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DESCRIPTION

Description

Introduction

[0001] Genetic disorders, caused by absence or a defect in a desirable gene (loss of function)
or expression of an undesirable or defective gene (gain of function) lead to a variety of
diseases. One example of a loss of function genetic disorder is hemophilia, an inherited
bleeding disorder caused by deficiency in either coagulation factor VIII (FVIII, hemophilia A) or
factor IX (FIX, hemophilia B). One example of a gain of function genetic disorder is
Huntington's disease, a disease caused by a pathologic "HTT" gene (encodes the huntingtin
protein) that encodes a mutated protein that accumulates within and leads to gradual
destruction of neurons, particularly in the basal ganglia and the cerebral cortex.

[0002] Current treatment for hemophilia consists in the intravenous administration of
recombinant clotting factor either on demand, in case a bleeding occurs, or prophylactically.
However, this therapeutic approach has several drawbacks such as the need for repeated
infusions, the cost of the treatment, the risk of developing anti-therapeutic factor immune
responses, and the risk of potentially fatal bleedings. These limitations have prompted the
development of gene-based therapies for hemophilia. To this end, hemophilia is ideal for gene
transfer based therapy as 1) the therapeutic window is very wide, as levels just above 1% of
normal already can result in a change in phenotype from severe to moderate, and levels of
100% are not associated to any side effects; 2) tissue specific expression of the therapeutic
transgene is not strictly required; and 3) there is a considerable experience in measuring the
endpoints of therapeutic efficacy.

[0003] Currently, adeno-associated virus (AAV) vectors are recognized as the gene transfer
vectors of choice since they have the best safety and efficacy profile for the delivery of genes
in vivo. Of the AAV serotypes isolated so far, AAV2 and AAV8 have been used to target the liver
of humans affected by severe hemophilia B.

Summary

[0004] The present invention is defined by the claims as appended. Thus, in a first aspect, the
present invention relates to a recombinant adeno-associated virus (rAAV) vector comprising a
genome and a capsid, wherein the genome of said rAAV vector comprises a nucleic acid
comprising a non-naturally occurring nucleotide sequence encoding human Factor IX protein,
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wherein said nucleotide sequence encodes the same human Factor IX protein that is encoded
by the nucleotide sequence of SEQ ID NO: 10, and is at least 85% identical to the nucleotide
sequence of SEQ ID NO: 10, and wherein the capsid of said rAAV vector comprises a VP1
protein comprising the amino acid sequence of SEQ ID NO:4.

[0005] In a preferred embodiment, said nucleotide sequence encoding human Factor IX
protein is at least 90% identical to the nucleotide sequence of SEQ ID NO: 10.

[0006] In a further preferred embodiment, said non-naturally occurring nucleotide sequence
encoding human Factor IX protein has a reduced number of CpG di-nucleotides compared to
the wild-type sequence encoding human Factor IX.

[0007] In a further preferred embodiment, said nucleic acid further comprises at least one
element selected from the group consisting of: an adeno-associated virus (AAV) inverted
terminal repeat (ITR), an expression control element operably linked with said nucleotide
sequence encoding human Factor IX protein, a polynucleotide stuffer, and a transcription
terminator.

[0008] In a further preferred embodiment, said expression control element confers expression
in liver and comprises a promoter and optionally an enhancer.

[0009] In a further preferred embodiment, said nucleic acid comprises an ITR from the AAV2
serotype, a promoter and enhancer that confers expression in liver operably linked with said
nucleotide sequence encoding human Factor IX protein, a polyadenylation sequence, a
transcription terminator, and optionally a second AAV2 ITR, wherein the AAV2 ITR is positioned
5' of the promoter and enhancer or 3' of the transcription terminator.

[0010] In a further preferred embodiment, said nucleotide sequence encoding human Factor
IX protein is interrupted by an intron.

[0011] In a further preferred embodiment, said nucleic acid further comprises a polynucleotide
stuffer. In a further preferred embodiment, said promoter is a human alpha1-antitrypsin (AAT)

promoter and said enhancer is an apolipoprotein E (ApoE) HCR-1 or HCR-2 enhancer.

[0012] In a further preferred embodiment, said promoter comprises the nucleotide sequence
of SEQ ID NO:15.

[0013] In a further preferred embodiment, said enhancer comprises the nucleotide sequence
of SEQ ID NO:14.

[0014] In a further preferred embodiment, said AAV2 ITR comprises either of the AAV2 ITR
sequences as found in the nucleotide sequence of SEQ ID NO:26.

[0015] In a further preferred embodiment, said intron comprises the nucleotide sequence of
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SEQ ID NO: 17.

[0016] In a further preferred embodiment, the nucleotide sequence encoding human Factor IX
protein and the intron comprise the nucleotide sequence of SEQ ID NO:25.

[0017] In a further preferred embodiment, the rAAV vector of the invention comprises in order
an ApoE HCR-1 enhancer, an AAT promoter, the non-naturally occurring nucleotide sequence
encoding human Factor IX protein, a polyadenylation sequence, an AAV2 ITR positioned 5' of
the enhancer or 3' of the polyadenylation sequence, and optionally a second AAV2 ITR in the
opposite position.

[0018] In a further preferred embodiment, the nucleotide sequence of said ApoE HCR-1
enhancer comprises nucleotides 152-472 of SEQ ID NO: 12, the nucleotide sequence of said
AAT promoter comprises nucleotides 482-878 of SEQ ID NO: 12, the nucleotide sequence
encoding human Factor IX protein comprises nucleotides 908-995 and 2434-3731 of SEQ ID
NO:12, the nucleotide sequence of said polyadenylation sequence comprises nucleotides
3820-4047 of SEQ ID NO: 12, and the nucleotide sequence of said AAV2 ITR comprises either
of the AAV2 ITR sequences as found in the nucleotide sequence of SEQ ID NO:26.

[0019] In a further preferred embodiment, the rAAV vector of the invention comprises
nucleotides 142-4096 of SEQ ID NO: 12.

[0020] In certain even more preferred embodiments, said nucleotide sequence encoding
human Factor IX protein is interrupted by an intron.

[0021] In a further preferred embodiment, said intron comprises the nucleotide sequence of
SEQ ID NO: 17.

[0022] In a further preferred embodiment, the nucleotide sequence encoding human Factor IX
protein and the intron comprise the nucleotide sequence of SEQ ID NO:25.

[0023] In a further preferred embodiment, the genome of said rAAV vector is single stranded.

[0024] In a further preferred embodiment, said nucleotide sequence encoding human Factor
IX protein is at least 90% identical to the nucleotide sequence of SEQ ID NO: 10.

[0025] In a second aspect, the present invention relates to a pharmaceutical composition
comprising the rAAV vector of any of the preceding claims for use in the treatment of
hemophilia B.

Brief Description of the Drawing

[0026]
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Figure 1 shows the amino acid sequence of Rh74 VP1.

Figure 2 shows the amino acid sequence or Rh74 VP2.

Figure 3 shows the amino acid sequence of Rh74 VP3.

Figure 4 shows the amino acid sequence of capsid variant 4-1 VP1 protein.
Figure 5 shows the amino acid sequence of capsid variant 15-1.
Figure 6 shows the amino acid sequence of capsid variant 15-2.
Figure 7 shows the amino acid sequence of capsid variant 15-3/15-5.
Figure 8 shows the amino acid sequence of capsid variant 15-4.
Figure 9 shows the amino acid sequence of capsid variant 15-6.
Figure 10 shows the nucleic acid sequence of FIX39.

Figure 11 shows the nucleic acid sequence of FIX19.

Figure 12A shows the sequence of the FIX39 plasmid.

Figure 12B shows the sequence of the phFIX39v2 plasmid.

Figure 13 shows a map of the FIX39 plasmid.

Figure 14 shows the Intron A nucleic acid sequence.

Figure 15 shows the nucleic acid sequence of FIX39 + Intron A.

Figure 16 shows transduction efficiency of the AAV-4-1 capsid variant (SEQ ID NO:4) analyzed
in an in vitro setting.

Figure 17 shows levels of hFIX in plasma of wild-type mice following intravenous injection at

week 8 of life with either 1x10'! or 1x1012 vg/kg of AAV-FIX39-Padua (square/circle) and AAV-
FIX19-Padua (diamond/hexagon). Human FIX plasma levels were assayed by ELISA and
represent multiple measurements, obtained by serial bleeding, on the same group of animals
during the course of the study (n=5 mice in each cohort). Error bars denote standard error of
the mean.

Figure 18 shows circulating levels of human FIX in mouse plasma 24 hours following
hydrodynamic tail vein injection of 5 ug of pFIX19-Padua or pFIX39-Padua plasmids.
P=0.3337.

Figure 19 shows a data summary of four human hemophilia B patients administered a single
infusion of an AAV-FIX Padua variant (FIX39) bearing vector in accordance with the invention,
and the FIX activity (%) over the ensuing evaluation periods (183, 102, 69 and 50 days,
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respectively).

Figure 20A shows the FIX activity (%) data of the first human hemophilia B patient
administered the single infusion of AAV-FIX Padua variant (FIX39) bearing vector, over the 183
day evaluation period.

Figure 20B shows liver function test (ALT, AST and LDH enzymes) data of the first human
hemophilia B patient administered the single infusion of AAV-FIX Padua variant (FIX39)

bearing vector, over the 183 day evaluation period. The plotted LDH values (LDH') have been
divided by 10 in order to be shown with the ALT and AST values.

Figure 21A shows the FIX activity (%) data of the second human hemophilia B patient
administered the single infusion of AAV-FIX Padua variant (FIX39) bearing vector, over the 102
day evaluation period.

Figure 21B shows liver function test (ALT, AST and LDH enzymes) data of the second human
hemophilia B patient administered the single infusion of AAV-FIX Padua variant (FIX39)

bearing vector, over the 102 day evaluation period. The plotted LDH values (LDH') have been
divided by 10 in order to be shown with the ALT and AST values.

Figure 22A shows the FIX activity (%) data of the third human hemophilia B patient
administered the single infusion of AAV-FIX Padua variant (FIX39) bearing vector, over the 69
day evaluation period.

Figure 22B shows liver function test (ALT, AST and LDH enzymes) data of the third human
hemophilia B patient administered the single infusion of AAV-FIX Padua variant (FIX39)

bearing vector, over the 69 day evaluation period. The plotted LDH values (LDH') have been
divided by 10 in order to be shown with the ALT and AST values.

Figure 23A shows the FIX activity (%) data of the fourth human hemophilia B patient
administered the single infusion of AAV-FIX Padua variant (FIX39) bearing vector, over the 50
day evaluation period.

Figure 23B shows liver function test (ALT, AST and LDH enzymes) data of the fourth human
hemophilia B patient administered the single infusion of AAV-FIX Padua variant (FIX39)

bearing vector, over the 50 day evaluation period. The plotted LDH values (LDH') have been
divided by 10 in order to be shown with the ALT and AST values.

Figure 24A shows low immunogenicity profile of AAV-FIX39-Padua in human subjects.

Figure 24B shows a comparative immunogenicity profile of AAV-FIX39-Padua and AAV8-FIX19
in human subjects.

Detailed Description
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[0027] The invention is based, at least in part, on development of modified nucleic acid
sequences encoding proteins, such as human FIX protein. In various embodiments, a modified
nucleic acid has a reduced number of CpG (cytosine-guanine) di-nucleotides compared to a
reference nucleic acid sequence encoding Factor IX, such as a native (wild-type) sequence
encoding human Factor IX. Such modified nucleic acids having a reduced number of CpG di-
nucleotides compared to a reference Factor IX encoding nucleic acid (e.g., a native sequence
encoding human Factor IX) may be included within expression vectors (e.g., vector genomes)
or plasmids.

[0028] The invention also includes compositions, such as compositions including a modified
nucleic acid sequence encoding human FIX, whereby it is understood that only such
compositions as defined in accordance with the second aspect of the invention are covered by
the claimed invention. In such compositions, a modified nucleic acid may have a reduced
number of CpG di-nucleotides relative to a reference sequence such as a native (wild-type)
sequence encoding human Factor IX. Compositions also include expression vectors (e.g., viral
vectors/vector genomes) and plasmids that include such modified nucleic acid sequences
encoding human FIX protein having a reduced number of CpG di-nucleotides.

[0029] A nucleic acid sequence encoding human FIX protein may have 1-5 fewer CpG di-
nucleotides than native sequence encoding human Factor IX; or may have 5-10 fewer CpG di-
nucleotides than native (wild-type) sequence encoding human Factor 1X; or may have 10-15
fewer CpG di-nucleotides than native (wild-type) sequence encoding human Factor IX; or may
have 15-20 fewer CpG di-nucleotides than native (wild-type) sequence encoding human Factor
IX; or may have 20-25 fewer CpG di-nucleotides than native (wild-type) sequence encoding
human Factor IX; or may have 25-30 fewer CpG di-nucleotides than native (wild-type)
sequence encoding human Factor IX; or may have 30-40 fewer CpG di-nucleotides than native
(wild-type) sequence encoding human Factor IX; or may have 40-55 fewer CpG di-nucleotides
than native (wild-type) sequence encoding human Factor IX; or is completely devoid of any
CpG di-nucleotides.

[0030] Modified nucleic acids encoding Factor IX, such as FIX with a reduced number of CpG
dinucleotide, may further include one or more additional cis elements. Representative cis
elements include, without limitation, expression control elements, introns, ITRs, stop codons,
polyA sequences, and/or filler polynucleotide sequences. Such cis-acting elements can also be
modified. For example cis acting elements such as expression control elements, introns, ITRs,
poly-A sequences, and/or filler polynucleotide sequences can have a reduced number of CpG
di-nucleotides. One or more cis acting elements, such as expression control elements, introns,
ITRs, poly-A sequences, and/or filler polynucleotide sequences, may be devoid of CpG di-
nucleotides. One or more cis acting elements such as expression control elements, introns,
ITRs, poly-A sequences, and/or filler polynucleotide sequences may have 1-5 fewer CpG di-
nucleotides than a reference cis-acting element; or may have5-10 fewer CpG di-nucleotides
than a reference cis-acting element; or may have 10-15 fewer CpG di-nucleotides than a
reference cis-acting element; or may have 15-20 fewer CpG di-nucleotides than a reference
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cis-acting element; or may have 20-25 fewer CpG di-nucleotides than a reference cis-acting
element; or may have 25-30 fewer CpG di-nucleotides than a reference cis-acting element; or
may have 30-40 fewer CpG di-nucleotides than a reference cis-acting element; or may have
40-55 fewer CpG di-nucleotides than a reference cis element; or may be devoid of any CpG di-
nucleotides.

[0031] Described herein are broadly also viral vectors that include a modified nucleic acid
sequence encoding human FIX protein, such as FIX with a reduced number of CpG
dinucleotides, whereby only such viral vectors are embraced by the claimed invention as
defined by the appended claims. Generally, a vector may include a lenti- or parvo-viral vector,
such as an adeno-viral vector. A modified nucleic acid sequence encoding human FIX protein,
such as FIX with a reduced number of CpG dinucleotides, may be comprised in an adeno-
associated virus (AAV) vector.

[0032] Adeno-associated virus (AAV) vectors may include capsids derived from AAV1, AAV2,
AAV3, AAV4, AAV5, AAVE, AAVT, AAVE, AAVY, AAV10, AAV11, Rh10, Rh74 and AAV-2i8, as well
as variants (e.g., capsid variants, such as amino acid insertions, additions and substitutions)
thereof. As will be appreciated by one of ordinary skill in the art, AAV capsids may include a
VVP1 protein and two shorter proteins, called VP2 and VP3, that are essentially amino-terminal
truncations of VP1. Depending on the capsid and other factors known to those of ordinary skill,
the three capsid proteins VP1, VP2 and VP3 are typically present in a capsid at a ratio
approximating 1:1:10, respectively, although this ratio, particularly of VP3, can vary
significantly.

[0033] AAV variants include AAV-Rh74 variants, for example AAV capsid variants of the Rh74
VVP1 capsid sequence (SEQ ID NO: 1; Figure 1), including but not limited to variants 4-1, 15-1,
15-2, 15-3/15-5, 15-4 and 15-6 described in Table 1. Rh74 VP2 and Rh74 VP3 amino acid
sequences are provided in SEQ ID NO:2 (Figure 2) and SEQ ID NO:3 (Figure 3), respectively.
Table 1.AAV capsid variants

Variant jAmino Acid Substitutions and Indicated Positions { Sequence Figure
in Rh74 VP1 Capsid Identifier
4-1 G195A-L199V- S201P-G202N SEQ ID NO:4 iFigure
4
15-1 SEQ ID NO:5 iFigure
G195A-L199V-S201P-G202N 5

K(137/259/333/530/552/569/38/51/77/169/547)R

15-2 SEQ ID NO:6 {Figure
G195A-L199V- S201P-G202N 6

K(137/259/333/530/552/569/38/51/77/163/169)R

15- SEQ ID NO:7 iFigure
3/15-5 | G195A-L199V- S201P-G202N 7

K(137/259/333/530/552/569/38/51/77/163/547)R
(variant 15-3)

21a0A 1100V €2IN1D 2NN
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Variant {Amino Acid Substitutions and Indicated Positions { Sequence Figure
in Rh74 VP1 Capsid Identifier

K(137/259/333/530/552/569/38/51/77/547/163)R
(variant 15-5)

15-4 SEQ ID NO:8 iFigure
G195A-L199V- S201P-G202N 8

K(137/259/333/530/552/569/38/51/77/163/668)R

15-6 SEQ ID NO:9 iFigure
G195A-L199V- S201P-G202N 9

K(137/259/333/530/552/569/38/51/77/547/688)R

[0034] 4-1 variant (SEQ ID NO:4) has an alanine, a valine, a proline, and an asparagine
substitution at amino acid positions 195, 199, 201 and 202, respectively, of VP1 capsid. The 4-
1 variant VP1 capsid amino acid sequence, with substituted residues a, v, p and n, underlined
and in bold is shown in Figure 4 (SEQ ID NO:4). For variant 4-1, the VP2 sequence consists of
SEQ ID NO:27, and the VP3 sequence consists of SEQ ID NO:3, respectively.

[0035] 15-1, 15-2, 15-3, 15-4, 1-5 and 15-6 variants also have an alanine, a valine, a proline,
and an asparagine substitution at amino acid positions 195, 199, 201 and 202, respectively, of
VVP1 capsid. In addition, these variants have multiple arginine substitutions of lysine at various
positions. The 15-1 variant VP1 capsid amino acid sequence (SEQ ID NO:5) is shown in Figure
5; the 15-2 variant VP1 capsid amino acid sequence (SEQ ID NO:6) is shown in Figure 6; the
15-3/15-5 variant VP1 capsid amino acid sequence (SEQ ID NO:7) is shown in Figure 7; the
15-4 variant VP1 capsid amino acid sequence (SEQ ID NO:8) is shown in Figure 8; and the 15-
6 variant VP1 capsid amino acid sequence (SEQ ID NO:9) is shown in Figure 9. Examples of
capsids include, but are not limited to, those described in United States patent publication no.
2015/0023924.

[0036] Accordingly, lenti- and parvo-viral vectors such as AAV vectors and viral vector variants
such as AAV variants (e.g., capsid variants such as 4-1, 15-1, 15-2, 15-3/15-5, 15-4 and 15-6)
that include (encapsidate or package) vector genome including modified nucleic acid sequence
encoding human FIX protein, such as FIX with a reduced number of CpG dinucleotides, are
provided.

[0037] In exemplary studies, AAV-Rh74 mediated gene transfer/delivery produced protein
expression levels that were significantly higher than several other serotypes. In particular, AAV-
Rh74 vector and capsid variants (e.g., 4-1) target genes for delivery to the liver with efficiency
at least comparable to the gold standard for liver transduction, AAV8, in hemophilia B dogs
and/or in mice and/or macaques.
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[0038] As set forth herein, viral vectors such as lenti- and parvo-virus vectors, including AAV
serotypes and variants provide a means for delivery of polynucleotide sequences into cells ex
vivo, in vitro and in vivo, which can encode proteins such that the cells express the encoded
proteins. For example, a recombinant AAV vector can include a heterologous polynucleotide
encoding a desired protein or peptide (e.g., Factor IX). Vector delivery or administration to a
subject (e.g., mammal) therefore provides encoded proteins and peptides to the subject. Thus,
viral vectors such as lenti- and parvo-virus vectors, including AAV serotypes and variants such
as capsid variants (e.g., 4-1) can be used to transfer/deliver heterologous polynucleotides for
expression, and optionally for treating a variety of diseases.

[0039] A recombinant vector (e.g., AAV) may be a parvovirus vector. Parvoviruses are small
viruses with a single-stranded DNA genome. "Adeno-associated viruses" (AAV) are in the
parvovirus family.

[0040] Parvoviruses including AAV are viruses useful as gene therapy vectors as they can
penetrate cells and introduce nucleic acid/genetic material so that the nucleic acid/genetic
material may be stably maintained in cells. In addition, these viruses can introduce nucleic
acid/genetic material into specific sites, for example, such as a specific site on chromosome
19. Because AAV are not associated with pathogenic disease in humans, AAV vectors are able
to deliver heterologous polynucleotide sequences (e.g., therapeutic proteins and agents) to
human patients without causing substantial AAV pathogenesis or disease.

[0041] AAV and AAV variants (e.g., capsid variants such as 4-1) serotypes (e.g., VP1, VP2,
and/or VP3 sequences) may or may not be distinct from other AAV serotypes, including, for
example, AAV1-AAV11, Rh74 or Rh10 (e.g., distinct from VP1, VP2, and/or VP3 sequences of
any of AAV1-AAV11, Rh74 or Rh10 serotypes).

[0042] As used herein, the term "serotype" is a distinction used to refer to an AAV having a
capsid that is serologically distinct from other AAV serotypes. Serologic distinctiveness is
determined on the basis of the lack of cross-reactivity between antibodies to one AAV as
compared to another AAV. Such cross-reactivity differences are usually due to differences in
capsid protein sequences/antigenic determinants (e.g., due to VP1, VP2, and/or VP3 sequence
differences of AAV serotypes). Despite the possibility that AAV variants including capsid
variants may not be serologically distinct from a reference AAV or other AAV serotype, they
differ by at least one nucleotide or amino acid residue compared to the reference or other AAV
serotype.

[0043] Under the traditional definition, a serotype means that the virus of interest has been
tested against serum specific for all existing and characterized serotypes for neutralizing
activity and no antibodies have been found that neutralize the virus of interest. As more
naturally occurring virus isolates of are discovered and/or capsid mutants generated, there
may or may not be serological differences with any of the currently existing serotypes. Thus, in
cases where the new virus (e.g., AAV) has no serological difference, this new virus (e.g., AAY)
would be a subgroup or variant of the corresponding serotype. In many cases, serology testing
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for neutralizing activity has yet to be performed on mutant viruses with capsid sequence
modifications to determine if they are of another serotype according to the traditional definition
of serotype. Accordingly, for the sake of convenience and to avoid repetition, the term
"serotype" broadly refers to both serologically distinct viruses (e.g., AAV) as well as viruses
(e.g., AAV) that are not serologically distinct that may be within a subgroup or a variant of a
given serotype.

[0044] Recombinant vector (e.g., AAV) plasmids, vector (e.g., AAV) genomes, as well as
methods and uses thereof, include any viral strain or serotype. As a non-limiting example, a
recombinant vector (e.g., AAV) plasmid or vector (e.g., AAV) genome can be based upon any
AAV genome, such as AAV-1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -rh74, -rh10 or AAV-2i8, for
example. Such vectors can be based on the same of strain or serotype (or subgroup or
variant), or be different from each other. As a non-limiting example, a recombinant vector (e.g.,
AAV) plasmid or vector (e.g., AAV) genome based upon one serotype genome can be identical
to one or more of the capsid proteins that package the vector. In addition, a recombinant
vector (e.g., AAV) plasmid or vector (e.g., AAV) genome can be based upon an AAV (e.g.,
AAV2) serotype genome distinct from one or more of the capsid proteins that package the
vector, in which case at least one of the three capsid proteins could be a AAV1, AAV2, AAV3,
AAV4, AAV5, AAVB, AAVT, AAVE, AAVY, AAV10, AAV11, Rh10, Rh74 or AAV-2i8 or variant such
as AAV-Rh74 variant (e.g., capsid variants such as 4-1, 15-1, 15-2, 15-3/15-5, 15-4 and 15-6),
for example.

[0045] AAV vectors therefore include gene/protein sequences identical to gene/protein
sequences characteristic for a particular serotype. As used herein, an "AAV vector related to
AAV1" refers to one or more AAV proteins (e.g., VP1, VP2, and/or VP3 sequences) that has
substantial sequence identity to one or more polynucleotides or polypeptide sequences that
comprise AAV1. Analogously, an "AAV vector related to AAV8" refers to one or more AAV
proteins (e.g., VP1, VP2, and/or VP3 sequences) that has substantial sequence identity to one
or more polynucleotides or polypeptide sequences that comprise AAV8. An "AAV vector related
to AAV-Rh74" refers to one or more AAV proteins (e.g., VP1, VP2, and/or VP3 sequences) that
has substantial sequence identity to one or more polynucleotides or polypeptide sequences
that comprise AAV-Rh74. (see, e.g., VP1, VP2, VP3 of Figures 1-3). Such AAV vectors related
to another serotype, e.g., AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVE, AAVY, AAV10,
AAV11, Rh10, Rh74 or AAV-2i8, can therefore have one or more distinct sequences from
AAV1, AAV2, AAV3, AAV4, AAVS, AAVB, AAVT7, AAVE, AAV9, AAV10, AAV11, Rh10, Rh74 and
AAV-2i8, but can exhibit substantial sequence identity to one or more genes and/or proteins,
and/or have one or more functional characteristics of AAV1, AAV2, AAV3, AAV4, AAVS, AAVG,
AAV7, AAVE, AAVIY, AAV10, AAV11, Rh10, Rh74 or AAV-2i8 ( e.g., such as cell/tissue tropism).
Exemplary non-limiting AAV-Rh74 and related AAV variants such as AAV-Rh74 or related AAV
such as AAV-Rh74 variants (e.g., capsid variants such as 4-1, 15-1, 15-2, 15-3/15-5, 15-4 and
15-6) sequences include VP1, VP2, and/or VP3 set forth herein, for example, in Figures 1-9.

[0046] An AAV vector related to a reference serotype may have a polynucleotide, polypeptide
or subsequence thereof that includes or consists of a sequence at least 80% or more (e.g.,
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85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5%, etc.) identical to one or more AAV1, AAV2,
AAV3, AAV4, AAVS, AAVE, AAV7, AAV8, AAVY, AAV10, AAV11, Rh10, Rh74 or AAV-2i8 ( e.g,
such as AAV-Rh74 VP1, VP2, and/or VP3 sequences set forth in Figures 1-9).

[0047] Methods and uses include AAV sequences (polypeptides and nucleotides), AAV-Rh74
sequences (polypeptides and nucleotides) and subsequences thereof that exhibit less than
100% sequence identity to a reference AAV serotype such as AAV1, AAV2, AAV3, AAV4, AAVS,
AAVE, AAVT, AAVE, AAV9, AAV10, AAV11, Rh10, or AAV-2i8, for example, AAV-Rh74 gene or
protein sequence (e.g., VP1, VP2, and/or VP3 sequences set forth in Figures 1-9), but are
distinct from and not identical to known AAV genes or proteins, such as AAV1, AAV2, AAV3,
AAV4, AAVS, AAVB, AAVY, AAVS, AAVY, AAV10, AAV11, Rh10, Rh74 or AAV-2i8, genes or
proteins, etc. An AAV polypeptide or subsequence thereof may include or consist of a
sequence at least 80% or more identical, e.g., 85%, 85%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, etc., i.e. up to 100% identical to any reference
AAV sequence or subsequence thereof, such as AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7,
AAVE, AAV9, AAV10, AAV11, Rh10, Rh74 or AAV-2i8 (e.g., VP1, VP2 and/or VP3 sequences set
forth in Figures 1-9). An AAV variant may have one, two, three or four of the four amino acid
substitutions (e.g., capsid variant 4-1, 15-1, 15-2, 15-3/15-5, 15-4 and 15-6).

[0048] Recombinant vectors (e.g., AAV), including AAV1, AAV2, AAV3, AAV4, AAVS, AAVG,
AAV7, AAVS, AAV9, AAV10, AAV11, Rh10, Rh74 or AAV-2i8 and variant, related, hybrid and
chimeric sequences, can be constructed using recombinant techniques that are known to the
skilled artisan, to include one or more heterologous polynucleotide sequences (transgenes)
flanked with one or more functional AAV ITR sequences. Such vectors can have one or more
of the wild type AAV genes deleted in whole or in part, for example, a rep and/or cap gene, but
retain at least one functional flanking ITR sequence, as necessary for the rescue, replication,
and packaging of the recombinant vector into an AAV vector particle. An AAV vector genome
would therefore include sequences required in cis for replication and packaging (e.g.,
functional ITR sequences)

[0049] The terms "polynucleotide” and "nucleic acid" are used interchangeably herein to refer
to all forms of nucleic acid, oligonucleotides, including deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA). Polynucleotides include genomic DNA, cDNA and antisense DNA, and
spliced or unspliced mRNA, rRNA tRNA and inhibitory DNA or RNA (RNAI, e.g., small or short
hairpin (sh)RNA, microRNA (miRNA), small or short interfering (si)RNA, trans-splicing RNA, or
antisense RNA). Polynucleotides include naturally occurring, synthetic, and intentionally
modified or altered polynucleotides (e.g., having reduced CpG dinucleotides). Polynucleotides
can be single, double, or triplex, linear or circular, and can be of any length. In discussing
polynucleotides, a sequence or structure of a particular polynucleotide may be described
herein according to the convention of providing the sequence in the 5' to 3' direction.

[0050] A "heterologous"” polynucleotide refers to a polynucleotide inserted into a vector (e.g.,
AAV) for purposes of vector mediated transfer/delivery of the polynucleotide into a cell
Heterologous polynucleotides are typically distinct from vector (e.g., AAV) nucleic acid, i.e., are
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non-native with respect to viral (e.g., AAV) nucleic acid. Once transferred/delivered into the cell,
a heterologous polynucleotide, contained within the vector, can be expressed (e.g.,
transcribed, and translated if appropriate). Alternatively, a transferred/delivered heterologous
polynucleotide in a cell, contained within the vector, need not be expressed. Although the term
"heterologous” is not always used herein in reference to polynucleotides, reference to a
polynucleotide even in the absence of the modifier "heterologous” is intended to include
heterologous polynucleotides in spite of the omission. An example of a heterologous sequence
would be a Factor IX encoding nucleic acid, for example, a modified nucleic acid encoding
Factor IX, such as a nucleic acid having reduced CpG dinucleotides relative to a reference
nucleic acid sequence.

[0051] The "polypeptides,” "proteins" and "peptides"” encoded by the "polynucleotide
sequences,"” include full-length native sequences, as with naturally occurring proteins, as well
as functional subsequences, modified forms or sequence variants so long as the subsequence,
modified form or variant retains some degree of functionality of the native full-length protein.
Such polypeptides, proteins and peptides encoded by the polynucleotide sequences can be
but are not required to be identical to the endogenous protein that is defective, or whose
expression is insufficient, or deficient in the treated mammal.

[0052] Lenti- and parvo-viral vectors, such as an adeno-viral vector and AAV vectors, including
AAV1, AAV2, AAV3, AAV4, AAVS, AAVB, AAVY, AAVE, AAVY, AAV10, AAV11, Rh10, Rh74 or
AAV-2i8 and related AAV variants such as AAV-Rh74 variants (e.g., capsid variants such as 4-
1, 15-1, 15-2, 15-3/15-5, 15-4 and 15-6) can be used to introduce/deliver polynucleotides
stably or transiently into cells and progeny thereof. The term "transgene" is used herein to
conveniently refer to such a heterologous polynucleotide that is intended or has been
introduced into a cell or organism. Transgenes include any polynucleotide, such as a gene that
encodes a polypeptide or protein (e.g., Factor I1X).

[0053] For example, in a cell having a transgene, the transgene has been
introduced/transferred by way of vector, such as AAV, "transduction” or "transfection" of the
cell. The terms "transduce" and "transfect" refer to introduction of a molecule such as a
polynucleotide into a cell or host organism.

[0054] A cell into which the transgene has been introduced is referred to as a "transduced
cell." Accordingly, a "transduced" cell (e.g., in a mammal, such as a cell or tissue or organ cell),
means a genetic change in a cell following incorporation of an exogenous molecule, for
example, a polynucleotide or protein (e.g., a transgene) into the cell. Thus, a "transduced" cell
is a cell into which, or a progeny thereof in which an exogenous molecule has been introduced,
for example. The cell(s) can be propagated and the introduced protein expressed, or nucleic
acid transcribed. For gene therapy uses and methods, a transduced cell can be in a subject.

[0055] The introduced polynucleotide may or may not be integrated into nucleic acid of the
recipient cell or organism. If an introduced polynucleotide becomes integrated into the nucleic
acid (genomic DNA) of the recipient cell or organism it can be stably maintained in that cell or
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organism and further passed on to or inherited by progeny cells or organisms of the recipient
cell or organism. Finally, the introduced nucleic acid may exist in the recipient cell or host
organism only transiently.

[0056] Cells that may be transduced include a cell of any tissue or organ type, of any origin
(e.g., mesoderm, ectoderm or endoderm). Non-limiting examples of cells include liver (e.g.,
hepatocytes, sinusoidal endothelial cells), pancreas (e.g., beta islet cells), lung, central or
peripheral nervous system, such as brain (e.g., neural, glial or ependymal cells) or spine,
kidney, eye (e.g., retinal, cell components), spleen, skin, thymus, testes, lung, diaphragm,
heart (cardiac), muscle or psoas, or gut (e.g., endocrine), adipose tissue (white, brown or
beige), muscle (e.g., fibroblasts), synoviocytes, chondrocytes, osteoclasts, epithelial cells,
endothelial cells, salivary gland cells, inner ear nervous cells or hematopoietic (e.g., blood or
lymph) cells. Additional examples include stem cells, such as pluripotent or multipotent
progenitor cells that develop or differentiate into liver (e.g., hepatocytes, sinusoidal endothelial
cells), pancreas (e.g., beta islet cells), lung, central or peripheral nervous system, such as
brain (e.g., neural, glial or ependymal cells) or spine, kidney, eye (retinal, cell components),
spleen, skin, thymus, testes, lung, diaphragm, heart (cardiac), muscle or psoas, or gut (e.g.,
endocrine), adipose tissue (white, brown or beige), muscle (e.g., fibroblasts), synoviocytes,
chondrocytes, osteoclasts, epithelial cells, endothelial cells, salivary gland cells, inner ear
nervous cells or hematopoietic (e.g., blood or lymph) cells.

[0057] A "therapeutic molecule” may be a peptide or protein that may alleviate or reduce
symptoms that result from an absence or defect in a protein in a cell or subject. Alternatively, a
"therapeutic” peptide or protein encoded by a transgene may be one that confers a benefit to a
subject, e.g., to correct a genetic defect, to correct a gene (expression or functional) deficiency.

[0058] Non-limiting examples of heterologous polynucleotides encoding gene products (e.g.,
therapeutic proteins) include those that may be used in the treatment of a disease or disorder
including, but not limited to, blood clotting disorders such as hemophilia A, hemophilia B,
thalassemia, and anemia.

[0059] Non-limiting examples of mammalian non-human Factor IX sequences are described in
Yoshitake et al., 1985, supra; Kurachi et al., 1995, supra; Jallat et al., 1990, supra; Kurachi et
al.,, 1982, Proc. Natl. Acad. Sci. USA 79:6461-6464; Jaye et al., 1983, Nucl. Acids Res.
11:2325-2335; Anson et al., 1984, EMBO J. 3: 1053-1060; Wu et al., 1990, Gene 86:275-278;
Evans et al., Proc Natl Acad Sci USA 86:10095 (1989), Blood 74:207-212; Pendurthi et al.,
1992, Thromb. Res. 65:177-186; Sakar et al., 1990, Genomics 1990, 6:133-143; and,
Katayama et al., 1979, Proc. Natl. Acad. Sci. USA 76:4990-4994.

[0060] Polynucleotides, polypeptides and subsequences thereof include modified and variant
forms. As used herein, the terms "modify" or "variant" and grammatical variations thereof,
mean that a polynucleotide, polypeptide or subsequence thereof deviates from a reference
sequence. Modified and variant sequences may therefore have substantially the same, greater
or less activity or function than a reference sequence, but at least retain partial activity or
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function of the reference sequence. In particular embodiments, a modified nucleic acid
encodes Factor IX, and has been modified to reduce the number of CpG dinucleotides
compared to a reference Factor IX encoding nucleic acid (e.g., wild-type Factor IX sequence,
such as a human or other mammalian Factor IX gene sequence).

[0061] Variants also include gain and loss of function variants. For example, wild type human
Factor IX DNA sequences, which protein variants or mutants retain activity, or are
therapeutically effective, or are comparably or even more therapeutically active than invariant
human Factor IX. One example of a naturally occurring human Factor |IX variant, called the
"Padua”, human Factor IX has a L (leucine) at position 338 instead of an R (arginine). The
Padua FIX has greater catalytic and coagulant activity compared to human Factor IX lacking
the Padua mutation. Changing residue 338 in Human Factor IX from arginine to alanine
causes an increase in catalytic activity (Chang et al., J. Biol. Chem., 273:12089-94 (1998)).
Collagen IV may serve to trap Factor IX, meaning that when introduced into the muscle tissue
of a mammal some of the Factor IX is not available for participation in blood coagulation
because it is retained in the interstitial spaces in the muscle tissue. A mutation in the sequence
of Factor IX that results in a protein with reduced binding to collagen IV (e.g., loss of function)
is a useful mutant, for example, for treatment of hemophilia. Such a mutant Factor IX gene
may encode a human FIX protein with the amino acid alanine in place of lysine in the fifth
amino acid position from the beginning of the mature protein.

[0062] Modifications include one or more nucleotide or amino acid substitutions (e.g., 1-3, 3-5,
5-10, 10-15, 15-20, 20-25, 25-30, 30-40, 40-50, 50-100, or more nucleotides or residues),
such as substituting a CpG for an alternative dinucleotide in a transgene (e.g., a Factor IX
encoding gene, such as FIX encoding gene with a reduced number of CpG dinucleotides). An
amino acid substitution may be a conservative amino acid substitution in a capsid sequence.
An amino acid substitution may be an arginine for a lysine residue (e.g., one or more arginine
substitution of a lysine as set forth in any of 4-1, 15-1, 15-2, 15-3/15-5, 15-4 and/or 15-6).
Further modifications include additions (e.g., insertions or 1-3, 3-5, 5-10, 10-15, 15-20, 20-25,
25-30, 30-40, 40-50, 50-100, or more nucleotides or residues) and deletions (e.g.,
subsequences or fragments) of a reference sequence. A modified or variant sequence may
retain at least part of a function or an activity of unmodified sequence. Such modified forms
and variants can have the same, less than, or greater, but at least a part of, a function or
activity of a reference sequence, for example, as described herein.

[0063] A variant can have one or more non-conservative or a conservative amino acid
sequence differences or modifications, or both. A "conservative substitution” is the replacement
of one amino acid by a biologically, chemically or structurally similar residue. Biologically similar
means that the substitution does not destroy a biological activity. Structurally similar means that
the amino acids have side chains with similar length, such as alanine, glycine and serine, or a
similar size. Chemical similarity means that the residues have the same charge or are both
hydrophilic or hydrophobic. Particular examples include the substitution of one hydrophobic
residue, such as isoleucine, valine, leucine or methionine for another, or the substitution of one
polar residue for another, such as the substitution of arginine for lysine, glutamic for aspartic
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acids, or glutamine for asparagine, serine for threonine, and the like. Particular examples of
conservative substitutions include the substitution of a hydrophobic residue such as isoleucine,
valine, leucine or methionine for another, the substitution of a polar residue for another, such
as the substitution of arginine for lysine, glutamic for aspartic acids, or glutamine for
asparagine, and the like. For example, conservative amino acid substitutions typically include
substitutions within the following groups: glycine, alanine; valine, isoleucine, leucine; aspartic
acid, glutamic acid; asparagine, glutamine; serine, threonine; lysine, arginine; and
phenylalanine, tyrosine. A "conservative substitution” also includes the use of a substituted
amino acid in place of an unsubstituted parent amino acid.

[0064] Accordingly, gene and protein variants (e.g., of polynucleotides encoding proteins
described herein) may retain one or more biological activities (e.g., function in blood clotting,
etc.). Variants can differ from a reference sequence, such as naturally occurring
polynucleotides, proteins or peptides. Such variants of polynucleotides, proteins or
polypeptides include proteins or polypeptides which have been or may be modified using
recombinant DNA technology such that the polynucleotide, protein or polypeptide possesses
altered or additional properties.

[0065] At the nucleotide sequence level, a naturally and non-naturally occurring variant gene
will typically be at least about 50% identical, more typically about 70% identical, even more
typically about 80% identical to the reference gene. Thus, for example, a FIX gene with a
reduced number of CpG dinucleotides may have 80% or more identity to wild-type FIX gene, or
80-85%, 85-90%, 90-95%, or more identity to wild-type FIX gene, e.g., 96%, 97%, 98%, or 99%
or more identity to wild-type FIX gene.

[0066] At the amino acid sequence level, a naturally and non-naturally occurring variant
protein will typically be at least about 70% identical, more typically about 80% identical, even
more typically about 90% or more identity to the reference protein, although substantial regions
of non-identity are permitted in non-conserved regions (e.g., less, than 70% identical, such as
less than 60%, 50% or even 40%). The sequences may have at least 60%, 70%, 75% or more
identity (e.g., 80%, 85% 90%, 95%, 96%, 97%, 98%, 99% or more identity) to a reference
sequence.

[0067] The term "identity,” "homology" and grammatical variations thereof, mean that two or
more referenced entities are the same, when they are "aligned” sequences. Thus, by way of
example, when two polypeptide sequences are identical, they have the same amino acid
sequence, at least within the referenced region or portion. Where two polynucleotide
sequences are identical, they have the same polynucleotide sequence, at least within the
referenced region or portion. The identity can be over a defined area (region or domain) of the
sequence. An "area" or "region” of identity refers to a portion of two or more referenced entities
that are the same. Thus, where two protein or nucleic acid sequences are identical over one or
more sequence areas or regions they share identity within that region. An "aligned" sequence
refers to multiple polynucleotide or protein (amino acid) sequences, often containing
corrections for missing or additional bases or amino acids (gaps) as compared to a reference
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sequence

[0068] The identity can extend over the entire length or a portion of the sequence. The length
of the sequence sharing the percent identity may be 2, 3, 4, 5 or more contiguous
polynucleotide or amino acids, e.g., 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, etc.
contiguous polynucleotides or amino acids. The length of the sequence sharing identity may be
21 or more contiguous polynucleotide or amino acids, e.g., 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, etc. contiguous polynucleotides or amino acids. The
length of the sequence sharing identity may be 41 or more contiguous polynucleotide or amino
acids, e.g.42, 43, 44, 45, 45, 47, 48, 49, 50, etc., contiguous polynucleotides or amino acids.
The length of the sequence sharing identity may be 50 or more contiguous polynucleotide or
amino acids, e.g., 50-55, 55-60, 60-65, 65-70, 70-75, 75-80, 80-85, 85-90, 90-95, 95-100,
100-110, etc. contiguous polynucleotide or amino acids.

[0069] The terms "homologous"” or "homology" mean that two or more referenced entities
share at least partial identity over a given region or portion. "Areas, regions or domains" of
homology or identity mean that a portion of two or more referenced entities share homology or
are the same. Thus, where two sequences are identical over one or more sequence regions
they share identity in these regions. "Substantial homology" means that a molecule is
structurally or functionally conserved such that it has or is predicted to have at least partial
structure or function of one or more of the structures or functions (e.g., a biological function or
activity) of the reference molecule, or relevant/corresponding region or portion of the reference
molecule to which it shares homology.

[0070] The extent of identity (homology) between two sequences can be ascertained using a
computer program and/or mathematical algorithm. Such algorithms that calculate percent
sequence identity (homology) generally account for sequence gaps and mismatches over the
comparison region or area. For example, a BLAST (e.g., BLAST 2.0) search algorithm (see,
e.g., Altschul et al., J. Mol. Biol. 215:403 (1990), publicly available through NCBI) has
exemplary search parameters as follows: Mismatch -2; gap open 5; gap extension 2. For
polypeptide sequence comparisons, a BLASTP algorithm is typically used in combination with a
scoring matrix, such as PAM100, PAM 250, BLOSUM 62 or BLOSUM 50. FASTA (e.g., FASTA2
and FASTA3) and SSEARCH sequence comparison programs are also used to quantitate
extent of identity (Pearson et al., Proc. Natl. Acad. Sci. USA 85:2444 (1988); Pearson, Methods
Mol Biol. 132:185 (2000); and Smith et al.,, J. Mol. Biol. 147:195 (1981)). Programs for
quantitating protein structural similarity using Delaunay-based topological mapping have also
been developed (Bostick et al., Biochem Biophys Res Commun. 304:320 (2003)).

[0071] Polynucleotides include additions and insertions, for example, one or more
heterologous domains. An addition (e.g., heterologous domain) can be a covalent or
noncovalent attachment of any type of molecule to a composition. Typically additions and
insertions (e.g., a heterologous domain) confer a complementary or a distinct function or
activity.
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[0072] Additions and insertions include chimeric and fusion sequences, which is a
polynucleotide or protein sequence having one or more molecules not normally present in a
reference native (wild type) sequence covalently attached to the sequence. The terms "fusion”
or "chimeric" and grammatical variations thereof, when used in reference to a molecule means
that a portions or part of the molecule contains a different entity distinct (heterologous) from
the molecule- as they do not typically exist together in nature. That is, for example, one portion
of the fusion or chimera, includes or consists of a portion that does not exist together in nature,
and is structurally distinct.

[0073] The term "vector" refers to a plasmid, virus (e.g., AAV vector), or other vehicle that can
be manipulated by insertion or incorporation of a polynucleotide. Such vectors can be used for
genetic manipulation (i.e., "cloning vectors"), to introduce/transfer polynucleotides into cells,
and to transcribe or translate the inserted polynucleotide in cells. A vector nucleic acid
sequence generally contains at least an origin of replication for propagation in a cell and
optionally additional elements, such as a heterologous polynucleotide sequence, expression
control element (e.g., a promoter, enhancer), intron, ITR(s), selectable marker (e.g., antibiotic
resistance), poly-Adenine (also referred to as poly-adenylation) sequence.

[0074] A viral vector is derived from or based upon one or more nucleic acid elements that
comprise a viral genome. Particular viral vectors include lenti- and parvo-virus vectors, such as
adeno-associated virus (AAV) vectors.

[0075] As used herein, the term "recombinant,” as a modifier of viral vector, such as
recombinant lenti- or parvo-virus (e.g., AAV) vectors, as well as a modifier of sequences such
as recombinant polynucleotides and polypeptides, means that the compositions (e.g., AAV or
sequences) have been manipulated (i.e., engineered) in a fashion that generally does not
occur in nature. A particular example of a recombinant vector, such as an AAV vector would be
where a polynucleotide that is not normally present in the wild-type viral (e.g., AAV) genome is
inserted within the viral genome. For example, an example of a recombinant polynucleotide
would be where a heterologous polynucleotide (e.g., gene) encoding a protein is cloned into a
vector, with or without 5', 3' and/or intron regions that the gene is normally associated within
the viral (e.g., AAV) genome. Although the term "recombinant” is not always used herein in
reference to vectors, such as viral and AAV vectors, as well as sequences such as
polynucleotides and polypeptides, recombinant forms of viral, AAV, and sequences including
polynucleotides and polypeptides, are expressly included in spite of any such omission.

[0076] A recombinant viral "vector" or "AAV vector" is derived from the wild type genome of a
virus, such as AAV by using molecular methods to remove the wild type genome from the virus
(e.g., AAV), and replacing with a non-native nucleic acid, such as a heterologous
polynucleotide sequence (e.g., modified nucleic acid sequence encoding human FIX, such as
FIX with a reduced number of CpG dinucleotides). Typically, for AAV one or both inverted
terminal repeat (ITR) sequences of AAV genome are retained in the AAV vector. A
"recombinant” viral vector (e.g., AAV) is distinguished from a viral (e.g., AAV) genome, since all
or a part of the viral genome has been replaced with a non-native sequence with respect to the
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viral (e.g., AAV) genomic nucleic acid such as a heterologous polynucleotide sequence (e.g.,
modified nucleic acid sequence encoding human FIX, such as FIX with a reduced number of
CpG dinucleotides). Incorporation of a non-native sequence (e.g., modified nucleic acid
sequence encoding human FIX, such as FIX with a reduced number of CpG dinucleotides)
therefore defines the viral vector (e.g., AAV) as a "recombinant" vector, which in the case of
AAV can be referred to as a "rAAV vector."

[0077] A recombinant vector (e.g., lenti-, parvo-, AAV) sequence can be packaged - referred to
herein as a "particle” - for subsequent infection (transduction) of a cell, ex vivo, in vitro or in
vivo. Where a recombinant vector sequence is encapsidated or packaged into an AAV particle,
the particle can also be referred to as a "rAAV." Such particles include proteins that
encapsidate or package the vector genome. Particular examples include viral envelope
proteins, and in the case of AAV, capsid proteins.

[0078] For a recombinant plasmid, a vector "genome" refers to the portion of the recombinant
plasmid sequence that is ultimately packaged or encapsidated to form a viral (e.g., AAV)
particle. In cases where recombinant plasmids are used to construct or manufacture
recombinant vectors, the vector genome does not include the portion of the "plasmid” that
does not correspond to the vector genome sequence of the recombinant plasmid. This non
vector genome portion of the recombinant plasmid is referred to as the "plasmid backbone,”
which is important for cloning and amplification of the plasmid, a process that is needed for
propagation and recombinant virus production, but is not itself packaged or encapsidated into
virus (e.g., AAV) particles.

[0079] Thus, a vector "genome" refers to the portion of the vector plasmid that is packaged or
encapsidated by virus (e.g., AAV), and which contains a heterologous polynucleotide
sequence. The non vector genome portion of the recombinant plasmid is the "plasmid
backbone” that is important for cloning and amplification of the plasmid, e.g., has a selectable
marker, such as Kanamycin, but is not itself packaged or encapsidated by virus (e.g., AAV).

[0080] Amounts of rAAV that encapsidate/package vector genomes can be determined, for
example, by quantitative PCR. This assay measures the physical number of packaged vector
genomes by real-time quantitative polymerase chain reaction and can be performed at various
stages of the manufacturing/prufication process, for example, on bulk AAV vector and final
product.

[0081] Recombinant vector sequences are manipulated by insertion or incorporation of a
polynucleotide. A vector plasmid generally contains at least an origin of replication for
propagation in a cell and one or more expression control elements.

[0082] Vector sequences including AAV vectors can include one or more "expression control
elements.” Typically, expression control elements are nucleic acid sequence(s) that influence
expression of an operably linked polynucleotide. Control elements, including expression control
elements such as promoters and enhancers, present within a vector are included to facilitate
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proper heterologous polynucleotide transcription and if appropriate translation (e.g., a
promoter, enhancer, splicing signal for introns, maintenance of the correct reading frame of the
gene to permit in-frame translation of mMRNA and, stop codons etc.). Such elements typically
act in cis, referred to as a "cis acting" element, but may also act in trans.

[0083] Expression control can be effected at the level of transcription, translation, splicing,
message stability, etc. Typically, an expression control element that modulates transcription is
juxtaposed near the 5' end (i.e., "upstream") of a transcribed polynucleotide (e.g., of a modified
nucleic acid encoding Factor IX, such as FIX with a reduced number of CpG dinucleotides).
Expression control elements can also be located at the 3' end (i.e., "downstream"”) of the
transcribed sequence or within the transcript (e.g., in an intron). Expression control elements
can be located adjacent to or at a distance away from the transcribed sequence (e.g., 1-10,
10-25, 25-50, 50-100, 100 to 500, or more nucleotides from the polynucleotide), even at
considerable distances. Nevertheless, owing to the polynucleotide length limitations of certain
vectors, such as AAV vectors, such expression control elements will typically be within 1 to
1000 nucleotides from the transcribed polynucleotide.

[0084] Functionally, expression of operably linked heterologous polynucleotide is at least in
part controllable by the element (e.g., promoter) such that the element modulates transcription
of the polynucleotide and, as appropriate, translation of the transcript. A specific example of an
expression control element is a promoter, which is usually located 5' of the transcribed
sequence. Another example of an expression control element is an enhancer, which can be
located 5', 3' of the transcribed sequence, or within the transcribed sequence.

[0085] A "promoter" as used herein can refer to a nucleic acid (e.g., DNA) sequence that is
located adjacent to a polynucloetide sequence that encodes a recombinant product. A
promoter is typically operatively linked to an adjacent sequence, e.g., heterologous
polynucleotide (e.g., modified nucleic acid encoding Factor [X). A promoter typically increases
an amount expressed from a heterologous polynucleotide as compared to an amount
expressed when no promoter exists.

[0086] An "enhancer" as used herein can refer to a sequence that is located adjacent to the
heterologous polynucleotide. Enhancer elements are typically located upstream of a promoter
element but also function and can be located downstream of or within a DNA sequence (e.g., a
heterologous polynucleotide). Hence, an enhancer element can be located 100 base pairs,
200 base pairs, or 300 or more base pairs upstream or downstream of a heterologous
polynucleotide. Enhancer elements typically increase expressed of a heterologous
polynucleotide above increased expression afforded by a promoter element.

[0087] Expression control elements (e.g., promoters) include those active in a particular tissue
or cell type, referred to herein as a "tissue-specific expression control elements/promoters.”
Tissue-specific expression control elements are typically active in specific cell or tissue (e.g.,
liver, brain, central nervous system, spinal cord, eye, retina, bone, muscle, lung, pancreas,
heart, kidney cell, etc.). Expression control elements are typically active in these cells, tissues
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or organs because they are recognized by transcriptional activator proteins, or other regulators
of transcription, that are unique to a specific cell, tissue or organ type.

[0088] Examples of promoters active in skeletal muscle include promoters from genes
encoding skeletal a-actin, myosin light chain 2A, dystrophin, muscle creatine kinase, as well as
synthetic muscle promoters with activities higher than naturally-occurring promoters (see, e.g.,
Li, et al., Nat. Biotech. 17:241-245 (1999)). Examples of promoters that are tissue-specific for
liver are the human alpha 1-antitrypsin (hAAT) promoter; albumin, Miyatake, et al. J. Virol.,
71:5124-32 (1997); hepatitis B virus core promoter, Sandig, et al., Gene Ther. 3:1002-9
(1996); alpha-fetoprotein (AFP), Arbuthnot, et al., Hum. Gene. Ther., 7:1503-14 (1996)], bone
(osteocalcin, Stein, et al., Mol. Biol. Rep., 24:185-96 (1997); bone sialoprotein, Chen, et al., J.
Bone Miner. Res. 11 :654-64 (1996)), lymphocytes (CD2, Hansal, et al., J. Immunol,
161:1063-8 (1998); immunoglobulin heavy chain; T cell receptor a chain), neuronal (neuron-
specific enolase (NSE) promoter, Andersen, et al., Cell. Mol. Neurobiol., 13:503-15 (1993);
neurofilament light-chain gene, Piccioli, et al., Proc. Natl. Acad. Sci. USA, 88:5611-5 (1991); the
neuron-specific vgf gene, Piccioli, et al., Neuron, 15:373-84 (1995); among others. An example
of an enhancer active in liver is apolipoprotein E (apoE) HCR-1 and HCR-2 (Allan et al., J. Biol.
Chem., 272:29113-19 (1997)).

[0089] Expression control elements also include ubiquitous or promiscuous
promoters/enhancers which are capable of driving expression of a polynucleotide in many
different cell types. Such elements include, but are not limited to the cytomegalovirus (CMV)
immediate early promoter/enhancer sequences, the Rous sarcoma virus (RSV)
promoter/enhancer sequences and the other viral promoters/enhancers active in a variety of
mammalian cell types, or synthetic elements that are not present in nature (see, e.g., Boshart
et al, Cell, 41:521-530 (1985)), the SV40 promoter, the dihydrofolate reductase promoter, the
cytoplasmic B-actin promoter and the phosphoglycerol kinase (PGK) promoter.

[0090] Expression control elements also can confer expression in a manner that is regulatable,
that is, a signal or stimuli increases or decreases expression of the operably linked
heterologous polynucleotide. A regulatable element that increases expression of the operably
linked polynucleotide in response to a signal or stimuli is also referred to as an "inducible
element” (i.e., is induced by a signal). Particular examples includea hormone (e.g., steroid)
inducible promoter. A regulatable element that decreases expression of the operably linked
polynucleotide in response to a signal or stimuli is referred to as a "repressible element” (i.e.,
the signal decreases expression such that when the signal, is removed or absent, expression
is increased). Typically, the amount of increase or decrease conferred by such elements is
proportional to the amount of signal or stimuli present; the greater the amount of signal or
stimuli, the greater the increase or decrease in expression. Particular examples include zinc-
inducible sheep metallothionine (MT) promoter; the steroid hormone-inducible mouse
mammary tumor virus (MMTV) promoter; the T7 polymerase promoter system (WO 98/10088);
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
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(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); Rivera, et al., Nat. Medicine. 2: 1028-1032 (1996)). Other regulatable control elements
which may be useful in this context are those which are regulated by a specific physiological
state, e.g., temperature, acute phase, development.

[0091] Expression control elements also include the native elements(s) for the heterologous
polynucleotide. A native control element (e.g., promoter) may be used when it is desired that
expression of the heterologous polynucleotide should mimic the native expression. The native
element may be used when expression of the heterologous polynucleotide is to be regulated
temporally or developmentally, or in a tissue-specific manner, or in response to specific
transcriptional stimuli. Other native expression control elements, such as introns,
polyadenylation sites or Kozak consensus sequences may also be used.

[0092] As used herein, the term "operable linkage" or "operably linked" refers to a physical or
functional juxtaposition of the components so described as to permit them to function in their
intended manner. In the example of an expression control element in operable linkage with a
nucleic acid, the relationship is such that the control element modulates expression of the
nucleic acid. More specifically, for example, two DNA sequences operably linked means that
the two DNAs are arranged (cis or trans) in such a relationship that at least one of the DNA
sequences is able to exert a physiological effect upon the other sequence.

[0093] Accordingly, modified nucleic acid sequences encoding human FIX protein, and vectors
and plasmids, including viral vectors such as lenti- and parvovirus vectors, including AAV
vectors, as well as compositions thereof, can include additional nucleic acid elements. These
elements include, without limitation one or more copies of an AAV ITR sequence, an
expression control (e.g., promoter/enhancer) element, a transcription termination signal or stop
codon, 5' or 3' untranslated regions (e.g., polyadenylation (polyA) sequences) which flank a
polynucleotide sequence, or an intron, such as all or a portion of intron | of genomic human
Factor IX (SEQ ID NO: 13).

[0094] Nucleic acid elements further include, for example, filler or stuffer polynucleotide
sequences, for example to improve packaging and reduce the presence of contaminating
nucleic acid, e.g., to reduce packaging of the plasmid backbone. AAV vectors typically accept
inserts of DNA having a defined size range which is generally about 4 kb to about 5.2 kb, or
slightly more. Thus, for shorter sequences, inclusion of a stuffer or filler in the insert fragment
in order to adjust the length to near or at the normal size of the virus genomic sequence
acceptable for AAV vector packaging into virus particle. A filler/stuffer nucleic acid sequence
may be an untranslated (non-protein encoding) segment of nucleic acid. In an AAV vector, a
heterologous polynucleotide sequence may have a length less than 4.7 kb and the filler or
stuffer polynucleotide sequence has a length that when combined (e.g., inserted into a vector)
with the heterologous polynucleotide sequence has a total length between about 3.0-5.5kb, or
between about 4.0-5.0Kb, or between about 4.3-4.8Kb.
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[0095] An intron can also function as a filler or stuffer polynucleotide sequence in order to
achieve a length for AAV vector packaging into a virus particle. Introns and intron fragments
(e.g. portion of intron | of FIX) that function as a filler or stuffer polynucleotide sequence also
can enhance expression. Inclusion of an intron element may enhance expression compared
with expression in the absence of the intron element (Kurachi et al., 1995, supra).

[0096] The use of introns is not limited to the inclusion of Factor IX intron | sequences, but also
include other introns, which introns may be associated with the same gene (e.g., where the
nucleic acid encodes Factor IX, the intron is derived from an intron present in Factor IX
genomic sequence) or associated with a completely different gene or other DNA sequence.
Accordingly, other untranslated (non-protein encoding) regions of nucleic acid, such as introns
found in genomic sequences from cognate (related) genes (the heterologous polynucleotide
sequence encodes all or a portion of same protein encoded by the genomic sequence) and
non-cognate (unrelated) genes (the heterologous polynucleotide sequence encodes a protein
that is distinct from the protein encoded by the genomic sequence) can also function as filler or
stuffer polynucleotide sequences.

[0097] A "portion of intron I" as used herein, is meant region of intron | having a nucleotide
length of from about 0.1 kb to about 1.7 kb, which region enhances expression of Factor IX,
typically by about 1.5-fold or more on a plasmid or viral vector template when compared with
expression of FIX in the absence of a portion of intron I. A more specific portion is a 1.3 kb
portion of intron |. A non-limiting example of a sequence of Factor IX intron | is intron A, a
chimera composed of the 5' part and the 3' part of FIX first intron as set forth in SEQ ID NO:13.

[0098] Expression control elements, ITRs, poly A sequences, filler or stuffer polynucleotide
sequences can vary in length. An expression control element, ITR, poly A, or a filler or stuffer
polynucleotide sequence may be a sequence between about 1-10, 10-20, 20-30, 30-40, 40-50,
50-60, 60-75, 75-100, 100-150, 150-200, 200-250, 250-300, 300-400, 400-500, 500-750, 750-
1,000, 1,000-1,500, 1,500-2,000, or 2,000-2,500 nucleotides in length.

[0099] An AAV vector may comprise an AAV capsid comprising the 4-1 capsid variant VP1
protein (SEQ ID NO:4) and a genome for expressing a heterologous gene in a transduced
mammalian cell.

[0100] The capsid of this vector may further comprise the VP2 and VP3 proteins from the 4-1
capsid variant (SEQ ID NO:27 and SEQ ID NO:3, respectively). The VP1 protein and VP2
proteins may be in a stoichiometric ratio of approximately 1:1 (or some other ratio), and the
VVP3 protein may be in a ratio to either VP1 or VP2, or both VP1 and VP2, in an approximate
ratio of about 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 11:1, 12:1, 13:1, 14:1, 15:1, 16:1, 17:1, 18:1, 19:1,
20:1, or some other ratio.

[0101] A genome of an AAV vector, including without limitation one having a capsid comprising
the 4-1 capsid variant proteins (VP1, VP2, VP3), may comprise a heterologous nucleic acid
sequence encoding human Factor IX (FIX) protein. FIX protein may be wild type, contain a
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substitution mutation or other mutation that alters the protein's activity. The mutation may
increase FIX catalytic activity and/or activity of the protein as a procoagulant. In accordance
with the invention, the FIX protein is the Padua FIX protein, with an Arg to Ala substitution at
the amino acid corresponding to position 338 of FIX protein. A gene encoding human FIX
(including FIX Padua) may be codon optimized, for example, by reducing or even eliminating
CpG dinucleotides. Other types of codon optimization are possible as well.

[0102] A genome of the AAV vector may further comprise inverted terminal repeats (ITRs)
from AAV2 positioned at the left and right ends (i.e., 5’ and 3' termini, respectively) of the
genome. A left ITR may comprise or consist of nucleotides 1-141 from SEQ ID NO:12
(disclosed herein as SEQ ID NO: 13), and a right ITR may comprise or consist of nucleotides
4097-4204 from SEQ ID NO:12 (disclosed herein as SEQ ID NO:20). Each ITR may be
separated from other elements in the vector genome by a nucleic acid sequence of variable
length.

[0103] A genome of the AAV may vector further comprise an expression control element,
including a promoter, and optionally an enhancer. An AAV vector genome may comprise both a
promoter and an enhancer, which may be constituitive, inducible, or tissue specific. A
promoter, or an enhancer, or both may be tissue specific. Both enhancer and promoter may be
active in hepatocytes, compared to certain other cell types. An enhancer may be all or a
portion of the human ApoE HCR-1 enhancer, and a promoter may be all or a portion of the
human alpha-1 antitrypsin (AAT) promoter. An AAV vector genome may include a human ApoE
HCR-1 enhancer comprising or consisting of nucleotides 152-472 from SEQ ID NO:12
(disclosed herein as SEQ ID NO:14), and may include a human AAT promoter comprising or
consisting of nucleotides 482-878 from SEQ ID NO: 12 (disclosed herein as SEQ ID NO:15).
An ApoE HCR-1 enhancer may be positioned 5' of an AAT promoter, and the sequences may
be contiguous, or separated by another nucleotide sequence. An enhancer and promoter may
be positioned 5' of a nucleic acid sequence coding Factor I1X, and may be continguously joined
to the first exon of a Factor IX gene, or may be separated therefrom by 5' untranslated
sequence (UTR) from a human Factor IX gene, or some other sequence serving as a spacer.
A 5" UTR sequence may comprise or consist of nucleotides 879-907 from SEQ ID NO:12.

[0104] Gene encoding FIX, including naturally occurring FIX Padua, may include one or more
introns present in a human Factor IX genomic sequence. All introns may be excluded, an
example of which is disclosed as the nucleic acid sequence of SEQ ID NO: 10 and referred to
herein as the coding sequence for "FIX39." If present, an intron can behave as a stuffer or filler
sequence as described herein. The entire gene can be codon-optimized to deplete or eliminate
CpG dinucleotides.

[0105] A gene encoding human Factor IX used in an AAV vector may comprise or consist of
nucleotides 908-3731 from SEQ ID NO:12, which encodes the FIX Padua and is codon-
optimized to eliminate CpG dinucleotides. This sequence includes an exon 1 (nucleotides 908-
995 from SEQ ID NO:12), a first intron (sometimes known as intron |; nucleotides 996-2433
from SEQ ID NO:12), and exons 2-8 (nucleotides 2434-3731 from SEQ ID NO:12).
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[0106] A gene encoding Factor IX may be followed at its 3' end by 3' UTR sequence from a
human Factor IX gene (such as without limitation nucleotides 3732-3779 from SEQ ID NO: 12
and/or by a polyadenylate (polyA) sequence from a Factor IX gene, or another gene. The
polyA sequence can be from the bovine growth hormone (bGH) gene, and can comprise or
consist of nucleotides 3820-4047 from SEQ ID NO:12. A 3'UTR can be variably spaced from
the polyA sequence by an intervening sequence of nucleotides.

[0107] The elements described above can be combined into one AAV vector genome. An AAV
vector can have a genome comprising, in 5' to 3' order, a left AAV ITR, the ApoE HCR-1
enhancer (or portion thereof), the hAAT promoter (or portion thereof), a portion of human
Factor IX 5'UTR, nucleic acid encoding human Factor IX Padua (including optionally one or
more introns, such as intron I), a portion of human Factor IX 3' UTR, a polyA sequence from
bGH (or portion thereof), and at the right an AAV2 ITR. A left AAV2 ITR may have the nucleic
acid sequence of SEQ ID NO: 13; an ApoE HCR-1 enhancer may have the nucleic acid
sequence of SEQ ID NO:14; a hAAT promoter may have the nucleic acid sequence of SEQ ID
NO:15; a 5' UTR may have the nucleic acid sequence of SEQ ID NO: 16; a gene encoding FIX
Padua (including intron 1) may encode the FIX protein encoded by nucleic acid sequence of
SEQ ID NO: 10; the 3' UTR may have a nucleic acid sequence of SEQ ID NO: 18; a polyA
region may have the nucleic acid sequence of SEQ ID NO: 19; and a right AAV2 ITR may have
a nucleic acid sequence of SEQ ID NO:20.

[0108] A genome of an AAV vector may comprise or consist of nucleotides 1-4204 from SEQ
ID NO: 12, or a sequence that is at least 95%, 96%, 97%, 98%, or 99% identical thereto. A
capsid may comprise the 4-1 VP1 capsid protein variant (SEQ ID NO:4) and the corresponding
VP2 and VP2 capsid proteins. In a particular AAV vector, referred to herein as "AAV-FIX39-
Padua," the vector may include a capsid formed from 4-1 capsid variant proteins (VP1, VP2,
VP3), and a single-stranded genome comprising a nucleic acid sequence corresponding to
nucleotides 1-4204 from SEQ ID NO: 12.

[0109] AAV "empty capsids" as used herein do not contain a vector genome (hence, the term
"empty"), in contrast to "genome containing capsids" which contain an AAV vector genome.
Empty capsids are virus-like particles in that they react with one or more antibodies that reacts
with the intact (genome containing AAV vector) virus.

[0110] Empty capsids can be included in AAV vector preparations. If desired, AAV empty
capsids can be added to AAV vector preparations, or administered separately to a subject in
accordance with herein described, yet unclaimed methods.

It is generally to be understood that any references to methods of treatment by therapy or
surgery in the present description are to be interpreted as references to pharmaceutical
compositions of the present invention for use in those methods.

[0111] Although not wishing to be bound by theory, AAV empty capsids are believed to bind to
or react with antibodies against the AAV vectors, thereby functioning as a decoy to reduce
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inactivation of the AAV vector. Such a decoy acts to absorb antibodies directed against the AAV
vector thereby increasing or improving AAV vector transgene transduction of cells (introduction
of the transgene), and in turn increased cellular expression of the transcript and/or encoded
protein.

[0112] Empty capsids can be generated and purified at a quality and their quantities
determined. For example, empty capsid titer can be measured by spectrophotometry by optical
density at 280nm wavelength (based on Sommer et al., Mol. Ther. 2003 Jan;7(1): 122-8).

[0113] Empty-AAV or empty capsids are sometimes naturally found in AAV vector preparations.
Such natural mixtures can be used in accordance with the invention, or if desired be
manipulated to increase or decrease the amount of empty capsid and/or vector. For example,
the amount of empty capsid can optionally be adjusted to an amount that would be expected to
reduce the inhibitory effect of antibodies that react with an AAV vector that is intended to be
used for vector-mediated gene transduction in the subject. The use of empty capsids is
described in US Publication 2014/0336245.

[0114] AAV empty capsids may be formulated with AAV vectors and/or administered to a
subject. AAV empty capsids may be formulated with less than or an equal amount of vector
(e.g., about 1.5 to 100-fold AAV vectors to AAV empty capsids, or about a 1:1 ratio of AAV
vectors to AAV empty capsids). AAV vectors may be formulated with an excess of AAV empty
capsids (e.g., greater than 1 fold AAV empty capsids to AAV vectors, e.g., 1.5 to 100-fold AAV
empty capsids to AAV vectors). Optionally, subjects with low to negative titer AAV NAb can
receive lower amounts of empty capsids (1 to 10 fold AAV empty capsids to AAV vectors, 2-6
fold AAV empty capsids to AAV vectors, or about 4-5 fold AAV empty capsids to AAV vectors).

[0115] Pharmaceutical compositions comprising AAV vectors including those comprising the 4-
1 capsid variant proteins (VP1, VP2 and VP3), may comprise an excess of empty capsids
greater than the concentration of AAV vectors (i.e., those containing a vector genome) in the
composition. A ratio of empty capsids to AAV vectors can be about 1.1, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7,18,19,2.0,21,22,23,24,25,26,2.7,2.8,2.9,3.0, 3.1,3.2,33, 34,35, 36, 3.7,
38,39,40,41,42,43,44,45,46,47,48,49,5.0,51,52,53,54,55,56,5.7,5.8,
59,60,61,62,63,64,65,66,6.7,68,69,70,71,72,73,74,75,76,7.7,78,7.9,
8.0,8.1,8.2,83,84,85,86,8.7,88,89,9.0,9.1,92,93,94,95,96,9.7,9.8,9.9, 10 to
1, or some other ratio.

[0116] Empty capsids may comprise the same VP1, VP2, and VP3 capsid proteins that are
present in the AAV vectors. Empty capsids may comprise VP1, VP2 and VP3 proteins having a
different amino acid sequence than those found in the AAV vectors. Typically, although not
necessarily, if the capsid proteins of the empty capsids and capsids of the AAV vectors are not
identical in sequence, they will be of the same serotype.

[0117] A composition may comprise an AAV vector described herein as AAV-FIX39-Padua (or
one having the same capsid and a genome sequence at least 95%, 96%, 97%, 98% or 99%
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identical thereto) and optionally an excess of empty capsids comprising the same capsid
proteins, wherein the ratio of empty capsids to the AAV vector is about 1.1, 1.2, 1.3, 1.4, 1.5,
16,1.7,18,19,20,21,22,23,24,25,26,2.7,2.8,2.9, 3.0, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6,
3.7,38,39,40,41,42,43,44,45,46,4.7,48,49,50,5.1,5.2,53,54,55,56,57,
58,59,6.0,6.1,6.2,63,64,65,66,6.7,68,69,70,71,72,73,74,75,76,7.7,7.8,
79,80,81,82, 83,84,85,86,87,88,89,69.0,91,92,93,94,95,986, 9.7, 9.8, 9.9,
10 to 1, or some other ratio. The ratio in the composition of AAV-FIX39-Padua to empty
capsids may be about 1:5. Compositions comprising AAV-FIX39-Padua and empty capsids
may be administered to a human subject having hemophilia B, including severe, moderate, or
mild hemophilia B.

[0118] A "selectable marker gene" refers to a gene that when expressed confers a selectable
phenotype, such as antibiotic resistance (e.g., kanamycin), on a transduced cell. A "reporter"
gene is one that provides a detectable signal. A non-limiting example of a reporter gene is the
luciferase gene.

[0119] Nucleic acid, polynucleotides, expression vectors (e.g., vector genomes), plasmids,
including modified forms can be made using various standard cloning, recombinant DNA
technology, via cell expression or in vitro translation and chemical synthesis techniques. Purity
of polynucleotides can be determined through sequencing, gel electrophoresis and the like.
For example, nucleic acids can be isolated using hybridization or computer-based database
screening techniques. Such techniques include, but are not limited to: (1) hybridization of
genomic DNA or cDNA libraries with probes to detect homologous nucleotide sequences; (2)
antibody screening to detect polypeptides having shared structural features, for example, using
an expression library; (3) polymerase chain reaction (PCR) on genomic DNA or cDNA using
primers capable of annealing to a nucleic acid sequence of interest; (4) computer searches of
sequence databases for related sequences; and (5) differential screening of a subtracted
nucleic acid library.

[0120] The term "isolated,” when used as a modifier of a composition, means that the
compositions are made by the hand of man or are separated, completely or at least in part,
from their naturally occurring in vivo environment. Generally, isolated compositions are
substantially free of one or more materials with which they normally associate with in nature,
for example, one or more protein, nucleic acid, lipid, carbohydrate, cell membrane. The term
"isolated" does not exclude combinations produced by the hand of man, for example, a
recombinant vector (e.g., rAAV) sequence, or virus particle that packages or encapsidates a
vector genome and a pharmaceutical formulation. The term "isolated” also does not exclude
alternative physical forms of the composition, such as hybrids/chimeras, multimers/ocligomers,
modifications (e.g., phosphorylation, glycosylation, lipidation) or derivatized forms, or forms
expressed in host cells produced by the hand of man.

[0121] Methods and uses described herein, but not covered by the claimed invention, provide
a means for delivering (transducing) heterologous polynucleotides (transgenes) into host cells,
including dividing and/or non-dividing cells. The recombinant vector (e.g., rAAV) sequences,
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vector genomes, recombinant virus particles, methods, uses and pharmaceutical formulations
of the invention are additionally useful in a method of delivering, administering or providing a
nucleic acid, or protein to a subject in need thereof, as a method of treatment. In this manner,
the nucleic acid is transcribed and the protein may be produced in vivo in a subject. The
subject may benefit from or be in need of the nucleic acid or protein because the subject has a
deficiency of the nucleic acid or protein, or because production of the nucleic acid or protein in
the subject may impart some therapeutic effect, as a method of treatment or otherwise.

[0122] In general, recombinant lenti- or parvo-virus vector (e.g., AAV) sequences, vector
genomes, recombinant virus particles, methods and uses may be used to deliver any
heterologous polynucleotide (transgene) with a biological effect to treat or ameliorate one or
more symptoms associated with any disorder related to insufficient or undesirable gene
expression. Recombinant lenti- or parvo-virus vector (e.g., AAV) sequences, plasmids, vector
genomes, recombinant virus particles, methods and uses may be used to provide therapy for
various disease states.

[0123] Nucleic acids, vectors, recombinant vectors (e.g., rAAV), vector genomes, and
recombinant virus particles, methods and uses permit the treatment of genetic diseases. In
general, disease states fall into two classes: deficiency states, usually of enzymes, which are
generally inherited in a recessive manner, and unbalanced states, at least sometimes involving
regulatory or structural proteins, which are inherited in a dominant manner. For deficiency
state diseases, gene transfer could be used to bring a normal gene into affected tissues for
replacement therapy, as well as to create animal models for the disease using antisense
mutations. For unbalanced disease states, gene transfer could be used to create a disease
state in a model system, which could then be used in efforts to counteract the disease state.
The use of site-specific integration of nucleic acid sequences to correct defects is also
possible.

[0124] lllustrative examples of disease states include, but are not limited to: blood coagulation
disorders such as hemophilia A, hemophilia B, thalassemia, and anemia.

[0125] Treatment methods and uses described herein, but not claimed include nucleic acids,
vectors, recombinant vectors (e.g., rAAV), vector genomes, and recombinant virus particles.
Methods and uses of the invention are broadly applicable to providing, or increasing or
stimulating, gene expression or function, e.g., gene addition or replacement. It is generally to
be understood that any references to methods of treatment by therapy or surgery in the
present description are to be interpreted as references to pharmaceutical compositions of the
present invention for use in those methods.

[0126] A method or use may include: (a) providing a modified nucleic acid encoding Factor X,
such as FIX with a reduced number of CpG dinucleotides, such as in a vector or a vector
genome, wherein the modified nucleic acid sequence is operably linked to an expression
control element conferring transcription of said sequence; and (b) administering an amount of
the modified nucleic acid to the mammal such that Factor IX is expressed in the mammal.
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[0127] A method or use may include delivering or transferring a modified nucleic acid encoding
Factor IX sequence, such as FIX with a reduced number of CpG dinucleotides, into a mammal
or a cell of a mammal, by administering a viral (e.g., AAV) particle or plurality of viral (e.g., AAV)
particles (e.g., such as capsid variants (e.g., 4-1)) comprising a vector genome, the vector
genome comprising the modified nucleic acid encoding Factor IX, such as FIX with a reduced
number of CpG dinucleotides (and optionally an ITR, intron, poly A, a filler/stuffer
polynucleotide sequence) to a mammal or a cell of a mammal, thereby delivering or
transferring the modified nucleic acid encoding Factor IX into the mammal or cell of the
mammal.

[0128] In such methods and uses disclosed herein, but not claimed, expression of the nucleic
acid may provide a therapeutic benefit to the mammal (e.g., human). Expression of Factor IX
may provide a therapeutic benefit to the mammal (e.g., human), such as a mammal that has
hemophilia B. A filler/stuffer polynucleotide sequence may be included in the vector sequence
such that the combined length with the modified nucleic acid encoding Factor IX, such as FIX
with a reduced number of CpG dinucleotides, has a total length of between about 3.0Kb -
5.5Kb, or between about 4.0Kb - 5.0Kb, or between about 4.3Kb - 4.8kb.

[0129] Methods and uses described herein, but not claimed,include treatment methods, which
result in any therapeutic or beneficial effect. Such methods and uses may be inhibiting,
decreasing or reducing one or more adverse (e.g., physical) symptoms, disorders, illnesses,
diseases or complications caused by or associated with the disease. For a bleeding disorder
such as hemophilia, a therapeutic or beneficial effect includes, but is not limited to, reduced
bruising, reduced blood clotting time, reduced bleeding episodes (duration, severity,
frequency). For example, reduced duration, severity or frequency of joint or cerebral (brain)
bleeding episodes. For a bleeding disorder such as hemophilia, a therapeutic or beneficial
effect also includes, but is not limited to, reduced dosage of a supplemental clotting factor
protein (e.g., Factor IX protein) or elimination of administration of a supplemental clotting factor
protein (e.g., Factor IX protein).

[0130] A therapeutic or beneficial effect of treatment is therefore any objective or subjective
measurable or detectable improvement or benefit provided to a particular subject. A
therapeutic or beneficial effect can but need not be complete ablation of all or any particular
adverse symptom, disorder, iliness, or complication of a disease. Thus, a satisfactory clinical
endpoint is achieved when there is an incremental improvement or a partial reduction in an
adverse symptom, disorder, illness, or complication caused by or associated with a disease, or
an inhibition, decrease, reduction, suppression, prevention, limit or control of worsening or
progression of one or more adverse symptoms, disorders, illnesses, or complications caused
by or associated with the disease, over a short or long duration (hours, days, weeks, months,
etc.).

[0131] Compositions, such as nucleic acids, vectors, recombinant vectors (e.g., rAAV), vector
genomes, and recombinant virus particles including vector genomes, can be administered in a
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sufficient or effective amount to a subject in need thereof. An "effective amount” or "sufficient
amount" refers to an amount that provides, in single or multiple doses, alone or in combination,
with one or more other compositions (therapeutic agents such as a drug), treatments,
protocols, or therapeutic regimens agents, a detectable response of any duration of time (long
or short term), an expected or desired outcome in or a benefit to a subject of any measurable
or detectable degree or for any duration of time (e.g., for minutes, hours, days, months, years,
or cured).

[0132] One skilled in the art can determine whether administration of a single rAAV/vector dose
is sufficient or whether are to administer multiple doses of rAAV/vector. For example, if FIX
levels decrease below a pre-determined level (e.g., less than the minimum that provides a
therapeutic benefit), one skilled in the art can determine if appropriate to administer additional
doses of rAAV/vector.

[0133] The dose to achieve a therapeutic effect, e.g., the dose in vector genomes/per kilogram
of body weight (vg/kg), will vary based on several factors including, but not limited to: route of
administration, the level of heterologous polynucleotide expression required to achieve a
therapeutic effect, the specific disease treated, any host immune response to the viral vector, a
host immune response to the heterologous polynucleotide or expression product (protein), and
the stability of the protein expressed. One skilled in the art can determine a rAAV/vector
genome dose range to treat a patient having a particular disease or disorder based on the
aforementioned factors, as well as other factors. Generally, doses will range from at least

1x108, or more, for example, 1x10°, 1x101% 1x10™, 1x10'2 1x10"3 or 1x10"4, or more,
vector genomes per kilogram (vg/kg) of the weight of the subject, to achieve a therapeutic
effect.

[0134] A therapeutically effective dose of an AAV vector, including, for example, AAV-FIX39-
Padua, or one having the same capsid and a genome sequence at least 95%, 96%, 97%, 98%
or 99% identical thereto, may be one that is sufficient, when administered to a subject, for
example, a human, with hemophilia B or other deficiency of Factor IX activity, to convert severe
hemophilia B to moderate or mild hemophilia B, or even to result in an apparently disease-free
state. A therapeutically effective dose of an AAV vector may be one that is sufficient to allow a
human subject with hemophilia B to forego Factor IX replacement therapy entirely, or reduce
the frequency with which replacement FIX is administered to maintain adequate hemostasis.
As understood by those of skill in the art, factor replacement therapy is the current standard of
care for hemophilia B, but requires frequent injections of recombinantly produced human
Factor IX to compensate for the patient's inability to produce sufficient levels of functional
clotting factor.

[0135] It is generally accepted that severe hemophilia B is characterized by frequent bleeding
(for example, at least once or twice per week), often spontaneously (without preceding
trauma), into a subject's muscles or joints. Less than 1% of FIX activity found in healthy
humans is associated with severe hemophilia B. It is generally accepted that human subjects
with moderate hemophilia B bleed less frequently than those with severe hemophilia B, for
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example, about once per month, but will bleed for a longer time than normal after surgery,
trauma, or dental work. It is generally accepted that human subjects with moderate disease do
not often bleed spontaneously. FIX activity 1%-5% of normal is associated with moderate
hemophilia B. Generally, human subjects with mild hemophilia B bleed excessively, if at all, only
as a result of surgery or major trauma. Generally, mild hemophilia is associated with 6%-40%
of normal FIX activity. Generally, individuals who are considered healthy, having no symptoms
of hemophilia B, have a range of about 50% to 150% of normal FIX activity. Additional
information can be found in Fijnvandraat, et al., Diagnosis and management of hemophilia, Br.
Med. J., 344:36-40 (2012).

[0136] Factor IX activity can be measured in a variety of ways known to those of skill in the art.
For example, one exemplary non-limiting assay is the one-stage activated partial
thromboplastin time (APTT) assay to determine FIX clotting activity in a plasma sample
obtained from a subject. FIX activity is frequently expressed in international units (IU), where 1
IU is defined as the FIX clotting activity present in 1 ml of pooled plasma from normal donors.
Using this convention, severe hemophilia B is associated with less than 0.01 |U/ml FIX levels,
moderate disease is associated with 0.02-0.05 [U/ml FIX levels, mild disease is associated with
0.06-0.40 IU/ml FIX levels, and being disease-free is associated with 0.50-1.50 |U/ml FIX
levels.

[0137] As will be appreciated by one of skill in the art, a Factor IX variant, such as naturally
occurring FIX Padua variant, that has higher catalytic activity compared to wild type human
FIX, can produce a given level of FIX activity (e.g., 1 IU/ml) at a lower concentration of active
protein compared to "non-Padua" FIX.

[0138] A therapeutically effective dose of an AAV vector, including, for example, AAV-FIX39-
Padua, or one having the same capsid and a genome sequence at least 95%, 96%, 97%, 98%
or 99% identical thereto, may be one that is sufficient, when administered to a subject, for
example, a human, with severe, moderate or mild hemophilia B, to achieve plasma FIX activity
that is about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%,
17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%,
33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%,
49%, or 50%, or more of normal FIX activity. A therapeutically effective dose may be one that
achieves 1% or greater FIX activity in a subject otherwise lacking such activity, for example,
from 1.5-10%, 10-15%, 15-20%, 20-25%, 25-30% or greater FIX activity in a subject.

[0139] With respect to treating a subject with hemophilia B, a therapeutically effective dose of
an AAV vector including, for example, AAV-FIX39-Padua, or one having the same capsid and a

genome sequence at least 98% or 99% identical thereto, may be at least 1x10'0 vector
genomes (vg) per kilogram (vg/kg) of the weight of the subject, or between about 1x101° to
1x10" vg/kg of the weight of the subject, or between about 1x10"" to 1x1012vg/kg (e.g., about
1x10" to 2x10™" vg/kg or about 2x10"" to 3x10'"" vg/kg or about 3x10"! to 4x10" vg/kg or
about 4x10™" to 5x101" vg/kg or about 5x10'" to 6x10"" vg/kg or about 6x10'! to 7x10™" vg/kg
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or about 7x10" to 8x10"" vg/kg or about 8x10"" to 9x10"" vg/kg or about 9x10"" to 1x1012

vg/kg) of the weight of the subject, or between about 1x10'2 to 1x10"3 vg/kg of the weight of
the subject, to achieve a desired therapeutic effect. Additional doses can be in a range of

about 5x101% to 1x10'9 vector genomes (vg) per kilogram (vg/kg) of the weight of the subject,
or in a range of about 1x1010 to 5x10"" vg/kg of the weight of the subject, or in a range of
about 5x10"" to 1x10'2 vg/kg of the weight of the subject, or in a range of about 1x1012 to
5x1013 vg/kg of the weight of the subject, to achieve a desired therapeutic effect. A
therapeutically effective dose of an AAV vector may be about 2.0 x10" vg/kg, 2.1 x10™" vg/kg,
2.2 x10" vg/kg, 2.3 x10" vg/kg, 2.4 x10™" vg/kg, 2.5 x10" vg/kg, 2.6 x10"" vg/kg, 2.7 x10™
vg/kg, 2.8 x10™ vg/kg, 2.9 x10"" vg/kg, 3.0 x10™" vg/kg, 3.1 x10"" vg/kg, 3.2 x10" vg/kg, 3.3
x10™" vg/kg, 3.4 x10"" vg/kg, 3.5 x10" vg/kg, 3.6 x10" vg/kg, 3.7 x10" vg/kg, 3.8 x10"
vg/kg, 3.9 x10™ vg/kg, 4.0 x10™" vg/kg, 4.1 x10" vg/kg, 4.2 x10™" vg/kg, 4.3 x10™" vg/kg, 4.4
x101" vg/kg, 4.5 x10"" vg/kg, 4.6 x10" vg/kg, 4.7 x10" vg/kg, 4.8 x10" vg/kg, 4.9 x10"
vg/kg, 5.0 x10™" vg/kg, 5.1 x10" vg/kg, 5.2 x10"" vg/kg, 5.3 x10"" vg/kg, 5.4 x10™ vg/kg, 5.5
x101" vg/kg, 5.6 x10"" vg/kg, 5.7 x10" vg/kg, 5.8 x10™ vg/kg, 5.9 x10" vg/kg, 6.0 x10"
vg/kg, 6.1 x10™ vg/kg, 6.2 x10™" vg/kg, 6.3 x10" vg/kg, 6.4 x10'" vg/kg, 6.5 x101" vg/kg, 6.6
x101" vg/kg, 6.7 x10™" vg/kg, 6.8 x10™ vg/kg, 6.9 x10™ vg/kg, 7.0 x10" vg/kg, 7.1 x10"
vg/kg, 7.2 x10™" vg/kg, 7.3 x10" vg/kg, 7.4 x10" vg/kg, 7.5 x10" vg/kg, 7.6 x10™ vg/kg, 7.7

x101" vg/kg, 7.8 x10" vg/kg, 7.9 x10™" vg/kg, or 8.0 x10"" vg/kg, or some other dose. An AAV
vector can be AAV-FIX39-Padua, or an AAV vector having the same capsid and a genome
sequence at least 95%, 96%, 97%, 98% or 99% identical thereto, and may be administered to
a subject in a pharmaceutically acceptable composition alone, or with empty capsids of the
same capsid type at an empty to vector ratio of about 2:1, 3:1, 4.1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1,
or some other ratio.

[0140] The doses of an "effective amount” or "sufficient amount" for treatment (e.g., to
ameliorate or to provide a therapeutic benefit or improvement) typically are effective to provide
a response to one, multiple or all adverse symptoms, consequences or complications of the
disease, one or more adverse symptoms, disorders, ilinesses, pathologies, or complications,
for example, caused by or associated with the disease, to a measurable extent, although
decreasing, reducing, inhibiting, suppressing, limiting or controlling progression or worsening of
the disease is a satisfactory outcome.

[0141] An effective amount or a sufficient amount can but need not be provided in a single
administration, may require multiple administrations, and, can but need not be, administered
alone or in combination with another composition (e.g., agent), treatment, protocol or
therapeutic regimen. For example, the amount may be proportionally increased as indicated by
the need of the subject, type, status and severity of the disease treated or side effects (if any)
of treatment. In addition, an effective amount or a sufficient amount need not be effective or
sufficient if given in single or multiple doses without a second composition (e.g., another drug



DK/EP 3313991 T3

or agent), treatment, protocol or therapeutic regimen, since additional doses, amounts or
duration above and beyond such doses, or additional compositions (e.g., drugs or agents),
treatments, protocols or therapeutic regimens may be included in order to be considered
effective or sufficient in a given subject. Amounts considered effective also include amounts
that result in a reduction of the use of another treatment, therapeutic regimen or protocol, such
as administration of recombinant clotting factor protein for treatment of a clotting disorder (e.g.,
hemophilia A or B).

[0142] An effective amount or a sufficient amount need not be effective in each and every
subject treated, nor a majority of treated subjects in a given group or population. An effective
amount or a sufficient amount means effectiveness or sufficiency in a particular subject, not a
group or the general population. As is typical for such methods, some subjects will exhibit a
greater response, or less or no response to a given treatment method or use.

[0143] The term "ameliorate" means a detectable or measurable improvement in a subject's
disease or symptom thereof, or an underlying cellular response. A detectable or measurable
improvement includes a subjective or objective decrease, reduction, inhibition, suppression,
limit or control in the occurrence, frequency, severity, progression, or duration of the disease,
or complication caused by or associated with the disease, or an improvement in a symptom or
an underlying cause or a consequence of the disease, or a reversal of the disease.

[0144] Thus, a successful treatment outcome can lead to a "therapeutic effect,” or "benefit" of
decreasing, reducing, inhibiting, suppressing, limiting, controlling or preventing the occurrence,
frequency, severity, progression, or duration of a disease, or one or more adverse symptoms
or underlying causes or consequences of the disease in a subject. Treatment methods and
uses affecting one or more underlying causes of the disease or adverse symptoms are
therefore considered to be beneficial. A decrease or reduction in worsening, such as stabilizing
the disease, or an adverse symptom thereof, is also a successful treatment outcome.

[0145] A therapeutic benefit or improvement therefore need not be complete ablation of the
disease, or any one, most or all adverse symptoms, complications, consequences or
underlying causes associated with the disease. Thus, a satisfactory endpoint is achieved when
there is an incremental improvement in a subject's disease, or a partial decrease, reduction,
inhibition, suppression, limit, control or prevention in the occurrence, frequency, severity,
progression, or duration, or inhibition or reversal of the disease (e.g., stabilizing one or more
symptoms or complications), over a short or long duration of time (hours, days, weeks,
months, etc.). Effectiveness of a method or use, such as a treatment that provides a potential
therapeutic benefit or improvement of a disease, can be ascertained by various methods, such
as blood clot formation time, etc.

[0146] A therapeutically effective dose of an AAV vector may be one that is sufficient, when
administered to a human subject with hemophilia B, to result in FIX activity above a certain
level for a sustained period of time. An effective dose of an AAV vector may result in at least
1% normal FIX activity in human subjects with hemophilia B for a sustained period of at least 3
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months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11
months, 12 months, 13 months, 14 months, 15 months, 16 months, 17 months, 1.5 years, 2
years, 2.5 years, 3 years, 3.5 years, 4 years, 4.5 years, 5 years, 5.5 years, 6 years, 6.5 years,
7 years, 7.5 years, 8 years, 8.5 years, 9 years, 9.5 years, 10 years, or more. An effective dose
of an AAV vector may result in at least 5% normal FIX activity for a sustained period of at least
3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, or 17 months, or at least 1.5, 2, 2.5, 3, 3.5, 4, 4.5,
5,55,6,65,7,7.5,8,8.5,9, 9.5, 10 years, or more. An effective dose of an AAV vector may
result in at least 10% normal FIX activity for a sustained period of at least 3, 4, 5,6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, or 17 months, or at least 1.5, 2, 2.5, 3,3.5,4,4.5,5,5.5,6,6.5,7, 7.5,
8, 8.5, 9, 9.5, 10 years, or more. An effective dose of an AAV vector may result in at least 15%
normal FIX activity for a sustained period of at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, or 17 months, or at least 1.5, 2, 2.5, 3,3.5,4,45,5,55,6,6.5,7,75,8,85,9,95, 10
years, or more. An effective dose of an AAV vector may result in at least 20% normal FIX
activity for a sustained period of at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17
months, or at least 1.5, 2, 2.5, 3,3.5,4,45,5,55,6,65,7,7.5,8, 85,9, 9.5, 10 years, or
more. An effective dose of an AAV vector may result in at least 25% normal FIX activity for a
sustained period of at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 months, or at
least 1.5, 2, 2.5, 3, 3.5, 4,45,5,55,6,65,7,75, 8, 85,9, 9.5, 10 years, or more. An
effective dose of an AAV vector may result in at least 30% normal FIX activity for a sustained
period of at least 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, or 17 months, or at least 1.5, 2,
25,3,35,4,45,5,55,6,65,7,7.5,8,85,9, 9.5 10 years, or more. An effective dose of
an AAV vector may result in at least 35% normal FIX activity for a sustained period of at least 3,
4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, or 17 months, or atleast 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5,
55,6,65,7, 75,8, 85,9, 9.5 10 years, or more. , An effective dose of an AAV vector may
result in at least 40% normal FIX activity for a sustained period of at least 3, 4, 5,6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, or 17 months, or at least 1.5, 2, 2.5, 3,3.5,4,4.5,5,5.5,6,6.5,7, 7.5,
8, 8.5, 9, 9.5, 10 years, or more. , An effective dose of an AAV vector may result in at least
45% normal FIX activity for a sustained period of at least 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, or 17 months, or at least 1.5, 2, 2.5, 3,3.5,4,45,5,55,6,6.5,7,7.5,8,85,9, 9.5,
10 years, or more. The AAV vector can be AAV-FIX39-Padua, or an AAV vector having the
same capsid and a genome sequence at least 95%, 96%, 97%, 98% or 99% identical thereto,
and may be administered to a subject in a pharmaceutically acceptable composition alone, or
with empty capsids of the same capsid type at an empty to vector ratio of about 2:1, 3:1, 4:1,
5:1,6:1,7:1, 8:1, 9:1, 10:1, or some other ratio.

[0147] A therapeutically effective dose of an AAV vector may be one that is sufficient, when
administered to a human subject with severe or moderate hemophilia B, to result in FIX activity
that is at least 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%,
34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, or 45%, of normal for a
sustained period of at least 6 months. The dose of AAV-FIX39-Padua, or an AAV vector having
the same capsid and a genome sequence at least 95%, 96%, 97%, 98% or 99% identical

thereto, may be about 5.0 x10"" vg/kg, which may be administered in a pharmaceutically
acceptable composition alone, or with empty capsids of the same capsid type at an empty to
vector ratio of about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, or some other ratio.
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[0148] It may be seen that in some human subjects that have received a therapeutically
effective dose of an AAV vector, including for example, AAV-FIX39-Padua, or an AAV vector
having the same capsid and a genome sequence at least 95%, 96%, 97%, 98% or 99%
identical thereto, that FIX activity attributable to the vector declines over an extended period of
time (e.g., months or years) to a level that is no longer deemed sufficient (for example, where
the subject exhibits symptoms and/or FIX activity characteristic of moderate or severe
hemophilia B). In such circumstances, the subject can be dosed again with the same type of
AAV vector as in the initial treatment. If the subject has developed an immune reaction to the
initial vector, the patient may be dosed with an AAV vector designed to express FIX in target
cells, but having a capsid of a different or variant serotype that is less immunoreactive
compared to the first AAV vector.

[0149] A therapeutically effective dose of an AAV vector may be one that is sufficient, when
administered to a human subject with hemophilia B, to reduce or even eliminate the subject's
need for recombinant human Factor IX replacement therapy to maintain adequate hemostasis.
Thus,a therapeutically effective dose of an AAV vectormay be one which can reduce the
frequency with which an average human subject having moderate or severe hemophilia B
needs FIX replacement therapy to maintain adequate hemostasis by about 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or
100%. A therapeutically effective dose of an AAV vector may be one which can reduce the
dose of recombinant human Factor IX that an average human subject having moderate or
severe hemophilia B needs to maintain adequate hemostasis by about 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%.
, The AAV vector may be AAV-FIX39-Padua, or an AAV vector having the same capsid and a
genome sequence at least 95%, 96%, 97%, 98% or 99% identical thereto, which may be
administered to a subject in a pharmaceutically acceptable composition alone, or with empty
capsids of the same capsid type at an empty to vector ratio of about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1,
8:1, 9:1, 10:1, or some other ratio.

[0150] A therapeutically effective dose of an AAV vector may be one that is sufficient, when
administered to a human subject with severe hemophilia B, to reduce or even eliminate
spontaneous bleeding into the joints. Thus, a therapeutically effective dose of an AAV vector
may be one which can reduce the frequency of spontaneous bleeding into the joints of a
human subject with severe hemophilia B by about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%, compared to the
average untreated human subject with severe hemophilia B. Bleeding into the joints can be
detected using magnetic resonance imaging or ultrasonography of the joints, or other
techniques familiar to those of skill in the art. The AAV vector may be AAV-FIX39-Padua, or an
AAV vector having the same capsid and a genome sequence at least 95%, 96%, 97%, 98% or
99% identical thereto, and may be administered to a subject in a pharmaceutically acceptable
composition alone, or with empty capsids of the same capsid type at an empty to vector ratio of
about 2:1, 3: 1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, or some other ratio.
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[0151] Prior efforts to develop AAV vectors to treat hemophilia have been unsuccessful, at
least in part it is believed, because of a robust immune response to AAV capsid in prior clinical
trials. (See, for example, Nathwani, et al.,, NEJM 2011;365(25):2357-2365; and Manno, et al,,
Nat Med 2006;12(3):342-347). A clinical trial underway has demonstrated that AAV vectors can
produce a high level of FIX activity in human subjects with severe hemophilia B, while resulting
in no or minimal immune response even as much as 6 months after the AAV vectors were
administered (Example 5). Thus, a therapeutically effective dose of an AAV vector may be one
that when administered to a subject with severe or moderate hemophilia B results in FIX
activity adequate to maintain hemostasis, while producing no or minimal immune response
over a significant period of time. The immune response may be an innate immune response, a
humoral immune response, or a cellular immune response, or even all three types of immune
response. The immune response may be against the capsid, vector genome, and/or Factor IX
protein produced from transduced cells.

[0152] A therapeutically effective dose of an AAV vector may result in FIX activity adequate to
maintain hemostasis in a subject with hemophilia B, while producing no or minimal humoral
(i.e., antibody) immune response against the capsid, genome and/or Factor IX protein
produced from transduced cells. The antibody response to a virus, or virus-like particles such
as AAV vectors, can be determined by measuring antibody titer in a subject's serum or plasma
using techniques familiar to those of skill in the field of immunology. Antibody titer to any
component of an AAV vector, such as the capsid proteins, or a gene product encoded by the
vector genome and produced in transduced cells, such as Factor |X Padua (or other FIX
variant), can be measured using such techniques. Antibody titers are typically expressed as a
ratio indicating the dilution before which antibody signal is no longer detectable in the particular
assay being used to detect the presence of the antibody. Different dilution factors can be used,
for example, 2-fold, 5-fold, 10-fold, or some other dilution factor. Any suitable assay for the
presence of an antibody can be used, for example and without limitation, ELISA, FACS, or a
reporter gene assay, such as described in WO 2015/006743. Use of other assays is also
possible according to the knowledge of those skilled in the art. Antibody titers can be measured
at different times after initial administration of an AAV vector.

[0153] A therapeutically effective dose of an AAV vector may result in at least 1%, 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, or more FIX activity in subjects with hemophilia B, while
producing an antibody titer against the capsid, genome and/or Factor IX protein (such as FIX
Padua) produced from transduced cells that is not greater than 1:2, 1:3, 1:4, 1:5, 1:6, 1.7, 1.8,
1:9, 1:10, 1:11, 1:12, 1:13, 1:14, 1:15, 1:20, 1:30, 1:40, 1:50, 1:60, 1:70, 1:80, 1:90, 1:100,
1:200, 1:300, 1:400, 1:500, or more, when determined at 1 week, 2 weeks, 3 weeks, 4 weeks,
5 weeks, 6 weeks, 7 weeks, 8 weeks, 3 months, 4 months, 5 months, 6 months, 7 months, 8
months, 9 months, 10 months, 11 months, 12 months, 18 months, 2 years, 3 years, 4 years, 5
years, or a longer period after the subjects were administered the AAV vector. An AAV vector
may result in at least 20% FIX activity in a subject with severe hemophilia B while inducing an
antibody titer against the capsid and/or Factor IX produced by transduced cells that is not
greater than 1:2, 1:3 or 1:4, both at 6 months after the AAV vector was administered. The AAV
vector can be AAV-FIX39-Padua, or an AAV vector having the same capsid and a genome
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sequence at least 95%, 96%, 97%, 98% or 99% identical thereto, and may be administered to
a subject in a pharmaceutically acceptable composition alone, or with empty capsids of the
same capsid type at an empty to vector ratio of about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1,
or some other ratio.

[0154] As noted above, prior trials using AAV-mediated gene therapy for hemophilia B
triggered a self-limiting immune response that prevented the therapy from being effective for a
significant period of time without need for high doses of steroids to cause immunosuppression.
An important factor appears to have been a cellular immune response that eliminated the liver
cells that had been transduced with the AAV vectors under study. This effect was detectable
from both an elevation of liver enzymes, suggesting liver damage, and the presence of capsid-
specific T cells in the subjects.

[0155] A therapeutically effective dose of an AAV vector may result in FIX activity adequate to
maintain hemostasis in a subject with hemophilia B, while producing no or minimal cellular
immune response against the capsid and/or Factor IX protein produced from transduced cells.
A cellular immune response can be determined in at least two ways: assaying for T cell activity
specific for capsid proteins or Factor X, and testing for the presence of elevated liver enzyme
levels that indicate damage to hepatocytes.

[0156] Cellular immune response may be determined by assaying for T cell activity specific for
capsid proteins and/or the Factor IX protein produced by the transduced liver cells. Different
assays for T cell response are known in the art. T cell response may be determined by
collecting peripheral blood mononuclear cells (PBMC) from a subject that was previously
treated with an AAV vector for treating hemophilia B. The cells are then incubated with peptides
derived from the VP1 capsid protein used in the vector, and/or the Factor IX protein, such as
FIX Padua, produced by the transduced liver cells. T cells that specifically recognize the capsid
protein or Factor IX protein will be stimulated to release cytokines, such as interferon gamma
or another cytokine, which can then be detected and quantified using the ELISPOT assay, or
another assay familiar to those of skill in the art. (See, e.g., Manno, et al., Nat Med
2006;12(3):342-347). T cell response can be monitored before and at different times after a
subject has received a dose of an AAV vector for treating hemophilia B, for example, weekly,
monthly, or some other interval. Thus, a therapeutically effective dose of an AAV vector may
result in FIX activity adequate to maintain hemostasis in a subject with hemophilia B (for
example, FIX activity of at least 1%, 5%, 10%, 20%, 30%, or more), while causing a T cell
response as measured using ELISPOT that is not greater than 10, 20, 30, 40, 50, 100, 200,
300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, or more, spot-forming units per 1 million
PBMCs assayed when measured weekly, monthly, or some other interval after the AAV vector
is administered, or at 2 weeks, 1 month, 2 months, 3 months, 6 months, 9 months, 1 year, 2
years, or some different time after the AAV vector is administered. , The ELISPOT assay may
be designed to detect interferon gamma (or some other cytokine) production stimulated by
peptides from the AAV vector capsid protein or Factor IX protein (including FIX Padua, or a
different variant) produced by transduced liver cells. The AAV vector can be AAV-FIX39-Padua,
or an AAV vector having the same capsid and a genome sequence at least 95%, 96%, 97%,
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98% or 99% identical thereto, andmay be administered to a subject in a pharmaceutically
acceptable composition alone, or with empty capsids of the same capsid type at an empty to
vector ratio of about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, or some other ratio.

[0157] As a proxy for the cellular immune response against transduced hepatocytes, the
presence of greater-than-normal liver enzymes can be assayed using standard methods.
While not wishing to be bound by theory, it is believed that T cells specific for certain AAV
vectors, such as those used in prior clinical trials, can attack and kill transduced hepatocytes,
which transiently releases liver enymes into the circulation. Exemplary liver enzymes include
alanine aminotransferase (ALT), aspartate aminotransferase (AST), and lactate
dehydrogenase (LDH), but other enzymes indicactive of liver damage can also be monitored. A
normal level of these enzymes in the circulation is typically defined as a range that has an
upper level, above which the enzyme level is considered elevated, and therefore indicactive of
liver damage. A normal range depends in part on the standards used by the clinical laboratory
conducting the assay. A therapeutically effective dose of an AAV vector may result in FIX
activity adequate to maintain hemostasis in a subject with hemophilia B (for example, FIX
activity of at least 1%, 5%, 10%, 20%, 30%, or more), while causing an elevated circulating liver
enzyme level, such as that of ALT, AST, or LDH, which is not greater than 0%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 100%, 200%, 300%, 400%, 500%, 600%, 700%, 800%,
900%, 1000%, 1500%, 2000% of the upper limit of normal (ULN) value of their respective
ranges, on average, or at the highest level measured in multiple samples drawn from the same
subject under treatment at different times (e.g., at weekly or monthly intervals) after
administration of the AAV vector. The AAV vector can be AAV-FIX39-Padua, or an AAV vector
having the same capsid and a genome sequence at least 95%, 96%, 97%, 98% or 99%
identical thereto, and may be administered to a subject in a pharmaceutically acceptable
composition alone, or with empty capsids of the same capsid type at an empty to vector ratio of
about 2:1, 3:1, 4:1, 5:1,6:1, 7:1, 8:1, 9:1, 10:1, or some other ratio.

[0158] In prior clinical trials using AAV vectors to treat hemophilia B, the investigators needed
to co-administer an immunosuppressant drug, such as a steroid, to prevent the subjects
receiving treatment from mounting an immune response that would eliminate the transduced
cells producing the Factor IX protein. Due to the attenuated immune response seen in subjects
undergoing experimental treatment with certain AAV vectors, however, co-administration of
immunosuppressing drugs may not be necessary. Thus, a therapeutically effective dose of an
AAV vector may be one that is sufficient to maintain adequate hemostasis in a subject with
severe or moderate hemophilia B, without need for co-administration (before,
contemporaneously, or after) of an immunosuppressant drug (such as a steroid or other
immunosuppressant). Because an immune response is not predictable in all subjects,
however, the methods herein of treatment for hemophilia B include AAV vectors that are co-
administered with an immunosuppressant drug. Co-administration of an immunosuppressant
drug can occur before, contemporaneously with, or after AAV vectors are administered to a
subject having hemophilia B. An immunosuppressant drug may be administered to a subject
for a period of days, weeks, or months after being administered an AAV vector for treating
hemophilia B. Exemplary immunosuppressing drugs include steroids (e.g., without limitation,
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prednisone or prednisolone) and non-steroidal immunosuppressants, such as cyclosporin,
rapamycin, and others. What drug doses and time course of treatment are required to effect
sufficient immunosuppression will depend on factors unique to each subject undergoing
treatment, but determining dose and treatment time are within the skill of those ordinarily
skilled in the art. An immunosuppressant may need to be administered more than one time.

[0159] A therapeutically effective dose of an AAV vector may result in a consistent elevation of
FIX activity when administered to a population of human subjects with severe or moderate
hemophilia B. Consistency can be determined by calculating variability of response in a
population of human subjects using statistical methods such the mean and standard deviation
(SD), or another statistical technique familiar to those of skill in the art. A therapeutically
effective dose of an AAV vector, when administered to a population of human subjects with
severe or moderate hemophilia B may result, at 3 months, 6 months, 9 months, 12 months, 15
months, 18 months, 21 months, or 21 months after administration, in a mean FIX activity of 1-
5% with a SD of less than 15, 14, 13,12, 11,10, 9, 8,7, 6, 5, 4, 3, 2, or 1; a mean FIX activity
of 2.5-7.5% with a SD of less than 15, 14, 13, 12, 11,10, 9,8, 7,6, 5,4, 3, 2, or 1; amean FIX
activity of 5-10% with a SD of less than 15, 14, 13,12, 11,10, 9,8, 7,6, 5, 4, 3, 2, or 1;a mean
FIX activity of 7.5-12.5% with a SD of less than 15, 14, 13, 12, 11,10, 9,8,7,6, 5,4, 3, 2, or 1;
a mean FIX activity of 10-15% with a SD of less than 15, 14, 13, 12, 11,10, 9, 8,7, 6, 5, 4, 3,
2, or 1; a mean FIX activity of 12.5-17.5% with a SD of less than 15, 14, 13, 12, 11,10, 9, 8, 7,
6, 5, 4, 3, 2, or 1; a mean FIX activity of 15-20% with a SD of less than 15, 14, 13, 12, 11, 10,
9,8,7,6,5,4, 3, 2, or 1, amean FIX activity of 17.5-22.5% with a SD of less than 15, 14, 13,
12, 11,10, 9, 8,7, 6, 5, 4, 3, 2, or 1;a mean FIX activity of 20-25% with a SD of less than 15,
14,13, 12,11, 10,9, 8,7, 6, 5, 4, 3, 2, or 1; a mean FIX activity of 22.5-27.5% with a SD of
less than 15, 14, 13,12, 11,10, 9,8, 7,6, 5, 4, 3, 2, or 1; a mean FIX activity of 25-30% with a
SD of less than 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1; a mean FIX activity of 27.5-
32.5% with a SD of less than 15, 14, 13, 12, 11, 10, 9, 8,7, 6, 5, 4, 3, 2, or 1; a mean FIX
activity of 30-35% with a SD of less than 15, 14, 13, 12, 11, 10, 9, 8,7, 6,5, 4,3, 2, 0r 1; a
mean FIX activity of 32.5-37.5% with a SD of less than 15, 14, 13,12, 11,10, 9, 8,7, 6, 5, 4, 3,
2, or 1; a mean FIX activity of 35-40% with a SD of less than 15, 14, 13,12, 11,10, 9, 8, 7, 6,
5,4, 3, 2,or 1, a mean FIX activity of 37.5-42.5% with a SD of less than 15, 14, 13, 12, 11, 10,
9,8,7,6,5,4, 3, 2, or1; amean FIX activity of 40-45% with a SD of less than 15, 14, 13, 12,
11,10, 9,8,7,6, 5,4, 3, 2, or 1, a mean FIX activity of 42.5-47.5% with a SD of less than 15,
14,13,12,11,10,9,8,7,6, 5,4, 3, 2, or 1; or a mean FIX activity of 45-50% with a SD of less
than 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1. The AAV vector can be AAV-FIX39-
Padua, or an AAV vector having the same capsid and a genome sequence at least 95%, 96%,
97%, 98% or 99% identical thereto, and may be administered to a subject in a
pharmaceutically acceptable composition alone, or with empty capsids of the same capsid type
at an empty to vector ratio of about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, or some other
ratio.

[0160] Methods and uses described herein can be combined with any compound, agent, drug,
treatment or other therapeutic regimen or protocol having a desired therapeutic, beneficial,
additive, synergistic or complementary activity or effect. Exemplary combination compositions
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and treatments include second actives, such as, biologics (proteins), agents and drugs. Such
biologics (proteins), agents, drugs, treatments and therapies can be administered or
performed prior to, substantially contemporaneously with or following any other method or use
of the invention, for example, a therapeutic method of treating a subject for a blood clotting
disease.

[0161] The compound, agent, drug, treatment or other therapeutic regimen or protocol can be
administered as a combination composition, or administered separately, such as concurrently
or in series or sequentially (prior to or following) delivery or administration of a nucleic acid,
vector, recombinant vector (e.g., rAAV), vector genome, or recombinant virus particle. The
invention therefore provides combinations in which a method or use of the invention is in a
combination with any compound, agent, drug, therapeutic regimen, treatment protocol,
process, remedy or composition, set forth herein or known to one of skill in the art. The
compound, agent, drug, therapeutic regimen, treatment protocol, process, remedy or
composition can be administered or performed prior to, substantially contemporaneously with
or following administration of a nucleic acid, vector, recombinant vector (e.g., rAAV), vector
genome, or recombinant virus particle of the invention, to a subject.

[0162] A combination composition may include one or more immunosuppressive agents. A
method may include administering or delivering one or more immunosuppressive agents to the
mammal. A combination composition may include AAV-FIX particles and one or more
immunosuppressive agents. A method may include administering or delivering AAV-FIX
particles to a mammal and administering an immunosuppressive agent to the mammal. The
skilled artisan can determine appropriate need or timing of such a combination composition
with one or more immunosuppressive agents and administering the immunosuppressive agent
to the mammal.

[0163] Methods and uses also include, among other things, methods and uses that result in a
reduced need or use of another compound, agent, drug, therapeutic regimen, treatment
protocol, process, or remedy. For example, for a blood clotting disease, a method or use has a
therapeutic benefit if in a given subject a less frequent or reduced dose or elimination of
administration of a recombinant clotting factor protein to supplement for the deficient or
defective (abnormal or mutant) endogenous clotting factor in the subject. Thus, methods and
uses of reducing need or use of another treatment or therapy aredescribed.

[0164] The invention is useful in animals including human and veterinary medical applications.
Suitable subjects therefore include mammals, such as humans, as well as non-human
mammals. The term "subject" refers to an animal, typically a mammal, such as humans, non-
human primates (apes, gibbons, gorillas, chimpanzees, orangutans, macaques), a domestic
animal (dogs and cats), a farm animal (poultry such as chickens and ducks, horses, cows,
goats, sheep, pigs), and experimental animals (mouse, rat, rabbit, guinea pig). Human
subjects include fetal, neonatal, infant, juvenile and adult subjects. Subjects include animal
disease models, for example, mouse and other animal models of blood clotting diseases and
others known to those of skill in the art.
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[0165] Subjects appropriate for treatment include those having or at risk of producing an
insufficient amount or having a deficiency in a functional gene product (protein), or produce an
aberrant, partially functional or non-functional gene product (protein), which can lead to
disease. Subjects appropriate for treatment in accordance with the invention also include those
having or at risk of producing an aberrant, or defective (mutant) gene product (protein) that
leads to a disease such that reducing amounts, expression or function of the aberrant, or
defective (mutant) gene product (protein) would lead to treatment of the disease, or reduce
one or more symptoms or ameliorate the disease. Target subjects therefore include subjects
having aberrant, insufficient or absent blood clotting factor production, such as hemophiliacs
(e.g., hemophilia B).

[0166] Subjects appropriate for treatment in accordance with the invention further include
those previously or currently treated with supplemental protein (e.g., recombinant blood
clotting factor such as FIX to treat hemophilia). Subjects appropriate for treatment in
accordance with the invention moreover include those that have not developed a substantial or
detectable immune response against FIX protein, or amounts of inhibitory antibodies against
FIX protein that would interfere with or block FIX based gene therapy.

[0167] Human pediatric subjects that are determined to have hemophilia B (e.g., by
genotyping), but have not yet exhibited any of the symptoms of hemophilia B, can be treated
prophylactically with an AAV vector to prevent any such symptoms from occurring in the first
place orfrom being as severe as they otherwise would have been in the absence of treatment.
Human subjects treated prophylactically in this way may be at least 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18 months old, or older, when they are administered an AAV vector to
produce and maintain FIX activity adequate to maintain hemostasis, and thus prevent or
reduce the severity of one or more symptoms of hemophilia B. The AAV vector can be AAV-
FIX39-Padua, or an AAV vector having the same capsid and a genome sequence at least 95%,
96%, 97%, 98% or 99% identical thereto, and may be administered to a subject in a
pharmaceutically acceptable composition alone, or with empty capsids of the same capsid type
at an empty to vector ratio of about 2:1, 3:1, 4.1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, or some other
ratio.

[0168] Administration or in vivo delivery to a subject can be performed prior to development of
an adverse symptom, condition, complication, etc. caused by or associated with the disease.
For example, a screen (e.g., genetic) can be used to identify such subjects as candidates for
invention compositions, methods and uses. Such subjects therefore include those screened
positive for an insufficient amount or a deficiency in a functional gene product (protein), or that
produce an aberrant, partially functional or non-functional gene product (protein).

[0169] Methods and uses described herein include delivery and administration systemically,
regionally or locally, or by any route, for example, by injection or infusion. Such delivery and
administration include parenterally, e.g. intravascularly, intravenously, intramuscularly,
intraperitoneally, intradermally, subcutaneously, or transmucosal. Exemplary administration and
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delivery routes include intravenous (i.v.), intraperitoneal (i.p.), intrarterial, subcutaneous, intra-
pleural, intubation, intrapulmonary, intracavity, iontophoretic, intraorgan, intralymphatic.

[0170] Alternatively or in addition, AAV vector can be delivered to the liver via the portal vein.
,A catheter introduced into the femoral artery can be used to deliver AAV vectors to liver via the
hepatic artery. Non-surgical means can also be employed, such as endoscopic retrograde
cholangiopancreatography (ERCP), to deliver AAV vectors directly to the liver, thereby
bypassing the bloodstream and AAV neutralizing antibodies. Other ductal systems, such as the
ducts of the submandibular gland, can also be used as portals for delivering AAV vectors into a
subject that develops or has preexisting anti-AAV antibodies.

[0171] Doses can vary and depend upon whether the type, onset, progression, severity,
frequency, duration, or probability of the disease to which treatment is directed, the clinical
endpoint desired, previous or simultaneous treatments, the general health, age, gender, race
or immunological competency of the subject and other factors that will be appreciated by the
skilled artisan. The dose amount, number, frequency or duration may be proportionally
increased or reduced, as indicated by any adverse side effects, complications or other risk
factors of the treatment or therapy and the status of the subject. The skilled artisan will
appreciate the factors that may influence the dosage and timing required to provide an amount
sufficient for providing a therapeutic or prophylactic benefit.

[0172] Methods and uses of the invention as disclosed herein can be practiced within 1-2, 2-4,
4-12, 12-24 or 24-72 hours after a subject has been identified as having the disease targeted
for treatment, has one or more symptoms of the disease, or has been screened and is
identified as positive as set forth herein even though the subject does not have one or more
symptoms of the disease. Of course, methods and uses of the invention can be practiced 1-7,
7-14, 14-21, 21-48 or more days, months or years after a subject has been identified as having
the disease targeted for treatment, has one or more symptoms of the disease, or has been
screened and is identified as positive as set forth herein.

[0173] Nucleic acids, vectors, recombinant vectors (e.g., rAAV), vector genomes, and
recombinant virus particles and other compositions, agents, drugs, biologics (proteins) can be
incorporated into pharmaceutical compositions, e.g., a pharmaceutically acceptable carrier or
excipient. Such pharmaceutical compositions are useful for, among other things, administration
and delivery to a subject in vivo or ex vivo.

[0174] As used herein the term "pharmaceutically acceptable” and "physiologically acceptable”
mean a biologically acceptable formulation, gaseous, liquid or solid, or mixture thereof, which is
suitable for one or more routes of administration, in vivo delivery or contact. A
"pharmaceutically acceptable” or "physiologically acceptable” composition is a material that is
not biologically or otherwise undesirable, e.g., the material may be administered to a subject
without causing substantial undesirable biological effects. Thus, such a pharmaceutical
composition may be used, for example in administering a viral vector or viral particle to a subj
ect.
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[0175] Such compositions include solvents (aqueous or non-aqueous), solutions (aqueous or
non-aqueous), emulsions (e.g., oil-in-water or water-in-oil), suspensions, syrups, elixirs,
dispersion and suspension media, coatings, isotonic and absorption promoting or delaying
agents, compatible with pharmaceutical administration or in vivo contact or delivery. Aqueous
and non-aqueous solvents, solutions and suspensions may include suspending agents and
thickening agents. Such pharmaceutically acceptable carriers include tablets (coated or
uncoated), capsules (hard or soft), microbeads, powder, granules and crystals. Supplementary
active compounds (e.g., preservatives, antibacterial, antiviral and antifungal agents) can also
be incorporated into the compositions.

[0176] Pharmaceutical compositions can be formulated to be compatible with a particular route
of administration or delivery, as set forth herein or known to one of skill in the art. Thus,
pharmaceutical compositions include carriers, diluents, or excipients suitable for administration
by various routes.

[0177] Compositions suitable for parenteral administration comprise aqueous and non-
aqueous solutions, suspensions or emulsions of the active compound, which preparations are
typically sterile and can be isotonic with the blood of the intended recipient. Non-limiting
illustrative examples include water, saline, dextrose, fructose, ethanol, animal, vegetable or
synthetic oils.

[0178] Cosolvents and adjuvants may be added to the formulation. Non-limiting examples of
cosolvents contain hydroxyl groups or other polar groups, for example, alcohols, such as
isopropyl alcohol; glycols, such as propylene glycol, polyethyleneglycol, polypropylene glycol,
glycol ether; glycerol; polyoxyethylene alcohols and polyoxyethylene fatty acid esters.
Adjuvants include, for example, surfactants such as, soya lecithin and oleic acid; sorbitan
esters such as sorbitan trioleate; and polyvinylpyrrolidone.

[0179] Pharmaceutical compositions and delivery systems appropriate for the compositions,
methods and uses described herein are known in the art (see, e.g., Remington: The Science
and Practice of Pharmacy (2003) 20th ed., Mack Publishing Co., Easton, PA; Remington's
Pharmaceutical Sciences (1990) 18th ed., Mack Publishing Co., Easton, PA; The Merck Index
(1996) 12th ed., Merck Publishing Group, Whitehouse, NJ; Pharmaceutical Principles of Solid
Dosage Forms (1993), Technonic Publishing Co., Inc., Lancaster, Pa.; Ansel and Stoklosa,
Pharmaceutical Calculations (2001) 11th ed., Lippincott Williams & Wilkins, Baltimore, MD; and
Poznansky et al., Drug Delivery Systems (1980), R. L. Juliano, ed., Oxford, N.Y., pp. 253-315).

[0180] A "unit dosage form" as used herein refers to physically discrete units suited as unitary
dosages for the subject to be treated; each unit containing a predetermined quantity optionally
in association with a pharmaceutical carrier (excipient, diluent, vehicle or filling agent) which,
when administered in one or more doses, is calculated to produce a desired effect (e.g.,
prophylactic or therapeutic effect). Unit dosage forms may be within, for example, ampules and
vials, which may include a liquid composition, or a composition in a freeze-dried or lyophilized
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state; a sterile liquid carrier, for example, can be added prior to administration or delivery in
vivo. Individual unit dosage forms can be included in multi-dose kits or containers.
Recombinant vector (e.g., rAAV) sequences, vector genomes, recombinant virus particles, and
pharmaceutical compositions thereof can be packaged in single or multiple unit dosage form
for ease of administration and uniformity of dosage.

[0181] Also described, but not covered by the claimed invention, are kits with packaging
material and one or more components therein. A kit typically includes a label or packaging
insert including a description of the components or instructions for use in vitro, in vivo, or ex
vivo, of the components therein. A kit can contain a collection of such components, e.g., a
nucleic acid, recombinant vector, virus (e.g., AAV) vector, vector genome or virus particle and
optionally a second active, such as another compound, agent, drug or composition.

[0182] A kit refers to a physical structure housing one or more components of the Kkit.
Packaging material can maintain the components sterilely, and can be made of material
commonly used for such purposes (e.g., paper, corrugated fiber, glass, plastic, foil, ampules,
vials, tubes, etc.).

[0183] Labels or inserts can include identifying information of one or more components
therein, dose amounts, clinical pharmacology of the active ingredient(s) including mechanism
of action, pharmacokinetics and pharmacodynamics. Labels or inserts can include information
identifying manufacturer, lot numbers, manufacture location and date, expiration dates. Labels
or inserts can include information identifying manufacturer information, lot numbers,
manufacturer location and date. Labels or inserts can include information on a disease for
which a kit component may be used. Labels or inserts can include instructions for the clinician
or subject for using one or more of the kit components in a method, use, or treatment protocol
or therapeutic regimen. Instructions can include dosage amounts, frequency or duration, and
instructions for practicing any of the methods, uses, treatment protocols or prophylactic or
therapeutic regimes described herein.

[0184] Labels or inserts can include information on any benefit that a component may provide,
such as a prophylactic or therapeutic benefit. Labels or inserts can include information on
potential adverse side effects, complications or reactions, such as warnings to the subject or
clinician regarding situations where it would not be appropriate to use a particular composition.
Adverse side effects or complications could also occur when the subject has, will be or is
currently taking one or more other medications that may be incompatible with the composition,
or the subject has, will be or is currently undergoing another treatment protocol or therapeutic
regimen which would be incompatible with the composition and, therefore, instructions could
include information regarding such incompatibilities.

[0185] Labels or inserts include "printed matter," e.g., paper or cardboard, or separate or
affixed to a component, a kit or packing material (e.g., a box), or attached to an ampule, tube
or vial containing a kit component. Labels or inserts can additionally include a computer
readable medium, such as a bar-coded printed label, a disk, optical disk such as CD- or DVD-
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ROM/RAM, DVD, MP3, magnetic tape, or an electrical storage media such as RAM and ROM
or hybrids of these such as magnetic/optical storage media, FLASH media or memory type
cards.

[0186] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, suitable methods and materials are
described herein.

[0187] In case of conflict, the specification, including definitions, will control.

[0188] As used herein, the singular forms "a", "and,” and "the" include plural referents unless
the context clearly indicates otherwise. Thus, for example, reference to "a nucleic acid"
includes a plurality of such nucleic acids, reference to "a vector” includes a plurality of such
vectors, and reference to "a virus" or "particle” includes a plurality of such virions/particles.

[0189] As used herein, all numerical values or numerical ranges include integers within such
ranges and fractions of the values or the integers within ranges unless the context clearly
indicates otherwise. Thus, to illustrate, reference to 80% or more identity, includes 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94% etc., as well as 81.1%,
81.2%, 81.3%, 81.4%, 81.5%, etc., 82.1%, 82.2%, 82.3%, 82.4%, 82.5%, etc., and so forth.

[0190] Reference to an integer with more (greater) or less than includes any number greater
or less than the reference number, respectively. Thus, for example, a reference to less than
100, includes 99, 98, 97, etc. all the way down to the number one (1); and less than 10,
includes 9, 8, 7, etc. all the way down to the number one (1).

[0191] As used herein, all numerical values or ranges include fractions of the values and
integers within such ranges and fractions of the integers within such ranges unless the context
clearly indicates otherwise. Thus, to illustrate, reference to a numerical range, such as 1-10
includes 1, 2, 3, 4,5, 6,7, 8 9, 10, as well as 1.1, 1.2, 1.3, 1.4, 1.5, etc., and so forth.
Reference to a range of 1-50 therefore includes 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, etc., up to and including 50, as wellas 1.1, 1.2, 1.3, 1.4, 1.5, etc., 2.1, 2.2,
2.3,2.4,2.5, etc., and so forth.

[0192] Reference to a series of ranges includes ranges which combine the values of the
boundaries of different ranges within the series. Thus, to illustrate reference to a series of
ranges, for example, of 1-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-75, 75-100, 100-150, 150-
200, 200-250, 250-300, 300-400, 400-500, 500-750, 750-1,000, 1,000-1,500, 1,500-2,000,
2,000-2,500, 2,500-3,000, 3,000-3,500, 3,500-4,000, 4,000-4,500, 4,500-5,000, 5,500-6,000,
6,000-7,000, 7,000-8,000, or 8,000-9,000, includes ranges of 10-50, 50-100, 100-1,000,
1,000-3,000, 2,000-4,000, etc.
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[0193] Accordingly, the following examples are intended to illustrate but not limit the scope of
the invention claimed.

Example 1. Vector Design/Preparation

[0194] A novel Factor IX nucleic acid encoding a high specific activity human factor |X protein
having the 338L Padua variant (Simioni P, et al., N Engl J Med 2009, 361:1671) was designed
("FIX 39-Padua”; SEQ ID No:10; Figure 10). FIX39-Padua is completely devoid of CpG
dinucleotides in the FIX coding and intronic sequences. For comparative testing, FIX19
(Mingozzi et al. Sci. Trans/ Med. 2013) was prepared and modified to include the FIX Padua, to
rule out any potential confounding effects resulting from the FIX Padua ("FIX 19-Padua"; SEQ
ID NO:11; Figure 11).

[0195] A plasmid ("pAAV-ApoE_hAAT-FIX39"; 11125 bp; SEQ ID NO:12; Figure 12A) was
synthesized and included the FIX39-Padua expression cassette and the elements described in
Table 2. A map of pAAV-ApoE_hAAT-FIX39 is shown in Figure 13.

Table 2. pAAV-ApoE hAAT-FIX39

5 AAV2 ITR SEQ ID NO:13
Enhancer (Hepatic Control Region) SEQ ID NO:14
hAAT promoter SEQ ID NO:15
5 UTR SEQ ID NO:16
FIX39-Padua CDS SEQ ID NO:10 (Figure10)
Intron A SEQ ID NO:17 (Figure 14)
3'UTR SEQ ID NO:18
polyA SEQ ID NO:19
3' AAV2 ITR SEQ ID NO:20
Lambda stuffer SEQ ID NO:21
F1 origin of replication SEQ ID NO:22
Kanamycin resistance SEQ ID NO:23
pUC origin of replication SEQ ID NO:24

[0196] The sequence of the FIX39-Padua coding sequence and intron A is set forth in SEQ ID
NO:25 (Figure 15). A plasmid was also synthesized that included the FIX19-Padua CDS and
the same regulatory elements, the same adeno-associated inverted terminal repeats (ITRs),
and the same liver-specific ApoE/hAAT promoter as pAAV-ApoE_hAAT-FI1X39.

[0197] AAV vector having the 4-1 capsid variant (SEQ ID NO:4) was prepared for the FIX39-
Padua ("AAV-FIX39-Padua") and FIX19-Padua ("AAV-FIX19-Padua") transgenes using a triple
transfection process followed by double cesium chloride gradient centrifugation (Ayuso E, Met
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al.,, Gene Ther 2010, 17:503). Vectors were titrated by quantitative PCR using a linearized
plasmid as the standard. For the study described in Example 3, vector was diluted in PBS, 5%
sorbitol, 0.001% F68 to a final volume of 200 pl per mouse, for tail vein injection.

Example 2. in vitro AAV variant 4-1 transduction

[0198] Primary hepatocytes from cynomolgus macaque and human origin were transduced
with the 4-1 variant capsid (SEQ ID NO:4) expressing luciferase at four different multiplicities of
infection (MOI) ranging from 500 to 62,500 vector genomes per cell. Seventy-two hours after
transduction, luciferase expression was analyzed. As shown in Figure 16, the ratio of
transduced human hepatocytes relative to non-human primate hepatocytes ranged from 0.8 to
1.5, depending on the MOI used. These data generated in vitro appear to be consistent with
previous observations in vivo when comparing expression of coagulation factor IX in
cynomolgus macaques and human subjects.

Example 3. Potency Study

[0199] A study was conducted to evaluate the potency of AAV-FIX39-Padua versus AAV-FIX19-
Padua in mice. Groups of 5 mice were injected at 8-10 weeks of age with either 1x10"" or

1x1072 vg/kg of AAV-FIX39-Padua and AAV-FIX19-Padua. Following vector administration,
blood was collected by retro-orbital bleeding using heparinized capillary tubes; plasma was
isolated by centrifugation at 9000 rpm for 10 minutes at 4°C and stored frozen at -80°C until
assayed.

[0200] Plasma collected was used to evaluate hFIX transgene expression. Human FIX levels in
plasma were measured using an ELISA kit (Affinity Biologicals, Ancaster, ON, Canada).

[0201] Activity levels of human FIX were measured by activated partial thromboplastin time
(aPTT) assay. The aPTT assay was performed by mixing sample plasma in a 1:1:1 volume-
ratio with human FIX-deficient plasma (George King Biomedical, Inc) and aPTT reagent (Trinity
Biotech), followed by a 180s incubation period at 37°C. Coagulation was initiated by addition of
25 mM calcium chloride. Time to clot formation was measured using a STart 4 coagulation
instrument (Diagnostica Stago). A standard curve was generated with pooled normal plasma
from George King starting at a 1:5 dilution in TBS pH 7.4 (48 ul + 192 pl) followed by serial 1:2
dilutions (120 pl +120 pl). The human standard curve was used to calculate the activity of each
sample at week 17 after vector administration; activity in two untreated mice was also
measured. FIX activity in untreated mice was averaged and then subtracted from the treated
samples to calculate the extra (i.e. human) activity due to the FIX Padua protein.

[0202] As shown in Figure 17, AAV-FIX39-Padua and AAV-FIX19-Padua appear to express
substantially equivalent levels of FIX.
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[0203] Seventeen weeks after vector administration, human FIX activity was measured in

those mice treated with a vector dose of 1x10'2 vg/kg. The activity-to-antigen ratio ranged
between 5.2 and 7.5, with an average value of 6.4 for both FIX19-Padua and FIX39-Padua
groups (Table 3).

Table 3. Human FIX activity values

Animal ID Antigen (% of normal) |Activity (% of normal) ;Ratio
01 - FIX19 53.9 352.7 6.5
02 - FIX19 95.6 631.8 6.6
03 - FIX19 120.6 882.3 7.3
04 - FIX19 132.9 797 1 6.0
05 - FIX19 105.2 599.7 57
06 - FIX39 163.1 1092.8 6.7
07 - FIX39 108.2 670.3 6.2
08 - FIX39 121.1 781.2 6.4
09 - FIX39 152.3 1147.8 7.5
10 - FIX39 134.1 7021 52
Average
Antigen (% of normal) | Activity (% of normal) { Ratio
AAV-FIX19-Padua 101.7 652.7 6.4
AAV-FIX39-Padua 135.8 878.8 6.4

[0204] While these results suggest that the potency of both expression cassettes is
substantially similar, the two constructs were also analyzed in the setting of plasmid
hydrodynamic tail vein injection. The rationale for evaluating FIX levels derived of in vivo
administration of naked DNA was to compare both expression cassettes without the potential
interferencE of differences in AAV tittering, vector manufacturing, etc.

[0205] As shown in Figure 18, both naked expression cassettes were equally potent at driving
FIX expression, confirming the data obtained in the AAV setting. These results indicate that the
FIX19-Padua and FIX39-Padua expression cassettes have similar potency.

Example 4. AAV-FIX39-Padua gene therapy

[0206] A clinical study is being conducted to determine safety and kinetics of a single IV
infusion of AAV-FIX39-Padua. The AAV 4-1 capsid variant used has been shown in preclinical
studies to have good safety and efficacy, the ability to achieve sustained FIX activity levels of
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-35% in NHPs at 1x1012 vg/kg after 3 months of vector infusion; and cross reacting neutralizing
antibodies (Ab) to the AAV 4-1 capsid variant are approximately 10% less prevalent than AAVS.

The design of the study is provided in Table 4.
Table 4. AAV-FIX39-Padua Clinical Study Design

Safety and Tolerability
of AAVFIX39- Padua

Clinically significant in vital signs, lab values and clinical
assessments (including number of bleeds and QoL) from
baseline

Kinetics of AAVFIX39-
Padua

Transgene FIX activity levels and antigen levels at peak
and

steady-state

Dosing Starting, Middle and Highest Dose Cohorts will each
include 2-5 subjects
Design Open-label, non-randomized, dose escalation

Participating countries

USA and potentially Europe, Japan and Canada

Sample size

Up to 15 subjects

Eligibility

Ages Eligible for Study: 18 Years and older

Genders Eligible for Study: Male

Accepts Healthy Volunteers: No

Inclusion Criteria

Able to provide informed consent and comply with
requirements of the study

Males =218 y.o. with confirmed diagnosis of hemophilia B
(2 IU/dL or 2% endogenous factor 1X)

Received =50 exposure days to factor IX products

A minimum of an average of 4 bleeding events per year
requiring episodic treatment of factor IX infusions or
prophylactic factor IX infusions

No measurable factor IX inhibitor as assessed by the
central laboratory and have no prior history of inhibitors to
factor IX protein

Agree to use reliable barrier contraception until 3
consecutive samples are negative for vector sequences

Exclusion Criteria

Evidence of active hepatitis B or C

Currently on antiviral therapy for hepatitis B or C

Have significant underlying liver disease

Have serological evidence* of HIV-1 or HIV-2 with CD4
counts <200/mm3 (* subjects who are HIV+ and stable
with CD4 count >200/mm3 and undetectable viral load are
eligible to enroll)

Have detectable antibodies reactive with 4-1 variant AAV
capsid (SEQ ID NO:4)
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Participated in a gene transfer trial within the last 52
weeks or an investigational drug within the last 12 weeks

Unable or unwilling to comply with study

assessments

Screening Visit Eligibility evaluation

AAV NAD titer is the major screen failure (highly
recommend referring subjects to CHOP's AAV NAD titer
protocol for phone screening)

Day 0 Visit FIX product incremental recovery then vector infusion

Follow-up Visits (~17 Safety and kinetic evaluations
visits)

End-of Study Visit (at  {Final safety evaluation
week 52)

Example 5. Clinical Results

[0207] Four subjects with hemophilia B were administered a single IV infusion of AAV-FIX39-
Padua vector. The first two subjects, ages 23 and 18 respectively, had no prior history of liver
disease, while the third, age 47, had a history of HCV infection but had cleared spontaneously.
All four subjects had been screened for neutralizing antibodies to the novel AAV capsid and
found to be negative.

[0208] Subjects were infused intravenously with 5 x 10! vg/kg of AAV-FIX39-Padua vector
over a period of ~1 hour. The total AAV-FIX39-Padua vector administered to each subject is
shown in Figures 20-23, which had been combined with the indicated amount of AAV empty
capsids.

[0209] Figures 19-23 show study results, with AAV-FIX39-Padua vector administered at day 0.
The results show increased Factor |X production in all four subjects, as reflected by increased
FIX activity throughout the study evaluation period.

[0210] The initial increase in FIX activity from day O to about day 3 is due to administration of

100 IU/Kg Alprolix™ or BeneFIX™, which are recombinant FIX-Fc fusion protein having an
approximate half-life of about 82 hours. Factor IX activity attributable to the AAV-FIX39 Padua
vector begins at about day 6-8 after AAV vector infusion.

[0211] As summarized in Figure 19 and shown for each individual subject in Figures 20, 21A,
22A and 23A, Factor IX activity gradually increased and appeared stable throughout the 183,
102, 69 and 50 day evaluation periods for all four subjects. These data indicate that a single

infusion of 5 x 101" vg/kg of AAV-FIX39-Padua vector results in sufficient and sustained Factor
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IX production and activity to provide hemophilia B patients with meaningful and beneficial blood
clotting activity to provide hemostasis.

[0212] As shown in Figures 19, 20A, 21A, 22A and 23A, Factor IX activity levels were at 28%,
41%, 26% and 33% of normal, for subjects 1-4 respectively, at 183, 102, 69 and 50 days after
infusion. Subject #3 treated himself with an extended half-life product for a suspected ankle
bleed 2 days after vector infusion; other than this there have been no factor infusions and no
bleeds during the evaluation period.

[0213] Immunosuppressing agents (steroids) have not been administered to any of the
subjects. In addition, in general there have been no sustained elevations of transaminases
above the upper limit of normal, indicating no adverse effects of the treatment (Figures 20B,
21B, 22B and 23).

[0214] ELISPOTs were used to monitor T cell responses to AAV and to FIX in all four subjects
and have shown no or very low responses. Of note, the time course of rise in Factor IX levels
to a plateau level has been remarkably consistent to date (Figure 19). Modest fluctuations in
antigen levels lead to greater shifts in activity levels, given the 8-fold increase in specific activity
of the Factor IX Padua variant.

[0215] Published data (Nathwani et al., N Engl J Med. 371(21):1994-2004 (2014)) have shown
long-term expression of Factor IX in men with hemophilia B infused with an AAV8 vector
expressing wild-type Factor IX. However, levels of expression were low- ranging from

1.4%-2.2% normal at the lowest dose (2 x 10" vector genomes [vg]’kg body weight) to 2.9-

7.2% at the highest dose (2 x 10'2 vg/kg). Moreover, 4/6 subjects infused at the highest dose
required a course of immunosuppressant (prednisolone) to reduce rising transaminases

associated with the highest dose (but not observed at lower doses of 2 x 10" or 6 x 101
vg/kg). Data from a natural history study of patients with hemophilia suggest that circulating
levels of ~12% FIX are required to reduce the annual number of spontaneous joint bleeds to
zero (den Uijl et al., Haemophilia 17(1):41-4 (2011)).

[0216] These are the first clinical results using a novel bioengineered AAV capsid expressing a
high specific activity Factor IX transgene. The Factor IX activity levels seen in subjects 1-4
28%, 41%, 26% and 33% of normal are substantially greater circulating Factor IX levels than
the those seen in prior studies, based on published data, and exceed the circulating Factor IX
levels needed to reduce the annual number of spontaneous joint bleeds to zero.

[0217] Furthermore, the substantial Factor IX activity levels seen in this study were achieved
with no recombinant Factor IX use since vector infusion, and without using immunosuppressing
agents (steroids). These results show the development of an AAV-FIX vector that can direct
high level clotting factor expression at low doses of AAV vector administration, so that
immunosuppression is not required - an important goal for liver-directed gene therapy. Factor
IX activity levels observed in this study have been sustained over the duration of the study
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period.

Example 6. Reduced Immunogenicity of AAV-FIX39-Padua Vector

[0218] For the current Phase I/l study, four subjects receiving 5e11 vg/kg of AAV-FIX39-Padua
were monitored for potential immune responses against the AAV vector using a validated
interferon-gamma (IFN-g) Enzyme Linked Immunospot (ELISPOT) assay. Purified PBMCs
isolated from weekly blood draws were tested via interferon gamma ELISPOT assay. Six AAV
capsid peptide pools, containing 24-25 peptides each were incubated with 2e5 cells in
triplicate. T cell responses were detected using a biotinylated antibody against IFN-g, followed
by colorimetric development and reported as spot-forming units (SFU) per million cells. The
highest responding pool at each timepoint is shown as SFU/million cells. The historically used
cutoff for positivity is >50 SFU and 3-fold media control (blue line). Subjects 840-003-001, 840-
001-002, 840-001-004, and 840-001-005 (shown in black) have been followed as far out as
weeks 26, 14, 11, and 8 respectively. ELISPOT results from a previous trial in which two
subjects, CP-16 and PT17 received 1e12 vg/kg of the AAV8-FIX19 vector and one subject
received 2e12 vg/kg of AAV8-FIX19, are shown in red.

[0219] Using the historically accepted value of >50 SFU and 3-fold the background (media)
control as criteria for positive T cell response, there has been very little to no response in the
three subjects as far out as 26-weeks post infusion (Figure 24A). This is in stark contrast to a
previously unpublished study by our group using a codon optimized AAV8 vector to deliver the
FIX transgene cassette to 3 subjects, in which robust IFN-g T cell responses were observed as
early as the week 2 timepoint (Figure 24B). Other previously published studies using AAV-2
(Manno et al., 2006 Nat Med) and AAV-8 self-complementary vectors (Nathwani et al., 2011
NEJM) have also shown evidence of early T cell responses to the AAV capsid as well.
Importantly, no responses against the transgene product have been observed in this trial.

[0220] It is hypothesized that the activation of a T-cell mediated immune response against
transduced hepatocytes presenting AAV capsid T cell epitopes may play a role in subjects that
show short-lived and eventual loss of transgene expression. Therefore, the reduced
immunogenicity profile of the AAV-FIX39-Padua vector represents a promising improvement
towards overall efficacy.
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1

PATENTIKRAYV
1. Rekombinant adenoassocieret virus (rAAV)-vektor omfattende et genom og et
kapsid, hvor genomet af navnte rAAV-vektor omfatter en nukleinsyre omfattende en
ikke-naturligt forekommende nukleotidsekvens som koder for humant Faktor IX-protein,
hvor naevnte nukleotidsekvens koder for det samme humane Faktor IX-protein som nu-
kleotidsekvensen i SEQ ID NO:10 koder for, og er mindst 85% identisk med nukleotidse-
kvensen i SEQ ID NO:10, og hvor kapsidet af naevnte rAAV-vektor omfatter et VP1-protein

omfattende aminosyresekvensen i SEQ ID NO:4.

2. rAAV-vektor ifglge krav 1, hvor navnte nukleotidsekvens som koder for humant

Faktor IX-protein er mindst 90% identisk med nukleotidsekvensen i SEQ ID NO:10.

3. rAAV-vektor ifglge krav 1 eller 2, hvor naevnte ikke-naturligt forekommende nu-
kleotidsekvens som koder for humant Faktor IX-protein, har et reduceret antal af CpG-

dinukleotider sammenlignet med vildtypesekvensen som koder for humant Faktor IX.

4. rAAV-vektor ifglge et hvilket som helst af de foregaende krav, hvor navnte nukle-
insyre yderligere omfatter mindst ét element valgt fra gruppen bestdende af: en
adenoassocieret virus (AAV) inverteret, terminal repeat (ITR), et ekspressionstyrende
element operativt forbundet med naevnte nukleotidsekvens som koder for humant Faktor

IX-protein, en polynukleotidfylder (”stuffer”) og en transkriptionsterminator.

5. rAAV-vektor ifglge krav 4, hvor naevnte ekspressionsstyrende element bibringer

ekspression i leveren og omfatter en promotor og eventuelt en enhancer.

6. rAAV-vektor ifglge krav 4 eller 5, hvor naevnte nukleinsyre omfatter en ITR fra
AAV2-serotypen, en promotor og en enhancer som bibringer ekspression i leveren, ope-
rativt forbundet med naevnte nukleotidsekvens som koder for humant Faktor IX-protein,
en polyadenyleringssekvens, en transkriptionsterminator og eventuelt en anden AAV2-
ITR, hvor AVV2-ITR’en er placeret 5' for promotoren eller enhanceren eller 3' for

transkriptionsterminatoren.
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7. rAAV-vektor ifglge et hvilket som helst af krav 1-6, hvor naevnte nukleotidsekvens

som koder for humant Faktor IX-protein er afbrudt af en intron.

8. rAAV-vektor ifglge et hvilket som helst af krav 1-7, hvor naevnte nukleinsyre yder-

ligere omfatter en polynukleotidfylder (”stuffer”).

9. rAAV-vektor ifglge krav 5 eller 6, hvor naevnte promotor er en human alfal-
antitrypsin (AAT)-promotor og naevnte enhancer er en apolipoprotein E (ApoE) HCR-1-

eller -HCR-2 enhancer.

10. rAAV-vektor ifglge krav 5, 6 eller 9, hvor naevnte promoter omfatter nu-

kleotidsekvensen i SEQ ID NO:15.

11. rAAV-vektor ifplge krav 5, 6, 9 eller 10, hvor navnte enhancer omfatter nu-

kleotidsekvensen i SEQ ID NO: 14.

12. rAAV-vektor ifglge et hvilket som helst af krav 6-11, hvor naevnte AAV2-ITR om-

fatter en af AAV2-ITR-sekvenserne som fundet i nukleotidsekvensen i SEQ ID NO:26.

13. rAAV-vektor ifglge et hvilket som helst af krav 7-12, hvor naevnte intron omfat-

ter nukleotidsekvensen i SEQ ID NO:17.

14. rAAV-vektor ifglge et hvilket som helst af krav 7-12, hvor nukleotidsekvensen
som koder for humant Faktor IX-protein og intronen omfatter nukleotidsekvensen i SEQ

ID NO:25.

15. rAAV-vektor ifglge et hvilket som helst af krav 1-14 omfattende i reekkefglge en
ApoE HCR-1-enhancer, en AAT-promoter, den ikke-naturligt forekommende nukleotidse-
kvens som koder for humant Faktor IX-protein, en polyadenyleringssekvens, en AAV2-ITR

placeret 5' for enhanceren eller 3' for polyadenyleringssekvensen, og eventuelt en anden
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AAV2-ITR i den modsatte position.

16. rAAV-vektor ifglge krav 15, hvor nukleotidsekvensen af nzevnte ApoE-HCR-1-
enhancer omfatter nukleotider 152-472 i SEQ ID NO:12, nukleotidsekvensen af naevnte
AAT-promotor omfatter nukleotider 482-878 i SEQ ID NO:12, nukleotidsekvensen som
koder for humant Faktor IX-protein omfatter nukleotider 908-995 og 2434-3731i SEQ ID
NO:12, nukleotidsekvensen af naevnte polyadenyleringssekvens omfatter nukleotider
3820-4047 af SEQ ID NO:12, og nukleotidsekvensen af nevnte AAV2-ITR omfatter en af
AAV2-ITR-sekvenserne som fundet i nukleotidsekvensen i SEQ ID NO:26.

17. rAAV-vektor ifglge et hvilket som helst af krav 1 til 16 omfattende nukleotider

142-4096 af SEQ ID NO:12.

18. rAAV-vektor ifglge et hvilket som helst af krav 8-12 og 16, hvor navnte nu-

kleotidsekvens som koder for humant Faktor IX-protein, er afbrudt af en intron.

19. rAAV-vektor ifglge krav 18, hvor naevnte intron omfatter nukleotidsekvensen i

SEQ ID NO:17.

20. rAAV-vektor ifglge krav 18, hvor nukleotidsekvensen som koder for humant Fak-

tor IX-protein og intronen omfatter nukleotidsekvensen i SEQ ID NO:25.

21. rAAV-vektor ifglge et hvilket som helst af de foregdende krav, hvor genomet af

navnte rAAV-vektor er enkeltstrenget.

22. rAAV-vektor ifglge et hvilket som helst af de foregadende krav, hvor nazvnte nu-
kleotidsekvens som koder for humant Faktor IX-protein, er mindst 90% identisk med nu-

kleotidsekvensen i SEQ ID NO:10.

23. Farmaceutisk sammensatning omfattende rAAV-vektoren ifglge et hvilket som

helst af de foregdende krav til anvendelse i behandlingen af haemofili B.
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DRAWINGS

Drawing

Rh74 VP1 Amino Acid Sequence (SEQ 1D NO:1)

MAADGYLPDWLEDNLSEGIREWWDLKPGAPK PK ANQQKQDNGRGL VLPGYK YLGPFNGLDKGEPY
NAADAAALFHDKAYDQQLQAGDNPYLRYNHADAEFQERLQEDTSFGGNLGRAVFQAKKRVLEPLGL
VESPVKTAPGKKRPVEPSPQRSPDSSTGIGK KGQQPAKKRLNFGQTGDSESVPDPQPIGEPPAGPSGLGS
GTMAAGGGAPMADNNEGADGVGSSSGNWHCDSTWLGDR VITTSTRTW ALPTYNNHL YKQISNGTSG
GSTNDNTYFGY STPWGYFDFNRFHCHFSPRDWQRLINNNW GFRPKRLNFKLFNIQVKEVTQNEGTKTI
ANNLTSTIQVFTDSEYQLPY VLGS AHQGCLPPFPADVFMIPQYGYLTLNNGSQAVGRSSFYCLEYFPSQ

MLRTGNNFEFSYNFED VPFHSSY AHSQSLDRLMNPLIDQYLY YLSRTQSTGGTAGTQQLLFSQAGPNN

MSAQAKNWLPGPCYRQQRVSTTLSQNNN SNFAWTGATKYHLNGRDSL VNPGVAMATHK DDEERFFP
SSGVLMFGKQGAGKDNVDYSSVMLTSEEEIK TTNPVATEQY GVVADNLQQGONAAPIVGAVNSQGALP
GMVWQNRDVYLQGPIW AKIPHTDGNFHPSPLMGGFGLKHPPPQILIKNTPVPADPPTTFNQAKL ASFIT
QYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYYKSTNVDFAVNTEGTY SEPRPIGTR YLTRNL

Figure 1
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Rh74 VP2 Amino Acid (SEQ ID NO:2):

TAPGKKRPVEPSPQRSPDSSTGIGKKGQQPAKKRLNFGQTGDSESVPDPQPIGEPPAGPSGLGSGTMAA
GGGAPMADNNEGADGVGSSSGNWHCDSTWIL GDRVITTSTRTWALPTYNNHLYKQISNGTSGGSTND
NTYFGYSTPWGYFDFNRFHCHF SPRDWOQRLINNNWGFRPKRLNFKLFNIQVKEVTONEGTKTIANNLT
STIQVFTDSEYQLPYVLGSAHQGCLPFFPADVFMIPQY GYLTLNNGSQAVGRSSFY CLEYFPSQMLRTG
NNFEFSYNFEDVPFHSSY AHSQSLDRLMNPLIDQYLYYLSRTQSTGGTAGTQQLLFSQAGPNNMSAQA
KNWLPGPCYRQORVSTTLSQNNNSNFAWTGATKYHLNGRDSLVNPGVAMATHKDDEERFFPSSGVL
MFCGKQGAGKDNVDYSSVMLTSEEEIKTTNPVATEQYGVVADNLOQQONAAPIVGAVYNSQGALPGMVW
ONRDVYLQGPIWAKIPHTDGNFHPSPLMGGFGLKHPPPQILIKNTPVPADPPTTFNQAKLASFITQY STG
QVSVEIEWELQKENSKRWNPEIQYTSNYYKSTNVDFAVNTEGTY SEPRPIGTRYLTRNL

Figure 2
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Rh74 VP3 Amino Acid (SEQ ID NO:3):

MAAGGGAPMADNNEGADGVGSSSGNWHCDSTWLGDRVITTSTRTWALPTYNNHLYKQISNGTSGGS
TNDNTYFGYSTPWGYFDENRFHCHFSPRDWOQRLINNNWGFRPKRT.NFKLFNIQVKEVTOQNEGTKTIAN
NLTSTIQVFTIDSEYQLPYVLGSAHQGCLPPFPADVFMIPQYGYLTLNNGSQAVGRSSFYCLEYFPSOML
RTGNNFEFSYNFEDVPFHSSY AHSQSLDRLMNPLIDQYLYYLSRTQSTGGTAGTQQLLFSQAGPNNMS

AQAKNWLPGPCYRQORVSTTLSQNNNSNFAWTGATKYHLNCGRD SLVNPGVAMATHKDDEERFFPSS
GVLMFGKQGAGKDNVDYSSVMLTSEEEIKTTNPVATEQYGVVADNLQQONAAPIVGAVNSQGALPG

MVWONRDVYLQGPIWAKIPHTD GNFHPSPLMGGFGLKHPPPQILIKNTPVPADPPTTFNQAKLASFITQ
YSTGQVSVEIEWELOKENSKRWNPEIQYTSNY YKSTNVDFAVNTEGTY SEPRPIGTRYLTRNL

Figure 3



4-1 variant VP1 capsid amino acid sequence (SEQ 1D NO:4)

1 MAADGYLPDWLEDNLSEGIREWWDLKPGAPKPKANQQKQDNGRGLVLPGYKYLGPFNGLD
61 KGEPVNAADAAATFHDKAYDOQOQI.QAGDNPYT RYNHADAFEFQERT.QEDTSFGGNT.GRAVFQ
121 AKKRVLEPLGLVESPVKTAPGKKRPVEPSPOQRSPDSSTGIGKKGQOQPAKKRLNFGQTGDS
181 ESYPDPQPIGEPPAAPSGYGPNTMAAGGGAPMADNNEGADGVGSSSGNWHCDSTWLGDRV
241 ITTSTRTWALPTYNNHLYKQISNGTSGGSTNDNTYFGYSTPWGYFDFNRFHCHFSPRDWQ
301 RLINNNWGFRPKRLNFKLFNIQOVKEVTONEGTKTIANNLTSTIQVFTDSEYOLPY VLGSA

361 HOGCLPPFPADVFMIPQY GYLTLNNGSQAV GRSSFYCLEYFPSOMLRTGNNFEFSYNFED
421 VPFHSSYAHSQSLDRLMNPLIDQYLY YLSRTQSTGGTAGTQULLFSQAGPNNMSAQAKNW
481 LPGPCYRQOQRVSTTLSQNNNSNFAWTGATKYHLNGRDSLVNPGVAMATHKDDEERFFPSS
541 GVLMFGKQGAGKDNVDY SSVMLTSEEEIKTINPVATEQYGVVADNLOQQQNAAPIVGAVNS
601 QGALPGMVWQNRDVYLQGPTW AKTPHTDGNFHPSPLMGGFGLKHPPPQILIKNTPYPADP
661 PTTFNQAKLASFITQY STGQVSVEIEWELQKENSKRWNPEIQYTSNYYKSTNVDFAVNTE
721 GTYSEPRPIGTRYLTRNL

4-1 variant VP2 capsid amino acid sequence (SEQ 1D NO:27)

TAPGKKRPVEPSPOQRSPDSSTGIGKKGQQPAKKRLNFGQTGDSESVPDPQPIGEPPAAPSGYGENT
MAAGGGAPMADNNEGADGVGSSSGNWHCDSTWLGDRVITTSTRTWALPTYNNHLYKQISNGTS
GGSTNDNTYFGY STPWGYFDFNRFHCHFSPRDWQRLINNNWGFRPKRLNFKLFNIQVKEVTQNEG
TKTIANNLTSTIQVFTDSEYQLPY VLGSAHQGCLPPFPADVFMIPQYGYLTLNNGSQAVGRSSFYCL
EYFPSQMLRTGNNFEFSYNFEDVPFHSSY AHSQSLDRLMNPLIDQYLYYLSRTQSTGGTAGTQQLLF
SQAGPNNMSAQAKNWLPGPCYRQQRVSTTLSQNNNSNFAWTGATKYHLNGRDSLVNPGVAMAT
HKDDEERFFPSSGVLMFGKQGAGKDNVDYSSVMLTSEEEIKTINPVATEQYGVVADNLQQQNAAP
IVGAVNSQGALPGMVWQNRDVYLQGPIWAKIPHTDGNFHP SPLMGGFGLKHPPPQILIKNTPVPADPP
TTFNQAKLASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNY YKSTNVDFAVNTEGTY SEPRPI
GTRYLTRNL

4-1 variant VP3 capsid amino acid sequence (SEQ 1D NO:3)

MAAGGGAPMADNNEGADGVGSSSGNWHCDSTWLGDRVITTSTRTWALPTYNNHLYKQISNGTS
GGSTNDNTYFGY STPWGYFDFNRFHCHFSPRDWQRLINNNWGFRPKRLNFKLFNIQVKEVTQNEG
TKTIANNLTSTIQVFTDSEYQLPY VLGSAHQGCLFPPFPADVFMIPQYGYLTLNNGSQAVGRSSFYCL
EYFPSQMLRTGNNFEFSYNFED VPFHSSY AHSQSLDRLMNPLIDQYLYYLSRTQSTGGTAGTQQLLF
SQAGPNNMSAQAKNWLPGPCYRQQRVSTTLSQNNNSNFAWTGATKYHLNGRDSLVNPGVAMAT
HKDDEERFFPSSGVLMFGKQGAGKDNVDYSSVMLTSEEEIKTINPVATEQYGVVADNLQQQNAAP
IVGAVNSQGALPGMVWQNRDVYLQGPIWAKIPHTDGNFHP SPLMGGFGLKHPPPQILIKNTPVPADPP
TTFNQAKLASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNY YKSTNVDFAVNTEGTY SEPRPI
GTRYLTRNL

Figure 4
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15-1 variant VP1 capsid amino acid sequence (SEQ 1D NQ:5)

1 MAADGYLPDWLEDNL SEGIREWWDLKPGAPKPKANQQRQDNGRGLVLPGYRYLGPFNGLD
61 KGEPVNAADAAATEHDRAYDQOQT.QAGDNPYT. RYNHADAFFQERT.QFDTSFGGNT.GRAVFQ
121 AKKRVLEPLGLVESPVRTAPGKKRPVEPSPQRSPDSSTGIGKKGQQPARKRLNFGQTGDS

181 ESVPDPQPIGEPPAAPSGYGPNTMAAGGGAPMADNNEGADGVGSSSGNWHCDSTWLGDRV
241 ITTSTRTWALPTYNNHLYRQISNGTSCGGSTNDRNTYFGYSTPWGYFDFNRFHCHFSFRDWQ
301 RLINNNWGFRPKRLNFKLFNIQVKEVTONEGTRTIANNLTSTIQVFTDSEY QLPY VLGSA

361 HOGCLPPFPADVFMIPQY GYLTLNNGSQAVGRSSFYCLEYFPSOMLRTGNNFEFSYNFED
421 VPFHSSY AHSQSLDRLMNPLIDQYLY YLSRTOSTGGTAGTQQLLFSQAGPNNMSAQAKNW
481 LPGPCYRQOQRVSTILSQNNNSNFAWTGATKYHLNGRDSLVNPGVAMATHRDDEERFFPSS
541 GVLMFGRQGAGRDNVDY SSYMLTSEEEIRTTNPVATEQYGVVADNLQQOQN AAPIVGAVNS
601 QGALPGMVWQNRDVYLQGPIW AKTPHTDGNFHPSPLMGGFGLKHPPPQILIKNTFVPADP
661 PTTFNQAKLASFITQY STGQVSVEIEWELQKENSKRWNPEIQYTSNYYKSTNVDFAVNTE
721 GTYSEPRPIGTRYLTRNL

Figure 5
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15-2 variant VP1 capsid amino acid sequence (SEQ 1D NO:6)

| MAADGYLPDWLEDNLSEGIREWWDLKPGAPKPK ANQQRQD NGRGLVLPGY RYLGPFNGLD
61 KGEPVNAADAAATLEHDRAYDOQOQL.QAGNINPYT.RYNHADAFF QFERT.QENTSF GGNT.GRA VFQ
121 AKKRVLEPLGLVESPVRTAPGKKRPVEPSPQR SPDSSTGI GKRGQQPARK RLNFGQTGDS
181 ESYPDPQPIGEPPAAPSGYGPNTMAAGGGAPMADNNEGAD GVGSSSGNWH CDSTWLGDRY
241 ITTSTRTWALPTYNNHLYRQISNGTSGGSTNDNTYFGYST PWGYFDFNRF HCHFSPRDWQ
301 RLINNNWGFRPKRLNFKLENIQVKEVTONEGTRTIANNLT STIQVFTDSE YOLPYVLGSA

361 HOGCLPPFPADVFMIPQY GYLTLNNGSQAVGRSSFYCLEY FPSQMLRTGN NFEFSYNFED
421 VPFHSSY AHSQSLDRLMNPLIDQYLY Y LSRTQSTGGTAGT QQLLFSQAGP NNMSAQAKNW
481 LPGPCYRQQRVSTTLSQNNNSNFAWTGATK YHLNGRDSLV NPGVAMATHR DDEERFFPSS
541 GVLMFGKQGAGRDNVDYSSVMLTSEEEIRTTNPVATEQYG VVADNLQQQN AAPIVGAVNS
601 QGALPGMVWQNRDVYLQGPTWAKIPHTDGNFHPSPLMGGF GLKHPPPQIL IKNTPVPADP
661 PTTFNQAKLASFITQYSTGQVSVEIEWELQKENSKRWNPE IQYTSNYYKS TNVDFAVNTE
721 GTYSEPRPIGTRYLTRNL

Figure 6
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15-3/15-5 variant VP1 capsid amino acid sequence (SEQ 1D NO:7)

1 MAADGYLPDWLEDNLSEGIR EWWDLKPGAPKPKANQQRQD NGRGLVLFGY RYLGPFNGLD
61 KGEPVNAADAAATLFHDRAYDQOQIQAGDNPYT.RYNHADAFF QERTL.QEDTSF GGNT.GRAVFQ
121 AKKRVLEPLGLVESPVRTAPGKKRPVEPSPQR SPDSSTGI GKRGQQPAKK RLNFGQTGDS
181 ESYPDPQPIGEPPAAPSGVGPNTMAAGGGAPMADNNEGAD GVGSSSGNWH CDSTWLGDRY
241 ITTSTRTWALPTYNNHLYRQISNGTSGGSTNDNTYFGYST PWGYFDFNRF HCHF SPRDWQ
301 RLINNNWGFRPKRLNFKLFNIQVKEVTONEGTRTIANNLT STIQVFTDSE YOLPY VLGSA

361 HOGCLPPFPADVFMIPQY GYLTLNNGSQAVGRSSFYCLEY FPSOMLRTGN NFEFSYNFED
421 VPFHSSY AHSQSLDRLMNPLIDQYLYYLSRTQSTGGTAGT QOLLFSQAGP NNMSAQAKNW
481 LPGPCYRQQRVSTTLSONNNSNFAWTGATKYHLNGRDSLY NPGVAMATHR DDEERFFPSS
541 GYVLMFGRQGAGRDNVDYSSVMLTSEEEIRTTNPVATEQYG VVADNLQQON AAPIVGAVNS
601 QGALPGMVWQNRDVYLQGPTWAKIPHTDGNFHPSPLMGGF GLKHPPPQIL IKNTPVPADP
661 PTTFNQAKLASFITQYSTGQVSVEIEWELQKENSKRWNPE IQYTSNYYKS TNVDFAVNTE
721 GTYSEPRPIGTRYLTRNL

Figure 7
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15-4 variant VP1 capsid amino acid sequence (SEQ [D NO:8)

1 MAADGYLPDWLEDNLSEGIREWWDLKPGAP KPKANQORQD NGRGLVLPGY RYLGPFNGLD
61 KGEPVNAADAAATLEHDRAYDQQI.QAGDNPY TLRYNHADAEF QFERT.QFEDTSF GGNI.GRAVFQ
121 AKKRVLEPLGLVESPVRTAPGKKRPVEPSP QRSPDSSTGI GKRGQQPAKK RLNFGQTGDS
181 ESYPDPQPIGEPPAAPSGVGPNTMAAGGGA PMADNNEGAD GVGSSSGNWH CDSTWLGDRV
241 ITTSTRTWALPTYNNHLYROQISNGTSGGST NDNTYFGYST PWGYFDFNRF HCHFSPRDWQ
301 RLINNNWGFRPKRLNFKLFNIQVKEVTOQNE GTRTIANNLT STIQVFTDSE YOLPY VLGSA

361 HOGCLPPFPADVFMIPOQYGYLTLNNGSQAV GRSSFYCLEY FPSOMLRTGN NFEFSYNFED
421 VPFHSSY AHSQSLDRLMNPLIDQYLYYLSR TOSTGGTAGT QQLLFSQAGP NNMSAQAKNW
48] LPGPCYRQQRVSTTLSONNNSNFAWTGATK YHLNGRDSLYV NPGVAMATHR DDEERFFPSS
541 GVLMFGKQGAGRDNVDYSSVMLTSEEEIRT TNPVATEQYG VVADNLQQON AAPIVGAVNS
601 QGALPGMVWONRDVYLQGPIWAKIPHTDGN FHPSPLMGGF GLKHPPPQIL TIKNTPVPADP
661 PTTFNQARLASFITQYSTGQVSVEIEWELQ KENSKRWNPE IQYTSNYYKS TNVDFAVNTE
721 GTYSEPRPIGTRYLTRNL

Figure 8



15-6 variant VP1 capsid amino acid sequence (SEQ D NO:9)

1 MAADGYLPDWLEDNLSEGIREWWDLKPGAPKPKANQQROQDNGRGLVLPGY RYLGPENGLD
61 KGEPVNAADAAAT FEHDRAYDQOQLQAGDNPYLRYNHADAFFOQERT.QEDTSF GGNI.GRAVFQ
121 AKKRVLEPLGLVESPVRTAPGKKRPVEPSPQRSPDSSTGIGKKGQQPAKK RLNFGQTGDS
181 ESVPDPQPIGEPPAAPSGVGPNTMAAGGGAPMADNNEGADGVGSSSGNWH CDSTWLGDRV
241 ITTSTRTWALPTYNNHLYRQISNGTSGGSTNDNTYFGYSTPWGYFDFNRF HCHFSPRDWQ
301 RLINNNWGFRPKRLNFKLFNIQOVKEVTQNEGTRTIANNLTSTIOVFTDSE YOLPY VLGSA

361 HOGCLPPFPADVFMIPQY GYLTLNNGSQAVGRSSFYCLEYFPSOMLRTGN NFEFSYNFED
421 VPFHSSY AHSQSLDRLMNFPLIDQYLYYLSRTOQSTGGTAGTQOLLFSQAGP NNMSAQAKNW
431 LPGPCYRQOQRVSTTLSONNNSNFAWTGATKYHLNGRDSLVNPGVAMATHR DDEERFFPSS
541 GVLMFGRQGAGRDNVDY SSVMLTSEEEIRTTNPVATEQYGVVADNLQQQN AAPIVGAVNS
601 QGALPGMVWQNRDVYLQGPIWAKIPHTDGNFHPSPLMGGFGLKHPPPQIL IKNTPVPADP
661 PTTFNQARLASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYYKS TNVDFAVNTE
721 GTYSEPRPIGTRYLTRNL

Figure 9
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FI1X39 nucleic acid sequence (SEQ ID NO:10)

ATGCAGAGGGTGAACATGATCATGGCTGAGAGCCCTGGCCTGATCACCATCTGCCTGCTGGGCTA
CCTGCTGTCTGCTGAATGTACAGTTTTTCTTGATCATGAAAATGCCAACAAAATTCTGAATAGACC
AAAGAGGTATAACTCTGGCAAGCTTGAAGAGTTTGTACAGGGGAATCTGGAGAGAGAGTGTATGG
AAGAGAAGTGCAGCTTTGAGGAAGCCAGAGAAGTGTTTGAAAATACAGAGAGAACAACTGAATT
TTGGAAGCAGTATGTGGATGGTGATCAATGTGAGAGCAATCCCTGCTTGAATGGGGGGAGCTGTA
AAGATGATATCAACAGCTATGAATGTTGGTGTCCCTTTGGATTITGAGGGGAAAAACTGTGAGCTTG
ATGTGACCTGTAATATCAAGAATGGCAGGTGTGAGCAATTTTGCAAGAATTCTGCTGATAACAAA
GTGGTCTGTAGCTGCACTGAGGGATATAGGCTGGCTGAAAACCAGAAGAGCTGTGAACCTGCAGT
GCCTTTTCCCTGTGGGAGAGTGTCTGTGAGCCAAACCAGCAAGCTGACTAGGGCTGAAGCAGTCTT
TCCTGATGTAGATTATGTGAATAGCACTGAGGCTGAGACAATCCTTGACAATATCACTCAGAGCAC
ACAGAGCTTCAATGACTTCACCAGGGTGGTAGGAGGGGAGGATGCCAAGCCTGGGCAGTTCCCCT
GGCAGGTAGTGCTCAATGGAAAAGTGGATGCCTTTTGTGGAGGTTCAATTGTAAATGAGAAGTGG
ATTGTGACTGCAGCCCACTGTGTGGAAACTGGAGTCAAGATTACTGTGGTGGCTGGAGAGCACAA
TATTGAGGAAACTGAGCACACTGAGCAGAAGAGGAATGTGATCAGGATTATCCCCCACCACAACT
ACAATGCTGCTATCAACAAGTACAACCATGACATTGCCCTCCTGCAACTGGATGAACCCCTGGTCT
TGAACAGCTATGTGACACCCATCTGTATTGCTGATAAAGAGTACACCAACATCTTCTTGAAATTTG
GGTCTGGATATGTGTCTGGCTGGGGCAGGGTGTTCCATAAAGGCAGGTCTGCCCTGGTATTGCAGT
ATTTGAGGGTGCCTCTGGTGGATAGAGCAACCTGCTTGCTGAGCACCAAGTTTACAATCTACAACA
ATATGTTCTGTGCAGGGTTCCATGAACGTGGTAGAGACAGCTGCCAGGGAGATTCTGGGGGTCCC
CATGTGACTGAGGTGGAGGGAACCAGCTTCCTGACTGGGATTATCAGCTGGGGTGAGGAGTGTGC
TATGAAGGGAAAGTATGGGATCTACACAAAAGTATCCAGATATGTGAACTGGATTAAGGAGAAAA
CCAAGCTGACTTGA

Figure 10

DK/EP 3313991 T3



FIX19 nucleic acid sequence (SEQ ID NO:11)

ATGCAGCGCGTGAACATGATCATGGCCGAGAGCCCTGGCCTGATTACCATCTGCCTGTTAGGATAT
CTACTCAGTGCTGAATGTACAGTTTTTCTTGATCATGAAAACGCCAACAAAATCCTGAACCGGCCC
AAGCGGTACAACTCAGGCAAGCTGGAAGAGTTCGTGCAGGGCAACCTGGAACGGGAGTGCATGG
AAGAGAAGTGCAGCTTCGAGGAAGCCCGGGAGGTGTTCGAGAACACCGAGCGGACCACCGAGTT
CTGGAAGCAGTACGTGGACGGCGACCAGTGCCGAGTCAAACCCCTGCCTGAACGGCGGCAGCTGCA
AGGACGATATCAACAGCTACGAGTGCTGGTGCCCCTTCGGCTTCGAGGGCAAGAACTGCGAGCTG
GACGTGACCTGCAACATCAAGAACGGCCGCTGCGAGCAGTTCTGCAAGAACAGCGCCGACAACAA
GGTGGTGTGCTCATGCACTGAGGGCTACCGGLTGGUCGAGAACCAGAAGAGCTGCGAGCCCGLCG
TGCCCTTCCCCTGCGGCAGAGTGTCCGTGAGCCAGACCAGCAAGCTGACCAGGGCCGAGGCCGTG
TTCCCTGACGTGGACTACGTGAACTCAACCGAGGCCGAGACAATCCTGGACAACATCACCCAGAG
CACCCAGTCCTTCAACGACTTCACCCGGGTGGTGGGCGGCGAGGACGCCAAGCCCGGCCAGTTCC
CTTGGCAGGTGGTGCTGAACGGCAAGGTGGACGCCTTCTGCGGCGGCTCAATCGTGAACGAGAAG
TGGATCGTGACAGCCGCCCACTGCGTGGAGACAGGCGTGAAGATCACCGTGGTGGCCGGCGAACA
CAATATCGAGGAAACCGAGCACACCCGAGCAGAAACGCGAACGTGATCCGGATTATCCCCCACCACA
ACTACAACGCCGCCATCAACAAGTACAACCACGATATCGCCCTGCTGGAACTGGACGAGCCTCTG
GTGCTGAATTCATACGTGACCCCCATCTGTATCGCCGACAAAGAGTACACCAACATCTTTCTGAAG
TTCGGCAGCGGCTACGTGTCCGGCTGGGGCAGGGTGTTCCACAAGGGCCGCAGCGCCCTGGTGCT
GCAGTACCTGCGGGTGCCCCTGGTGGACAGAGCCACCTGCCTGCGGTCAACCAAGTTCACCATCTA
CAACAACATGTTCTGCGCCGGCTTCCACGAGGGCGGCAGGGACAGCTGCCAGGGCGACAGCGGCG
GACCCCACGTGACCGAGGTGGAGGGCACCAGCTTTCTGACCGGCATCATCTCATGGGGCGAGGAA
TGCGCCATGAAGGGCAAGTACGGAATCTACACTAAGGTGTCAAGATACGTGAACTGGATCAAAGA
GAAAACCAAGCTGACCTGA

Figure 11
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PAAV-ApoE hAAT-FIX39 (SEQIDNO:12)

LOCUs FIX39

11125 bp DNA circular UNA

DEFINITICON AKA FIX39 Step 4.
ACCESSION urn.local...e-3um2omk
VERSION urn.local. ..e-3um2omk

KEYWORDS .
SOURCE
ORGANISM
FEATURES
repeat region

enhancer

promoter

5E'UTR

CDS

intron

3'UTR

Terminator

répeat region

misc_feature

Cene

rep_origin

Location/Qualifiers
1..141
/Imported from="<a

href=""http://wishart .biology.ualberta.ca/P_aasMapper"“>Pla

sMapper</as"

/Transférred From="LAAV-2_ ITR"
/Transferred Similarity="100.00%"
/madi fied_bys="Taar"

/lebel="AAV2 ITR"

152..472

/created_by="User"

/modified by="User"

/Transferred From="ApoE HCR-1"
/Tranaferred Similarity="100.00%"
/lebel="ApoE HCR-1"

482..878

/imtifkey=2

/ApEinfo fwdcolor="#ffffoo"
/ApEinfo_revcolor="#0080££"
/Transferred_From="hAAT Promoter"
/Transferred Similarity="100.00%"
/modified by="User"

/lebel="hAAT Promoter!

879..807

/created by="User"

/label="FIX 5'UTR"

order (90€..995,2434 . .3731)
/created_by="User"
/Transferred_From="hFIX CD3"
/Transfeérred_Similarity="79.22%"
/modlLied by="User"

/lebel="hFIX CD3"

996..2432

/created by="User"

/Transferred From="hFIX Intron"
/Tranaferred_Similarity="100.00%"
/moditied by="User"

/lebel="HF.X Intron"

3732..3779

/created_by="User"

/lebel="hF2 3' UTR"

3820..4047

/Imported from="<a&

href=""http://wishart .biology.ualberta.ca/P_esMepper"">Ple

sMapper</a>"

/Trangferred From="bGH_PA term"
/Transferred Similarity="100.00%"
/label="bGH_PA term"

complenmert (4097..4204)
/modified_by="User"
/label="AAVZ ITR"

4219..8579

/modified by="User"
/lebel="Lambda Stuffer"
complemert (8491. .8580)
/Imported from="<a

href=""http://wishart.biclogy.ualberta.ca/P_zsMepper" "=Pls

sMapper</a>"
/Transferred_From="cosN"
/Transferred_similarity="100.00%"
/label="cusN"

8680..89€6

/modified by-"User"

/label="F1 Ori"

Figure 12A
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misc.

_marker

rep_origin

ORIGIN

51
121
181
241
301
351
421
481
541
601
661
721
781
841
g01
951

1021
1681
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1851
1921
1981
2011
2101
2181
2221
2281
2311
2401
2451
2521
2581
2611
2701
2761
2821
2881
2911
3001
3061
3121
3181
3241
3301
33561
3421
3481
3E41
3601
3661
3721
3781
3841
3801
3961
4021
4081
4141

cctgecaggea
gagegacctt
actccatcac
ctecaccctge
ctctgaagtc
goaagcagoa
ayglcagaga
cagtggagag
ggatcttget
aagtggtact
cgetgtggtt
aclgeueagy
ttagccectyg
toccacogttyg
toagetteag
aaaggttatg
cctgebggge
tgagtatget
attacatgat
ctggttottt
togcttatgat
cctgttaaaa
tagczgaata
atcaszattgg
agatatgtga
attatatatce
gectgttagtt
aaacatctty
aaagraagct
tbgtttttte
aattetccca
caactttcta
gcacccccag
aatccaccte
atttgggcaa
ccteceatgag
ttctttttca
ttetettgac
tgtgggaaca
tggattaaaa
ctaazactaa
aaattctgaa
atctggagag
asaatacaga
graatcccety
gteecetttyy
gecaggtgtga
agggatatag
ggagagtgte
tagattatgt
agagcttcaa
cctggoaggt
agaagtggat
ctggagagca
ttatcceeca
tggazctgga
aagagtacac
tgttcecataa
gagcaaccty
tocatgaagy
tggagggaac
gaaagtatgy
agctgacttyg
gatctagage
agccetcotgt
ctgtccttte
ttetggagoy

atgctgggga
gatccactag
cgetegetea

G284..10086

/modified_by="User"
/label="Kan R"
complement {10453..11120)

/modified _by="
/label="pCC Ori"

getgegaget
tggtegeces
taggggttcec

ccettocea
cacactgaac
sacagcaasc
celelelygye
gagcagaggt
accagtggaa
ctoccagaga
tctgagoceg
cagageygleo
tttgctecte
cdeoctekgga
gcaccaccac
cagagggtga
tacctgetgt
tgoccttttas
ttgacagcea
gttagctags
gcaataaggt
zacagteatc
tagtgaaaza
gaaacaaasy
caattcaags
ttcaatttaa
stcaccaasg
gagttgatat
taageattga
scaactacag
tttggacaeca
gaatcaaatc
caagctgact
cctggaceat
ccateattets
ctattttcea
tcrasagtaa
taaaegtaca
tcacagattt
ccaasgactt
sgaattattc
tagaccaaag
egagtgtate
gagaacaact
cttgeatygys
atttgaggys
gcaattttge
getggetgea
tgtgagccaa
gaategcact
tgactteacc
zgtgcteoast
tgtgactgea
caatattgag
ccacesactac
tgaaccoctg
caacatotte
sggceggtet
cttgctgage
tggtagagac
cagcttcctg
gatctacaca
ctgaeagatg
tgaatteoets
tgtttgecec
ctaataaazst
tggggtaggs
tgcagtgggc
ggcegeagga
ctgaggeege

aar"

cgetegetea
gectecagtge
tgcggcctag
cccectcagtt
aaacttcagc
acacageoect
ceealygecac
tgtcetggeg
cagccactas
ctgtetgact
gtacastgac
gyycagcegla
cgataactgg
tecactgott
tgacctggga
acatgatoat
ctgectgaatg
atatagaaat
tattgsagag
ttttettett
ttaatsaace
tecttggttt
aaatazccac
caczascagt
tttcagaagt
agttttagtt
cttbtoatgg
ttggggaaac
caczasgagt
tgactttatt
cagcatgtte
tagtagctga
ggccetgtygg
aattaggctt
agascegocce
gtgatgacaa
attcazatat
attgastttt
tggctocatg
tcttasgage
ttttacattt
aggtataact
gaagagaagt
gaattttgga
gggegetgte
aaasactygty
aagsattotg
aaccagaage
accagcaagce
gaggctgage
agagtggtag
ggasaszgtgg
gcccactgtg
gaaactgage
aatgctgects
gtcttgaacsa
Ftgsastttyg
gccctggtat
acczagttta
agctgocagg
actgggatta
aaagtatocs
gatttccaag
cagccagggy
tcccccttge
gaggasattg
caggacagcee
toctetggctt
accectagty
cegggetttyg

ctgaggccge
gcgagegage
taggczcaga
cecatectee
ctactcetgt
ccctgactge
clecaacale
tggtt-aggt
ggattctgca
cacgocacoc
tcottzoggt
ggeyygrygac
ggtgaccttyg
aaatacggac
cagtgaatac
ggctgagage
tacaggtttyg
atctgattet
tctaacageoe
ctteactttt
ctogttcegtt
daaaadetta
agtatztttg
ggcctzattt
atgtaaggag
aaaacataaa
attaggzaaa
acaatactca
aggaagttag
tattteccag
tcacagtaag
cagtaccagg
ttcccactee
ctgttetteoa
agccagggtyg
agtgtgesagt
gattagesaat
aattcctaaa
ccctaazgag
tgtaaasttt
cagttzttet
ctggtaaget
gcage-ttga
agcag-atgt
aagatgatat
agcttgetgt
ctgatazcaa
getgtgsace
tgactaggge
caatcettga
gaggggegga
atgocoztttg
tggaaactgyg
acactgagea
tcaacaagta
gctatgtgac
ggtctggata

tcage-gggg
gatatgtgaa
gttaat-tcat
gatcagecte
ctteoestgac
catcacettyg
agggggagga
ctgaggcaga
atggagttgg
ceegggegga

Figure 12A cont.

cogggoaaag
gcgcagagagy
ggcacacagg
agcagetgtt
ccctaaaatg
tgeccttgga
caclugacee
agtgtgagag
gtgagagcayg
cctecaccett
aagtgcagtg
Leayalocea
gttaatatte
gaggacaggyg
cactttcaca
cotggoctga
tttcotbttt
gtottottea
agcacccagy
aazactaaat
cagtatttgg
aazgtgyggaa
tttggactta
aczcaaaaag
gtgtgtctet
gattaacctt
aatcattttg
gttgagttec
ctattgeaac
aggaaggcat
cacttatcac
atcaggggtg
agecatgatg
ggegacattt
atggatcact
tasgggctca
ctgaccttto
tctecatgtyg
aazttggott
tecetgatgtt
tgetcatgaa
tgaagagttt
ggeagccaga
ggatggtgat
caecagetat
gacctgtaat
agtggtotgt
tgcagtgect
tgaagragte
cactatcact
tgccaagcct
tggeggttca
agtcaagatt
gazgaggaat
casccatgac
acccatetgt
tgtgtotgge
gagggtgeet
caztatgttc
gggtooacat
tgaggagtgt
ctggattaag
tggeattgaa
tactgtgcet
cctggaaggt
tctgagtagg
ttgggaagac
aagsaccagc
ccactoeocte
ctcegtgage

ccogggegtz
sgagtggeea
agtttotggy
tgtgtgetge
ggceascatt
gctggggeay
cblgysalll
sggtacccgg
agggccaget
cgacacagga
caagctgtaz
seeaylygac
accagcagez
ccotgtatan
atctgectagz
tocaccatctyg
tateatacat
ctasatttty
ttggtaagta
agatggacaa
tcatgtaatt
aaczasgaaa
crcactttgaa
totgatttta
aattttttaa
tcattagecaa
tetetateto
ctaggggaga
atatatcact
acagggaaga
acttacttgt
ccaaccctaa
tcagctygtga
gttcasagtz
ttgcasagat
tttgagaact
attactggaa
tatecagtac
tcagattatt
tteottttttyg
aatgccaaca
ctacagggga
caagtgtttyg
caatgtgagsa
caatgttggt
atceaagaaty
agotgeacty
tttecctgty
tttectgatg
cagagcacac
sggcagttec
attgtzaatg
actgtggtgg
Ttgatcagga
attgccctes
attgctgata
tgaggcaggy
ctggtggata
tgtgeagggt
stgactgagy
cctatgaagyg
cagaasacca
aattascaga
totagttgen
cccacteoeca
tgtcattcta
aategcaggz
tggggctega
totgegeget
cagcgagegs
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4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
8721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
B467
8521
8581
8641
8701
8761

geagetoeoct
caacatteoge
attgeccatgg
tcgagaaaga
catatcgcge
ttaagecget
acattttgas
gcatgatact
ctegttotgg
acttcgacgt
cccgaaacag
ctgracaacs
cagtgectezt
tgegtacagy
tetgtectgo
agcgggtygge
cgaacaaatc
ttcctaatce
catgacctgt
tttgcaatgg
gacgeasatgs
ctaagtages
attggttcge
caataatcas
acgtcagaas
ttactccgat
cggacgetac
agacttctet
tttacctacy
ggctteactyg
aaaattcaas
attatctceg
cgtgataacg
gcgaacgegy

accgectooy
tatttcaccoe
tatattaaczg
gtgagcaaza
atcecatttac
ttttggetge
tggtttcast
atcetgtaat
cgatgettzt
gagttgaaat
tgtattceoeg
gggaataazt
gcccegetge
gtattctgas
tgttcatgga
tgctgaaactg
tttcttoage
ttttctaacs
tgacgtttce
atttctttas
gtagtttges
tgatttatgt
cggtectget
tcaaatctoe
catggagcoga
gtgtaaaaas
gtatagaacea
Aacgataatas
ttcaaactat
aaaactgcas
gttcggaggg
tettttetge
accottttzg
tgcgggttgt
gtcgetoatt
fgatacctge
tatgtacazg

gtggttacge
ttettecezt

geaggggcay
ttetgeggat
t&caggcegt
gtgcggaaga
tgtgacgatg
gtatgacget
tgdggteaca
gacktattga
ragtgagatg
atcgtctgga
ttegeaggta
ggtaagagea
teegttgtye
cgtcategee
attcattagt
aggaggtege
tgattactaa
aetagagcaa
tggcogecat
cgtacctteg
Lglycgeeal
atctcgeotta
ttatcazacg
cgtaaggegt
accagasgate
cacectogea
cegottottt
ccgaaasgta
attgateyuty
cegggaegetg
geagegggcyg
ctctggttat
ccettaccta
ceattactga

2 aggagttage

gtcgteggtt
gcgtggstaa
tcagagagag
agecagtgcag
cecacgcget
geetgtttge
atcgacagtt
tggtgetact
aagcagggcc
tgeagttcge
cteatattgt
gattaactat
azzacgatga
tgecacggaa
tgectctcagt
ratttgraac
tgatttctet
atttaacatt
cgetgtgaat
gttcagesata
azatggcaac
ttatcgtttt
ceesatattag
ggcattectgg
atecagsaag
ceaaatgaat
tztgottaat
teaggtgtct
tatgaaggat
ttagtctygty
ctecaattact
aegaacgcgg
cgttagtete
cteaagageyg
tgttctgegyg
tgtattgtet
gteataasttg
atsatcatta
tgcctgatge
agcaaccata
gcagegtgac
cettteotege

cttgaaggaa
tattgecagta
goggttgata
tgraaaggceyg
ctaatcccea
ctggtggtge
cgttagoega
ataaaattgg
aaaagaggag
actccaacca
atagttagag
ttgagtaogat
tgaattaaygce
gocdragoaac
aatagttacg
gctaacaacc
acacagtagce
atceecttst
totogeggea
cggeagatct
Laleygeelay
tataacgage
cttegetget
tecctegatat
atggttatga
aacttgtcsc
coogttggty
aggacgctgt
gtgatatcecy
gttatggtea
gaacggtecag
ctgcatcetc
caaagcoaay
catgcagaty
tgatgctaaa
gcacatcaea
tgcagecteo
gotgateoact
atagagttgc
tccageggay
tgggtttety
ttecttetgeo
gotgeaggtt
agcgeagtey
agaatcgtet
taatatttet
gtccacageco
acacagggtt
gaaaccggac
aaatagtaset
coatoggaaa
tgatttceaac
tacaaccttt
attatectgtyg
asacaattca
ctgagecoatt
tatcgtttea
gaatgttttc
agggaaatac
atttgaagta
asagaacae

agcaccattt
ctggaagcet
rattonntgg
acagagocsa
graatgoect
gatgtteett
cgacggeegy
atgttaattt
gttetgttet
gaagttgttt
atrtatrtrgza
tcactttacy
ggtattttcet
gtacgegecc
cgotacactt
cacgttogoc

atactaagge
gtgoegegac
“tgceaaaac
Tcggetatte
accttécccea
aatgeccacaa
atgattgcoea
gtaaatttga
gcgeottacta
—cgeaggcag
cctgeataac
astcogtgaay
gsataccgga
agecacaacce
ctgeggoctt
—cctgeogtt
ctggatttgt
—gggggtaag
azggascaag
actggeggty
_Leallegly
gtgtttateqg
asaaaagceyg
getggegtygg
cgteoattgta
gctaaaceca
ggatgectac
ggcattgeag
“caggcsate
gttogageat
agagattgat
gtctgeoctgt
cgcgacaaaa
cgtcagegty
gotgazaatg
geagtetgte
ceecgactygy
atgrazaaac
ccatategat
—&taaztgcc
“tttascaac
ceattccaga
—gttttgaac
cgagtegrat
gtgtagaaaa
Tzatgtatgt
ctgacygggga
—agegegtac
gttatgattt
geattetcaa
actootgott
ctatcatagyg
“taagtcctt
gatagatagt
cegtctaaat
ggtaaaacct
atctggtetyg
acttastagt
aaccgacaga
atattttaac
ctgctgatga
ctatgagtta
—cagagcaat
-ggrrgam’g
cacgesgtet
cgtaattaag
cttcatcact
cttcastgac
gttcastecat
—cgttgacat
—tacgttaag
grtggrrrgart
ggtecectttec
ccttacgeat
—gtagcggeg
gecagegecet
ggctttoeoeae

Figure 12A cont.

aaaggtactg
geegggggea
agagctgtgg
aaggatgecca
acccacctgg
agesgagtca
cggatggeaa
ctcaacgatyg
cegattacge
ageggtctge
ggttrcggga
agt cggogag
agcegaaccy
aaactgages
ttccacatga
ttgecegtge
tctatcagta
acatgaagat
geategggge
cgtttacaaa
accllebcya
gctacateqqy
gagtagadaga
teggagggaa
ggeggagage
aasctcaaat
cgeaagoage
cagattaagg
gaccgttygea
aaggctgaca
gtetgagecag
catgggctgt
atgccagaga
atgttgctge
atgetetgeqg
agteagtgeg
cagecaccgc
aactggaagq
gggcaactca
tazagtaata
attttectgeg
aacgaagaaa
agtaaacgtco
tttttteaty
tteaacaaac
caggtgagat
acttetetge
acgtattgea
agegtggaaa
aggtatagta
tagcaagatt
acgtttetat
ttettaacac
aastataatg
cttttegeac
tcecatgtgat
acctecttgt
attggttgeyg
tgtatgtaag
cgctagatga
tcccteogtg
ccetgatgtt
tgeggcagcy
arcaccataa
gtcactgtceca
tgeatttaca
tcttzattgat
ccaggctgay
ttggttagga
gaggttgece
ttgetgcaga
ggantnrang
ggtgatccga
ctgtgecggta
cattaagcge
tagcgecaocge
gtcaagotet

caagtgcteg
agatgcageg
gggagagtty
graagcgeag
tcacgecacty
atcgeagaca
catattaacy
ggttaattcy
ctagttggto
aaaatgcast
ttttttatsat
cotggttage
gatcaccasa
gtagccactg
cecttegbgea
atatcggtca
atcgacctta
gccagaaasa
aatccttgeg
aacagtaatc
clleyecgga
tactgacteg
tggtagaaat
ctgataacgy
tatttastga
caaceggcgc
ttggcctgaa
agaegtggegao
gcaatatety
grnotgatktge
agtcaczgeg
taatcattec
actgsagctg
gctegatgcea
tgatgatgtt
tgaagczace
tgaacggget
aacccagaag
tgcasttatt
aaaccgagca
ccgccacasa
tgatgggtga
tgttgageac
gtgttattcece
cctasacaet
gaatagtesat
gggagtgtee
ttatgcoasc
gatttgtgta
atatctttta
ttoactgtat
aagatgcgty
ggtgttatcg
tgagecgtty
ttgatcgaet
acgagggege
gttttgttga
taaceaagtyg
grrascgtge
agagcaagceg
gatctgattc
gtaattgest
ttggtgaagc
ctgetaataa
ggaaagbggt
atatcgtect
gtatetgctc
aaattccegy
aagcggatgt
cgtattcoagt
tcaattaata
cacgttgrga
caggttacgy
tttceacaccy
ggcgggtgty
toctttzget
aaateggggy
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/

8821
8881
8941
S001
9061
glzl
9161
9241
9301
S361
944l
G481
9541
9601
9661
9721
9781
9841
99Ul
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10862
10681
10741
10801
10861
10921
10981
11041
11101

ctccozttag
ggtga-ggtt
gagtcceacgt
tegggetatt
aceacgtcgt
ceccttzegee
gegeagectg
taatgetctg
tcaaacgaaa
gttte-gtaa
atcggzctge
aastaaggtt
aaagc-tatyg
aatcactcge
cgcgazcget
ctgecagege
ctgttztece
gelitgalyygl
taacazcatt
tececa si=F:}
acccacataa
gttgaatatyg
ttcatgetga
ggcttogtty
aczacgcaga
aceaagctet
cctggzatoa
gegtcagace
atctgetget
gagctaccaa
gttectzcetzg
tacctegete
accgggttogy
ggttegtgea
cgtgagetat
agegycegyy
cttta
tcagggggge
ttttgetgge

ggttccgatt
cacgtagtgg
totttaatag
cttttoattt
gactgggaaa
sgctggegta
zatggcgaat
ccagtgttac
ctgcaattta
tgacggagaa
gattccgact
stcezagtgag
catttcttte
atcaaccaaa
gttaaagagga
atczacaata
ggggatecgea
CYygeadygayyr
ggcaacgcta
tcgatagatt
atcagcatcece
gctcataaca
tatattttta
zatzaatcga
cegttoegtyg
catcaaccgt
gtcagcaaca
ccgtagaaaa
tgceaaacaaa
ctetttttee
tgteagecogta
tgctaatcct
sctcaagacy
cacagccecag
gageaagcgc
tcyggaacagy
ctgtecgggtt
ggagcctatg
cttttgetea

tagtgcttta
gccatcgecc
tggactetts
agacctgcas
eccctggegt
stagcgaaga
gegattratt
zaccaattaa
ttcatatcac
cactcacaga
cgtocaacat
zaatcaccat
cagacttgtt
cégttattca
caattacaaa
ttttcaceoty
gtggtgagta
alaaalices
cctttgecat
gtcgcacate
atgttggaat
ccecttgtat
tcttgtgcaa
acttttgets
gcaaagcaaa
ggctccetea
ccttetteac
gatcaaagga
gaaaccaccg
gaaggtaact
gttaggccac
gttaccagts
stagttacceg
cttggagega
cacgcttecec
sgagcegeacg
tcgocaccte
gaaaaacgcc
catgt

cggcaccteg
—gatagacgg
“tcrcaaactyg
gcatgcaage
—ecccasctt
ggccegcacce
ceaacaaagoc
ccaattctga
gettatcaat
ggcagttooa
caatacaacc
gegtgacgac
ceacaggcco

—tcgtgattyg
ceggaatcga
aatcaggata
accatgcatce
_cageeagll
gtttcagaaa
attgcccgac
—taatcgecgg
ectgtttat
—gtaacatca
agttgasgga
agttcacaat
ctttetgget
geggcagacc
—cttettgag
ctaccagcegy
ggcttecagea
cectteczaga
gctgetgeca
getaaggoge
acgacctaca
geagggegaa
aggygagetto
—gacttgagce
agcaacgcgg

Figure 12A cont.

zcccecazaaa
tttttagece
gaacaacact
ttggcactgg
zatcgcecttg
gatcgcectt
googtacogt
ttagaazaac
accatatttt
taggatggea
tattaattte
tgaatccggt
goeattacge
cgectgageyg
zstgcaacocgyg
ttcttetaat
atcaggagta
Laglulygace
caactctgge
zttatcgoga
cttegageaa
gtaagcagac
gagattttga
tcagatcacy
cadcaactgyg
ggatgatygy
tectecgacgga
ztcebttett
tggtttgttt
gagegcagat
zctetgtage
gtggcgstaa
egcggteggy
ccgaactgag
eggcggecayg
cagggggaaa
gtogattttt
cotttttacy

acttgattty
tttgacgtty
caactctatc
cogtegtttte
cagcacatcc
cccaacagtt
caagtcagegy
tcatcgagea
tgaaaaagcz
agatecctggt
ccctcgtcaa
gagaatggea
tcgtcatcasz
agaccaaata
cgcaggaaca
acctggaaty
cggataaaat
aleleately
gecatcggget
gccecatttat
gacgtttccez
agttttatty
gacacaacgt
catcttcecy
tccacctaca
gegattcocagy
gttccactga
tctgecgegta
gceggatbeaa
accaaatack
accgcctaea
gtegtgtett
ctgaacgggy
atacctacay
gtatccggta
cgecetyggtat
gtgatgcetey
gttectgges
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phFIX39v2 (SEQ ID NO:26)

LCCUs PhFIX39v2 11299 bp DNA ¢ircular JNA

FEATURES Location/Qualifiers
repeat region 1..141
/label="AaV2 ITR!

enhancer 152..472

/label="ApoE HCR-1"
promoter 482..878

/label="hAAT Promoter"™
CDs order(908..995,2434..3731)

/label="hFIX CDS"
intron 996..2433

/label="hFIX Intron"
31UTR 3732..3779

/1label="hF9 3' UTR"
Terminator 3820..4047

/label="bGH PA term"
repeat region complement (4097..4237)
/label="AAV2 ITR®

misc feature 4248..8712
/label="Eukaryotic Stuffer"
rep origin 8754..9060
/label="F1 Cri"
CDs cemplement (9355..10170)
/label="Kanamycin resistance"
rep origin complement (10527..11194)

/label="pUC Ori"
CRIGIN

1 cctgeaggca getgegeget cgetegetea ctgaggeege cegggeaaag cccgggegte

61 gggcgacctt tggtcegeceyg gectcagtga gegagegage gogeagagag ggagtggeca
121 actccatcac taggggttcc tgeggectag taggctcaga ggcacacagg agtttctggg
181 ctcaccetge ccecttacaa coccteagtt cocatectee ageagetgtt tgtgtgetge
241 ctctgaagte cacactgaac aaacttcage ctacteatgt cectaaaatg ggcaaacatt
301 gcaagcagea aacagcaaac acacagccect cectgectge tgaccttgga getggggcag
361 aggtcagaga cctctctggg cccatgccac ctccaacatc cactcgaccc cttggaattt
421 cggtggagag gagcagaggt tgtcctggeg tggtttaggt agtgtgagag gggtacccgg
481 ggatcttget accagtggaa cagecactaa ggattetgea gtgagageag agggecaget
541 aagtggtact ctcccagaga ctgtctgact cacgccacce cetccacett ggacacagga
601 cgctgtggtt tctgagccag gtacaatgac tcctttcggt aagtgcagtg gaagetgtac
661 actgcccagg caaagcgtcc gggcagegta ggcegggcgac tcagatcceca gecagtggac
721 ttagcccctg tttgctectc cgatadctgg ggtgaccttg gttaatattc accagcagcc
781 tecccegttg cccctetgga tccactgott aaatacggac gaggacaggg cectgtetec
841 tcagcttcag gcaccaccac tgacctggga cagtgaatac cactttcaca atctgctage
901 aaaggttatg cagagggtga acatgatcat ggctgagage cctggoctga tcaccatctg
961 cctgetggge tacctgetgt ctgetgaatg tacaggtttg tttecttttt tataatacat
L021 tgagtatgct tgecttttag atatagaaat atctgattet gtottettca ctaaattttg
1081 attacatgat ttgacagcaa tattgaagag tctaacagcc agcacccagg ttggtaagta
1141 ctggttettt gttagetagg ttttettett cttcactttt aaaactaaat agatggacaa
1201 tgcttatgat gcaataaggt ttaataaaca ctgttcagtt cagtatttygg tcatgtaatt
1261 cctgttaaaa aacagtcatc tccttggttt aaaaaaatta aaagtgggas aacaaagaaa
1321 tagcagaata tagtgaaaaa aaataaccac agtatttttg tttggactta ccactttgaa
1381 atcaaattgg gaaacaaaag cacaaacagt ggocttattt acacaaaaag tctgatttta
1441 agatatgtga caattcaagg tttcagaagt atgtaaggag gtgtgtctet aattttttaa
1501 attatatatc ttcaatttaa agttttagtt maaacataaa gattaacctt tcattagcaa

Figurs 12B



2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2841
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
2901
3861
4021
4081
4141
4201
£261
4321
1381
£441
£501
4861
£€21
£€81
4741
«£01
4£E61
<821
44981
5C41
5101
5161
5zzl
5281
5241
5401
5461
5821
5581
5€41
5701
5761
5€21

cctcaatgag
ttetttttea
ttetottgac
tgtgggaaca
tggattaaaa
ctaaaactaa
aaattctgaa
atctggagag
aaaatacaga
gcaakccctyg
gtecatttgg
geaggtgtga
agggatatag
ggagagtgte
tagattatgt
agagittcaa
cctyggeaggt
agaagtggat
ctggagagca
ttatccooca
tggaactgga
aagagtacac
tgttocataa
gagcaacctg
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Figure 12B cont.
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Figure 12B cont.
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Figure 12B cont:
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Intron A nucleic acid sequence (SEQ ID'NQ:17):

GTTTGTTTCCTTTTTTATAATACATTGAGTATGCTTGCCTTTTAGATATAGAAATATCTGATTCTGTC
TTICTTCACTAAATTITGATTACATGATTITGACAGCAATATTGAAGAGTCTAACAGCCAGCACCCAG
GTTGGTAAGTACTGGTTCTTTGTTAGCTAGGTTTTCTTCTTICTTCACTITTAAAACTAAATAGATGG
ACAATGCTTATGATGCAATAAGGTTTAATAAACACTGTTCAGTTCAGTATTTGGTCATGTAATTCCT
GTTAAAAAACAGTCATCTCCTTGGTTTAAAAAAATTAAAAGTGGGAAAACAAAGAAATAGCAGAA
TATAGTGAAAAAAAATAACCACAGTATTTTTGTTTGGACTTACCACTTTGAAATCAAATTGGGAAA
CAAAAGCACAAACAGTGGCCTTATTTACACAAAAAGTCTGATTTITAAGATATGTGACAATTCAAG
GTTTCAGAAGTATGTAAGGAGGTGTGTCTCTAATTITTTTAAATTATATATCTTCAATTTAAAGTTTT
AGTTAAAACATAAAGATTAACCTTTCATTAGCAAGCTGTTAGTTATCACCAAAGCTTTTCATGGAT
TAGGAAAAAATCATTTTGTCTCTATCTCAAACATCTTGGAGTTGATATTTGGGGAAACACAATACT
CAGTTGAGTTCCCTAGGGGAGAAAAGCAAGCTTAAGAATTGACACAAAGAGTAGGAAGTTAGCTA
TTGCAACATATATCACTTTGTTTTTTCACAACTACAGTGACTTTATTTATTTCCCAGAGGAAGGCAT
ACAGGGAAGAAATTATCCCATTTGGACAAACAGCATGTTCTCACAGTAAGCACTTATCACACTTAC
TTGTCAACTTTCTAGAATCAAATCTAGTAGCTGACAGTACCAGGATCAGGGGTGCCAACCCTAAGC
ACCCCCAGAAAGCTGACTGGCCCTGTGGTTCCCACTCCAGACATGATGTCAGCTGTGAAATCCACC
TCCCTGGACCATAATTAGGCTTCTGTTCTTCAGGAGACATTTGTTCAAAGTCATTTGGGCAACCATA
TTCTGAAAACAGCCCAGCCAGGGTGATGCGATCACTTITGCAAAGATCCTCAATGAGCTATTTTICAAG
TGATGACAAAGTGTGAAGTTAAGGGCTCATTTGAGAACTTTCTTTTITCATCCAAAGTAAATTCAAA
TATGATTAGAAATCTGACCTTTITATTACTGGAATTCTCTTGACTAAAAGTAAAATTGAATTTTAATT
CCTAAATCTCCATGTGTATACAGTACTGTGGGAACATCACAGATTTTGGCTCCATGCCCTAAAGAG
AAATTGGCTTTCAGATTATTTGCATTAAAAACAAAGACTTTCTTAAGAGATGTAAAATTTTCATCA
TGTTTITCTTTTTTGCTAAAACTAAAGAATTATTCTITTACATTTCAG
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FIX39 nucleic acid sequence including intron A {intron A is underlined) (SEQ ID NQ:25)

ATGCAGAGGGTGAACATGATCATGGCTGAGAGCCCTGGCCTGATCACCATCTGCCTGCTGGGCTAC
CTGCTGTCTGCTGAATGTACAGGTTTGTTTCCTTTTITTATAATACATTGAGTATGCTTGCCTTTTAGA
TATAGAAATATCTGATTCTGTCTTCTTCACTAAATTTTGATTACATGATTTGACAGCAATATTGAAG
AGTCTAACAGCCAGCACCCAGGTTGGTAAGTACTGGTTCTTTGTTAGCTAGGTTTTCTTCTTCTTCA
CTTTTAAAACTAAATAGATGCGACAATGCTTATGATGCAATAAGGTTTAATAAACACTGTTCAGTTC
AGTATTTCGGTCATGTAATTCCTGTTAAAAAACAGTCATCTCCTTGGTTTAAAAAAATTAAAAGTGG
GAAAACAAAGAAATAGCAGAATATAGTGAAAAAAAATAACCACAGTATTTTTIGTTTGGACTTACC
ACTTTGAAATCAAATTGGGAAACAAAAGCACAAACAGTGGCCTTATTTACACAAAAAGTCTGATT
TTAAGATATGTGACAATTCAAGGTTTCAGAAGTATGTAAGGAGGTGTGTCTCTAATTITITAAATT
ATATATCTTCAATTTAAAGTTTTAGTTAAAACATAAAGATTAACCTTTCATTAGCAAGCTGTTAGTT
ATCACCAAAGCTTTTCATGGATTAGGAAAAAATCATTTTGTCTCTATCTCAAACATCTTGGAGTTG
ATATTTGCGGAAACACAATACTCAGTTGAGTTCCCTAGGGGAGAAAAGCAAGCTTAAGAATTGAC
ACAAAGAGTAGGAAGTTAGCTATTGCAACATATATCACTTTGTTTITTCACAACTACAGTGACTTT
ATTTATTTCCCAGAGGAAGGCATACAGGGAAGAAATTATCCCATTTGGACAAACAGCATGTTCTCA
CAGTAAGCACTTATCACACTTACTTGTCAACTTTCTAGAATCAAATCTAGTAGCTGACAGTACCAG
GATCAGGGGTGCCAACCCTAAGCACCCCCAGAAAGCTGACTGGCCCTGTGGTTCCCACTCCAGAC
ATGATGTCAGCTGTGAAATCCACCTCCCTGGACCATAATTAGGCTTCTGTTCTTCAGGACACATTT
CGTTCAAAGTCATTTGGGCAACCATATTCTGAAAACAGCCCAGCCAGCGTCGATGGATCACTTTGCAA
AGATCCTCAATGAGCTATTTTCAAGTGATGACAAAGTGTGAAGTTAAGGGCTCATTITGAGAACTTT
CTTTTTCATCCAAAGTAAATTCAAATATGATTAGAAATCTGACCTTTTATTACTGGAATTCTCTTGA
CTAAAAGTAAAATTGAATTTTAATTCCTAAATCTCCATGTGTATACAGTACTGTCGGGAACATCACA
GATTTTGGCTCCATGCCCTAAAGAGAAATTGGCTTTCAGATTATTTCGATTAAAAACAAAGACTTT
CTTAAGAGATGTAAAATTTTCATGATGTTTTCTTTTTITGCTAAAACTAAAGAATTATTCTTTTACAT
TTCAGTTTTTCTTGATCATGAAAATGCCAACAAAATTCTGAATAGACCAAAGAGGTATAACTCTGG
CAAGCTTGAAGAGTITTGTACAGGGGAATCTGGAGAGAGAGTGTATGGAAGAGAAGTGCAGCTTTG
AGGAAGCCAGAGAAGTGTTTGAAAATACAGAGAGAACAACTGAATTTTGGAAGCAGTATGTGGAT
GGTGATCAATGTGAGAGCAATCCCTGCTTGAATGGGGGGAGCTGTAAAGATGATATCAACAGCTA
TGAATGTTGGTGTCCCTTTGGATTTGAGGGGAAAAACTGTGAGCTTGATGTGACCTGTAATATCAA
GAATGGCAGGTGTGAGCAATTITGCAAGAATTCTGCTGATAACAAAGTGGTCTGTAGCTGCACTGA
GGGATATAGGCTGGCTGAAAACCAGAAGAGCTGTGAACCTGCAGTGCCTTITTCCCTGTGGGAGAG
TGTCTGTGAGCCAAACCAGCAAGCTGACTAGGGCTGAAGCAGTCTTTCCTGATGTAGATTATGTGA
ATAGCACTGAGGCTGAGACAATCCTTGACAATATCACTCAGAGCACACAGAGCTTCAATGACTTC
ACCAGGGTGGTAGGAGGGGAGGATGCCAAGCCTGGGCAGTTCCCCTGGCAGGTAGTGCTCAATGG
AAAAGTGGATGCCTTTIGTGGAGGTTCAATTGTAAATGAGAAGTGGATTGTGACTGCAGCCCACTG
TGTGGAAACTGGAGTCAAGATTACTGTGGTGGCTGGAGAGCACAATATTGAGGAAACTGAGCACA
CTGAGCAGAAGAGGAATGTGATCAGGATTATCCCCCACCACAACTACAATGCTGCTATCAACAAG
TACAACCATGACATTGCCCTCCTGGAACTGGATGAACCCCTGGTCTTGAACAGCTATGTGACACCC
ATCTGTATTGCTGATAAAGAGTACACCAACATCTTCTTGAAATTTGGGTCTGGATATGTGTCTGGCT
GGGGCAGGGTGTTCCATAAAGGCAGGTCTGCCCTGGTATTGCAGTATTTGAGGGTGCCTCTGGTGG
ATAGAGCAACCTGCTTGCTGAGCACCAAGTTTACAATCTACAACAATATGTTCTGTGCAGGGTTCC
ATGAAGGTGGTAGAGACAGCTGCCAGGGAGATTCTGGGGGTCCCCATGTGACTGAGGTGGAGGGA
ACCAGCTTCCTGACTGGGATTATCAGCTGGGGTGAGGAGTGTGCTATGAAGGGAAAGTATGGGAT
CTACACAAAAGTATCCAGATATGTGAACTGGATTAAGGAGAAAACCAAGCTGACTTGA

Figure 15
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Transduction efficiency of the AAV-4-1 variant capsid (SEQ ID NO:4)
analyzed in an in vifro setting
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Comparison of early FDX:C activity levels for first 4 Subjects
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AAV-FIX3)-Paduz: ™ subject day 183 EDXC activity level at 28%
Subject 1 [5x12"" kg at 183 days since last Alprol infusion
Dose: 4.08x10" vg of AAV-FLX30-Padua + 201x10" ¢p of Exapty Capsids 1]

35% -
saF(X:C Activity

0% -
5% -

0% -
Factor X
Activity

15% -
10% -

% |

DK/EP 3313991 T3

0 14 28 £ B 0 8 W 12 1260 140 14 163 182

t Days after vector administration

-1

100 UKG
Alpralx

Figure 204

FIX.C Achivity = ciiculafing faclor X aclivily levels.

AST = Aspartate Aminatransferase; ALT = Alarne Aminotransferase;
LCH = Laclate Dehycragenase, ULN =Upper Limit of Normal

*Data presanted based on local lab.
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AAV-FIX39-Padua; 1¥ subject day 183 Liver Functions
Subject 1 (31" vorkg] at 183 days since last Alpeli nfusion
408x10" vy of AAV-FIX30-Padua+ 2.01x10" cp of Emysy Capsids [1:3]

- 200
| Gradel Tox
_______________________________________________________________________________________ 25X UNALT
et 1t e e et e 1 s s v es e et et 2 e et s - 160
Grade'| Tox
=i-AST 25K UN-LDH'
s AL T
120 -
% LDH d
. 2
e m,m‘_.,.,m.,.,.m.‘.m_._._._‘M‘,.,m,_.,.,.u.,......_....-._.__....,,,"...,,_..m; Grade | Tox "
| 25(UltasT E
’ S
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L T LT L o o LT Ir I o L mr UNALT &l
EUNLH =
Dg ] E m
¥ 5oy <
)ﬁ_}i- et A .X‘X. '::i ':%l" l'x'“%n'.“'"'”j‘ua'”"ow“ o
A '%W‘---Xﬂsx.. fhe el o B 092 R” i 40
EU_N-AST
0 4 2 42 5% 70 84 % 12 126 140 154 168 182
f. .
102”%'%? Normral Ranges Days after VECtOI' admlnlstratlon FIX:C Activity = circulating faclor [X acivity eveks.
d AST:0-40 UL AST = Aspartate Aminotransferage; ALT = Alanine
ALT:21-7201L Aminotransfarase: LDH = Ladtate Dehyorogenase.
[OH: 340- 670 UL ULN = Ugper Limit of Normal

Figur: 208 *Dala presented based on ocal lab.
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AAV-FIX39-Fadua: 2" subject cay 102 FIX:C Activity Level a1 41%
Subject 2310 vk ot 102 dussince st Benef X nfsion
Dose: 2846101 vg of AAV-FIN39-Padua + 1 30x10" cp of Fampty Capsids [13]

48% -

wiaF[X:C Activty b

40% -
35% e
Pk
Activily 30%

2% -

Wh -
15%
10% -
0% : ; : : : ; ; ; :
0 14 pi i 4 5% 70 L7} 98 12
? . , FIX.C Activily = oircularing factor X acliviy levels.
100 IUKG- Days after vector administration AST = Aspartate Aminotransferasz; ALT = Alanine
BeneFIx Amnolransferase; LDH = Lactate Dehydrogenase.

ULN =Upper Linit of Normal
Figurs 21A “Deta presented hasedt on ocalab.
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AAV-FIX39-Padua: 2 subject day 102 Liver Functions
Subject 251" v at 102 days iz st BencPIX nfusion
210" vg of AAV-FIX39-Padua + 1 391" cp of Enpty Capsids [1:5

-0

Grade | Tox
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" " ZEXULNALT

+ 160
B e e s G108 TOX
25K ULNDH'
{ Grace { Tox
{ Z5XULN-AST

wiims AST

)T 10

+0§+LDH

- 80
ULNALT

ULN-LDH'
ULA-AST

AZIT/ALT/LLDH1 (U/L)

- 40

0 14 28 Y] 5 70 4 9% 112
100 1KG Narval Ranges Days after vector adminisfration FIX.C Activily = circulating factor [X activity levels
BeneFIX ASTAT-59 UL AST = Aspartate Aminotransfaress; ALT = Alzning
ALT:21-72UL Figure 1B Amimtransfera_se_; LDH = Lactatz Dehydiogenase.
LDH: 313-618 UL UCN =Upaer Lim of Normal

“Data presented based on local l2b.
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AAV-TIX39-Padua; 3 subect day €0 TIX:C Actvity Lewel at 26%
Suject 3 [5510° vohg a 67 dayssnce st Alprolix insion
538510 vg of AAV-FLX9-Padua-+ 1.93x10" cp of Emoty Capsids 14

3% -
0%
siF|X:C Activity
6%
2% -
Faclo® X
Actvit
'
18% -
10%
§% -
0%? ¥ ¥ ! ! ! H g 1 ! ! ¥ ' i i '
0 7 W n B ¥ 42 4H 6 6 70 77 &4 H 9% 108 112 119
UG 5116 Days ffer veclor administration ey e st AT
Aol Aol Aminolransferase; LDH = Lactate Dshysrogenase.
Figure 224 ULN = Uppen il of Nemal

*Data presanted based on localfab.
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AAV-TIX39-Pedaa: 3 subject dey 69 Liver Functions

Suljec 331" ve'ke] at 67 s sice Lt Alproli infsion

53810" v of AAV-FLX39-Padua + 193410 cp of Emply Capsids [4]

200

Srads | Tox
25X ULN-ALT
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---------------------------------------------------------------------------------------------------------------- 25X ULN-LDH
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25X ULN-AST

120
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10UKE 451UKG
Aprchx Alprclix

Days after vector administration

Nanral Renges FIX.C Activty = circulating factor IX activty levels.
AST:17- 59 UL AST = Aspar.ate Arinairansferase; ALT = Alanine
ALT:21-720L Tipure 228 Aminolransferase; LOH = Laciats Dehydrogenase.
LDH: 313-616UL ) ULN =Upper Limi of Norral

“Dala aresznted based on local lab.
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AAVFIX39-Badue: 4" subject day 50 FIX C Activity Level at33%
Subject 4 [5x10 ' ve'kg] at 50 days since st BenefIX infusion
55710 vg of AAV-FIX39-Padua + 222x10" cp of Empty Capsids 1]
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3 120
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15% -
; - 80
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B - |
! ; 0
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t

i H i FIX:C Activity = circulating facte X activity levels.

1001UKG Days after vector administration AST = Aspartate Aminghiansferase; ALT = Alanine

BeneFIX - Aminghransferase; LOH = Lactete Dehydrogenase.
Figue 234 ULN = Ugpsr it af Norml

“Data presentzd based on local lab.
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AAV-FIX39-Padua: 4" subjest day 30 Livar Furctions
Subject 45510 vg/ke] et 50 days snce last BeneFIX infusicn
55710 vg of AAV-FIX39-2adua+ 2.22x10" 2p of Bty Capsids [1:4]
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t Norma Fangas =X.C Activity = circuleing factor 1X activily levels.

o ASTAT- 59 UL AST = Aspantate Aninotransferase; ALT =Alanine
10IUKS ALT21-72UL Arinotransferase; LDH = Lactale Dehydrogenase.

Benefl oase-su Days after vector administration L =UpserLiritoibomal
Figurc 7B “Diata presented baszd on local kb,
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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 - CLAIMS
	Page 57 - CLAIMS
	Page 58 - CLAIMS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - DRAWINGS
	Page 63 - DRAWINGS
	Page 64 - DRAWINGS
	Page 65 - DRAWINGS
	Page 66 - DRAWINGS
	Page 67 - DRAWINGS
	Page 68 - DRAWINGS
	Page 69 - DRAWINGS
	Page 70 - DRAWINGS
	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
	Page 92 - DRAWINGS
	Page 93 - DRAWINGS
	Page 94 - DRAWINGS
	Page 95 - DRAWINGS
	Page 96 - DRAWINGS
	Page 97 - DRAWINGS
	Page 98 - DRAWINGS
	Page 99 - DRAWINGS
	Page 100 - DRAWINGS
	Page 101 - DRAWINGS
	Page 102 - DRAWINGS
	Page 103 - DRAWINGS
	Page 104 - DRAWINGS
	Page 105 - DRAWINGS
	Page 106 - DRAWINGS
	Page 107 - DRAWINGS
	Page 108 - DRAWINGS
	Page 109 - DRAWINGS
	Page 110 - DRAWINGS

