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DESCRIPTION

SEQUENCE LISTING

[0001] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said ASCII
copy, created on December 16, 2019, is named DIM-010WO_SL_ST25.txt and is 42,290 bytes
in size.

TECHNICAL FIELD OF THE INVENTION

[0002] This application relates generally to viral vectors, and more particularly adeno-
associated viral vectors, for the treatment of glycogen storage diseases such as glycogen
storage disease type la.

BACKGROUND OF THE INVENTION

[0003] Glycogen storage disease type la (also known as GSD-la or von Gierke disease) is an
inherited disorder caused by the buildup of glycogen in the body's cells. The accumulation of
glycogen in certain organs and tissues, especially the liver, kidneys, and small intestines,
impairs their ability to function normally. GSD-la typically manifests during the first year of life
with severe hypoglycemia and hepatomegaly caused by the accumulation of glycogen.
Affected individuals exhibit growth retardation, delayed puberty, lactic acidemia, hyperlipidemia,
hyperuricemia, and in adults a high incidence of hepatic adenomas. See Lei et al., 1993,
Science 262: 580-3.

[0004] GSD-la is a rare, orphan genetic disease caused by the deficiency of active glucose-6-
phosphatase-alpha (G6Pase-a), a key enzyme involved in the maintenance of glucose
homeostasis. G6Pase-q, encoded by the GE6PC gene, catalyzes the hydrolysis of glucose-6-
phosphate (G6P) to glucose and phosphate in the final step of glycogenolysis and
gluconeogenesis. Over 80 mutations responsible for G6Pase-a deficiency and the associated
development of GSD-la have been identified to date. See Chou et al.,, 2010, Nat Rev
Endocrinol 6(12): 676-88.

[0005] There is presently no cure for GSD-la and dietary supplementation is the current
standard of care for patients. When followed strictly, dietary strategies typically allow for normal
growth and puberty development, however dietary therapy fails to completely prevent the
occurrence of hyperlipidemia, hyperuricemia, lactic acidemia, and accumulation of liver fat. See
Rake et al., 2002, Eur J Pediatr 161 Suppl 1: S20-34.
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[0006] Gene therapy approaches using recombinant adeno-associated viruses (AAV) carrying
G6Pase-a have been explored for the management of GSD-la. See, e.g., US Patent No.
9,644,216 and US Patent Publication No. 2017/0362670. However, to use AAV vectors for
human gene therapy, the development of robust, reliable, and scalable production processes
for the vectors is crucial. The present inventors have discovered that modifying the
promoter/enhancer region of the G6PC gene to remove certain sequences, described herein
as "Alu elements," dramatically improves rAAV yield and quality when expressed from various
host cell platforms.

SUMMARY OF THE INVENTION

[0007] This invention provides methods and compositions for treating glycogen storage
diseases. More specifically, provided herein are recombinant nucleic acid molecules, adeno-
associated virus (AAV) vectors, and recombinant adeno-associated virus (rAAV) that can be
used in gene therapy applications for the treatment of GSD-la.

[0008] In one aspect, the application relates to a recombinant nucleic acid molecule
comprising a modified G6PC promoter/enhancer (GPE) sequence, wherein the modified GPE
lacks one or more sequences at least 80% identical to an Alu element which is selected from
the contiguous nucleotides 934 - 1127 (Alu - 1), 1488 - 1823 (Alu - 2), and 1995 - 2350 (Alu -
3) of SEQ ID NO: 6. In some embodiments, the modified GPE has a sequence 80% (e.g., 80%,
85%, 90%, 95%, or 100%) identical to the contiguous nucleotides 146-2123 of SEQ ID NO: 1,
or 80% (e.g., 80%, 85%, 90%, 95%, or 100%) identical to any one of SEQ ID NO: 7, 8, 9, 10,
11, or 12.

[0009] In another aspect, the application relates to a recombinant nucleic acid molecule
comprising a modified G6PC promoter/enhancer (GPE) sequence described herein and a
G6Pase-a coding sequence, wherein the modified GPE is capable of directing the expression
of the G6Pase-a coding sequence. In some embodiments, the G6Pase-a coding sequence
comprises a sequence at least 80% (e.g., 80%, 85%, 90%, 95%, or 100%) identical to SEQ ID
NO: 3 or SEQ ID NO: 4. In some embodiments, the recombinant nucleic acid molecule further
comprises a polyadenylation (polyA) signal sequence, such as an SV40 polyA signal sequence
(SEQ ID NO: 14). In some embodiments, the recombinant nucleic acid molecule further
comprises an intron (SEQ ID NO: 13). In some embodiments, the recombinant nucleic acid
molecule comprises SEQ ID NO: 1 or SEQ ID NO: 2.

[0010] In another aspect, the application relates to a recombinant vector comprising a
recombinant nucleic acid molecule described herein. In some embodiments, the vector is an
adeno-associated virus (AAV) vector, such as an AAV vector of serotype 1,2,3,4,5,6,7,8,9,
10, 11, 12, or rh10 (ie., AAV1, AAV2, AAV3, AAV4, AAV5, AAVE, AAVT7, AAVE, AAV9, AAV10,

AAV11, AAV12, or rh10). In an exemplary embodiment, the AAV vector is an AAV serotype 8
(AAVS8) vector. Further provided are host cells comprising a recombinant nucleic acid molecule
or a recombinant vector disclosed herein. In specific embodiments, the host cells may be
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suitable for the propagation of AAV.

[0011] In another aspect, the application relates to a method of increasing rAAV yield, and the
method comprises delivering an AAV vector described herein to a host cell culture and
harvesting the rAAV from the cell culture. In some embodiments, the host cell culture is a
eukaryotic host cell culture.

[0012] Also provided herein is an rAAV comprising a recombinant nucleic acid molecule or an
AAV vector disclosed herein. In some embodiments, the application relates to an rAAV for the
treatment of GSD-Ila, and the an rAAV comprising an AAV capsid, and an AAV vector genome
packaged therein, said AAV vector genome comprises an AAV 5' inverted terminal repeat
sequence (ITR) sequence; a modified GPE sequence disclosed herein; a coding sequence
encoding a glucose-6-phosphatase alpha (G6Pase-q), or an active fragment or variant thereof;
and an AAV 3' ITR sequence. In some exemplary embodiments, the AAV capsid is an AAVS
capsid. In some embodiments, the vector genome includes the 5' and 3' ITR sequence
identical to SEQ ID NO: 15. In some embodiments, the vector genome includes the modified
GPE which comprises the contiguous nucleotides 146-2123 of SEQ ID NO: 1. In some
embodiments, the vector genome further comprises a polyadenylation (polyA) signal
sequence, e.g., an SV40 polyA signal sequence (SEQ ID NO: 14). In some embodiments, the
vector genome further comprises an intron (SEQ ID NO: 13). In some embodiments, G6Pase-a
comprises an amino acid sequence at least 80% (e.g., 80%, 85%, 90%, 95%, or 100%)
identical to SEQ ID NO: 5. In some embodiments, the amino acid sequence of G6Pase-a
comprises SEQ ID NO: 5. In some embodiments, the amino acid sequence of G6Pase-a
consists of SEQ ID NO: 5. In some embodiments, the coding sequence of G6Pase-a is at least
80% (e.g., 80%, 85%, 90%, 95%, or 100%) identical to SEQ ID NO: 3 or SEQ ID NO: 4. In
some exemplary embodiments, the vector genome comprises a nucleic acid sequence
identical to SEQ ID NO: 1 or 2.

[0013] The application further relates to pharmaceutical compositions comprising an rAAV of
the invention. In some embodiments, the pharmaceutical composition comprises a
pharmaceutically acceptable carrier or excipient. In some embodiments, the pharmaceutical
composition is formulated for subcutaneous, intramuscular, intradermal, intraperitoneal, or
intravenous administration. In an exemplary embodiment, the pharmaceutical composition is
formulated for intravenous administration.

[0014] In yet another aspect, the application relates to methods of treating glycogen storage
disease type la (GSD-la) in a human subject comprising administering to the human subject a
therapeutically effective amount of an rAAV disclosed herein. In some embodiments, the rAAV
is administered subcutaneously, intramuscularly, intradermally, intraperitoneally, or
intravenously. In an exemplary embodiment, the rAAV is administered intravenously. In some

embodiments, the rAAV is administered at a dose of about 1 x 10! to about 1 x 1014 genome
copies (GC)/kg. In further embodiments, the rAAV is administered at a dose of about 1 x 1012

to about 1 x 1013 genome copies (GC)/kg. In some embodiments, a single dose of rAAV is
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administered. In other embodiments, multiple doses of rAAV are administered.

[0015] These and other aspects and features of the invention are described in the following
sections of the application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention can be more completely understood with reference to the following
drawings.

FIG. 1A is a schematic representation of the G6PC expression cassette bounded by two AAV2
inverted terminal repeats (ITRs, SEQ ID NO: 15) and comprising a GPE, an intron, a codon-
optimized human G6PC gene (hG6PCco), and an SV40 late poly A tail. Abbreviations used:
GPE- G6Pase PROMOTER/ENHANCER REGION; hG6PCco- human glucose-6-phosphatase
coding region (codon-optimized); ITR- inverted terminal repeat;, SV40L pA- SV40 late
polyadenylation signal; UTR- untranslated region. FIG. 1B is an illustration of GBPC expression
cassettes containing the wild-type (DTC161) or modified GPE (DTC175 comprising a G6PC
expression cassette comprising a GPE with a deletion of the Alu - 1 and Alu - 2 sequences,
DTC176 comprising a G6PC expression cassette comprising a GPE in which all three Alu
elements are present but the orientations of the Alu - 1 and Alu - 2 sequences are reversed,
DTC177 comprising a G6PC expression cassette comprising a GPE with a deletion of the Alu -
1, Alu - 2 and Alu - 3 sequences, DTC178 comprising a G6PC expression cassette comprising
a GPE with a deletion of the Alu - 3 sequence, and DTC179 comprising a G6PC expression
cassette comprising a GPE in which all three Alu elements are present but the orientation of
the Alu - 3 sequence is reversed).

FIG. 2 is a schematic representation of an exemplary AAV vector (DTC161), with various key
components shown therein. Features of the vector are provided below:

Type Start End Description

Region 1 145 Inverted terminal repeat (ITR)
Region 146 3,009 G6PC promoter/enhancer (GPE)
Region 3,010 3,331 chimeric intron

Gene 3,332 4.405 hG6PC codon optimized cDNA
Region 4,426 4,623 SV40 late polyadenylation signal
Region 4,624 4,768 Inverted terminal repeat (ITR)

FIG. 3 is a schematic representation of pAAV2-8.KanR (p2123-FH) AAV Rep/Cap plasmid,
which provides Rep and Cap function in packaging rAAV when co-transfected with AAV vectors
into host cells.

FIG. 4 is a schematic representation of pAdDeltaF6(Kan) adenovirus helper plasmid for rAAV
production when co-transfected with AAV vectors and Rep/Cap plasmids into host cells.

FIG. 5 is a bar graph showing titers of rAAV produced from host cells after transfection of
various AAV vectors. Three tests were performed under each condition, and standard
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deviations were shown. * indicates P<0.05 in comparison with DTC161.

FIG. 6 is a graph showing titers of rAAV produced plotted as a function of vector genome size.
FIG. 7 is an image of an agarose gel, which shows bands of released DNA, evaluating capsid
degradation and ability to release packaged DNA, when the full-length DNA isolated from
rAAVs of a control viral vector, DTC161, DTC175, DTC176, DTC177, DTC178, and DTC179
are subjected to an agarose gel electrophoresis. The full length viral DNAs are between 3.8kb -
5kb. "™ denotes capsid degradation and intact genome of full-length DNA isolated from the
control viral vector upon treatment with sodium dodecyl sulfate (SDS).

FIG. 8A is a graph showing analytical ultracentrifuge traces of particle densities from DTC161
vector preparation produced in HEK293 cells. FIG. 8B is a graph showing analytical
ultracentrifuge traces of particle densities from a DTC177 vector (represented by SEQ ID NO:
1) preparation produced in HEK293 cells. Abbreviations used: RI- refractive index.

FIG. 9A is a dose-response curve for induced G6Pase-a expression after infection with rAAV
derived from DTC161 vector. FIG. 9B is a dose-response curve for induced G6Pase-a
expression after infection with rAAV derived from DTC177 vector (represented by SEQ ID NO:
1). X axis indicates rAAV doses used to infect HuH7 liver cells. Y axis indicates the induced
G6PC mRNA expression in the cells. rAAV derived from a development batch-produced
DTC161 vector was used as a reference standard. Abbreviations used: REF-Reference
standard; UNK-test sample.

DETAILED DESCRIPTION OF THE INVENTION

[0017] This invention provides a range of novel agents and compositions to be used for
therapeutic applications. The molecules and compositions of this invention can be used for
ameliorating, preventing or treating disease associated with glycogen storage disease type la
(GSD-la) or increasing the presence or function of glucose-6-phosphatase-alpha (G6Pase-q)
in a subject.

[0018] 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).

[0019] In order to facilitate review of the various embodiments of the disclosure, the following
explanations of specific terms are provided:

[0020] 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.
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There are currently 12 recognized serotypes of AAV (AAV1 - 12).

[0021] Administration/Administer: To provide or give a subject an agent, such as a therapeutic
agent (e.g., a recombinant 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.

[0022] 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.

[0023] Enhancer: A nucleic acid sequence that increases the rate of transcription by increasing
the activity of a promoter.

[0024] G6PC: A gene located on human chromosome 17921 that encodes glucose-6-
phosphatase-a (G6Pase-a). G6Pase-a is a 357 amino acid hydrophobic protein having 9
helices that anchor it in the endoplasmic reticulum (Chou et al., Nat Rev Endocrinol 6:676-688,
2010). The G6Pase-a protein catalyzes the hydrolysis of glucose 6-phosphate to glucose and
phosphate in the terminal step of gluconeogenesis and glycogenolysis and is a key enzyme in
glucose homeostasis. Mutations in the G6PC gene cause glycogen storage disease type la
(GSD-la), which is a metabolic disorder characterized by severe fasting hypoglycemia
associated with the accumulation of glycogen and fat in the liver and kidneys.

[0025] Glycogen storage disease (GSD): A group of diseases that result from defects in the
processing of glycogen synthesis or breakdown within muscles, liver and other tissues. GSD
can either be genetic or acquired. Genetic GSD is caused by any inborn error of metabolism
involved in these processes. There are currently 11 recognized glycogen storage diseases
(GSD type I, II, 11, IV, V, VI, VII, IX, XI, XIl and XIIl). GSD-| consists of two autosomal recessive
disorders, GSD-la and GSD-Ib (Chou et al., Nat Rev Endocrinol 6:676-688, 2010). GSD-la
results from a deficiency in glucose-6-phosphatase-a. Deficiencies in the glucose-6-phosphate
transporter (G6PT) are responsible for GSD-Ib.

[0026] Glycogen storage disease type la (GSD-la): Also known as von Gierke disease, GSD-la
is the most common glycogen storage disease, having an incidence of about 1 in 100,000 live
births. GSD-la is a genetic disease resulting from deficiency of the enzyme glucose-6-
phosphatase-a (G6Pase-a). Deficiency in G6Pase-a impairs the ability of the liver to produce
free glucose from glycogen and from gluconeogenesis. Patients affected by GSD-la are unable
to maintain glucose homeostasis and present with fasting hypoglycemia, growth retardation,
hepatomegaly, nephromegaly, hyperlipidemia, hyperuricemia, and lactic academia (Chou et al.,
Nat Rev Endocrinol 6:676-688, 2010). There is currently no cure for GSD-la.
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[0027] 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.

[0028] 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 required for vector encapsidation.

[0029] 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.

[0030] 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.

[0031] Pharmaceutically acceptable carrier: The pharmaceutically acceptable carriers
(vehicles) useful in this disclosure are conventional. Remington's Pharmaceutical Sciences, by
E. W. Martin, Mack Publishing Co., Easton, Pa., 15th Edition (1975), describes compositions
and formulations suitable for pharmaceutical delivery of one or more therapeutic compounds,
molecules or agents.

[0032] 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 for example, 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
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.

[0033] Preventing, treating or ameliorating a disease: "Preventing" a disease (such as GSD-la)
refers to inhibiting the full development of a disease. "Treating" refers to a therapeutic
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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.

[0034] 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.

[0035] 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.

[0036] Recombinant: A recombinant nucleic acid molecule 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. This artificial combination can be accomplished
by chemical synthesis or by the artificial manipulation of isolated segments of nucleic acid
molecules, such as by genetic engineering techniques.

[0037] Similarly, a recombinant virus is a virus comprising sequence (such as genomic
sequence) that is non-naturally occurring or made by artificial combination of at least two
sequences of different origin. The term "recombinant” also includes nucleic acids, proteins and
viruses that have been altered solely by addition, substitution, or deletion of a portion of a
natural nucleic acid molecule, protein or virus. As used herein, "recombinant AAV" refers to an
AAV particle in which a recombinant nucleic acid molecule such as a recombinant nucleic acid
molecule encoding G6Pase-a) has been packaged.

[0038] 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).

[0039] 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.
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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,
CABIOS5:151-3, 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. Rio.
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.

[0040] 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.

[0041] Serotype: A group of closely related microorganisms (such as viruses) distinguished by
a characteristic set of antigens.

[0042] Stuffer sequence: Refers to a sequence of nucleotides contained within a larger nucleic
acid molecule (such as a vector) that is typically used to create desired spacing between two
nucleic acid features (such as between a promoter and a coding sequence), or to extend a
nucleic acid molecule so that it is of a desired length. Stuffer sequences do not contain protein
coding information and can be of unknown/synthetic origin and/or unrelated to other nucleic
acid sequences within a larger nucleic acid molecule.

[0043] Subject: Living multi-cellular vertebrate organisms, a category that includes human and
non-human mammals.

[0044] Synthetic: Produced by artificial means in a laboratory, for example a synthetic nucleic
acid can be chemically synthesized in a laboratory.

[0045] Therapeutically effective amount. A quantity of a specified pharmaceutical or
therapeutic agent (e.g., a recombinant 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.

[0046] 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 AAV vector.

[0047] Unless otherwise explained, all technical and scientific terms used herein have the
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same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. The singular terms "a,” "an,"” and "the" include plural referents unless
context clearly indicates otherwise. "Comprising A or B" means including A, or B, or Aand 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.

. A recombinant nucleic acid

[0048] One aspect of the invention provides a recombinant nucleic acid sequence, which
includes a modified G6PC promoter/enhancer (GPE) lacking one or more Alu elements
compared to the wild-type GPE, wherein the modified GPE is capable of directing the
expression of a coding sequence encoding G6Pase-a (SEQ ID NO: 5). In some embodiments,
the modified GPE is obtained by removing one or more Alu elements from the endogenous
promoter for human G6PC gene, such as removing one or more of the contiguous nucleotides
934 - 1127 (Alu - 1), 1488 - 1823 (Alu - 2), and 1995 - 2350(Alu - 3) of SEQ ID NO: 6. In some
other embodiments, the modified GPE is obtained by removing one or more Alu elements from
the endogenous promoter for the G6PC gene of other mammals, such as non-human
primates, sheep, rodents efc. In some embodiments, the modified GPE does not affect the
G6PC gene expression in comparison with the wild-type GPE. In some embodiments, the
modified GPE is capable of enhancing the expression of G6PC gene in comparison with the
wild-type GPE. In some embodiments, the modified GPE has comparable activity to drive
G6PC gene expression in the liver as the wild-type GPE, and very low activity to drive G6Pase-
a expression in other tissues.

[0049] In some embodiments, the modified GPE includes a nucleic acid sequence devoid of a
sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to the contiguous
nucleotides 934 - 1127 (Alu - 1) from SEQ ID NO: 6. In some embodiments, the modified GPE
includes a nucleic acid sequence devoid of a sequence at least 80% (e.g., 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100%) identical to the contiguous nucleotides 1488 - 1823 (Alu - 2) from SEQ ID NO:
6. In some embodiments, the modified GPE includes a nucleic acid sequence devoid of a
sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to the contiguous
nucleotides 1995 - 2350 (Alu - 3) from SEQ ID NO: 6.

[0050] In some embodiments, the modified GPE includes a nucleic acid sequence devoid of a
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sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to Alu - 1 and a
sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to Alu - 2 from SEQ ID
NO: 6. In some embodiments, the modified GPE includes a nucleic acid sequence devoid of a
sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to Alu - 1 and a
sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to Alu - 3 from SEQ ID
NO: 6. In some embodiments, the modified GPE includes a nucleic acid sequence devoid of a
sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to Alu - 2 and a
sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to Alu - 3 from SEQ ID
NO: 6. In some embodiments, the modified GPE includes a nucleic acid sequence devoid of a
sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to Alu - 1, a sequence at
least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to Alu - 2, and a sequence at least
80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to Alu - 3 from SEQ ID NO: 6.

[0051] In some embodiments of the current invention, the recombinant nucleic acid sequence
includes a GPE with a nucleic acid sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)
identical to the contiguous nucleotides 146 - 2123 of SEQ ID NO: 1, wherein the GPE is
capable of directing the expression of a coding sequence encoding G6Pase-a. In some
embodiments, the recombinant nucleic acid sequence includes a GPE with a nucleic acid
sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO: 7,
wherein the GPE is capable of directing the expression of a coding sequence encoding
G6Pase-a. In some embodiments, the recombinant nucleic acid sequence includes a GPE with
a nucleic acid sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID
NO: 8, wherein the GPE is capable of directing the expression of a coding sequence encoding
G6Pase-a. In some embodiments, the recombinant nucleic acid sequence includes a GPE with
a nucleic acid sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID
NO: 9, wherein the GPE is capable of directing the expression of a coding sequence encoding
G6Pase-a. In some embodiments, the recombinant nucleic acid sequence includes a GPE with
a nucleic acid sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID
NO: 10, wherein the GPE is capable of directing the expression of a coding sequence encoding
G6Pase-a. In some embodiments, the recombinant nucleic acid sequence includes a GPE with
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a nucleic acid sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID
NO: 11, wherein the GPE is capable of directing the expression of a coding sequence encoding
G6Pase-a. In some embodiments, the recombinant nucleic acid sequence includes a GPE with
a nucleic acid sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID
NO: 12, wherein the GPE is capable of directing the expression of a coding sequence encoding
G6Pase-a.

[0052] Another aspect of the invention provides a recombinant nucleic acid sequence that
includes a modified GPE disclosed herein and a coding sequence encoding G6Pase-a. In
some embodiments, the G6Pase-a includes an amino acid sequence that is at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identical to SEQ ID NO: 5. In some embodiments, the G6Pase-a includes SEQ ID NO: 5 or an
active fragment or variant thereof. In an exemplary embodiment, the G6Pase-a comprises or
consists of SEQ ID NO: 5.

[0053] In some embodiments, the coding sequence encoding G6Pase-a incorporates a nucleic
acid sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO: 4.

[0054] In some embodiments, the coding sequence encoding human G6Pase-a is codon
optimized for expression in human cells. Codon optimization can be performed on human

GB6PC cDNA using OptimumGene ™ codon optimization technology (GenScript, Piscataway,
NJ). The optimized G6PC cDNA sequences may be examined and further modified to eliminate
potential alternative reading frames (ARFs) from internal non-in-frame ATG sequences that
could theoretically encode peptides of 9 or more amino acids in length. For example, further
modification can be performed on the codon-optimize G6PC cDNA sequences to avoid
potential cytotoxic T lymphocyte responses to transgene products generated from ARFs (Li et
al.,, 2009, PNAS 106: 10770-4). In some embodiments, the codon-optimized encoding
sequence for human G6Pase-a incorporates a nucleic acid sequence at least 80% (e.g., 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100%) identical to SEQ ID NO: 3.

[0055] In some embodiments, the recombinant nucleic acid sequence that includes the
modified GPE and the coding sequence encoding G6Pase-a as described herein further
includes an intron and/or a polyadenylation signal. In some embodiments, the intron is placed
between the GPE and the G6Pase-a coding sequence. In some embodiments, the intron is a
chimeric intron, which increases the G6Pase-a transgene expression. The intron can be
composed of the 5'-donor site from the first intron of the human B-globin gene and the branch
and 3'-acceptor site from the intron of an immunoglobulin gene heavy chain variable region,
wherein the sequences of the donor and acceptor sites, along with the branchpoint site, have
been changed to match the consensus sequences for splicing. In some embodiments, the
intron includes a nucleic acid sequence at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
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86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)
identical to SEQ ID NO: 13.

[0056] A polyadenylation signal can be placed downstream of the coding sequence encoding
G6Pase-a for efficient polyadenylation of the GEPC mRNA. A variety of polyadenylation signals
can be used, for example, a Simian virus 40 (SV40) late polyadenylation signal, an hGH
polyadenylation signal, a BGH polyadenylation signal, or an rbGlob polyadenylation signal. In
some embodiments, the polyadenylation signal is an SV40 late polyadenylation signal. In some
embodiments, the polyadenylation signal includes has a nucleic acid sequence at least 80%
(e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO: 14.

[0057] Another aspect of the invention provides a recombinant vector that includes a modified
GPE, and a coding sequence encoding G6Pase-a disclosed herein. In some embodiments, the
recombinant vector further includes an intron and/or a polyadenylation signal described herein.
The vector can be a mammalian expression vector, a bacterial expression vector, a yeast
expression vector, a lentivirus vector, a retrovirus vector, an adenovirus vector, an adeno-
associated virus (AAV) vector, a RNAi vector, a Cre-Lox expression vector, a CRISPR
expression vector, a TALEN expression vector, efc. The vector can further include an intron
and/or a polyadenylation signal as described herein. In some embodiments, the recombinant
vector further includes a stuffer nucleic acid sequence situated between the GPE and the
intron, and/or between the intron and the G6Pase-a coding sequence.

[0058] In some embodiments, the recombinant vector is an AAV vector. The AAV vector can be
an AAV vector of serotype 1, 2,3,4,5,6,7,8,9,10, 11, or 12 (i.e., AAV1, AAV2, AAV3, AAV4,
AAVS, AAVB, AAV7, AAVSE, AAVI, AAV10, AAV11, or AAV 12), as well as any one of the more
than 100 variants isolated from human and nonhuman primate tissues (See, e.g., Choi et al.,
Curr Gene Ther., 5:299-310, 2005; and Gao et al., Curr Gene Ther., 5:285-297, 2005). AAV
vectors of any serotype may be used in the present invention, and the selection of AAV
serotype will depend in part on the cell type(s) that are targeted for gene therapy. For
treatment of GSD-la, liver is one of the relevant target organs.

[0059] In some embodiments, the recombinant AAV vector includes an AAV ITR sequence,
which functions as both the origin of vector DNA replication and the packaging signal of the
vector genome, when AAV and adenovirus helper functions are provided in trans. Additionally,
the ITRs serve as the target for single-stranded endonucleatic nicking by the large Rep
proteins, resolving individual genomes from replication intermediates.

[0060] In some exemplary embodiments, the AAV vector is an AAV serotype 8 (AAVS8) vector,
and the vector includes a modified GPE, an intron, a coding sequence encoding G6Pase-q,
and an SV40 late polyadenylation signal described herein. In some embodiments, the vector
further includes two AAV2 inverted terminal repeat (ITR) sequences (SEQ ID NO: 15): one 5' of
the GPE and one 3' of the polyadenylation signal. In some particular non-limiting examples, the
recombinant vector includes a nucleic acid sequence at least 80% (e.g., 80%, 81%, 82%, 83%,
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84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100%) identical to SEQ ID NO: 1 or SEQ ID NO: 2.

Il. A host cell comprising a recombinant nucleic acid

[0061] Further provided are isolated host cells comprising the recombinant nucleic acid
molecules or vectors disclosed herein. A vast range of host cells can be used, such as
bacteria, yeast, insect, mammalian cells, efc. In some embodiments, the host cell can be a cell
(or a cell line) appropriate for production of recombinant AAV (rAAV), for example, a Hela,
Cos-7, HEK293, A549, BHK, Vero, RD, HT-1080, ARPE-19, or MRC-5 cell.

[0062] The recombinant nucleic acid molecules or vectors can be delivered into the host cell
culture using any suitable method known in the art. In some embodiments, a stable host cell
line that has the recombinant nucleic acid molecule or vector inserted into its genome is
generated. In some embodiments, a stable host cell line is generated, which contains an AAV
vector described herein. After transfection of the AAV vector to the host culture, integration of
the rAAV into the host genome can be assayed by various methods, such as antibiotic
selection, fluorescence-activated cell sorting, southern blot, PCR based detection, fluorescence
in situ hybridization as described by Nakai et al., Nature Genetics (2003) 34, 297-302; Philpott
et al., Journal of Virology (2002) 76(11):5411-5421, and Howden et al., J Gene Med 2008;
10:42-50. Furthermore, a stable cell line can be established according to protocols well known
in the art, such as those described in Clark, Kidney International Vol 61 (2002):S9-S15, and
Yuan et al., Human Gene Therapy 2011 May;22(5).613-24.

Ill. A recombinant AAV

[0063] This invention also provides an rAAV comprising an AAV capsid and an AAV vector
genome described herein. The AAV capsid can be serotype 1, 2,3,4,5,6,7,8, 9,10, 11 or 12
(i.e., AAV1, AAV2, AAV3, AAV4, AAVS, AAVB, AAVT, AAVE, AAVY, AAV10, AAV11, AAV12, or
rh10). In some embodiments, the capsid is an AAV8 capsid.

[0064] An rAAV can be produced by host cells, which are supplied with the AAV vectors
disclosed herein and AAV Rep and Cap gene functions, as well as additional helper functions.
The Rep and Cap gene functions can be provided to the host cell by various means, for
example, by a plasmid or any type of vector containing the wild-type AAV Rep and Cap genes,
and electroporation of Rep and Cap mRNAs. Additional helper functions can be provided by,
for example, an adenovirus (AV) infection, by a plasmid that carries all of the required AV
helper function genes, or by other viruses such as herpes simplex virus (HSV) or baculovirus.
Any genes, gene functions, or other genetic material necessary for rAAV production by the host
cell may transiently exist within the host cell, or be stably inserted into the host cell genome.
rAAV production methods suitable for use with the methods of the current invention include
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those disclosed in Clark et al., Human Gene Therapy 6:1329-1341 (1995), Martin et al,,
Human Gene Therapy Methods 24:253-269 (2013), Thorne et al.,, Human Gene Therapy
20:707-714 (2009), Fraser Wright, Human Gene Therapy 20:698-706 (2009), and Virag et al.,
Human Gene Therapy 20:807-817 (2009).

[0065] In an exemplary embodiment, HEK293 cells are transfected with the AAV vector that
includes the nucleic acid sequence of SEQ ID NO: 1 or SEQ ID NO: 2; a plasmid that encodes
four wild-type AAV2 viral replication (Rep) proteins and the three wild-type AAV viral capsid
(cap) proteins from serotype 8; and a plasmid containing regions of an adenovirus genome
that are important for AAV replication, namely E2A, E4 and VA RNA. The rAAVs containing an
AAV8 capsid can be subsequently produced and isolated from the host cells. In some
embodiments, the modified GPE lacking one or more of the Alu elements in the AAV vector
enhances packaging of the rAAV produced from the host cells. In some embodiments, the
modified GPE lacking one or more of the Alu elements in the AAV vector affects self-
complementary structure formation and hence enhances the yield of the rAAV produced from
the host cells.

[0066] Lysis of AAV-infected cells can be accomplished by methods that chemically or
enzymatically treat the cells in order to release infectious viral particles. These methods include
the use of nucleases such as benzonase or DNAse, proteases such as trypsin, or detergents
or surfactants. Physical disruption, such as homogenization or grinding, or the application of
pressure via a microfluidizer pressure cell, or freeze-thaw cycles may also be used.
Alternatively, supernatant may be collected from AAV-infected cells without the need for cell
lysis.

[0067] It may be necessary to purify the sample containing rAAV and helper virus particles to
remove, for example, the cellular debris resulting from cell lysis. Methods of minimal
purification of helper virus and AAV particles are known in the art, and any appropriate method
can be used to prepare samples containing both AAV and helper virus particles for use in the
methods of the present invention. Two exemplary purification methods are cesium chloride
(CsCl)- and iodixanol-based density gradient purification. Both methods are described in
Strobel et al., Human Gene Therapy Methods, 26(4): 147-157 (2015). Minimal purification can
also be accomplished using affinity chromatography using, for example AVB Sepharose affinity

resin (GE Healthcare Bio-Sciences AB, Uppsala, Sweden) or a POROS™ CaptureSelect™"
AAVE, AAV9, or AAVX affinity resin (Thermo Fisher Scientific, Millersburg, PA). Methods of AAV
purification using AVB Sepharose affinity resin are described in, for example, Wang et al., Mol
Ther Methods Clin Dev., 2:15040 (2015).

[0068] It may be necessary to inactivate helper virus by heat. Heat inactivation techniques are
based on the different thermal stabilities of AAV and helper virus particles. For example, AAV
particles can be heated to temperatures as high as 56 °C and still remain intact, while AV
particles are rendered inactive. Conway et al., Gene Therapy 6, 986-993, 1999, describes
differential heat inactivation of HSV in AAV containing samples. Heat inactivation may be
accomplished by any known methodology. In the examples described below, heat inactivation
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was accomplished using a thermocycler to rapidly heat and cool sample volumes of 300 pL or
less. This system was chosen because it relies on heat transfer that is primarily conductive,
making it a viable model for both continuous-flow systems and for larger batch systems that
employ active mixing. Examples of continuous-flow systems include passage of the sample

through a continuous-flow heat exchanger, such as the DHX™ Single-Use Heat Exchanger for
Bio-therapeutic Manufacturing (Thermo Fisher Scientific, Millersburg, PA). Such systems allow
the operator to control the heat inactivation process by controlling the flow rate of the sample
through the heat exchanger, thus controlling the duration of the heating process, and the
temperature of the heat exchanger, thus controlling the temperature of heat inactivation.

[0069] Alternatively, heat inactivation may be accomplished using batch systems of various
sizes. For example, heat inactivation may be accomplished at the 1L scale, by placing the AAV-
containing sample in a 1L PETG bottle and placing the bottle in a water bath set at the desired
inactivating temperature for the desired period of time, with mixing; for example, the samples
may be heated to 47 °C for 20 minutes. At a larger scale, heat inactivation may be
accomplished by placing the rAAV-containing sample in a 5L bioprocessing bag on a
temperature controlled rocking platform set at the desired inactivating temperature, for the
desired period of time. For example, the rocking platform may be set to 49 °C at a rocking
speed of 30 RPM, with a 12° angle of mixing for 40 minutes.

[0070] Heat inactivation may occur at any temperature where there is a sufficient difference in
stability between rAAV particles and helper virus particles that helper virus particles are
substantially inactivated while active rAAV particles remain. A person of skill in the art will
understand that higher temperatures may be required to achieve greater levels of AV
reduction. In some embodiments, the heat inactivation step includes the use of a buffer
containing kosmotropic salts and/or divalent or trivalent cations. Methods of heat inactivation in
the presence of a buffer containing kosmotropic salts and/or divalent or trivalent cations is
described in WO/2017/172772.

[0071] Once heat inactivation has been accomplished, it may be necessary or desirable to
determine the efficiency of inactivation. The efficacy of an inactivation protocol is determined
by assays that detect the presence of replication competent helper virus, such as a plaque
assay. Plaque assays for helper virus are well known to those in the art, including plaque
assays for AV, HSV, baculovirus, and others. Plaque assays of adenovirus may be conducted
using any appropriate cell type, for example HeLa or HEK293 cells. Standard plaque assay
protocols are described in, for example, Current Protocols in Human Genetics, 2003.
Alternative assays for measuring adenoviral titers include those that allow the identification of
infected cells in culture by detecting viral proteins, such as hexon proteins, using

immunocytochemical staining. Such assays include the QuickTiter" Adenovirus Titer
Immunoassay Kit (Cell Biolabs, San Diego, CA). The efficiency of inactivation is generally
reported as the log reduction of virus (LRV).

[0072] Quantification of rAAV particles is complicated by the fact that AAV infection does not
result in cytopathic effect in vitro, and therefore plaque assays cannot be used to determine
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infectious titers. AAV particles can be quantified using a number of methods, however,
including quantitative polymerase chain reaction (QPCR) (Clark et al., Hum. Gene Ther. 10,
1031-1039 (1999)) or dot-blot hybridization (Samulski et al., J. Virol. 63, 3822-3828 (1989)), or
by optical density of highly purified vector preparations (Sommer et al., Mol. Ther. 7, 122-128
(2003)). DNase-resistant particles (DRP) can be quantified by real-time quantitative
polymerase chain reaction (QPCR) (DRP-gPCR) in a thermocycler (for example, an iCycler iQ
96-well block format thermocycler (Bio-Rad, Hercules, CA)). Samples containing AAV particles
are incubated in the presence of DNase | (100 U/ml; Promega, Madison, W) at 37 °C for 60
min, followed by proteinase K (Invitrogen, Carlsbad, CA) digestion (10 U/ml) at 50 °C for 60
min, and then denatured at 95 °C for 30 min. The primer-probe set used should be specific to
a non-native portion of the AAV vector genome, for example, the poly(A) sequence of the
protein of interest. The PCR product can be amplified using any appropriate set of cycling
parameters, based on the length and composition of the primers, probe, and amplified
sequence. Alternative protocols are disclosed in, for example, Lock et al., Human Gene
Therapy Methods 25(2): 115-125 (2014).

[0073] The infectivity of rAAV particles can be determined using a TCIDsg (tissue culture

infectious dose at 50%) assay, as described for example in Zhen et al., Human Gene Therapy
15:709-715 (2004). In this assay, AAV vector particles are serially diluted and used to co-infect
a Rep/Cap-expressing cell line along with AV particles in 96-well plates. 48 hours post-
infection, total cellular DNA from infected and control wells is extracted. AAV vector replication
is then measured using gPCR with transgene-specific probe and primers. TCIDs5q infectivity per

milliliter (TCIDsg/ml) is calculated with the Kérber equation, using the ratios of wells positive for
AAV at 10-fold serial dilutions.

IV. Recombinant AAV for Gene Therapy

[0074] AAV 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.

[0075] The AAV genome is characterized by two inverted terminal repeats (ITRs) that flank two
open reading frames (ORB). 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
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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 AAV genome packaging, transcription, negative regulation under non-
permissive conditions, and site-specific integration (Days and Berns, Clin Microbiol Rev
21(4):583-593, 2008).

[0076] The left ORF of AAV contains the Rep gene, which encodes four proteins - Rep78,
Rep68, 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).

[0077] 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.

[0078] AAV 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 ITRs are retained as they are cis signals required for packaging
(Daya and Berns, Clin Microbiol Rev, 21(4):583-593, 2008).

[0079] Methods for producing rAAV suitable for gene therapy are well known in the art (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.

[0080] Compositions comprising the rAAV disclosed herein and a pharmaceutically acceptable
carrier are provided by the present disclosure. Suitable pharmaceutical formulations for
administration of rAAV can be found, for example, in U.S. Patent Application Publication No.
2012/0219528. The pharmaceutically acceptable carriers (vehicles) useful in this disclosure
are conventional. Remington's Pharmaceutical Sciences, by E. W. Martin, Mack Publishing Co.,
Easton, Pa., 15th Edition (1975), describes compositions and formulations suitable for
pharmaceutical delivery of one or more therapeutic compounds, molecules or agents.

[0081] In some embodiments, the rAAV is formulated in a buffer/carrier suitable for infusion in
human subjects. The buffer/carrier should include a component that prevents the rAAV from
sticking to the infusion tubing but does not interfere with the rAAV binding activity in vivo.
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Various suitable solutions may include one or more of. a buffering saline, a surfactant, and a
physiologically compatible salt or mixture of salts adjusted to an ionic strength equivalent to
about 100 mM sodium chloride (NaCl) to about 250 mM sodium chloride, or a physiologically
compatible salt adjusted to an equivalent ionic concentration. The pH may be in the range of
6.5 t0 8.5, or 7 to 8.5, or 7.5 to 8. A suitable surfactant, or combination of surfactants, may be
selected from among Poloxamers, i.e., nonionic triblock copolymers composed of a central
hydrophobic chain of polyoxypropylene 10 (polypropylene oxide)) flanked by two hydrophilic
chains of polyoxyethylene (poly(ethylene oxide)), SOLUTOL HS 15 (Macrogol-15
Hydroxystearate), LABRASOL (Polyoxy capryllic glyceride), polyoxy 10 oleyl ether, TWEEN
(polyoxyethylene sorbitan fatty acid esters), ethanol and polyethylene glycol.

[0082] The current invention also provides methods of treating a subject diagnosed with a
glycogen storage disease type 1a (GSD-la) and administering to the subject a therapeutically
effective amount of an rAAV (or a composition comprising the rAAV) disclosed herein.

[0083] Any suitable method or route can be used to administer an rAAV or an rAAV-containing
composition described herein. Routes of administration include, for example, systemic, oral,
inhalation, intranasal, intratracheal, intraarterial, intraocular, intravenous, intramuscular,
subcutaneous, intradermal, and other parental routes of administration. In some embodiments,
the rAAV or the composition comprising rAAVs are administered intravenously.

[0084] The specific dose administered can be a uniform dose for each patient, for example,

1.0 x 10" - 1.0 x 105 genome copies (GC) of virus per patient. Alternatively, a patient's dose
can be tailored to the approximate body weight or surface area of the patient. Other factors in
determining the appropriate dosage can include the disease or condition to be treated or
prevented, the severity of the disease, the route of administration, and the age, sex and
medical condition of the patient. Further refinement of the calculations necessary to determine
the appropriate dosage for treatment is routinely made by those skilled in the art, especially in
light of the dosage information and assays disclosed herein. The dosage can also be
determined through the use of known assays for determining dosages used in conjunction with
appropriate dose-response data. For example, the optimal biological dose of the rAAV
administered may be identified by assessing the time (in minutes) to first hypoglycemic event
(defined as glucose < 60 mg/dL (< 3.33 mmol/L) during a controlled fasting challenge, which
will end when either hypoglycemia occurs or 15 hours is reached. An individual patient's
dosage can also be adjusted as the progress of the disease is monitored.

[0085] In some embodiments, the rAAV is administered at a dose of, e.g., about 1.0 x 10"
genome copies per kilogram of patient body weight (GC/kg) to about 1 x 104 GC/kg, about 5 x
10" genome copies per kilogram of patient body weight (GC/kg) to about 5 x 10'3 GC/kg, or
about 1 x 1072 to about 1 x 10'3 GC/kg, as measured by qPCR or digital droplet PCR (ddPCR).
In some embodiments, the rAAV is administered at a dose of about 2x1072 GC/kg. In some

embodiments, the rAAV is administered at a dose of about 6x10'2 GC/kg. In some
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embodiments, the rAAV is administered at a dose of about 1x10'3 GC/kg. The rAAV can be
administered in a single dose, or in multiple doses (such as 2, 3, 4, 5,6, 7, 8, 9, 10 or more
doses) as needed for the desired therapeutic results.

[0086] Doses may be given once or more times weekly, monthly or yearly, or even once every
2 to 20 years. For example, each dose may be given at minimum of 1 week apart, 2 weeks
apart, 3 weeks apart, a month apart, 3 months apart, 6 months apart, or 1 year apart. Persons
of ordinary skill in the art can easily estimate repetition rates for dosing based on measured
residence times and concentrations of the targetable construct or complex in bodily fluids or
tissues.

V. Methods of increasing recombinant viral yield and gene therapy efficacy

[0087] The current invention also provides a method of increasing the yield of a recombinant
virus from host cells, wherein the method comprises removing one or more Alu elements or Alu
element-related sequences from a recombinant viral vector. In some embodiments, the Alu
element-related sequence is at least 50% identical to an Alu element, for example, selected
from the contiguous nucleotides 934 - 1127 (Alu - 1), 1488 - 1823 (Alu - 2), and 1995 - 2350
(Alu - 3) of SEQ ID NO: 6. The recombinant viral vector can be, for example, a lentivirus vector,
a retrovirus vector, an adenovirus vector, or an adeno-associated virus (AAV) vector. In some
embodiments, one or more Alu elements or Alu element-related sequences is removed from a
promoter/enhancer region within the viral vector. In some embodiments, one or more Alu
elements or Alu element-related sequences is removed from an intron region within the viral
vector. In some embodiment, removal of the Alu element(s) or Alu element-related sequences
reduces self-complementary structures formed during packaging of the recombinant viral
particles, and thus improve the viral yield form host cells.

[0088] Throughout the description, where compositions are described as having, including, or
comprising specific components, or where processes and methods are described as having,
including, or comprising specific steps, it is contemplated that, additionally, there are
compositions of the present invention that consist essentially of, or consist of, the recited
components, and that there are processes and methods according to the present invention
that consist essentially of, or consist of, the recited processing steps.

[0089] In the application, where an element or component is said to be included in and/or
selected from a list of recited elements or components, it should be understood that the
element or component can be any one of the recited elements or components, or the element
or component can be selected from a group consisting of two or more of the recited elements
or components.

[0090] Further, it should be understood that elements and/or features of a composition or a
method described herein can be combined in a variety of ways without departing from the spirit
and scope of the present invention, whether explicit or implicit herein. For example, where
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reference is made to a particular compound, that compound can be used in various
embodiments of compositions of the present invention and/or in methods of the present
invention, unless otherwise understood from the context. In other words, within this application,
embodiments have been described and depicted in a way that enables a clear and concise
application to be written and drawn, but it is intended and will be appreciated that embodiments
may be variously combined or separated without parting from the present teachings and
invention(s). For example, it will be appreciated that all features described and depicted herein
can be applicable to all aspects of the invention(s) described and depicted herein.

[0091] It should be understood that the expression "at least one of" includes individually each
of the recited objects after the expression and the various combinations of two or more of the
recited objects unless otherwise understood from the context and use. The expression "and/or"
in connection with three or more recited objects should be understood to have the same
meaning unless otherwise understood from the context.

[0092] The use of the term "include,” "includes,” "including," "have," "has," "having," "contain,"
"contains,” or "containing,” including grammatical equivalents thereof, should be understood
generally as open-ended and non-limiting, for example, not excluding additional unrecited
elements or steps, unless otherwise specifically stated or understood from the context.

[0093] Where the use of the term "about" is before a quantitative value, the present invention
also includes the specific quantitative value itself, unless specifically stated otherwise. As used
herein, the term "about" refers to a £ 10% variation from the nominal value unless otherwise
indicated or inferred.

[0094] It should be understood that the order of steps or order for performing certain actions is
immaterial so long as the present invention remain operable. Moreover, two or more steps or
actions may be conducted simultaneously.

[0095] The use of any and all examples, or exemplary language herein, for example, "such as"
or "including” is intended merely to illustrate better the present invention and does not pose a
limitation on the scope of the invention unless claimed. No language in the specification should
be construed as indicating any non-claimed element as essential to the practice of the present
invention.

EXAMPLES

[0096] The invention now being generally described, will be more readily understood by
reference to the following examples, which are included merely for purposes of illustration of
certain aspects and embodiments of the present invention, and is not intended to limit the
invention.

Example 1 - AAV vectors and rAAV produced from the vectors
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AA V vector

[0097] An AAV vector was constructed including a G6PC expression cassette bounded by two
AAV2 inverted terminal repeats (ITRs, SEQ ID NO: 15). The G6PC expression cassette was
defined at its GBPC promoter/enhancer (GPE) 5' end by the primer sequence "1S" listed in Yiu
et al.,, 2010, Molecular Therapy 18(6): 1076-84 and its associated Kpnl restriction
endonuclease site. The G6PC expression cassette was defined at its SV40 late
polyadenylation signal 3' end by alignment with the SV40 genome and an associated Sall
restriction endonuclease site. All GBPC expression cassettes contain a GPE, an intron, a codon
optimized human G6PC gene, and an SV40 late poly A tail as illustrated in FIG. 1A. Different
versions of the G6PC expression cassettes were created, each of which either contains a wild-
type GPE, or a modified GPE as illustrated in FIG. 1B. Elements of the G6PC expression
cassettes are described below.

[0098] The wild-type G6PC promoter/enhancer (GPE, SEQ ID NO: 6) is from the Homo
sapiens, and defined by RefSeq NG_011808. This sequence is the endogenous promoter for
human G6PC gene, and has almost exclusive activity in the liver and minimal activity in the
kidney. The wild-type GPE contains 3 Alu elements, located at the contiguous nucleotides 934 -
1127 (Alu - 1), 1488 - 1823 (Alu - 2) and 1995 - 2350 (Alu - 3) of SEQ ID NO: 6. The AAV
vector DTC 161 contains a G6PC expression cassette comprising the wild-type GPE. The AAV
vector DTC175 contains a G6PC expression cassette comprising a GPE with a deletion of the
Alu - 1 and Alu - 2 sequences. The AAV vector DTC176 contains a G6PC expression cassette
comprising a GPE in which the orientations of the Alu - 1 and Alu - 2 sequences are reversed.
The AAV vector DTC177 (represented by SEQ ID NO: 1) contains a G6PC expression cassette
comprising a GPE with a deletion of the Alu - 1, Alu - 2, and Alu - 3 sequences. The AAV vector
DTC178 contains a G6PC expression cassette comprising a GPE with a deletion of the Alu - 3
sequence. The AAV vector DTC 179 contains a G6PC expression cassette comprising a GPE
in which the orientation of the Alu - 3 sequence is reversed.

[0099] The chimeric intron (SEQ ID NO: 13) is composed of the 5'-donor site from the first
intron of the human B-globin gene and the branch and 3'-acceptor site from the intron of an
immunoglobulin gene heavy chain variable region. The sequences of the donor and acceptor
sites, along with the branchpoint site, have been changed to match the consensus sequences
for splicing (Cl-neo Mammalian Expression Vector Technical Bulletin TB215, Promega Life
Sciences Corporation). The purpose of the chimeric intron is to improve gene expression.

[0100] The G6PC cDNA (SEQ ID NO: 4) is from Homo sapiens, and is codon optimized for
expression in human cells. Codon optimization was performed on human G6PC cDNA using

proprietary OptimumGene™" codon optimization technology (GenScript, Piscataway, NJ). The
optimized cDNA sequences were examined and further modified to eliminate potential
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alternative reading frames (ARFs) from internal non-in-frame ATG sequences that could
theoretically encode peptides of 9 or more amino acids in length. For example, a codon
optimized G6PC cDNA is represented by SEQ ID NO: 3.

[0101] The Simian virus 40 (SV40) late polyadenylation signal (Genbank # J02400, SEQ ID
NO: 14) provides a cis sequence for efficient polyadenylation of the G6PC mRNA. This element
functions as a signal for a specific cleavage event at the 3' end of the nascent transcript and
addition of a long polyadenyl tail.

[0102] Each G6PC expression cassette was cloned into an AAV vector. All AAV vectors had a
backbone encoding the kanamycin-resistance gene. An AAV vector DTC161
(pDTX.hG6PCc0.401) is illustrated in FIG. 2 as an example.

rAAV virions

[0103] The AAV vector genome is a single-stranded DNA genome. Only the sequences
between and inclusive of the ITR sequences are packaged into the AAV virion. Virions were
produced by transfection of three plasmids into human embryonic kidney 293 (HEK293) cells,
which provide E1a and E1b gene products. The first plasmid is the AAV vector described
herein. The second plasmid is pAAV2-8.KanR (p2123-FH), a packaging plasmid containing the
wild-type AAV2 rep and AAV8 cap genes. The third plasmid is pAdDeltaF6(Kan), a helper
adenovirus plasmid.

[0104] The adeno-associated Rep/Cap plasmid pAAV2/8.KanR(p2123-FH) (8354 bp) encodes
the four wild-type AAV2 viral replication (Rep) proteins and the three wild-type AAV VP capsid
(cap) proteins from serotype 8. An illustration of the pAAV2/8.KanR (p2123-FH) plasmid is
shown in FIG. 3. Within the plasmid, the AAV p5 promoter that normally drives Rep gene
expression has been moved from the 5' end of the Rep region to the 3' end of the AAV8 cap
region. This arrangement introduces a spacer between the promoter and the Rep gene (i.e.,
the plasmid backbone) resulting in down-regulation of the expression of Rep and an increase
in the ability to support high titer rAAV production. The gene for kanamycin resistance and the
MB1 origin are included for plasmid production in E. coli.

[0105] The plasmid pAdDeltaF6(Kan) contains the regions of the adenovirus genome that are
important for AAV replication, namely E2A, E4, and VA RNA (FIG. 4). The adenovirus E1
functions are also required but are provided by the HEK293 host cells. The plasmid does not
contain other adenovirus replication, structural genes, or the cis elements critical for
adenovirus replication such as the adenoviral ITRs and therefore, no infectious adenovirus is
expected to be generated. The gene for kanamycin resistance and the MB1 origin are included
for plasmid production in E. coli.

Example 2 - Deletion of Alu elements improves rAAV yield
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[0106] AAV vectors containing the wild-type GPE or a modified GPE were used to transfect
HEK293 cells with the Rep/Cap plasmid and the helper plasmid described above.

[0107] The modified GPE contains either deleted Alu elements (in DTC175, DTC177, and
DTC178 vectors) or reversed Alu elements in direction (in DTC176 and DTC179 vectors).
DTC175 viral vector comprises a G6PC expression cassette comprising a GPE with a deletion
of the Alu - 1 and Alu - 2 sequences, DTC176 viral vector comprises a G6PC expression
cassette comprising a GPE in which all three Alu elements are present but the orientations of
the Alu - 1 and Alu - 2 sequences are reversed, DTC177 viral vector comprises a G6PC
expression cassette comprising a GPE with a deletion of the Alu - 1, Alu - 2 and Alu - 3
sequences, DTC178 viral vector comprises a G6PC expression cassette comprising a GPE
with a deletion of the Alu - 3 sequence, and DTC179 viral vector comprises a G6PC expression
cassette comprising a GPE in which all three Alu elements are present but the orientation of
the Alu - 3 sequence is reversed).

[0108] On day 5 after co-transfection, the infected cells were lysed for 2 hours at 37 °C in the

lysis buffer containing sodium deoxycholate and Benzonase®. Supernatant from the samples
were then sequentially digested with DNase | and Proteinase K to liberate rAAV genomic DNA.
TagMan gPCR amplifying the BGH-PolyA coding region of the AAV vector was then used to
determine the rAAV genome copy number (GC) based on an rAAV plasmid standard curve.
FIG. 5 is a bar graph showing titers of rAAV produced from host cells after transfection of
various AAV vectors. FIG. 5 shows rAAV titers measured by qPCR, and suggests that deletion
of one or more of the Alu elements from the GPE (in DTC175, DTC177, and DTC178 vectors)
significantly increased rAAV yield in comparison with DTC161, which contains the wild-type
GPE. However, reversal of one or more of the Alu elements (in DTC176 and DTC179 vectors)
did not improve rAAV yield in comparison with DTC161. Quantification of the viral yield is
summarized in Table 1. As shown in Table 1, deletion of one or more Alu elements from the
GPE significantly improves the rAAV yield. A second analysis showing titers of rAAV produced
plotted as a function of vector genome size is presented as a graph in FIG.6. FIG. 6 shows that
the vector genome having the smallest size, DTC177 (represented by SEQ ID NO: 1),
produced the highest titers.

Table 1: Quantification summary of the viral yields produced from HEK293 cells after
transfection of AAV vectors (DTC161, DTC175, DTC176, DTC177, DTC178, or DTC179).

Sample Name jAlu Content jGenome {Raw Yield ;Average GC/mL Post-
Size (bp) j(fold over jAffinity
DTC161) Chromatography (fold
over DTC161)
DTC161 All'3 4768 1.20e10 4.72E+12
DTC 175 1+2 deletion {4238 1.58e10 9.50E+12 (2.0)
(1.3)
DTC 176 All'3 4768 1.15e10 4 .95E+12 (1.1)
(0.9)
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Sample Name jAlu Content {Genome {Raw Yield ;Average GC/mL Post-
Size (bp) j(fold over jAffinity
DTC161) Chromatography (fold
over DTC161)
DTC 177 1+2+3 deletion {3882 2.22e10 9.75E+12 (2.1)
(1.9)
DTC 178 3 deletion 4412 1.70e10 8.22E+12 (1.7)
(1.4)
DTC 179 All'3 4768 0.98e10 3.56E+12 (0.8)
(0.8)

Example 3 - Deletion of Alu elements improves rAAV packaging

[0109] In order to assess whether deletion of one of more of Alu elements impacts packaging
of the rAAVs, the rAAVs produced as described in Example 2 were harvested and total DNA
was isolated from each rAAV (produced from a control viral vector, DTC161, DTC175,

DTC176, DTC177, DTC178, or DTC179). Approximately, 7.12x 1010 total amount of each rAAV
GC was subjected to agarose gel electrophoresis, and subsequently stained with SYBR Gold.
Control viral vector used in this experiment was AAV8-LSP-hFIXco3-WPRE-pA (generated at
Virovek, custom purification, catalog/lot# 150282 of 061015), which provided known DNA size
migration on the gel, and confirmation that the experimental method was able to disrupt the
integrity of AAV capsid and release packaged DNA.

[0110] As shown in FIG. 7, full length viral DNAs were between 3.8kb - 5kb. "™ denotes capsid
degradation and intact genome of full-length DNA isolated from the control viral vector upon
treatment with sodium dodecyl sulfate (SDS).

[0111] Higher staining intensity of full-length DNA isolated from rAAVs of DTC177, DTC175,
and DTC178 where one or more Alu elements were deleted from GPE was observed (see FIG.
7). This result suggests that deletion of at least one Alu element improves rAAV packaging of
full-length viral genome. Moreover, analytical ultracentrifuge traces of DTC161 and DTC177
particles analyzed for empty (appearing at approximately 60S) and full vector DNA-containing
particles (appearing at approximately 100S), respectively demonstrated that the construct with
the Alu elements deleted produced a higher percentage of full particles (see FIGs. 8A-8B).
FIG. 8Ais a graph showing analytical ultracentrifuge traces of particle densities from DTC161
vector preparation produced in HEK293 cells. FIG. 8B is a graph showing analytical
ultracentrifuge traces of particle densities from DTC177 vector (represented by SEQ ID NO: 1)
preparation produced in HEK293 cells.

[0112] These data indicate improved packaging occurs in vectors lacking Alu sequences.

Example 4 - Deletion of Alu elements in GPE does not affect the promoter potency
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[0113] In order to assess whether deletion of one or more of the Alu elements impacts the
potency of GPE to direct GEPC gene expression in vivo, rAAVs derived from different vectors
(shown in Table 2) were used to infect HuH7 liver cells. After 48 hours of infection, cells were
lysed and total mMRNA was harvested. GBPC mRNA expression was analyzed by quantitative
RT-PCR. FIGs. 9A-9B show exemplary dose response curves between the rAAV dose and
G6PC mRNA expression level in HuH7 liver cells for rAAVs derived from DTC161 and DTC177
(represented by SEQ ID NO: 1). FIG. 9A is a dose-response curve for induced G6Pase-a
expression after infection with rAAV containing DTC161. FIG. 9B is a dose-response curve for
induced G6Pase-a expression after infection with rAAV containing DTC177 (represented by
SEQ ID NO: 1). To calculate relative potency of a test sample, the RNA values (genome copies
per ug of total RNA) at each multiplicity of infection (MOI) for both reference standard (rAAV
derived from a development batch-produced DTC161 vector) and the test sample were added
to a GraphPad Prism file template. The template uses a log-log transformation of the data and
a linear fit that is constrained so that the curves have a shared slope. The Y axis corresponds
to the RNA values, and the X axis corresponds to the MOI of the sample. The Y Intercept and
Slope data generated by the GraphPad Prism template were used to determine the X
Intercepts of the reference standard and the test sample by implementing the following
formula: X Int = (0 - [Y Intercept])/ Slope. The final relative potency value is determined by
comparing the X intercepts utilizing the following formula: 10*{[X Intercept Reference] - [X
Intercept Sample].

Table 2. Summary of relative potency of GPE in each rAAV sample.

Sample Relative Potency
DTC-161 80%
DTC-175 83 %
DTC-176 79%
DTC-177 89%
DTC-178 75%
DTC-179 85%

[0114] This result suggests that deletion of one or more of Alu elements in GPE (in DTC175,
DTC177, and DTC178 vectors) does not compromise the potency of the GPE to drive G6PC
gene expression in vivo.

[0115] It is to be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to limit the scope of the present invention,
which will be encompassed by the appended claims.

[0116] It must be noted that as used herein and in the appended claims, the singular forms
"a," "an,"” and "the" include plural reference unless the context clearly dictates otherwise. As
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well, the terms "a" (or "an"), "one or more,” and "at least one" can be used interchangeably
herein. It is also to be noted that the terms "comprises,” "comprising,
and "having" can be used interchangeably.
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<220>
<223> Description of artificial sequence: DTC177: ITR to ITR

<400> 1
ttggccactc cctetetgeg cgetegeteg ctcactgagg ccgggegace aaaggtcgec 60

cgacgeecgg getttgeceg ggeggectea gtgagegage gagegegeag agagggagtg 120
gccaacteca tcactagggge ttectecttt gagaatccac ggtgtetega tgeagtcage 180
tttctaacaa getggggect cacctgtttt cccacggata aaaacgtget ggaggaagea 240
gaaaggggct ggcaggtgga aagatgagga ccageteate gitctcatgac tatgaggttg 300
ctctgatcca gagggtecce ctgeetggtg geccaccgee aggaagacte cecactgtcee 360
tggatgcecea gagtgggatg tcaactccat cacttatcaa ctecttatce ataggggtat 420
tcttectgag gegtetcaga aaacagggec ctecccatat getgaccaca taatagaace 480
cctcccaact cagagaccct ggetgetage tgeectggea tgacccagac agtggecettt 540
gtatatgttt ttagactcac cttgactcac ctctgaccat agaaactcte atcccagagg 600
tcactgcaat agttactcca caacagaggc ttatctgggt agagggaggce tccctaccta 660
tggeccagea geectgacag tgeagatcac atatacceca cgecccagea ctgeetgeca 720
cgecatgggct tactttacac ccacccacag tcaccaacac attacctget ctccaaggtt 780
aggcgtggca ggagaagttt gettggacca gecagaaacca tgcagtcaag gacaactgga 840
gtcagcatgg getgggtgeg ageeettggt gggetgggga ggagacteca ggtcatacet 900
cctggaggat gttttaatca tttccagcat ggaatgetgt caacttttge cacagattca 960

ttagctctga gtttcttttt tctgtcceca getaceectt acatgtcaat atggacttaa 1020
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tgatgggaaa ttcaggcaag tttttaaaca ttttattccc cctggetett atcctcaaaa 1080
aatgcatgag ttcgttacct gattcattcc ctggttectt tcacagtect ccgtgaccca 1140
agtgttaggg ttttggtcte tctactattt gtaggetgat atatagtata cacacacaca 1200
cacacacaca tatacacaca cacagtgtat cttgagcttt cttttgtata tctacacaca 1260
tatgtataag aaagctcaag atatagaagc cctttttcaa aaataactga aagtttcaaa 1320
ctctttaagt ctccagttac cattttgetg gtattcttat ttggaaccat acattcatca 1380
tattgttgca cagtaagact atacattcat tattttgctt aaacgtatga gttaaaacac 1440
tttaaggtca ttaaatgaat taatcactge attcaaaaac gattactttc tggccctaag 1500
agacatgagg ccaataccag gaagggggtt gatctcccaa accagaggea gaccctagac 1560
tctaatacag ttaaggaaag accagcaaga tgatagtcce caatacaata gaactttact 1620
aattttaaaa ttaagaactt aaaacttgaa tagctagagc accaagattt ttctttgtce 1680
ccaaataagt gcagttgcag gcatagaaaa tctgacatct ttgcaagaat catcgtggat 1740
gtagactctg tcctgtgtct ctggectggt ticggggace aggagggeag acccttgcac 1800
tgccaagaag catgccaaag ttaatcattg gecctgetga gtacatggee gatcaggetg 1860
tttttgtgtg cetgttttte tattttacgt aaatcaccct gaacatgttt gcatcaacct 1920
actggtgatg cacctttgat caatacattt tagacaaacg tggtttttga gtccaaagat 1980
cagggctggg ttgacctgaa tactggatac agggcatata aaacaggggce aaggcacaga 2040
ctcatagcag agcaatcacc accaagcctg gaataactge aagggcetetg ctgacatctt 2100
cctgaggtge caaggaaatg aggtctagag aagcetttatt gcggtagttt atcacagtta 2160
aattgctaac gcagtcagtg cttctgacac aacagtctcg aacttaaget gcagtgactc 2220
tcttaaggta gecttgeaga agttggtegt gaggeactgg gecaggtaagt atcaaggtta 2280
caagacaggt ttaaggagac caatagaaac tgggcttgtc gagacagaga agactcttge 2340
gtttctgata ggcacctatt ggtcttactg acatccactt tgectttcte tccacaggtg 2400
tccactceca gttcaattac agetettaag geectgeagg ccaccatgga agagggeatg 2460
aacgtgctge acgacttcgg catccagage acccactate tgecaggtcaa ctaccaggac 2520
agccaggact ggttcatcct ggtgtcegtg atcgecgace tgeggaacge cttctacgtg 2580
ctgttcceca tetggticea tetgecaagaa geegteggea tcaagetget gtgggtggee 2640
gtgatcggeg attggetgaa cctggtgttc aagtggatee tgttcggeca geggeectat 2700

tggtgggtec tggacaccga ctactacage aacaccageg tgecectgat caageagttc 2760
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ccegtgacct gcgagacagg ceetggetct cettctggee acgecatggg aacagecgge 2820
gtgtactacg tgatggtcac cagcaccctg agcatcttce agggcaagat caageccace 2880
taccggttce ggtgcctgaa cgtgateetg tggetgggct tetgggecgt geagetgaac 2940
gtgtgectga geeggatcta cetggecgec cacttcecac atcaagtggt ggeeggegtg 3000
ctgagcggaa tcgeegtgge cgagacattc agecacatee acageatcta caacgecage 3060
ctgaagaagt acttcctgat cacattcttt ctgttcaget tcgecatcgg ctictacctg 3120
ctgctgaagg geetgggegt ggacctgetg tggacectgg aaaaggecca geggtggtge 3180
gagcagcccg agtgggtgca catcgacacce acceecticg ccagectget gaagaacctg 3240
ggcaccetgt ttggactggg cetggeectg aacageagea tgtacagaga gagetgecaag 3300
ggcaagctga gcaagtggct geectteecgg ctgageagea tegtggecag cetggtgetg 3360
ctgcacgtgt tcgacagect gaagecceee agecaggtgg aactggtgtt ttacgtgetg 3420
agcttctgea agagegeegt ggtgecectg gecteegtgt ctgtgateee ctactgectg 3480
gctcaggtge tgggecagee ccacaagaag tecetetgag cgetetagge ggecgegegg 3540
atccagacat gataagatac attgatgagt ttggacaaac cacaactaga atgcagtgaa 3600
aaaaatgctt tatttgtgaa atttgtgatg ctattgcttt atttgtaacc attataagct 3660
gcaataaaca agttaacaac aacaattgca ttcattttat gtttcaggtt cagggggage 3720
tgtgggaggt tttttagagg aacccctagt gatggagttg gecacteect ctetgegege 3780

tcgetegete actgaggeeg cecgggeaaa geeegggegt cgggegacct ttggtcgeee 3840

ggecteagtg agegagegag cgegeagaga gggagtggcc aa 3882

<210> 2

<211> 3882

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of artificial sequence: DTC177wt: Replacement of

coGOPC sequence with wildtype coding sequence

<400> 2
ttggccactc cctetetgeg cgetegeteg ctcactgagg ccgggegace aaaggtcgec 60

cgacgeecgg getttgeceg ggeggectea gtgagegage gagegegeag agagggagtg 120
gccaacteca tcactagggge ttectecttt gagaatccac ggtgtetega tgeagtcage 180

tttctaacaa getggggect cacctgtttt cccacggata aaaacgtget ggaggaagea 240
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gaaaggggct ggcaggtgga aagatgagga ccagcetcate gtctcatgac tatgaggttg 300 DK/EP 3898981 T5
ctctgatcca gagggtecce ctgeetggtg geccaccgee aggaagacte cecactgtcee 360
tggatgcecea gagtgggatg tcaactccat cacttatcaa ctecttatce ataggggtat 420
tcttectgag gegtetcaga aaacagggec ctecccatat getgaccaca taatagaace 480
cctcccaact cagagaccct ggetgetage tgeectggea tgacccagac agtggecettt 540
gtatatgttt ttagactcac cttgactcac ctctgaccat agaaactcte atcccagagg 600
tcactgcaat agttactcca caacagaggc ttatctgggt agagggaggce tccctaccta 660
tggeccagea geectgacag tgeagatcac atatacceca cgecccagea ctgeetgeca 720
cgecatgggct tactttacac ccacccacag tcaccaacac attacctget ctccaaggtt 780
aggcgtggca ggagaagttt gettggacca gecagaaacca tgcagtcaag gacaactgga 840
gtcagcatgg getgggtgeg ageeettggt gggetgggga ggagacteca ggtcatacet 900
cctggaggat gttttaatca tttccagcat ggaatgetgt caacttttge cacagattca 960
ttagctctga gtttcttttt tctgtcceca getaceectt acatgtcaat atggacttaa 1020
tgatgggaaa ttcaggcaag tttttaaaca ttttattccc cctggetett atcctcaaaa 1080
aatgcatgag ttcgttacct gattcattcc ctggttectt tcacagtect ccgtgaccca 1140
agtgttaggg ttttggtcte tctactattt gtaggetgat atatagtata cacacacaca 1200
cacacacaca tatacacaca cacagtgtat cttgagcttt cttttgtata tctacacaca 1260
tatgtataag aaagctcaag atatagaagc cctttttcaa aaataactga aagtttcaaa 1320
ctctttaagt ctccagttac cattttgetg gtattcttat ttggaaccat acattcatca 1380
tattgttgca cagtaagact atacattcat tattttgctt aaacgtatga gttaaaacac 1440
tttaaggtca ttaaatgaat taatcactge attcaaaaac gattactttc tggccctaag 1500
agacatgagg ccaataccag gaagggggtt gatctcccaa accagaggea gaccctagac 1560
tctaatacag ttaaggaaag accagcaaga tgatagtcce caatacaata gaactttact 1620
aattttaaaa ttaagaactt aaaacttgaa tagctagagc accaagattt ttctttgtce 1680
ccaaataagt gcagttgcag gcatagaaaa tctgacatct ttgcaagaat catcgtggat 1740
gtagactctg tcctgtgtct ctggectggt ticggggace aggagggeag acccttgcac 1800
tgccaagaag catgccaaag ttaatcattg gecctgetga gtacatggee gatcaggetg 1860
tttttgtgtg cetgttttte tattttacgt aaatcaccct gaacatgttt gcatcaacct 1920

actggtgatg cacctttgat caatacattt tagacaaacg tggtttttga gtccaaagat 1980
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cagggctggg ttgacctgaa tactggatac agggcatata aaacaggggce aaggcacaga 2040 DK/EP 3898981 T5

ctcatagcag agcaatcacc accaagcctg gaataactge aagggcetetg ctgacatctt 2100
cctgaggtge caaggaaatg aggtctagag aagcetttatt gcggtagttt atcacagtta 2160
aattgctaac gcagtcagtg cttctgacac aacagtctcg aacttaaget gcagtgactc 2220
tcttaaggta gecttgeaga agttggtegt gaggeactgg gecaggtaagt atcaaggtta 2280
caagacaggt ttaaggagac caatagaaac tgggcttgtc gagacagaga agactcttge 2340
gtttctgata ggcacctatt ggtcttactg acatccactt tgectttcte tccacaggtg 2400
tccactceca gttcaattac agetettaag geectgeagg ccaccatgga ggaaggaatg 2460
aatgttctce atgactttgg gatccagtca acacattacc tccaggtgaa ttaccaagac 2520
tcccaggact ggttcatctt ggtgtcegtg atcgeagace tcaggaatge cttctacgtc 2580
ctcttcecca tetggtteea tettcaggaa getgtgggea ttaaactect tigggtaget 2640
gtgattggag actggctcaa cctegtettt aagtggattc tetttggaca gegtccatac 2700
tggtgggttt tggatactga ctactacage aacacttccg tgecectgat aaageagtte 2760
cctgtaacct gtgagactgg accagggage cectetggee atgecatggg cacageaggt 2820
gtatactacg tgatggtcac atctactctt tccatctttc agggaaagat aaagccgace 2880
tacagatttc ggtgcttgaa tgtcattttg tggttgggat tctgggetgt gecagetgaat 2940
gtctgtetgt cacgaatcta cettgetget cattttecte atcaagttgt tgctggagte 3000
ctgtcaggca ttgetgttge agaaactttc agccacatce acageatcta taatgccage 3060
ctcaagaaat attttctcat taccttcttc ctgticaget tcgecatcgg attttatctg 3120
ctgctcaagg gactgggtgt agacctectg tggactetgg agaaagecca gaggtggtec 3180
gagcagccag aatgggtcca cattgacacc acaccetttg ccagectect caagaacctg 3240
ggcacgcetet ttggeetggg getggetete aactccagea tgtacaggga gagetgecaag 3300
gggaaactca gcaagtggcet cccattcege ctcagetcta ttgtagecte cetegtecte 3360
ctgcacgtct ttgactcctt gaaaccceca teccaagteg agetggtett ctacgtettg 3420
tecttctgea agagtgeggt agtgecectg geatcegtea gtgtcateee ctactgectc 3480
gcccaggtec tgggecagee geacaagaag tegtigtaag cgetetagge ggecgegegg 3540
atccagacat gataagatac attgatgagt ttggacaaac cacaactaga atgcagtgaa 3600
aaaaatgctt tatttgtgaa atttgtgatg ctattgcttt atttgtaacc attataagct 3660

gcaataaaca agttaacaac aacaattgca ttcattttat gtttcaggtt cagggggage 3720
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tgtgggaggt tttttagagg aacccctagt gatggagttg gecacteect ctetgegege 3780

tcgetegete actgaggeeg cecgggeaaa geeegggegt cgggegacct ttggtcgeee 3840

ggecteagtg agegagegag cgegeagaga gggagtggcc aa 3882

<210> 3

<211> 1074

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Codon-optimized G6PC coding
sequence

<400> 3
atggaagagg gcatgaacgt gctgecacgac ttcggeatcce agagcaccea ctatctgcag 60

gtcaactacc aggacagcca ggactggttc atcctggtgt ccgtgatcge cgacctgegg 120
aacgccttct acgtgcetgtt ccccatctgg ticcatctge aagaagecgt cggeatcaag 180
ctgctgtggg tggeegtgat cggegattgg ctgaacctgg tgttcaagtg gatectgttc 240
ggccagegge cetattggtg ggtgctggac accgactact acagcaacac cagegtgeee 300
ctgatcaagc agttccecgt gacctgegag acaggecectg getctectte tggecacgee 360
atgggaacag ccggegtgta ctacgtgatg gtcaccagea ccctgageat cticcaggge 420
aagatcaagc ccacctaccg gttccggtgce ctgaacgtga teetgtgget gggettetgg 480
geegtgeage tgaacgtgtg cetgageegg atctacetgg cegeecactt cecacatcaa 540
gtggtggecg gegtgetgag cggaatcgee gtggecgaga cattcageca catccacage 600
atctacaacg ccagcctgaa gaagtacttc ctgatcacat tctttctgtt cagettcgee 660
atcggcttct acctgetget gaagggectg ggegtggace tgetgtggac cetggaaaag 720
gcccageggt ggtgcgagea gecegagtgg gtgcacatcg acaccaccece cttcgecage 780
ctgctgaaga acctgggeac cetgtttgga ctgggectgg cectgaacag cageatgtac 840
agagagagct gcaagggcaa getgagcaag tggetgeect tecggetgag cageatcgtg 900
gccageetgg tgetgetgea cgtgttcgac agectgaage cccccageca ggtggaactg 960
gtgttttacg tgctgagett ctgecaagage geegtggtge cectggecte cgtgtetgtg 1020
atcccctact gectggetea ggtgctgggec cagecccaca agaagtecct ctga 1074
<210> 4

<211> 1074
<212> DNA
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<213> Homo sapiens

<400> 4
atggaggaag gaatgaatgt tctccatgac tttgggatcce agtcaacaca ttacctccag 60

gtgaattacc aagactccea ggactggttc atcttggtgt ccgtgatcge agacctcagg 120
aatgccttct acgtectett ccccatetgg ttecatcttc aggaagetgt gggcattaaa 180
ctcetttggg tagetgtgat tggagactgg ctcaaccteg tetttaagtg gattctettt 240
ggacagcgtc catactggtg ggttttggat actgactact acagcaacac ttccgtgeece 300
ctgataaagc agttccctgt aacctgtgag actggaccag ggagecccte tggecatgee 360
atgggcacag caggtgtata ctacgtgatg gtcacatcta ctctttccat ctttcaggga 420
aagataaagc cgacctacag atttcggtgc ttgaatgtca ttttgtggtt gggattctgg 480
gctgtgecage tgaatgtetg tetgtcacga atctaccttg ctgeteattt tcctcatcaa 540
gttgttgctg gagtcctgte aggceattget gttgcagaaa ctttcageca catccacage 600
atctataatg ccagcctcaa gaaatatttt ctcattacct tettcetgtt cagettcgee 660

atcggatttt atctgctget caagggactg ggtgtagacc tectgtggac tetggagaaa 720

gcccagaggt ggtgcgagea gecagaatgg gtccacattg acaccacacc ctttgecage 780

ctcctcaaga acctgggceac getetttgge ctggggetgg ctetcaacte cageatgtac 840
agggagagct gcaaggggaa actcagcaag tggetcccat tccgectcag ctetattgta 900
gecteecteg tectectgea cgtetttgac tecttgaaac ceccateeca agtegagetg 960
gtcttctacg tcttgtcctt ctgcaagagt geggtagtge cectggeate cgtecagtgte 1020
atccectact gectecgecca ggtectggec cagecgeaca agaagtcgtt gtaa 1074
<210> 5

<211> 357

<212> PRT

<213> Homo sapiens

<400> 5

Met Glu Glu Gly Met Asn Val Leu His Asp Phe Gly Ile Gln Ser Thr

1 5 10 15

His Tyr Leu Gln Val Asn Tyr Gln Asp Ser Gln Asp Trp Phe Ile Leu
20 25 30

Val Ser Val Ile Ala Asp Leu Arg Asn Ala Phe Tyr Val Leu Phe Pro
35 40 45
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Ile Trp Phe His Leu Gln Glu Ala Val Gly Ile Lys Leu Leu Trp Val
50 55 60

Ala Val Ile Gly Asp Trp Leu Asn Leu Val Phe Lys Trp Ile Leu Phe
65 70 75 80

Gly Gln Arg Pro Tyr Trp Trp Val Leu Asp Thr Asp Tyr Tyr Ser Asn
85 90 95

Thr Ser Val Pro Leu Ile Lys Gln Phe Pro Val Thr Cys Glu Thr Gly
100 105 110

Pro Gly Ser Pro Ser Gly His Ala Met Gly Thr Ala Gly Val Tyr Tyr
115 120 125

Val Met Val Thr Ser Thr Leu Ser Ile Phe Gln Gly Lys Ile Lys Pro
130 135 140

Thr Tyr Arg Phe Arg Cys Leu Asn Val Ile Leu Trp Leu Gly Phe Trp
145 150 155 160

Ala Val GIn Leu Asn Val Cys Leu Ser Arg Ile Tyr Leu Ala Ala His
165 170 175

Phe Pro His Gln Val Val Ala Gly Val Leu Ser Gly Ile Ala Val Ala
180 185 190

Glu Thr Phe Ser His Ile His Ser Ile Tyr Asn Ala Ser Leu Lys Lys
195 200 205

Tyr Phe Leu Ile Thr Phe Phe Leu Phe Ser Phe Ala Ile Gly Phe Tyr
210 215 220

Leu Leu Leu Lys Gly Leu Gly Val Asp Leu Leu Trp Thr Leu Glu Lys
225 230 235 240

Ala Gln Arg Trp Cys Glu Gln Pro Glu Trp Val His Ile Asp Thr Thr
245 250 255

Pro Phe Ala Ser Leu Leu Lys Asn Leu Gly Thr Leu Phe Gly Leu Gly
260 265 270

Sequence listing_ST25.TXT[2024-01-15 12:12:26]



Leu Ala Leu Asn Ser Ser Met Tyr Arg Glu Ser 