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RECOMBINANT PROMOTERS AND VECTORS FOR
PROTEIN EXPRESSION IN LIVER AND USE THEREOF

RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application No. 62/202,133, filed August 6,
2015, U.S. Provisional Application No. 62/212,634, filed September 1, 2015, and U.S. Provisional
Application No. 62/148,696, filed April 16, 2015. Each of the provisional patent applications is

incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE
This relates to recombinant promoters and vectors transgene expression, as well as recombinant

nucleic acid molecules encoding novel clotting factors.

ACKNOWLEDGMENT OF GOVERNMENT SUPPORT
This invention was made with government support under Grant Nos. RO1 HL092179 U54
HL112309 awarded by the National Institutes of Health. The government has certain rights in the

invention.

BACKGROUND

Mutations in the clotting factor VIII (fVIII) gene result in a decreased or defective clotting factor
(fVIIID) protein that gives rise to hemophilia A, which is characterized by uncontrolled bleeding.
Hemophilia B is similarly associated with clotting factor IX (fIX). Treatment of hemophilia A typically
entails lifelong, multi-weekly intravenous infusion of either human plasma-derived or recombinant fVIII
product. Due to the high cost, less than 30% of the global hemophilia A population receives this form of
treatment. Furthermore, about 25% of patients treated with fVIII replacement products develop
neutralizing antibodies that render future treatment ineffective. Thus, there is a need to identify improved
therapies.

Gene therapies are typically based on genetically engineering viruses designed to deliver
functional transgenes to the patient so that their own cells can biosynthesize missing or defective proteins.
Clinical advancements have been made using recombinant adeno-associated viral (tAAV) vectors for the
expression of fIX in the liver; however, using rtAAYV for fVIII expression for patients with hemophilia A
has been challenging due to inefficient biosynthesis of human fVIII (hfVIII). Recombinant adeno-
associated viral (rAAV) vectors produce capsids that have a limited space for encapsulating nucleic acids.
FVIIl is a large glycoprotein, and the rAAV sequences needed for encoding and expressing fVIII typically

exceed capsid packing capacity.
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SUMMARY

Disclosed herein are embodiments of a novel recombinant nucleic acid molecule comprising a
promoter that has been optimized to be of minimal length and to promote tissue-specific protein
expression. In several embodiments, the promoter can be a liver-specific promoter that promotes
substantially more protein expression in liver and liver cells than in other tissue types. In some
embodiments, promoter can be included in a viral vector (such as an adeno-associated virus vector) in
operable combination with a heterologous nucleic acid sequence encoding a protein of interest in order to
promote expression of the protein of interest, for example in liver tissue and/or cells.

In some embodiments, the recombinant nucleic acid molecule can comprise a promoter
comprising a first response element that comprises a set of transcription factor (TF) binding sites
including: a HNF1a TF binding site, a HNF1-1 TF binding site, a HNF4 TF binding site, a HNF3a TF
binding site, a HNF1-2 TF binding site, a HNF3-2 TF binding site, a HP1 TF binding site, a TATA box;
and a Transcription Start Site. In some embodiments, the HNF1a TF binding site comprises or consists of
nucleotides 1-12 of SEQ ID NO: 4; the HNF1-1 TF binding site comprises or consists of nucleotides 16-
23 of SEQ ID NO: 4; the HNF4 TF binding site comprises or consists of nucleotides 26-36 of SEQ ID
NO: 4; the HNF3a TF binding site comprises or consists of nucleotides 39-45 of SEQ ID NO: 4; the
HNF1-2 TF binding site comprises or consists of nucleotides 48-62 of SEQ ID NO: 4; the HNF3-2 TF
binding site comprises or consists of nucleotides 65-71 of SEQ ID NO: 4; the HP1 TF binding site
comprises or consists of nucleotides 75-87 of SEQ ID NO: 4; the TATA box comprises or consists of
nucleotides 108-114 of SEQ ID NO: 4; and/or the Transcription Start Site (T'SS) comprises or consists of
nucleotides 116-146 of SEQ ID NO: 4. In some embodiments, the first response element can be of no
more than 160 nucleotides in length (such as no more than 150 nucleotides in length, such as 146
nucleotides in length).

In some embodiments, the first response element comprises, from 5’ to 3’, the HNF1a TF binding
site, the HNF1-1 TF binding site, the HNF4 TF binding site, the HNF3a TF binding site, the HNF1-2 TF
binding site, the HNF3-2 TF binding site, the HP1 TF binding site, the TATA box, and the Transcription
Start Site (TSS).

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 4 (HCB), or a sequence at least 90%
identical thereto.

In some embodiments, the recombinant nucleic acid molecule can comprise a promoter
comprising the first response element as discussed above, and can further comprise a second response
element. The second response element can comprise, for example, a HSh response element (for example,
comprising or consisting of the nucleotide sequence set forth as SEQ ID NO: 111, or a sequence at least
90% identical thereto), a 5’HS response element (for example, comprising or consisting of the nucleotide
sequence set forth as nucleotides 6-32 of SEQ ID NO: 111, or a sequence at least 90% identical thereto),
or a 3’HS response element (for example, comprising or consisting of the nucleotide sequence set forth as

nucleotides 44-68 of SEQ ID NO: 111, or a sequence at least 90% identical thereto).
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In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising

or consisting of the nucleic acid sequence set forth as one of SEQ ID NO: 102 (HSh-HCB), SEQ ID NO:
104 (5’HSh-HCB), or SEQ ID NO: 103 (3’ HSh-HCB), or a sequence at least 90% identical to one of SEQ
ID NO: 102 (HSh-HCB), SEQ ID NO: 104 (5°’HSh-HCB), or SEQ ID NO: 103 (3’ HSh-HCB). In
additional embodiments, the recombinant nucleic acid molecule comprises a promoter comprising or
consisting of the nucleic acid sequence set forth as one of SEQ ID NO: 5 (shortABP-HP1-God-TSS), SEQ
ID NO: 7 (ABP-HP1-God-TSS), SEQ ID NO: 105 (HSh-SynO-TSS), SEQ ID NO: 106 (sHS-SynO-TSS),
SEQ ID NO: 107 (Agro), SEQ ID NO: 108 (HS-SynO-TSS), or SEQ ID NO: 112 (HNF1-
ShortABPExact-SynO-TSS-Int), or a sequence at least 90% identical to one of SEQ ID NO: 5 (shortABP-
HP1-God-TSS), SEQ ID NO: 7 (ABP-HP1-God-TSS), SEQ ID NO: 105 (HSh-SynO-TSS), SEQ ID NO:
106 (sHS-SynO-TSS), SEQ ID NO: 107 (Agro), SEQ ID NO: 108 (HS-SynO-TSS), or SEQ ID NO: 112
(HNF1-ShortABPExact-SynO-TSS-Int).

In some embodiments, promoter can be included in a vector, such as a viral vector (for example,
an adeno-associated virus vector). In some embodiments, the promoter is included on the vector in
operable combination with a heterologous nucleic acid sequence encoding a protein of interest in order to
promote expression of the protein of interest, for example in liver tissue and/or cells. In some
embodiments, the protein of interest can be a clotting factor, such as fVIII or fIX or variant thereof, such
as a fVIII variant comprising fVIII A1, A2, A3, C1, and C2 domains, with the A2 and A3 domains joined
by a peptide linker, and deletion of the fVIII B domain. In some embodiments, the protein of interest can
be a fVIII variant and the heterologous nucleic molecule can comprise or consist of the nucleic acid
sequence set forth as SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 125, or SEQ ID NO:
126, or a nucleic acid sequence at least 90% identical to SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 125, or SEQ ID NO: 126. In some embodiments, the protein of interest can be a fIX and the
heterologous nucleic molecule can comprise or consist of the nucleic acid sequence set forth as SEQ ID
NO: 8, SEQID NO: 9, SEQ ID NO: 10, SEQ ID NO: 124, or SEQ ID NO: 127, or a nucleic acid
sequence at least 90% identical SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 124, or
SEQ ID NO: 127.

In some embodiments, the vector can be a recombinant AAV vector comprising a genome
comprising a nucleic acid molecule encoding any of the liver-specific promoters provided herein (such as
the HCB promoter, SEQ ID NO: 4) operably linked to a heterologous nucleic molecule encoding a fVIII
variant, wherein the heterologous nucleic acid molecule comprises or consists of the nucleic acid
sequence set forth as SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 125, or SEQ ID NO:
126, or a nucleic acid sequence at least 90% identical to SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 125, or SEQ ID NO: 126. Is several such embodiments, the recombinant AAV genome
(from 5’ to 3’ ITR) is no more than 5.1, 5.0, 4.9, 4.8, 4.7, 4.6, or 4.5 kb in length.

In some embodiments, the vector can be a recombinant AAV vector comprising a genome
comprising a nucleic acid molecule encoding any of the liver-specific promoters provided herein (such as
the HCB promoter, SEQ ID NO: 4) operably linked to a heterologous nucleic molecule encoding a fIX

variant, wherein the heterologous nucleic acid molecule comprises or consists of the nucleic acid
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sequence set forth as SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 124, or SEQ ID NO:

127, or a nucleic acid sequence at least 90% identical SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10,
SEQ ID NO: 124, or SEQ ID NO: 127. In several such embodiments, the recombinant AAV genome
(from 5’ to 3’ ITR) is no more than 5.1, 5.0, 4.9, 4.8, 4.7, 4.6, or 4.5 kb in length.

In some embodiments, a method of inducing blood clotting in a subject in need thereof is
provided. The method comprises administering to the subject a therapeutically effective amount of a
vector (such as an AAV vector) encoding a clotting factor as described herein. In some embodiments, the
subject is a subject with a clotting disorder, such as hemophilia A or hemophilia B. In some
embodiments, the clotting disorder is hemophilia A and the subject is administered a vector comprising a
nucleic acid molecule encoding a protein with fVIII activity. In other embodiments, the clotting disorder
is hemophilia B and the subject is administered a vector comprising a nucleic acid molecule encoding a
protein with fIX activity.

The foregoing and other features and advantages of this disclosure will become more apparent
from the following detailed description of several embodiments which proceeds with reference to the

accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

FIGs. 1A and 1B illustrate a sequence alignment of the Al and A3 domains for human and
porcine orthologues of the ET3 variant fVIII protein. (FIG. 1A) Sequence alignment of the A1 domain
for human (upper sequence, SEQ ID NO: 13) and porcine (middle sequence, SEQ ID NO: 14) ET3 variant
of fVIII. The lower sequence shows identical residues. Amino acid sequence alignments for the signal
peptide (N-terminal bar), heavy chain acidic domain (C-terminal bar), human (top) and ET3 (bottom)
fVIII are shown. Disulfide linkages are noted by the lines connecting cysteine residues. Places where
either human, ET3 or both sequences encode an N-linked glycosylation attachment site (N-X-S/T) are
outlined with a box. (FIG. 1B) Sequence alignment of the A3 domain for human (upper sequence, SEQ
ID NO: 15) and porcine (middle sequence, SEQ ID NO: 16) ET3 variant of fVIII. The lower sequence
shows identical residues. Amino acid sequence alignments for the activation peptide (bar), human (top)
and ET3 (bottom) fVIII are shown. Disulfide linkages are noted by the lines connecting cysteine residues.
Places where either human, ET3 or both sequences encode an N-linked glycosylation attachment site (N-
X-S/T) are outlined with a box.

FIGs. 2A-2C show liver, total human, and myeloid specific codon bias tables.

FIG. 3A shows in vitro expression data in HepG2 cells indicating that liver specific codon
optimization improves expression for the HSQ and ET3 variants of the fVIII protein.

FIG. 3B shows in vivo data for codon optimized HSQ and ET3 indicating increased expression of
fVIII following hydrodynamic injection of an AAV-vector encoding liver codon optimized variants of the
HSQ and ET3 fVIII protein into mice.

FIG. 4 illustrates AAV vectors encoding fVIII variants.
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FIG. 5 shows in vitro expression data in HepG2 cells indicating that liver specific codon

optimization, but not myeloid specific codon optimization, improves expression of HSQ and ET3 variants
of the fVII protein in liver cells.

FIG. 6 shows in vitro expression data in HepG2 cells indicating that liver specific codon
optimization, but not myeloid specific codon optimization, improves expression of HSQ and ET3 variants
of the fVII protein in liver cells.

FIG. 7 shows in vitro expression data in HepG2 cells indicating that liver specific codon
optimization, but not human specific codon optimization, improves expression of fIX protein in liver
cells.

FIG. 8 illustrates promotors comprising an ABP enhancer or a shortened ABP enhancer.

FIGs. 9A and 9B show data concerning use of AAV vectors containing the indicated promoters
for expression of fVIIL. (FIG. 9A) In vitro expression data in HepG2 cells. (FIG. 9B) In vivo expression
of fVIII following hydrodynamic injection of an AAV-vector.

FIG. 10 illustrates response element sequences and components of the indicated response
elements.

FIGs. 11A and 11B illustrate promotor sequences and components of the indicated promoters.

FIGs. 12A and 12B show data concerning use of AAV vectors containing the indicated
promoters for expression of fVIIL. (FIG. 12A) In vitro expression data in HepG2 cells. (FIG. 12B) In
vivo expression of fVIII following hydrodynamic injection of an AAV-vector.

FIG. 13 illustrates promotor sequences and components of the indicated promoters.

FIGs. 14A and 14B show data concerning use of AAV vectors containing the indicated
promoters for expression of fVIIL. (FIG. 14A) In vitro expression data in HepG2 cells. (FIG. 14B) In
vivo expression of fVIII following hydrodynamic injection of an AAV-vector.

FIGs. 15 and 16 show schematic diagrams illustrating the structure of liver-specific enhancers
(FIG. 15) and promoters including the liver specific enhancers (FIG. 16).

FIG. 17 shows data from in vitro assays concerning use of AAV vectors containing the indicated
promoters for expression of fVIII in HepG2 cells.

FIG. 18 illustrates an AAV vectors encoding an fVIII variant.

FIG. 19 is a graph showing that transduction of mice with the AAV2-HCB-ET3-LCO-NCG-SpA
vector (SEQ ID NO: 130) encoding liver codon-optimized ET3 with deleted CpG motifs leads to a

significant increase in fVIII activity in transduced mice.

SEQUENCE LISTING
The nucleic and amino acid sequences listed in the accompanying sequence listing are shown
using standard letter abbreviations for nucleotide bases, and three letter code for amino acids, as defined
in 37 C.F.R. 1.822. Only one strand of each nucleic acid sequence is shown, but the complementary
strand is understood as included by any reference to the displayed strand. The Sequence Listing is
submitted as an ASCII text file in the form of the file named “Sequence.txt” (~148 kb), which was

created on April 14, 2016 which is incorporated by reference herein.
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DETAILED DESCRIPTION

There is a need to develop a safe and efficient gene transfer strategy for the treatment of
hemophilia, such as hemophilia A and B, and acquired hemophilia. In the context of gene therapies for
the treatment of hemophilia A, several obstacles have hindered the development of using an adeno-
associated viral vector as the gene delivery vehicle, such as the limited DNA packaging capacity of the
adeno-associated virus for the large fVIII transgene, and inefficient biosynthesis of human fVIII.

Reported herein is an AAV-based transgene delivery system that utilizes improvements for the expression
of fVIII in the context of liver-directed AAV gene transfer. These include: 1) The use a nucleotide coding
sequence that has an improved codon usage bias for the human liver cell compared to the naturally
occurring nucleotide sequence of fVIII; 2) Optimization of the codon usage to remove 5’-CG-3’
dinucleotides and other deleterious cis-acting DNA motifs, e.g., cryptic splice sites, TATA boxes,
terminal signal, mRNA secondary structure, premature polyA signals, RNA instability motifs, internal
ribosomal binding sites; and 3) Minimally sized, liver-directed promoters in order to reduce the size of the
transgene so it may be used in the size-constrained environment of the adeno-associated viral vector
system. The improvements may be generalized for the improved expression of any AAV transgene. In
some embodiments, the AAV vector delivers efficacious expression of fVIII at viral doses not predicted to
cause toxicity in humans.

In some embodiments, these improvements may be applied to fIX as well, especially for self-
complimentary fIX vector designs. Self-complimentary designs have half the packaging capacity is single
stranded designs, so vector size limitations (~2.4kb) become a concern even for fIX.

Prior work suggested that treatment of fVIII-deficient (hemophilia A) mice with an AAV vector
encoding a modified form of fVIII (B-domain deleted) termed ET3 at vector doses ranging from 5x10"-
2x10" vp/kg could theoretically correct their fVIII deficiency and bleeding phenotype (see Brown et al.,
“Bioengineered Factor FVIII Enables Long-Term Correction of Murine Hemophilia A Following Liver-
Directed Adeno-Associated Viral Vector Delivery,” Molecular Therapy — Methods and Clinical
Development. 1:14036, 2014). However, due the oversized genome of ET?3, the vector suffered from low
titer manufacture and substantial inter-particle heterogeneity. The large size of the codon optimized ET3-
AAYV genome remained incompatible with efficient viral vector packaging. For AAV vectors, an AAV
genome size of no more than 4.7-5.0 kb is preferred for higher yield and consistency than genomes
exceeding 5.0kb. The B-domain deleted ET3 coding sequence is 4.4kb. However, with the addition of
necessary viral and regulatory control elements, fVIII ET3-AAV genomes substantially exceeded the
packaging capacity.

Disclosed herein for the first time is an fVIII (ET3 or other B-domain deleted variant)-AAV
genome of less than 5.0kb in length that was developed to allow for both enhanced fVIII (or variant
thereof) expression and efficient viral packaging. Multiple steps were taken to reduce the size of the AAV
genome to acceptable levels. For example, a combinatorial transcription factor binding site assembly
approach was used to create a panel of liver-specific promoters ranging in size. These promoters

represent a 30-90% size reduction over currently utilized liver specific promoters such as HLP and HCR-
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hAAT, which range in size from 250 to over 700 bases. Some of these promoters drive comparable or

better transgene expression levels and specificity to that observed with HLP and HCR-hAAT.

A significant barrier to the development of successful clinical gene transfer-based therapeutics is
the availability of naturally occurring or synthetic genetic elements capable of functional, and often cell
type-directed or restricted, expression in the context of a vector-delivered nucleic acid cassette (see, e.g.,
Papadakis et al., "Promoters and control elements: designing expression cassettes for gene therapy," Curr
Gene Ther., 4(1):89-113, 2004). It is generally believed that naturally existing promoters have been
honed by evolution to drive finely tuned expression through the combination of multiple cis-regulatory
sequences. In most living organisms, and especially eukaryotes with large genome sizes, there does not
appear to be a driving force to limit promoter size and thus most endogenous promotes are spread over
hundreds, and more often thousands, of DNA basepairs (bp). Due to their size, these endogenous, native
gene promoters typically are not amenable to inclusion into gene therapy products due to size constraints.

Endogenous viral promoters on the other hand have evolved to possess an efficiency of strength
and size than make them attractive for use in gene transfer technologies. Prominent examples include the
cytomegalovirus (CMV) immediate early (IE) promoter, the adenovirus (Ad) major late promoter, simian
virus 40 (SV40) promoter and Moloney murine leukemia virus (MoMLV) long terminal repeat (LTR).
Each of these promoters can drive high-level transcription of exogenous heterologous transgenes in a
variety of eukaryotic cell types. However, not surprisingly, eukaryotic cells have developed cellular
defense mechanisms to effectively detect and inactivate (i.e. silence) viral promoters and thus these
promoters perform more effectively in cell culture model systems than in vivo gene therapy applications.

For these reasons, there has been significant interest in the development of synthetic promoters,
either generic (see, e.g., Juven-Gershon et al., "Rational design of a super core promoter that enhances
gene expression,” Nat Methods, 3(11):917-22, 2006; Schlabach et al., "Synthetic design of strong
promoters.” PNAS, 2010;107(6):2538-43, 2010), or tailored to specific gene therapy applications
including hemophilia A and B (see, e.g., McIntosh et al., "Therapeutic levels of FVIII following a single
peripheral vein administration of rAAV vector encoding a novel human factor VIII variant," Blood,
121(17):3335-44, 2013; Nair et al., "Computationally designed liver-specific transcriptional modules and
hyperactive factor IX improve hepatic gene therapy," Blood, 123(20):3195-9, 2014).

Knowledge of promoters and enhances remains limited and currently it is not possible to
computationally design an optimal promoter with any confidence. Studies such as those described by
Juven-Gershon and Kadonaga have made progress defining optimized core promoter designs such as their
Super Core Promoter 1 (SCP1) and are informative to the field. However, as we show in promoters
described in the examples herein, which do not contain strong similarity to SCP1 in the core promoter
domain, these sequences are not necessary for strong promoter function, at least in the context of liver-
directed gene therapy applications (see also, Juven-Gershon et al., "Rational design of a super core
promoter that enhances gene expression,” Nat Methods, 3(11):917-22, 2006).

Most generic promoter development has focused on achieving an optimal balance of
transcriptional potency with minimal size. In the field of liver-directed promoter design, the use of
rational design approaches by Mclntosh et al. and Nair et al. (supra) led to identification of promoters for

7
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use in AAV-fVIII and AAV-fIX gene therapy approaches. However despite extensive study, both groups

describe promoter designs that are significantly larger (= 252 bp) and no more (or less) potent than those
described herein such as SEQ ID NO: 4 (HCB). Indeed, given the prior attempts to optimize promoter
design, it was particularly surprising to identify promoters such as those described herein that are smaller
that prior art promoters (such as the HLP promoter), yet equivalent or enhanced potency for driving

transcription, particularly in the context of in vivo gene therapy applications. .

L Terms

Unless otherwise noted, technical terms are used according to conventional usage. Definitions of
common terms in molecular biology may be found in Benjamin Lewin, Genes V, published by Oxford
University Press, 1994 (ISBN 0-19-854287-9); Kendrew et al. (eds.), The Encyclopedia of Molecular
Biology, published by Blackwell Science Ltd., 1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.),
Molecular Biology and Biotechnology: a Comprehensive Desk Reference, published by VCH Publishers,
Inc., 1995 (ISBN 1-56081-569-8).

In order to facilitate review of the various embodiments of the disclosure, the following
explanations of specific terms are provided:

5’ and/or 3’: Nucleic acid molecules (such as, DNA and RNA) are said to have “5” ends” and
“3’ ends” because mononucleotides are reacted to make polynucleotides in a manner such that the
5’ phosphate of one mononucleotide pentose ring is attached to the 3” oxygen of its neighbor in one
direction via a phosphodiester linkage. Therefore, one end of a linear polynucleotide is referred to as the
“S” end” when its 5’ phosphate is not linked to the 3° oxygen of a mononucleotide pentose ring. The other
end of a polynucleotide is referred to as the “3’ end” when its 3’ oxygen is not linked to a 5° phosphate of
another mononucleotide pentose ring. Notwithstanding that a 5° phosphate of one mononucleotide
pentose ring is attached to the 3’ oxygen of its neighbor, an internal nucleic acid sequence also may be
said to have 5” and 3’ ends.

In either a linear or circular nucleic acid molecule, discrete internal elements are referred to as
being “upstream” or 5’ of the “downstream” or 3’ elements. With regard to DNA, this terminology
reflects that transcription proceeds in a 5° to 3’ direction along a DNA strand. Promoter and enhancer
elements, which direct transcription of a linked gene, are generally located 5’ or upstream of the coding
region. However, enhancer elements can exert their effect even when located 3" of the promoter element
and the coding region. Transcription termination and polyadenylation signals are located 3* or
downstream of the coding region.

Adeno-associated virus (AAV): A small, replication-defective, non-enveloped virus that infects
humans and some other primate species. AAV is not known to cause disease and elicits a very mild
immune response. Gene therapy vectors that utilize AAV can infect both dividing and quiescent cells and
can persist in an extrachromosomal state without integrating into the genome of the host cell. These
features make AAV an attractive viral vector for gene therapy. There are currently 11 recognized

serotypes of AAV (AAV1-11).
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Administration/Administer: To provide or give a subject an agent, such as a therapeutic agent

(e.g. arecombinant AAV), by any effective route. Exemplary routes of administration include, but are not
limited to, injection (such as subcutaneous, intramuscular, intradermal, intraperitoneal, and intravenous),
oral, intraductal, sublingual, rectal, transdermal, intranasal, vaginal and inhalation routes.

Bleeding Time Assay: An assay used to measure the amount of time it takes for a subject's blood
to clot. A blood pressure cuff is placed on the upper arm and inflated. Two incisions are made on the
lower arm. These are about 10 mm (less than 1/2 inch) long and 1 mm deep (just deep enough to cause
minimal bleeding). The blood pressure cuff is immediately deflated. Blotting paper is touched to the cuts
every 30 seconds until the bleeding stops. The length of time it takes for the cuts to stop bleeding is
recorded. In normal, non-hemophiliacs, bleeding stops within about one to ten minutes and may vary
from lab to lab, depending on how the assay is measured. In contrast, severe hemophiliacs having less
than 1% of normal levels of the appropriate clotting factor have a whole blood clotting time of greater
than 60 minutes. In mice, the bleeding time is assayed by transecting the tip of the tail and periodically
touching a blotting paper until a clot is formed at the tip of the tail. Normal bleeding time is between 2-4
minutes. In contrast, hemophiliac mice having less than 1% of normal levels of the appropriate clotting
factor have a bleeding time of greater than 15 minutes.

cDNA (complementary DNA): A piece of DNA lacking internal, non-coding segments (introns)
and regulatory sequences that determine transcription. cDNA is synthesized in the laboratory by reverse
transcription from messenger RNA extracted from cells. ¢cDNA can also contain untranslated regions
(UTRs) that are responsible for translational control in the corresponding RNA molecule.

Clotting disorder: A general term for a wide range of medical problems that lead to poor blood
clotting and continuous bleeding. Doctors also refer to clotting disorders by terms such as, for example,
coagulopathy, abnormal bleeding and bleeding disorders. Clotting disorders include any congenital,
acquired or induced defect that results in abnormal (or pathological) bleeding. Examples include, but are
not limited to, disorders of insufficient clotting or hemostasis, such as hemophilia A (a deficiency in
fVIII), hemophilia B (a deficiency in fIX), hemophilia C (a deficiency in Factor XI), other clotting factor
deficiencies (such as Factor VII or fXIII), abnormal levels of clotting factor inhibitors, platelet disorders,
thrombocytopenia, vitamin K deficiency and von Willebrand's disease.

Some clotting disorders are present at birth and in some instances are inherited disorders.

Specific examples include, but are not limited to: hemophilia A, hemophilia B, protein C deficiency, and
Von Willebrand's disease. Some clotting disorders are developed during certain illnesses (such as vitamin
K deficiency, severe liver disease), or treatments (such as use of anticoagulant drugs or prolonged use of
antibiotics).

Clotting factor: Includes any protein which promotes proper hemostasis. In one embodiment, a
clotting factor is fVIII or fIX, or a variant or fragment thereof which retains its hemostatic activity, for
example as measured using an APTT assay or a bleeding time assay. In some embodiments, when
administered in a therapeutically effective amount, the clotting factor increases hemostasis in a subject

suffering from a clotting disorder, such as hemophilia.
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Clotting Factor VIII (fVIII): fVIII is a protein required for the efficient clotting of blood, and

functions in coagulation as a cofactor in the activation of factor X by fIX. A concentration of about 100
ng/ml for fVIII in the blood is considered in the normal range. Deficiency of fVIII is associated with
hemophilia A, and severe forms of the disease can result when a subject has less than about 1% of the
normal amount of fVIII (i.e. less than about 1 ng of fVIII per ml of blood). fVIII is synthesized as a 2351
amino acid single chain precursor protein, which is proteolytically processed. The human factor VIII
gene (186,000 base-pairs) consists of 26 exons ranging in size from 69 to 3,106 bp and introns as large as
32 .4 kilobases (kb). Examples of fVIII nucleic acid and protein sequences are publicly available (for
example, see Genbank Accession Nos: K01740, M14113, and E00527). fVIII variants are provided
herein that retain fVIII activity for blood clotting but are reduced in size, such as fVIII variants that lack
the fVIII B domain. Exemplary fVIII variants include the HSQ and ET3 variants.

Clotting Factor IX (fIX): fIX is a vitamin K-dependent protein required for the efficient clotting
of blood, and functions in coagulation as an activator of factor X. A concentration of about 1-5 pg/ml of
fIX in the blood is considered in the normal range. Deficiency of fIX is associated with hemophilia B,
and severe cases result when the concentration of fIX is less than about 1% of the normal concentration of
fIX (i.e. less than about 0.01-0.05 pg fIX per ml of blood). fX nucleic acid and protein sequences are
publicly available (for example see Kurachi et al., 1982. Proc. Natl. Acad. Sci. U.S.A. 79(21):6461-4;
Genbank Accession Nos: JO0136, XM045316, K02402, J00137, and M11309.

Codon-optimized: A “codon-optimized” nucleic acid refers to a nucleic acid sequence that has
been altered such that the codons are optimal for expression in a particular system (such as a particular
species or group of species). For example, a nucleic acid sequence can be optimized for expression in
mammalian cells or in a particular mammalian species (such as human cells). Codon optimization does
not alter the amino acid sequence of the encoded protein.

The term “liver specific amino acids codons” refers to codons that are differentially utilized-
represented in genes highly expressed within the human liver compared to the codon usage of the entire
coding region of the human genome. A strategy using a maximum amount of liver specific amino acid
codons secks to avoid codons that are under-represented, e.g., because of low quantities of codon
matching tRNA in liver cells resulting in slower protein translation.

Control: A reference standard. In some embodiments, the control is a negative control sample
obtained from a healthy patient. In other embodiments, the control is a positive control sample obtained
from a patient diagnosed with hemophilia. In still other embodiments, the control is a historical control or
standard reference value or range of values (such as a previously tested control sample, such as a group of
hemophilia A patients with known prognosis or outcome, or group of samples that represent baseline or
normal values).

A difference between a test sample and a control can be an increase or conversely a decrease.

The difference can be a qualitative difference or a quantitative difference, for example a statistically
significant difference. In some examples, a difference is an increase or decrease, relative to a control, of

at least about 5%, such as at least about 10%, at least about 20%, at least about 30%, at least about 40%,
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at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, at least

about 100%, at least about 150%, at least about 200%, at least about 250%, at least about 300%, at least
about 350%, at least about 400%, at least about 500%, or greater than 500%.

DNA (deoxyribonucleic acid): DNA is a long chain polymer which comprises the genetic
material of most living organisms (some viruses have genes comprising ribonucleic acid (RNA)). The
repeating units in DNA polymers are four different nucleotides, each of which comprises one of the four
bases, adenine (A), guanine (G), cytosine (C), and thymine (T) bound to a deoxyribose sugar to which a
phosphate group is attached. Triplets of nucleotides (referred to as codons) code for each amino acid in a
polypeptide, or for a stop signal. The term codon is also used for the corresponding (and complementary)
sequences of three nucleotides in the mRNA into which the DNA sequence is transcribed.

Unless otherwise specified, any reference to a DNA molecule is intended to include the reverse
complement of that DNA molecule. Except where single-strandedness is required by the text herein,
DNA molecules, though written to depict only a single strand, encompass both strands of a double-
stranded DNA molecule. Thus, a reference to the nucleic acid molecule that encodes a specific protein, or
a fragment thereof, encompasses both the sense strand and its reverse complement. For instance, it is
appropriate to generate probes or primers from the reverse complement sequence of the disclosed nucleic
acid molecules.

Enhancer: A nucleic acid sequence that increases the rate of transcription by increasing the
activity of a promoter.

Flanking: Near or next to, also, including adjoining, for instance in a linear or circular
polynucleotide, such as a DNA molecule.

Gene: A nucleic acid sequence, typically a DNA sequence, that comprises control and coding
sequences necessary for the transcription of an RNA, whether an mRNA or otherwise. For instance, a
gene may comprise a promoter, one or more enhancers or silencers, a nucleic acid sequence that encodes a
RNA and/or a polypeptide, downstream regulatory sequences and, possibly, other nucleic acid sequences
involved in regulation of the expression of an mRNA.

As is well known in the art, most eukaryotic genes contain both exons and introns. The term
“exon” refers to a nucleic acid sequence found in genomic DNA that is bioinformatically predicted and/or
experimentally confirmed to contribute a contiguous sequence to a mature mRNA transcript. The term
“intron” refers to a nucleic acid sequence found in genomic DNA that is predicted and/or confirmed not
to contribute to a mature mRNA transcript, but rather to be “spliced out” during processing of the
transcript.

Gene therapy: The introduction of a heterologous nucleic acid molecule into one or more
recipient cells, wherein expression of the heterologous nucleic acid in the recipient cell affects the cell’s
function and results in a therapeutic effect in a subject. For example, the heterologous nucleic acid
molecule may encode a protein, which affects a function of the recipient cell.

Hemophilia: A blood coagulation disorder caused by a deficient clotting factor activity, which
decreases hemostasis. Severe forms result when the concentration of clotting factor is less than about 1%

of the normal concentration of the clotting factor in a normal subject. In some subjects, hemophilia is due
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to a genetic mutation which results in impaired expression of a clotting factor. In others, hemophilia is an

auto-immune disorder, referred to as acquired hemophilia, in which the antibodies which are generated
against a clotting factor in a subject result in decreased hemostasis.

Hemophilia A results from a deficiency of functional clotting fVIII, while hemophilia B results
from a deficiency of functional clotting fIX. These conditions which are due to a genetic mutation are
caused by an inherited sex-linked recessive trait with the defective gene located on the X chromosome,
and this disease is therefore generally found only in males. The severity of symptoms can vary with this
disease, and the severe forms become apparent early on. Bleeding is the hallmark of the disease and
typically occurs when a male infant is circumcised. Additional bleeding manifestations make their
appearance when the infant becomes mobile. Mild cases may go unnoticed until later in life when they
occur in response to surgery or trauma. Internal bleeding may happen anywhere, and bleeding into joints
is common.

Hemostasis: Arrest of bleeding blood by blood clot formation. Blood clotting time is the length
of time it takes for peripheral blood to clot using an activated partial thromboplastin time assay (APTT) or
by measuring bleeding time. In a particular embodiment, the blood clotting time decreases by at least
50%, for example at least 60%, at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least
98%, at least 99% or even about 100% (i.e. the blood clotting time is similar to what is observed for a
normal subject) when compared to the blood clotting time of the subject prior to administration of a
therapeutic vector encoding the appropriate clotting factor as described herein. In yet another
embodiment, the blood clotting time in the affected subject is corrected to about 50% of a normal subject,
to about 75% of a normal subject, to about 90% of a normal subject, for example to about 95%, for
example about 100%, after oral administration of a therapeutically effective amount of the appropriate
clotting factor. As used herein, “about” refers to plus or minus 5% from a reference value. Thus, about
50% refers to 47.5% to 52.5%.

Intron: A stretch of DNA within a gene that does not contain coding information for a protein.
Introns are removed before translation of a messenger RNA.

Inverted terminal repeat (ITR): Symmetrical nucleic acid sequences in the genome of adeno-
associated viruses required for efficient replication. ITR sequences are located at each end of the AAV
DNA genome. The ITRs serve as the origins of replication for viral DNA synthesis and are essential cis
components for generating AAV integrating vectors.

Isolated: An “isolated” biological component (such as a nucleic acid molecule, protein, virus or
cell) has been substantially separated or purified away from other biological components in the cell or
tissue of the organism, or the organism itself, in which the component naturally occurs, such as other
chromosomal and extra-chromosomal DNA and RNA, proteins and cells. Nucleic acid molecules and
proteins that have been “isolated” include those purified by standard purification methods. The term also
embraces nucleic acid molecules and proteins prepared by recombinant expression in a host cell as well as
chemically synthesized nucleic acid molecules and proteins.

Nucleic acid molecule: A polymeric form of nucleotides, which may include both sense and

anti-sense strands of RNA, cDNA, genomic DNA, and synthetic forms and mixed polymers of the above.
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A nucleotide refers to a ribonucleotide, deoxynucleotide or a modified form of either type of nucleotide.

The term “nucleic acid molecule” as used herein is synonymous with “nucleic acid” and “polynucleotide.”
A nucleic acid molecule is usually at least 10 bases in length, unless otherwise specified. The term
includes single- and double-stranded forms of DNA. A polynucleotide may include either or both
naturally occurring and modified nucleotides linked together by naturally occurring and/or non-naturally
occurring nucleotide linkages. “cDNA” refers to a DNA that is complementary or identical to an mRNA,
in either single stranded or double stranded form. “Encoding” refers to the inherent property of specific
sequences of nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates
for synthesis of other polymers and macromolecules in biological processes having either a defined
sequence of nucleotides (i.e., TRNA, tRNA and mRNA) or a defined sequence of amino acids and the
biological properties resulting therefrom.

Nucleotide: This term includes, but is not limited to, a monomer that includes a base linked to a
sugar, such as a pyrimidine, purine or synthetic analogs thereof, or a base linked to an amino acid, as in a
peptide nucleic acid (PNA). A nucleotide is one monomer in a polynucleotide. A nucleotide sequence
refers to the sequence of bases in a polynucleotide.

Operably linked: A first nucleic acid sequence is operably linked with a second nucleic acid
sequence when the first nucleic acid sequence is placed in a functional relationship with the second
nucleic acid sequence. For instance, a promoter is operably linked to a coding sequence if the promoter
affects the transcription or expression of the coding sequence. Generally, operably linked DNA sequences
are contiguous and, where necessary to join two protein-coding regions, in the same reading frame.

ORF (open reading frame): A series of nucleotide triplets (codons) coding for amino acids.
These sequences are usually translatable into a peptide.

Pharmaceutically acceptable carriers: The pharmaceutically acceptable carriers of use are
conventional. Remington’s Pharmaceutical Sciences, by E. W. Martin, Mack Publishing Co., Easton, PA,
19th Edition, 1995, describes compositions and formulations suitable for pharmaceutical delivery of the
disclosed vectors.

In general, the nature of the carrier will depend on the particular mode of administration being
employed. For instance, parenteral formulations usually comprise injectable fluids that include
pharmaceutically and physiologically acceptable fluids such as water, physiological saline, balanced salt
solutions, aqueous dextrose, glycerol or the like as a vehicle. For solid compositions (e.g., powder, pill,
tablet, or capsule forms), conventional non-toxic solid carriers can include, for example, pharmaceutical
grades of mannitol, lactose, starch, or magnesium stearate. In addition to biologically neutral carriers,
pharmaceutical compositions (such as vector compositions) to be administered can contain minor amounts
of non-toxic auxiliary substances, such as wetting or emulsifying agents, preservatives, and pH buffering
agents and the like, for example sodium acetate or sorbitan monolaurate. In particular embodiments,
suitable for administration to a subject the carrier may be sterile, and/or suspended or otherwise contained
in a unit dosage form containing one or more measured doses of the composition suitable to induce the
desired immune response. It may also be accompanied by medications for its use for treatment purposes.

The unit dosage form may be, for example, in a sealed vial that contains sterile contents or a syringe for
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injection into a subject, or lyophilized for subsequent solubilization and administration or in a solid or

controlled release dosage.

Polypeptide: Any chain of amino acids, regardless of length or post-translational modification
(e.g., glycosylation or phosphorylation). “Polypeptide” applies to amino acid polymers including naturally
occurring amino acid polymers and non-naturally occurring amino acid polymer as well as in which one
or more amino acid residue is a non-natural amino acid, for example, an artificial chemical mimetic of a
corresponding naturally occurring amino acid. A “residue” refers to an amino acid or amino acid mimetic
incorporated in a polypeptide by an amide bond or amide bond mimetic. A polypeptide has an amino
terminal (N-terminal) end and a carboxy terminal (C-terminal) end. “Polypeptide” is used
interchangeably with peptide or protein, and is used herein to refer to a polymer of amino acid residues.

Preventing, treating or ameliorating a disease: “Preventing” a disease (such as hemophilia)
refers to inhibiting the full development of a disease. “Treating” refers to a therapeutic intervention that
ameliorates a sign or symptom of a disease or pathological condition after it has begun to develop.
“Ameliorating” refers to the reduction in the number or severity of signs or symptoms of a disease.

Promoter: A region of DNA that directs/initiates transcription of a nucleic acid (e.g. a gene). A
promoter includes necessary nucleic acid sequences near the start site of transcription. Typically,
promoters are located near the genes they transcribe. A promoter also optionally includes distal enhancer
or repressor elements which can be located as much as several thousand base pairs from the start site of
transcription. A tissue-specific promoter is a promoter that directs/initiated transcription primarily in a
single type of tissue or cell. For example, a liver-specific promoter is a promoter that directs/initiates
transcription in liver tissue to a substantially greater extent than other tissue types.

Protein: A biological molecule expressed by a gene or other encoding nucleic acid (e.g., a
c¢DNA) and comprised of amino acids.

Purified: The term “purified” does not require absolute purity; rather, it is intended as a relative
term. Thus, for example, a purified peptide, protein, virus, or other active compound is one that is isolated
in whole or in part from naturally associated proteins and other contaminants. In certain embodiments,
the term “substantially purified” refers to a peptide, protein, virus or other active compound that has been
isolated from a cell, cell culture medium, or other crude preparation and subjected to fractionation to
remove various components of the initial preparation, such as proteins, cellular debris, and other
components.

Recombinant: A recombinant nucleic acid molecule is one that has a sequence that is not
naturally occurring, for example, includes one or more nucleic acid substitutions, deletions or insertions,
and/or has a sequence that is made by an artificial combination of two otherwise separated segments of
sequence. This artificial combination can be accomplished by chemical synthesis or, more commonly, by
the artificial manipulation of isolated segments of nucleic acids, for example, by genetic engineering
techniques.

A recombinant virus is one that includes a genome that includes a recombinant nucleic acid

molecule. As used herein, “recombinant AAV” refers to an AAV particle in which a recombinant nucleic
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acid molecule (such as a recombinant nucleic acid molecule encoding a clotting factor) has been

packaged.

A recombinant protein is one that has a sequence that is not naturally occurring or has a sequence
that is made by an artificial combination of two otherwise separated segments of sequence. In several
embodiments, a recombinant protein is encoded by a heterologous (for example, recombinant) nucleic
acid that has been introduced into a host cell, such as a bacterial or eukaryotic cell, or into the genome of a
recombinant virus.

Response element (BRE): A DNA sequence included in a promoter to which one or more
transcription factors can bind to and confer an aspect of control of gene expression.

Sequence identity: The identity or similarity between two or more nucleic acid sequences, or two
or more amino acid sequences, is expressed in terms of the identity or similarity between the sequences.
Sequence identity can be measured in terms of percentage identity; the higher the percentage, the more
identical the sequences are. Sequence similarity can be measured in terms of percentage similarity (which
takes into account conservative amino acid substitutions); the higher the percentage, the more similar the
sequences are. Homologs or orthologs of nucleic acid or amino acid sequences possess a relatively high
degree of sequence identity/similarity when aligned using standard methods. This homology is more
significant when the orthologous proteins or cDNAs are derived from species which are more closely
related (such as human and mouse sequences), compared to species more distantly related (such as human
and C. elegans sequences).

Methods of alignment of sequences for comparison are well known in the art. Various programs
and alignment algorithms are described in: Smith & Waterman, Adv. Appl. Math. 2:482, 1981; Needleman
& Wunsch, J. Mol. Biol. 48:443, 1970; Pearson & Lipman, Proc. Natl. Acad. Sci. USA 85:2444, 1988;
Higgins & Sharp, Gene, 73:237-44, 1988; Higgins & Sharp, CABIOS 5:151-3, 1989; Corpet et al., Nuc.
Acids Res. 16:10881-90, 1988; Huang et al. Computer Appls. in the Biosciences 8, 155-65, 1992; and
Pearson et al., Meth. Mol. Bio. 24:307-31, 1994. Altschul et al., J. Mol. Biol. 215:403-10, 1990, presents a
detailed consideration of sequence alignment methods and homology calculations.

The NCBI Basic Local Alignment Search Tool (BLAST) (Altschul et al., J. Mol. Biol. 215:403-
10, 1990) is available from several sources, including the National Center for Biological Information
(NCBI) and on the internet, for use in connection with the sequence analysis programs blastp, blastn,
blastx, tblastn and tblastx. Additional information can be found at the NCBI web site.

As used herein, reference to “at least 90% identity” refers to “at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
even 100% identity” to a specified reference sequence.

Subject: Living multi-cellular vertebrate organisms, a category that includes human and non-
human mammals.

Synthetic: Produced by artificial means in a laboratory, for example a synthetic nucleic acid can
be chemically synthesized in a laboratory.

TATA box: A DNA sequence found in the promoter region of a gene that can be bound by
TATA binding protein and transcription factor II D during DNA unwinding and binding by RNA
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polymerase II. A TATA box sequence typically includes a TATAAA sequence and often includes

additional 3’ adenine nucleotides. An exemplary TATA box sequence is provided as nucleotides 108-114
of SEQ ID NO: 4.

Therapeutically effective amount: A quantity of a specified pharmaceutical or therapeutic agent
(e.g. arecombinant AAV) sufficient to achieve a desired effect in a subject, or in a cell, being treated with
the agent. The effective amount of the agent will be dependent on several factors, including, but not
limited to the subject or cells being treated, and the manner of administration of the therapeutic
composition.

Transcription factor (TF): A protein that binds to specific DNA sequences and thereby
controls the transtfer {or transcription) of genetic imformation from BNA to RNA. TFs perform this
function alone or with other proteins in a complex, by promoting (as an activator), or blocking (as a
repressor) the recruitment of RNA polymerase (the enzyme that performs the transcription of genetic
information from DNA to RNA) to specific genes. The specific DNA sequences to which a TF binds is
known as a response element (RE) or regulatory element. Other names include cis-element and cis-acting
transcriptional regulatory clement.

Transcription factors interact with their binding sites using a combination of clectrostatic (of
which hydrogen bonds are a special case) and Van der Waals forces. Due to the nature of these chemical
interactions, most transcription factors bind DNA in a sequence specific manner. However, not all bases
in the transcription factor-binding site may actually interact with the transcription factor. In addition,
sorae of these inferactions rmay be weaker than others. Thus, many transcription factors do not bind just
one sequence but are capable of binding a subset of closely related sequences, cach with a different
strength of interaction.

For example, although the consensus binding site for the TATA-binding protein (TBP) is
TATAAAA; however, the TBP ranscription factor can also bind similar sequences such as TATATAT or
TATATAA.

Transcription factors (TFs) are classified based on many aspects. For example, the secondary,
tertdary and quaternary structures of the protein structiwes DNA-binding sequence and properties, the
interaction with the double helix of the DNA, and the metal and other binding characteristics. The
JASPAR database and TRANSFAC (TRANSFAC® 7.0 Public 2005) are two web-based transcription
factor databases, their experimentally-proven binding sites, and regulated genes.

HNFla: Also called HNF1 Homeobox A or HNF1, the HNF1a protein is a transcription
factor required for the expression of several liver specific genes. HNF1a forms a homodimer that
binds to particular promoter sequences. Exemplary HNF1a TF binding sites include the “HNF1a”
TF binding site provided as nucleotides 1-12 of SEQ ID NO: 4, the “HNF1-1" TF binding site
provided as nucleotides 16-23 of SEQ ID NO: 4, and the “HNF1-2” TF binding site provided as
nucleotides 48-62 of SEQ ID NO: 4. (See, e.g., PubMed Gene ID NO. 6927; Chi et al., "Diabetes
mutations delineate an atypical POU domain in HNF-1alpha,” Mol. Cell., 10:1129-1137, 2002;
and Rose et al., "Structural basis of dimerization, coactivator recognition and MODY3 mutations
in HNF-1alpha,” Nat. Struct. Biol. 7:744-748, 2000).
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HNF3a: A transcription factor required for the expression of several liver specific genes.

HNF3a binds to particular promoter sequences. An exemplary HNF3a TF binding site is
provided as nucleotides 39-45 of SEQ ID NO: 4. An exemplary HNF3-2 TF binding site is
provided as nucleotides 65-71 of SEQ ID NO: 4. (see, e.g., Laganiere et al., “Location analysis of
estrogen receptor alpha target promoters reveals that FOX A1 defines a domain of the estrogen
response,” Proc. Natl. Acad. Sci. U.S.A. 102:11651-11656, 2005; Williamson et al., "BRCA1 and
FOXAT proteins coregulate the expression of the cell cycle-dependent kinase inhibitor
p27(Kipl),” Oncogene 25:1391-1399, 2006; Lupien et al., "FoxA1 translates epigenetic
signatures into enhancer-driven lineage-specific transcription,” Cell 132:958-970, 2008; Song et
al., "Role of Foxal in regulation of bcl2 expression during oxidative-stress-induced apoptosis in
A549 type II pneumocytes," Cell Stress Chaperones, 14:417-425, 2009); and Malik et al.,
"Histone deacetylase 7 and FoxA1 in estrogen-mediated repression of RPRM,” Mol. Cell. Biol.
30:399-412, 2010).

HNF4: A transcription factor required for the expression of several liver specific genes.
HNF4 binds to particular promoter sequences. An exemplary HNF4 TF binding site is provided
as nucleotides 26-36 of SEQ ID NO: 4. (See, e.g., Wang et al., " Hepatocyte nuclear factor-4a
interacts with other hepatocyte nuclear factors in regulating transthyretin gene expression,” FEBS
1., 277(19):4066-75, 2010).

HP]: A transcription factor required for the expression of several liver specific genes.
HP1 binds to particular promoter sequences. An exemplary HP1 TF binding site is provided as
nucleotides 75-87 of SEQ ID NO: 4. (See, e.g., Schorpp et al., “Hepatocyte-specific promoter
clement HP1 of the Xenopus albumin gene interacts with transcriptional factors of mammalian

hepatocytes,” J Mol Biol., 202(2):307-20, 1988)

Transcription Start Site: The location where transcription starts at the 5” end of a gene
sequence. An exemplary Transcription Start Site is provided as nucleotides 116-146 of SEQ ID NO: 4.

Therapeutically effective amount: The amount of agent, such as a disclosed recombinant AAV
vector encoding a clotting factor, that is sufficient to prevent, treat (including prophylaxis), reduce and/or
ameliorate the symptoms and/or underlying causes of a disorder or disease, for example to prevent,
inhibit, and/or treat hemophilia. For instance, this can be the amount necessary to inhibit or prevent viral
replication or to measurably alter outward symptoms of the disease or condition.

In one example, a desired response is to reduce clotting time in a subject (such as a subject with
hemophilia), for example as measured using a bleeding time assay. The clotting time does not need to be
completely restored to that of normal healthy subjects without hemophilia for the method to be effective.
For example, administration of a therapeutically effective amount of a vector (such as a fVIII encoding
vector) as disclosed herein can decrease the clotting time (or other symptom of the hemophilia) by a
desired amount, for example by at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at
least 70%, at least 80%, at least 90%, at least 95%, at least 98%, at least 100% or more, as compared to a
suitable control.
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It is understood that to obtain a therapeutic response to the disease or condition can require

multiple administrations of the agent. Thus, a therapeutically effective amount encompasses a fractional
dose that contributes in combination with previous or subsequent administrations to attaining a therapeutic
outcome in the patient. For example, a therapeutically effective amount of an agent can be administered
in a single dose, or in several doses, for example daily, during a course of treatment. However, the
therapeutically effective amount can depend on the subject being treated, the severity and type of the
condition being treated, and the manner of administration. A unit dosage form of the agent can be
packaged in a therapeutic amount, or in multiples of the therapeutic amount, for example, in a vial (e.g.,
with a pierceable lid) or syringe having sterile components.

Vector: A vector is a nucleic acid molecule allowing insertion of foreign nucleic acid without
disrupting the ability of the vector to replicate and/or integrate in a host cell. A vector can include nucleic
acid sequences that permit it to replicate in a host cell, such as an origin of replication. A vector can also
include one or more selectable marker genes and other genetic elements. An expression vector is a vector
that contains the necessary regulatory sequences to allow transcription and translation of inserted gene or
genes. In some embodiments herein, the vector is an adeno-associated virus (AAV) vector. In some
embodiments, the vector is a gamma-retroviral vector, a lentiviral vector, or an adenoviral vector.

Unless otherwise explained, 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 disclosure belongs. The singular

T

terms “a,” “an,” and “the” include plural referents unless context clearly indicates otherwise. “Comprising
A or B” means including A, or B, or A and B. It is further to be understood that all base sizes or amino
acid sizes, and all molecular weight or molecular mass values, given for nucleic acids or polypeptides are
approximate, and are provided for description. Although methods and materials similar or equivalent to
those described herein can be used in the practice or testing of the present disclosure, suitable methods and
materials are described below. All publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In case of conflict, the present

specification, including explanations of terms, will control. In addition, the materials, methods, and

examples are illustrative only and not intended to be limiting.

1L Optimized Promotors for Liver-Directed Transcription

Novel promoters are provided herein for promoting transcription in liver tissue and/or cells. As
discussed in Example 2, the new promoters were designed using an iterative approach that ultimately
identified several promoter sequences that provide unexpectedly high transcription levels (as assayed by
measuring expressed protein activity), and are substantially shorter than prior promoter sequences, such as
the HLP promoter sequence.

In some embodiments, a recombinant nucleic acid molecule is provided that comprises a promoter
comprising a first response element comprises a set of transcription factor (TF) binding sites, including: a
HNF1la TF binding site, a HNF1-1 TF binding site, a HNF4 TF binding site, a HNF3a TF binding site, a
HNF1-2 TF binding site, a HNF3-2 TF binding site, a HP1 TF binding site, a TATA box; and a
Transcription Start Site. These are the transcription factor binding sites included on the HCB promoter.
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In some embodiments, the first response element can comprise a nucleotide sequence that is no

more than 160 nucleotides in length (such as no more than 150 nucleotides in length, such as 146
nucleotides in length).

In some embodiments, the HNF1a TF binding site comprises or consists of nucleotides 1-12 of
SEQ ID NO: 4; the HNF1-1 TF binding site comprises or consists of nucleotides 16-23 of SEQ ID NO: 4;
the HNF4 TF binding site comprises or consists of nucleotides 26-36 of SEQ ID NO: 4; the HNF3a TF
binding site comprises or consists of nucleotides 39-45 of SEQ ID NO: 4; the HNF1-2 TF binding site
comprises or consists of nucleotides 48-62 of SEQ ID NO: 4; the HNF3-2 TF binding site comprises or
consists of nucleotides 65-71 of SEQ ID NO: 4; the HP1 TF binding site comprises or consists of
nucleotides 75-87 of SEQ ID NO: 4; the TATA box comprises or consists of nucleotides 108-114 of SEQ
ID NO: 4; and/or the Transcription Start Site (T'SS) comprises or consists of nucleotides 116-146 of SEQ
ID NO: 4.

In some embodiments, the first response element comprises, from 5’ to 3’, the HNF1a TF binding
site, the HNF1-1 TF binding site, the HNF-4 TF binding site, the HNF3a TF binding site, the HNF1-2 TF
binding site, the HNF3-2 TF binding site, the HP1 TF binding site, the TATA box, and the Transcription
Start Site (TSS).

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 4 (HCB), or a sequence at least 90%
(such as at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 98%, or at least 99%)
identical thereto.

In some embodiments, the recombinant nucleic acid molecule can comprise a promoter
comprising the first response element as discussed above, and further comprising a second response
element.

In some embodiments, the second response element can comprise an HSh response element. For
example, a HSh response element comprising or consisting of the nucleotide sequence set forth as SEQ ID
NO: 111, or a sequence at least 90% (such as at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 98%, or at least 99%) identical thereto.

In some embodiments, the second response element can comprise a 5’HS response element. For
example, a 5’HS response element comprising or consisting of the nucleotide sequence set forth as
nucleotides 6-32 of SEQ ID NO: 111, or a sequence at least 90% (such as at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 98%, or at least 99%) identical thereto.

In some embodiments, the second response element can comprise a 3’HS response element. For
example, a 3’HS response element comprising or consisting of the nucleotide sequence set forth as
nucleotides 44-68 of SEQ ID NO: 111, or a sequence at least 90% (such as at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 98%, or at least 99%) identical thereto.

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 102 (HSh-HCB), or a sequence at least
90% (such as at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 98%, or at least
99%) identical thereto.
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In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising

or consisting of the nucleic acid sequence set forth as SEQ ID NO: 104 (5’HSh-HCB), or a sequence at
least 90% (such as at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 98%, or at
least 99%) identical thereto.

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 103 (3’HSh-HCB),

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 7 (ABP-HP1-God-TSS), or a sequence
at least 90% (such as at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 98%, or
at least 99%) identical thereto.

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 105 (HSh-SynO-TSS), or a sequence
at least 90% (such as at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 98%, or
at least 99%) identical thereto.

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 106 (sHS-SynO-TSS), or a sequence at
least 90% (such as at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 98%, or at
least 99%) identical thereto.

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 107 (Agro), or a sequence at least 90%
(such as at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 98%, or at least 99%)
identical thereto.

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 108 (HS-SynO-TSS), or a sequence at
least 90% (such as at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 98%, or at
least 99%) identical thereto.

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 112 (HNF1-ShortABPExact-SynO-
TSS-Int), or a sequence at least 90% (such as at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 98%, or at least 99%) identical thereto.

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 5 (shortABP-HP1-God-TSS), or a
sequence at least 90% (such as at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
98%, or at least 99%) identical thereto.

In some embodiments, the recombinant nucleic acid molecule comprises a promoter comprising
or consisting of the nucleic acid sequence set forth as SEQ ID NO: 7 (ABP-HP1-God-TSS), or a sequence
at least 90% (such as at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 98%, or

at least 99%) identical thereto.
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The disclosed promoters can be utilized in any situation where liver-specific transcription is

desired. In several embodiments, any one of the disclosed promoters can be included on a vector (such as
an AAYV vector) for gene therapy methods where liver-specific expression of a transgene is desired, such

as liver specific expression of a clotting factor as disclosed herein.

111 Recombinant Nucleic Acid Molecules Encoding Clotting factors

The blood clotting system is a proteolytic cascade. Blood clotting factors are present in the
plasma as a zymogen, in other words in an inactive form, which on activation undergoes proteolytic
cleavage to release the active factor form the precursor molecule. The ultimate goal is to produce
thrombin. Thrombin converts fibrinogen into fibrin, which forms a clot.

Factor X is the first molecule of the common pathway and is activated by a complex of molecules
containing activated fIX, fVIII, calcium, and phospholipids which are on the platelet surface. FVIII is
activated by thrombin, and it facilitates the activation of factor X by fIXa. FVIII, contains multiple
domains (A1-A2-B-ap-A3-C1-C2) and circulates in blood in an inactivated form bound to von Willebrand
factor (VWF). The C2 domain is involved with fVIII binding to VWF. Thrombin cleaves fVIII causing
dissociation with VWF ultimately leading to fibrin formation through fIX. Congenital hemophilia A is
associated with genetic mutations in the fVIII gene and results in impaired clotting due to lower than
normal levels of circulating fVIII. Hemophilia B is similarly associated with genetic mutations in the fIX
gene.

FVIII domain boundaries refer to the human fVIII amino acid sequence numbering as follows;
residues 1-19 (Signal Sequence), 20-391 (A1), 392-759 (A2), 760-1667 (B), 1668—1708 (ap), 17092038
(A3), 2039-2191 (C1) and 2192-2351 (C2) (see Gitschier et al., Nature, 1984, 312, 326-330) of SEQ ID
NO: 1:

MOIELSTCEFFLCLLRECEFSATRRYYLGAVELSWDYMOSDLGELPVDARFPPRVPKSEFPENTSVVYKKTLEVEFTDHLE
NIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASHPVSLHAVGVSYWKASEGAEYDDOTSQREKEDDKVEPGGSHTYV
WOVLKENGPMASDPLCLTYSYLSHVDLVKDLNSGLIGALLVCREGSLAKEKTQTLHKE ILLFAVEFDEGKSWHSETKNS
LMODRDAASARAWPKMHTVNGYVNRSLPGLIGCHRKSVYWHVIGMGTTPEVHSIFLEGHTFLVRNHRQASLEISPITE
LTAQTLLMDLGQFLLECHISSHOHDGMEAYVKVDSCPEEPQLRMKNNEEAEDYDDDLTDSEMDVVREDDDNSPSEIQL
RSVAKKHPKTWVHY IAAEEEDWDYAPLVLAPDDRSYKSQYLNNGPORIGRKYKKVREMAYTDETFKTREAIQHESGIL
GPLLYGEVGDTLLIIFKNQASRPYNIYPHGITDVRPLYSRRLPKGVKHLKDEFPILPGEIFKYKWIVIVEDGPTKSDPR
CLTRYYSSEFVNMERDLASGLIGPLLICYKESVDORGNQIMSDKRNVILESVEDENRSWYLTENIQRFLPNPAGVQLED
PEFQASNIMHSINGYVEDSLOQLSVCLHEVAYWYILSIGAQTDFLSVEESGYTFKHKMVYEDTLTLFPFSGETVEMSME
NPGLWILGCHNSDERNRGMTALLKVSSCDKNTGDYYEDSYEDISAYLLSKNNAIEPRSEFSONSRHPSTROKQENATTI
PENDIEKTDPWEAHRTPMPKIQONVSSSDLLMLLROSPTPHGLSLSDLOQEAKYETESDDPSPGAIDSNNSLSEMTHERP
QLHHSGDMVETPESGLOLRLNEKLGTTAATELKKLDEKVSSTSNNLISTIPSDNLAAGTDNTSSLGPPSMPVHYDSQL
DTTLEFGKKSSPLTESGGPLSLSEENNDSKLLESGLMNSQESSWGKNVSSTESGRLEKGKRAHGPALLTKDNALEFKVST
SLLKTNKTSNNSATNRKTHIDGPSLLIENSPSVWONILESDTEFKKVIPLIHDRMLMDKNATALRLNHMSNKTTSSKN
MEMVOOKKEGPIPPDAQNPDMSEFFKMLELPESARWIQRTHGKNSLNSGQGPSPKQLVSLGPEKSVEGONE LSEKNKVY
VGKGEFTKDVGLKEMVEPSSRNLEFLTNLDNLHENNTHNQEKKIQEETIEKKETLIQENVVLPQIHTVTIGTKNEMKNLE L
LSTRONVEGSYDGAYAPVLODEFRSLNDSTNRTKKHTAHE SKKCEEENLEGLGNQTKQIVEKYACTTRISPNTSQONEV
TORSKRALKQFRLPLEETELEKRIIVDDTSTOWSKNMKHLTPSTLTQIDYNEKEKGAITOSPLSDCLTRSHSIPQANR
SPLPIAKVSSFPSIRPIYLTRVLEFQODNSSHLPAASYRKKDSGVQESSHELOGAKKNNLSLATILTLEMTGDOREVGSLG
TSATNSVTYKKVENTVLPKPDLPKTSGKVELLPKVHIYQKDLEPTETSNGSPGHLDLVEGSLLOGTEGAIKWNEANRP
GKVPEFLRVATESSAKTPSKLLDPLAWDNHYGTQIPKEEWKSQEKSPEKTAFKKKDTILSLNACESNHAIAAINEGONK
PEIEVIWAKQGRTERLCSONPPVLKRHOREITRTTLOSDOQEEIDYDDTISVEMKKEDEFDIYDEDENQSPRSEFQKKTRH
YFIAAVERLWDYGMSSSPHVLRNRAQSGSVPQFKKVVEQEFTDGSEFTOQPLYRGELNEHLGLLGPYIRAEVEDNIMVTE
RNQASRPYSEYSSLISYEEDQROQGAEPRKNEFVKPNETKTYEFWKVOQHHMAPTKDEFDCKAWAYEFSDVDLEKDVHSGLIG
PLLVCHTNTLNPAHGROQVIVQEFALFFTIFDETKSWYFTENMERNCRAPCNIQMEDPTFKENYRFHAINGYIMDTLPG
LVMAQDORIRWYLLSMGSNENIHSIHEFSGHVE TVRKKEEYKMALYNLYPGVEETVEMLPSKAGIWRVECLIGEHLHAG
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MSTLELVYSNKCOQTPLGMASGHIRDFQITASGOYGOWAPKLARLHYSGSINAWSTKEPFSWIKVDLLAPMITHGIKTQ
GARQKFSSLYISQF IIMYSLDGKKWOTYRGNSTGTLMVEEGNVDSSGIKHNIFNPPITARYIRLHPTHYSIRSTLRME
LMGCDLNSCSMPLGMESKAISDAQITASSYFTNMEFATWSPSKARLHLOGRSNAWRPOVNNPKEWLOVDEQKTMKVTGV
TTOGVKSLLTSMYVKEFLISSSODGHOWTLEFONGKVKVEQGNQDSEFTPVVNSLDPPLLTRYLRIHPQSWVHQIALRM
EVLGCEAQDLY

As discussed in Example 1, the cDNA nucleotide sequences coding for fVIII variants ET3 and
HSQ were improved by implementing a codon usage bias specific for the human liver cell as compared to
naturally occurring nucleotide sequence coding for the corresponding non-codon optimized sequence for a
human. Additional changes were also made to improve translation efficacy, such as optimization of GC
content, mRNA secondary structure, premature PolyA sites, RNA instability motif, stable free energy of
mRNA, internal chi sites, ribosomal binding sites, cryptic splicing sites, negative CpG islands, SD
sequence, TATA boxes, and cyptic terminal signals.

In addition, CpG DNA motifs were removed because they may lead to gene methylation and
silencing. See Bird, DNA methylation and the frequency of CpG in animal DNA, 1980, Nucleic Acids
Res, 8: 1499-1504. Codons were substituted with the most highly used human/ liver alternative that did
not result in the formation of a 5’-CG-3’ dinucleotide in the sequence. CpG removal can also reduce any
immune response to a vector including the modified transgene, enhancing the safety and efficacy of the
vector. See J Clin Invest. 2013, 123(7):2994-3001, entitled “CpG-depleted adeno-associated virus vectors
evade immune detection.”

ET3 is a B domain deleted (BDD) fVIII hybrid that contains human and porcine domains, i.e.,
sequence (Al and A3 porcine, see FIGs. 1A and 1B) with a linker in the deleted B domain. ET3 utilizes a
24 amino acid porcine sequence-derived OL linker sequence, i.e., porcine-derived sequence
SFAQNSRPPSASAPKPPVLRRHQR (SEQ ID NO: 23). HSQ is a human fVIII variant wherein the BDD
human fVIII protein is substituted with a 14 amino acid human-derived SQ linker SFSQNPPVLKRHQR
(SEQ ID NO: 22). HSQ amino acid sequence is provided as SEQ ID NO: 3. Both HSQ and ET3 contain
the RHQR (SEQ ID NO: 24) recognition sequence for PACE/furin processing sequence for the B-domain.

As discussed in Example 1, the nucleotide sequence encoding ET3 was codon-optimized for
expression in human liver. An exemplary liver codon optimized ET3 sequence is provided as SEQ ID
NO: 12. In some embodiments, a recombinant nucleic acid molecule is provided comprising the
nucleotide sequence set forth as SEQ ID NO: 12, or a sequence at least 90% (such as at least 95%)
identical thereto. Further, CpG motifs within the codon-optimized ET3 sequence were removed, to
provide the CpG deleted, liver codon optimized ET3 sequence set forth as SEQ ID NO: 11. In some
embodiments, a recombinant nucleic acid molecule is provided comprising the nucleotide sequence set
forth as SEQ ID NO: 11, or a sequence at least 90% (such as at least 95%) identical thereto.

As discussed in Example 1, the nucleotide sequence encoding HSQ was codon-optimized for
expression in human liver. Further, CpG motifs within the codon-optimized HSQ sequence were
removed, to provide the CpG deleted, liver codon optimized HSQ sequence set forth as SEQ ID NO: 2. In
some embodiments, a recombinant nucleic acid molecule is provided comprising the nucleotide sequence

set forth as SEQ ID NO: 2, or a sequence at least 90% (such as at least 95%) identical thereto.
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Additionally, the nucleotide sequences encoding ET3 and HSQ were optimized for expression in

myeloid cells. An exemplary CpG deleted, myeloid codon-optimized ET3 sequence is provided as SEQ
ID NO: 125. In some embodiments, a recombinant nucleic acid molecule is provided comprising the
nucleotide sequence set forth as SEQ ID NO: 125, or a sequence at least 90% (such as at least 95%)
identical thereto. An exemplary CpG deleted, myeloid codon-optimized HSQ sequence is provided as
SEQ ID NO: 126. In some embodiments, a recombinant nucleic acid molecule is provided comprising the
nucleotide sequence set forth as SEQ ID NO: 126, or a sequence at least 90% (such as at least 95%)
identical thereto.

In additional embodiments, fIX coding sequence variants are provided that are designed for high
levels of expression when the transgene is expressed from the liver, which is the target tissue of many
fIX-targeted gene therapy strategies. To create this coding sequence, one utilizes a liver-directed codon
optimization strategy.

As discussed in Example 1, the nucleotide sequence coding for fIX was optimized by
implementing a codon usage bias specific for the human liver cell as compared to naturally occurring
nucleotide sequence coding for the corresponding non-codon optimized sequence for a human.
Additional changes were also made to improve Translation efficacy, such as optimization of GC content,
mRNA secondary structure, premature PolyA sites, RNA instability motif, stable free energy of mRNA,
internal chi sites, ribosomal binding sites, cryptic splicing sites, negative CpG islands, SD sequence,
TATA boxes, and cyptic terminal signals.

In addition to adjusting the codon usage bias, the resulting sequences are further modified to
remove CpG motifs which may inhibit efficient expression of the transgene. Further, in some
embodiments, the recombinant fIX nucleic acid molecule can encode fIX with the KSA mutation (Darrel
Stafford collagen binding mutation, Gui et al. Blood. 2002, 100(1):153-8 ). In certain embodiments, the
recombinant fIX nucleic acid molecule can encode fIX with the R338L mutation (Padua mutation), which
is a naturally occurring gain of function mutation that has been shown to improve the specific activity of
fIX by 8-fold. Sequence variants were additionally created to reflect two major polymorphisms of fIX at
residue 148, including alanine or threonine. In some embodiments, these fIX sequences may be grafted
into liver-directed AAV as either single-stranded or self-complimentary double stranded transgene
designs.

Exemplary recombinant nucleic acid sequences encoding fVIII or fIX proteins, or variants
thereof, that are modified for tissue-specific expression are discussed in Example 1.

SEQ ID NO: 12 provides an exemplary liver codon optimized ET3 sequence. In some
embodiments, a recombinant nucleic acid molecule is provided that comprises or consists of the nucleic
acid sequence set forth as SEQ ID NO: 12, or a sequence at least 90% (such as at least 95%) identical
thereto.

SEQ ID NO: 11 provides an exemplary CpG deleted, liver codon optimized ET3 sequence. In
some embodiments, a recombinant nucleic acid molecule is provided that comprises or consists of the
nucleic acid sequence set forth as SEQ ID NO: 11, or a sequence at least 90% (such as at least 95%)
identical thereto.
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SEQ ID NO: 2 provides an exemplary CpG deleted, liver codon optimized HSQ sequence. In

some embodiments, a recombinant nucleic acid molecule is provided that comprises or consists of the
nucleic acid sequence set forth as SEQ ID NO: 2, or a sequence at least 90% (such as at least 95%)
identical thereto.

SEQ ID NO: 125 provides an exemplary CpG deleted, myeloid codon optimized ET3 sequence.
In some embodiments, a recombinant nucleic acid molecule is provided that comprises or consists of the
nucleic acid sequence set forth as SEQ ID NO: 125, or a sequence at least 90% (such as at least 95%)
identical thereto.

SEQ ID NO: 126 provides an exemplary CpG deleted, myeloid codon optimized HSQ sequence.
In some embodiments, a recombinant nucleic acid molecule is provided that comprises or consists of the
nucleic acid sequence set forth as SEQ ID NO: 125, or a sequence at least 90% (such as at least 95%)
identical thereto.

Exemplary recombinant nucleic acid sequences encoding fIX proteins, or variants thereof, that are
modified for tissue-specific expression are discussed in Example 1.

SEQ ID NO: 124 provides an exemplary liver codon optimized fIX sequence with Padua/Malmo
mutations and no CpG. In some embodiments, a recombinant nucleic acid molecule is provided that
comprises or consists of the nucleic acid sequence set forth as SEQ ID NO: 124, or a sequence at least
90% (such as at least 95%) identical thereto.

SEQ ID NO: 8 provides an exemplary liver-codon optimized fIX sequence with no CpG and
encoding A582 modifications. In some embodiments, a recombinant nucleic acid molecule is provided
that comprises or consists of the nucleic acid sequence set forth as SEQ ID NO: 8, or a sequence at least
90% (such as at least 95%) identical thereto.

SEQ ID NO: 9 provides an exemplary liver codon optimized fIX sequence with no CpG and
including Padua and A582 modifications. In some embodiments, a recombinant nucleic acid molecule is
provided that comprises or consists of the nucleic acid sequence set forth as SEQ ID NO: 9, or a sequence
at least 90% (such as at least 95%) identical thereto.

SEQ ID NO: 10 provides an exemplary liver codon optimized fIX sequence with Padua/Malmo
mutations and no CpG. In some embodiments, a recombinant nucleic acid molecule is provided that
comprises or consists of the nucleic acid sequence set forth as SEQ ID NO:10, or a sequence at least 90%
(such as at least 95%) identical thereto.

SEQ ID NO: 127 provides an exemplary human codon optimized fIX sequence with
Padua/Malmo mutations and no CpG. In some embodiments, a recombinant nucleic acid molecule is
provided that comprises or consists of the nucleic acid sequence set forth as SEQ ID NO:127, or a
sequence at least 90% (such as at least 95%) identical thereto.

Any of the above discussed recombinant nucleic acid molecules encoding a fVIII or fIX protein,
or variant thereof, can be included in an vector (such as a AAV vector) as described herein for
embodiments where expression of a fVIII or FIX protein or variant thereof is of interest.

In some embodiments, an isolated protein is provided comprising an amino acid sequence
encoded by one of SEQ ID NOs: §, 9, or 10, such as the amino acid sequences set forth as SEQ ID NOs:
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17-18 below. In some embodiments, an isolated protein is provided comprising an amino acid sequence

set forth as SEQ ID NO: 17, or an amino acid sequence at least 90% (such as at least 95%) identical
thereto having fIX activity. In some embodiments, an isolated protein is provided comprising an amino
acid sequence set forth as SEQ ID NO: 18, or an amino acid sequence at least 90% (such as at least 95%)
identical thereto having fIX activity. In some embodiments, an isolated protein is provided comprising an
amino acid sequence set forth as SEQ ID NO: 19, or an amino acid sequence at least 90% (such as at least
95%) identical thereto having fIX activity.

SEQ ID NO: 8 encodes the amino acid sequence set forth as SEQ ID NO: 17:

MORVNMIMAESPGLITICLLGYLLSAECTVEFLDHENANKILNRPKRYNSGKLEEFVOQGNLERECMEEKCSFEEAREVE
ENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCPEGEFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCS
CTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAEAVEPDVDYVNSTEAETILDNITQOSTOSENDETRVVGGEDAK
PGOFPWOVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRIIPHHNYNAAINKY
NHDIALLELDEPLVLNSYVIPICIADKEYTNIFLKEGSGYVSGWGRVEFHKGRSALVLOYLRVPLVDRATCLRSTKETI
YNNMEFCAGFHEGGRDSCQGDSGGPHVIEVEGTSELTGIISWGEECAMKGKYGIYTKVSRYVNWIKEKTKLT

SEQ ID NO: 9 encodes the amino acid sequence set forth as SEQ ID NO: 18:

MORVNMIMAESPGLITICLLGYLLSAECTVEFLDHENANKILNRPKRYNSGKLEEFVOQGNLERECMEEKCSFEEAREVE
ENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCPEGEFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCS
CTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAEAVEPDVDYVNSTEAETILDNITQOSTOSENDETRVVGGEDAK
PGOFPWOVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRIIPHHNYNAAINKY
NHDIALLELDEPLVLNSYVIPICIADKEYTNIFLKEGSGYVSGWGRVEFHKGRSALVLOYLRVPLVDRATCLLSTKETI
YNNMEFCAGFHEGGRDSCQGDSGGPHVIEVEGTSELTGIISWGEECAMKGKYGIYTKVSRYVNWIKEKTKLT

SEQ ID NO: 10 encodes the amino acid sequence set forth as SEQ ID NO: 19:

MORVNMIMAESPGLITICLLGYLLSAECTVEFLDHENANKILNRPKRYNSGKLEEFVOQGNLERECMEEKCSFEEAREVE
ENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCPEGEFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCS
CTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVEPDVDYVNSTEAETILDNITQOSTOSENDETRVVGGEDAK
PGOFPWOVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRIIPHHNYNAAINKY
NHDIALLELDEPLVLNSYVIPICIADKEYTNIFLKEGSGYVSGWGRVEFHKGRSALVLOYLRVPLVDRATCLLSTKETI
YNNMEFCAGFHEGGRDSCQGDSGGPHVIEVEGTSELTGIISWGEECAMKGKYGIYTKVSRYVNWIKEKTKLT

Exemplary nucleic acids can be prepared by cloning techniques, or can be generated synthetically.
Examples of appropriate cloning and sequencing techniques, and instructions sufficient to direct persons
of skill through many cloning exercises are known (see, e.g., Sambrook et al. (Molecular Cloning: A
Laboratory Manual, 4™ ed, Cold Spring Harbor, New York, 2012) and Ausubel et al. (In Current
Protocols in Molecular Biology, John Wiley & Sons, New York, through supplement 104, 2013). Product
information from manufacturers of biological reagents and experimental equipment also provide useful
information. Such manufacturers include the SIGMA Chemical Company (Saint Louis, MO), R&D
Systems (Minneapolis, MN), Pharmacia Amersham (Piscataway, NJ), CLONTECH Laboratories, Inc.
(Palo Alto, CA), Chem Genes Corp., Aldrich Chemical Company (Milwaukee, WI), Glen Research, Inc.,
GIBCO BRL Life Technologies, Inc. (Gaithersburg, MD), Fluka Chemica-Biochemika Analytika (Fluka
Chemie AG, Buchs, Switzerland), Invitrogen (Carlsbad, CA), and Applied Biosystems (Foster City, CA),
as well as many other commercial sources known to one of skill.

Nucleic acids can also be prepared by amplification methods. Amplification methods include

polymerase chain reaction (PCR), the ligase chain reaction (LCR), the transcription-based amplification
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system (TAS), the self-sustained sequence replication system (3SR). A wide variety of cloning methods,

host cells, and in vitro amplification methodologies are well known to persons of skill.

Iv. Recombinant Vectors and Gene Therapy Applications

The nucleic acid and promotor sequences disclosed herein are useful in production of vectors
(such as rAAV vectors), and are also useful as antisense delivery vectors, gene therapy vectors, or vaccine
vectors. In certain embodiments, the disclosure provides for gene delivery vectors, and host cells which
contain the nucleic acid sequences disclosed herein. In some embodiments, the selected vector may be
delivered to a subject by any suitable method, including intravenous injection, ex-vivo transduction,
transfection, electroporation, liposome delivery, membrane fusion techniques, high velocity DNA-coated
pellets, viral infection, or protoplast fusion, to introduce a transgene into the subject.

In certain embodiments, the disclosure relates to virus particle, e.g., capsids, containing the
nucleic acid sequences encoding promotors and proteins disclosed herein. The virus particles, capsids,
and recombinant vectors are useful in delivery of a heterologous gene or other nucleic acid sequences to a
target cell. The nucleic acids may be readily utilized in a variety of vector systems, capsids, and host
cells. In certain embodiments, the nucleic acids are in vectors contained within a capsid comprising cap
proteins, including AAV capsid proteins vpl, vp2, vp3 and hypervariable regions.

In certain embodiments, the nucleic acids disclosed herein may be a part of any genetic element
(vector) which may be delivered to a host cell, e.g., naked DNA, a plasmid, phage, transposon, cosmid,
episome, a protein in a non-viral delivery vehicle (e.g., a lipid-based carrier), virus, etc. which transfer the
sequences carried thereon.

In certain embodiments, a vector may be a lentivirus based (containing lentiviral genes or
sequences) vector, e.g., having nucleic acid sequences derived from VSV G or GP64 pseudotypes or both.
In certain embodiments, the nucleic acid sequences derived from VSVG or GP64 pseudotypes may be at
least one or two or more genes or gene fragments of more than 1000, 500, 400, 300, 200, 100, 50, or 25
continuous nucleotides or nucleotides sequences with greater than 50, 60, 70, 80, 90, 95 or 99 % identity
to the gene or fragment.

In some embodiments, a method of inducing blood clotting in a subject in need thereof is
provided. The method comprises administering to the subject a therapeutically effective amount of a
vector (such as an AAV vector) encoding a clotting factor as described herein. In some embodiments, the
subject is a subject with a clotting disorder, such as hemophilia A or hemophilia B. In some
embodiments, the clotting disorder is hemophilia A and the subject is administered a vector comprising a
nucleic acid molecule encoding a protein with fVIII activity. In other embodiments, the clotting disorder
is hemophilia B and the subject is administered a vector comprising a nucleic acid molecule encoding a
protein with fIX activity.

In some embodiments, the nucleic acid and promotor sequences disclosed herein are useful in
production of AAV vectors. AAYV belongs to the family Parvoviridae and the genus Dependovirus. AAV
is a small, non-enveloped virus that packages a linear, single-stranded DNA genome. Both sense and
antisense strands of AAV DNA are packaged into AAV capsids with equal frequency.
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The AAV genome is characterized by two inverted terminal repeats (ITRs) that flank two open

reading frames (ORFs). In the AAV2 genome, for example, the first 125 nucleotides of the ITR are a
palindrome, which folds upon itself to maximize base pairing and forms a T-shaped hairpin structure. The
other 20 bases of the ITR, called the D sequence, remain unpaired. The ITRs are cis-acting sequences
important for AAV DNA replication; the ITR is the origin of replication and serves as a primer for
second-strand synthesis by DNA polymerase. The double-stranded DNA formed during this synthesis,
which is called replicating-form monomer, is used for a second round of self-priming replication and
forms a replicating-form dimer. These double-stranded intermediates are processed via a strand
displacement mechanism, resulting in single-stranded DNA used for packaging and double-stranded DNA
used for transcription. Located within the ITR are the Rep binding elements and a terminal resolution site
(TRS). These features are used by the viral regulatory protein Rep during AAV replication to process the
double-stranded intermediates. In addition to their role in AAV replication, the ITR is also essential for
AAYV genome packaging, transcription, negative regulation under non-permissive conditions, and site-
specific integration (Daya and Berns, Clin Microbiol Rev 21(4):583-593, 2008).

The left ORF of AAV contains the Rep gene, which encodes four proteins — Rep78, Rep 68,
Rep52 and Rep40. The right ORF contains the Cap gene, which produces three viral capsid proteins
(VP1, VP2 and VP3). The AAV capsid contains 60 viral capsid proteins arranged into an icosahedral
symmetry. VP1, VP2 and VP3 are present in a 1:1:10 molar ratio (Daya and Berns, Clin Microbiol Rev
21(4):583-593, 2008).

AAYV vectors typically contain a transgene expression cassette between the ITRs that replaces the
rep and cap genes. Vector particles are produced by the co-transfection of cells with a plasmid containing
the vector genome and a packaging/helper construct that expresses the rep and cap proteins in trans.
During infection, AAV vector genomes enter the cell nucleus and can persist in multiple molecular states.
One common outcome is the conversion of the AAV genome to a double-stranded circular episome by

second-strand synthesis or complementary strand pairing.

In the context of AAV vectors, the disclosed vectors typically have a recombinant genome

comprising the following structure:

(5’AAV ITR) - (promoter) - (transgene) - (3’AAV ITR)

As discussed above, these recombinant AAV vectors contain a transgene expression cassette
between the ITRs that replaces the rep and cap genes. Vector particles are produced, for example, by the
co-transfection of cells with a plasmid containing the recombinant vector genome and a packaging/helper

construct that expresses the rep and cap proteins in trans. For example, in some embodiments, the

recombinant AAV vector can have a genome with a structure set forth as one of:

(5’AAV ITR) - (HCB) - (transgene) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (fVIID) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (fVIII-B-domain deleted) - (3’AAV ITR)
(5’AAVITR) - (HCB) - (ET3) - (3’AAV ITR)
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(5’ AAV ITR) - (HCB) - (ET3, Seq_12) - (3’AAV ITR)
(5 AAV ITR) - (HCB) - (ET3, Seq_11) - (3’AAV ITR)
(5’ AAV ITR) - (HCB) - (HSQ) - (3’AAV ITR)
(5’ AAV ITR) - (HCB) - (HSQ, Seq_2) - (3’AAV ITR)
(5’ AAV ITR) - (HCB) - (fIX) - (3’ AAV ITR)
(5’ AAV ITR) - (HCB) - (fIX, Seq_124) - (3’AAV ITR)
(5’ AAV ITR) - (HCB) - (fIX, Seq_8) - (3’AAV ITR)
(5’ AAV ITR) - (HCB) - (fIX, Seq_9) - (3’ AAV ITR)
(5’ AAV ITR) - (HCB) - (fIX, Seq_10) - (3’ AAV ITR)

(5’AAV ITR) - (HSh-HCB) - (transgene) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (fVIII) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (fVIII-B-domain deleted) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (ET3) - (3’AAV ITR)

(S’AAV ITR) - (HSh-HCB) - (ET3, Seq_12) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (ET3, Seq_11) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (HSQ) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (HSQ, Seq_2) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (fIX) - (3’AAV ITR)

(5’AAV ITR) - (HSh-HCB) - (fIX, Seq_124) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (fIX, Seq_8) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (fIX, Seq_9) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (fIX, Seq_10) - (3’AAV ITR)

(5’ AAV ITR) - (5’"HSh-HCB) - (transgene) - (3’AAV ITR)
(5’AAV ITR) - (5’HSh-HCB) - (fVIII-B-domain deleted) - (3’ AAV ITR)
(5 AAV ITR) - (5’"HSh-HCB) - (ET3) - (3°AAV ITR)

(5’ AAV ITR) - (5’"HSh-HCB) - (ET3, Seq_12) - (3’AAV ITR)

(5’ AAV ITR) - (5’HSh-HCB) - (ET3, Seq_11) - (3’AAV ITR)

(5 AAV ITR) - (5’"HSh-HCB) - (HSQ) - (3’AAV ITR)

(5’ AAV ITR) - (5’"HSh-HCB) - (HSQ, Seq_2) - (3’ AAV ITR)

(5’ AAV ITR) - (5’HSh-HCB) - (fIX) - (3’'AAV ITR)

(5’ AAV ITR) - (5’"HSh-HCB) - (fIX, Seq_124) - (3’AAV ITR)

(5’AAV ITR) - (5’"HSh-HCB) - (fIX, Seq_8) - (3°’AAV ITR)

(5’AAV ITR) - (5’"HSh-HCB) - (fIX, Seq_9) - (3°’AAV ITR)

(5 AAV ITR) - (5’"HSh-HCB) - (fIX, Seq_10) - (3’ AAV ITR)

(5 AAV ITR) - (3’'HSh-HCB) - (transgene) - (3’AAV ITR)
(5 AAV ITR) - (3’'HSh-HCB) - (fVIII) - (3’ AAV ITR)

(5 AAV ITR) - (3’'HSh-HCB) - (fVIII-B-domain deleted) - (3°AAV ITR)
(5 AAV ITR) - (3’'HSh-HCB) - (ET3) - (3°AAV ITR)

(S AAV ITR) - (3’'HSh-HCB) - (ET3, Seq_12) - (3’AAV ITR)

(S AAV ITR) - (3’'HSh-HCB) - (ET3, Seq_11) - (3’AAV ITR)

(5 AAV ITR) - (3’'HSh-HCB) - (HSQ) - (3’AAV ITR)

(5 AAV ITR) - (3’'HSh-HCB) - (HSQ, Seq_2) - (3’ AAV ITR)

(5’ AAV ITR) - (3’'HSh-HCB) - (fIX) - (3’'AAV ITR)

(5’ AAV ITR) - (3’'HSh-HCB) - (fIX, Seq_124) - (3’AAV ITR)

(5 AAV ITR) - (3’'HSh-HCB) - (fIX, Seq_8) - (3°’AAV ITR)

(5 AAV ITR) - (3’'HSh-HCB) - (fIX, Seq_9) - (3°’AAV ITR)

(5 AAV ITR) - (3’'HSh-HCB) - (fIX, Seq_10) - (3’ AAV ITR)

(5’AAV ITR) - (ABP-HP1-God-TSS) - (transgene) - (3’AAV ITR)

(5’AAV ITR) - (ABP-HP1-God-TSS) - (fVIII) - (3’AAV ITR)

(5’AAV ITR) - (ABP-HP1-God-TSS) - (fVIII-B-domain deleted) - (3’ AAV ITR)
(5’AAV ITR) - (ABP-HP1-God-TSS) - (ET3) - (3’AAV ITR)

(5’AAV ITR) - (ABP-HP1-God-TSS) - (ET3, Seq_12) - (3’AAV ITR)

(5’AAV ITR) - (ABP-HP1-God-TSS) - (ET3, Seq_11) - (3’AAV ITR)

(5’AAV ITR) - (ABP-HP1-God-TSS) - (HSQ) - (3’AAV ITR)
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(5’ AAV ITR) - (ABP-HP1-God-TSS) - (HSQ, Seq_2) - (3’AAV ITR)
(5 AAV ITR) - (ABP-HP1-God-TSS) - (fIX) - (3’AAV ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (fIX, Seq_124) - (3’ AAV ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (fIX, Seq_8) - (3’AAV ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (fIX, Seq_9) - (3’AAV ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (fIX, Seq_10) - (3°AAV ITR)

(5’AAV ITR) - (HSh-SynO-TSS) - (transgene) - (3’ AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (fVIID) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (fVIII-B-domain deleted) - (3’ AAV ITR)
(S’AAV ITR) - (HSh-SynO-TSS) - (ET3) - (3’AAV ITR)

(5’AAV ITR) - (HSh-SynO-TSS) - (ET3, Seq_12) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (ET3, Seq_11) - (3’AAV ITR)
(’AAV ITR) - (HSh-SynO-TSS) - (HSQ) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (HSQ, Seq_2) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (fIX) - (3’AAV ITR)

(5’AAV ITR) - (HSh-SynO-TSS) - (fIX, Seq_124) - (3’ AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (fIX, Seq_8) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (fIX, Seq_9) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (fIX, Seq_10) - (3’AAV ITR)

(5’AAV ITR) - (sHS-SynO-TSS) - (transgene) - (3’ AAV ITR)
(5’AAV ITR) - (sHS-SynO-TSS) - (fVII) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (fVIII-B-domain deleted) - (3’ AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (ET3) - (3’AAV ITR)

(5’AAV ITR) - (sHS -SynO-TSS) - (ET3, Seq_12) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (ET3, Seq_11) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (HSQ) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (HSQ, Seq_2) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (fIX) - (3’AAV ITR)

(5’AAV ITR) - (sHS -SynO-TSS) - (fIX, Seq_124) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (fIX, Seq_8) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (fIX, Seq_9) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (fIX, Seq_10) - (3’AAV ITR)

The transgene can be flanked by regulatory sequences such as a 5° Kozak sequence

and/or a 3’ polyadenylation signal. For example, in some embodiments, the recombinant AAV

vector can have a genome with a structure set forth as one of:

(5’AAV ITR) - (HCB) - (Kozak) - (transgene) - (polyA signal) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HCB) - (Kozak) - (fVIII) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (Kozak) - (fVIII-B-domain deleted) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HCB) - (Kozak) - (ET3) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (Kozak) - (ET3, Seq_12) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (Kozak) - (ET3, Seq_11) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (Kozak) - (HSQ) - (polyA signal) - (3’AAV ITR)

(8’AAV ITR) - (HCB) - (Kozak) - (HSQ, Seq_2) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (Kozak) - (fIX) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (Kozak) - (fIX, Seq_124) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (Kozak) - (fIX, Seq_8) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (Kozak) - (fIX, Seq_9) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (HCB) - (Kozak) - (fIX, Seq_10) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (HSh-HCB) - (Kozak) - (transgene) - (polyA signal) - (3’AAV ITR)
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(5’AAV ITR) - (HSh-HCB) - (Kozak) - (fVIID) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (Kozak) - (fVIII-B-domain deleted) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (Kozak) - (ET3) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (Kozak) - (ET3, Seq_12) - (polyA signal) - (3’AAV ITR)
(S’AAV ITR) - (HSh-HCB) - (Kozak) - (ET3, Seq_11) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (Kozak) - (HSQ) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (Kozak) - (HSQ, Seq_2) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (Kozak) - (fIX) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (Kozak) - (fIX, Seq_124) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (Kozak) - (fIX, Seq_8) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (Kozak) - (fIX, Seq_9) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-HCB) - (Kozak) - (fIX, Seq_10) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (5’HSh-HCB) - (Kozak) - (transgene) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (5’HSh-HCB) - (Kozak) - (fVIII) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (5’HSh-HCB) - (Kozak) - (fVIII-B-domain deleted) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (5’HSh-HCB) - (Kozak) - (ET3) - (polyA signal) - (3’AAV ITR)

(S’AAV ITR) - (5’HSh-HCB) - (Kozak) - (ET3, Seq_12) - (polyA signal) - (3’AAV ITR)
(S’AAV ITR) - (5’HSh-HCB) - (Kozak) - (ET3, Seq_11) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (5’HSh-HCB) - (Kozak) - (HSQ) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (5’HSh-HCB) - (Kozak) - (HSQ, Seq_2) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (5’HSh-HCB) - (Kozak) - (fIX) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (5’HSh-HCB) - (Kozak) - (fIX, Seq_124) - (polyA signal) - (3’AAV ITR)
(S’AAV ITR) - (5’HSh-HCB) - (Kozak) - (fIX, Seq_8) - (polyA signal) - (3’AAV ITR)
(S’AAV ITR) - (5’HSh-HCB) - (Kozak) - (fIX, Seq_9) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (5’HSh-HCB) - (Kozak) - (fIX, Seq_10) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (3’ HSh-HCB) - (Kozak) - (transgene) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (3’ HSh-HCB) - (Kozak) - (fVIII) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (3’ HSh-HCB) - (Kozak) - (fVIII-B-domain deleted) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (3’HSh-HCB) - (Kozak) - (ET3) - (polyA signal) - (3’AAV ITR)

(S’AAV ITR) - (3’HSh-HCB) - (Kozak) - (ET3, Seq_12) - (polyA signal) - (3’AAV ITR)
(S’AAV ITR) - (3’HSh-HCB) - (Kozak) - (ET3, Seq_11) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (3’HSh-HCB) - (Kozak) - (HSQ) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (3’ HSh-HCB) - (Kozak) - (HSQ, Seq_2) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (3’ HSh-HCB) - (Kozak) - (fIX) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (3’HSh-HCB) - (Kozak) - (fIX, Seq_124) - (polyA signal) - (3’AAV ITR)
(S’AAV ITR) - (3’HSh-HCB) - (Kozak) - (fIX, Seq_8) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (3’HSh-HCB) - (Kozak) - (fIX, Seq_9) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (3’HSh-HCB) - (Kozak) - (fIX, Seq_10) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (transgene) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (fVIII) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (fVIII-B-domain deleted) - (polyA signal) - (3’ AAV

ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (ET3) - (polyA signal) - (3’AAV ITR)

(5’ AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (ET3, Seq_12) - (polyA signal) - (3°AAV ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (ET3, Seq_11) - (polyA signal) - (3°AAV ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (HSQ) - (polyA signal) - (3°’AAV ITR)

(5’ AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (HSQ, Seq_2) - (polyA signal) - (3°’AAV ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (fIX) - (polyA signal) - (3’ AAV ITR)

(5’ AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (fIX, Seq_124) - (polyA signal) - (3’ AAV ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (fIX, Seq_8) - (polyA signal) - (3’ AAV ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (fIX, Seq_9) - (polyA signal) - (3’ AAV ITR)
(5’ AAV ITR) - (ABP-HP1-God-TSS) - (Kozak) - (fIX, Seq_10) - (polyA signal) - (3’ AAV ITR)

(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (transgene) - (polyA signal) - (3’AAV ITR)
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(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (fVIID) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (fVIII-B-domain deleted) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (ET3) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (ET3, Seq_12) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (ET3, Seq_11) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (HSQ) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (HSQ, Seq_2) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (fIX) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (fIX, Seq_124) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (fIX, Seq_8) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (fIX, Seq_9) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (HSh-SynO-TSS) - (Kozak) - (fIX, Seq_10) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (sHS-SynO-TSS) - (Kozak) - (transgene) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (sHS-SynO-TSS) - (Kozak) - (fVIII) - (polyA signal) - (3’ AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (fVIII-B-domain deleted) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (ET3) - (polyA signal) - (3’ AAV ITR)

(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (ET3, Seq_12) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (ET3, Seq_11) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (HSQ) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (HSQ, Seq_2) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (fIX) - (polyA signal) - (3’AAV ITR)

(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (fIX, Seq_124) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (fIX, Seq_8) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (fIX, Seq_9) - (polyA signal) - (3’AAV ITR)
(5’AAV ITR) - (sHS -SynO-TSS) - (Kozak) - (fIX, Seq_10) - (polyA signal) - (3’AAV ITR)

The AAV ITRs, and other selected AAV components described herein, may be readily selected
from among any AAV serotype, including, without limitation, AAV1, AAV2, AAV3, AAV4, AAVS,
AAV6, AAVT, AAVSE, AAV9 and function variants thereof. These ITRs or other AAV components may
be readily isolated using techniques available to those of skill in the art from an AAV serotype. Such
AAYV may be isolated or obtained from academic, commercial, or public sources (e.g., the American Type
Culture Collection, Manassas, Va.). Alternatively, the AAV sequences may be obtained through synthetic
or other suitable means by reference to published sequences such as are available in the literature or in
databases such as, e.g., GenBank, PubMed, or the like.

In some embodiments, the vector can be a recombinant AAV vector comprising a genome
comprising a nucleic acid molecule encoding any of the liver-specific promoters provided herein (such as
the HCB promoter, SEQ ID NO: 4) operably linked to a heterologous nucleic molecule encoding a fVIII
variant, wherein the heterologous nucleic acid molecule comprises or consists of the nucleic acid
sequence set forth as SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 125, or SEQ ID NO:
126, or a nucleic acid sequence at least 90% identical to SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 125, or SEQ ID NO: 126. Is several such embodiments, the recombinant AAV genome
(from 5’ to 3’ ITR) is no more than 5.1, 5.0, 4.9, 4.8, 4.7, 4.6, or 4.5 kb in length.

In some embodiments, the vector can be a recombinant AAV vector comprising a genome
comprising a nucleic acid molecule encoding any of the liver-specific promoters provided herein (such as

the HCB promoter, SEQ ID NO: 4) operably linked to a heterologous nucleic molecule encoding a fIX

variant, wherein the heterologous nucleic acid molecule comprises or consists of the nucleic acid
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sequence set forth as SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 124, or SEQ ID NO:

127, or a nucleic acid sequence at least 90% identical SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10,
SEQ ID NO: 124, or SEQ ID NO: 127. Is several such embodiments, the recombinant AAV genome
(from 5’ to 3’ ITR) is no more than 5.1, 5.0, 4.9, 4.8, 4.7, 4.6, or 4.5 kb in length.

AAV is currently one of the most frequently used viruses for gene therapy. Although AAV
infects humans and some other primate species, it is not known to cause disease and elicits a very mild
immune response. Gene therapy vectors that utilize AAV can infect both dividing and quiescent cells and
persist in an extrachromosomal state without integrating into the genome of the host cell. Because of the
advantageous features of AAV, the present disclosure contemplates the use of AAV for the recombinant
nucleic acid molecules and methods disclosed herein.

AAYV possesses several desirable features for a gene therapy vector, including the ability to bind
and enter target cells, enter the nucleus, the ability to be expressed in the nucleus for a prolonged period of
time, and low toxicity. However, the small size of the AAV genome limits the size of heterologous DNA
that can be incorporated. To minimize this problem, AAV vectors have been constructed that do not
encode Rep and the integration efficiency element (IEE). The I'TRs are retained as they are cis signals
required for packaging (Daya and Berns, Clin Microbiol Rev 21(4):583-593, 2008).

Methods for producing rAAV suitable for gene therapy are known (see, for example, U.S. Patent
Application Nos. 2012/0100606; 2012/0135515; 2011/0229971; and 2013/0072548; and Ghosh et al.,
Gene Ther 13(4):321-329, 2006), and can be utilized with the recombinant nucleic acid molecules and
methods disclosed herein.

In some embodiments, the nucleic acids disclosed herein are part of an expression cassette or
transgene. See e.g., US Pat. App. Pub. 20150139953. The expression cassette is composed of a
transgene and regulatory sequences, e.g., promotor and 5" and 3" AAV inverted terminal repeats (ITRs). In
one desirable embodiment, the ITRs of AAV serotype 2 or 8 are used. However, I'TRs from other suitable
serotypes may be selected. An expression cassette is typically packaged into a capsid protein and
delivered to a selected host cell.

In some embodiments, the disclosure provides for a method of generating a recombinant adeno-
associated virus (AAV) having an AAYV serotype capsid, or a portion thereof. Such a method involves
culturing a host cell which contains a nucleic acid sequence encoding an adeno-associated virus (AAV)
serotype capsid protein; a functional rep gene; an expression cassette composed of AAV inverted terminal
repeats (ITRs) and a transgene; and sufficient helper functions to permit packaging of the expression
cassette into the AAV capsid protein. See e.g., US Pat. App. Pub. 20150139953.

The components for culturing in the host cell to package an AAV expression cassette in an AAV
capsid may be provided to the host cell in trans. Alternatively, any one or more of the components (e.g.,
expression cassette, rep sequences, cap sequences, and/or helper functions) may be provided by a stable
host cell which has been engineered to contain one or more of the required components using methods
known to those of skill in the art. Most suitably, such a stable host cell will contain the component(s)
under the control of an inducible promoter. However, the required component(s) may be under the control

of a constitutive promoter. In still another alternative, a selected stable host cell may contain selected
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component(s) under the control of a constitutive promoter and other selected component(s) under the

control of one or more inducible promoters. For example, a stable host cell may be generated which is
derived from 293 cells (which contain E1 helper functions under the control of a constitutive promoter),
but which contains the rep and/or cap proteins under the control of inducible promoters. Still other stable
host cells may be generated by one of skill in the art.

In some embodiments, the disclosure relates to recombinant vectors comprising a liver specific
promotor nucleic acid sequence in operable combination with transgene. The transgene is a nucleic acid
sequence, heterologous to the vector sequences flanking the transgene, which encodes a protein, or other
product, of interest. The nucleic acid coding sequence is operatively linked to regulatory components in a
manner which permits transgene transcription, translation, and/or expression in a host cell.

A typical transgene is a sequence encoding a product which is useful in biology and medicine,
such as proteins, peptides, RNA, enzymes, dominant negative mutants, or catalytic RNAs. Desirable RNA
molecules include mRNA, tRNA, dsRNA, ribosomal RNA, catalytic RNAs, siRNA, microRNA, small
hairpin RNA, trans-splicing RNA, and antisense RNAs. One example of a useful RNA sequence is a
sequence which inhibits or extinguishes expression of a targeted nucleic acid sequence in the treated
animal. Typically, suitable target sequences in include oncologic targets and viral diseases.

The transgene may be used to correct or ameliorate gene deficiencies, which may include
deficiencies in which normal genes are expressed at less than normal levels or deficiencies in which the
functional gene product is not expressed. A preferred type of transgene sequence encodes a therapeutic
protein or polypeptide which is expressed in a host cell. The disclosure further contemplates using
multiple transgenes, e.g., to correct or ameliorate a gene defect caused by a multi-subunit protein. In
certain situations, a different transgene may be used to encode each subunit of a protein, or to encode
different peptides or proteins. This is desirable when the size of the DNA encoding the protein subunit is
large, e.g., for an immunoglobulin, the platelet-derived growth factor, or a dystrophin protein. In order for
the cell to produce the multi-subunit protein, a cell is infected with the recombinant virus containing each
of the different subunits. Alternatively, different subunits of a protein may be encoded by the same
transgene. In this case, a single transgene includes the DNA encoding each of the subunits, with the DNA
for each subunit separated by an internal ribozyme entry site (IRES). This is desirable when the size of the
DNA encoding each of the subunits and cis-regulatory control regions such as a promoter, intron, polyA
signal is small, e.g., the total size of the DNA encoding the subunits and the IRES and cis-regulatory
control regions is less than five kilobases. As an alternative to an IRES, the DNA may be separated by
sequences encoding a 2A peptide, which self-cleaves in a post-translational event. See, e.g., M. L.
Donnelly, et al., J. Gen. Virol., 78(Pt 1):13-21 (Jan 1997); Furler, S., et al, Gene Ther., 8(11):864-873
(June 2001); Klump H., et al., Gene Ther., 8(10):811-817 (May 2001). In certain embodiments, rAAV
carrying the desired transgene(s) or subunits are co-administered to allow them to concatamerize in vivo
to form a single vector genome. In such an embodiment, a first AAV may carry an expression cassctte
which expresses a single transgene and a second AAV may carry an expression cassette which expresses a
different transgene for co-expression in the host cell. However, the selected transgene may encode any

biologically active product or other product, e.g., a product desirable for study.
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The expression cassette can be carried on any suitable vector, e.g., a plasmid, which is delivered

to a host cell. The plasmids useful in this disclosure may be engineered such that they are suitable for
replication and, optionally, integration in prokaryotic cells, mammalian cells, or both. These plasmids (or
other vectors carrying the 5' AAV I'TR-heterologous molecule-3' ITR) contain sequences permitting
replication of the expression cassette in eukaryotes and/or prokaryotes and selection markers for these
systems. Preferably, the molecule carrying the expression cassette is transfected into the cell, where it may
exist transiently. Alternatively, the expression cassette (carrying the 5' AAV ITR-heterologous molecule-
3'ITR) may be stably integrated into the genome of the host cell, either chromosomally or as an episome.
In certain embodiments, the expression cassette may be present in multiple copies, optionally in head-to-
head, head-to-tail, or tail-to-tail concatamers. Suitable transfection techniques are known and may readily
be utilized to deliver the expression cassette to the host cell.

Generally, when delivering the vector comprising the expression cassette by transfection, the
vector and the relative amounts of vector DNA to host cells may be adjusted, taking into consideration
such factors as the selected vector, the delivery method and the host cells selected. In addition to the
expression cassette, the host cell contains the sequences which drive expression of the AAV capsid
protein in the host cell and rep sequences of the same serotype as the serotype of the AAV ITRs found in
the expression cassette, or a cross-complementing serotype. Although the molecule(s) providing rep and
cap may exist in the host cell transiently (i.e., through transfection), it is preferred that one or both of the
rep and cap proteins and the promoter(s) controlling their expression be stably expressed in the host cell,
e.g., as an episome or by integration into the chromosome of the host cell.

The packaging host cell also typically contains helper functions in order to package the rAAV of
the disclosure. Optionally, these functions may be supplied by a herpesvirus. Most desirably, the
necessary helper functions are each provided from a human or non-human primate adenovirus source,
such as those described above and/or are available from a variety of sources, including the American Type
Culture Collection (ATCC), Manassas, Va. (US). The desired helper functions, can be provided using
any means that allows their expression in a cell.

Introduction into the host cell of the vector may be achieved by any means known in the art or as
disclosed above, including transfection, infection, electroporation, liposome delivery, membrane fusion
techniques, high velocity DNA-coated pellets, viral infection and protoplast fusion, among others. One or
more of the adenoviral genes may be stably integrated into the genome of the host cell, stably expressed
as episomes, or expressed transiently. The gene products may all be expressed transiently, on an episome
or stably integrated, or some of the gene products may be expressed stably while others are expressed
transiently. Furthermore, the promoters for each of the adenoviral genes may be selected independently
from a constitutive promoter, an inducible promoter or a native adenoviral promoter. The promoters may
be regulated by a specific physiological state of the organism or cell (i.e., by the differentiation state or in
replicating or quiescent cells) or by exogenously added factors, for example.

Introduction of the molecules (as plasmids or viruses) into the host cell may be accomplished
using techniques known to the skilled artisan. In preferred embodiment, standard transfection techniques

are used, e.g., CaPOqtransfection or electroporation, and/or infection by hybrid adenovirus/AAV vectors
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into cell lines such as the human embryonic kidney cell line HEK 293 (a human kidney cell line

containing functional adenovirus E1 genes which provides trans-acting E1 proteins).

One of skill in the art will readily understand that the AAV techniques can be adapted for use in
these and other viral vector systems for in vitro, ex vivo or in vivo gene delivery. The in certain
embodiments the disclosure contemplates the use of nucleic acids and vectors disclosed herein in a variety
of rAAV and non-rAAYV vector systems. Such vectors systems may include, e.g., lentiviruses,
retroviruses, poxviruses, vaccinia viruses, and adenoviral systems, among others.

In some embodiments, it is contemplated that viral particles, nucleic acids and vectors disclosed
herein are useful for a variety of purposes, including for delivery of therapeutic molecules for gene
expression of therapeutic proteins.

Therapeutic proteins encoded by the nucleic acids (e.g., operably in combination with promoters)
reported herein include those used for treatment of hemophilia, including hemophilia B (including fIX)
and hemophilia A (including fVIII and its variants, such as the light chain and heavy chain of the
heterodimer and the B-deleted domain; U.S. Pat. No. 6,200,560 and U.S. Pat. No. 6,221,349). The Factor
VIII gene codes for 2351 amino acids and the protein has six domains, designated from the amino to the
terminal carboxy terminus as A1-A2-B-A3-C1-C2 [Wood et al, Nature, 312:330 (1984); Vehar et al.,
Nature 312:337 (1984); and Toole et al, Nature, 342:337 (1984)]. Human fVIII is processed within the
cell to yield a heterodimer primarily comprising a heavy chain containing the A1, A2 and B domains and
a light chain containing the A3, C1 and C2 domains. Both the single chain polypeptide and the
heterodimer circulate in the plasma as inactive precursors, until activated by thrombin cleavage between
the A2 and B domains, which releases the B domain and results in a heavy chain consisting of the Al and
A2 domains. The B domain is deleted in the activated procoagulant form of the protein. Additionally, in
the native protein, two polypeptide chains ("a" and "b"), flanking the B domain, are bound to a divalent
calcium cation.

A treatment option for a patient diagnosed with hemophilia A is the exogenous administration of
recombinant fVIII sometimes referred to as fVIII replacement therapy. In some patients, this therapy can
lead to the development of antibodies that bind to the administered fVIII protein. Subsequently, the fVIII-
antibody bound conjugates, typically referred to as inhibitors, interfere with or retard the ability of fVIII to
cause blood clotting. Inhibitory autoantibodies also sometimes occur spontancously in a subject that is
not genetically at risk of having hemophilia, termed acquired hemophilia. Inhibitory antibodies assays are
typically performed prior to exogenous fVIII treatment in order to determine whether the anti-coagulant
therapy will be effective.

A “Bethesda assay” has historically been used to quantitate the inhibitory strength the
concentration of fVIII binding antibodies. In the assay, serial dilutions of plasma from a patient, e.g.,
prior to having surgery, are prepared and each dilution is mixed with an equal volume of normal plasma
as a source of fVIIL. After incubating for a couple hours, the activities of fVIII in each of the diluted
mixtures are measured. Having antibody inhibitor concentrations that prevent fVIII clotting activity after
multiple repeated dilutions indicates a heightened risk of uncontrolled bleeding. Patients with inhibitor

titers after about ten dilutions are felt to be unlikely to respond to exogenous fVIII infusions to stop
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bleeding. A Bethesda titer is defined as the reciprocal of the dilution that results in 50% inhibition of

FVIII activity present in normal human plasma. A Bethesda titer greater than 10 is considered the
threshold of response to FVIII replacement therapy.

In certain embodiments, the disclosure relates to methods of inducing blood clotting comprising
administering an effective amount of a viral particle or capsid comprising a vector comprising a nucleic
acid encoding a blood clotting factor as disclosed herein to a subject in need thereof.

In certain embodiments, the subject is diagnosed with hemophilia A or B or acquired hemophilia
or unlikely to respond to exogenous fVIII infusions.

In some embodiments, this disclosure relates to methods gene transfer for the treatment of
hemophilia B using an adeno-associated viral (AAV) vector encoding human fIX as the gene delivery
vehicle. While several such AAV-based gene therapies for hemophilia B have entered into human clinical
trials, they have been hampered by low expression of the therapeutic protein, clotting fIX, after
administration of the virus resulting on only partial correction of the disease. AAV vector toxicity limits
the dose of the virus that may be safely administered. To successfully transition to a clinically viable
therapy, a vector should provide efficacious expression of fIX at viral doses below the threshold of
toxicity.

Treating patients with inhibitors to fVIII has also been accomplished by methods of immune
tolerance induction (ITT) which typically involves the daily infusion of fVIII until circulating
inhibitor/antibody levels decline. However, 20-30% of patients fail to become tolerant after an immune
tolerance induction (ITD) therapy. Persistence of fVIII inhibitors is associated with increased risks of
morbidity and mortality. In certain embodiments, the disclosure relates to methods of immune tolerance
induction comprising administering an effective amount of a vector or a capsid as disclosed herein to a
subject in need thereof.

In some embodiments, the therapeutic proteins encoded by the nucleic acids (e.g., operably in
combination with promoters) reported herein comprises first 57 base pairs of the fVIII heavy chain which
encodes the 10 amino acid signal sequence, as well as the human beta globin polyadenylation sequence or
growth hormone (hGH) polyadenylation sequence. In alternative embodiments, the Al and A2 domains,
as well as 5 amino acids from the N-terminus of the B domain, and/or 85 amino acids of the C-terminus of
the B domain, as well as the A3, C1 and C2 domains. In yet other embodiments, the nucleic acids
encoding fVIII heavy chain and light chain are provided in a single nucleic acid separated by 42 nucleic
acids coding for 14 amino acids of the B domain. See U.S. Pat. No. 6,200,560.

As used herein, a therapeutically effective amount is an amount of AAV vector that produces
sufficient amounts of fVIII to decrease the time it takes for the blood of a subject to clot. Generally,
severe hemophiliacs having less than 1% of normal levels of fVIII have a whole blood clotting time of
greater than 60 minutes as compared to approximately 10 minutes for non-hemophiliacs.

The present disclosure is not limited to any specific fVIII or fIX or other protein sequence
reported herein. Many natural and recombinant forms of fVIII have been isolated and generated.
Examples of naturally occurring and recombinant forms of fVII can be found in the patent and scientific
literature including, U.S. Pat. No. 5,563,045, U.S. Pat. No. 5,451,521, U.S. Pat. No. 5,422,260, U.S. Pat.
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No. 5,004,803, U.S. Pat. No. 4,757,006, U.S. Pat. No. 5,661,008, U.S. Pat. No. 5,789,203, U.S. Pat. No.

5,681,746, U.S. Pat. No. 5,595,886, U.S. Pat. No. 5,045,455, U.S. Pat. No. 5,668,108, U.S. Pat. No.
5,633,150, U.S. Pat. No. 5,693,499, U.S. Pat. No. 5,587,310, U.S. Pat. No. 5,171,844, U.S. Pat. No.
5,149,637, U.S. Pat. No. 5,112,950, U.S. Pat. No. 4,886,876, WO 94/11503, WO 87/07144, WO
92/16557, WO 91/09122, WO 97/03195, WO 96/21035, WO 91/07490, EP 0 672 138, EP 0 270 618, EP
0182 448, EP 0 162 067, EP 0 786 474, EP 0 533 862, EP 0 506 757, EP 0 874 057, EP 0795 021, EP 0
670 332, EP 0 500 734, EP 0232 112, EP 0 160 457, Sanberg et al., Int. Congress of the World Fed. Of
Hemophilia (1992), and Lind et al., Eur. J. Biochem., 232:19 (1995).

Furthermore, the disclosure is not limited to human fVIII. Indeed, it is intended that the present
disclosure encompass fVIII from animals other than humans, including but not limited to companion
animals (e.g., canine, felines, and equines), livestock (e.g., bovines, caprines and ovines), laboratory
animals, marine mammals, large cats, etc.

The AAV vectors may contain a nucleic acid coding for fragments of fVIII which is itself not
biologically active, yet when administered into the subject improves or restores the blood clotting time.
For example, the fVIII protein comprises two polypeptide chains: a heavy chain and a light chain
separated by a B-domain which is cleaved during processing. Co-transducing recipient cells with the
FVIII heavy and light chains leads to the expression of biologically active fVIII. Administration of only
the chain defective is contemplated in patients because most hemophiliacs contain a mutation or deletion
in only one of the chains (e.g., heavy or light chain).

Thus, in certain embodiments, the disclosure relates to vectors disclosed herein having nucleic
acids encoding a light chain containing the A3, C1 and C2 domains or a heavy chain consisting of the A1

and A2 domains.

Additional description of recombinant vectors and therapeutic modalities

The recombinant vectors disclosed herein (for example, a recombinant AAV vector) can be used
in several different therapeutic applications, depending on the protein of interest encoded by the
recombinant vector.

In certain embodiments, the uses are for the treatment of hereditary hemochromatosis (HH), a
major disorder of iron overload, Wilson’s disease, a genetic disorder of copper overload, and alphal-
antitrypsin (a1-AT) deficiency. In certain embodiments, the protein is human Alphal-antitrypsin (a1-AT,
Accession: P01009.3), HFE protein (Accession NP_000401.1 or Q30201), or hepatic protein ATP7B
{(Accession P35670.4) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or
similarity.

In certain embodiments, the use is for the treatment of hypercholesterolaemia using a promotor
herein in operable combination with a nucleic acid that encodes for human phenylalanine hydroxylase
{(Accession: P00439.1) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or
similarity.

In certain embodiments, the use is for the treatment of Type 1 tyrosinemia using a promotor
herein in operable combination with a nucleic acid that encodes for human fumarylacetoacetate hydrolase
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{(Accession: P16930.2) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or

similarity.

In certain embodiments, the use is for the treatment of Type 2 tyrosinemia using a promotor
herein in operable combination with a nucleic acid that encodes for human tyrosine aminotransferase
{(Accession: P17735.1) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or
similarity.

In certain embodiments, the use is for the treatment of homocystinuria and
hyperhomocysteinemia using a promotor herein in operable combination with a nucleic acid that encodes
for human methylenetetrahydrofolate reductase (Accession: P42898.3) or variants with greater than 50,
60, 70, 80, 90, 95, or 95 sequence identity or similarity.

In certain embodiments, the use is for the treatment of hyperlipidemia and hypercholesterolemia
using a promotor herein in operable combination with a nucleic acid that encodes for human medium
chain acyl-CoA dehydrogenase (Accession: P11310.1) or variants with greater than 50, 60, 70, 80, 90, 95,
or 95 sequence identity or similarity.

In certain embodiments, the use is for the treatment of Galactosemia using a promotor herein in
operable combination with a nucleic acid that encodes for human galactose-1-phosphate uridyl transferase
{(Accession: P07902.3) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or
similarity.

In certain embodiments, the use is for the treatment of Lesch-Nyhan syndrome using a promotor
herein in operable combination with a nucleic acid that encodes for human hypoxanthine phosphoribosyl-
transferase (Accession: P00492.2) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence
identity or similarity.

In certain embodiments, the use is for the treatment of Gaucher disease using a promotor herein in
operable combination with a nucleic acid that encodes for human cerebrosidase (Accession: P07602.2,
Accession: P04062.3) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or
similarity.

In certain embodiments, the use is for the treatment of Tay-Sachs disease using a promotor herein
in operable combination with a nucleic acid that encodes for human beta-hexosaminidase A (Accession:
P06865.2) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or similarity.

In certain embodiments, the use is for the treatment of Fabry disease using a promotor in operable
combination with a nucleic acid that encodes for human a-galactosidase (Accession: P06280.1) or
variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or similarity.

In certain embodiments, the use is for the treatment of Hunter syndrome using a promotor in
operable combination with a nucleic acid that encodes for human iduronate sulphatase (Accession:
P22304.1) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or similarity.

In certain embodiments, the use is for the treatment of glycogen storage disease type Ia using a
promotor in operable combination with a nucleic acid that encodes for human glucose-6-phosphatase
{(Accession: P35575.2) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or
similarity.
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In certain embodiments, the use is for the treatment of ammonia metabolism using a promotor in

operable combination with a nucleic acid that encodes for human ornithine transcarbamylase (Accession:
P00480.3) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or similarity.

In certain embodiments, the use is for the treatment of phenylketonuria using a promotor in
operable combination with a nucleic acid that encodes for human low-density lipoprotein receptor
{(Accession: P01130.1) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or
similarity.

In certain embodiments, the use is for the treatment of propionic acidemia using a promotor in
operable combination with a nucleic acid that encodes for human propionyl-
coenzyme A carboxylase, either PCCA and/or PCCB (Accession: P05166.3 beta, NP_000273.2 alpha ,
NP_001121164.1 alpha) or variants with greater than 50, 60, 70, 80, 90, 95, or 95 sequence identity or
similarity.

Also contemplated are uses in vaccine regimens, e.g., for co-delivery of a cytokine, or for delivery
of an immunogen or antigen.

Recombinant virus particles, capsids, or vectors comprising nucleic acids disclosed herein can be
delivered to liver via the hepatic artery, the portal vein, or intravenously to yield therapeutic levels of
therapeutic proteins or clotting factors in the blood. The capsid or vector is preferably suspended in a
physiologically compatible carrier, may be administered to a human or non-human mammalian patient.
Suitable carriers may be readily selected by one of skill in the art in view of the indication for which the
transfer virus is directed. For example, one suitable carrier includes saline, which may be formulated with
a variety of buffering solutions (e.g., phosphate buffered saline). Other exemplary carriers include sterile
saline, lactose, sucrose, calcium phosphate, gelatin, dextran, agar, pectin, sesame oil, and water.

Optionally, the compositions of the disclosure may contain other pharmaceutically acceptable
excipients, such as preservatives, or chemical stabilizers. Suitable exemplary preservatives include
chlorobutanol, potassium sorbate, sorbic acid, sulfur dioxide, propyl gallate, the parabens, ethyl vanillin,
glycerin, phenol, and parachlorophenol. Suitable chemical stabilizers include gelatin and albumin.

The recombinant virus particles, capsids, or vectors are administered in sufficient amounts to
transfect the cells and to provide sufficient levels of gene transfer and expression to provide a therapeutic
benefit without undue adverse effects, or with medically acceptable physiological effects, which can be
determined by those skilled in the medical arts. Conventional and pharmaceutically acceptable routes of
administration include, but are not limited to, direct delivery to a desired organ (e.g., the liver (optionally
via the hepatic artery) or lung), oral, inhalation, intranasal, intratracheal, intraarterial, intraocular,
intravenous, intramuscular, subcutaneous, intradermal, and other parental routes of administration. Routes
of administration may be combined, if desired.

Dosages of the recombinant virus particles, capsids, or vectors will depend primarily on factors
such as the condition being treated, the age, weight and health of the patient, and may thus vary among
patients. For example, a therapeutically effective human dosage of the viral vector is generally in the
range of from about 0.1 ml to about 100 ml of solution containing concentrations of from about 1x10° to

1x10' genomes virus vector.

39



10

15

20

25

30

35

WO 2016/168728 PCT/US2016/027931
Other useful therapeutic proteins encoded by the nucleic acids (e.g., operably in combination with

promoters) reported herein include hormones and growth and differentiation factors including, without
limitation, insulin, glucagon, growth hormone (GH), parathyroid hormone (PTH), growth hormone
releasing factor (GRF), follicle stimulating hormone (FSH), luteinizing hormone (LH), human chorionic
gonadotropin (hCGQ), vascular endothelial growth factor (VEGF), angiopoietins, angiostatin, granulocyte
colony stimulating factor (GCSF), erythropoietin (EPO), connective tissue growth factor (CTGF), basic
fibroblast growth factor (bFGF), acidic fibroblast growth factor (aFGF), epidermal growth factor (EGF),
platelet-derived growth factor (PDGF), insulin growth factors I and II (IGF-I and IGF-II), any one of the
transforming growth factor alpha superfamily, including TGFalpha, activins, inhibins, or any of the bone
morphogenic proteins (BMP) BMPs 1-15, any one of the heregluin/neuregulin/ ARIA/neu differentiation
factor (NDF) family of growth factors, nerve growth factor (NGF), brain-derived neurotrophic factor
(BDNF), neurotrophins NT-3 and NT-4/5, ciliary neurotrophic factor (CNTF), glial cell line derived
neurotrophic factor (GDNF), neurturin, agrin, any one of the family of semaphorins/collapsins, netrin-1
and netrin-2, hepatocyte growth factor (HGF), ephrins, noggin, sonic hedgehog and tyrosine hydroxylase.

Other therapeutic proteins encoded by the nucleic acids (e.g., operably in combination with
promoters) reported herein include those that regulate the immune system including, without limitation,
cytokines and lymphokines such as thrombopoietin (TPO), interleukins (IL) IL-1 through IL-25
(including IL-2, IL-4, IL-12 and IL-18), monocyte chemoattractant protein, leukemia inhibitory factor,
granulocyte-macrophage colony stimulating factor, Fas ligand, tumor necrosis factors alpha and beta,
interferons alpha, beta, and gamma, stem cell factor, flk-2/f1t3 ligand. Proteins produced by the immune
system are also useful. These include, without limitations, immunoglobulins IgG, IgM, IgA, IgD and IgE,
chimeric immunoglobulins, humanized antibodies, single chain antibodies, T cell receptors, chimeric T
cell receptors, single chain T cell receptors, class [ and class II MHC molecules, as well as engineered
immunoglobulins and MHC molecules. Useful proteins also include complement regulatory proteins such
as complement regulatory proteins, membrane cofactor protein (MCP), decay accelerating factor (DAF),
CR1, CF2 and CD59.

Other therapeutic proteins encoded by the nucleic acids (e.g., operably in combination with
promoters) reported herein are receptors for the hormones, growth factors, cytokines, lymphokines,
regulatory proteins and immune system proteins. The disclosure encompasses receptors for cholesterol
regulation and/or lipid modulation, including the low density lipoprotein (LDL) receptor, high density
lipoprotein (HDL) receptor, the very low density lipoprotein (VLDL) receptor, and scavenger receptors.
The disclosure also encompasses proteins such as members of the steroid hormone receptor superfamily
including glucocorticoid receptors and estrogen receptors, Vitamin D receptors and other nuclear
receptors. In addition, useful proteins include transcription factors such as jun, fos, max, mad, serum
response factor (SRF), AP-1, AP2, myb, MyoD and myogenin, ETS-box containing proteins, TFE3, E2F,
ATF1, ATF2, ATF3, ATF4, ZF5, NFAT, CREB, HNF-4, C/EBP, SP1, CCAAT-box binding proteins,
interferon regulation factor (IRF-1), Wilms tumor protein, ETS-binding protein, STAT, GATA-box
binding proteins, e.g., GATA-3, and the forkhead family of winged helix proteins.
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Other useful proteins include, carbamoyl synthetase I, ornithine transcarbamylase,

arginosuccinate synthetase, arginosuccinate lyase, arginase, fumarylacetacetate hydrolase, phenylalanine
hydroxylase, alpha-1 antitrypsin, glucose-6-phosphatase, porphobilinogen deaminase, cystathione beta-
synthase, branched chain ketoacid decarboxylase, albumin, isovaleryl-coA dehydrogenase, propionyl CoA
carboxylase, methyl malonyl CoA mutase, glutaryl CoA dehydrogenase, insulin, beta-glucosidase,
pyruvate carboxylate, hepatic phosphorylase, phosphorylase kinase, glycine decarboxylase, H-protein, T-
protein, a cystic fibrosis transmembrane regulator (CFTR) sequence, and a dystrophin cDNA sequence.
Still other useful proteins include enzymes such as may be useful in enzyme replacement therapy, which
is useful in a variety of conditions resulting from deficient activity of enzyme. For example, enzymes that
contain mannose-6-phosphate may be utilized in therapies for lysosomal storage diseases (e.g., a suitable
gene includes that encoding beta-glucuronidase (GUSB)).

Other useful proteins include non-naturally occurring polypeptides, such as chimeric or hybrid
polypeptides having a non-naturally occurring amino acid sequence containing insertions, deletions or
amino acid substitutions. For example, single-chain engineered immunoglobulins could be useful in
certain immunocompromised patients. Other types of non-naturally occurring gene sequences include
antisense molecules and catalytic nucleic acids, such as ribozymes, which could be used to reduce
overexpression of a target.

Reduction and/or modulation of expression of a protein is particularly desirable for treatment of
hyperproliferative conditions characterized by hyperproliferating cells, as are cancers and psoriasis.
Target polypeptides include those polypeptides which are produced exclusively or at higher levels in
hyperproliferative cells as compared to normal cells. Target antigens include polypeptides encoded by
oncogenes such as myb, myc, fyn, and the translocation gene bcr/abl, ras, src, P53, neu, trk and EGRF. In
addition to oncogene products as target antigens, target polypeptides for anti-cancer treatments and
protective regimens include variable regions of antibodies made by B cell lymphomas and variable
regions of T cell receptors of T cell lymphomas which, in some embodiments, are also used as target
antigens for autoimmune disease. Other tumor-associated polypeptides can be used as target polypeptides
such as polypeptides which are found at higher levels in tumor cells including the polypeptide recognized
by monoclonal antibody 17-1A and folate binding polypeptides.

Other suitable therapeutic polypeptides and proteins include those which may be useful for
treating individuals suffering from autoimmune diseases and disorders by conferring a broad based
protective immune response against targets that are associated with autoimmunity including cell receptors
and cells which produce "self"-directed antibodies. T cell mediated autoimmune diseases include
Rheumatoid arthritis (RA), multiple sclerosis (MS), Sjogren's syndrome, sarcoidosis, insulin dependent
diabetes mellitus (IDDM), autoimmune thyroiditis, reactive arthritis, ankylosing spondylitis, scleroderma,
polymyositis, dermatomyositis, psoriasis, vasculitis, Wegener's granulomatosis, Crohn's disease and
ulcerative colitis. Each of these diseases is characterized by T cell receptors (TCRs) that bind to
endogenous antigens and initiate the inflammatory cascade associated with autoimmune diseases.

Vectors reported herein may be formulated in a manner which permits the expression of a protein

carried by the vectors to induce an immune response to a selected antigen. For example, in order to
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promote an immune response, the antigen may be expressed from a promoter disclosed herein, the vector

can be adjuvanted as described herein, and/or the vector can be put into degenerating tissue.

Examples of suitable immunogenic antigens include those selected from a variety of viral
families. Example of desirable viral families against which an immune response would be desirable
include, the picornavirus family, which includes the genera rhinoviruses, which are responsible for about
50% of cases of the common cold; the genera enteroviruses, which include polioviruses, coxsackieviruses,
echoviruses, and human enteroviruses such as hepatitis A virus; and the genera apthoviruses, which are
responsible for foot and mouth diseases, primarily in non-human animals. Within the picornavirus family
of viruses, target antigens include the VP1, VP2, VP3, VP4, and VPG. Other viral families include the
astroviruses and the calcivirus family. The calcivirus family encompasses the Norwalk group of viruses,
which are an important causative agent of epidemic gastroenteritis. Still another viral family desirable for
use in targeting antigens for inducing immune responses in humans and non-human animals is the
togavirus family, which includes the genera alphavirus, which include Sindbis viruses, RossRiver virus,
and Venezuelan, Eastern & Western Equine encephalitis, and rubivirus, including Rubella virus. The
flaviviridae family includes dengue, yellow fever, Japanese encephalitis, St. Louis encephalitis and tick
borne encephalitis viruses. Other target antigens may be generated from the Hepatitis C or the coronavirus
family, which includes a number of non-human viruses such as infectious bronchitis virus (poultry),
porcine transmissible gastroenteric virus (pig), porcine hemagglutinatin encephalomyelitis virus (pig),
feline infectious peritonitis virus (cats), feline enteric coronavirus (cat), canine coronavirus (dog), and
human respiratory coronaviruses, which may cause the common cold and/or non-A, B or C hepatitis, and
which include the putative cause of sudden acute respiratory syndrome (SARS). Within the coronavirus
family, target antigens include the E1 (also called M or matrix protein), E2 (also called S or Spike
protein), E3 (also called HE or hemagglutin-elterose) glycoprotein (not present in all coronaviruses), or N
(nucleocapsid). Still other antigens may be targeted against the arterivirus family and the rhabdovirus
family. The rhabdovirus family includes the genera vesiculovirus (e.g., Vesicular Stomatitis Virus), and
the general lyssavirus (e.g., rabies). Within the rhabdovirus family, suitable antigens may be derived from
the G protein or the N protein. The family filoviridae, which includes hemorrhagic fever viruses such as
Marburg and Ebola virus may be a suitable source of antigens. The paramyxovirus family includes
parainfluenza Virus Type 1, parainfluenza Virus Type 3, bovine parainfluenza Virus Type 3, rubulavirus
{(mumps virus, parainfluenza Virus Type 2, parainfluenza virus Type 4, Newcastle disease virus
(chickens), rinderpest, morbillivirus, which includes measles and canine distemper, and pneumovirus,
which includes respiratory syncytial virus. The influenza virus is classified within the family
orthomyxovirus and is a suitable source of antigen (e.g., the HA protein, the N1 protein). The bunyavirus
family includes the genera bunyavirus (California encephalitis, La Crosse), phlebovirus (Rift Valley
Fever), hantavirus (puremala is a hemahagin fever virus), nairovirus (Nairobi sheep disease) and various
unassigned bungaviruses. The arenavirus family provides a source of antigens against LCM and Lassa
fever virus. Another source of antigens is the bornavirus family. The reovirus family includes the genera
reovirus, rotavirus (which causes acute gastroenteritis in children), orbiviruses, and cultivirus (Colorado

Tick fever, Lebombo (humans), equine encephalosis, blue tongue). The retrovirus family includes the sub-
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family oncorivirinal which encompasses such human and veterinary diseases as feline leukemia virus,

HTLVI and HTLVII, lentivirinal (which includes HIV, simian immunodeficiency virus, feline
immunodeficiency virus, equine infectious anemia virus, and spumavirinal). The papovavirus family
includes the sub-family polyomaviruses (BKU and JCU viruses) and the sub-family papillomavirus
(associated with cancers or malignant progression of papilloma). The adenovirus family includes viruses
(EX, AD7, ARD, O.B.) which cause respiratory disease and/or enteritis. The parvovirus family feline
parvovirus (feline enteritis), feline panleucopeniavirus, canine parvovirus, and porcine parvovirus. The
herpesvirus family includes the sub-family alphaherpesvirinae, which encompasses the genera
simplexvirus (HSVI, HSVII), varicellovirus (pseudorabies, varicella zoster) and the sub-family
betaherpesvirinae, which includes the genera cytomegalovirus (HCMV, muromegalovirus) and the sub-
family gamma herpesvirinae, which includes the genera lymphocryptovirus, EBV (Burkitts lymphoma),
human herpesviruses 6A, 6B and 7, Kaposi's sarcoma-associated herpesvirus and cercopithecine
herpesvirus (B virus), infectious rhinotracheitis, Marek's disease virus, and rhadinovirus. The poxvirus
family includes the sub-family chordopoxvirinae, which encompasses the genera orthopoxvirus (Variola
major (Smallpox) and Vaccinia (Cowpox)), parapoxvirus, avipoxvirus, capripoxvirus, leporipoxvirus,
suipoxvirus, and the sub-family entomopoxvirinae. The hepadnavirus family includes the Hepatitis B
virus. One unclassified virus which may be suitable source of antigens is the Hepatitis delta virus,
Hepatitis E virus, and prions. Another virus which is a source of antigens is Nipan Virus. Still other viral
sources may include avian infectious bursal disease virus and porcine respiratory and reproductive
syndrome virus. The alphavirus family includes equine arteritis virus and various Encephalitis viruses.
The present disclosure may also encompass protein based immunogens which are useful to
immunize a human or non-human animal against other pathogens including bacteria, fungi, parasitic
microorganisms or multicellular parasites which infect human and non-human vertebrates, or from a
cancer cell or tumor cell. Examples of bacterial pathogens include pathogenic gram-positive cocci include
pneumococci; staphylococci (and the toxins produced thereby, e.g., enterotoxin B); and streptococci.
Pathogenic gram-negative cocci include meningococcus; gonococcus. Pathogenic enteric gram-negative
bacilli include enterobacteriaceae; pseudomonas, acinetobacteria and eikenella; melioidosis; salmonella;
shigella; haemophilus; moraxella; H. ducreyi (which causes chancroid); brucella species (brucellosis);
Francisella tularensis (which causes tularemia); Yersinia pestis (plague) and other Yersinia (pasteurella);
streptobacillus moniliformis and spirillum; Gram-positive bacilli include listeria monocytogenes;
erysipelothrix rhusiopathiae; Corynebacterium diphtheria (diphtheria); cholera; B. anthracia (anthrax);
donovanosis (granuloma inguinale); and bartonellosis. Diseases caused by pathogenic anaerobic bacteria
include tetanus; botulism (Clostridum botulinum and its toxin); Clostridium perfringens and its epsilon
toxin; other clostridia; tuberculosis; leprosy; and other mycobacteria. Pathogenic spirochetal diseases
include syphilis; treponematoses: yaws, pinta and endemic syphilis; and leptospirosis. Other infections
caused by higher pathogen bacteria and pathogenic fungi include glanders (Burkholderia mallei);
actinomycosis; nocardiosis; cryptococcosis, blastomycosis, histoplasmosis and coccidioidomycosis;
candidiasis, aspergillosis, and mucormycosis; sporotrichosis; paracoccidiodomycosis, petricllidiosis,
torulopsosis, mycetoma and chromomycosis; and dermatophytosis. Rickettsial infections include Typhus
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fever, Rocky Mountain spotted fever, Q fever (Coxiella burnetti), and Rickettsialpox. Examples of

mycoplasma and chlamydial infections include: mycoplasma pneumoniae; lymphogranuloma venereum;
psittacosis; and perinatal chlamydial infections. Pathogenic eukaryotes encompass pathogenic protozoans
and helminths and infections produced thereby include: amebiasis; malaria; leishmaniasis;
trypanosomiasis; toxoplasmosis; Pneumocystis carinii; Trichans; Toxoplasma gondii; babesiosis;
giardiasis; trichinosis; filariasis; schistosomiasis; nematodes; trematodes or flukes; and cestode
(tapeworm) infections.

Many of these organisms and/or the toxins produced thereby have been identified by the Centers
for Disease Control [(CDC), Department of Health and Human Services, USA], as agents which have
potential for use in biological attacks. For example, some of these biological agents, include, Bacillus
anthracia (anthrax), Clostridium botulinum and its toxin (botulism), Yersinia pestis (plague), variola
major (smallpox), Francisella tularensis (tularemia), and viral hemorrhagic fevers [filoviruses (e.g., Ebola,
Marburg], and arenaviruses [e.g., Lassa, Machupo]), all of which are currently classified as Category A
agents; Coxiella burnetti (Q fever); Brucella species (brucellosis), Burkholderia mallei (glanders),
Burkholderia pseudomallei (meloidosis), Ricinus communis and its toxin (ricin toxin), Clostridium
perfringens and its toxin (epsilon toxin), Staphylococcus species and their toxins (enterotoxin B),
Chlamydia psittaci (psittacosis), water safety threats (e.g., Vibrio cholerae, Crytosporidium parvum),
Typhus fever (Richettsia powazekii), and viral encephalitis (alphaviruses, e.g., Venezuelan equine
encephalitis; eastern equine encephalitis; western equine encephalitis); all of which are currently classified
as Category B agents; and Nipan virus and hantaviruses, which are currently classified as Category C
agents. In addition, other organisms, which are so classified or differently classified, may be identified
and/or used for such a purpose in the future. It will be readily understood that the viral vectors and other
constructs described herein are useful to deliver antigens from these organisms, viruses, their toxins or
other by-products, which will prevent and/or treat infection or other adverse reactions with these
biological agents.

In certain embodiments, a protein for expression in a vector of the disclosure are a segment of a
variable region of T cells eliciting an immune response, i.e., to eliminate cytotoxic T cells. In rheumatoid
arthritis (RA), several specific variable regions of TCRs which are involved in the disease have been
characterized. These TCRs include V-3, V-14, V-17 and V-17. Thus, delivery of a nucleic acid sequence
that encodes at least one of these polypeptides will elicit an immune response that will target T cells
involved in RA. In multiple sclerosis (MS), several specific variable regions of TCRs which are involved
in the disease have been characterized. These TCRs include V-7 and V-10. Thus, delivery of a nucleic
acid sequence that encodes at least one of these polypeptides will elicit an immune response that will
target T cells involved in MS. In scleroderma, several specific variable regions of TCRs which are
involved in the disease have been characterized. These TCRs include V-6, V-8, V-14 and V-16, V-3C, V-
7,V-14, V-15, V-16, V-28 and V-12. Thus, delivery of a nucleic acid molecule that encodes at least one
of these polypeptides will elicit an immune response that will target T cells involved in scleroderma.

Recombinant viral vectors of the disclosure provides an efficient gene transfer vehicle which can

deliver a selected proteins to a selected host cell in vivo or ex vivo even where the organism has
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neutralizing antibodies to the protein. In one embodiment, the vectors disclosed herein and the cells are

mixed ex vivo; the infected cells are cultured using conventional methodologies; and the transduced cells

are re-infused into the patient.

Additional embodiments

In certain embodiments, the disclosure relates to recombinant viral vectors comprising a liver
specific promotor nucleic acid sequence in operable combination with a heterologous nucleic acid
sequence encoding a protein. Typically, the nucleic acid sequence encoding the protein comprises a
higher percentage of liver cell specific amino acid codons compared to overall human codon usage. In
certain embodiments, the disclosure relates to methods of treating a subject diagnosed with a genetic trait
that results in expression of a mutated or truncated non-functional protein by administering an effective
amount of a vector disclosed herein configured to express a functional protein from the liver.

In certain embodiments, the vector comprises a viral nucleic acid sequence of greater than 10, 20,
30, 40, 50, 100, or 200 nucleotides. In certain embodiments, the viral nucleic acid sequence is a segment
of human adeno-associated virus (hAAV) of serotypes 1, 2, 3B, 4, 5, 6, 7, 8, 9 or combinations or variants
thereof, typically comprising an AAV inverted terminal repeat.

In certain embodiments, the disclosure relates to a viral particle, e.g., capsid comprising a vector
disclosed herein, e.g., the vector packaged in a capsid. The capsid may be a recombinant or chimeric
particle or capsid, e.g., capsid having amino acid sequences that are a combination of AAV pseudotypes
for VP 1, 2, or 3. An AAV capsid VP may be derived from a human gene or animal AAV gene, or
combinations with genetically engineered alterations, i.e., AAV isolated from infected human cells or a
non-human primate. Animal AAV include those derived from avian, bovine, porcine, mice, etc. In
certain embodiments, the capsid may have amino acid sequences that are bioengineered or synthetic
capsids identified through methods such as directed evolution or rational design.

In certain embodiments, vectors disclosed herein are a single or double stranded nucleic acid or
self- complementary nucleic acid of less than 5.1, 5.0, 4.9, 4.8, 4.7, 4.6, or 4.5 kb of nucleotides in total.
In certain embodiments, the vector is replication-incompetent inside a human host, e.g., vector does not
encode a viral polymerase.

In certain embodiments, the liver specific promotor sequence comprises a sequence having at
least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to
GTTAATTTTTGTGGCCCTTGCGATGTTTGCTCTGGTTA (SEQ ID NO: 21)
ATAATCTCAGGACAAACA (SEQ ID NO: 43) and/or
TATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC (SEQ ID NO: 20).

In certain embodiments, SEQ ID NO 20 is 3’ or after SEQ ID NO: 21 between a nucleotide
linker, e.g., connected with a linker as illustrated: 5’- SEQ ID NO: 21 followed by a linker followed by
SEQ ID NO: 20 -3°. The linker may be between 0 to 200 nucleotides, 10 to 100 nucleotides, 20 to 70
nucleotides, 30 to 60 nucleotides, 30 to 40 nucleotides, 32 to 36 nucleotides. In certain embodiments, the
liver specific promotor sequence comprises a sequence having at least 50, 60, 70, 80, 85, 90, 95, 96, 97,
98, 99, or 100% sequence identity to SEQ ID NO: 4, 5, 6, or 7.
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As used herein, the liver specific promotor refers to the sequences in the 5’ direction of the

transcriptional start site of the protein to be produced. Promotor sequences disclosed herein may contain
combinations of other known promotors, enhancers, other sequences, and fragments thereof. For
example, SEQ ID NO: 21 is the sequence of the shortened ABP enhancer. By itself it does not function as
a promoter, it serves to enhance the expression conferred by the core promoter, SEQ ID NO: 20, SynO,
which by itself does not confer efficient gene expression. Additional enhancer sequences which may
replace or augment the short ABP enhancer are contemplated.

In certain embodiments, the liver specific promotor sequence comprises a sequence having at
least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to CGGAGGAGCAAACAGGG
(SEQ ID NO: 97) and/or TATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC (SEQ ID NO:
20).

In certain embodiments, SEQ ID NO 20 is 3’ or after SEQ ID NO: 97 between a nucleotide
linker, e.g., connected with a linker as illustrated: 5’- SEQ ID NO: 97 followed by a linker followed by
SEQ ID NO: 20 -3°. The linker may be between 0 to 200 nucleotides, 10 to 100 nucleotides, 20 to 70
nucleotides, 30 to 60 nucleotides, 30 to 40 nucleotides, 32 to 36 nucleotides.

In certain embodiments, the liver specific promotor sequence comprises a sequence having at
least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to
CGGAGGAGCAAACAGGGGCTAAGTCCAC (SEQ ID NO: 98) and/or
TATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC (SEQ ID NO: 20).

In certain embodiments, SEQ ID NO 20 is 3’ or after SEQ ID NO: 98 between a nucleotide
linker, e.g., connected with a linker as illustrated: 5’- SEQ ID NO: 98 followed by a linker followed by
SEQ ID NO: 20 -3°. The linker may be between 0 to 200 nucleotides, 10 to 100 nucleotides, 20 to 70
nucleotides, 30 to 60 nucleotides, 30 to 40 nucleotides, 32 to 36 nucleotides.

In certain embodiments, the liver specific promotor sequence comprises a sequence having at
least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to
GGCTGCTGGTGAATATTAACCAAGGTC (SEQ ID NO: 99) and/or
TATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC (SEQ ID NO: 20).

In certain embodiments, SEQ ID NO 20 is 3’ or after SEQ ID NO: 99 between a nucleotide
linker, e.g., connected with a linker as illustrated: 5’- SEQ ID NO: 99 followed by a linker followed by
SEQ ID NO: 20 -3°. The linker may be between 0 to 200 nucleotides, 10 to 100 nucleotides, 20 to 70
nucleotides, 30 to 60 nucleotides, 30 to 40 nucleotides, 32 to 36 nucleotides.

In certain embodiments, the liver specific promotor sequence comprises a sequence having at
least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to
GGGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCGGAGGAGCAAACAGGGG
CTAAGTCCAC (SEQ ID NO: 100) and/or
TATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC (SEQ ID NO: 20).

In certain embodiments, SEQ ID NO 20 is 3’ or after SEQ ID NO: 100 between a nucleotide
linker, e.g., connected with a linker as illustrated: 5’- SEQ ID NO: 100 followed by a linker followed by
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SEQ ID NO: 20 -3°. The linker may be between 0 to 200 nucleotides, 10 to 100 nucleotides, 20 to 70

nucleotides, 30 to 60 nucleotides, 30 to 40 nucleotides, 32 to 36 nucleotides.

In certain embodiments, the liver specific promotor sequence comprises a sequence having at
least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to
GGGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCGGAGGAGCAAACAGGGA
CTAAGTCCAC (SEQ ID NO: 101) and/or
TATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC (SEQ ID NO: 20).

In certain embodiments, SEQ ID NO 20 is 3’ or after SEQ ID NO: 101 between a nucleotide
linker, e.g., connected with a linker as illustrated: 5’- SEQ ID NO: 101 followed by a linker followed by
SEQ ID NO: 20 -3°. The linker may be between 0 to 200 nucleotides, 10 to 100 nucleotides, 20 to 70
nucleotides, 30 to 60 nucleotides, 30 to 40 nucleotides, 32 to 36 nucleotides.

In certain embodiments, the liver specific promotor sequence comprises a sequence having at
least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to SEQ ID NO: 4, 5, 6, 7, 102,
103, 104, 105, 106, 107, or 108.

In certain embodiments, liver specific promotor nucleic acid sequence is of less than 205 or 250
nucleotides. The terms “less than 205 or 250 nucleotides” refers to the length of a single strand or the
length of double stranded base pairs. The functional promoter is double stranded after intracellular
conversion following viral infection. It would not function if it were single stranded.

In certain embodiments, the disclosure contemplates the first nucleotide of the promotor
sequence is the 5° “G” in the HFN1a TF binding site, GTTAAT (SEQ ID NO: 25), e.g., promotor is 5’ -
SEQ ID NO: 21 which is followed by a linker and further followed by a transcriptional start site (T'SS),
e.g. TCATCCTC (SEQ ID NO: 109), wherein the last nucleotide in the transcriptional start site is the end
of the promotor sequence. In certain embodiments the linker comprises a TATAA (SEQ ID NO: 26) box
and a GC rich spacer. In certain embodiments, the disclosure contemplates the first nucleotide of the
promotor sequence is a5’ “G” in GTTAA (SEQ ID NO: 27), GTTA (SEQ ID NO: 28), GTT (SEQ ID
NO: 29). In certain embodiments, the first nucleotide of the promotor sequence is a 5" “T” in TTAAT
(SEQ ID NO: 30), TTAA (SEQ ID NO: 31), TTA (SEQ ID NO: 32). In certain embodiments, the first
nucleotide of the promotor sequence is a 5’ “A” in AAT (SEQ ID NO: 33).

In certain embodiments, the disclosure contemplates a promotor comprising 5’-SEQ ID NO: 21 or
97 or 98 or 99 or 100 or 101 optionally followed by a linker, followed by a TATAA box, followed by a
GC rich spacer followed by and a transcriptional start site. In certain embodiments, the GC rich spacer is
a sequence wherein greater than 60, 70, 80, or 90% of the nucleotides are G or C, e.g., over a window of 5
to 35 nucleotide, 10 to 30 nucleotides, or 15 to 40 nucleotide, or 5 to 50 or 60 nucleotides. In certain
embodiments, the CG rich spacer is GGCCAGCAGCAGCCTGACCACATC (SEQ ID NO: 110). In
certain embodiments, the liver specific promotor sequence comprises a sequence having at least 50, 60,
70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to SEQ ID NO: 110.

In certain embodiments, the liver specific promotor sequence comprises a sequence having at
least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to one of:

SEQ ID NO: 34: GTTAATTTTTGTGGCCCTTGCGATGTTTGCTCTGGTTAATAATCTCAGGACAAACA;
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TTAATTTTTIGTGGCCCTTGCCATGITTGCTCTGGTTAATAATCTCAGGACAAACA;
TAATTTTTGTGGCCCTTGCCGATGTITGCTCTGGTTAATAATCTCAGGACAAACA;
AATTTTTGTGGCCCTIGCGATGTTTIGCTCTGGTTAATAATCTCAGGACAAACA;
ATTTTTIGTGGCCCTTGCGATGTITTGCTCTGGTTAATAATCTCAGGACAAACA;
TTTTTGTGGCCCTTGCCGATGTTITGCTCTIGGTTAATAATCTCAGGACAAACA;
TTTTGTIGGCCCTITGCGATGTTIGCTICTGGTTAATAATCTCAGGACAAACA;
TTTIGTGGCCCTTIGCGATCTITTGCTCTGGTTAATAATCTCAGGACAAACA;
TTGTGGCCCTTGCGATGTITGCTCTIGGTTAATAATCTCAGGACAAACA;
TGTIGGCCCTITGCGATGTTIGCTICTGGTTAATAATCTCAGGACAAACA;
GTGGCCCTIGCGATGTTTGCTCTGGTTAATAATCTCAGGACAAACA;
TGGCCCTTGCGATGTTTGCTCTIGGTTAATAATCTCAGGACAAACA;
GCCCTIGCGATGTTTGCTCTIGGTTAATAATCTCAGGACAAACA;
CCCTTGCGATGTITTGCTCTGGTTAATAATCTCAGGACAAACA;
CCTITGCGATGTTITGCTCTIGGTTAATAATCTCAGGACAAACA;
CTIGCGATGTTTIGCTICTGGTTAATAATCTCAGGACAAACA;
GTTAATTTTITGTIGGCCCTTGCGATGTTIGCTCTGGTTAATAATCTCAGGACAAAC;
GTTAATTTTITGTIGGCCCTTGCGATGTTIGCTCTGGTTAATAATCTCAGGACARAA;
GTTAATTTTITGTIGGCCCTTIGCGATGTTIGCTCTGGTTAATAATCTCAGGACAA;
GTTAATTTTITGTIGGCCCTTIGCGATGTTIGCTCTGGTTAATAATCTCAGGACAA;
GTTAATTTTITGTIGGCCCTTIGCGATGTTIGCTCTGGTTAATAATCTCAGGACA;
GTTAATTTTTGTIGGCCCTTIGCGATGTTTIGCTCTGGTTAATAATCTCAGGAC;
GTTAATTTTITGTIGGCCCTIGCGATGTTTIGCTCTGGTTAATAATCTCAGGA;
GTTAATTTTITGTIGGCCCTIGCGATGTTTIGCTCTGGTTAATAATCTCAGS;
GTTAATTTTITGTIGGCCCTIGCGATGTTTIGCTCTGGTTAATAATCTCAG;
GTTAATTTTITGTIGGCCCTIGCGATGTTTGCTCTGGTTAATAATCTCA;
GTTAATTTTITGTIGGCCCTIGCGATGTTTIGCTCTGGTTAATAATCTC;
GTTAATTTTTGTIGGCCCTIGCGATGTTTIGCTCTGCGGTTAATAATCT;
GTTAATTTTITGTIGGCCCTIGCGATGTTTIGCTCTGGTTAATAATC;
GTTAATTTTTGTIGGCCCTIGCGATGTTTIGCTCTGGTTAATAAT;
GTTAATTTTITGIGGCCCTITGCGATGTTIGCTICTGGTTAATAA;
GTTAATTTTITGTIGGCCCTTGCGATGTTIGCTCTGGTTAATAATCTCAGGACAAAC;
TTAATTTTTIGTGGCCCTTGCCGATGITTGCTCTGGTTAATAATCTCAGGACAAA;
TAATTTTTGTGGCCCTTGCCGATGTITGCTCTGGTTAATAATCTCAGGACAA;
AATTTTTGTGGCCCTIGCGATGTTTIGCTCTGGTTAATAATCTCAGGACA;
ATTTTTGTGGCCCTITGCGATGTITTGCTCTGGTTAATAATCTCAGGAC;
TTTTTGTGGCCCTTGCCGATGTTITGCTCTIGGTTAATAATCTCAGGA;
TTTTGTIGGCCCTTGCCGATGTTIGCTCTGGTTAATAATCTCAGS;
TTTGTGGCCCTTIGCGATGTTTGCTCTGGTTAATAATCTCAG;
TTGTGGCCCTTGCGATGTTTGCTCTIGGTITAATAATCTCA;
TCIGGCCCTITGCGATGTTTGCTCTGGTTAATAATCTIC;
GTGGCCCTIGCGATGTTTGCTCTGGTTAATAATCT;
TGGCCCTTGCGATGTTTGCTCTIGGTITAATAATC;
GCCCTIGCGATGTTTGCTCTIGGTTAATAAT;
CCCTTGCGATGTITTGCTCIGGTITAATAA;
CCITGCGATGTTTGCTICTGGTTAATA;

CTIGCGATGTTTIGCTCTIGGTTAAT;
TTAATTTTTIGTGGCCCTTGCGATGITTGCTCTGGTTAATAATCTCAGGACAAAC;
TAATTTTTGTGGCCCTTGCCATGTITGCTCTGGTTAATAATCTCAGGACAAA;
AATTTTTGTGGCCCTIGCGATGTTTIGCTCTGGTTAATAATCTCAGGACAA;
ATTTTTGTGGCCCTTGCGATGTITTGCTCTGGTTAATAATCTCAGGACAA;
TTTTTGTGGCCCTTGCCGATGTITGCTCTGGTTAATAATCTCAGGACA;
TTTTGTIGGCCCTITGCGATGTTIGCTCTGGTTAATAATCTCAGGAC;
TTTIGTGGCCCTTGCGATGCITTGCTCTGGTTAATAATCTCAGGA;
TTGTGGCCCTTGCGATGTTTGCTCTGCGTTAATAATCTCAGG;
TCIGGCCCTITGCGATGTTTGCTCTGGTTAATAATCTCAG;
TGGCCCTTGCGATGTTTGCTCTGCGTITAATAATCTCA;
GGCCCTTGCGATGTTTGCTCTGGTTAATAATCTIC;
GCCCTIGCGATGTTTGCTCTGGTTAATAATCT;
CCCTTGCGATGTTTGCTCIGGTITAATAATC;
CCTITGCGATGTTTGCTICTGGTTAATAAT; or
CTIGCGATGTTTGCTCTGGTTAATAA.
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In certain embodiments, the promotor may start with the first 5" nucleotide of SEQ ID NO: 34-96,

and end with the last nucleotide of the TSS.

In certain embodiments, the protein is a fVIII or fIX or variant thereof. In certain embodiments,
the promoter and codon optimization schemes disclosed herein could be used for any liver-directed AAV
gene therapies. Other metabolic diseases caused by deficiencies of liver enzymes and expression of those
functional proteins are contemplated.

In certain embodiments, fVIII variant comprises an Al domain, an A2 domain, a RHQR sequence
(SEQ ID NO: 24), an A3 domain, a C1 domain, and a C2 domain. In certain embodiments, the fVIII
variant comprises a deleted B domain.

In certain embodiments, the fVIII variant comprises a linker of between two and fifty, or two and
twenty five, or two and fifteen amino acids between the A2 domain and the A3 domain.

In certain embodiments, fVIII variant comprises an Al domain, an A2 domain, an activation
peptide (ap) domain, an A3 domain, a C1 domain, and a C2 domain. In certain embodiments, the fVIII
variant comprises a deleted B domain.

In certain embodiments, the fVIII variant comprises a linker of between two and fifty, or two and
twenty five, or two and fifteen amino acids between the A2 domain and the an activation peptide (ap)
domain.

In certain embodiments, the fVIII variant comprises a sequence having at least 50, 60, 70, 80, 85,
90, 95, 96, 97, 98, 99, or 100% sequence identity to SEQ ID NO: 3.

In certain embodiments, the fVIII variant comprises a sequence having at least 50, 60, 70, 80, 85,
90, 95, 96, 97, 98, 99, or 100% sequence identity to SEQ ID NO: 13, 14, 15, or 16.

In certain embodiments, the disclosure relates to methods wherein codon usage of a gene is
adjusted according to the tissue it will be expressed, e.g., liver tissue. In certain embodiments, the nucleic
acid sequence encoding a protein comprises codons that are differentially utilized or represented in genes
highly expressed within the liver or other specific tissue compared to the codon usage of the entire coding
region of the human genome and avoids codons that are under-represented in the liver or other specific
tissue.

In certain embodiments, the nucleic acid sequence encoding the protein comprises codons for
greater than 50, 60, 70, 80, 90, or 95% or 100% of the amino acids that are preferred as provided in FIG 2.

In certain embodiments, the nucleic acid sequence encoding a protein comprises a higher
percentage of liver cell specific amino acid codons compared to overall human codon usage is a sequence
having at least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to SEQ ID NO: 1.

In certain embodiments, fIX variant comprises a sequence having at least 50, 60, 70, 80, 85, 90,
95, 96, 97, 98, 99, or 100% sequence identity to SEQ ID NO: 17, 18, or 19.

In certain embodiments, the nucleic acid sequence encoding a protein comprising a higher
percentage of liver cell specific amino acid codons compared to overall human codon usage is a sequence
having at least 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, 99, or 100% sequence identity to SEQ ID NO: §, 9,
or 10.
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In certain embodiments, the nucleic acid sequence encoding the protein comprises at least one of

a) to g) wherein,

a) a ATC codon is in greater than 50 % or 52 % for lle;

b) a ACC codon is in greater than 38 % or 40 % for Thr;

¢) a TTC codon is in greater than 57% or 59 % for Phe;

d) a GAG codon is in greater than 60% or 62% for Glu;

e) a CTG codon is in greater than 43% or 45% for Leu;

f) a AAG codon is in greater than 60 % or 62 % for Lys; and/or

g) a GAC codon is in greater than 56% or 58 % for Asp.

In certain embodiments, the nucleic acid sequence encoding the protein comprises at least two or
more, or three or more, or four or more, five or more, six or more, or all of a), b), ¢), d), e), f) and g).

In certain embodiments, the nucleic acid sequence encoding the protein comprises less than 100,
50, 30, 25, 20, 15, 10,9, 8,7, 6, 5,4, 3,2 or no 5-CG-3’ dinucleotides.

In certain embodiments, the disclosure relates to pharmaceutical compositions comprising a
vector or a capsid as disclosed herein and a pharmaceutically acceptable excipient.

In certain embodiments, the disclosure relates to methods of inducing blood clotting comprising
administering an effective amount of a virus particle, capsid, or vector as disclosed herein to a subject in
need thereof.

In certain embodiments, the subject is diagnosed with hemophilia A or B or acquired hemophilia
or unlikely to respond to exogenous fVIII infusions.

In certain embodiments, the vector, virus particle, or capsid is administered in combination with
an immunosuppressive agent, e.g., ciclosporin, tacrolimus, sirolimus, cyclophosphamide, methotrexate,
azathioprine, mercaptopurine, fluorouracil, mycophenolic acid, dactinomycin, fingolimod, T-cell receptor
antibody or binding protein, muromonab-CD3, IL-2 receptor antibody or binding protein, basiliximab,
daclizumab, recombinant IFN-beta, TNF-alpha antibody or binding protein, infliximab, etanercept,
adalimumab, or combinations thereof.

In certain embodiments, the disclosure relates to expression systems comprising nucleic acids or
vectors comprising nucleic acids disclosed herein.

In certain embodiments, the disclosure relates to expression systems comprising nucleic acids or

vectors comprising nucleic acids disclosed herein.

Additional embodiments are illustrated by the following clauses:
Clause 1. A vector comprising a liver specific promotor nucleic acid sequence of less than 250
nucleotides in operable combination with a heterologous nucleic acid sequence encoding a protein.
Clause 2. The vector of clause 1, wherein the liver specific promotor sequence comprises a
sequence having greater than 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, or 99 % sequence identity to
GGCCAGCAGCAGCCTGACCACATC (SEQ ID NO: 110).
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Clause 3. The vector of clause 1, wherein the liver specific promotor sequence comprises a

sequence having greater than 50, 60, 70, 80, 85, 90, 95, 96, 97, 98, or 99 % sequence identity to SEQ ID
NO:4,5,6,7,102, 103, 104, 105, 106, 107, or 108.

Clause 4. The vector of clause 1, wherein the protein is a fVIII or fIX or variant thereof.

Clause 5. The vector of clause 4, wherein fVIII variant comprises an A1 domain, an A2 domain,
an ap domain, an A3 domain, a C1 domain, and a C2 domain

Clause 6. The vector of clause 4, wherein the fVIII variant comprising a deleted B domain.

Clause 7. The vector of clause 4, wherein the fVIII variant comprises a linker of between two and
fifty, or two and twenty five, or two and fifteen amino acids between the A2 domain and the an activation
peptide(ap) domain.

Clause 8. The vector of clause 4, wherein the fVIII variant comprises a sequence having greater
than 50, 60, 70, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 % sequence identity to SEQ ID NO: 3.

Clause 9. The vector of clause 4, wherein the fVIII variant comprises a sequence having greater
than 50, 60, 70, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 % sequence identity to SEQ ID NO: 13,
14, 15, or 16.

Clause 10. The method of clause 1 wherein the heterologous nucleic acids sequence comprises a
higher percentage of liver cell specific amino acid codons compared to overall human codon usage.

Clause 11. The vector of clause 1, wherein the nucleic acid sequence encoding a protein
comprising a higher percentage of liver cell specific amino acid codons compared to overall human codon
usage is a sequence having greater than 70, 80, 85, 90, 95, 96, 97, 98, or 99 % sequence identity to SEQ
ID NO: 2 or 11.

Clause 12. The vector of clause 3, wherein fIX variant comprises a sequence having greater than
50, 60, 70, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 % sequence identity to SEQ ID NO: 17, 18, or
19.

Clause 13. The vector of clause 1, wherein the nucleic acid sequence encoding a protein
comprising a higher percentage of liver cell specific amino acid codons compared to overall human codon
usage is a sequence having greater than 70, 80, 85, 90, 95, 96, 97, 98, or 99 % sequence identity to SEQ
ID NO: 8, 9, or 10.

Clause 14. A pharmaceutical composition comprising a vector of clause 1 and a pharmaceutically
acceptable excipient.

Clause 15. A method of inducing blood clotting comprising administering an effective amount of
a vector of clause 1 to a subject in need thereof.

Clause 16. The method of clause 15, wherein the subject is diagnosed with hemophilia A or B or
acquired hemophilia.

Clause 17. The method of clause 15, wherein the vector is administered in combination with an
immunosuppressive agent.

Clause 18. The method of clause 17, wherein the immunosuppressive agent is ciclosporin,
tacrolimus, sirolimus, cyclophosphamide, methotrexate, azathioprine, mercaptopurine, fluorouracil,

mycophenolic acid, dactinomycin, fingolimod, T-cell receptor antibody or binding protein, muromonab-
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CD3, IL-2 receptor antibody or binding protein, basiliximab, daclizumab, recombinant IFN-beta, TNF-

alpha antibody or binding protein, infliximab, etanercept, or adalimumab.
The following examples are provided to illustrate certain particular features and/or embodiments.
These examples should not be construed to limit the disclosure to the particular features or embodiments

described.

EXAMPLES
Example 1
Optimization of Clotting factors and their encoding DNA

This example illustrates the optimization of the coding sequences for fVIII and fIX proteins to
improve their utility for in vivo expression and gene therapy.

The cDNA nucleotide sequence coding for fVIII and fIX was initially optimized by implementing
a codon usage bias specific for the human liver cell as compared to naturally occurring nucleotide
sequence coding for the corresponding non-codon optimized sequence for a human.

The adaptiveness of a nucleotide sequence encoding fVIII to the codon usage of human liver cells
may be expressed as liver codon adaptation index (LCAI). A codon adaptation index is defined as a
measurement of the relative adaptiveness of the codon usage of a gene towards the codon usage of genes
highly expressed in the human liver. The relative adaptiveness of each codon is the ratio of the usage of
each codon, to that of the most abundant codon for the same amino acid. The CAl is defined as the
geometric mean of these relative adaptiveness values. Non-synonymous codons and termination codons
(dependent on genetic code) are excluded. CAI values range from O to 1, with higher values indicating a
higher proportion of the most abundant codons. Using the sequences of 43 highly expressed genes in the
human liver, a custom codon-usage bias table specific for the human liver was constructed (see FIG. 2A)
that differs substantially from the most prevalent codons used in total human coding sequences (FIG. 2B).
Optimized coding sequence of the ET3 and HSQ variants of fVIII was developed with the most
statistically prevalent codons identified by the liver-usage bias analysis.

ET3 is a B domain deleted (BDD) fVIII hybrid that contains human and porcine domains, i.e.,
sequence (Al and A3 porcine, see Figure 1A and 1B) with a linker in the deleted B domain. ET3 utilizes
a 24 amino acid porcine sequence-derived OL linker sequence, i.e., porcine-derived sequence
SFAQNSRPPSASAPKPPVLRRHQR (SEQ ID NO: 23). The ET3 amino acid sequence is SEQ ID NO:
123:

MOLELSTCVFLCLLPLGEFSAIRRYYLGAVELSWDYROSELLRELHVDTREPATAPGALPLGPSVLYKKTVEVEFTDQL
FSVARPRPPWMGLLGPTIQAEVYDTVVVTLKNMASHPVSLHAVGVSEFWKSSEGAEYEDHTSQREKEDDKVLPGKSQTY
VWOVLKENGPTASDPPCLTYSYLSHVDLVKDLNSGLIGALLVCREGSLTRERTONLHEFVLLEFAVEDEGKSWHSARND
SWIRAMDPAPARAQPAMHTVNGCYVNRSLPGLIGCHKKSVYWHVIGMGTSPEVHSIFLEGHTFLVRHHRQASLEISPLT
FLTAQTFLMDLGQFLLFCHISSHHHGGMEAHVRVESCAEEPQLRRKADEEEDYDDNLYDSDMDVVRLDGDDVSPEIQIL
RSVAKKHPKTWVHY IAAEEEDWDYAPLVLAPDDRSYKSQYLNNGPORIGRKYKKVREMAYTDETFKTREAIQHESGIL
GPLLYGEVGDTLLIIFKNQASRPYNIYPHGITDVRPLYSRRLPKGVKHLKDEFPILPGEIFKYKWIVIVEDGPTKSDPR
CLTRYYSSEFVNMERDLASGLIGPLLICYKESVDORGNQIMSDKRNVILESVEDENRSWYLTENIQRFLPNPAGVQLED
PEFQASNIMHSINGYVEDSLOQLSVCLHEVAYWYILSIGAQTDFLSVEESGYTFKHKMVYEDTLTLFPFSGETVEMSME
NPGLWILGCHNSDERNRGMTALLKVSSCDKNTGDYYEDSYEDISAYLLSKNNAIEPRSFAQNSRPPSASAPKPPVLRR
HORDISLPTFQPEEDKMDYDDIFSTETKGEDFDIYGEDENQDPRSFOQKRTRHYF IAAVEQLWDYGMSESPRALRNRAQ
NGEVPREFKKVVFREFADGSEFTOQPSYRGELNKHLGLLGPYIRAEVEDNIMVTIEFKNQASRPYSEFYSSLISYPDDQEQGAE
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PRHNEFVOPNETRTYFWKVOHHMAPTEDEFDCKAWAYEF SDVDLEKDVHSGLIGPLLICRANTLNAAHGROQVIVQEFALFE
FTIFDETKSWYFTENVERNCRAPCHLOMEDPTLKENYRFHAINGYVMDTLPGLVMAQNQRIRWYLLSMGSNENIHSIH
FSGHVEFSVRKKEEYKMAVYNLYPGVEETVEMLPSKVGIWRIECLIGEHLOQAGMSTTFLVYSKKCQTPLGMASGHIRDE
QITASGOYGOWAPKLARLHYSGSINAWSTKEPE SWIKVDLLAPMIIHGIKTQGARQKESSLYISQF IIMYSLDGKKWQ
TYRGNSTGTLMVEEFGNVDSSGCIKHNIFNPPITARYIRLHPTHYSIRSTLRMELMGCDLNSCSMPLGMESKAISDAQIT
ASSYFTNMEFATWSPSKARLHLOGRSNAWRPQVNNPKEWLQVDEQKTMKVTGVTITOQGVKSLLTSMYVKEFLISSSQDGH
OWTLEFFONGKVKVEQGNQDSEFTPVVNSLDPPLLTRYLRIHPQSWVHQIALRMEVLGCEAQDLY

HSQ is a human fVIII variant wherein the BDD human fVIII protein is substituted with a 14
amino acid human-derived SQ linker SFSQNPPVLKRHQR (SEQ ID NO: 22). The HSQ amino acid
sequence is SEQ ID NO: 3:

MOIELSTCEFFLCLLRECEFSATRRYYLGAVELSWDYMOSDLGELPVDARFPPRVPKSEFPENTSVVYKKTLEVEFTVHLE
NIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASHPVSLHAVGVSYWKASEGAEYDDOTSQREKEDDKVEPGGSHTYV
WOVLKENGPMASDPLCLTYSYLSHVDLVKDLNSGLIGALLVCREGSLAKEKTQTLHKE ILLFAVEFDEGKSWHSETKNS
LMODRDAASARAWPKMHTVNGYVNRSLPGLIGCHRKSVYWHVIGMGTTPEVHSIFLEGHTFLVRNHRQASLEISPITE
LTAQTLLMDLGQFLLECHISSHOHDGMEAYVKVDSCPEEPQLRMKNNEEAEDYDDDLTDSEMDVVREDDDNSPSEIQL
RSVAKKHPKTWVHY IAAEEEDWDYAPLVLAPDDRSYKSQYLNNGPORIGRKYKKVREMAYTDETFKTREAIQHESGIL
GPLLYGEVGDTLLIIFKNQASRPYNIYPHGITDVRPLYSRRLPKGVKHLKDEFPILPGEIFKYKWIVIVEDGPTKSDPR
CLTRYYSSEFVNMERDLASGLIGPLLICYKESVDORGNQIMSDKRNVILESVEDENRSWYLTENIQRFLPNPAGVQLED
PEFQASNIMHSINGYVEDSLOQLSVCLHEVAYWYILSIGAQTDFLSVEESGYTFKHKMVYEDTLTLFPFSGETVEMSME
NPGLWILGCHNSDERNRGMTALLKVSSCDKNTGDYYEDSYEDISAYLLSKNNAIEPRSEFSONPPVLKRHOQREITRTTL
QSDQEEIDYDDTISVEMKKEDEFDIYDEDENQSPRSEFQKKTRHYF IAAVERLWDYGMSSSPHVLRNRAQSGSVPQEFKKYV
VEQEFTDGSEFTOPLYRGELNEHLGLLGPYIRAEVEDNIMVIFRNQASRPYSEYSSLISYEEDQRQGAEPRKNEVKPNE
TKTYEWKVQHHMAPTKDEFDCKAWAYEFSDVDLEKDVHSGLIGPLLVCHTNTLNPAHGROVIVQEFALFFTIFDETKSW
YEFTENMERNCRAPCNIQMEDPTEKENYREFHAINGY IMDTLPGLVMAQDQRIRWYLLSMGSNENIHSIHESGHVETVRK
KEEYKMALYNLYPGVFETVEMLPSKAGIWRVECLIGEHLHAGMSTLFLVYSNKCQTPLGMASGHIRDEFQITASGQOYGQ
WAPKLARLHYSGSINAWSTKEPF SWIKVDLLAPMITHGIKTQGARQKEFSSLYISQF IIMYSLDGKKWOQTYRGNSTGTL
MVEEFGNVDSSGIKHNIFNPPITARYIRLHPTHYSIRSTLRMELMGCDLNSCSMPLGMESKAISDAQITASSYETNMEA
TWSPSKARLHLOGRSNAWRPOQVNNPKEWLQVDEQKTMKVIGVITQGCGVKSLLTSMYVKEFLISSSODGHOWTLEEQNGK
VKVEFQGNQDSFTPVVNSLDPPLLTRYLRIHPQSWVHQIALRMEVLGCEAQDLY

Both HSQ and ET3 contain the RHQR (SEQ ID NO: 24) recognition sequence for PACE/furin
processing sequence for the B-domain.

The liver codon optimized ET3 sequence is (SEQ ID NO: 12)
ATGCAGCTGGAACTGTICTACCIGIGIGTITTICTIGIGICTIGCTGCCTCTGGGGTTTTCTGCTATCCGCCGCTACTATCTG
GGAGCCGTIGGAGCTIGICCTGGGACTACAGGCAGAGCGAGCTGCTGAGAGAACTGCACGTGGATACCAGATTCCCAGCT
ACCGCTCCAGGAGCTCTGCCTCTGGGCCCATCCGTGCTGTACAAGAAAACCGTCTTCGTGGAGTTTACCGACCAGCTG
TTCAGCGTIGGCCAGGCCAAGACCACCTTIGGCATGGGACTGCTGGGACCAACCATCCAGGCTGAGGTGTACGATACCGTG
GICGTGACCCTGAAAAACATGGCCTCCCATCCCGTCGAGCCTGCACGCTGTICGGGGTGTICCTTICTGGAAGTCCAGCGAG
GGAGCCGAGTACGAAGACCATACCTCCCAGCGCGAGAAAGAAGACGATAAGGTGCTGCCTGGCAAAAGCCAGACCTAT
GICIGGCAGGTGCTGAAGGAGAACGGACCAACCGCTAGCGACCCACCATGCCTGACCTACTCTTATCTGTCCCACGTC
GATCTGGTGAAGGACCTGAATTICCGGACTGATCGGAGCTCTGCTGGTGTGTAGAGAGGGAAGCCTGACCAGAGAAAGA
ACCCAGAACCTGCATGAGTICGTCCIGCTGTICGCCGIGTITIGACGAAGGGAAGAGCTGGCACTCTGCCCGCAATGAC
TCCTGGACCAGAGCTATGGATCCAGCTCCTGCTAGAGCTCAGCCTGCTATGCACACCGTCAACGGCTACGTGAATCGG
TCTCTGCCAGGACTGATCGGCTGCCATAAGAAAAGCGTCTATTGGCACGTGATCGCGAATGGGCACCAGCCCCGAGGTG
CATTCTATCTTCCTGGAAGGCCACACCTTTCTGGTCAGGCACCATAGACAGGCCTCTCTGGAGATCTCCCCTICTGACC
TTCCTGACCGCTCAGACCTTITCTGATGGACCTGGGGCAGTTCCTGCTGTTTTGCCATATCTCTTCCCACCATCACGGA
GGAATGGAGGCTICACGTCAGGGTGGAATCCTGTGCTGAGGAACCACAGCTGAGAAGAAAGGCTCGATGAGGAAGAGGAC
TACGACGATAACCTIGTATGACAGCGATATGGACGTCGTGCGCCTGCGACGGCGACGATGTCAGCCCTTTCATCCAGATC
CGGICIGIGGCCAAGAAACATCCAAAGACCTGGGTCCACTACATCGCCGCTCGAAGAGGAAGATTGGGACTATGCCCCC
CIGGTGCIGGCTICCTGACGATAGATCCTACAAAAGCCAGTATCTGAACAATGGGCCCCAGCGCATCGGACGGAAGTAC
AAGAAAGTGAGGTTCATGGCCTATACCGACGAGACCTTTAAGACCAGAGAGGCTATCCAGCACGAATCCGGGATCCTG
GGACCTCTGCTGTACGGCGAAGTGGGGGATACCCTGCTGATCATCTTCAAGAACCAGGCCTCCAGGCCATACAATATC
TATCCCCATGGCATCACCGACGTGAGACCACTGTACAGCAGCGAGACTGCCCAAGGGGGTCAAACACCTGAAGGATTTIC
CCCATCCTGCCTGGAGAGATCTTTAAGTATAAATGGACCGTCACCGTGGAAGACGGGCCTACCAAGTCCGATCCACGC
TGCCTGACCCGGTACTATAGCTICITICGTGAACATGGAGAGAGACCTGGCTAGCGCGACTGATCGGACCCCTGCTGATC
TGTTACAAAGAGAGCGTGGACCAGAGGGGCAACCAGATCATGTCTGATAAGAGAAATGTCATCCIGTTICTCCGTGTTT
GACGAGAACCGCAGCTIGGTACCTGACCGCGAGAACATCCAGCGGTICCTGCCAAATCCAGCTGCGAGTGCAGCTGGAGGAC
CCAGAATTTCAGGCTTCCAACATCATGCATAGCATCAATGGCTACGTGTTCGATAGCCTGCAGCTGTICTGTCTGCCTG
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CACGAGGTGGCCTACTGGTATATCCTGTICCATCGGCGCTCAGACCGACTTICCTIGTCCGTIGTTCTTTAGCGGGTACACC
TTTAAGCATAAAATGGTGTATGAGGATACCCTGACCCTGTTCCCCTITTCTGGCGAGACCGTGTTCATGTCCATGGAA
AACCCTGGCCTGCTGCATCCTGGGGTGCCACAACAGCCACTTICAGGAATAGAGGAATCGACCGCCCTGCTGAAAGTGTCC
AGCTGTGATAAGCGAATACCGGCGATTACTATGAGGACTCTTACGAAGATATCTCCGCTTATCTGCTGAGCAAGAACAAT
GCCATCGAGCCCAGGTCTTTCGCTCAGAACTCCAGACCTCCAAGCGCTTCTGCTCCTAAGCCACCTGTGCTGAGAAGA
CATCAGAGGGACATCTCCCTGCCTACCTTCCAGCCAGAGGCGAAGATAAAATGGACTACGACGATATCTTCAGCACCGAG
ACCAAGGGGGAAGATTITTGACATCTATGGAGAGGCGACCAAAACCAGGATCCAAGATCCTTCCAGAAGAGAACCAGACAC
TACTTTATCGCCGCTGTGGAGCAGCTGTIGGGACTATGGCATGTCCGAAAGCCCACGGGCCCTCGAGGAACAGAGCTCAG
AATGGAGAGGTGCCCCGCTTCAAGAAAGCTCGIGTTICCGGGAGTTTGCCCACGGCAGCTTTACCCAGCCATCTTACAGS
GGGGAGCTGAACAAGCATCTIGGGGCTGCTGGGACCCTATATCAGAGCCGAGGTCGAAGATAACATCATGGTGACCTTIC
AAGAATCAGGCTICTCGCCCCTACTCCTTITTATTCTTCCCTGATCTCCTACCCTGACGATCAGGAGCAGGGCGCCGAA
CCTAGGCACAACTTCGTGCAGCCAAATGAGACCAGAACCTACTITTGGAAGGTGCAGCATCACATGGCTCCCACCGAG
CGATGAATTCGACTGCAAAGCTIGGGCCTATTITTTCCGATCTCCACCTGGAGAAGGACGTGCATAGCGGCCTGATCGGEG
CCICTGCTGATCTGTICGCGCCAACACCCTGAATGCTGCTCACGGAAGACAGGTCACCGTGCAGGAGTTCGCICTGTTIC
TTTACCATCTTTGACGAAACCAAGAGCTGGTACTTCACCCAGAACGTGGAAAGGAATTGCAGAGCCCCCTGICATCTG
CAGATGGAGGACCCTACCCTGAAGGAAAACTACAGGTTCCACGCCATCAATGGATATGTCATGGATACCCTGCCCGGC
CTGGTCATGGCTCAGAACCAGCGCATCCGGTGGTACCTGCTIGTCTATGGGATCCAACCGAGAATATCCATAGCATCCAC
TTCTCIGGCCATGTCTTTTCCGTGAGGAAGAAAGAGGAATACAAAATGGCCGTGTACAATCTGTATCCTIGGGGTCTTIC
CAGACCGTGGAAATGCTGCCAAGCAAAGTGGGAATCTGCAGAATCGAGTGCCTGATCGGCGAACACCTGCAGGCCGGE
ATGAGCACCACCTTCCTIGGTGTACTCTAAGAAATGTCAGACCCCACTGGGGATGGCCTCCGGACATATCCGCGACTTIC
CAGATCACCGCTAGCGGACAGTACGGACAGTGGGCTCCAAAGCTGGCTAGACTGCACTATTCTIGGCTCCATCAACGCC
TGGTCTACCAAAGAGCCATTCICCIGGATCAAGGTGGACCTGCTIGGCCCCCATGATCATCCACGCGAATCAAAACCCAG
GGCGCTAGGCAGAAGTTCAGCICTCTGTACATCTCCCAGTTTATCATCATGTATAGCCTGGACGGCGAAGAAATGGCAG
ACCTACAGAGGCAATTCCACCGGGACCCTGATGGTCTICTTITGGAAACGTGGATTCCAGCGGCATCAAGCACAACATC
TTCAATCCACCCATCATCGCCCGCTACATCCGGCTGCATCCTACCCACTATAGCATCAGGTCTACCCTGAGAATGGAG
CTGATGGGATGCGACCTGAACAGCTIGTICTATGCCACTGCGCATGGAGTCCAAGGCTATCAGCGATGCCCAGATCACC
GCTITCITCCTACTTCACCAATATGTITTGCTACCTGGTCCCCAAGCAAGGCTAGACTGCACCTGCAGGGAAGATCCAAC
GCTITGGAGACCCCAGGTGAACAATCCTAAGGAGTGGCTGCAGCTCGACTTICCAGAAAACCATCGAAGGTCACCGGGGTG
ACCACCCAGGGAGTGAAATCTCTGCTGACCTCCATGTACGTICAAGGAGTTCCTIGATCAGCTCTITCCCAGGACGGCCAC
CAGTGGACCCTGTTCTTTCAGAACGGCAAGGTCAAAGTGCTTCCAGGGGAATCAGGACTCTTTTACCCCCGTCGTGAAC
TCCCTGGATCCTCCACTGCTCGACCAGGTACCTGAGAATCCATCCTCAGAGCTGGGTGCACCAGATCGCTICTGAGAATG
CAGGTCCTGGGATGCGAAGCTCAGGACCTGTATTIGA

In addition, CpG DNA motifs in the liver-codon optimized coding sequence for ET3 and HSQ
were removed because they may lead to gene methylation and silencing. See Bird, DNA methylation and
the frequency of CpG in animal DNA, 1980, Nucleic Acids Res, 8: 1499-1504. Codons were substituted
with the most highly used human/ liver alternative (based on the liver-usage bias analysis discussed
above) that did not result in the formation of a 5’-CG-3’ dinucleotide in the sequence. These
modifications removed 174 and 175 CpGs from the liver-codon optimized ET3 and HSQ sequences,
respectively. CpG removal also helps the vector evade immune detection, enhancing the safety and
efficacy of the vector. See J Clin Invest. 2013, 123(7):2994-3001, entitled “CpG-depleted adeno-
associated virus vectors evade immune detection.”

The CpG deleted, liver codon optimized ET3 sequence is SEQ ID NO: 11:

ATGCAGCTGGAACTGICTACCIGTIGTIGTTITCIGTGTICTIGCTGCCTCTGGGGTTTITCTGCTATCAGCAGATACTATCTG
GGAGCTIGTGGAGCTGTCCTGGCGACTACAGGCAGTCTGAGCTGCTGAGAGAACTGCATGTGCATACCAGATTCCCAGCT
ACAGCTCCAGGAGCTCTGCCTCTGGGCCCATCTGTGCTGTACAAGAAAACAGTCTTTIGTGGAGTTTACAGACCAGCTG
TTCTCIGTGGCCAGGCCAAGACCACCTIGGATGGGACTGCTGCGACCAACCATCCAGGCTCGAGCGTGTATGATACAGTG
GCTGGTGACCCTGAAAAACATGCGCCTICCCATCCTGTGAGCCTGCATGCTGTIGGGGGTIGTCCTTCTGCGAAGTCCTCTGAG
GGAGCTGAGTATGAAGACCATACCTICCCAGAGGGAGAAAGCGAAGATGATAAGGTGCTGCCTGCCAAAAGCCAGACCTAT
GTCTGGCAGGTGCTGAAGGAGCGAATGGACCAACTGCTTCTGACCCACCATGCCTGACCTACTCTITATCTGTCCCATGTG
CATCTGGTGAAGGACCTGAATTCTGGACTGATTGGAGCTCTGCTGCTIGTGTAGAGAGGGAAGCCTGACCAGAGAAAGA
ACCCAGAACCTGCATGAGTITTGTICCTGCTGTITTGCTCTIGTTITGATGAAGGGAAGAGCTCGCACTCTGCCAGGAATGAC
TCCTGGACCAGAGCTATGGATCCAGCTCCTGCTAGAGCTCAGCCTGCTATGCACACAGTCAATGGCCTATGTGAATAGG
TCICTGCCAGGACTGATTGGCTIGCCATAAGAAATCTGTCTATTGGCATGTGATTGGCGAATGGGCCACCAGCCCTGAGGTG
CATTCTATCTTCCTGGAAGGCCACACCTTTCTGGTCAGGCACCATAGACAGGCCTCTCTGCGAGATCTCCCCTICTGACC
TTCCTGACAGCTCAGACCTTTCTGATGGACCTGGGGCAGTTCCTIGCIGTITTGCCATATCTCTTCCCACCATCATGGA
GGAATGGAGGCTCATGTCAGGGTGGAATCCTGTGCTGAGCAACCACAGCTGAGAAGAAAGGCTGATGAGGAAGAGGAC
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TATGATGATAACCTGTATGACTICTGATATGGATGTGCTCAGGCTGGATGGGGATGATGTCAGCCCTITTCATCCAGATC
AGGTCTGTGGCCAAGAAACATCCAAAGACCTGGGTCCACTACATTGCTGCTGAAGAGGAAGATTGGGACTATGCCCCC
CTGGTGCTGGCTCCTGATGATAGATCCTACAAAAGCCAGTATCTGAACAATGGGCCCCAGAGGATTIGGAAGGAAGTAC
AAGAAAGTGAGGTTCATGGCCTATACAGCGATGAGACCTTITAAGACCAGCGAGAGGCTATCCAGCATGAATCTGGGATCCTG
GGACCICTGCTGTATGGAGAAGTGGGGGATACCCTGCTCGATCATCTTICAAGAACCAGGCCTCCAGGCCATACAATATC
TATCCCCATGGCATCACAGATGTGAGACCACTGTACAGCAGCGAGACTGCCCAAGGGGGTCAAACACCTGAAGGATTTIC
CCCATCCTGCCTGGAGAGATCTITTAAGTATAAATGGACAGCTCACAGTGGAAGATGGGCCTACCAAGTCTGATCCAAGG
TGCCTGACCAGATACTATAGCICTITTGTGAACATGCGAGAGAGACCTGGCTTCTGGACTGATTIGGACCCCTGCTGATC
TGTITACAAAGAGTCTGTGGACCAGAGGGGCAACCAGATCATGTCTGATAAGAGAAATGTCATCCTGTTCTICIGTIGTTT
CATGAGAACAGGAGCTGGCTACCTGACAGAGAACATCCAGAGGTICCTIGCCAAATCCAGCTGCAGTGCAGCTGGAGGAC
CCAGAATTTCAGGCTTCCAACATCATGCATAGCATCAATGGCTATGIGTTITGATAGCCTGCAGCTGTICIGTCTGCCTG
CATGAGGTGGCCTACTGGTATATCCTGTICCATTGGAGCTCAGACAGACTTICCTIGTICTGTIGTTCTTTAGTIGGGTACACC
TTTAAGCATAAAATGGTGTATGAGGATACCCTGACCCTGTTCCCCTITTCTGGGGAGACAGTGTTCATGTCCATGGAA
AACCCTGGCCTGCTGCATCCTGGGGTGCCACAACTCTCGACTICAGGAATAGAGGAATCGACAGCCCTGCTGAAAGTGTCC
AGCTGTGATAAGAATACAGGGGATTACTATGAGGACTCTITATGAAGATATCTCTGCTTATCTGCTGAGCAAGAACAAT
GCCATTIGAGCCCAGGTCTTTTGCTCAGAACTCCAGACCTCCATCTGCTTCTGCTCCTAAGCCACCTGTGCTGAGAAGA
CATCAGAGGGACATCTCCCTGCCTACCTTCCAGCCAGAGGCGAAGATAAAATGGACTATGATCGATATCTTCAGCACAGAG
ACCAAGGGGGAAGATTITTGACATCTATGGAGAGGCGATCAAAACCAGGATCCAAGATCCTTCCAGAAGAGAACCAGACAC
TACTTTATTGCTGCTIGTGGAGCCAGCTGTIGGGACTATGGCATGTCTGAAAGCCCAAGGGCCCTGAGGAACAGAGCTCAG
AATGGAGAGGTGCCCAGATTCAAGAAAGCTGGCIGTTICAGAGAGTTTGCTCGATGGCAGCTTTACCCAGCCATCTTACAGS
GGGGAGCTGAACAAGCATCTIGCGGGCTGCTGGGACCCTATATCAGAGCTGAGGTGGAAGATAACATCATGGTGACCTTIC
AAGAATCAGGCTICTAGGCCCTACTCCTTITTATTCTTCCCTGATCTCCTACCCTGATGATCAGGAGCAGGGAGCTGAA
CCTAGGCACAACTTTGTGCAGCCAAATGAGACCAGAACCTACTITTGGAAGGTGCAGCATCACATGGCTCCCACAGAG
CGATGAATTTGACTGCAAAGCTIGGGCCTATTITTTICTGATCTGCACCTGGAGAAGGATGTGCATTCTIGGCCTGATTIGGG
CCICTGCTGATCTGTAGGGCCAACACCCTGAATGCTGCTCATGGAAGACAGGTCACAGTGCAGGAGTTIGCICTGTTIC
TTTACCATCTTTGATGAAACCAAGAGCTGGTACTTCACAGCGAGAATGTGGAAAGGAATTGCAGAGCCCCCTGICATCTIG
CAGATGGAGGACCCTACCCTGAAGGAAAACTACAGGTTCCATGCCATCAATGGATATGTCATGGATACCCTGCCTIGGC
CTGGTCATGGCTCAGAACCAGAGGATCAGATGGTACCTGCTIGTCTATGGGATCCAATCGAGAATATCCATAGCATCCAC
TTCTCIGGCCATGTICTTTTCTGTGAGGAAGAAAGAGGAATACAAAATGGCTGTGTACAATCTGTATCCTIGGGGTCTTT
CGAGACAGTGGAAATGCTGCCAAGCAAAGTGGGAATCTGCAGAATTGAGTGCCTGATTGGGGAACACCTGCAGGCTGGG
ATGAGCACCACCTTCCTIGGTGTACTCTAAGAAATGTCAGACCCCACTGGGGATGGCCTCTGCGACATATCAGGGACTTIC
CAGATCACAGCTTCTGGACAGTATGGACAGTGGGCTCCAAAGCTGGCTAGACTGCACTATTCTIGGCTCCATCAATGCC
TGGTCTACCAAAGAGCCATTCICCIGGATCAAGGTGGACCTGCTIGGCCCCCATGATCATCCATGCAATCAAAACCCAG
GGAGCTAGGCAGAAGTTCAGCICTCTGTACATCTCCCAGTTTATCATCATGTATAGCCTGCGATGCGAAGAAATGGCAG
ACCTACAGAGGCAATTCCACTGGGACCCTGATGGTCTICTITGGAAATGTGGATTCCTCTGGCATCAAGCACAACATC
TTCAATCCACCCATCATTGCCAGGTACATCAGGCTGCATCCTACCCACTATAGCATCAGGTCTACCCTGAGAATGGAG
CTGATGGGATGTGACCTGAACAGCTIGTICTATGCCACTGGGCATGCGAGTCCAAGGCTATCTCTCGATGCCCAGATCACA
GCTITCITCCTACTTCACCAATATGTITTGCTACCTGGTCCCCAAGCAAGGCTAGACTGCACCTGCAGGGAAGATCCAAT
GCTITGGAGACCCCAGGTGAACAATCCTAAGGAGTGGCTGCAGCTGGACTTICCAGAAAACCATGCGAAGGTCACAGGGGTG
ACCACCCAGGGAGTGAAATCTCTGCTGACCTCCATGTATGTCAAGGAGTTCCTIGATCAGCTCTITCCCAGGATGGCCAC
CAGTGGACCCTGTTCTTTCAGAATGGCAAGGTCAAAGTGCTTCCAGGGGAATCAGGACTCTTTTACCCCAGTGGTGAAC
TCCCTGGATCCTCCACTGCTCGACCAGGTACCTGAGAATCCATCCTCAGAGCTGGGTGCACCAGATIGCTICTGAGAATG

CAGGTCCTGGGATGTGAAGCTCAGGACCTGTATTGA.

The CpG deleted, liver codon optimized HSQ sequence is SEQ ID NO: 2:

ATGCAGATTGAACTGICTACCIGTTTICTTITCIGTGCCTIGCTGAGGTTTITGTITTTITCTGCTACCAGAAGATACTACCTG
GGAGCTIGTGGAACTGAGCTGGCGATTACATGCAGTCTGACCTGCGAGAGCTGCCTGTGGATGCTAGCGATTCCCACCTAGA
GTCCCTAAGTCCTTCCCCTITCAACACCICTGTGGTCTACAAGAAAACCCTGTTTGTGCGAGTTTACAGACCACCTGTTIC
AACATTGCTAAGCCTAGACCACCATGGATGGGACTGCTGGGACCAACCATCCAGGCAGAGGTGTATGACACAGTGGTC
ATCACCCTGAAAAACATGGCTICTCACCCTGIGTCCCTIGCATGCTCGTGGGAGTCTCCTACTGGAAGCGCCTICTGAAGGS
GCTIGAGTATGATGATCAGACCAGCCAGAGGGAAAAAGAGCATCGATAAGGTGTTICCCTGGAGGCGTCCCATACCTATGTG
TGGCAGGTCCTGAAGGAGAATGCGACCAATGGCTTICTGACCCTCIGTGCCTGACCTACTCTTATCTGTCCCATGTGGAC
CTGGTCAAGGATCTGAACTCTGGCCTGATTGGGGCTCTGCTGCTIGTGTAGGGAAGGGTCCCTGGCCAAGGAGAAAACC
CAGACCCTGCATAAGTTCATCCTIGCTIGITTGCTGTGTTTCATCGAAGGAAAAAGCTGGCACTCTGAGACCAAGAACTCT
CTGATGCAGGACAGGGATGCTGCTICTGCCAGAGCTTIGGCCCAAGATGCACACAGTGAATGCCTATGTCAATAGGAGC
CTGCCIGGACTGATTGGCTGCCACAGAAAGTCTGTGTATTGGCATGTCATTGGAATGGGCACCACCCCTGAAGTGCAC
AGCATCTTCCTGGAGGGGCATACCTTTCTGGTCAGCGAACCACAGGCAGGCTAGCCTGGAGATCTCTCCAATCACCTTIC
CTGACAGCCCAGACCCTGCTGATGGACCTGGGACAGTTCCIGCIGTTITTGCCACATCTCCAGCCACCAGCATGATGGC
ATGGAGGCTTATGTGCAAAGTGGACTCCTGTCCTGCGAGCAACCTCAGCTGAGGATGAAGAACAATGAGGAAGCTGAAGAC
TATGATGATGACCTGACAGACTCTGAGATGGATGTGGCTCAGGTTITGATGATGATAACTCTCCCTCCTTTATCCAGATC
AGGTCTGTGGCCAAGAAACACCCTAAGACCTGGGTICCATTACATTGCTGCTGAGGAAGAGGACTGGCGATTATGCTCCA
CTGGTGCTGGCCCCTGATGATAGATCCTACAAAAGCCAGTATCTGAACAATGGACCCCAGAGGATTIGGCAGAAAGTAC
AAGAAAGTGAGGTTCATGGCTTATACAGCGATGAGACCTTITAAGACCAGCGAGAAGCCATCCAGCATGAGCTCTGGGATCCTG
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GGACCICTGCTGTATGGGCGAAGTGGGGGACACCCTGCTCGATCATCTTICAAGAACCAGGCCAGCAGGCCTTACAATATC
TATCCACATGGCATCACAGATGTGAGACCTCTGTACTCCAGGAGGCTGCCAAAGGGGGTGAAACACCTGAAGGACTTC
CCAATCCTGCCTGGGGAAATCTTTAAGTATAAATGGACAGCTCACAGTGGAGGATGGGCCCACCAAGTCTGACCCTAGG
TGCCTGACCAGATACTATTICTICCITTGTGAATATGCGAGAGAGACCTGGCTTCTGGACTGATTIGGACCCCTGCTGATC
TGTITACAAAGAGTCTGTGGATCAGAGGGGCAACCAGATCATGTCTGACAAGAGGAATGTGATCCTGTTCTICIGTICTTT
CGATGAAAACAGGTCTTGGCTACCTGACAGAGAACATCCAGAGGTICCTIGCCTAATCCAGCTGCAGTGCAGCTGGAAGAT
CCIGAGTTCCAGGCCTCTAACATCATGCATTCCATCAATGGCTATGIGTTITGACTCCCTGCAGCTGTICIGTGTGCCTG
CATGAGGTGGCTTACTGGTATATCCTGAGCATTGGAGCCCAGACAGATTTICCTIGTICTGTIGTTCTTITCTIGGCTACACC
TTTAAGCATAAAATGGTGTATGAGGACACCCTGACCCTGTTCCCATTITTCTGGAGAAACTGTGTTCATGAGCATGGAG
AATCCTGGGCTGCTGCATCCTGGGATGCCACAACTCTCGATTTICAGGAATAGAGGGATCGACAGCCCTGCTGAAAGTGAGC
TCTTGTIGACAAGAACACAGCGAGACTACTATGAAGATAGCTATGAGGACATCTCTGCTTATCTGCTGTCCAAAAACAAT
GCCATTGAGCCCAGGAGCTTCICTCAGAACCCTCCAGTGCTCGAAGAGGCACCAGAGGGAGATCACCAGAACCACCCTG
CAGTCIGATCAGGAAGAGATTGACTATGATGATACCATCTCTGCTIGGAAATGAAGAAAGAGCACTTTIGATATCTATGAT
GAAGATGAGAACCAGTCTCCCAGGICCTITCCAGAAGAAAACCAGACATTACTTITATTGCTGCTCTGGAGAGGCTGTGG
CGACTATGGCATGTCCAGCTCTCCTCATGTGCTGAGAAATAGAGCTCAGTCTGGATCTGTCCCACAGTTCAAGAAAGTG
GTICTTCCAGGAGTTTACAGATGGAAGCTTTACCCAGCCACTGTACAGGGGAGAACTGAATGAGCACCTGGGGCTGCTG
GGACCCTATATCAGGGCTGAAGTGGAGGATAACATCATGCTCACCTTICAGGAATCAGGCCAGCAGACCCTACTCTITTT
TATTCCAGCCTGATCTCCTATGAAGAGGACCAGAGACAGGGAGCTGAACCAAGAAAAAACTTTGTGAAGCCTAATGAG
ACCAAAACCTACTTTTIGGAAGGTGCAGCACCATATGCCCCCTACCAAAGATGAGTTTGATTGCAAGGCCTGGGCTTAT
TTTTCIGATGTGGATCTGGAGCGAAGGATGTCCACTCTGGCCTCGATTGGGCCACTGCTGGTGTGCTCATACCAACACCCTG
AATCCAGCTCATGGAAGGCAGGTGACAGCTCCAGGAATTTGCCCIGTTCTTTACCATCTTTGATGAGCGACCAAGAGCTGG
TACTTCACAGAAAACATGGAGAGGAATTGCAGAGCCCCATGTAACATCCAGATGGAAGACCCCACCTTCAAGGAGAAC
TACAGATTTCATGCTATCAATGGGCTATATCATGGATACCCTGCCAGGACTGGTCATGGCTCAGCGACCAGAGGATCAGA
TGGTACCTGCTGAGCATGGGCTICTAATGAGAATATCCACTCCATCCATTICTCTGGACATGTGTTTACAGTAAGGAAG
AAAGAAGAGTACAAGATGGCCCTGTACAACCTGTATCCTGGGGIGTTTGAAACAGTGCGAGATGCTGCCTTCCAAGGCT
GGGATCTGGAGGGTGGAATGCCTGATTGGGGAGCACCTGCATGCTGGAATGTCTACCCTGTTCCTGGTGTACTCCAAT
AAGTGTCAGACCCCCCTGGGGATGGCTTCTGGACATATCAGGGACTTCCAGATCACAGCTTCTGCACAGTATGGACAG
TGGGCTICCTAAGCTGGCTAGACTGCACTATTCTGGCTCCATCAATGCTTGGTCTACCAAAGAGCCTTTCTCCTGGATC
AAGGTGGACCTGCTGGCTCCAATGATCATCCATGGCATCAAAACCCAGGGGGCCAGGCAGAAGTTCTCTTCCCTGTAC
ATCAGCCAGTTTATCATCATGTATTICTCTGCGATGGGAAGAAATGGCAGACCTACAGAGGCAATTCCACAGGGACCCTG
ATGGTGTTCTTTGGCAATGTGGACAGCTCTGGGATCAAGCACAACATCTTICAATCCCCCTATCATTIGCCAGGTACATC
AGACTGCACCCAACCCATTATTICCATCAGGAGCACCCTGAGAATGGAGCTGATGGGCGTCTCGATCTGAACAGCTGTTICT
ATGCCCCTGGGAATGGAGTICTAAGGCCATCTCTGATCGCTCAGATCACAGCCTCCAGCTACTTCACCAATATGTTTIGCT
ACCTGGTCCCCAAGCAAGGCTAGACTGCATCTGCAGGGAAGAAGCAATGCTTGGAGACCACAGGTCGAACAATCCCAAG
CAGTGGCTGCAGGTGGACTTCCAGAAAACCATGAAGGTCACAGGAGTCACCACCCAGGGAGTGAAAAGCCTGCTGACC
TCTATGTATGTCAAGGAGTTCCTGATCTICTTCCAGCCAGCGATCGGCACCAGTGGACCCTGTTCTTICAGAATGGAAAG
GTGAAAGTCTTCCAGGGCAATCAGGATTICCTTTACCCCTCTGGTICAACAGCCTGGACCCACCCCTGCTGACCAGGTAC
CTGAGAATCCACCCACAGTCCIGGGTGCATCAGATTGCTCTCGAGCGATGGAAGTCCTIGGGCTCTCAGGCCCAGGACCTG
TATTGA

This approach increased the LCAI from 0.62 to 0.86 for B domain deleted human fVIII (HSQ).

In vitro expression of the optimized fVIII sequences was assessed in HepG2 cells transiently transfected
with corresponding fVIII expression plasmids. The codon-optimization in the nucleic acid sequence
coding for HSQ increased expression of HSQ 7.4 fold, and expressed as efficiently as non-codon
optimized ET3 (FIG. 3A). The codon-optimization in the nucleic acid sequence coding for HSQ
increased expression of ET3 5.6 fold. When tested in vivo by hydrodynamic injection of plasmid carrying
the codon optimized fVIII variants into mice, HSQ activity rose to levels that could be detected by the
assay which were nearly equivalent to the fVIII levels seen in the non-codon optimized ET3 (FIG. 3B).
Further, a 17 fold increase in activity was observed for the codon optimized ET3 (FIG. 3B).

Translation efficacy can sometimes also be improved through optimization of GC content, nRNA
secondary structure, premature PolyA sites, RNA instability motif, stable free energy of mRNA, internal
chi sites, ribosomal binding sites, cryptic splicing sites, negative CpG islands, SD sequence, TATA boxes,
and cyptic terminal signals, etc. FIG. 4 illustrates changes that were made to an AAV cassette encoding

the ET3 codon-optimized CpG deleted sequence to increase its production. Several cis-acting elements

56



10

15

20

25

30

35

40

45

WO 2016/168728 PCT/US2016/027931
within the HSQ sequence were additional modified to increase fVIII expression, as summarized in the

following table.

CiS-Acting Elemenis Coptimired Criginat
SpiceiisGTASG) £ 5
WG TEAT) 0

1

a

a

1

a

e

In addition to the liver-optimized codon sequences provided above, the encoding sequence for the
ET3 and HSQ fVIII proteins were codon-optimized for expression in myeloid cells. Using the sequences
of highly expressed genes in the human myeloid cells, a custom codon-usage bias table specific for the
human liver was constructed (see FIG. 2C) that differs substantially from the most prevalent codons used
in total human coding sequences (FIG. 2B). Optimized coding sequence of the ET3 and HSQ variants of
fVIII was developed with the most statistically prevalent codons identified by the liver-usage bias
analysis. In addition, CpG DNA motifs in the myeloid-codon optimized coding sequence for ET3 and

HSQ were removed because they may lead to gene methylation and silencing.

The CpG deleted, myeloid codon optimized ET3 sequence is SEQ ID NO: 125:

ATGCAGCTGGAGCTCICAACCTIGTGTGTITCCTICTGCCIGCTCCCCCTGGGATTTTCAGCTATCAGGAGATAC
TATCTGGGAGCAGTGGAACTGCTICCIGGGACTACAGGCAGTCAGAGCTGCTCAGAGAACTGCATGTGGATACTAGGTTIC
CCTIGCAACAGCTCCTGGAGCACTGCCACTGGGACCTTICAGCTGCTIGTACAAGAAAACTGTCTTIGTGGAGTTTACAGAC
CAGCTGTTCAGTGTGGCCAGGCCCAGGCCCCCCTGGATGCGGCTGCTGGGACCCACCATCCAGGCTGAAGTGTATGAT
ACTGTGGTGGTGACCCTGAAAAACATGGCCTCTCATCCAGTICAGCCTGCATGCTGTGGCAGTGAGCTTCTGGAAGAGC
AGTGAGGGAGCTGAGTATGAAGACCATACCTCACAGAGGGAGAAAGAAGATGATAAGGTGCTGCCAGGAAAAAGCCAG
ACCTATGTGTGGCCAGGTGCTGAAGGAGAATGGCCCTACAGCTTCAGATCCTCCCTGCCTCACATACTCTTATCTGAGC
CATGTGGATCTGGTGAAGGACCTCAATAGTGGCCTGATTGGGGCACTGCTGGTGTGCAGAGAGGGGTCCCTCACAAGG
GAAAGAACTCAGAACCTGCATGAGTITTGTICCTGCTCTTTGCTCIGTTITGATGAGGGAAAGTCCTGCGGCACTCAGCAAGG
AATGACAGCTGGCACCAGGGCTATGGACCCAGCACCAGCCAGAGCTCAGCCAGCTATGCACACTGTCAATGGCTATGCTG
AATAGGTCCCTGCCTGGACTCATTGGCTGCCATAAGAAATCAGTCTATTGCGCATGTGATTGGAATGCGGCACCAGCCCA
CAGGTGCATTCCATCTTCCTGCGAAGGCCACACATTTCTGGCTCAGGCACCATAGACAGGCCAGCCTGGAGATCAGCCCA
CTGACTTTCCTCACAGCACAGACATTTCTGATGGACCTGCGGCAGTTICCTIGCTICTTITTGCCATATCTCAAGTCACCAT
CATGGAGGGATGGAGGCTCATGCTCAGGGTGGAAAGCTGTGCAGCAGGCGAACCTCAGCTGAGGAGGAAGGCAGATGAGGAA
CAGGACTATGATGATAACCTGCTATGACTCAGATATGCGATCTGCTGAGGCTGGATGGAGATCGATGTCAGCCCATTCATC
CAGATCAGGTCAGTGGCTAAGAAACACCCTAAGACCTGGGCTCCACTACATTGCAGCTCGAAGAGGAAGATTGGGACTAT
GCACCCCTGGTGCTGGCCCCAGATGATAGAAGTTACAAATCTCAGTATCTGAACAATGGGCCCCAGAGGATTGGAAGG
AAGTACAAGAAAGTGCAGGTITCATGGCTTATACTGATCAGACCTTITAAGACAAGAGAGGCAATCCAGCATGAAAGTGGC
ATCCTGGGACCACTGCTCTATGGAGAAGTGGGGCATACCCTIGCTICATCATCTTICAAGAACCAGGCCTCAAGGCCTTAC
AATATCTATCCCCATGGCATCACAGATCTCGAGGCCTCTCTACAGCAGGCGAGACTGCCCAAGGGAGTCAAACACCTCAAG
CGATTTCCCCATCCTGCCAGGGCGAAATCTTCAAGTATAAATGCGACAGTCACTGTGGAAGATGCGCCAACTAAGTCAGAT
CCTAGGTGCCTGACCAGGTACTATICTAGCTTTGTGAACATGCAGAGGGACCTGGCTTCAGCACTGATIGGACCICTG
CTCATCTGCTACAAAGAATCAGTGGACCAGAGGGGCAACCAGATCATGAGTGATAAGAGAAATGTCATCCTGTTCTCA
CGTGTTIGATGAGAATAGGAGTIGGTATCTGACAGAAAACATCCAGAGGTICCTGCCTAATCCTGCAGGAGTGCAGCTG
CAGGACCCAGAATTTCAGGCTICAAACATCATGCATAGTATCAATGGCTATGTIGTTTGATAGCTICTGCAGCTCTCIGTIC
TGCCTGCATGAGGTGGCCTACTGGTATATCCTCAGCATTCCGAGCTCAGACTGACTTICCTGAGTIGTGTITCTTTITCAGGC
TACACATTCAAGCATAAGATGGTCTATGAAGATACCCTCGACACTICTICCCCTTITTICTGGGCAGACTGTGTTTATGAGC
ATGGAAAACCCAGGCCTGIGGATTCTGGCGGTGCCACAACAGTGACTTCAGGAATAGAGGGATGACTGCTCTGCTCAAA
GTGTCCTCATGTGATAAGAATACTGGAGATTACTATGAGGACTCTTATGAAGATATCAGTGCATATCTGCTCTCCAAA
AACAATGCCATTGAGCCCAGGTCATTTGCTCAGAACAGTAGACCACCTTCTIGCAAGTGCACCAAAGCCTCCAGTGCTG
AGGAGACACCAGAGGGACATCAGCCTGCCAACCTTCCAGCCTGAGGAAGATAAAATGCGACTATGATGATATCTTCTCC
ACTGAGACCAAGGGGGAAGATTTTGACATCTATGCGAGCAGGATGAAAACCAGGACCCCAGGTCCTTCCAGAAGAGGACC
AGACACTACTTTATTGCAGCTGTGGAGCAGCTIGTGGGACTATGGCATGTCTGAATCACCTAGAGCTCTGCGAGGAACAGA
GCACAGAATGGGGAGGTGCCCAGGTTCAAGAAAGTGCTCTTCAGAGAATTTGCAGATGGCTCTITTTACCCAGCCTAGC
TACAGGGGGGAGCTCAACAAGCATCTGGGGCTGCTGGGACCCTATATCAGAGCAGAGGTGGAAGATAACATCATGGTG
ACATTCAAGAATCAGGCCTCAAGACCCTACAGTITITTATAGTTCTCTGATCAGCTACCCAGATCGATCAGGAGCAGGGS
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GCTGAACCAAGGCACAACTTTGTGCAGCCTAATGAGACAAGAACTTACTTITTGGAAGGTCCAGCATCACATGGCTCCC
ACAGAGGATGAGTTTGACTGCAAGGCCTGGGCATATTTITTCTGATGTGGACCTGGAGAAGCGATGTGCATAGTGGCCTIC
ATTGGGCCACTGCTCATCTIGCAGGGCAAACACACTCGAATGCTGCACATGGCAGGCAGGTCACTGTGCAGGAGTTTIGCC
CIGTTCITTACAATCTTTGATGAAACTAAGTCCTIGGTACTTICACAGAGAATGTGGAAAGGAATTGCAGAGCCCCCTGC
CATCTCCAGATGGAGGACCCAACTCTGAAGGAAAACTACAGGTICCATGCTATCAATGGATATCGTCATGGATACACTG
CCAGGCCTGGTGATGGCACAGAACCAGAGGATCAGGTGGTATCTIGCTCAGCATGGGGTCCAATCGAGAATATCCATTCT
ATCCACTTCTCAGGACATGTCTITTTCAGCTCGAGGAAGAAAGAGGAATATAAAATGGCTGTGTACAATCTGTATCCAGGS
GTCTTIGAGACAGTGGAAATGCCTGCCTAGCAAAGTGGGCATCTGCAGAATTGAGTGCCTCATTGCAGAACACCTGCAG
GCAGGGATGTCCACCACATTTCTGGTGTACTCAAAGAAATGCCAGACTCCCCTGGGGATGGCAAGCTGGACATATCAGG
CGACTTCCAGATCACTGCATCAGGACAGTATGGACAGTGGGCCACCAAAGCTGGCTAGGCTCCACTATAGTGGCTCTATC
AATGCTTGGAGTACCAAAGAGCCTTTCTCTITGGATCAAGGTGGATCTGCTGGCCCCCATGATCATCCATGGAATCAAA
ACACAGGGAGCTAGACAGAAGTTCAGCTCCCIGTACATCAGTCAGTTTATCATCATGTATTCTCTGCGATGGGAAGAAA
TGGCAGACCTACAGGGGCAATAGCACTGGGACACTGATGCTICTICTTITGGAAATGCTGCGATTCAAGTGGCATCAAGCAC
AACATCTTCAATCCTCCCATCATTGCCAGGTACATCAGACTGCATCCCACACACTATTCAATCAGGAGTACTCTCAGA
ATGGAGCTGATGGGGIGTGACCTCAACAGCTGCTCCATGCCACTGGCAATGGAATCCAAGGCAATCTCAGATGCCCAG
ATCACTGCTTCTAGCTACTTCACCAATATGTTITGCAACATGGTCACCCAGTAAAGCAAGGCTGCACCTCCAGGGAAGS
TCCAATGCTTGGAGACCCCAGGTGAACAATCCAAAGGAGTGGCTGCAGGTGGACTTTCAGAAAACCATGAAGGTCACA
GGGGTGACTACCCAGGGAGTGCGAAAAGTCTGCTCACCTCTATGTATGTCAAGGAGTTCCTGATCTCCTCAAGTCAGGAT
GGCCACCAGTGGACACTGTTCITTCAGAATGGCAAGGTCAAAGTGTTICCAGGGGAATCAGGACAGCTTTACACCAGTG
GTGAACAGCCTGGACCCCCCTCTGCTCACTAGATATCTCGAGAATCCATCCACAGAGCTGGGTGCACCAGATTGCACTC
AGAATGGAGGTCCTGGGCTGTGAAGCCCAGGCACCTIGTATTGA

The CpG deleted, myeloid codon optimized HSQ sequence is SEQ ID NO: 126:

ATGCAGATTGAGCTCAGCACCTIGCTTCTTITCIGTGCCTIGCTCAGGTTCTGCTTTITCAGCCACAAGCAGATACTATCTG
GGAGCIGTGGAACTGTCATGCGATTACATGCAGAGTGACCTGGCGAGAGCTCCCTGTIGGATGCTAGGTTCCCCCCAAGG
GTCCCAAAGTCTTTCCCTTITTAATACCAGTGTGGTCTATAAGAAAACACTCTTITGTIGGAATTTACTGATCACCTGTTIC
AACATTGCAAAGCCAAGGCCTCCCTGGATGGGACTGCTGGGACCTACCATCCAGGCTGAGGTGTATGACACTGTGGTIC
ATCACACTGAAAAACATGGCATCTCACCCTGICAGCCTGCATGCAGTGGGAGTCAGCTACTGCGAAGGCTTICAGAAGGS
GCAGAGTATGATGATCAGACAAGCCAGAGAGAAAAAGAGGCATCGATAAGGTGTTICCCAGGAGGCGAGCCATACTTATGTG
TGGCAGGTCCTGAAGGAGAATGGCCCAATGGCCAGTGACCCACTGTGCCTCACCTACTCATATCTGAGTCATGTGGAC
CTGGTCAAGGATCTCAACTCAGGCCTGATTGGGGCACTGCTGCTIGTGCAGGGAAGGCTCACTGGCCAAGGAGAAAACC
CAGACACTGCATAAGTTCATCCTIGCICTITTGCTGTGTTTCATCGAAGGGAAATCTTGGCACAGCTGAGACCAAGAACAGT
CTGATGCAGGACAGGGATGCTGCTICTGCCAGAGCTTGGCCCAAGATGCACACAGTGAATGCATATGTCAATAGGTCC
CTGCCAGGACTCATTGGCTGCCACAGAAAGTCAGTGTATTGGCATGTCATTGGAATGGGCACCACACCAGAAGTGCAC
AGCATCTTCCTGGAGGGGCATACCTTTCTGGTCAGCGAACCACAGGCAGGCCAGCCTGGAGATCAGCCCAATCACCTTIC
CTGACAGCCCAGACTCTGCTCATGGATCTGGGGCAGTTCCTGCICTITTGCCACATCAGCTCCCACCAGCATGATGGA
ATGGAGGCATATGTGCAAAGTGGACTCCTGCCCAGAGCAACCACAGCTGAGGATGAAGAACAATGAGGAAGCTGAAGAC
TATGATGATGACCTGACAGACTCAGAGATGGATGTGCTCAGGTTITGATGATGATAACAGCCCCTCCTTTATCCAGATC
AGAAGTGTGGCCAAGAAACACCCAAAGACATGGGCTCCATTACATTGCAGCTGAGGAAGAGCGACTGGGATTATGCACCT
CTGGTGCTGGCCCCAGATGATAGATCCTACAAATCACAGTATCTGAACAATGGACCCCAGAGGATTIGGCAGAAAGTAC
AAGAAAGTGAGGTTCATGGCCTATACTCGATGAAACATTTAAGACTAGCGAGAAGCTATCCAGCATGAGCTCAGGCATCCTG
GGACCACTGCTCTATGGAGAAGTGGGGGACACCCTGCTCATCATCTTICAAGAACCAGGCTTCCAGGCCATACAATATC
TATCCTICATGGCATCACAGATGTGAGACCACTCTACTCAAGCGAGACTGCCTAAGGGAGTCAAACACCTCAAGGACTTC
CCTATCCTGCCAGGGGAAATCTTTAAGTATAAATGGACTCTCGACAGTGGAGGATGGGCCCACTAAGAGTGACCCAAGG
TGCCTGACCAGATACTATTCAAGTTITTGTGAATATGCGAAAGGCATCTGGCATCAGGACTGATTIGGACCTICTGCTCATC
TGCTACAAAGAGAGTGTGGATCAGAGGGGCAACCAGATCATGTCAGACAAGAGGAATGTGATCCTGTTCAGTIGTICTTT
CATGAAAACAGGTCTTGGCTATCTGACAGAGAACATCCAGAGATTICCTIGCCAAATCCTGCAGCGGTGCAGCTGGAAGAT
CCAGAGTTTICAGGCCTCAAACATCATGCATAGTATCAATGCGATATGTIGTTITGACAGTCTGCAGCTCTICIGTGTGCCTG
CATGAAGTGGCCTACTGGTATATCCTGTICCATTGGAGCTCAGACAGATTTICCTGAGTGTIGTTCTTITCAGGCTACACT
TTTAAGCATAAAATGGTCTATGAGGACACACTGACTCTCTTCCCTITITAGTGGGGAAACAGTCGTTTATGAGCATGGAG
AATCCAGGGCTGCTGCATTCTGGGATGCCACAACAGTCGATTTICAGGAATAGAGGCATCGACTGCTICTGCTCAAAGTGTCT
AGCTGTGACAAGAACACAGGGGACTACTATGAAGATTCTTATGAGGACATCAGTGCTTATCTGCTCTCCAAAAACAAT
GCAATTGAACCCAGATCATTCAGTCAGAATCCACCTGTGCTCGAAGAGGCACCAGAGAGAGATCACTAGGACTACCCTG
CAGTCAGATCAGGAAGAGATTGACTATGATGATACCATCTCAGTGGAAATGAAGAAAGAGCGACTTTIGATATCTATGAT
GAAGATGAGAACCAGAGTCCAAGGICTTITCCAGAAGAAAACCAGACATTACTTITATTGCTGCAGTGGAGAGGCTGTGG
CGATTATGGAATGTCCTCAAGTCCACATGTGCTGAGGAATAGGGCACAGTCTGGCAGTGTCCCTCAGTTCAAGAAAGTG
GTICTTCCAGGAGTTTACAGATGGCAGCTTCACTCAGCCTCTGTACAGGGGAGAACTCAATGAGCACCTGGGGCTGCTG
GGACCCTATATCAGAGCTGAAGTGGAGGATAACATCATGCTCACCTTICAGGAATCAGGCTTCAAGACCCTACAGTTTT
TATTCTAGCCTGATCAGCTATGAAGAGGACCAGAGGCAGGGAGCTGAACCTAGGAAAAACTTTCGTGAAGCCAAATGAG
ACCAAAACATACTTTTIGGAAGGTCCAGCACCACATGGCCACCAACCAAAGATGAGTTTGATTGCAAGGCATGGGCCTAT
TTTTCAGATGTGGATCTGGAGCGAAGGATGTCCACAGTGGCCTCATTGGGCCTCTGCTGGTGTGCGCCATACTAACACCCTG
AATCCAGCTCATGGCAGGCAGGTGACAGCTCCAGGAGTTITGCACTGTTCTTTACCATCTTTGATGAGCGACAAAGTCCTIGSG
TACTTCACTGAAAACATGGAGAGGAATTGCAGAGCTCCTTGCAACATCCAGATGGAAGACCCCACCTTCAAGGAGAAC
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TACAGATTTCATGCAATCAATGGGTATATCATGGATACACTGCCAGGACTGGTGATGGCCCAGCGACCAGAGGATCAGA
TGGTATCTGCTCAGCATGGGCTCCAATGAGAATATCCACTCTATCCATTTICAGTGGACATGTGTTTACAGTCAGAAAG
AAAGAAGAGTATAAAATGGCCCTGTACAACCTCTATCCAGGAGTIGTTTGAAACAGTGCGAGATGCTGCCAAGCAAGGCT
GGGATCTGGAGGGTGGAATGCCTCATTGGGGAGCACCTGCATGCAGGAATGTCAACCCTGTITICTGGTCTACAGTAAT
AAGTGCCAGACACCTCTGGGAATGGCAAGTGGACATATCAGGGATTTCCAGATCACTGCTAGTGCACAGTATGGACAG
TGGGCACCAAAGCTGGCTAGACTCCACTATTCAGGCTCAATCAATGCTTGGTCCACCAAAGAGCCATTCTCATGGATC
AAGGTGGACCTGCTGGCTCCTATGATCATCCATGGCATCAAAACACAGGGGGCAAGGCAGAAGTTCTCCTCACTGTAC
ATCTCTCAGTTTATCATCATGTATAGCCTGGATGGCAAGAAATGGCAGACCTACAGGGGCAATAGCACAGGGACTCTG
ATGGTGTTCTTTGGCAATGTGGACAGCAGTGGGATCAAGCACAACATCTTICAATCCCCCAATCATTIGCAAGGTACATC
AGACTGCACCCCACCCATTATTICAATCAGGAGTACACTCAGGATGGAACTGATGGGGTCTGATCTCAACAGTTGCTCT
ATGCCACTGGGAATGCGAGTICCAAGGCAATCTCAGATCCCCAGATCACTGCTAGCTCCTACTTCACTAATATGTTTIGCT
ACCTGGAGCCCCTICCAAAGCAAGGCTGCACCTICCAGGGAAGGAGCAATGCATGGAGGCCTCAGGTCAACAATCCCAAG
CGAATGGCTGCAGGTGGATTTCCAGAAAACTATGAAGGCTCACTGGAGTCACAACTCAGGCAGTGAAAAGTCTGCTCACT
TCTATGTATGTCAAGGAGTTCCTGATCTCAAGTTCTCAGCATCGGCCACCAGTGGACCCTGTTCTTICAGAATGGAAAG
GTGAAAGTCTTCCAGGGCAATCAGGATTICCTTTACACCAGCTGGTICAACTCACTGGACCCTCCCCTGCTCACTAGATAT
CTGAGAATCCACCCTCAGAGCTIGGGTGCATCAGATTGCTCTCAGAATGGAAGTCCTIGGGCTCTCAGGCACAGGACCTG
TATTGA

In vitro expression of the non-optimized, liver-optimized, and myeloid optimized fVIII sequences
was assessed in HepG2 cells transiently transfected with corresponding fVIII expression plasmids
(FIG.5). The tissue specific optimization lead to increased FVIII activity in the HepG2 (hepatic) cells
expressing the liver-optimized fVIII compared to either non-optimized or myeloid optimized forms of
ET3 or HSQ. These results show that liver optimization specifically benefits expression in hepatocyte
derived cells and that expression of myeloid-optimized FVIII does not benefit expression in HepG?2 cells.

Further, when these experiments were repeated using non-human cells (baby hamster kidney
cells), it was found that the human-specific sequence optimization led to decreased expression in the non-

human cells (FIG. 6).

Factor IX
Similar to the codon-optimization for clotting fVIII discussed above, fIX sequences were also codon

optimized for expression in hepatocytes using the same codon optimization tables used for clotting factor
fVIIL. The fIX sequences selected for optimization include fIX with the pro-thrombogenic ‘“Padua”
mutation R338L (“ fIX Padua,” see Paolo et al, “X-Linked Thrombophilia with a Mutant Factor [X” N
Engl J Med; 361:1671-1675, 2009) and fIX with the thrombophelic “Malmo” variant 148T ( fIX Malmo,”
see Graham et al, ““The Malmo Polymorphism of Coagulation Factor IX, An Immunologic Polymorphism
Due to Dimorphism of Residue 148 That Is in Linkage Disequilibrium with Two Other FIX
Polymorphisms,” Am. J. Hum. Genet. 42:573-580, 1988)

Liver and myeloid optimized fIX cDNAs were designed and optimized according to the liver and
myeloid tables shown in FIG. 2. All instances of “cg” in their sequence removed through synonymous

codon substitution. Both cDNAs incorporate the Padua and Malmo substitutions.

Liver codon optimized fIX with Padua/Malmo mutations and no CpG (Version 1) (SEQ ID NO: 124)

ATGCAGAGGGTCAATATGATCATGGCTGAATCTCCTGCGGCTGATCACCATTTGCCTGCTGGGATACCTGCTGTCTGCT
CAGTGTACAGTGTTCCTGGACCATGAGAATGCCAATAAGATCCTGAACAGGCCCAAAAGATACAATTCTGGAAAGCTG
CAGGAATTTGTGCAGGGCAACCTGGAGAGGGAATGCATGCAGCGAAAAGTGTAGCTTTCGAGCGAAGCTAGGGAGGTGTTT
GAAAACACAGAGAGGACCACAGAATTCTGGAAGCAGTATCTGGCATGGAGATCAGTGTGAGTCCAACCCCTGTICTGAAT
GGAGGGTCTTGCAAAGATGATATCAACTCCTATGAGTGCTGGTGTICCTTTITGGATTTGAAGCGCAAAAATTGTGAGCTG
CATGTGACCTGTAACATCAAGAATGGCAGGTGTGAGCAGTICTGTAAAAACTCTGCTGATAATAAGGTGGTCTGCAGC
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TGTACAGAAGGCTATAGGCTGCGCTGAGAACCAGAAGAGCTGTGAACCAGCTGTIGCCCTTCCCITGIGGGAGGGTGTCT
GTCAGCCAGACCTCTAAGCTCACCAGAGCTGAGACTGTGTTCCCAGATGTIGGATTATGTCAACTCCACAGAGGCTGAA
ACCATCCTGGACAACATCACCCAGTCTACCCAGTCCTICAATGACTTTACCAGAGTGGTGGGAGCGAGAGGATGCCAAA
CCAGGCCAGTTCCCCTGGCAGGTGGTCCTGAATGGGAAGGCTGCATGCTTTITTGCTGGGGGATCCATTIGTGAATGAGAAA
TGGATTIGTCACAGCTGCTCACTIGCTGTGGAGACAGGGGTCAAGATCACTGTIGGTGGCTGGCGAGAGCACAACATTGAGGAA
ACAGAACATACTGAGCAGAAGAGGAATGTGATCAGAATCATCCCTCACCATAACTACAATGCTGCTATCAACAAATAT
AATCATGACATTGCCCTIGCTGGAACTGGATGAGCCTCTIGGTIGCTGAACAGCTATGTCACCCCAATCTGCATTIGCTGAC
AAAGAGTATACCAATATCTTCCTGAAGTTITGGATCTGGATATGTIGTCTGCATGGGGAAGGGTCTTCCACAAGGGCAGS
TCTIGCCCTGGTGCTGCAGTATCTGAGGGTGCCTCTGGTGCACAGAGCTACCTGCCTGCTGTCTACCAAGTTCACCATC
TACAACAATATGTTCTGTIGCTGGATTTCATGAGGGAGGCAGGCACTCCTGTCAGGGGGATTCTGCAGGCCCACATGTG
ACAGAGGTGGAAGGCACCAGCTTCCTGACTGGCATCATCTCTTGGGCGCAGGAATGTGCTATGAAGGGCAAATATGGA
ATCTACACCAAAGTGAGCAGGTATGTGAACTGGATCAAAGAGAAGACCAAACTGACCTGA

Liver-Codon Optimized fIX with no CpG encoding A582 modifications (SEQ ID NO: 8)

ATGCAGAGGGTGCAACATGATCATGGCTGAGTCTCCTGCGACTGATCACCATCTGCCTIGCTGGGCTATCTGCTGTCTIGCT
CGAGTGTACAGTGTTCCTGGACCATGAAAATGCTAATAAAATCCTGAACAGGCCAAAGAGGTACAATTCTGGGAAACTG
CAGGAATTTGTGCAGGGAAACCTGGAGAGGGAATGCATGCAGCGAAAAGTGTAGCTTTCGAGCGAAGCCAGGGAGGTGTTT
CGAAAATACAGAGAGGACCACAGAGTTCTIGGAAACAGTATCTGCATGGGGATCAGTGTCGAGTCCAACCCCTGTICTGAAT
GGAGGGTCTITGCAAGGATGATATCAACTCCTATGAGTGCTGGTGTICCTTTITGGATTTGAAGCCAAGAATTGTGAGCTG
CGATGTGACCTGTAACATCAAAAATGGGAGGTGTGAGCAGTICTGTAAGAACTCTGCTGATAATAAAGTGGTCTGCAGC
TGTACAGAAGGCTACAGGCTGGCTGAGAACCAGAAGAGCTGTGAACCAGCTGTGCCCTTCCCTITGIGGGAGGGTGTCT
GTCAGCCAGACCAGCAAGCTGCACCAGAGCTGAGGCTGTGTTTCCTGATGTIGGATTATGTCAACTCTACAGAGGCTGAA
ACCATCCTGGACAACATCACCCAGTICTACCCAGTCCTTICAATGACTTTACCAGGGTGGTGGGAGGCGAGGATGCTAAG
CCAGGACAGTTCCCCTGGCAGGTGGTCCTGAATGGCAAAGCTGCATGCTTITTGCTGGGGGCTCCATIGTGAATGAGAAG
TGGATTIGTCACAGCTGCTICACTIGCTGTGGAAACTGGGGTCAAGATCACAGTGGTGGCTGGCGAGAGCACAACATTGAGGAA
ACTGAACATACAGAGCAGAAAAGGAATGTGATCAGAATCATCCCCCACCATAACTACAATGCTGCTATCAACAAGTAT
AATCATGACATTGCCCTIGCTGGAACTGGATGAGCCTCTIGGTIGCTGAACAGCTATGTCACCCCAATCTGCATTIGCTGAC
AAGGAGTATACCAATATCTTCCTGAAATTTGGGTCTGGATATGTIGTCTGGGCTGGGGAAGGGTCTTCCACAAGGGAAGS
TCIGCICTGGTGCTGCAGTATCTGAGGGTGCCCCTGGTGCACAGAGCTACCTGCCTGAGGAGCACCAAGTTCACCATC
TACAACAATATGTTCTGTIGCTGGATTTCATGAGGGAGGCAGGCACTCCTGTCAGGGAGATTCTGCAGGCCCTCATGTG
ACAGAGGTGGAAGGCACCAGCTTCCTGACTGGCATCATCTCTTGGGCGCAGGAATGTGCTATGAAGGGCAAATATGGA
ATCTATACCAAGGTGICCAGATATGTCAACTGCGATCAAGGAGAAAACCAAGCTGACCTGA

Liver codon optimized fIX with no CpG including Padua and A582 modifications (SEQ ID NO: 9)

ATGCAGAGGGTGCAACATGATCATGGCTGAGTCTCCTGCGACTGATCACCATCTGCCTIGCTGGGCTATCTGCTGTCTIGCT
CGAGTGTACAGTGTTCCTGGACCATGAAAATGCTAATAAAATCCTGAACAGGCCAAAGAGGTACAATTCTGGGAAACTG
CAGGAATTTGTGCAGGGAAACCTGGAGAGGGAATGCATGCAGCGAAAAGTGTAGCTTTCGAGCGAAGCCAGGGAGGTGTTT
CGAAAATACAGAGAGGACCACAGAGTTCTIGGAAACAGTATCTGCATGGGGATCAGTGTCGAGTCCAACCCCTGTICTGAAT
GGAGGGTCTITGCAAGGATGATATCAACTCCTATGAGTGCTGGTGTICCTTTITGGATTTGAAGCCAAGAATTGTGAGCTG
CGATGTGACCTGTAACATCAAAAATGGGAGGTGTGAGCAGTICTGTAAGAACTCTGCTGATAATAAAGTGGTCTGCAGC
TGTACAGAAGGCTACAGGCTGGCTGAGAACCAGAAGAGCTGTGAACCAGCTGTGCCCTTCCCTITGIGGGAGGGTGTCT
GTCAGCCAGACCAGCAAGCTGCACCAGAGCTGAGGCTGTGTTTCCTGATGTIGGATTATGTCAACTCTACAGAGGCTGAA
ACCATCCTGGACAACATCACCCAGTICTACCCAGTCCTTICAATGACTTTACCAGGGTGGTGGGAGGCGAGGATGCTAAG
CCAGGACAGTTCCCCTGGCAGGTGGTCCTGAATGGCAAAGCTGCATGCTTITTGCTGGGGGCTCCATIGTGAATGAGAAG
TGGATTIGTCACAGCTGCTICACTIGCTGTGGAAACTGGGGTCAAGATCACAGTGGTGGCTGGCGAGAGCACAACATTGAGGAA
ACTGAACATACAGAGCAGAAAAGGAATGTGATCAGAATCATCCCCCACCATAACTACAATGCTGCTATCAACAAGTAT
AATCATGACATTGCCCTIGCTGGAACTGGATGAGCCTCTIGGTIGCTGAACAGCTATGTCACCCCAATCTGCATTIGCTGAC
AAGGAGTATACCAATATCTTCCTGAAATTTGGGTCTGGATATGTIGTCTGGGCTGGGGAAGGGTCTTCCACAAGGGAAGS
TCIGCICTGGTGCTGCAGTATCTGAGGGTGCCCCTGGTGCACAGAGCTACCTGCCTGCTGAGCACCAAGTTCACCATC
TACAACAATATGTTCTGTIGCTGGATTTCATGAGGGAGGCAGGCACTCCTGTCAGGGAGATTCTGCAGGCCCTCATGTG
ACAGAGGTGGAAGGCACCAGCTTCCTGACTGGCATCATCTCTTGGGCGCAGGAATGTGCTATGAAGGGCAAATATGGA
ATCTATACCAAGGTGICCAGATATGTCAACTGCGATCAAGGAGAAAACCAAGCTGACCTGA

In addition, two other variants were constructed. The first is a liver optimized, Padua, 148T
variant that is very similar to the above liver optimized sequence, except it was synthesized using an

alternate version of the codon optimization algorithm.

Liver codon optimized fIX with Padua/Malmo mutations and no CpG (version 2) (SEQ ID NO: 10)
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ATGCAGAGGGTGCAACATGATCATGGCTGAGTCTCCTGCGACTGATCACCATCTGCCTIGCTGGGCTATCTGCTGTCTIGCT
CGAGTGTACAGTGTTCCTGGACCATGAAAATGCTAATAAAATCCTGAACAGGCCAAAGAGGTACAATTCTGGGAAACTG
CAGGAATTTGTGCAGGGAAACCTGGAGAGGGAATGCATGCAGCGAAAAGTGTAGCTTTCGAGCGAAGCCAGGGAGGTGTTT
CGAAAATACAGAGAGGACCACAGAGTTCTIGGAAACAGTATCTGCATGGGGATCAGTGTCGAGTCCAACCCCTGTICTGAAT
GGAGGGTCTITGCAAGGATGATATCAACTCCTATGAGTGCTGGTGTICCTTTITGGATTTGAAGCCAAGAATTGTGAGCTG
CGATGTGACCTGTAACATCAAAAATGGGAGGTGTGAGCAGTICTGTAAGAACTCTGCTGATAATAAAGTGGTCTGCAGC
TGTACAGAAGGCTACAGGCTGGCTGAGAACCAGAAGAGCTGTGAACCAGCTGTGCCCTTCCCTITGIGGGAGGGTGTCT
GTCAGCCAGACCAGCAAGCTGCACCAGAGCTGAGACAGTGTTTCCTGATGTIGGATTATGTCAACTCTACAGAGGCTGAA
ACCATCCTGGACAACATCACCCAGTICTACCCAGTCCTTICAATGACTTTACCAGGGTGGTGGGAGGCGAGGATGCTAAG
CCAGGACAGTTCCCCTGGCAGGTGGTCCTGAATGGCAAAGCTGCATGCTTITTGCTGGGGGCTCCATIGTGAATGAGAAG
TGGATTIGTCACAGCTGCTICACTIGCTGTGGAAACTGGGGTCAAGATCACAGTGGTGGCTGGCGAGAGCACAACATTGAGGAA
ACTGAACATACAGAGCAGAAAAGGAATGTGATCAGAATCATCCCCCACCATAACTACAATGCTGCTATCAACAAGTAT
AATCATGACATTGCCCTIGCTGGAACTGGATGAGCCTCTIGGTIGCTGAACAGCTATGTCACCCCAATCTGCATTIGCTGAC
AAGGAGTATACCAATATCTTCCTGAAATTTGGGTCTGGATATGTIGTCTGGGCTGGGGAAGGGTCTTCCACAAGGGAAGS
TCIGCICTGGTGCTGCAGTATCTGAGGGTGCCCCTGGTGCACAGAGCTACCTGCCTGCTGAGCACCAAGTTCACCATC
TACAACAATATGTTCTGTIGCTGGATTTCATGAGGGAGGCAGGCACTCCTGTCAGGGAGATTCTGCAGGCCCTCATGTG
ACAGAGGTGGAAGGCACCAGCTTCCTGACTGGCATCATCTCTTGGGCGCAGGAATGTGCTATGAAGGGCAAATATGGA
ATCTATACCAAGGTGICCAGATATGTCAACTGCGATCAAGGAGAAAACCAAGCTGACCTGA

In addition, a fIX sequence with Padua/Malmo mutations and no CpG was optimized according to

the standard human codon optimization table (see FIG. 2B).

Human codon optimized fIX with Padua/Malmo mutations and no CpG (SEQ ID NO: 127)
ATGCAGAGGGTGAATATGATTATGGCTGAGTCCCCTGGGCTGATTACCATTTGCCTGCTGGGATACCTGCTGTCTIGCT
CAGTCTACAGTGTTCCTCGACCATCAGAATGCAAATAAGATCCTCAACAGGCCCAAAAGATATAATAGTGCAAAGCTG
GAGGAATTTGTGCAGGGCAACCTGGAGAGAGAATGCATGGAGGAAAAGTGTAGCTTTGAGGAAGCCAGGGAGGTGTTT
CAAAATACACAGAGCAACCACACAATTCTCCAACCAGTATGTCGATCCGACATCACTGTCAGAGCAACCCCTGTCTGAAT
CCAGCCAGTTGCAAAGATGATATCAACTCATATCAATCCTCOTGTCCTTTTGCATTTCAAGGCAAAAATTGTCAGCTS
CATGTCACCTGTAACATTAACAATCCGACCTGTCAGCAGTTTTGTAAAAACTCTGCTCATAATAAGGTCCTCTGCAGT
TGTACAGAAGGGTATAGACTGGCTGAGAACCAGAAGTCCTGTGAACCAGCTGTGCCCTTCCCTTGTGGAAGGGTGTICT
CTCTCCCAGACTTCAAAACTCACCAGCAGCTGAGACTCTGTTTCCTCGATCTGGATTATGTCAACAGCACAGAGGCTCAA
ACTATCCTGCACAACATTACTCAGTCTACCCAGACTTTCAATCACTTTACCAGAGTGCTGGCAGGACAGCATGCTAAA
CCAGGCCAGTITCCCCTIGGCAGCGTGGTCCTGAATGGCGAAGCGTGGATGCATTTTGTGGGGGATCTATTGTGAATGAGAAA
TGGATTIGICACAGCTGCTICACTIGIGTIGCGAAACTGGGGTCAAGATCACAGTGGTGGCTGGAGAGCACAACATTGAGGAA
ACAGAACATACTGAGCACAAGAGGAATGTCATCACAATCATTCCTCACCATAACTACAATGCAGCCATCAACAAATAT
AATCATGACATTGCCCTGCTGGAACTGGATGAGCCTCTGGTGCTGAACAGCTATGTCACACCAATCTGCATTGCTGAC
AAGGAGTACACTAACATCTITCCTGAAGTTTGGGTCAGGATATGTGTCTGGATGGGGAAGAGTCTTCCACAAGGGCAGG
TCTGCACTGGTGCTIGCAGTATCTGAGAGTGCCTCTGGTGCGATAGGGCCACTIGICTGCTGTCTACCAAGTTCACCATC
TACAACAATATGTTCTIGTIGCTGGATTTCATGAGGGAGGGAGAGACTCCTGTCAGGGAGATTCTGGAGGCCCACATGTG
ACAGAGGTGGAAGGCACCAGCTTCCTGACAGGCATCATTTCCTGGGGGGAGGAATGTGCAATGAAGGGGAAATATGGA
ATCTACACCAAAGTCAGCAGGTATGTCAACTGGATCAAGGAAAAGACCAAACTCACATGCA

In vitro expression of the liver-optimized fIX sequence (SEQ ID NO: 10) and human-optimized
fIX sequence (SEQ ID NO: 127) was assessed in HepG2 cells transiently transfected with corresponding
fVIII expression plasmids (FIG. 7). The tissue specific optimization lead to increased fIX activity in the
HepG2 (hepatic) cells expressing the liver-optimized fIX compared to human-optimized fIX. These

results show that liver optimization specifically benefits expression in hepatocyte derived cells.

Example 2
Promoter Development
This example described the iterative development of optimized promoter sequences for

expression of protein in liver tissue and cells.
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The promoters were synthesized de novo and cloned into an expression plasmid driving the

expression of clotting fVIII. FVIII activity was measured 48 hours after transfection by one-stage clot
assay. As a comparator, the hybrid liver promoter (HLP) was used. HLP represents one of the shortest
yet most powerful liver-directed promoters described to date. The HLP promoter and its use are described
in Mclntosh et al., “Therapeutic levels of FVIII following a single peripheral vein administration of tAAV
vector encoding a novel human fVIII variant,” Blood, 25;121(17):3335-44, 2013. The HLP sequence is

provided as SEQ ID NO: 128:

TCITTGCTGCTTGCAATGTTTGCCCATTITTAGGGTGGACACAGCGACGCTGTGGTTTCTGAGCCAGCGGGGCGACTCAGA
TCCCAGCCAGTGGACTTAGCCCCTGTITIGCTCCTCCGATAACTGGGGTGACCTTGGTTAATATTCACCAGCAGCCTCC
CCCGTIGCCCCICTGGATCCACTGCTTAAATACGGACGAGGACAGGGCCCTGTICTCCTCAGCTTCAGGCACCACCACT
GACCTGGGACAGTGAATC

Initial Promoter Design (I* Generation Promoters)

To begin construction of synthetic liver-directed promoters, two minimal liver directed promoters
were selected that were designed platforms for further modification. These two promoters are designated
as “ABP-SynO” (SEQ ID NO: 131) and “ABP-HP1-God”. These promoters are novel fusions of
previously described regulatory control elements. “ABP” is clustered region of transcription factor
binding sites, “HP1” is a specific transcription factor binding site, “God” is an enhancer-like region that
functions in direct proximity to the transcription start site, and “SynO” is a minimal promoter that
contains the HP1 transcription factor binding site and a TATA box. For all constructs, where not provided
within the native context, a TATA sequence (IATAAA) was added or completed immediately 3’ to the
promoter region.

Initial promoter designed were based on the “ABP” element, which is described, for example, in
Rouet et al., “A potent enhancer made of clustered liver-specific elements in the transcription control
sequences of human alpha 1-microglobulin/bikunin gene,” J Biol Chem., 267(29):20765-73, 1992. ABP

comprises the nucleotide sequence set forth as

ABP element (SEQ ID NO: 113):
GTTAATTTTTAAAAAGCAGTCAAAAGTCCAAGTGGCCCTTGCGAGCATTTACTCTCTCTGTTTGCTCTGGTTAATAAT
CTCAGGAGCACAAACA

As illustrated in FIG. 8, ABP comprises the following TF binding sites: HNF-1-1 (nucleotides 16-23 of
SEQ ID NO: 4), HNF-4 (nucleotides 26-36 of SEQ ID NO: 4), HNF-3a (nucleotides 39-45 of SEQ ID
NO: 4), HNF1-2 (nucleotides 48-62 of SEQ ID NO: 4), and HNF-3-2 TF (nucleotides 65-71 of SEQ ID
NO: 4).

Several of the disclosed promoters include an HP1 TF binding site (GTTAATAATTTTC,
nucleotides 75-87 of SEQ ID NO: 4). The HP1 element is described, for example, in Schorpp et al.,
“Hepatocyte-specific promoter element HP1 of the Xenopus albumin gene interacts with transcriptional
factors of mammalian hepatocytes,” J Mol Biol., 202(2):307-20, 1988. The HP1 TF binding site is
included in the SynO element (included in several of the disclosed promoters), which also includes a

TATA box. The sequence of the SynO element is provided as
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SynO element
GAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAAAA (SEQ ID NO: 114)

The SynO element is described, for example, in Ryffel et al., “Liver cell specific gene
transcription in vitro: the promoter elements HP1 and TATA box are necessary and sufficient to generate

a liver-specific promoter.” Nucleic Acids Res., 17(3): 939-953, 1989.

Several of the disclosed promoters include a “God” which comprises the sequence set forth as:
God element
AGTCATATGTTTGCTCACTGAAGGTTACTAGTTAACAGGCATCCCTTAAACAGGA (SEQ ID NO: 115)
The God element is described, for example, in Godbout et al., “Multiple regulatory elements in the
intergenic region between the alpha-fetoprotein and albumin genes,” Mol Cell Biol., 6(2):477-87, 1986.
The ABP, SynO, and God elements were combined to form two novel promoters, “ABP-SynO”
and “ABP-HP1-God” as follows (see FIG. 8):

ABP-SynO promoter (SEQ ID NO: 131)

GTTAATTTTTAAAAAGCAGTCAAAAGTCCAAGTGGCCCTTGCGAGCATTTACTCTICTCTGTITIGCICTGGTTAATAAT
CTCAGGAGCACAAACAGAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAAAA

ABP-Hp1-God promoter (SEQ ID NO: 6)

GTTAATTTTTAAAAAGCAGTCAAAAGTCCAAGTGGCCCTTGCGAGCATTTACTCTICTCTGTITIGCICTGGTTAATAAT
CTCAGGAGCACAAACAGAGGTTAATAATTTTCAGTCATATGTTIGCTCACTGAAGGTTACTAGTTAACAGGCATCCCT
TAAACAGGATATAAAA

In vitro expression of FVIII was assayed in HepG2 cells transiently transfected with FVIII
expression plasmids driven by the ABP-SynO or ABP-Hp1-God promoter (FIG. 9A). Additionally, In
vivo fVIII activity in mice was assayed by hydrodynamically delivered naked plasmid expressing FVIII
driven by the ABP-SynO or ABP-Hp1-God promoter (FIG. 9B). From the results, it is shown that both
the ABP-Syno and ABP-Hp1-God promoters drive fVIII expression in vitro and in vivo. However, these
initial designs do not drive fVIII expression as strongly as the HLP promoter in vitro, and that the

expression in vivo declines rapidly relative to HLP.

Initial Optimization (2" Generation Promoters)

In order to increase the transcriptional strength of the ABP-SynO and ABP-Hp1-God promoters,
multiple strategies for optimization were pursued. This includes altering the transcription factor binding
sites to reflect the consensus binding sequence, removing intervening space between transcription factor
binding sites, adding additional transcription factor binding sites, adding a transcription start site motif,

and including the SV40 intron.

An ABP variant was generated that contains consensus TF binding sites, as follows:

ABP-exact (consensus transcription factor binding sites) (SEQ ID NO: 116)
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GTTAATCATTAACTTAAAAAGCAGTICAAAAGTCCAAAGGCTCAAAGGTCAGAGCATTITACTCTCTCCAATGTTIGACTCT
CGTITAATGATTAAGGAGCAATTIGTTIGACTT

As illustrated in FIG. 8, ABP-exact comprises the following consensus TF binding sites: consensus HNF-
1-1, consensus HNF-4, consensus HNF-3a, consensus HNF1-2, and consensus HNF-3-2. A condensed
version of Apb-exact was generated that includes the same consensus TF binding sites, but a shorter

overall sequence, termed Short-ABP-exact, the sequence of which is set forth as:

Short-ABP-exact (SEQ ID NO: 117)

GTTAATCATTAACTTAGCTCAAAGGTCAGACAATGTTGACTICTCGTTAATGATTAACCGGAATTGTTGACTT

The following features were further included in certain of the disclosed promoters:

A transcription start site (T'SS), which contains a 23 contains a GC rich spacer and was placed
immediately after a TATA box in the promoter for optimal spacing with the transcription start motif
immediately after the spacer (see FIG. 10). The TSS sequence assayed includes the sequence set forth as:
GCCAGCAGCAGCCTGACCACATCTCATCCTC (nucleotides 116-146 of SEQ ID NO: 4)

A HNF1a transcription factor binding site. HNF1a is a liver-directed transcription factor:
GTTAATCATTAA (nucleotides 1-12 of SEQ ID NO: 4)

A Spl transcription factor binding site. Spl is a liver-directed transcription factor:
TGGGCGGAGT (nucleotides 1-10 of SEQ ID NO: 121)

A SV40 intron sequence set forth as:

CTCTAAGGTAAATATAAAATTTTTAAGTGTATAATGTGTTAAACTACTGATTICTAATTGTTTIGTGTATTTTAGATTCC
AACCTATGGAACTGA (nucleotides 163-225 of SEQ ID NO: 112)

These elements were combined to form several novel promoters, as follows (see FIG. 11):

ABP-exact-SynO (SEQ ID NO: 118)

GTTAATCATTAACTTAAAAAGCAGTICAAAAGTCCAAAGGCTCAAAGGTCAGAGCATTITACTCTCTCCAATGTTIGACTCT
CCITAATGATTAAGGAGCAATTIGTIGACTTGAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAAAA

ShortABP-exact-SynO (SEQ ID NO: 119)

GTTAATCATTAACTTAGGCTCAAAGGTCAGACAATGTTGACTICTCGTTAATGATTAACCGGAATTGTITGACTTGAGGTT
AATAATTTTCCAGATCTCTICTGAGCAATAGTATAAAA

ABP-HP1-God-TSS (SEQ ID NO: 7)

GTTAATTTTTAAAAAGCAGTCAAAAGTCCAAGTGGCCCTTGCGAGCATTTACTCTICTCTGTITIGCICTGGTTAATAAT
CTCAGGAGCACAAACAGAGGTTAATAATTTTCAGTCATATGTTIGCTCACTGAAGGTTACTAGTTAACAGGCATCCCT
TAAACAGGATATAAAAGGCCAGCAGCAGCCTGACCACATCTICATCCIC

HNF1a-ABP-SynO (SEQ ID NO: 120)

GTTAATCATTAAGTCGTTAATTITTTAAAAAGCAGTCAAAAGTCCAAGTGGCCCTTGCGAGCATTTACTCTICICTGTTT
GCICTGGTTAATAATCTCAGGAGCACAAACAGAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAAAA

Sp1-ABP-SynO (SEQ ID NO: 121)

TGCGGCGGAGTGTCGTTAATTTTTAAAAAGCAGTCAAAAGTCCAAGTGGCCCTTGCGAGCATTTACTICTCTICIGTTITGC
TCIGGTITAATAATCTCAGGAGCACAAACAGAGGTTAATAATTTTICCAGATCTCTCTGAGCAATAGTATAAAA
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HNF1-ShortABPExact-SynO-TSS-Int (SEQ ID NO: 112)

GTTAATCATTAAGTCGTTAATCATTAACTTAGGTCAAAGCTCAGACAATGTTGACTCTCGTTAATGATTAACCGGAAT
TCTITGACTTIGAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAAAAGGCCAGCAGCAGCCTGACCACATCTIC
ATCCTCCTCTAAGGTAAATATAAAATTTTTAAGTGTATAATGTGTTAAACTACTGATTCTAATTGTTTGCTIGTATTTITA
GATTCCAACCTATGGAACTGA

The promoters were synthesized de novo and cloned into an expression plasmid driving the
expression of clotting fVIII. FVIII activity was measured 48 hours after transfection by one-stage clot
assay. As a comparator, the hybrid liver promoter (HLP) is used in this and other experiments.

In vitro expression of FVIII was assayed in HepG2 cells transiently transfected with FVIII
expression plasmids driven by the respective promoter (FIG. 12A). Additionally, In vivo fVIII activity in
mice was assayed by hydrodynamically delivered naked plasmid expressing FVIII driven by the
respective promoter (FIG. 12B). From these data, it is shown that the addition of the synthetic, novel,
transcription start site motif substantially improves expression. Further, the addition of transcription
factor binding sites outside of their native genomic context had unexpected and unpredicted impacts on
expression. When added directly proximal to the ABP enhancer element, the HNF1 and Sp1 transcription
factor binding sites completely abrogated expression. When the HNF1 transcription factor binding site
was added directly proximal to the shortABPExact enhancer, expression was robust. This finding
illustrates that the complex spatiotemporal interactions of transcription factors, in either their native or
non-native genomic context, is difficult to model or predict. In addition, altering the transcription factor
binding sites to the consensus binding sequences abrogated gene expression. However, the addition of the
HNF1 transcription factor binding site, transcription start site, and SV40 intron was sufficient to rescue
expression from HNF1 supplemented shortABPExact-SynO promoter design. As illustrated in FIG. 12B,
the ABP-Hp1-God-TSS and the HNF1-shortABPExact-SynO-TSS-Int both maintained higher expression
than the HLP promoter over the course of the experiment, showing that the addition of the transcription
start site, HNF1 transcription factor binding site, adjustment of the ABP sequence to the consensus
sequence and removal of intervening DNA between transcription factor binding sites, and/or the addition

of the SV40 intron could improve the durability and strength of expression in vivo.

Further Optimization (3™ Generation Promoters)

While the ABP-Hp1-God-TSS promoter design tested far exceeded the strength of the HLP
promoter, its size (204 bae pairs) remained incompatible with some complete packaging of AAV-vectors,
such as those containing full-length containing fVIII transgenes. Further reduction in the size of the
promoter was targeted by selection of the most promising elements tested and described above, as well as
a novel element, shortABP, which is the ABP enhancer where the native genomic transcription factor

binding site sequences are retained, but the intervening sequences between them have been truncated.

shortABP (nucleotides 16-71 of SEQ ID NO: 4):

GTTAATTTTTGTIGGCCCTTGCCGATGTTIGCTCTGGTTAATAATCTCAGGACAAACA
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As illustrated in FIG. 13, shortABP contains the following TF binding sites: HNF-1-1 (nucleotides 16-23
of SEQ ID NO: 4), HNF-4 (nucleotides 26-36 of SEQ ID NO: 4), HNF-3a (nucleotides 39-45 of SEQ ID
NO: 4), HNF1-2 (nucleotides 48-62 of SEQ ID NO: 4), and HNF-3-2 TF (nucleotides 65-71 of SEQ ID
NO: 4).

As illustrated in FIG. 13, the HNF1 TF binding site, the SynO element (containing a HP1 TF
binding site and a TATA box), and a transcription start site were linked to the shortABP to form the
HNF1-shortABP-SynO-TSS (designated the Hepatic Combinatorial Bundle, or HCB), as follows:

HNF1-shortABP-SynO-TSS (also called Hepatic Combinatorial Bundle, or HCB) (SEQ ID NO: 4)

GTTAATCATTAAGTCGTTAATTITTIGTGGCCCTTIGCGATGTTTGCTCTGGTTAATAATCTCAGCGACAAACAGAGGTTA
ATAATTTTCCAGATCICTCTGAGCAATAGTATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC

As illustrated in FIG. 13, the HNF1 TF binding site, the God element, a TATA box, and a
transcription start site were linked to the shortABP to form the shortABP-HP1-God-TSS, as follows:

shortABP-HP1-God-TSS (SEQ ID NO: 5)

GTTAATTTTITGTIGGCCCTTGCGATGTTIGCTCTGGTTAATAATCTCAGGACAAACATACATTTTCAGTCATATGTITTIGC
CTCACTGAAGGTTACTAGTTAACAGGCATCCCTTAAACAGGATATAAAAGGCCAGCAGCAGCCTGACCACATCTCATC
CTC

The promoters were synthesized de novo and cloned into an expression plasmid driving the
expression of clotting fVIII. FVIII activity was measured 48 hours after transfection by one-stage clot
assay. In vitro expression of FVIII was assayed in HepG2 cells transiently transfected with FVIII
expression plasmids driven by the respective promoter is shown in FIG. 14A. Additionally, Ir vive fVIII
activity in mice was assayed by hydrodynamically delivered naked plasmid expressing FVIII driven by
the respective promoter (FIG. 14). From these data, it is shown that the HNF1-shortABP-SynO-TSS
promoter (HCB) promotes increased expression of fVIII compared to that of HLP both in vive and in
vitro, while maintaining durable expression 4-14 fold greater than that of HLP in vivo, despite the HNF1-
shortABP-SynO-TSS being 42% smaller than HLP.

Supplemental Optimization (4" Generation Promoters)

A powerful, liver-directed enhancer, designated the hepatocyte specific computational regulatory
module (HSCRMS or “HS”) was recently constructed by combining the sequences from several
species into a computationally constructed novel enhancer (see, e.g., Nair et al., “Computationally
designed liver-specific transcriptional modules and hyperactive fIX improve hepatic gene therapy,”
Blood, 23(20): 3195-3199, 2014). The sequence of the HS enhancer and corresponding transcription

factor binding sites are provided as follows:
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HS (HSCRMS non-human enhancer sequence) (SEQ ID NO: 101)

GGGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCGGAGGAGCAAACAGGGACTAAGTCCAC

The HS response element includes the following TF binding sites:

MYOD GGCTGCTGGTGAATATT, nucleotides 5-22 of SEQ ID NO: 101
CEBP GCTGCTGGTGAA, nucleotides 7-18 of SEQ ID NO: 101

Nhf1 GCTGGTGAATATTAACCA, nucleotides 10-27 of SEQ ID NO: 101
Lef1/TCF1 TTAACCAAGGT, nucleotides 21-31 of SEQ ID NO: 101

CEBP CGGAGGAGCAAA, nucleotides 44-55 of SEQ ID NO: 101

Forkhead GGAGCAAACAGGG, nucleotides 48-60 of SEQ ID NO: 101
Lef1/TCF1 AGGGACTAAG, nucleotides 57-66 of SEQ ID NO: 101

The human genome was examined to determine human sequences corresponding to those of the
HS element and the HS element was modified to contain only human sequences to generate a fully human

enhancer sequence termed “HSh.” The sequence of the HSh enhancer and corresponding transcription

factor binding sites are provided as follows (see also, FIG. 15):

HSh (human genomic sequence) (SEQ ID NO: 111)

GGGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCGGAGGAGCARACAGGGGCTAAGCTCCAC

The HSh response element includes the following TF binding sites:

MYOD GGCTGCTGGTGAATATT, nucleotides 5-22 of SEQ ID NO: 101
CEBP GCTGCTGGTGAA, nucleotides 7-18 of SEQ ID NO: 101

Nhf1 GCTGGTGAATATTAACCA, nucleotides 10-27 of SEQ ID NO: 101
Lef1/TCF1 TTAACCAAGGT, nucleotides 21-31 of SEQ ID NO: 101

CEBP CGGAGGAGCAAA, nucleotides 44-55 of SEQ ID NO: 101

Forkhead GGAGCAAACAGGG, nucleotides 48-60 of SEQ ID NO: 101
Lef1/TCF1 AGGGGCTAAG, nucleotides 57-66 of SEQ ID NO: 111

Portions of the HSh enhancer were also utilized, as follows:

5’HSh (5’ portion of HSCRM8h) (nucleotides 6-32 of SEQ ID NO: 111)

GGCTGCTGGTGAATATTAACCAAGGTC

The 5’HSh response element includes the following TF binding sites:

MYOD GGCTGCTGGTGAATATT, nucleotides 5-22 of SEQ ID NO: 101
CEBP GCTGCTGGTGAA, nucleotides 7-18 of SEQ ID NO: 101
Nhf1 GCTGGTGAATATTAACCA, nucleotides 10-27 of SEQ ID NO: 101

Lef1/TCF1 TTAACCAAGGT, nucleotides 21-31 of SEQ ID NO: 101

3’HSh (3’ portion of HSCRM8h) (nucleotides 44-68 of SEQ ID NO: 111)
CGGAGGAGCAAACAGGGGCTAAGTC

The 3’HSh response element includes the following TF binding sites:
CEBP CGGAGGAGCAAA, nucleotides 44-55 of SEQ ID NO: 101
Forkhead GGAGCAAACAGGG, nucleotides 48-60 of SEQ ID NO: 101
Lef1/TCF1 AGGGGCTAAG nucleotides 57-66 of SEQ ID NO: 111

sHS (short HS, the intervening space between the 5” and 3’ clusters of transcription factor binding sites

has been removed) (nucleotides 1-54 of SEQ ID NO: 106)
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GGCTGCTGGTGAATATTAACCAAGGTCATCGGAGGAGCAARACAGGGACTAAGTC

The sHS response element includes the following TF binding sites:

MYOD GGCTGCTGGTGAATATT, nucleotides 5-22 of SEQ ID NO: 101
CEBP GCTGCTGGTGAA, nucleotides 7-18 of SEQ ID NO: 101

Nhf1 GCTGGTGAATATTAACCA, nucleotides 10-27 of SEQ ID NO: 101
Lef1/TCF1 TTAACCAAGGT, nucleotides 21-31 of SEQ ID NO: 101

CEBP CGGAGGAGCAAA, nucleotides 44-55 of SEQ ID NO: 101

Forkhead GGAGCAAACAGGG, nucleotides 48-60 of SEQ ID NO: 101
Lef1/TCF1 AGGGACTAAG, nucleotides 57-66 of SEQ ID NO: 111

Additionally, a modified form of the short ABP promoter, termed “supershortABP” was
constructed by further deleting nucleotides and rearranging TF binding sites. The sequence of the
supershort ABP response element and corresponding transcription factor binding sites are provided as

follows:

Super short ABP (further shortened ABP-based element) (SEQ ID NO: 122)
CCCTTGCTGGTTAATAATCTCAGTTAATTTGTTTGCACAAACA

The supershort ABP response element include the following TF binding sites:

HNF4 CCCTTGC, nucleotides 1-7 of SEQ ID NO: 122

HNF1b TGGTTAATAATCTCA, nucleotides 8-22 of SEQ ID NO: 122
HNF1 GTTAATT, nucleotides 23-29 of SEQ ID NO: 122

HNF3 TGTTTGC, nucleotides 30-36 of SEQ ID NO: 122

HNF3b ACAAACA, nucleotides 37-43 of SEQ ID NO: 122

As illustrated in FIG. 16, the above elements were combined to form several novel promoters, as

follows (see FIG. 11):

Agro (SEQ ID NO: 107)

GGCTGCTGGTGAATATTAACCAAGGTCCCCTITGCTGGTTAATAATCTCAGTTAATTTGTTTCCACAAACACGGAGGAG
CAAACAGGGGAGGTTAATAATTTTCTATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC

The Agro sequence includes 5’HS (nucleotides 1-27 of SEQ ID NO: 107), Super short ABP
(nucleotides 28-70 of SEQ ID NO: 107), 3’HSh (nucleotides 71-87 of SEQ ID NO: 107), SynO
(nucleotides 88-110 of SEQ ID NO: 107), and TSS (nucleotides 111-142 of SEQ ID NO: 107)

HSh-HCB (SEQ ID NO: 102)

GGGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCGGCAGGAGCAAACAGGGGCTAAGTCCACTAGGTTA
ATCATTAAGTCGITAATTTITTGTGGCCCTITGCGATGTTITGCTCTGGTTAATAATCTCAGGACAAACAGAGGTTAATAA
TTTTCCAGATCTCTCTGAGCAATAGTATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC

5’HSh-HCB (SEQ ID NO: 104)

GGCTGCTGGTGAATATTAACCAAGGTCGTTAATCATTAAGTCGTITAATTTITTGTGGCCCTTGCGCGATGTTITGCTCTIGGT
TAATAATCTCAGGACAAACAGAGGTITAATAATTTTCCAGATCTCTICTGAGCAATAGTATAAAAGGCCAGCAGCAGCCT
GACCACATCTCATCCTC
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3’HSh-HCB (SEQ ID NO: 103)

CGCGAGGAGCAAACAGGGGCTAAGTCGTTAATCATTAAGTCGTTAATTTTIGTGGCCCTTIGCGATCTITTGCTCTGGTTA
ATAATCTCAGGACAAACAGAGGTTAATAATTTITCCAGATCTCTCTGAGCAATAGTATAAAAGGCCAGCAGCAGCCTGA
CCACATCTCATCCTIC

HSh-SynO-TSS (SEQ ID NO: 105)

GGGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCGGCAGGAGCAAACAGGGGCTAAGTCCACGAGGTTA
ATAATTTTCCAGATCICTCTGAGCAATAGTATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC

HS-SynO-TSS (SEQ ID NO: 108)

GGGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCGGCAGGAGCAAACAGGGACTAAGTCCACGAGGTTA
ATAATTTTCCAGATCICTCTGAGCAATAGTATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC

sHS-SynO-TSS (SEQ ID NO: 106)
GGCTGCTGGTGAATATTAACCAAGGTCATCGGAGGAGCAAACAGGGACTAAGTCGAGGTTAATAATTTTCCAGATCTC
TCTGAGCAATAGTATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTC

The promoters were synthesized de novo and cloned into an expression plasmid driving the
expression of clotting fVIII. FVIII activity was measured 48 hours after transfection by one-stage clot
assay. In vitro expression of FVIII was assayed in HepG2 cells transiently transfected with FVIII
expression plasmids driven by the respective promoter is shown in FIG. 17. These results demonstrate
that the in vivo strength of the HCB promoter can be augmented by the addition of a supplemental
enhancer sequences. The greatest benefit was seen when the complete, human, HSh enhancer was added
to the 5° end of the HCB promoter. Supplementing only the 5° or 3’ portions of the HSh attenuated the
improved expression slightly compared to the complete HSh module. Additionally, when the shortABP
enhancer was removed from the HCB design and instead replaced with either HSh or HS enhancers, fVIII
expression declined slightly from the levels seen in the HSh-HCB promoter, which contains the
shortABP-enhancer. However, when the sHS-SynO plasmid was administered hydrodynamically to mice,
no expression was observed, showing that the shortABP enhancer module may be a more suitable

enhancer for durable ir vivo expression.

Example 3
Recombinant AAYV vector for fVIII Expression

This example illustrates exemplary recombinant AAV vectors encoding a fVIII variant that
comprise a genome sized for optimal AAV vector-based protein expression (that is, a genome of 5 kb or
fewer bp).

FIG. 4 depicts AAV-based vectors for expression of fVIII variants that lack the B-domain.
However, the constructs shown in FIG. 4 are above the 5.0 kb limit for optimal protein expression from an
AAYV vector. Removing nonessential viral genomic DNA and cloning remnants, and substituting shorter
promoter sequences (such as the HCB promoter (SEQ ID NO: 4, 146 bp), enabled the development of a
high expression fVIII-AAV genome of approximately 4.9kb in length.
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An exemplary AAV vector with such a genome is depicted in FIG. 18. This figure illustrates an

AAYV vector including 5’and 3’ ITRs, the HCB (SEQ ID NO: 4) promoter, a nucleic acid molecule
encoding a variant fVIII protein that lacks the B-domain (such as any one of the ET3 or HSQ CpG-

depleted and liver codon optimized sequences provided herein), and a synthetic poly A sequence.

An exemplary sequence of an AAV cassette as shown in FIG. 18 is provided as SEQ ID NO: 129,

which has the following structure:

(5’AAV2ITR) — RE — (HCB Promoter) — Kozak — (HSQ coding region) — RE — (poly adenylation signal)
— RE - (3’AAV2 ITR)

The elements of the AAV cassette of SEQ ID NO: 129 are as follows:

Element Start (bp) End (bp)
5" AAV2ITR 1 141
Agel (restriction site) 142 147
HCB promoter 148 293
Destroyed Xhol site 294 299
Kozak consensus sequence 300 304
Liver optimized HSQ with CpGs 305 4678
Notl (restriction site) 4679 4686
Rabbit beta globin polyA signal 4687 4735
Munl (restriction site) 4736 4741
3" AAV2ITR 4742 4882

The restriction sites can optionally be removed from the cassette to provide a shortened
recombinant AAV genome. Additionally, the transgene can be substituted as needed. Removing the

restriction sites elements would generate a vector of 4885 base pairs (ET3) or 4855 (HSQ).

SEQ ID NO: 129:

CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGLC
CGGCCTICAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTACCGGTIGTTAATCAT
TAAGTCGTTAATTTTTGTGGCCCTIGCGATGTTTGCTCTCGGTTAATAATCTCAGGACAAACAGAGGTTAATAATTTIC
CAGATCTCTCTGAGCAATAGTATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTCGTCGAGCCACCATGCAGAT
CGAACTGTCTACCTGTITICITICTGTIGCCTGCTGCGGTTTIGTTITTTICCGCTACCAGAAGATACTACCTGGGAGCCGT
CCGAACTGAGCTGGGATTACATGCAGTCTIGACCTGGGAGAGCTGCCCCGTGGACGCTAGATTCCCACCTAGAGTCCCTAA
GTCCTICCCCTTCAACACCAGCGTGGTCTACAAGAAAACCCTGTITCGTGGAGTTTACCGCGACCACCTIGTTICAACATCGC
TAAGCCTAGACCACCATGGATGGGACTGCTGGGACCAACCATCCAGGCCGAGGTGTACGCGACACCGIGGTICATCACCCT
GAAAAACATGGCTTCTCACCCCGTGTCCCTGCATGCTGTGGGCGTCTCCTACTGGAAGGCCAGCCAAGGGGCTGAGTA
TGACGATCAGACCAGCCAGCGCGGAAAAAGAGGACGATAAGGTGTITCCCTGGCGGGTCCCATACCTACGTIGTGGCAGGT
CCTGAAGGAGAATGGACCAATGGCTITCCGACCCTICTGTGCCTCGACCTACTCTTATCTGTCCCACCTGGACCTGGTCAA
GGATCTGAACAGCGGCCTGATCGGGGCTICTGCTGGTGCTCTCGCGAAGGGTCCCTGGCCAAGCAGAAAACCCAGACCCT
GCATAAGTTCATCCTIGCIGTITCGCCGTGTTTGACGAAGGAAAAAGCTGGCACTCTGAGACCAAGAACTCTCTGATGCA
GGACAGGGATGCCGCTTCCGCCAGAGCTTGGCCCAAGATGCACACCGTGAACGGCTACGTCAATAGGAGCCTGCCTGG
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ACTGATCGGCTGCCACAGAAAGTCCGTGTATTGGCATGTCATCGGAATGGGCACCACCCCTGAAGTGCACAGCATCTT
CCTIGGAGGGGCATACCTTTICTGGTCCGCAACCACCGGCAGGCTAGCCTGGAGATCTCTCCAATCACCTICCTIGACCGC
CCAGACCCTIGCTGATGGACCTGGGACAGTTCCTGCTGTTTTGCCACATCTCCAGCCACCAGCATGATGGCATGGAGGC
TTACGTGAAAGTCGACTCCTGCTICCCGAGGAACCTCAGCTGAGCATGCGAAGAACAATGCGAGGAAGCCCAAGACTATGACGA
TGACCTGACCGACAGCGAGATGGATGTGGTCCGCTTCGATGACGATAACTCTCCCTICCTTTATCCAGATCCGGTCCGT
GGCCAAGAAACACCCTAAGACCTGGGTCCATTACATCGCCGCTGAGGAAGAGGACTGGGATTATGCTCCACTGGTIGCT
GGCCCCCGACGATAGATCCTACAAAAGCCAGTATCTGAACAATGGACCCCAGAGGATCGGCAGAAAGTACAAGAAAGT
CAGGTICATGGCTTATACCGATGAGACCTTTAAGACCAGAGAAGCCATCCAGCACGAGTCCGGGATCCTGGGACCTCT
GCTIGTACGGCGAAGTGGGGCGACACCCTGCTGATCATCTTCAAGAACCAGGCCAGCAGGCCTTACAATATCTATCCACA
TGGCATCACCGATGTGAGACCICTGTACTCCCGCCGGCTCCCAAAGGGCGTGAAACACCTCGAAGGACTTICCCAATCCT
GCCCGGGGAAATCTTTAAGTATAAATGGACCGTCACCGTCGAGGATGGGCCCACCAAGAGCCACCCTAGGTGCCTGAC
CAGATACTATTCTTCCTTCGTGAATATGGAGAGAGACCTGGCTTICCGGACTGATCGGACCCCTGCTGATCTGTTACAA
AGAGAGCGTGCGATCAGCGCGGCAACCAGATCATGTICTGACAAGCGGAATCTGATCCTIGTTCAGCGCTCTTIGACGAAAA
CCGCTCTTGGTACCTGACCGAGAACATCCAGCGGTTCCTGCCTAATCCAGCTGGAGTGCAGCTGGAAGATCCCGAGTT
CCAGGCCTCTAACATCATGCATTCCATCAATGGCTACGTCTITCGACTCCCTGCAGCTCGAGCCTGTGCCTGCACGAGGT
CGCTTACTGGTATATCCTGAGCATCGGAGCCCAGACCGATTTCCTGICTGTGTITCTTTTCCGGCTACACCTTITAAGCA
TAAAATGGTGTATGAGGACACCCTGACCCTGTTCCCATTTTCCGGCGAAACCGTGTTCATCGAGCATGGAGAATCCCGG
GCIGTGGATCCTGGGATGCCACAACTCCGATTTCAGGAATAGAGGGATGACCGCCCTGCTGAAACTCGAGCTCTTGTGA
CAAGAACACCGGAGACTACTATGAAGATAGCTACGAGGACATCICTGCTTATCTGCTGTCCAAAAACAATGCCATCGA
GCCCAGGAGCTTCTCTCAGAACCCTICCAGTGCTGAAGCGCCACCAGCGGGAGATCACCAGAACCACCCTGCAGAGCGA
TCAGGAAGAGATCGACTACGACGATACCATCTCCGTGGAAATCAAGAAAGAGGACTTCGATATCTATGACGAAGATGA
GAACCAGTCTCCCAGGTCCTTCCAGAAGAAAACCAGACATTACTTTATCGCCGCTGTGGAGCGGCTIGTGGGACTATGG
CATGTCCAGCTCTCCTCACGTGCTGAGAAATAGAGCTCAGTCCGGAAGCGTCCCACAGTTCAAGAAAGTGGTICTTICCA
GGAGTTITACCGACGGAAGCTTTACCCAGCCACTGTACCGCGGCGAACTGAACGAGCACCTGGGGCTGCTIGGGACCCTA
TATCCGGGCTGAAGTGGAGCATAACATCATGGTCACCTTCAGCGAATCAGGCCAGCAGACCCTACTCTITITTATTCCAG
CCIGATCTCCTACGAAGAGCGACCAGAGACAGGGAGCTGAACCAAGAAAAAACTTCGTGAAGCCTAATGAGACCAAAAC
CTACTITTGGAAGGTGCAGCACCATATGGCCCCTACCAAAGACGAGTTCGATTGCAAGGCCTGGCGCTTATTTITAGCGA
CCIGGATCTGGAGAAGGACGTCCACTCCGGCCTGATCGGGCCACTGCTGGTGTGTCATACCAACACCCTGAATCCAGC
TCACGGAAGGCAGGTGACCGTCCAGGAATTCGCCCTGTTCTITTACCATCTTTGATGAGACCAAGAGCTGGTACTTICAC
CGAAAACATGGAGAGGAATTGCAGAGCCCCATGTAACATCCAGATGGAAGACCCCACCTTCAAGGAGAACTACAGATT
TCATGCTATCAATGGGTATATCATGGATACCCTGCCAGCACTGGTCATGGCTCAGGACCAGAGGATCAGATGGTACCT
GCTGAGCATGGGGTCTAACCGAGAATATCCACTCCATCCATTTCAGCGGACACGTGTTTACCGTCCGCAAGAAAGAAGA
GTACAAGATGGCCCTIGTACAACCTGTATCCCGGCGTGTTCGAAACCGTCGAGATGCTGCCTTCCAAGGCTGGGATCTG
GCGGGIGGAATGCCTGATCGCGCAGCACCTGCATGCCGGAATCTCTACCCTGTITCCTGGTGTACTCCAATAAGTGTCA
GACCCCCCTIGGGGATGGCTAGCGGACATATCCGCGACTTCCAGATCACCGCTTCCGGACAGTACGGACAGTGGGCTCC
TAAGCTGGCTAGACTGCACTATTCIGGCTCCATCAACGCTTGCTCTACCAAAGAGCCTTTCTCCTGGATCAAGGTGGA
CCIGCIGGCTCCAATGATCATCCATGGCATCAAAACCCAGGGCGCCAGGCAGAAGTTCTCTTICCCTIGTACATCAGCCA
GTTITATCATCATGTATTCICTGGATGGGAAGAAATGGCAGCGACCTACAGAGGCAATTCCACCGCGGACCCTGATGGTIGTT
CTITGGCAACGTCGACAGCTCTIGGGATCAAGCACAACATCTTCAATCCCCCTATCATCGCCCGCTACATCCGGCTGCA
CCCAACCCATTATTCCATCCGCAGCACCCTGCGGATGCGAGCTGATGGGGTGCGATCTGAACAGCTGTTCTATGCCCCT
GGGAATGGAGTCTAAGGCCATCTCCGACGCTCAGATCACCGCCTICCAGCTACTTCACCAATATGTTITGCTACCTGGTIC
CCCAAGCAAGGCTAGACTGCATCTGCAGGGAAGAAGCAACGCTTIGGAGACCACAGGTGAACAATCCCAAGGAGTGGCT
GCAGGICGACTTCCAGAAAACCATGAAGGTGACCGGAGTCACCACCCAGGGCGTGAAAAGCCTGCTGACCTCTATGTA
CGICAAGGAGTTCCTIGATCICITCCAGCCAGGACGGGCACCAGTGGACCCTGTTCTTTCAGAACGGAAAGGTGAAAGT
CTTICCAGGGCAATCAGGATTCCTTTACCCCTGTGGTCAACAGCCTGGACCCACCCCTGCTCGACCAGGTACCTGAGAAT
CCACCCACAGTCCTGGGTGCATCAGATCGCTCTGAGGATCCGAAGTCCTGGGCTGCGAGGCCCAGGACCTGTATTGAGC
GGCCGCAATAAAATATCTTTATTTICATTACATCTGIGTIGCTTGGTITITTIGTGTGCAATTCGAGCAACCCCTAGTGATG
CAGTTGGCCACTCCCTCTICTGCGCGCTCGCTCGCTCACTCAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTT
GCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGS

Another exemplary AAV vector including a fVIII transgene driven by the HCB promoter is
provided as SEQ ID NO: 130, which provides a prototypical design of an AAV cassette encoding a
therapeutic transgene under control of the HCB promoter. Each element is separated by one or two
restriction enzyme (RE) sites, which allow for easy substitution of these elements. In SEQ ID NO: 130,

the order of elements is as follows:

(5’AAV2ITR) — RE — (HCB Promoter) — RE — (MVM Intron) — RE — Kozak — (ET3 coding region) — RE
— (poly adenylation signal) — RE — (3’ AAV2 ITR)
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AAV2-HCB-ET3-LCO-NCG-SpA

Element Start (bp) End (bp)

5" AAV2ITR 1 141

Agel (restriction site) 142 147
HCB promoter 148 293

Sall + Pacl (restriction sites) 294 307
MVM intron 308 399

Xhol (restriction site) 400 405
Kozak consensus sequence 406 410
Liver optimized ET3 no CpGs 411 4814
NotlI (restriction site) 4815 4822
Rabbit beta globin polyA signal 4823 4871
Munl (restriction site) 4872 4877

3> AAV2 ITR 4878 5018

The intron and restriction sites can optionally be removed from the cassette to provide a shortened
recombinant AAV genome. Additionally, the transgene can be substituted as needed. Removing the
intron and restriction sites elements would generate a vector of 4885 base pairs (ET3) or 4855 (HSQ).

AAV2-HCB-ET3-LCO-NCG-SpA virus particles were generated and used to transduce mice.
fVIII activity in serum was assayed at various time point post-transduction (see FIG. 19). The in vivo
gene therapy assay was performed substantially as described in Brown et al. (“Bioengineered Factor FVIII
Enables Long-Term Correction of Murine Hemophilia A Following Liver-Directed Adeno-Associated

Viral Vector Delivery,” Molecular Therapy — Methods and Clinical Development. 1:14036, 2014).

SEQ ID NO: 130:

CCTIGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGEGCGACCTTTGGTCGLC
CGGCCTICAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTACCGGTIGTTAATCAT
TAAGTCGTTAATTTTTGTGGCCCTIGCGATGTTTGCTCTCGGTTAATAATCTCAGGACAAACAGAGGTTAATAATTTIC
CAGATCTCTICTGAGCAATAGTATAAAAGGCCAGCAGCAGCCTGACCACATCTCATCCTCGTCGACTTAATTAAAAGAG
GTAAGGGTTITAAGGGATGGTTGGTIGGTIGGGGTATTAATCTTTAATTACCTGGAGCACCTGCCTGAAATCACTTTITTIT
TCAGGTITGGCTCGAGCCACCATGCAGCTGGAACTGTCTACCTGIGTIGTITICTGTGICTGCTGCCTICTGGGGTTTICTG
CTATCAGGAGATACTATCTGGCGAGCTGTIGGAGCTGTCCTGGCGACTACAGGCAGTCTGAGCTGCCTCAGAGAACTGCATG
TGGATACCAGATTCCCAGCTACAGCTCCAGGAGCTCTGCCTCTGGGCCCATCTGTGCTGTACAAGAAAACAGTCTTTIG
TGGAGTITTACAGACCAGCTGTICTCTIGTIGGCCAGGCCAAGACCACCTTGGATGGGACTGCTGCGCACCAACCATCCAGG
CTGAGGTGTATGATACAGTGCIGGTIGACCCTGAAAAACATGGCCTCCCATCCTGTGAGCCTGCATGCTGTGGGGGTGT
CCTITCIGGAAGTCCTICTGAGGCGAGCTGAGTATGAAGACCATACCTCCCAGAGGGAGAAAGAAGATGATAAGGTGCTGC
CTGGCAAAAGCCAGACCTATGCICTGGCAGGTGCTGAAGCAGAATGGACCAACTGCTTCTGACCCACCATGCCTGACCT
ACTCTTATCTGTCCCATGTIGGATCTGGTGAAGGACCTGAATTCTGCACTGATTGGAGCTCTGCTGCTGTGTAGAGAGS
GAAGCCTGACCAGAGAAAGAACCCAGAACCTGCATGAGTTIGTCCTGCTGTTTIGCTGTGCTTTGATGAAGGGAAGAGCT
GGCACTCTGCCAGGAATGACTCCTGGACCAGAGCTATGCGATCCAGCTCCTGCTAGAGCTCAGCCTGCTATGCACACAG
TCAATGGCTATGTGAATAGGTCTCIGCCAGGACTGATTGGCTCCCATAAGAAATCTGTCTATTGCCATGTGATTGGAA
TGGGCACCAGCCCTGAGGTGCATTCTATCTTCCTGGAAGGCCCACACCTTTICTGGTCAGGCACCATAGACAGGCCICTC
TGGAGATCTCCCCTCTGACCTTICCTIGACAGCTCAGACCTTTCTGATGGACCTGGGGCAGTTCCTCGCTGTITTTIGCCATA
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TCICTICCCACCATCATGGAGGAATGGAGGCTCATGTCAGGGTGCGAATCCTGTGCTGAGGAACCACAGCTGAGAAGAA
AGGCTGATGAGGCAAGAGGACTATGATGATAACCTGTATGACTCTGATATGCGATGCTGGTGAGGCTGCATGGGGATGATG
TCAGCCCTTTCATCCAGATCAGGTCTGTIGGCCAAGAAACATCCAAAGACCTGGGTCCACTACATTGCTGCTGAAGAGG
AAGATTGGGACTATGCCCCCCIGGTGCTGGCTCCTCGATGATAGATCCTACAAAAGCCAGCGTATCTGAACAATGGGCCCC
AGAGGATTGGAAGGAAGTACAAGAAAGTGAGGTTCATGGCCTATACAGATGAGACCTTTAAGACCAGAGAGGCTATCC
AGCATGAATCTGGGATCCTIGGGACCTCTGCTGTATGGAGAAGTGGGGCCATACCCTGCTGATCATCTTCAAGAACCAGS
CCTICCAGGCCATACAATATCTATCCCCATGGCATCACAGATGTGAGACCACTGTACAGCAGCACGACTGCCCAAGGGGG
TCAAACACCTGAAGGATTTCCCCATCCIGCCTGGAGAGATCTTTAAGTATAAATGGACAGTCACAGTGGAAGATGGGC
CTACCAAGTCTGATCCAAGGTGCCIGACCAGATACTATAGCTCTITTIGTGAACATGGAGAGAGACCTGGCTICTGGAC
TCGATTGGACCCCTGCTGATCTGTTACAAAGAGTCTGTGCACCAGAGGGGCAACCAGATCATCTCTGATAAGAGAAATG
TCATCCTGITCICTGTGTTTCATGAGAACAGGAGCTGGTACCTGACAGAGAACATCCAGAGCTTCCTGCCAAATCCAG
CTGGAGTGCAGCTGGAGGACCCAGAATTTCAGGCTTCCAACATCATGCATAGCATCAATGGCTATGTGTITTGATAGCC
TGCAGCTGICTGTCTIGCCTGCATGAGGTGGCCTACTGGTATATCCTGTCCATTGGAGCTCAGACAGACTTCCTGICTG
TGITCITTAGTGGGTACACCTITAAGCATAAAATGGTGTATCGAGCGATACCCTGACCCTGTTCCCCITTICTGGGGAGA
CAGTGTITCATGTCCATGGAAAACCCTGGCCTIGTGGATCCTGGCGTGCCACAACTCTGACTTCAGCAATAGAGGAATGA
CAGCCCTGCTGAAAGTGTCCAGCTGTGATAAGAATACAGCGCGATTACTATGAGGACTCTTATGAAGATATCTCTGCTT
ATCTGCTGAGCAAGAACAATGCCATTGAGCCCAGGTICTITTTGCTCAGAACTCCAGACCTCCATCTGCTTCTGCTCCTA
AGCCACCTGTGCTIGAGAAGACATCAGAGGCGACATCTCCCTGCCTACCTTCCAGCCAGAGGAAGATAAAATGGACTATG
ATGATATCTTCAGCACAGAGACCAAGGGGGAAGATTTTIGACATCTATGGAGAGGATGAAAACCAGGATCCAAGATCCT
TCCAGAAGAGAACCAGACACTACTITATTGCTGCTGTGCAGCAGCTGTGGGACTATGGGATCTCTGAAAGCCCAAGGG
CCCTGAGGAACAGAGCTCAGAATGGAGAGGTGCCCAGATTCAAGAAAGTGGTGTTCAGAGAGCTTTGCTGATGGCAGCT
TTACCCAGCCATCTTACAGGGCGGGAGCTGAACAAGCATCTGGGGCTGCTGGGACCCTATATCACAGCTGAGGCTGGAAG
ATAACATCATGGCTIGACCTTICAAGAATCAGGCTTCTAGGCCCTACTCCTITTTATICTICCCTGATCTCCTACCCTGATG
ATCAGGAGCAGGGAGCTGAACCTAGGCACAACTTTGTGCAGCCAAATGAGACCAGAACCTACTTTTIGGAAGGTGCAGC
ATCACATGGCTCCCACAGAGGATGAATTTGACTGCAAAGCTTGGGCCTATTITTICTGATGTGCGACCTGGAGAAGGATG
TGCATICTGGCCTGATTGGGCCTCIGCTGATCTGTAGGGCCAACACCCTGAATGCTGCTCATGCAAGACAGGTCACAG
TGCAGGAGTTTGCTCTGTICTITACCATCTTITGATGAAACCAAGAGCTGGTACTTCACAGAGCGAATGTGGAAAGGAATT
GCAGAGCCCCCTGTCATCTGCAGATGGAGGACCCTACCCTGAAGGAAAACTACAGGTTCCATGCCATCAATGGATATG
TCATGGATACCCTGCCTGGCCIGGTICATGGCTCAGAACCAGAGGATCAGATGGTACCTGCTCTCTATGGGATCCAATG
AGAATATCCATAGCATCCACTICTICTGGCCATGTCTITTITCTGTGAGGCGAAGCGAAAGAGGAATACAAAATGGCTGTIGTACA
ATCTGTATCCTGGGGICTTITGAGACAGTGCAAATGCTGCCAAGCAAAGTGGGAATCTGGAGAATTCAGTGCCTGATTG
GGGAACACCTGCAGGCTGGCGATGAGCACCACCTTICCTIGGTGTACTCTAAGAAATGTCAGACCCCACTGGGGATGGCCT
CTGGACATATCAGGGACTTCCAGATCACAGCTTCTGGACAGTATGGACAGTGGGCTCCAAAGCTGGCTAGACTGCACT
ATTCTGGCTCCATCAATGCCTGGTCTACCAAAGAGCCATTCTCCTGCGATCAAGGTGGACCTGCTGGCCCCCATGATCA
TCCATGGAATCAAAACCCAGGGAGCTAGGCAGAAGTTCAGCTCICTGTACATCTCCCAGTTTATCATCATGTATAGCC
TGCGATGGGAAGAAATGGCAGACCTACAGAGGCAATTCCACTGGGACCCTGATGGTCTTCTTTGCGAAATGTGGATTICCT
CTGGCATCAAGCACAACATCTTICAATCCACCCATCATTGCCAGGTACATCAGGCTGCATCCTACCCACTATAGCATCA
GGICTACCCTGAGAATGGAGCTCGATGGGATGTGACCTGAACAGCTGTITCTATGCCACTGGGCATCGAGTCCAAGGCTA
TCICTGATGCCCAGATCACAGCTTCTTCCTACTTICACCAATATGTTTIGCTACCTGGTCCCCAAGCAAGGCTAGACTGC
ACCTGCAGGGAAGATCCAATGCTTGGAGACCCCAGGTGAACAATCCTAAGGAGTIGGCTGCAGGTGCACTTICCAGAAAA
CCATGAAGGTCACAGGGGTGACCACCCAGGGAGTGAAATCTCTGCTGACCTCCATGTATGTCAAGGAGTTCCTGATCA
GCICTICCCAGGATGGCCACCAGTGGACCCTGTICTTTCAGAATGGCAAGGTCAAAGTGCTTCCAGGGGAATCAGGACT
CTTITTACCCCAGTGGTGAACTCCCIGGATCCTCCACTGCTGACCAGGTACCTGAGAATCCATCCTCAGAGCTGGGTGC
ACCAGATTGCTCTCGAGAATGGAGGTCCTGGGATGCTCGAAGCTCAGGACCTGTATTGAGCCGCCGCAATAAAATATCTTT
ATTTTCATTACATCTGTIGIGTIGGTITTTITTIGTGTGCAATTGAGGAACCCCTAGTGATGCAGTTIGGCCACTCCCTCTICT
GCGCGCTCGCTCGCTCACTCGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAG
CGAGCGAGCGCGCAGCTGCCTGCAGG

Example 4
Treatment of human hemophilia A using AAV-based gene therapy
This example describes an exemplary method for the clinical use of AAV vectors encoding fVIII
for the treatment of hemophilia A.
A patient diagnosed with hemophilia A is selected for treatment. The patient is administered a
therapeutically effective amount of a recombinant AAV encoding the ET3 or HSQ fVIII variant, such as
AAV-ET3 or AAV-HSQ under control of a HCB promoter as disclosed herein. The recombinant AAV

can be administered intravenously. An appropriate therapeutic dose can be selected by a medical
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practitioner. In some cases, the therapeutically effective dose is in the range of 1 x 10" to 1 x 10" viral

particles (vp)/kg, such as about 1 x 10'? vp/kg. In most instances, the patient is administered a single
dose. The health of the subject can be monitored over time to determine the effectiveness of the
treatment.

It will be apparent that the precise details of the methods or compositions described may be
varied or modified without departing from the spirit of the described embodiments. We claim all such

modifications and variations that fall within the scope and spirit of the claims below.
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We Claim:

1. A recombinant nucleic acid molecule, comprising:
a liver-specific promoter comprising a first response element of no more than 160 nucleotides in
length that comprises:

a HNFla transcription factor (TF) binding site;

a HNF1-1 TF binding site;

a HNF4 TF binding site;

a HNF3a TF binding site;

a HNF1-2 TF binding site;

a HNF3-2 TF binding site;

a HP1 TF binding site

a TATA box; and

a Transcription Start Site.

2. The recombinant nucleic acid molecule of claim 1, wherein:

the HNF1a TF binding site comprises or consists of nucleotides 1-12 of SEQ ID NO: 4;

the HNF1-1 TF binding site comprises or consists of nucleotides 16-23 of SEQ ID NO: 4;

the HNF4 TF binding site comprises or consists of nucleotides 26-36 of SEQ ID NO: 4;

the HNF3a TF binding site comprises or consists of nucleotides 39-45 of SEQ ID NO: 4;

the HNF1-2 TF binding site comprises or consists of nucleotides 48-62 of SEQ ID NO: 4;

the HNF3-2 TF binding site comprises or consists of nucleotides 65-71 of SEQ ID NO: 4;

the HP1 TF binding site comprises or consists of nucleotides 75-87 of SEQ ID NO: 4;

the TATA box comprises or consists of nucleotides 108-114 of SEQ ID NO: 4; and

the Transcription Start Site (TSS) comprises or consists of nucleotides 116-146 of SEQ ID NO: 4.

3. The recombinant nucleic acid molecule of claim 1 or claim 2, wherein the first response
clement comprises, from 5’ to 3’, the HNF1a TF binding site, the HNF1-1 TF binding site, the HNF4 TF
binding site, the HNF3a TF binding site, the HNF1-2 TF binding site, the HNF3-2 TF binding site, the
HP1 TF binding site, the TATA box, and the Transcription Start Site (TSS).

4. The recombinant nucleic acid molecule of any one of the prior claims, wherein the first

response element is no more than 150 nucleotides in length.

5. The recombinant nucleic acid molecule of any one of the prior claims, wherein the first

response element is 146 nucleotides in length.

6. The recombinant nucleic acid molecule of any one of the prior claims, wherein the first

response element comprises or consists of a nucleotide sequence at least 90% identical to SEQ ID NO: 4.
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7. The recombinant nucleic acid molecule of claim 6, wherein the first response element

comprises or consists of the nucleotide sequence set forth as SEQ ID NO: 4.

8. The recombinant nucleic acid molecule of any of the prior claims, wherein the promoter

consists of the first response element.

9. The recombinant nucleic acid molecule of any one of claims 1-8, further comprising a
second response element upstream of the first response element, the second response element comprising
one of:

a HSh response element comprising or consisting of a nucleotide sequence at least 90% identical
to SEQ ID NO: 111;

a 5’HS response element comprising or consisting of a nucleotide sequence at least 90% identical
to nucleotides 6-32 of SEQ ID NO: 111; or

a 3’HS response element comprising or consisting of a nucleotide sequence at least 90% identical

to nucleotides 44-68 of SEQ ID NO: 111.

10. The recombinant nucleic acid molecule of claim 9, wherein the

the HSh response element comprises or consists of the nucleotide sequence set forth as SEQ ID
NO: 111;

the 5’HS response element comprises or consists of nucleotides 6-32 of SEQ ID NO: 111; or

the 3’HS response element comprises or consists of nucleotides 44-68 of SEQ ID NO: 111.

11. The recombinant nucleic acid molecule of claim 10, wherein the

the HSh response element consists of the nucleotide sequence set forth as SEQ ID NO: 111;
the 5’HS response element consists of nucleotides 6-32 of SEQ ID NO: 111; or

the 3’HS response element consists of nucleotides 44-68 of SEQ ID NO: 111.

12. The recombinant nucleic acid molecule of any of claims 9-11, wherein the recombinant
promoter comprises or consists of a nucleotide sequence at least 90% identical to one of SEQ ID NO: 102

(HSh-HCB), SEQ ID NO: 104 (5’HSh-HCB), or SEQ ID NO: 103 (3’HSh-HCB).

13. The recombinant nucleic acid molecule of claims 12, wherein the recombinant promoter
comprises or consists of the nucleotide sequence set forth as SEQ ID NO: 102 (HSh-HCB), SEQ ID NO:
104 (5’ HSh-HCB), or SEQ ID NO: 103 (3’HSh-HCB).

14. A recombinant nucleic acid molecule, comprising or consisting of a nucleotide sequence
at least 90% identical to any one of SEQ ID NO: 5 (shortABP-HP1-God-TSS), SEQ ID NO: 7 (ABP-

HP1-God-TSS), SEQ ID NO: 105 (HSh-SynO-TSS), SEQ ID NO: 106 (sHS-SynO-TSS), SEQ ID NO:
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107 (Agro), SEQ ID NO: 108 (HS-SynO-TSS), or SEQ ID NO: 112 (HNF1-ShortABPExact-SynO-TSS-

Int).

15. The recombinant nucleic acid molecule of claim 14, comprising or consisting of the
nucleotide sequence set forth as any one of SEQ ID NO: 5 (shortABP-HP1-God-TSS), SEQ ID NO: 7
(ABP-HP1-God-TSS), SEQ ID NO: 105 (HSh-SynO-TSS), SEQ ID NO: 106 (sHS-SynO-TSS), SEQ ID
NO: 107 (Agro), SEQ ID NO: 108 (HS-SynO-TSS), or SEQ ID NO: 112 (HNF1-ShortABPExact-SynO-
TSS-Int).

16. A vector comprising the recombinant nucleic acid molecule of any one of the prior
claims.

17. The vector of claim 16, wherein the vector is a viral vector.

18. The vector of claim 17, wherein the viral vector is an AAV vector.

19. The vector of claim 16, wherein the viral vector is a gamma-retroviral vector, a lentiviral

vector, or an adenoviral vector.

20. The vector of any one of claims 16-19, comprising a nucleic acid molecule encoding a

clotting factor that is operably linked to the promoter.

21. The vector of claim 20, wherein the clotting factor is fVIII, or an ET3 or B domain

deleted human (HSQ) fVIII variant.

22. The vector of claim 21, wherein the fVIII comprises the nucleic acid sequence set forth as
SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 125, or SEQ ID NO: 126, or a nucleic
acid sequence at least 90% identical to SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
125, or SEQ ID NO: 126.

23. The vector of claim 20, wherein the clotting factor is fIX

24. The vector of claim 23, wherein the fIX comprises the nucleic acid sequence set forth as
SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 124, or SEQ ID NO: 127, or a nucleic acid
sequence at least 90% identical SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 124, or
SEQ ID NO: 127.

25. A composition comprising the vector of any one of claims 16-24 in a pharmaceutically

acceptable carrier.
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26. An isolated nucleic acid molecule, comprising:

a nucleic acid sequence encoding fVIII and comprising the nucleotide sequence set forth as one of
SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 125, or SEQ ID NO: 126, or a nucleotide
sequence at least 90% identical to one of SEQ ID NO: 2, SEQ ID NO: 11, SEQ ID NO: 12 SEQ ID NO:
125, or SEQ ID NO: 126; or

a nucleic acid sequence encoding fIX and comprising the nucleotide sequence set forth as one of
SEQID NO: 8 SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 124, or SEQ ID NO: 127, or a nucleotide
sequence at least 90% identical to one of SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
124, or SEQ ID NO: 127.

27. A vector comprising the recombinant nucleic acid molecule of claim 26 operably linked

to a promoter.

28. The vector of claim 27, wherein the vector is a viral vector.
29. The vector of claim 28, wherein the viral vector is an AAV vector.
30. The vector of claim 28, wherein the viral vector is a gamma-retroviral vector, a lentiviral

vector, or an adenoviral vector.

31. A composition comprising the vector of any one of claims 27-30 in a pharmaceutically

acceptable carrier.

32. A method of inducing blood clotting in a subject in need thereof, comprising
administering to the subject a therapeutically effective amount of the vector of any one of claims 20-24 or

27-30, or the composition of claim 25 or claim 31.

33. A method of treating a subject with a clotting disorder, comprising selecting a subject
with the clotting disorder and administering to the subject a therapeutically effective amount of the vector

of any one of claims 20-24 or 27-30, or the composition of claim 25 or claim 31.

34. The method of claim 33, wherein the clotting disorder is:

hemophilia A and the subject is administered a vector comprising a nucleic acid molecule
encoding a protein with fVIII activity; or

hemophilia B and the subject is administered a vector comprising a nucleic acid molecule

encoding a protein with fIX activity.

35. The method of any one of claims 32-34, wherein the vector is administered intravenously.
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36. The method of any one of claims 32-34, wherein the vector is an AAV vector.

37. The method of any one of claims 32-36, wherein the vector is administered in

combination with an immunosuppressive agent.

38. The method of claim 37, wherein the immunosuppressive agent is ciclosporin, tacrolimus,
sirolimus, cyclophosphamide, methotrexate, azathioprine, mercaptopurine, fluorouracil, mycophenolic
acid, dactinomycin, fingolimod, T-cell receptor antibody or binding protein, muromonab-CD3, IL-2
receptor antibody or binding protein, basiliximab, daclizumab, recombinant IFN-beta, TNF-alpha

antibody or binding protein, infliximab, etanercept, or adalimumab.
39. Use of the vector of any one of claims 20-24 or 27-30, or the composition of claim 25 or

claim 31, to inducing blood clotting in a subject in need thereof or treating a subject with a clotting

disorder.
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Tissue-specific codon optimization expression in cells
from different species (expression in baby hamster
kidney cells by transient transfection)
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(1) ABP (SEQ ID NO: 113)

(2) (3)
GTTAATTT[TTAAAAAGCAGTCAAAAGTCCANGTGGCCCTTGCGAGCAT
TTACTCTCTAIGTTTCCrCEGCTTAATAATCTCALECAGHACAAACA]

(4) (5) (6)

(7) SynO (SEQ ID NO: 114)
GAGbTTAATAATTTTCbAGATCTCTCTGAGCAATA TATAAAA

(8) (9)

(10) God (SEQ ID NO: 115)
AGTCATATGTTTGCTCACTGAAGGTTACTAGTTAACAGGCATCCCTTAAACAGGA

ABP-SynO (SEQ ID NO: 131)

(1) GTTAATTTTTAAAAAGCAGTCAAAAGTCCAAGTGGCCCTTGCGAGCATTTACTCTCTICTGTTIG
CTCTGGTTAATAATCTCAGGAGCACAAACA

(7)GAGGTTAATAATTTTCCAGATCTCTC TGAGCAATAGTATAAAA'

ABP-Hpl-God (SEQ ID NO: 6)

GTTAATTTTTAAAAAGCAGTCAAAAGTCCAAGTGGCCCTTGCGAGCATTTACTCTCTICTGTTIG

1
(1) CTCTGGTTAATAATCTCAGGAGCACAAACA

GAG

(T)[GTTAATAATTTIC|
(10)|ACTCATATGTTTGCTCACTGAAGCTTACTAGTTAACAGGCATCCCT TAAACAGGA]
TATAAAA

(1) ABP element

(2) HNF1-1 TF binding site
(3) HNF4 TF binding site
(4) HNF3a TF binding site
(5) HNF1-2 TF binding site
(6) HNF3-2 TF binding site
(7) SynO element

(8) HP1 TF binding site

(9) TATA box

(10) God element

FIG. 8
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(11) ABP-exact (SEQ ID NO: 116)

(12) (13)
[CTTAATCATTAACITTAAAAAGCAGTCAAAAGTCCAAAGGTCAAAGGTCAIGAGCATTTA
CTCTCTCLAATGTTGACTCTCGTTAATGATTAAGGAGAAATTGT TGACT|T

(14) (15) (16)

(17) Short-ABP-exact (SEQ ID NO: 117)
(12) (13) (14) (15)
[cTTAATCATTAACITTIAGGTCAAAGGTCAIGAICAATGT TGACTYTCGT TAATGATTARACC

GGIKATTGTTGACTT

(16)

(18) Transcription start site, TSS (nuc. 116-146 of SEQ ID NO: 4)
(19) (20)
[GCCAGCAGCAGCCTGACCACATC[TCATCCTC

{21) HNF1a TF binding site
GTTAATCATTAA

(22) Sp1 TF binding site
GTTAATCATTAA

(23) SV40 intron
CTCTAAGGTAAATATAAAATTTTTAAGTGTATAATGTGTTAAACTACTGATTCTAAT
TGTTTGTGTATTTTAGATTCCAACCTATGGAACTGA

(11) ABP-exact (consensus TF binding sites)

(12) HNF1-1 consensus TF binding site

(13) HNF4 consensus TF binding site

(14) HNF3a consensus TF binding site

(15) HNF1-2 consensus TF binding site

(16) HNF3-2 consensus TF binding site

(17) Short-ABP-exact

(18) Transcription Start Site (TSS)

(19) GC rich spacer

(20) Transcription start motif

(21) HNF1a TF binding site (liver-directed TF binding site)
(22) Sp1 TF binding site (liver-directed TF binding site)
(23) SV40 intron

FIG. 10
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ABP-exact—-SynO (SEQ ID NO: 118)

(11) GTTAATCATTAACTTAAAAAGCAGTCAAAAGTCCAAAGGTCAAAGGTCAGAGCATTTACTCTCTCCA
ATGTTGACTCTCGTTAATGATTAAGGAGCAATTGTTGACTT

(7)|GAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAALA

ShortABP—-exact-SynO (SEQ ID NO: 119)

GTTAATCATTAACTTAGGTCAAAGGTCAGACAATGTTGACTCTCGTTAATGATTAACCGGAATTGTT

17
(17) GACTT

(7)|GAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAAAA

ABP-HP1-God-TSS (SEQ ID NO: 7)

GTTAATTTTTAAAAAGCAGTCAAAAGTCCAAGTGGCCCTTIGCGAGCATTTACTCTCTCTGTTITG
CTCTGGTTAATAATCTCAGGAGCACAAACA
GAG
(8)|GTTAATAATTTTC
(10)|AGTCATATGTTTGCTCACTGAAGCTTACTAGTTAACAGGCATCCCTTAAACAGGA
TATAAAAG
(18)|GCCAGCAGCAGCCTGACCACATCTCATCCTC]

(1)

HP

£
£

ABF En

L rich spacer
fats box TSR
Godbout Praximal BEohancer

hancer

FIG. 11A
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HNFla—-ABP-SynO (SEQ ID NO: 120)

(21)[GTTAATCATTAA |

GTC

(1) |GTTAATTTTTAAARAGCAGTCAARAGTCCAAGTGGCCCTTGCGAGCATTTACTCTCTCTGTTTG
CTCTGGTTAATAATCTCAGGAGCACAAACA

(7)|GAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAAAL

Spl-ABP-SynO (SEQ ID NO: 121)

(22) | TGGGCGGAGT|

CIC

(1| GTTAATTTTTAAARAGCAGTCAAAAGTCCAAGTGGCCCTTGCGAGCATTTACTCTCTCTGTTTG
CTCTGGTTAATAATCTCAGGAGCACAAACA

(7)[GAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAAAY

HNF1-ShortABPExact-SynO-TSS-Int (SEQ ID NO: 112)

(21)[GTTAATCATTAA
GTC

GTTAATCATTAACTTAGGTCAAAGGTCAGACAATGTTGACTCTCGTITAATGATTAACCGGAATTGT

(17)
TGACTT

(7)|GAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAA
AAG
(18)|GCCAGCAGCAGCCTGACCACATCTCATCCTC

(23) CTCTAAGGTAAATATAAAATTTITTAAGTGTATAATGTGTTAAACTACTGATTCTAATTGTTTGTGT
ATTTTAGATTCCAACCTATGGAACTGA

FIG. 11B
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(24) shortABP (SEQ ID NO: 34)

[GTTAATTITTIGTGGCCCTTGCEATGTTTGC T CFGGT TAATAATCTCAGGACAAACA]
(2) (3) (4) (5) (6)

(25) HNF1-shortABP-SynO-TSS (also called Hepatic Combinatorial Bundle, or HCB) (SEQ ID NO: 4)
(21)[GTTAATCATTARA
GTC
(24) GTTAATTTTTGTGGCCCTTGCGATGTTTGCTCTGGTTAATAATCTCAGGACAAACN
(7) GAGGTTAATAATTTTCCAGATCTCTCTGAGCAATAGTATAAAN
G
(18)| GCCAGCAGCAGCCTGACCACATCTCATCCTC)

HNFia shortdbp SynQ GO rich spacer
TES

(27) shortABP-HP1-God-TSS (SEQ ID NO: 5)
(24)|GTTAATTTTTGTGGCCCTTGCGATGTTTGCTCTGGTTAATAATCTCAGGACAAACA |
TAC
(8a) ATTTTC'
(10)AGTCATATGTTTGCTCACTCAAGCTTACTACGTTAACAGGCATCCCTTAAACAGGA |
TATAAAAG
(18) [GCCAGCAGCAGCCTGACCACATCTCATCCTC|

shortdhp HPL  tstabox  TSS
Gadbout Broximal Enhancer

GU rich spacer
(2) HNF1-1 TF binding site ‘
(3) HNF4 TF binding site
(4) HNF3a TF binding site
(5) HNF1-2 TF binding site
(6) HNF3-2 TF binding site
(7) SynO element
(8a) shortened HP1 TF binding site
(10) God element
(18) Transcription Start Site (TSS)
(21) HNF1a TF binding site
(24) shortABP
(25) HNF1-shortABP-SynO-TSS (Hepatic Combinatorial Bundle, or HCB)
(27) shortABP-HP1-God-TSS

FIG. 13
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Element Schematic
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