAV helper function; and (b) recovering the rAAV
particles produced by the host cell. In some embodiments, said at least one AAV ITR is
selected from the group consisting of AAV1, AAV2, AAV3, AAV4, AAVS, AAVE, AAV7, AAVS,
AAVrh8, AAVrh8R, AAVY, AAV10, AAVrh10, AAV11, AAV12, AAVZ2R471A, AAV DJ, a goat AAV,
bovine AAV, or mouse AAV serotype ITRs or the like. For example, in some embodiments, the
AAV serotype is AAV1, AAV2, AAV5, AAVB, AAV7, AAVS, AAVrh8, AAVrh8R, AAVY, AAV10, or
AAVrh10. In certain embodiments, the nucleic acid in the AAV comprises an AAV2 ITR. In some
embodiments, said encapsidation protein is selected from the group consisting of AAV1, AAV2,
AAV3, AAV4, AAV5, AAVE, AAV7, AAV8, AAVrh8, AAVrh8R, AAV9, AAV10, AAVrh10, AAV11,

AAV12, AAV2R4A7T1A, AAV2/2-Tm8, AAV DJ, AAV2 N587A, AAV2 E548A, AAV2 N708A, AAV
V708K, goat AAV, AAV1/AAV2 chimeric, bovine AAV, or mouse AAV capsid rAAV2/HBoV1
serotype capsid proteins or mutants thereof. In some embodiments, the encapsidation protein
is an AAV5 capsid protein including AAV5 capsid proteins having tyrosine capsid mutations. In
some embodiments, the encapsidation protein is an AAV5 capsid protein including AAV5 capsid
proteins having tyrosine capsid mutations and the ITR is an AAV2 ITR. In further embodiments,
the rAAV particle comprises capsid proteins of an AAV serotype from Clades A-F. In some
embodiments, the AAV serotype is AAV1, AAV2, AAV5, AAVE, AAV7, AAVS, AAVrh8, AAVrh8R,

AAV9, AAV10, or AAVrh10. In some embodiments, the rAAV particle comprises an AAV
serotype 1 (AAV1) capsid. In some embodiments, the rAAV particle comprises an AAV serotype
2 (AAV2) capsid. In some embodiments, the rAAV particle comprises an AAVrh8R capsid or
mutant thereof. In some embodiments, the rAAV particles comprise an AAV1 capsid and a
recombinant genome comprising AAV2 ITRs, a mutant AAV2 ITR and nucleic acid encoding a
therapeutic transgene/nucleic acid. In some embodiments, the AAV ITRs are AAV ITRs are
AAV1, AAV2, AAV3, AAV4, AAVS, AAVB, AAV7, AAVSE, AAVrh8, AAVrh8R, AAV9, AAV10,

AAVrh10, AAV11, AAV12, AAV2R471A, AAV DJ, a goat AAV, bovine AAV, or mouse AAV
serotype ITRs. In certain embodiments, the AAV ITRs are AAV2 ITRs. In some embodiments,
the ITR is derived from AAV2, and the capsid is derived from AAV2. In some embodiments, the
ITR is derived from AAV2, and the capsid is derived from AAVrh8R.
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[0131] Suitable rAAV production culture media of the present invention may be supplemented
with serum or serum-derived recombinant proteins at a level of 0.5%-20% (v/iv or w/v).
Alternatively, as is known in the art, rAAV vectors may be produced in serum-free conditions
which may also be referred to as media with no animal-derived products. One of ordinary skill
in the art may appreciate that commercial or custom media designed to support production of
rAAV vectors may also be supplemented with one or more cell culture components know in the
art, including without limitation glucose, vitamins, amino acids, and or growth factors, in order
to increase the titer of rAAV in production cultures.

[0132] rAAV production cultures can be grown under a variety of conditions (over a wide
temperature range, for varying lengths of time, and the like) suitable to the particular host cell
being utilized. As is known in the art, rAAV production cultures include attachment-dependent
cultures which can be cultured in suitable attachment-dependent vessels such as, for example,
roller bottles, hollow fiber filters, microcarriers, and packed-bed or fluidized-bed bioreactors.
rAAV vector production cultures may also include suspension-adapted host cells such as Hela,
293, and SF-9 cells which can be cultured in a variety of ways including, for example, spinner
flasks, stirred tank bioreactors, and disposable systems such as the Wave bag system.

[0133] Certain aspects of the present disclosure relate to collecting the rAAV particles
containing oversized rAAV genomes. rAAV vector particles of the invention may be harvested
from rAAV production cultures by lysis of the host cells of the production culture or by harvest
of the spent media from the production culture, provided the cells are cultured under conditions
known in the art to cause release of rAAV particles into the media from intact cells, as
described more fully in U.S. Patent No. 6,566,118). Suitable methods of lysing cells are also
known in the art and include for example multiple freeze/thaw cycles, sonication,
microfluidization, and treatment with chemicals, such as detergents and/or proteases.

[0134] In some embodiments, rAAV particles are collected from between about 48 hours and
about 96 hours after the provision of helper functions. For example, in some embodiments,
rAAV particles are collected about 48 hours, about 60 hours, about 72 hours, about 84 hours,
or about 96 hours after the provision of helper functions. In some embodiments, rAAV particles
are collected about 48 hours and about 96 hours, about 48 hours and about 84 hours, about
48 hours and about 72 hours, about 48 hours and about 60 hours, about 60 hours and about
96 hours, about 60 hours and about 84 hours, about 60 hours and about 72 hours, about 72
hours and about 96 hours, about 72 hours and about 84 hours, or about 84 hours and about
96 hours after the provision of helper functions.

[0135] In a further embodiment, the rAAV particles are purified. The term "purified” as used
herein includes a preparation of rAAV particles devoid of at least some of the other
components that may also be present where the rAAV particles naturally occur or are initially
prepared from. Thus, for example, isolated rAAV particles may be prepared using a purification
technique to enrich it from a source mixture, such as a culture lysate or production culture
supernatant. Enrichment can be measured in a variety of ways, such as, for example, by the
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proportion of DNase-resistant particles (DRPs) or genome copies (gc) present in a solution, or
by infectivity, or it can be measured in relation to a second, potentially interfering substance
present in the source mixture, such as contaminants, including production culture
contaminants or in-process contaminants, including helper virus, media components, and the
like.

[0136] In some embodiments, the rAAV production culture harvest is clarified to remove host
cell debris. In some embodiments, the production culture harvest is clarified by filtration
through a series of depth filters including, for example, a grade DOHC Millipore Millistak+ HC
Pod Filter, a grade A1THC Millipore Millistak+ HC Pod Filter, and a 0.2 uym Filter Opticap XL10
Millipore Express SHC Hydrophilic Membrane filter. Clarification can also be achieved by a
variety of other standard techniques known in the art, such as, centrifugation or filtration
through any cellulose acetate filter of 0.2 ym or greater pore size known in the art.

[0137] In some embodiments, the rAAV production culture harvest is further treated with
Benzonase® to digest any high molecular weight DNA present in the production culture. In
some embodiments, the Benzonase® digestion is performed under standard conditions known

in the art including, for example, a final concentration of 1-2.5 units/ml of Benzonase® at a
temperature ranging from ambient to 37°C for a period of 30 minutes to several hours.

[0138] rAAV particles may be isolated or purified using one or more of the following purification
steps: equilibrium centrifugation; flow-through anionic exchange filtration; tangential flow
filtration (TFF) for concentrating the rAAV particles; rAAV capture by apatite chromatography;
heat inactivation of helper virus; rAAV capture by hydrophobic interaction chromatography;
buffer exchange by size exclusion chromatography (SEC); nanofiltration; and rAAV capture by
anionic exchange chromatography, cationic exchange chromatography, or affinity
chromatography. In some embodiments, the purification comprises one or more
chromatography steps (e.g., one or more of the chromatography steps described above).
These steps may be used alone, in various combinations, or in different orders. In some
embodiments, the method comprises all the steps in the order as described below. Methods to
purify rAAV particles are found, for example, in Xiao et al., (1998) Journal of Virology 72:2224-
2232; US Patent Numbers 6,989,264 and 8,137,948; and WO 2010/148143.

[0139] In some embodiments, the rAAV particle is in a pharmaceutical compaosition, which ais
not within the scope of the present invention. In some embodiments, the rAAV particle is in a
pharmaceutical composition comprising a pharmaceutically acceptable excipient. As is well
known in the art, pharmaceutically acceptable excipients are relatively inert substances that
facilitate administration of a pharmacologically effective substance and can be supplied as
liquid solutions or suspensions, as emulsions, or as solid forms suitable for dissolution or
suspension in liquid prior to use. For example, an excipient can give form or consistency, or act
as a diluent. Suitable excipients include but are not limited to stabilizing agents, wetting and
emulsifying agents, salts for varying osmolarity, encapsulating agents, pH buffering
substances, and buffers. Such excipients include any pharmaceutical agent suitable for
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delivery to a target tissue which may be administered without undue toxicity. Pharmaceutically
acceptable excipients include, but are not limited to, sorbitol, any of the various TWEEN
compounds, and liquids such as water, saline, glycerol and ethanol. Pharmaceutically
acceptable salts can be included therein, for example, mineral acid salts such as
hydrochlorides, hydrobromides, phosphates, sulfates, and the like; and the salts of organic
acids such as acetates, propionates, malonates, benzoates, and the like. A thorough
discussion of pharmaceutically acceptable excipients is available in REMINGTON'S
PHARMACEUTICAL SCIENCES (Mack Pub. Co., N.J. 1991).

[0140] Such pharmaceutically acceptable carriers can be sterile liquids, such as water and oil,
including those of petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean
oil, mineral oil, and the like. Saline solutions and aqueous dextrose, polyethylene glycol (PEG)
and glycerol solutions can also be employed as liquid carriers, particularly for injectable
solutions. The pharmaceutical composition may further comprise additional ingredients, for
example preservatives, buffers, tonicity agents, antioxidants and stabilizers, nonionic wetting or
clarifying agents, viscosity-increasing agents, and the like. The pharmaceutical compositions
described herein can be packaged in single unit dosages or in multidosage forms. The
compositions are generally formulated as sterile and substantially isotonic solution.

V. Methods of Treatment

[0141] In some aspects, the invention provides methods of treating of treating a disease or
disorder in an individual in need thereof, which are not within the scope of the present
inventioncomprising administering to the individual AAV particles The AAV particles may be
administered to a particular tissue of interest, or it may be administered systemically. In some
embodiments, an effective amount of the AAV particles may be administered parenterally.
Parenteral routes of administration may include without limitation intravenous, intraosseous,
intra-arterial, intracerebral, intramuscular, intrathecal, subcutaneous, intracerebroventricular,
and so forth. In some embodiments, an effective amount of AAV particles may be administered
through one route of administration. In some embodiments, an effective amount of AAV
particles may be administered through a combination of more than one route of administration.
In some embodiments, the individual is a mammal. In some embodiments, the individual is a
human.

[0142] An effective amount of AAV particles comprising an oversized AAV genome is
administered, depending on the objectives of treatment. For example, where a low percentage
of transduction can achieve the desired therapeutic effect, then the objective of treatment is
generally to meet or exceed this level of transduction. In some instances, this level of
transduction can be achieved by transduction of only about 1 to 5% of the target cells of the
desired tissue type, in some embodiments at least about 20% of the cells of the desired tissue
type, in some embodiments at least about 50%, in some embodiments at least about 80%, in
some embodiments at least about 95%, in some embodiments at least about 99% of the cells
of the desired tissue type. As a guide, the number of particles administered per injection is
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generally between about 1 x 108 and about 1 x 10" particles, between about 1 x 107 and 1 x
1013 particles, between about 1 x 109 and 1 x 1012 particles or about 1 x 10° particles, about 1

x 1010 particles, or about 1 x 10" particles. The rAAV composition may be administered by
one or more administrations, either during the same procedure or spaced apart by days,
weeks, months, or years. One or more of any of the routes of administration described herein
may be used. In some embodiments, multiple vectors may be used to treat the human.

[0143] Methods to identify cells transduced by AAV viral particles are known in the art; for
example, immunohistochemistry or the use of a marker such as enhanced green fluorescent
protein can be used to detect transduction of viral particles; for example viral particles
comprising a rAAV capsid with one or more substitutions of amino acids.

[0144] In some embodiments the AAV viral particles comprising an oversized AAV genome with
are administered to more than one location simultaneously or sequentially. In some
embodiments, multiple injections of rAAV viral particles are no more than one hour, two hours,
three hours, four hours, five hours, six hours, nine hours, twelve hours or 24 hours apart.

[0145] In some embodiments, the invention provides methods of treatment of a disease or
disorder in an individual comprising administering an AAV particle comprising an oversized AAV
genome, which are not within the scope of the present invention, wherein the oversized AAV
genome comprises a transgene suitable for treating the disease of disorder. In some
embodiments, the invention provides methods for treating hemophilia A with an AAV particle
comprising an oversized AAV genome encoding a Factor VIII transgene (e.g., a human factor
VIII transgene). In some embodiments, the invention provides methods for treating muscular
dystrophy with an AAV particle comprising an oversized AAV genome encoding a dystrophin
transgene (e.g., a human dystrophin transgene). In some embodiments, the invention provides
methods for treating dysferlinopathy with an AAV particle comprising an oversized AAV genome
encoding a dysferlin transgene (e.g., a human dysferlin transgene). In some embodiments, the
invention provides methods for treating cystic fibrosis with an AAV particle comprising an
oversized AAV genome encoding a CFTR transgene (e.g., a human CFTR transgene). The
invention is not limited, however, to diseases or disorders which require expression of a
transgene greater than what fits in a 4.8 kb AAV vector genome. For example, in some
embodiments, the invention provides AAV particles comprising an AAV genome comprising one
or more heterologous transgenes wherein the combination of heterologous transgene and
regulatory factors (promoters, enhances, introns, efc) results in an AAV genome greater than
about 5.0 kb.

VI. Kits

[0146] In some embodiments, the invention comprises kits, which are not within the scope of
the present invention, comprising the AAV particles comprising oversized genomes of the
invention. In some embodiments, the kits further comprise a device for delivery (e.g.,
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parenteral administration) of compositions of rAAV particles. In some embodiments, the
instructions for use include instructions according to one of the methods described herein. In
some embodiments, the instructions are printed on a label provided with (e.g., affixed to) a
container. In some embodiments, the instructions for use include instructions for treating a
disease or disorder.

[0147] In some embodiments, the kit comprises a single fluid (e.g., a pharmaceutically
acceptable fluid comprising an effective amount of the vector). In some embodiments, the kit
comprises 2 or more fluids. A fluid may include a diluent, buffer, excipient, or any other liquid
described herein or known in the art suitable for delivering, diluting, stabilizing, buffering, or
otherwise transporting a AAV particle of the present disclosure. In some embodiments, the
system comprises one or more buffers, e.g., an aqueous pH buffered solution. Examples of
buffers may include without limitation phosphate, citrate, Tris, HEPES, and other organic acid
buffers.

[0148] In some embodiments, the kit comprises a container. Suitable containers may include,
e.g., vials, bags, syringes, and bottles. The container may be made of one or more of a
material such as glass, metal, or plastic. In some embodiments, the container is used to hold a
rAAV composition of the present disclosure. In some embodiments, the container may also
hold a fluid and/or other therapeutic agent.

EXAMPLES

Example 1: Generation of producer cell lines with an oversized 5.1 kb and 5.4 kb FVIII
vectors

[0149] As discussed above, a need exists for a platform capable of producing rAAV vectors
having oversized genomes with high yields, uniform product, and high quality genomes. This
Example describes the generation of a producer cell line (PCL) platform that is particularly
advantageous for producing rAAV vectors with genomes containing large constructs (e.g., over
5 kb).

Methods

Construction of pTP plasmid for oversized 5.1 and 5.4 kb FVIIl vectors

[0150] FVIII expression cassettes were generated in pUC57-based plasmids and consisted of
mouse transthyretin (mTTR) promoter (Costa, RH et al., Mol Cell Biol 1986, 6:4697-4708.)
(202 bp core sequence with and without 100 bp enhancer sequencer), hybrid intron (Jiang, H.
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et al., Blood 2006 108:107-115), codon-optimized human B-domain deleted FVIII cDNA,
synthetic or BGH polyA and rAAV2 inverted terminal repeat sequences. These generated rAAV
vectors with vector genome sizes ranging from 5.1 and 5.4 kb (FIG. 1A).

[0151] Plasmid vectors with FVIII expression cassettes were tested for FVIII production in vivo
by high volume injection into normal C57BL/6 mice. To generate producer cell line (PCL) for
AAVrh8R/5.1 kb FVIII vector, a TriplePlay plasmid, pAFTGEN-SEAP-caprh8R, was digested
with Bglll, and blunt-ended. The FVIII vector genome with flanking 5' and 3' AAV2 ITRs were
excised from pUC57-mTTR-hFVlllco (pITR-mTTR-hFVIIISQco-SpA) using Pvul and Sapl sites.
The 5.5kb Pwvul/Sapl blunted fragment was ligated to the TriplePlay plasmid to generate
plasmid with 5.1 kb FVIII vector and AAVrh8R cap gene. A similar construct was generated
containing AAV8 cap gene. A TriplePlay plasmid with AAVrh8R cap gene and 5.4 kb vector was
made by replacing a synthetic polyA region with bovine growth hormone (BGH) polyA. The
resulting kanamycin resistant clones were transfected into Huh7 cells to test FVIIlI protein
production.

[0152] Quantitation of FVIIl levels in media by standard ELISA assay confirmed FVIII
production from selected TriplePlay plasmids. rAAV vector generation from selected TriplePlay
plasmids (pTGEN/AAVrh8R/mTTRhFVIII or pTGEN/AAVB/mTTRhFVIIl) was tested by co-
transfection of pAdhelper into 293 cells. Cell lysates were harvested and qPCR with FVIII
primer/probe was performed to quantify the amount of packaged genomes.

[0153] Primers and probes used in the Examples presented herein are found in Table 1.

Generation of producer cell lines for 5.1 kb and 5.4 kb FVIII vectors

[0154] Plasmid pTGEN/AAVFh8R/mTTR-hFVIII (with 5.1 or 5.4 kb vector) or plasmid
pTGEN/AAV8/mTTR-hFVIII was transfected with Lipofectamine and Plus reagent into HeLaS3
cells. Cells were plated onto 60 x 96-well plates and plates were washed and fed weekly. After
selection, plates were scored for colony growth. Masterwells (MWs) were harvested and
transferred to 24-well dish and were harvested based on size into 24-well dish.

[0155] Masterwells were next plated onto 96-well plates for relative production (RP) screen
and positive MWs for vector production from RP screens were then tested for specific
production (SP) level; e.g., via vector production by gPCR (Martin, J. et al., 2013 Hum. Gene
Ther. Meth. 24:253-269).

Characterization of genomic DNA of producer cell lines with 5.1 kb and 5.4 kb FVIII
vectors

[0156] Genomic DNA was analyzed for copy numbers of vector, rep and puromycin sequences
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by qPCR using specific primers and probes to each sequence. Additionally, the size and
integrity of the integrated "TriplePlay" plasmid were analyzed by Southern blot. For this,
genomic DNA was digested with Spel (single cutter in Tripleplay plasmid) to determine the size
of integrated TriplePlay plasmid and with Bglll/Hincll to look for integrity of vector expression
cassette. Bglll/Hincll digestion cuts within mTTR promoter, FVIII cDNA and synthetic polyA
generate 1.8 and 2.8 kb fragments. Digested genomic DNA and TriplePlay plasmid (spiked into
genomic DNA and used as copy number and size markers) were run on 0.8% agarose gel.
DNA was transferred onto nylon membrane and probed with DIG-labeled FVIII Ncol fragment.

Characterization of AAV/ImTTR-hFVIII vector production from producer cell lines

[0157] Selected MWs were analyzed for rAAV vector production. For comparison, the 5.1 and
5.4 kb FVIII vectors were made by triple transfection production method by transfecting
plasmid pUC57-mTTR-hFVllIco into 293 cells. Cells were harvested, lysed and purification was
performed comparable to producer cell line method. Samples from both methods were
quantitated for vector genomes copies by qPCR and virus recoveries and yields were
calculated. Vector lots were characterized by SDS-PAGE analysis of capsids, AUC analysis,
and for packaged genome sizes (see below).

Characterization of rAAVIMTTR-hFVIIl vector genomes generated from producer cell
lines

[0158] Packaged vector genomes (VGs) were extracted from purified capsids as follows. Virus
was incubated with 110 U of DNAse (Promega) 37°C for 1 h. EDTA was added to stop
digestion followed by incubation with proteinase K digestion with presence of N-lauryl sarcosyl
50°C for 45 min. DNA was extracted twice with phenol:.chloroform:isoamyl alcohol (25:24:1)
and centrifuged at 14,000 rpm at 4°C for 10 min. The DNA was precipitated with 100% ethanol
and 3 M sodium acetate T -80°C for 1h, centrifuged for 1Th. DNA and the pellet resuspended in
TE.

[0159] For Southern analysis, genomes were separated by 1% alkaline gel electrophoresis in
running buffer consisting of 30 mM NaOH and 1 mM EDTA. Samples were transferred and
cross-linked onto Hybond membrane (Amersham), probed with various fragments specific to
FVIII expression cassette. These included a 4.0 kb Nhel-Xcml fragment containing all FVIII
domains except C2. Additionally, various 25- to 30-mer strand-specific oligonucleotide probes
were used. The larger probes were labeled with AlkPhos Direct Labeling system (Amersham).
Oligonucleotide probes were 3'end-labeled using DIG Oligo 3'-End Labeling Kit (Roche)
according to the manufacturer's instructions.

[0160] For DNA dot blot analysis, VGs were denatured in TE buffer pH 7.0 by heating at 100°C
for 5 min followed by a 5 min chill on ice and manual application to nylon membrane using a
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multichannel pipette. DNA was fixed to the membrane by UV cross-linking. Hybridization was
carried out for each DIG-labeled oligonucleotide probe at 50°C for 6 h in Easy Hyb buffer
followed by high stringency washes, a blocking step (30 min), detection with alkaline
phosphatase-conjugated anti-DIG Fab fragments (30 min), further washes, reaction with CDP-
Star substrate (5 minutes) and exposure to X-ray film according to 3'-End labeling kit
instructions (Roche). The density of signal in Southern and dot blots was quantitated using
ImagedJ software (available at rsb.info.nih.gov/ij).

Table 1. Primers and probes

Description Sequence SEQID
NO:
FVIII vector genome quantitation
FVIIl A1-Forward {GACGTGGTGCGCTTCGA 5
Primer
FVIIl A1-Reverse {GGGCGTAATCCCAGTCCTCT 6
Primer
FVIII A1 probe AAGCGTGGCCAAGAAGCACCCC 7
AmpicillinR gene quantitation
Amp-Forward GTTGCCATTGCTACAGGCATC 8
Primer
Amp-Reverse ACTCGCCTTGATCGTTGGG 9
Primer
Amp-probe 10
FAM-ACGCTCGTCGTTTGGTATGGCTTCATTC-
TAMRA

Puromyc:inR gene quantitation

Puromycin- GGACCGCCACATCGAGC 11
Forward Primer
Puromycin- CCCCGCTTCGACGCT 12
Reverse Primer
Puromycin-probe 13
FAM-TCACCGAGCTGCAAGAACTCTTCCTCAC-
TAMRA

Rep gene quantitation

Rep-Forward GACCAGGCCTCATACATCTCCTT 14
Primer
Rep-Reverse GGCAGCCTTGATTTGGGA 15
Primer

Rep-probe FAM-AATGCGGCCTCCAACTCGCG-TAMRA 16
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E6 gene quantitation

E6-Forward Primer i CAACACGGCGACCCTACAA 17
E6-Reverse TCCAATACTGTCTTGCAATATACACAGG 18
Primer
E6-probe 19
FAM -TGCACGGAACTGAACACTTCACTGCAAG-
TAMRA

Vector genome analysis

Oligo#4768 (+) CCGTCGTGAATAGCCTGGACCCTC 20
Oligo#4924 (+) ATCTGTGTGTTGGTTTTTTGTGTGCGGC 21
Oligo#3342 (-) AATCCCAGTCCTCTTCCTCGGCGGCGATA 22
Oligo#4900 (-) AGTATCGGAACACTCGCTCTACGAAATGT 23

Evaluation of AAVImTTR-hFVIIlI vector generated from producer cell lines in vivo

[0161] rAAV vector were evaluated in male hemophilia A KO mice (C56BL/6, 129S-Fg8 tm1Kaz
[neo gene in exon 16]) at 8-12 weeks age (Jackson Laboratories). Vectors (4, 10 and 30 x

1070 DRP/mouse) were administered by intravenous route via tail vein. Blood was collected via
retro-orbital sinus into sodium citrate tubes and plasma was stored frozen until analysis.
Plasma samples were analyzed for FVIII activity levels using Coatest assay (Diapharma)
according to manufacturer's protocol (modified for a 96-well format). Values were measured as
% FVIII activity present in normal plasma and converted to ng/ml (100% FVIII = 150 ng
FVIII/ml). Some samples were also tested for partial thromboplastin time (PTT, IDEXX). FVIII
protein levels were quantitated by standard ELISA (Enzyme Research Laboratories) using
pooled normal human plasma (Innovative Research) as standard.

[0162] Liver samples were collected at the end of each study. Livers (50-400 mg) in 1 mL
RLTplus with 10 pl B-mercaptoethanol and % inch of zirconia 1mm beads were homogenized
with bead beater-16. A portion of the homogenate was placed into Trizol (for RNA) or DNA
Stat-60 (for DNA). RNA was purified using the Trimega protocol followed by purification with a
spin column (Promega Z3100) according to the manufacturer. The RNA was eluted with
nuclease-free water and centrifuged for 1 min at 15,000 x g. RNA was used to generate cDNA
(Invitrogen). DNA was purified by DNA extraction Purelink columns (Invitrogen) according to
manufacturer's instructions. Both cDNA and DNA were subsequently used to quantitate FVIII
MRNA and vector genome copies, respectively, by gqPCR using primers and probe specific to
FVIII A2 region (Table 1).

Results
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[0163] In order to generate a PCL platform for oversized rAAV vector production, novel
cassettes were constructed for expression of FVIII. These cassettes were flanked by AAV ITRs
and ranged from 5.1 to 5.4 kb vector genomes (FIG. 1A). Each cassette included a promoter
derived from the mTTR promoter, and different mTTR variants were constructed to examine
their effects on expression (see alignment and explanation of variants provided in FIG. 1B).

[0164] All of these expression cassettes in the context of plasmids produced FVIII when tested
in vivo in mice (FIG. 1C). Modifications in HNF3 and HNF4 binding sites shown in FIGS. 1A &
1B increased FVIII production over core mTTR promoter ("202") but additional modifications
such as mTTR enhancer and BGH polyA did not (FIG. 1C). FIG. 1D shows a diagram of the
FVIII expression cassette. FIG. 1E shows the design for the TriplePlay plasmid.

[0165] The expression cassettes with core mTTR (5.1 kb) and expression cassette with
enhancer, mTTR and BGH poly A (5.4 kb) were used for subsequent testing of PCL production
for oversized FVIII vectors after generating a TriplePlay plasmid for each. The FVIII ELISA
results confirmed that transfected TriplePlay/FVIII plasmids produced FVIII in vitro when
transfected into Huh7 cells. FVIII plasmids were also able to generate rAAV in small-scale
packaging experiments.

[0166] In summary, mTTR promoter modifications were generated that increased expression
from the core mTTR promoter in vivo. All TriplePlay plasmids expressed FVIII in vitro and were
able to generate virus in small-scale packaging experiments.

[0167] To generate the producer cell lines with an oversized 5.1 kb mTTR-FVIIl vector, MWs
were analyzed for rAAVFh8R/FVIII production levels. Of these, high producers, medium
producers, and low producers were identified. As such, it was shown that PCLs could be
generated for the oversized rAAV/mTTR-FVIII vectors.

Example 2: Characterization of genomic DNA for producer cell line with mTTR-FVIII
vector

[0168] To evaluate integrated copies of the TriplePlay plasmid and the integrity of FVIII
expression cassette described in Example 1, MWs containing AAVrh8R/5.1 kb, AAVrh8R/5.4
kb, or AAV8/5.1 kb FVIII vector were chosen for analysis of genomic DNA.

[0169] In the high producing MW (MW#35), the Southern analysis revealed approximately 50
copies of the vector in the cell line genome while the medium producing MW#272 had less
than 10 copies of each by Southern (FIG 2A).

[0170] High and medium producing MWs for production of AAVrh8R/5.1 kb, AAVrh8R/5.4 kb or
AAVE/5.1 kb with mTTR-FVIII were also analyzed by qPCR (Table 2). Copy numbers for FVIII,
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rep and puroR genes were determined using specific primers/probes to each and copy
numbers were normalized to E6 gene present in HelLaS3 cells (11copies per HelLaS3
genome). In the high producing MW (MW#35), the qPCR analysis revealed approximately 59-
67 copies of vector, rep and puromycin (Table 2) while the while medium producing MW#272
had 15 to 18 copies of each by qPCR (Table 2). These values were slightly higher compared to
the results obtained by Southern but had similar ranking order (FIG. 2A). For comparison,
normal size vector (4.3 kb) expressing SEAP was packaged into AAV2 or AAV8 capsids and
analyzed.

TABLE 2. Genomic analysis of selected MWs for copies of integrated TriplePlay plasmid.

Copies/cell
Cell line Masterwell { Fyy| REP | PUROMYCIN | Production
(stdev) | (stdev) (stdev) level
AAVIhSRIFVIIL | MW#35 | 67 (2) | 65 (0) 59 (1) H
5.1kb
AAVIhSRIFVIIT | MW#272 15 16 18 M
5.1kb
AAVIRSRIFVIIT | MW#418 | 229 195 260 H
5.1kb
AAVIRSRIFVIIL | MW#ST 1235 (13) | 256 (1) | 196 (12) M
5.4Kb
AAVIRBRIFVIIT | MW#163 | 253 (40) | 265 (1) | 237 (5) H
5.4Kb
AAVSIFVIII 5 1kb | MW#287 | 270 (38) | 294 (6) | 266 (13) H
AAVSIFVIII 5 1kb| MW#342 | 101 (5) | 126 (2) | 108 (4) H
AAVFhSR/FVillopt 1362 | 1499
5.1KB MW#I4 1 gy | (22) 1343 (42) H
AAVFh8R/FVillopt
5.1KB MWHZT 1 77.4) | 82(3) 73 (73) M
control
AAV2/SEAP | (MVV#156
SEAP) 0 73 (1) 70 2) H
Helas3 0 0 0

[0171] Southern blot analysis of genomic DNA digested with a restriction enzyme (Spel)
predicted to cut only once in Tripleplay/FVIII plasmid showed a generation of a ~ 13 kb band
that migrated similar to linearized Tripleplay/FVIII plasmid spiked into genomic DNA. Therefore,
all clones contained the entire plasmid integrated into HeLaS3 genome.

[0172] As shown in FIG. 2A, all MWs also had varying sizes of low copy (one copy) bands
representing the genomic DNA flanking the integration sites. While 272 (medium producer) and
35 (high producer) had a pattern indicative of a single integration site (only two flanking
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fragments observed), MW418 had multiple flanking fragments as well as larger (around 2 x 14
= 24 kb) fragment, potentially representing a tandem of forward and reverse orientations of the
integrated plasmid. This fact, along with the multiple integration patterns, suggests that MW418
was a mixture of clones.

[0173] As shown in FIG. 2B, FVIII vector genome integrity was analyzed by digesting with
enzymes (Hindl, Bglll) cleaving within the FVIII expression cassette. Correct size fragments
were observed based on similar results obtained with digesting the original TriplePlay plasmid
as compared to control. These results demonstrated that no rearrangements of the vector
occurred upon integration. Similar analysis was done for producer cell lines with 5.4 kb vector
as well as for 5.1 kb vector with AAV8 capsids and comparable results were obtained. In
summary, no rearrangements or deletions in integrated 5.1 or 5.4 kb vector sequences were
observed in the genomic DNA isolated from the producer cells lines indicating that generation
of producer cell line containing oversized AAV vector genomes is feasible.

Example 3: Oversized vector production using producer cell lines and vector analysis

[0174] Next, rAAV vector production using the MW35 cell line described above was examined.
The high producing clone for AAVrh8R/5.1 kb FVIII vector (MW35) was tested for rAAV vector
production in small-scale cultures. Peak rAAV production was seen on day 3 and 4 and high
production levels were maintained during culture scale-up (FIG. 3A).

[0175] This is further demonstrated by the results shown in Table 3 below. Production by
MVWV#35 was scaled up to compare vector production levels. Additionally, vector levels in cell
pellet (cell) and culture media (CM) were quantitated. Normal size AAV2/SEAP vector is shown
for comparison.

Table 3. AAVrh8R/5.1 kb vector production by MVW#35.

FVIII MW#35 SP: VG/ml Cell (%) CM (%)
20 ml (4 x 10° cells) 2.41 x 1010 39 61
250 ml (5 x 107 cells) 2.64 x 1010 45 55
1000 ml (2 x 108 cells) 3.17 x 1010 35 64
MW156 (SEAP):20 mls 4.15 x 1010 NT NT

[0176] For the vector serotype used, the vector was equally detected in cell pellet and culture
media. Both MWs 35 and 418 were stable over several passages. MW35 maintained high level

of production (= 1 x 1010 DRP/ml) from passage 5 through passage 20 (FIG. 3B). Similarly,

MWA418 (classified as medium producer) maintained stable medium level production (= 1 x 109
drp/ml) from passage 5 through passage 21. Stable vector production was also demonstrated
for MW287 that generated 5.1 kb vector with different capsid serotype (AAV8) (FIG. 3B).
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[0177] These data demonstrate that high and stable production can be obtained from
oversized vectors, independent of capsid serotype, similar to what has previously been shown
for normal size vectors (Martin, J. et al. (2013) Molecular Therapy 21:2205-2216). Robust
vector production was also obtained with PCL with the 5.4 kb mTTR-FVIII vector as well as for
PCL with the 5.1 kb vector with AAV8 capsids, yielding comparable results.

[0178] Next, vector production using high producing masterwells (MW#35 for AAVrh8R/5.1kb
FVIII, MW#287 for AAV8/5.1 kb FVIII and MWW#163 for AAVrh8R/5.4 kb FVIII) were scaled-up to
evaluate vector yield and quality (Table 4 and FIG. 4A). Vector production was compared to
vector generated by the triple transfection method (Table 4 and FIG. 4B). Three PCL and two
TXN lots were included in the comparison of AAVrh8R/5.1 kb FVIII vector. Data with AAVrh8R
capsid with 5.1 kb genome is shown for example.

Table 4. Comparison of AAVrh8R/5.1 kb FVIII vector generated by PCL or triple transfection
methods.

Analysis Producer cell line Triple transfection

Cells/production

2 x 109 cells

3 x 10 cells

Total vector yield

2 x 1014 DRPs

6 x 101 DRPs

Yield/cell 1 x 10° DRP/cell 2 x 104 DRP/cell
% VG containing virus 44-50 % 24-30 %
% virus with >4.7 kb VG {59-61 % 43-50 %

[0179] PCL production runs with MW35 resulted in consistent product profile as assessed by
AUC analysis (FIG. 4A). As summarized in Table 4 above, the percentage of vector genome
containing capsids determined by this analysis was 44-50% for virus generated by PCL, while
triple transfection material had lower levels (30%; only 1-5% for HLP19, large backbone vector
plasmid). Furthermore, a higher portion of virus with larger genomes (= 4.7 kb) were present in

the PCL generated material. The vector yields/cell were 1 x 10° DRP/cell by high producing

PCL and 1-3 x 10* DRP/cell by TXN (with HLP19 and large vector backbones lower, 1 x 103
DRP/cell)
Table 5. Comparison of AAVrh8R/5.4 kb FVIII vector generated by PCL or triple transfection

methods.

Analysis

Producer cell line

Triple transfection

Cells/production

2 x 109 cells

2 x 109 cells

Total vector yield (crude)

2 x 1013 DRPs

2 x 104 DRPs

Yield/cell

2 x 104 DRP/cell

7 x 104 DRP/cell

% VG containing virus

24 %

23 %

% virus with >4.7 kb VGs

68 %

39 %
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[0180] Similar analysis for a 5.4 kb vector using MW 163 showed slightly lower DRP/cell levels
by PCL compared to triple transfection (Table 5 above). While total percentage of VG
containing capsids was comparable, the PCL generated virus had higher level of virus with
larger genomes (FIG. 5B).

[0181] When PCL material and triple transfection material were characterized by AUC analysis,
the proportion of larger genomes was 2-fold higher in PCL material (FIG. 5A) compared to
triple transfection material (FIG. 5B).

Table 6. Analysis of aberrant packaging in vector produced by PCL and triple transfection.

Vector titer (DRP/mI)

Vector by PCL FVIII Puromucin % Puromycin
AAVrh8R/5.1-FVIII 1.2E+12 5.40E+09 0.44
AAVrh8R/5.4-FVIII 7.6E+12 1.54E+10 0.20
AAV8/5.1-FVIII 51E+12 1.21E+10 0.24
Vector by TXN FVII Ampicillin % Ampicillin
AAVrh8R/5.1-FVIII  {2.3E+13 4. 76E+11 2.10
AAVrh8R/5.4-FVIII  {1.6E+13 5.38E+11 3.40
AAVrh8R/FVIII 4.6kb {1.2E+13 2.47E+ 11 2.00

[0182] The level of aberrant, unwanted DNA packaging as measured by the presence of
plasmid-derived antibiotic resistance gene (puromycin for PCL, ampicillin for TXN) in the
packaged virus was low in the virus generated by PCL (<1%) (Table 6). In contrast, the TXN
generated virus had approximately 10-fold higher levels of aberrant packaging.

[0183] In summary, the data showed that selected producer cell lines were able to generate
high level of oversized vector (> 100,000 DRP/cell). Furthermore, these cell lines maintained
the vector production ability over several passages (> 20) that would be required for large
scale-up for manufacturing. Comparison of PCL produced vector to that generated by standard
triple transfection method showed that the PCL material contained more vector genome
containing virus and a higher proportion of wild-type size or larger vector genomes as well as
contained less unwanted, non-vector related DNA.

Example 4: Characterization of packaged vector genomes in PCL produced oversized
vectors

[0184] Next, the encapsidated vector genomes in oversized rAAV vectors produced by the PCL
platform were analyzed. Vector genomes were isolated from purified virions and analyzed for
single-stranded genome sizes by alkaline gel electrophoreses followed by Southern blot
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analysis using probes specific to the vector (FIG. 6A). Southern blot probed by 4.0 kb fragment
of FVIIl expression cassette showed that the majority of VGs sizes were approximately at 4.6
kb or larger in vectors generated by either methods (FIG. 6B). The density of signal in
Southern blots was quantitated using ImageJ software (http://rsb.info.nih.gov/ij).

[0185] VGs were also analyzed using strand specific oligonucleotide probes to quantitate
proportion of deleted 5' terminal ends. Since packaging of AAV genomes is known to occur
starting from the 3' ends (King, J.A. et al. (2001) EMBO J. 20:3282-3291), oversized vectors
may lack sequence in 5' ends of minus and plus strands when genome size exceeds 4.7 kb.
Vector lots used in FIGS. 4A & 4B were analyzed by applying 2-fold serial dilutions of each
vector onto membrane (starting at 2.4 x 109; total of eight decreasing vector concentrations
plus no genomes applied as negative control). Each blot was hybridized with 3' end labeled
oligonucleotide probes specific to 3' or 5' terminal ends of vector genomes (plus or minus
polarity). The signal intensity was quantitated and normalized to 4.6 kb vector (completely
packaged). Three concentrations were used to generate standard error.

[0186] The data showed that compared to completely packaged 4.6 kb vector (with
comparable sequence to 5.1 kb vector except region encoding for the C1 domain of FVIII), the
5.1 kb vectors had a lower signal intensity when oligonucleotides complementary to the regions
beyond 4.7 kb were used for both polarities of single-stranded genomes (FIGS. 7TA& 7B & 7C).
This difference was higher in triple transfected material compared PCL vector with most of the
5' probes used.

[0187] The difference in the 5' ends in PCL and triple transfection generated vectors was also
observed when Southern blots were probed with oligonucleotide probes complementary to + or
- strands. The distance of each oligonucleotide probe from the respective 3' termini is shown
(FIG. 8A). Equal detection of PCL and ftriple transfection (TXN) generated virus was first
compared by DNA dot blot analysis with strand-specific oligonucleotide probes and showed
comparable amounts of each virus for each strand (4.6 kb virus was used as control for
completely packaged virus; FIX and FVIII containing plasmids were used as negative and
positive controls for detection specificity) (FIG. 8B). When Southern blots were probed with
oligonucleotide probes to the 3' termini, both the PCL and TXN generated viruses
demonstrated presence of + and - strands (FIG. 8C, left panels). Higher levels of vector
genomes larger than 4.6 kb were detected in PCL virus similar to observations shown in Fig
B6A. When the Southern blots were probed with oligonucleotides specific to the 5' termini, the
PCL vector showed presence of packaged genomes larger than 4.6 kb while the triple
transfection generated virus showed a clear lack of signal for these larger genomes (probe
used detected a region at 4.9 kb from the 3' end) (FIG. 8C). The higher portion of genomes
larger than 4.7 kb were also confirmed by quantitation of signal intensity for various size
packaged genomes in the Southern blots (using probe to 3' termini) (FIG. 8D). The
quantitation also showed less fragmented/smaller genomes (< 4.7 kb) in PCL vector compared
to TXN vector.

[0188] We next evaluated vector genome packaging of 5.4 kb FVIII vector generated by PCL
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and TXN by similar methods. The location of complementary sequence for each
oligonucleotide probe in the 5.4 kb genome from their respective 3' termini is shown (FIG. 9A).
Similar to results for the 5.1 kb vectors, the + and - strands of the 5.4 kb vectors were detected
in comparable levels with oligonucleotide probes to the 3' termini of the genomes (FIG. 9B).
However, the probes specific to areas located further than 4.7 kb from the 3' ends failed to
detect genomes in vectors generated by TXN method (FIG. 9C). In contrast, vectors generated
by PCL method showed presence of genomes larger than 4.7 kb (though not as large as 5.4
kb).

[0189] In summary, the data demonstrated higher level of larger vector genome packaging in
vectors generated by PCL method compared to that of TXN method.

Example 5: Efficacy of oversized rAAV/ImTTR-FVIII vectors in vivo

[0190] Next, oversized rAAV vectors produced by the PCL platform were examined for efficacy
in vivo. Vector was administered to mice by tail vein at 3 x 1011 and 4 x 1010 DRP/mouse and
analyzed till day 56. The PCL produced AAVrh8R/5.1 kb mTTR-FVIII vector generated active
FVIII protein detectable in plasma of treated hemophilia A KO mice in a dose-responsive
manner (FIG. 10A). In addition to Coatest activity assay, the FVIII activity was also evaluated
for functionality by clotting time using an activated partial thromboplastin time (aPTT) assay.
This assay showed comparable clotting times for the low and high doses tested, thus indicating
that the clinically relevant low dose was sufficient to normalize the clotting time in hemophilia A
KO mice (FIG. 10B).

[0191] The PCL generated vector was then compared to triple transfection-produced vector
using a clinically relevant vector dose (2 x 1012 DRP/kg, 4 x 1010 DRP/mouse). Vectors were
administered to hemophilia A KO mice by tail vein. The PCL generated virus produced more
active FVIII protein than TXN produced virus as determined by Coatest activity assay (FIG.
11A). This also correlated with a significantly shorter clotting time on day 21 by aPTT assay by
the PCL generated vector (FIG. 11B). Little difference was observed between PCL and TXN
material on day 56 suggesting that the PCL material resulted in faster expression kinetics (FIG.
11C). Quantitation of liver vector genome copies showed more persistent vector genomes in
the animals treated by the PCL generated vector than that observed with the TXN material
(FIG. 11D).

[0192] PCL and TXN generated larger, 5.4 kb FVIII vector was also tested hemophilia A knock-
out mice. Similar to 5.1 kb vector, the 5.4 kb vector generated by PCL showed higher FVIII
activity by Coatest assay and shorter clotting time on day 24 (FIG. 12A, B). To analyze the
kinetics of the vector genome levels in the liver, vector genome copies were quantitated both 3
and 43 days after vector administration. The data demonstrated that on both days there were
approximately 2-fold more vector genomes in the animals treated by the PCL generated vector
than that with the TXN material (FIG. 12C).
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[0193] In summary, the oversized rAAV/mTTR-FVIII vector generated by the PCL method
resulted in 2-fold higher FVIII activity and shorter clotting times than that of TXN method when
tested in vivo in the hemophilia A KO disease model. These results correlated with the 2-fold
higher levels of persistent vector genomes present in the liver of the treated animals. Hence,
these results demonstrate that the differences observed in the quality of the packaged
genomes between the two vector production methods for oversized rAAV vectors translate to a
higher in vivo potency by the PCL generated vector and is based on the increased efficiency of
generation of transcriptionally active vector genomes in the target organ.

Example 6. Generation of producer cell lines with oversized 5.1, 5.9, and 6.7 kb SEAP
Vectors

[0194] Methods: Oversized AAV2-SEAP vector genomes were generated with stepwise
increases in vector size (see FIG. 13A) ranging from 5.1 kb to 5.9 and 6.7 kb. AAT stuffer DNA
fragments of three lengths (0.8, 1.6 and 2.4 kb) were amplified via PCR using as template the
AAVsp70 plasmid and each stuffer fragment was cloned into the TriplePlay plasmids with AAV2
cap and rep genes and each of the SEAP vector genomes to generated series of pAF-SEAP
plasmids.

[0195] For generation of cell lines for oversized SEAP vectors, the corresponding plasmids
containing the vector genome and the AAV2 rep and cap genes were compared side-by-side
for the ability to generate high producing cell lines in a 24-well high-throughput analytical
transfection. Duplicate T75 flasks of HeLaS3 cells were transfected with each of the constructs
per standard protocol. One day post-transfection, eight x 24-well plates per transfection were
seeded with 75,000 cells/well and drug selection initiated. The samples were cultured and
assessed for colony size and confluence in preparation for the relative productivity screening.

[0196] Results: The 5.1, 5.9 and 6.7 kb oversized vector plasmids (FIG. 13A) were first
confirmed for packaging via transient transfection into HelLaS3 cells (+wtAd5). The result
showed that each plasmid facilitated vector packaging (data not shown).

[0197] Approximately -100-170 masterwells were screened for each construct in the relative
production screen. The percent positive masterwells (those producing greater than 1 x 107
DRP/mI) in the relative production screen were high across the board (> 80%) with only the 6.7
kb construct showing a reduced amount (65.7%). Furthermore, although only the 5.1 kb
construct yielded masterwells producing in the high (> 1 x 1010 DRP/mI) range (three total),
masterwells producing in the medium-high range (>1 x 109 DRP/ml) were identified in all
cases. The percentage medium-high follows an expected pattern, with 5.1 kb at 20%, 5.9 kb at
15.4% and 6.7 kb at 10.7%.

[0198] All of the higher-producing masterwells were subsequently subjected to an analysis of
specific productivity. The results of two specific productivity screens are shown in FIG. 13B
(gray and white bars) and are compared to the relative productivity value (black bar) for each
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masterwell. The results showed that in many cases the vector yields remained stable in the
specific productivity screens.

[0199] In summary, the data demonstrated that producer cell lines could be generated for
vectors at least 6.7 kb in size.

SEQUENCES

[0200] All polypeptide sequences are presented N-terminal to C-terminal unless otherwise
noted.

[0201] All nucleic sequences are presented 5' to 3' unless otherwise noted.

mMTTR202-HI-hFVIllIco-spA (5097 bp)

GAGCTCTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCG
GGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCC
TACGCGTIGICTGTCTGCACATTITCGTAGAGCGAGTIGTITCCGATACTCTAATCTCCCTAGGCAAGGTTCATATTITG
TGTAGGTTACTTATTCTCCTTTITGTTGACTAAGTCAATAATCAGAATCAGCAGGTTTGGAGTCAGCTTGGCAGGG
ATCAGCAGCCTGGGTTGGAAGGAGGGGGTATAAAAGCCCCTITCACCAGGAGAAGCCGTCACACAGATCCACAAGC
TCCTGCTAGCAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTITACGGGTTATGGCCCTIGCGIGCCT
TGAATTACTGACACTGACATCCACTTITTTCTTTITTICTICCACAGGTATCGATTICTCTAGAGCCACCATGCAGATCG
AGCTGTCTACCTGCTTCTTCCTIGTGCCTGCTGCGGTTCTGCTTICAGCGCCACCAGACGGTACTATCTGGGCGCCG
TGGAACTGAGCTGGGACTACATGCAGAGCGACCTGGGCGAGCTGCCCGTIGGATGCCAGATTCCCTCCAAGAGTGC
CCAAGAGCTTCCCCTTCAACACCTCCGTGGTGTACAAGAAAACCCTGTTCGTGGAATTCACCGACCACCTGTTICA
ATATCGCCAAGCCCAGACCCCCCIGGATGGGCCTGCTGGGACCTACAATTCAGGCCGAGGTGTACGACACCGTICG
TGATCACCCTGAAGAACATGGCCAGCCACCCCGTGTCTCTGCATGCCGTGGGAGTGTCCTACTGGAAGGCCTCTG
AGGGCGCCGAGTACGACGATCAGACCAGCCAGCGCGAGAAAGAGGACGACAAGGTGTTCCCTGGCGGCAGCCACA
CCTACGTGTGGCAGGTGCTGAAAGAAAACGGCCCCATGGCCTCCGACCCTCTGTGCCTGACATACAGCTACCTGA
GCCACGTGGACCTCGTGAAGGACCTGAACAGCGGCCTGATCGGAGCCCTGCTCGTGTGTAGAGAGGGCAGCCTGGE
CCAAAGAGAAAACCCAGACCCTGCACAAGTTCATCCTIGCTGTTCGCCGTGTTICGACGAGGGCAAGAGCTGGCACA
GCGAGACAAAGAACAGCCTGATGCAGGACCGGGACGCCGCCTCTGCTAGAGCCTGGCCCAAAATGCACACCGTGA
ACGGCTACGTGAACAGAAGCCTIGCCCGGACTGATCGGCTGCCACCGGAAGTCTGTGTACTGGCACGTGATCGGCA
TGGGCACCACCCCTGAGGTGCACAGCATCTTTCTGGAAGGACACACCTITICICGTGCGGAACCACCGGCAGGCCA
GCCTGGAAATCAGCCCTATCACCTTCCTGACCGCCCAGACACTGCTGATGGACCTGGGCCAGTTICTGCTGTTCT
GCCACATCAGCTCCCACCAGCACGACGGCATGGAAGCCTACGTGAAGGTGGACAGCTGCCCCGAGGAACCCCAGT
TGCGGATGAAGAACAACGAGGAAGCCGAGGACTACGACGACGACCTGACCGACAGCGAGATGGACGTGGTGCGCT
TCGACGACGATAACAGCCCCAGCTITCATCCAGATCAGAAGCGTGGCCAAGAAGCACCCCAAGACCTGGGTGCACT
ATATCGCCGCCGAGGAAGAGGACTGGGATTACGCCCCTCTGGTGCTGGCCCCCGACGACAGAAGCTACAAGAGCC
AGTACCTGAACAATGGCCCCCAGCGGATCGGCCGGAAGTATAAGAAAGTGCGGTTCATGGCCTACACCGACGAGA
CATTCAAGACCAGAGAGGCCATCCAGCACGAGAGCGGCATCCTGGGCCCTCTGCTGTATGGCGAAGTGGGCGACA
CCCTGCTGATCATCTTCAAGAACCAGGCCAGCAGACCCTACAACATCTACCCTCACGGCATCACCGACGTGCGGC
CCCTGTACTICCAGAAGGCTGCCCAAGGGCGTGAAACACCTGAAGGACTTCCCCATCCTGCCCGGCGAGATCTTICA
AGTACAAGTGGACCGTGACCGTIGGAAGATGGCCCCACCAAGAGCGACCCCAGATGCCTGACACGGTACTACAGCA
GCTTCGTGAACATGGAACGGGACCTGGCCTCCGGCCTGATTGGCCCACTGCTGATCTGCTACAAAGAAAGCGTGG
ACCAGCGGGGCAACCAGATCATGAGCGACAAGCGGAACGTGATCCTGTITTAGCGTGTICGATGAGAACCGGTCCT
GGTATCTGACCGAGAATATCCAGCGGTTCCTGCCCAACCCTGCCGGCGTGCAGCTGGAAGATCCTGAGTTCCAGG
CCTCCAACATCATGCACTCCATCAATGGCTATGTGTTCGACAGCCTGCAGCTGAGCGTGTGCCTGCACGAGGTGG
CCTACTGGTIACATCCTGAGCATCGGGGCCCAGACCGACTTCCTGTICCGTGTICTTCTCCGGCTACACCTITCAAGC
ACAAGATGGTGTACGAGGATACCCTGACCCTGTITCCCCTTTAGCGGCGAAACCGTGTTCATGAGCATGGAAAACC
CCGGCCTGTGGATCCTGGEGCTGCCACAACAGCGACTTCCGGAACAGAGGCATGACCGCCCTGCTGAAGGTGTCCA
GCTGCGACAAGAACACCGGCGACTACTACGAGGACAGCTATGAGGACATCAGCGCCTACCTGCTGAGCAAGAACA
ATGCCATCGAGCCCAGAAGCTTCAGCCAGAACCCCCCCETGCTGAAGCGGCACCAGAGAGAGATCACCCGGACCA
CCCTGCAGTCCGACCAGGAAGAGATCGATTACGACGACACCATCAGCGTGGAAATGAAGAAAGAAGATTTCGACA
TCTACGACGAGGACGAGAACCAGAGCCCCCGGTCCTTTCAGAARAAAGACCCGGCACTACTTCATTGCCGCTGTGG
AACGGCTIGTIGGGACTACGGCATGAGCAGCAGCCCTICACGTGCTGAGAAACAGGGCCCAGAGCGGCAGCGTGECCC
AGTTCAAGAAAGTGGTGTTCCAGGAATTCACAGACGGCAGCTTICACCCAGCCTCTGTACCGCGGCGAGCTGAATG
AGCACCTGGGACTGCTGGGCCCCTATATCAGAGCCGAAGTGGAAGATAATATCATGGTCACCTTCCGGAATCAGG
CCTCCCGGCCCTACAGCTTCTACAGCTCCCTIGATCAGCTACGAAGAGGACCAGAGACAGGGCGCTGAGCCCCGGA

AGAACTTCGTGAAGCCCAACGAGACTAAGACCTACTITIGGAAGGTGCAGCACCACATGGCCCCTACARAAGGACG
AGTTCGACTIGCAAGGCCTGGGCCTACTTCTCCGATGTGGACCTGGAAAAGGACGTGCACTCTIGGGCTGATCGGCC
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CCCTGCTCGTGTGCCACACCARCACCCTGAATCCCGCCCACGGCAGACAAGTGACAGTGCAGGAATTCGCCCTGT
TCTTCACCATCTTCGACGAAACAAAGAGCTGGTACTTCACCGAARACATGGAAAGARACTGCCGEGCTCCCTGCA
ACATCCAGATGGAAGATCCCACCTTCAAAGAGAACTACCGGTTCCACGCCATCAACGGCTACATCATGGACACAC
TGCCCGGCCTCGTGATGGCTCAGGATCAGCGGATCCGGTGGTATCTGCTGTCCATGGGCTCCAACGAGAACATCC
ACAGCATCCACTTCAGCGGCCACGTGT TCACCGTGCGGARAAAAGAAGAGTACAAAATGGCCCTGTACAACCTGT
ACCCTGGGGTGTTCGAGACAGTGGARATGCTGCCCAGCAAGGCCGGCATCTGGCGGGTGGAATGTCTGATCGGCG
AGCATCTGCACGCTGGGATGAGCACACTGTITCTGGTGTACAGCAACAAGTGCCAGACACCTCTGGGCATGGCCT
CTGGCCACATCCGGGACTTTCAGATCACAGCCAGCGGCCAGTATGGCCAGTGGGCCCCARAACTGGCCAGACTGE
ACTACAGCGGCAGCATCAACGCCTGGTCCACCARAAGAGCCCTTCAGCTGGATCAAGGTGGACCTECTGGCTCCCA
TGATCATCCACGGAATCAAGACCCAGGGCGCCAGACAGAAGTTCAGCAGCCTGTACATCAGCCAGTTCATCATCA
TGTACAGCCTGGACGGCAAGAAGTGGCAGACCTACCGGGGCAATAGCACCGGCACCCTGATGGTETTCTTCGGCA
ACGTGGACTCCAGCGGCATTAAGCACAACATCTTCARCCCCCCCATCATTGCCCGGTACATCCGGECTGCACCCCA
CCCACTACAGCATCCGGTCCACCCTGAGAATGGAACTGATGGGCTGCGACCTGAACTCCTGCAGCATGCCCCTGE
GGATGGAAAGCAAGGCCATCTCCGACGCCCAGATCACCGCCTCCAGCTACTTCACCAACATGTTCGCCACCTGGT
CCCCATCCAAGGCCCGGCTGCATCTGCAGGGCAGAAGCAATGCTIGGAGGCCCCAAGTGAACAACCCCAAAGAAT
GGCTGCAGGTGGACTTCCAGAAAACCATGARAGTGACCGGCGTGACCACCCAGGGCGTGAAGTCTCTGCTGACCT
CTATGTACGTGAAAGAGTTCCTGATCTCCAGCAGCCAGGACGGCCACCAGTGGACCCTGTTTTTCCAGAACGGCA
AAGTGAAAGTGTTTCAGGGGAACCAGGACTCCTTCACCCCCGTCGTGAATAGCCTGGACCCTCCACTGCTGACCA
GATACCTGCGGATCCACCCTCAGAGTTGGGTGCACCAGATTGCTCTGCGGATGGAAGTGCTGGGATGCGAGGCCT
AGGACCTGTACTGACACTAGTAATAAAAGATCAGAGCTGTAGAGATCTGTGTGTTGGTITTTTGTGTGCGGCCGE
TACCAGGAACCCCTAGTGATGGAGTTGECCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCA
AAGGTCGCCCGACGCCCEGECTTTECCCEGGCEECCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCC
(SEQ ID NO:1)

mTTR2020pt

TGICTGTCTGCACATTTCGTAGAGCGAGTGTTCCGATACTCTAATC TCCCGEGECAAAGGTCGTATTGACTTAGG
TTACTTATTCTCCTTTITGTTGACTAAGTCAATAATCAGAATCAGCAGGT ITGGAGTCAGCTTGGCAGGGATCAGT
AGCCTGGEGTTGGARAGGAGGGGGTATAAAAGCCCCTTCACCAGGAGAAGCCGTCACACAGATCCACAAGCTCCTGT
TAGC (SEQ ID NO:2)

mTTR4820pt
CTACCTGCTGATCGCCCGGCCCCTGTTCAAACATGTCCTAATACTCTGTCGGGGCAAAGGTCGGCAGTAGTTTTC
CATCTTACTCAACATCCICCCAGTGTACGTAGGATCCTGICTGTCTGCACATTTCGTAGAGCGAGTGTTCCGATA
CTCTAATCTCCCGGGGCAAAGGTCGTATTGACTTAGGTTACTTATTCTCCTTITTIGTTGACTAAGTCAATABRTCAG
AATCAGCAGGTTTGGAGTICAGCTTGGCAGGGATCAGCAGCCTGGGTTGGAAGGAGGGGGTATAAAAGCCCCTTCA
CCAGGAGAAGCCGTCACACAGATCCACAAGCTCCTGCTAGC (SEQ ID NO:3)

pTGENcaprh8R-ITRMTTRFVIII (TriplePlay plasmid with AAVIh8R capsid and 5.1 kb ITR-
mMTTR-hFVIlico) 13524 bp

GAATGCRATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTT
CACARMATAAAGCATTTTTTTCACTGCATTCTAGTTIGTGGTTITGTCCAAACTCATCAATGTATCTTATCATGTCTG
GATCCGCTAGAACTAGGAATTCGCTAGCGGTACCGATATCCTAGTGGATCCCCCGTACACAGGAAGTGACAATTT
TCGCGCGGTTITTAGGCGGATGTITGTAGTAAATTTGGGCGTAACCGAGTAAGATTTGGGTGGTCACGCTGGGTATT
TAAGCCCGAGTGAGCACGCAGGGTCTCCATTTTGAAGCGGGAGGTTTGAACGCGCAGCCGCCATGCCGGGGTTTT
ACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCGGCATTTCTGACAGCTTTIGTIGAACTGGG
TGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTICTIGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCG
TGGCCGAGAAGCTGCAGCGCGACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTICTITG
TGCAATTTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATCCATGGTTT
TGGGACGTITCCTGAGTCAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTITGCCAA
ACTGGTTICGCGGTCACARAAGACCAGAAATGGCGCCGGAGGCGGGAACAAGGTGGTGGATGAGTGCTACATCCCCA
ATTACTTGCTCCCCAARACCCAGCCTGAGCTCCAGTGGGCGTGGACTAATATGGAACAGTATTTAAGCGCCTGTT
TGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAG
AGAATCAGAATCCCAATTCTIGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGGT
GGCTCGTGGACAAGGGCGATTACCTCGGAGAAGCAGTGGATCCAGGAGGACCAGGCCTCATACATCTCCITCAATG
CGGCCTCCAACTCGCGGTCCCAAATCAAGGCTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCG

CCCCCGACTACCTGGTGGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAARATTTTGGAACTAA
ACGGGTACGATICCCCAATATGCGGCTTICCGICTTITCTGGGATGGGCCACGAARAAGTTCGGCAACGAGGAACACCA
TCTGGCTGTITTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGCCATAGCCCACACTIGTCCCCTTCTACG
GGTGCGTAAACTGGACCAATGAGAACTTTCCCTTCAACGACTGTGTCGACAAGATGGTGATCTGCTGGGAGGAGG
GCAAGATGACCGCCAAGGTCGTGGAGTCGGCCAAAGCCATTCTICGGAGGAAGCAAGGTGCGCGTEGACCAGAAAT
GCAAGTICCTCCEGCCCAGATAGACCCGACTCCCGTGATCGTICACCTCCAACACCAACATGTGCGCCGTGATTIGACG
GCAACTCAACCACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAATTTGAACTCACCCGCCGTICTGG
ATCATGACTTIGGGAAGGTCACCAAGCAGGAAGTCAAAGACTTTTTCCGGTGGGCAAAGGATCACGTGGTTGAGG
TCGAGCATGAATTCTACGTCAAAAAGGGTGGAGCCAAGARAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGC
CCARAACGGGTCGCGCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTITCGATCAACTACGCAGACAGGT
ACCAAAACAAATGIICICGLICACGIGGGCALGAATCIGATGCLIGITICCCTIGCAGACAATGCGACAGAATGAALT
AGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAGAGTGCTTTCCCGTGTCAGAATCTCAACCCG
TITCTGTICGTCAAAAAGGCGTATCAGAAACTGTGCTACATICATCATATCATGGGAAAGGTCGCCAGACGCTTGCA
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CLGCCIGCGALCIGGEICAATGIGGAT T TGGATGACTGCATLCTTIGAACAATAAATGAL ' TAAATCAGGTATGGCT
GCCGATGGTTATCTTCCAGATTGGCTCGAGGACAACCTCTCTGAGGGCATTCGCGAGTGGTEGGACCTGAAACCT
GCAGCCCCGAMACCCARMAGCCAACCAGCAAALGCAGGACGACGGCCGGGGTCIGGTGCTTCCTGCECTACAAGTAC
CICGGACCCTICAACGGACTCGACAAGGGGGAGCCCGTCAACGCGGCGGACGCAGCGGCCCICGAGCACGACARG
GCCTACGACCAGCAGCTCAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGCCGACGCCGAGTTTCAGGAG
CCTCTGCAAGARAGATACGTCTTTTGCGGCCANCCTCGOGCCAGCAGCTICTTCCAGCCCCANGANGCCGGTTCTCGAN
CCTCTCGGICTIGGTIGAGGRAGGCGCTAAGACGGCTCCTGGAARGAAGAGACCGGTAGAGCAGTCACCCCAAGAR
CCAGACTCATCCTCGGGCATCGGCARATCAGGCCAGCAGCUCGCTAAAAAGAGACTCAATTITGGTCAGACTGGC
GACTCAGAGTCAGTCCCCGACCCACAACCTCTCGGAGAACCTCCAGAAGCCCCCTCAGGTCIGGCACCTAATACA
ATGGCTTCAGCECGGTGGCGCTCCAATGGCAGACAATAACGAAGGCGCCGACGGAGTGGGTAATTCCTCGGGAAAT
TGGCATTGCGATTCCACATGGCTGGGGGACAGAGTCATCACCACCAGCACCCGAACCTGGGCATIGCCCACCTAC
AACAACCACCICTACAAGCAAATCTCCAATGGAACATCGGGAGGAAGCACCAACGACAACACCTACTTIGGCTAC

AACAACAACTCGGGATTCCGGCCARAGAGACTCAACTTCAAGCTGTTCAACATCCAGGTICAAGGAGGTTIACGACG
AACGAAGGCACCAAGACCATCGCCAATAACCTTACCAGCACCGICCAGGTICTTITACGGACTCGGAGTACCAGCTA
CCGTACGTICCTIAGGCTCTGCCCACCAAGGATGCCTGCCACCGTTTCCTGCAGACGTCTTICATGGTITCCTCAGTAC
GCCTACCTGACGCTCAACAATGGAAGTCAAGCGTTAGGACGTICTTCTTTCTACTGTCTGGAATACTTCCCTITCT
CAGATGCTGAGAACCGGCAACAACTTTCAGTTCAGCTACACTITCGAGGACGTIGCCTTTICCACACCAGCTACGCA
CACAGCCAGAGTCTAGATCGACTGATGAACCCCCTCATCGACCAGTACCTATACTACCTGGICAGAACACAGACA
ACTGGAACTGCEGGGAACTCAAACTTTGGCATTCAGCCAAGCAGGCCCTAGCTCAATGGCCAATCAGGCTAGAAAC
TCGGTACCCGCEGCCTTGCTACCGTCAGCAGCGCGTCTCCACAACCACCAACCAAAATAACAACAGCAACTTTGCG
TCGACGGGAGCTGCTAAATTCAAGCTGAACGGGAGAGACTCGCTAATGAATCCTGGCGTGGCTATGGCATCGCAC
AMAGACGACGAGGACCGCTTCTTTCCATCAAGTGGCGTTCTCATATTTGGCAAGCAAGGAGCCGEGAACGATGGA
GICGACTACACGCCAGGTGCTGATTACAGATGAGGAAGARAATTAAAGCCACCAACCCTGTAGCCACAGAGGAATAC
GCAGCAGTGGCCATCAACAACCAGGCCGCTAACACGCAGGCGCAAACTGGACTTGTGCATAACCAGGGAGTTIATT
CCTGGTATGGICTGGCAGAACCGGGACGTGTACCTGCAGGGCCCTATTTGGGCTARAATACCTCACACAGATGGC
AACTTICACCCGTCICCICTGATGGGTGGATTTGGACTGAAACACCCACCTCCACAGATTCTAATTAAAAATACA
CCAGTGCCGGCAGATCCTCCTCTTACCTTCAATCAAGCCAAGCTGAACTCTTTCATCACGCAGTACAGCACGGGA
CAAGTCAGCGIGGAAATCGAGTGGGAGCTGCAGAAAGAARACAGCAAGCGCTGGAATCCAGAGATCCAGTATACT
TCAAACTACTACAAATCTACAAATGTGGACTITTGCTGICAATACCGAAGGETGITTACTCTGAGCCTCGCCCCATT
GGTACTCGTTACCTCACCCGTAATTIGTAATTGCCTGTTAATCAATAAACCGGTTAATICGITTCAGTTIGAACTT
TCGTCTCTGCCGGCCGGCCTTAATTAACATGTGAGCAAAMNGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGC
GITGCTGGCGITTTICCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCARGTCAGAGGTGGLG
AMACCCGACACGACTATAAAGATACCAGGCGTTICCCCCIGGAAGCTCCCTCGTGCGCICTCCTETTCCGACCCT
GCCGCTTACCCGATACCTGICCGCCTITICTCCCTTCGGGAAGCGTGGCGCTTICTCATAGCICACGCTGTAGGTA
TCTCAGTTCGETGTAGGTICGTTCGCTCCAAGCTGGGUTGTGTGCACGAACCCCCCETTCAGCCCEACCGELTGLGL
CTITATCCGGTAACTATCGTCTITGAGTCCAACCCGGTAAGACACGACTITATCGCCACTGGCACTAGCCACTGGTAA
CAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGIGGCCTAACTACCGCTACACTAG
AAGAACAGTATTITGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAARRAGAGTTGGTAGCTCTTGATCCGE
CAAACAMACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGARANAARGGATCTCA
ACAAGATCCTITIGATCTITTTCTACGGGGTCTGACGCTCAGTGGAACGAANACTCACGTIAACGGATTTIGGTCAT
GAGATTATCAAAAAGGATCTITCACCTAGATCCTTITTCACGTAGAAAGCCAGTCCGCAGAAACGGTIGCTGACCCCG
GATGAATGICAGCTACTGGGCTATCTGGACAAGGGARAACGCAAGCGCARAGAGAAAGCAGETACCTTIGCAGTGG
GCTTACATGGCGATAGCTAGACTGGGCGGTTTTATGGACAGCAAGCGAACCGGAATTGCCACGCTEGGGCGCCCTC
TGCGTAAGGTTCGGAAGCCCTGCAARGTAAACTGGATGGCTITCITGCCGCCARGGATCTIGATGGCGCAGGGGATC
AAGATCCGATCAAGAGACAGGATGAGGATCGTTICGCATGATTGAACAAGATGGATTGCACCGCAGGTTCTCCGGC
CCCTTGGGTGCAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATECCECCGIGTICCG
GCTGTCAGCGCAGGGGCGCCTGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATCGAACTGCAARGACGA
GECAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTICCTTIGCGCAGCTGTGCTCGACGTTCTCACTGAAGC GGG

AAGGGACTGGCTIGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTCCCGAGAAAGT
ATCCATCATGCECTGATGCAATGCGGCGGECTGCATACGCTTIGATCCGGCTACCTGCCCATTCCGACCACCAAGCGAA
ACATCGCATCCAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGCACCAAGAGCATCA
GCGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGAGCATGCCCGACGGCGAGGATCTCCTCGTGACCCA
TGGCGATGCCTGCTTIGCCGAATATCATGGTGGAAAATGGCCGCTTTICTGGATTCATCGACTIGTCGCCGGCTGGE
TCTGGCGGACCGCTATCAGGACATAGCGTIGGCTACCCGIGATATIGCTGAAGAGCTTIGGCCEGCCAATGGGCTGA
CCGCTTCCTCCIGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTT
CTITCTGAATTAATTAAGCGGCCGCTCATGAGCGGATACATATTITGAATGTATTITAGAAAAATAAACARATAGGGG
TTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGICAGATCCGGTIGCGGGCCTICTTICGCTATTACGCCAGCTG
GCGAAAGGGGCATGIGCTGCAAGGCGATTAAGTTIGGGTAACGCCAGGGTTTTCCCAGTCACCACCGTTGTAAAACG
ACGGCCAGLIGAATICGCGAGCTCL IGGUCACICCCICITCLIGCGLGCLICGLTICECICACIGAGGCCGGGTGATCAA
AGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGACGGGAGTGGCCAACT
CCATCACTAGGGGTICCTACGCGIGTCTGTCTGCACATTTCGTAGAGCGAGTGTTCCGATACTCTAATCTCCCTA
GCCAAGGTTCATATTITGCTGTAGGTTACTTATTICTCCTTITTIGTTIGACTAAGTCAATAATCAGAATCAGCAGGTTTG
GAGTCAGCTTCGCAGGGATCAGCAGCCTGGGTTGGAAGGAGGGGGTATAAAAGCCCCTTCACCACGAGAAGCCGT
CACACAGATCCACMAGCTCCTGCTAGCAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTT
ATGGCCCTIGCGTGCCTIGAATTACTGACACTGACATCCACTTITITICTTITTICTCCACAGGTATCGATICTCTAG
AGCCACCATGCAGATCGAGCTIGTCTACCTGCTTCTTCCTGTGCCTGCTGCGGTTCTGCTITCAGCCECCACCAGACG
GTACTATCTGCGCGCCGTGGAACTGAGCTGGGACTACATGCAGAGCGACCTGGGCGAGCTGCCCETGGATGECAG
ATTCCCTCCAAGAGTGCCCAAGAGCTTCCCCTTCAACACCTCCGTGEGTGTACAAGAAAACCCTGTTCGTGGAATT
CACCGACCACCTGTICAATATCGCCAAGCCCAGACCCCCCTIGEGATGGGCCTGCTGGGACCTACAATTCAGGCCGA
GCTGTACGACACCGICGTGATCACCCTGAAGAACATGGCCAGCCACCCCGTGICTCTGCATCCCCTGGGAGTIGTC
CTACTGGAAGCCCTCTGAGGGCGCCGAGTACGACCATCAGACCAGCCAGCGCGAGAAAGAGEACCACAAGGTGTT
CCCTGGCGGCAGCCACACCTACGTGTGGCAGCTGCTGAAAGARAACGGCCCCATGGCCICCEACCCTCTIGTGCCT
GACATACAGCTACCTIGAGCCACGIGGACCTCGTGAAGGACCTGAACAGCGGCCTGATCGGAGCCCTGCTCGIGTG
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FAGALGAEGEUAGUC TEGLUUAAAGEAEAAAALCUAGACLL THEUAUAAG T TUA TULTEU TG T TCECUCE TET TUEAULA
GCGCAAGAGCTGGCACAGCGAGACAMAGAACAGCCTGATGCAGGACCGGGACGCCGCCTICTECTAGAGCCTGGCC
CAAAATGCACACCGTGAACGGCTACGTGAACAGAAGCCTGCCCGGACTGATCGGCTIGCCACCGGRAAGTCTGIGTA
CIGGCACGTGATCGGCATGGGCACCACCCCTGAGGTGCACAGCATCTTTCTGGAAGGACACACCITTCTCGIGCG
GAACCACCGGCAGGCCAGCCTGGAAATCAGCCCTATCACCTTCCTGACCGCCCAGACACTGCTGATGGACCTGGG
CCAGTTTCIGCTGTICTGCCACATCAGCTCCCACCAGCACGACGGCATGGAAGCCTACGTGAAGCTGGACAGCTG
CCCCGAGGAACCCCAGCTGCGGATGAAGAACAACGAGGAAGCCGAGGACTACGACGACGACCTGACCGACAGCGA
GATGGACGTIGETGCGCTTCGACGACGATAACAGCCCCAGCTTCATCCAGATCAGAAGCGTGECCAAGAAGCACCT
CAAGACCTGGCTGCACTATATCGCCGCCGAGGAAGAGGACTGGGATTACGCCCCTCTGGTGCTGECCCCCGACGA
CAGAAGCTACAAGAGCCAGTACCTIGAACAATGGCCCCCAGCGGATCGGCCGGRAAGTATAAGRAAACTGCGGTTICAT
GGCCTACACCCGACGAGACATTCAAGACCAGAGAGGCCATCCAGCACGAGAGCGGCATCCTGEGCCLCTCTGCIGTA
TGCGCGAAGTGCGCGACACCCTGCTGATCATCTTCAAGAACCAGGCCAGCAGACCCTACAACATCTACCCTCACGG
CATCACCGACCTIGCGGCCCCTGTACTCCAGAAGGCTGCCCAAGGGCGTGAAACACCTGAAGCACTITCCCCATCCT
GCCCGGCGAGATCTICAAGTACAAGTGGACCGTGACCGTGGAAGATGGCCCCACCAAGAGCCGACCCCAGATGCCT
GACACGGTACTACAGCAGCTTICGIGAACATGGAACGGGACCTGGCCICCGGCCTGATTGGCCCACTGCTGATICTG
CTACAAAGAAAGCGTGGACCAGCGGGGCAACCAGATCATGAGCGACAAGCGGAACGTGATCCTGITTAGCGTIGTT
CCATCAGAACCGGTCCTGGTATCTCACCCAGAATATCCAGCGGTTCCTGCCCAACCCTGCCCGCCTGCAGCTGCA
AGATCCTGAGTITICCAGGCCTCCAACATCATGCACTCCATCAATGGCTATGTGTITCGACAGCCTGCAGCTGAGCGT
GIGCCTGCACCGAGGTIGGCCTACTGGTACATCCTGAGCATCGGGGCCCAGACCGACTTCCTGICCEGTGTITCTICTC
CCGCTACACCITICAAGCACAAGATGGTGTACGCAGGATACCCTGACCCTGITCCCCTTTAGCCGCCAAACCGTIGTT
CATGAGCATGCAAAACCCCGGCCTGTGGATCCTGGGCTGCCACAACAGCGACTTCCGGAACAGACGCATGACCGT
CCTGCTGAAGCTGTCCAGCTGCGACAAGAACACCGGCGACTACTACGAGGACAGCTATGAGCACATCAGCGCCTA
CCTGCTGAGCAAGAACAATGCCATCGAGCCCAGAAGCTTCAGCCAGAACCCCCCCGTGCTGRAAGUGGCACCAGAG
AGAGATCACCCGGACCACCCTGCAGTCCGACCAGGAAGAGATCGATTACGACGACACCATCAGCCTGGAAATGAA
GAAAGAAGATTITCGACATCTACGACGAGGACGAGAACCAGAGCCCCCGGTCCITTCAGAAARAGACCCGGCACTA
CTITCATTGCCCCTGIGGAACGGCTGTGGGACTACGGCATGAGCAGCAGCCCTCACGTGCTGAGAAACAGGGCCCA
GAGCGGCAGCCEIGCCCCAGTTCAAGAAAGTGGTGTTCCAGGAATTCACAGACGGCAGCTTCACCCAGCCTCIGTA
CCGCGGCGAGCTGAATGAGCACCTGGOACTGCTGGGCCCCTATATCAGAGCCGAAGTGGAACATAATATCATGGT
CACCTTCCGGAATCAGGCCTICCCGGCCCTACAGCTTCTACAGCTCCCTGATCAGCTACGAACAGCACCAGAGACA
GEGCGCTGAGCCCCGGAAGRACTTICGTGAAGCCCAACGAGACTAAGACCTACTTTIGGRAAGETGCAGCACCACAT
GCCCCCTACAAAGGACGAGTTCGACTGCAAGGCCTGGGCCTACTTCTICCGATGTGGACCTGCAAAAGGACGTGCA
CICTGGGCTGATCGGCCCCCTGCTCGTGTGCCACACCAACACCCTGAATCCCGCCCACGGCAGACAAGTGACAGT
GCAGGAATTCGCCCTIGTITICTTCACCATCTTCGACGARACAARGAGCTGGTACTTCACCGARAACATGGAAAGARA
CTGCCGGGCTCCCTGCAACATCCAGATGGAAGATCCCACCTTCARAAGAGAACTACCGGTTCCACGCCATCAACGEG
CTACATCATGCACACACTGCCCGGCCTCGTGATGGCTCAGGATCAGCGGATCCGGTGGTATCTGCTGTCCATGGG
CTCCAACGAGAACATCCACAGCATCCACTTCAGCGGCCACGTGTTCACCGTGCGGAAARAAGAAGAGTACAAAAT
GCCCCTGTACAACCTIGTACCCTGGGGTGTTCGAGACAGTGGAAATGCTGCCCAGCAAGGCCEGCATCTGGCGGGT

GGAATGTCIGATCGGCGAGCATCIGCACGCTGGGATGAGCACACTGTTTCTGGTGTACAGCAACRAAGTGCCAGAC
ACCTCTGGGCATGGCCTCTGGCCACATCCGGGACTTTCAGATCACAGCCAGCGGCCAGTATGGCCAGTGGGCCCC
AAAACTGGCCAGACTGCACTACAGCGGCAGCATCAACGCCTGGTCCACCAAAGAGCCCTTICAGCTGGATCAAGGT
GGACCTGCTGGCTCCCATGATCATCCACGGAATCAAGACCCAGGGCGCCAGACAGAAGTTCAGCAGCCTGTACAT
CAGCCAGTTCATCATCATGTACAGCCTGGACGGCAAGAAGTGGCAGACCTACCGGGGCAATAGCACCGGCACCCT
GATGGTGTTCTTCGGCAACGTGGACTCCAGCGGCATTAAGCACAACATCTTCAACCCCCCCATCATTGCCCGGTA
CATCCGGCTGCACCCCACCCACTACAGCATCCGGTCCACCCTGAGAATGGAACTGATGGGCTGCGACCTGAACTC
CTGCAGCATGCCCCTGGGGATGGAAAGCAAGGCCATCTCCGACGCCCAGATCACCGCCTCCAGCTACTTCACCAA
CATGTTCGCCACCTGGTCCCCATCCAAGGCCCGGCTGCATCTGCAGGGCAGAAGCAATGCTTGGAGGCCCCAAGT
GAACAACCCCAAAGAATGGCTGCAGGTGGACTTCCAGAAAACCATGAAAGTGACCGGCGTGACCACCCAGGGLGT
GAAGTCTCTGCTGACCTCTATGTACGTGAAAGAGTTCCTGATCTCCAGCAGCCAGGACGGCCACCAGTGGACCCT
GTTTTTCCAGAACGGCAAAGTGAAAGTIGTITTCAGGGGAACCAGGACTCCTTCACCCCCGTCGTGAATAGCCTGGA
CCCTCCACTGCTGACCAGATACCTGCGGATCCACCCTCAGAGTTGGGTGCACCAGATTGCTCTGCGGATGGAAGT
GCTGGGATGCGAGGCCCAGGACCTGTACTGACAACTAGTAATAAAAGATCAGAGCTGTAGAGATCTGTGTGTTGG
TTTTTTGTGTGCGGCCGGTACCCAGGAACCCCTAGTGATGGAGTTIGGCCACTCCCTCTCTGCGCGCTICGCICGCT
CACTGAGGCCGGGCGACCAAMGGTCGCCCGACGCCCOGGCTTTGGTCGGGCGGLCCTCAGTGAGCGAGCGAGCGCG
CAGAGAGGGAGTGGCCGGAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCAC
AATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTICACATT
AATTGCGTTIGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACG
CGCGGGGAGAGGCGGTITTGCGTATTGGGCGCTCTTICCGCTGATCTCATACTAGCGAACGCCAGCAAGACGTAGCC
CAGCGCGTCGGCCCCGAGATGCGCCGCGTGCGGCTGCTGGAGATGGCGGACGCGATGGATATGTTICTGCCAAGGS
TTGGTTTGCGCATTCACAGTTCTCCGCAAGAATTGATTGGCTCCAATTCTTGGAGTGGTGAATCCGTTAGCGAGG
TGCCGCCCIGCTTCATCCCCGIGGCCCGTTGCTICGCGTITGCTGGCGGTGTCCCCGGAAGAAATATATTITGCATG
TCTTTAGTTCTATGATGACACAAACCCCGCCCAGCGICTTGTCATTIGGCGAATTCCGGCTGTGGAATGTIGTIGTICA
GTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAAC
CAGGTGTIGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAT
AGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCIGACT
AATTTTTTITATTTATGCAGAGGCCGAGGCCGCCICGGCCICTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTT
TGGAGGCCTAGGCTTTTGCAAAAAGCTTGCATGCCTGCAGGTCGGCCGCCACGACCGGTGCCGCCACCATCCCCT
GACCCACGCCCCTGACCCCICACAAGGAGACGACCTTCCATGACCGAGTACAAGCCCACGGTGCGCCTCGCCACC
CGCGACGACGTCCCCCGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACTACCCCGCCACGCGCCACACCETC
GACCCGGACCGCCACATCGAGCGGGTCACCGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTCGACATCGGC
AAGGTGIGGGTCGCGGACGACGGCGCCGCGGTGGCEGETCTGGACCACGCCGGAGAGCGTCGAAGCGGGGGLGGTG
TTCGCCGAGATCGGCCCGCGCATGGCCGAGTTGAGCGGTTCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCCTC
CTGGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTCCTGGCCACCGTCGGCGTCTCGCCCGACCACCAGGGCAAG
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TCCGCGCCCCGCARCCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTCACCGCCGACGTCGAGGTGCCCGAAGGA
CCGCGCACCTGGTGCATGACCCGCAAGCCLGGTGCCTGACGCLCGLCCCACGACCCGCAGCGCCCGACCGARAGG
AGCGCACGACCCCATGGCTCCGACCGAAGCCACCCGGGECGGCCCCGCCGACCCCGCACCCGCCCCCGAGGCCCA
CCGACTCTAGAGGATCATAATCAGCCATACCACATTIGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCT
CCCCCTGAACCTGAAACATAAAAT (SEQ ID NO:4)
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Patentkrav

1. Fremgangsmade til at producere en adenoc-associeret
viruspartikel (AAV), der omfatter et stort rekombinant AAV-genom
(rAAV), idet fremgangsmaden omfatter

a) dyrkning af en AAV-producerende cellelinje under forhold for
at generere rAAV-partikler, hvor den AAV-producerende cellelinije
omfatter

i) nukleinsyrekodende ARV rep- og cap-gener og

ii) et stort rAAV-genom, hvor det store rAAV-genom er mellem 5,4
kb og 6,7 kb eller 5,4 kb og 6 kb;

b) tilvejebringelse af AAV-hjalpefunktioner, hvor  AAV-
hjelpefunktionerne wvalgfrit tilvejebringes af adenovirus, HSV
eller baculovirus; og

c) opsamling af rAAV-partiklerne, der omfatter store rAAV-
genomer, valgfrit mellem 48 timer og 96 timer efter
tilvejebringelsen af hjzlpefunktioner, og

hvor de nukleinsyrekodende AAV rep- 0g cap-gener og det store
rAAV-genom er stabilt integreret i genomet for den producerende

cellelinje.

2. Fremgangsmade til at forbedre ekspressionen af et stort rAAV-
genom, idet fremgangsmaden omfatter produktion af rAAV-partikler
i en producerende cellelinje ved at tilvejebringe AAV-
hjelpefunktioner til cellelinjen, hvor AAV-hjalpefunktionerne
valgfrit tilvejebringes af adenovirus, HSV eller baculovirus,
hvor den producerende cellelinje omfatter

a) nukleinsyrekodende AAV rep- og cap-gener og

b) det store rAAV-genom, hvor det store rAAV-genom er mellem 5,4
kb og 6,7 kb eller 5,4 kb og 6 kb; og som valgfrit yderligere
omfatter

c) opsamling af rAAV-partiklerne, der omfatter store rAAV-
genomer, valgfrit mellem 48 timer og 96 timer efter
tilvejebringelsen af hjzlpefunktioner,

hvor de nukleinsyrekodende AAV rep- o0g cap-gener og det store
rAAV-genom er stabilt integreret i genomet for den producerende

cellelinje, og
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hvor det store rAAV-genom udviser forbedret ekspression, nar det
er pakket 1 AAV-partikler wved hjzlp af den producerende
cellelinje sammenlignet med AAV-partikler udarbejdet af

midlertidig transfektion af celler.

3. Fremgangsmaden ifelge krav 2, hvor

(i) ekspressionen af det store rAAV-genom er 1,25, 1,5, 1,75,
2,0, 2,5, 2,75, 3 eller 5 gange sterre end ekspressionen af det
store rAAV-genom fra de rARAV-partikler, som blev produceret ved
midlertidig transfektion;

(ii) ekspressionskinetikken af det store rAAV-genom fra rAAV-
partikler produceret af en producerende cellelinje er en
hurtigere ekspressionskinetik sammenlignet med
ekspressionskinetikken af det store rAAV-genom fra rAAV-
partikler produceret ved midlertidig transfektion; og/eller
(iii) ekspressionskinetikken af det store rAAV-genom fra rAAV-
partikler produceret af en producerende cellelinje er 5%
hurtigere, 10% hurtigere, 25% hurtigere, 50% hurtigere, 75%
hurtigere eller 90% hurtigere end ekspressionskinetikken af det
store rAAV-genom fra rAAV-partikler produceret ved midlertidig

transfektion.

4, Fremgangsmaden ifelge et hvilket som helst af kravene 1-3,
hvor det store rAAV-genom omfatter et heterologt transgen og én
eller flere AAV-inverterede terminalfrekvenser (ITR’er) eller
to ITR’er, hvor ITR’erne valgfrit er AAV1, AAV2, AAV3, AAV4,
AAV5, AAV6, AARV7, AAVS, AAVrh8, AAVrh8R, AAVY, AAV10, AAVrhloO,
AAV11, AAV12, AAV2R471A, AAVDJ, en gede-ARAV, bovin AAV eller
muse—-AAV serotype-ITR’er.

5. Fremgangsmaden ifelge krav 4, hvor det store rAAV-genom
omfatter (i) en intron, valgfrit en syntetisk intron og/eller
(ii) et polyadenyleringssignal, valgfrit et syntetisk
polyadenyleringssignal eller et bovint

vaksthormonspolyadenyleringssignal.

6. Fremgangsmaden ifglge krav 4 eller 5, hvor det heterologe

transgen
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(i) koder et terapeutisk transgenprodukt;

(ii) koder Faktor VIII, dystrophin, dysferlin eller cystic
fibrosis transmembrane conductance regulator-genet (CFTR);
(iii) er et humant transgen og/eller

(iv) er operabelt kadet til en promoter, hvor promoteren

valgfrit er muse-transthyretin-promotoren (mTTR).

7. Fremgangsmaden ifglge et hvilket som helst af kravene 4 til
6, hvor rAAV-partikler omfatter en AAV1, AAV2, AAV3, AAV4, AAVD5,
ARAV6, AAV7, RAAVS, AAVrh8, AAVrh8R, AAVY, AAV10, AAVrhl0, AAV11,
AAV12, AAV2R4A71A, AAV2/2-7m8, AAV DJ, AAV2 N587A, RAAV2 E548A3,
AAV2 N708A, AAV V708K, en gede-AAV, AAV1/AAV2 kimzr, bovin AAV
eller muse-AAV-capsid rAAV2/HBoVl-serotype-capsid, valgfrit
hvor

(i) ITR’en og capsiden for rAAV-partiklen er afledt fra den
samme AAV-serotype, valgfrit AAV2 eller

(ii) ITR’en og capsiden for rAAV-partiklerne er afledt fra
forskellige AAV-serotyper, valgfrit AAV2 ITR’er og AAVrh8R-
capsid eller AAV8-capsid.

8. Fremgangsmaden ifelge et hvilket som helst af kravene 1-7,
hvor den producerende cellelinje er afledt fra primatceller,
Hel.a-celler, 293-celler, Ab549-celler eller Perc.6-celler, og
hvor den producerende cellelinje valgfrit er tilpasset til vakst

i suspension.

9. Fremgangsmaden ifglge et hvilket som helst af kravene 1-8,
der yderligere omfatter renselse af rAAV-partiklerne, valgfrit

hvor renselsen omfatter et eller flere kromatografitrin.

10. Cellelinije til at producere en adenoc-associeret
viruspartikel (AAV), der omfatter et stort rekombinant AAV-
genom, idet cellelinjen omfatter

a) nukleinsyrekodende AAV rep- og cap-gener og

b) et stort rAAV-genom, hvor det store rAAV-genom er mellem 5,4
kb og 6,7 kb eller 5,4 kb og 6 kb; og hvor
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de nukleinsyrekodende AAV rep- 0g cap-gener og det store rAAV-
genom er stabilt integreret 1 genomet for den producerende
cellelinje, og valgfrit hvor

(i) cellelinjen er afledt fra primatceller, Hela-celler, 293-
celler, Ab49-celler eller Perc.6-celler og/eller

(ii) cellelinjen er tilpasset til vakst i suspension.

11. Cellelinjen ifelge krav 10, hvor det store rAAV-genom
omfatter et heterologt transgen og én eller flere AAV-
inverterede terminalfrekvenser (ITR’er) eller to ITR’er, hvor
ITR’ erne valgfrit er AAV1, AAV2, AAV3, AAV4, AAVL, AAVG6, AAVT,
AAV8, AAVrh8, AAVrh8R, AAV9, AAV1O0, AAVrhl0, AAV11, AAV12,
AAV2R471A, AAV DJ, en gede-AAV, bovin AAV eller muse-AAV
serotype-ITR' er.

12. Cellelinjen ifelge krav 11, hvor det store rAAV-genom
omfatter (i) en intron, valgfrit en syntetisk intron og/eller
(ii) et polyadenyleringssignal, valgfrit et syntetisk
polyadenyleringssignal eller et bovint

vaksthormonspolyadenyleringssignal.

13. Cellelinjen 1ifelge krav 11 eller 12, hvor det heterologe
transgen

(i) koder et terapeutisk transgenprodukt;

(ii) koder Faktor VIII, dystrophin, dysferlin eller cystic
fibrosis transmembrane conductance regulator-genet (CFTR);
(iii) er et humant transgen og/eller

(iv) er operabelt kadet til en promoter, hvor promoteren

valgfrit er muse-transthyretin-promotoren (mTTR).

14. Cellelinjen ifelge et hvilket som helst af kravene 11 til
13, hvor rAAV-partikler omfatter en AAV1, AAV2, AAV3, AAV4,
AAVS, RAAV6, RAAV7, RAAVS, AAVrh8, AAVrh8R, AAVY9, AAV10, AAVrhloO,
AAV11, AAV12, AAV2R471A, AAV2/2-7m8, AAV DJ, AAV2 N587A, AAV2
E548A, AAV2 N708A, AAV V708K, en gede-AAV, AAV1/AAV2 kimer,
bovin AAV eller muse-AAV-capsid rAAV2/HBoVl-serotype-capsid,

valgfrit hvor
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(i) ITR’en og capsiden for rAAV-partiklen er afledt fra den

samme AAV-serotype, valgfrit AAV2 eller

(ii) ITR’en og capsiden for rAAV-partiklerne er afledt fra

forskellige AAV-serotyper, valgfrit AAV2 ITR’er og AAVrh8R-
5 capsid eller AAV8-capsid.
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.

Sidste side



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - CLAIMS
	Page 67 - CLAIMS
	Page 68 - CLAIMS
	Page 69 - CLAIMS
	Page 70 - CLAIMS
	Page 71 - DRAWINGS
	Page 72 - DRAWINGS
	Page 73 - DRAWINGS
	Page 74 - DRAWINGS
	Page 75 - DRAWINGS
	Page 76 - DRAWINGS
	Page 77 - DRAWINGS
	Page 78 - DRAWINGS
	Page 79 - DRAWINGS
	Page 80 - DRAWINGS
	Page 81 - DRAWINGS
	Page 82 - DRAWINGS
	Page 83 - DRAWINGS
	Page 84 - DRAWINGS
	Page 85 - DRAWINGS
	Page 86 - DRAWINGS
	Page 87 - DRAWINGS
	Page 88 - DRAWINGS
	Page 89 - DRAWINGS
	Page 90 - DRAWINGS
	Page 91 - DRAWINGS

