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METHODS OF AAV VECTOR PRODUCTION BY MODULATING DEUBIQUITINATING

ENZYME ACTIVITY

RELATED CASES
[0001] This application claims priority to United States Provisional Patent Application No.
62/663,229, which was filed on April 26, 2018, and United States Provisional Patent Application
No. 62/672,248, which was filed on May 16, 2018, each of which is hereby incorporated by
reference in its entirety

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] This invention was made with government support under Grant No. R0O1 NS088399
awarded by the National Institutes of Health. The government has certain rights in the
invention.

TECHNICAL FIELD
[0003] This disclosure relates generally to methods for AAV vector production for use in
gene therapy applications. More specifically, this disclosure relates to methods to enhance the
yield of AAV vector production by modulation of a host cell deubiquitination pathway.

BACKGROUND

[0004] Adeno-associated virus (AAV) has shown promise as a vector for human gene
therapy. To date, AAV1, 2, 4, 5, 6, 8, 9, rh10, and several capsid-engineered mutants have
been successfully used in clinical trials of gene therapy for the treatment of hemophilia A and B,
inborn errors of metabolism, ocular diseases, neurodegenerative diseases, muscular
dystrophies, and more (1). Among these AAV strains, AAV2 is the prototype serotype and has
been used in many of the early clinical studies. More recently, AAV9 has been shown to
mediate robust transduction in the central nervous system (CNS) following intravenous
injection, leading to success of gene therapy for spinal muscular atrophy, a life-threatening
motor neuron disease that affect infants and children (2). Despite such tremendous progress in
AAV vector-mediated gene therapy, several important obstacles still remain to be overcome for
further advancement of AAV vector-mediated gene therapy and its broader applications to a
wide range of more common human diseases. One of the long-standing challenges in AAV
vector-mediated gene therapy is an inherent difficulty in cost-effective manufacturing of AAV
vectors on a large scale for human use (3). Although AAV vector products that have met
regulatory requirements have been manufactured and used in human clinical trials, the recent
withdrawal of the first AAV vector commercial product, Glybera, from the market has highlighted
the difficulty in sustaining AAV vector products in the clinic for treating a broader spectrum of
patients, due in part to an inherent difficulty in cost-effective manufacturing of high-quality AAV
vectors on a large scale for human use (3,4).
[0005] Several methods have been shown to be effective to some degree in increasing

AAV vector yield on a per-cell basis, which include: mild hypothermia treatment of AAV
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packaging cells (10), hyperosmotic treatment of transfected cells at vector production (11),
manipulation of the cap gene pre-mRNA splice donor sites to enhance splicing (12), forced
expression of hsa-miR342 (AAVpro® Helper Free System, Takara Bio Inc.), suppression of Y-
box binding protein (YB1) (13), attenuation of transgene expression during vector production
(14), and the use of a nonconventional combination of the AAV Rep protein and the ITR that
are both derived from AAV serotype 3 (AAV3) (15). Although improvement in AAV vector
production is in urgent need in order to meet anticipated patient demand, it has remained
challenging to further increase the vector yield due to the paucity of knowledge regarding the
mechanisms of capsid assembly.

[0006] Factors from the AAV, adenovirus and host cells all interact during the process of
AAYV vector production. These interactions hold the key to increasing capsid production yields;
however, how these factors interact in the capsid assembly process is poorly understood. Viral
proteins required for capsid formation are the structural proteins VP1, VP2 and VP3 and the
assembly activating protein (AAP), the recently discovered non-structural protein that plays a
key role in capsid assembly (16). The roles and functions of AAP in the process of capsid
assembly have started being unraveled (6-8,16-23). However, what host cell proteins
participate in the capsid assembly process and how they interact with AAV viral proteins, VP1,

VP2, VP3 and AAP, remain largely unknown.

SUMMARY
[0007] Disclosed are methods for enhancing the yield of AAV production on a per-cell basis
by manipulating the deubiquitinating enzyme (DUB) pathway in the host cell such as human
embryonic kidney 293 cells. The methods described may be useful to produce AAV vectors at
higher titers for research and clinical use. AAV vectors produced by the methods described
herein can be used to deliver genes to one or more tissues such as brain, heart, lung, liver,
kidney, spleen, intestine, pancreas, testis, muscle and fat as well as cells in culture dishes. The
disclosed methods include modulation of wild-type or mutant DUBs by various techniques
including but not limited to (1) overexpression of the DUBs or introduction of a gain-of-function
mutation, (2) suppression of DUB expression or introduction of a loss-of-function mutation, (3)
altering the localization of the DUBSs, (4) molecular engineering DUBs and DUB domains fused
with viral proteins (e.g., AAP) or cellular proteins, and (5) chemical modulation of DUBs.
BRIEF DESCRIPTION OF THE FIGURES

[0008] FIG. 1 Map of the BiolD constructs used in this study. BirA*-AAP2 fusion constructs
BirA* was placed either to the N-terminus of AAP2 (the middle 3 constructs) or to the C-
terminus of AAP2 (the bottom three constructs). The top three constructs were BirA* only
control constructs. NLS, the nuclear localization signal from SV40; NoLS, nucleolar localization
signal; NLS-NoLS, the NLS-NoLS from AAP2.
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[0009] Fig. 2. Expression and biotin ligase activity of the BirA* proteins. The plasmid DNA
constructs shown in Fig. 1 were transfected into HEK293 cells. The cells were exposed to biotin
contained in the culture medium 24 hours after transfection and cells were harvested 48h after
transfection. The total protein was extracted from the transfected cells and subjected to SDS-
PAGE separation followed by immunoblotting. Protein expression levels were assessed by
probing with a polyclonal rabbit anti-BirA antibody and enzymatic activity was assessed by
streptavidin conjugated with horse radish peroxidase (HRP). Protein expression levels and
enzymatic activities of the fusion constructs where BirA* was fused to the AAP2 N-terminus,
were higher than those of the constructs where BirA* was fused to the AAP2 C-terminus.
Interestingly, the capsid assembly-promoting function was preserved in all the constructs (see
Fig. 4).

[0010] Fig. 3. Sub-cellular localization of the fusion constructs where BirA* is on the N-
terminus of AAP2 in the presence of VP3. Both BirA*-AAP2 (B-AAP2) and BirA*NLS-NoLS-
AAP2 (B-NLS/NoLS-AAP2) fusion constructs localize to the nucleolus and successfully
translocate the AAV2 VP3 protein to the nucleolus, similar to the AAP2 only control construct.
AAV2 VP3 by itself cannot localize to the nucleolus without co-expression of AAP2 (7) (data not
shown in this figure).

[0011] Fig. 4. A dot blot analysis showing the ability for the BirA*-AAP2 fusion proteins to
facilitate AAV2 capsid assembly. The AAP's capsid assembly-promoting function was found to
be partially to fully preserved in all the 6 fusion constructs we have created.

[0012] Fig. 5. An example of Bio-ID pull-down with streptavidin beads assessed by
immunoblotting. Samples were probed with a rabbit polyclonal anti-BirA antibody. The same
blots were then stripped of the old probe and re-probed with a mouse monoclonal anti-AAV
VP1,2,3 antibody (B1 antibody). AAV2 VP3 was pulled down as a biotin-labeled protein,
validating the success of BiolD labeling and immunoprecipitation. |, input, S, supernatant; B,
precipitants pulled-down with the beads; B-E, beads after elution; and E, eluate. The eluates
were subsequently submitted to an LC-MS/MS analysis.

[0013] Fig. 6. Predicted protein-protein interactions of the 33 proteins identified by the BiolD
experiment is shown. STRING was used to draw the protein-protein network. A majority of the
proteins are those involved in ribosome biogenesis, which form a cluster around the center. Of
particular interest is USP36, a nucleolar localizing deubiquitinating enzyme that is functionally
remote from the majority of the other nucleolar proteins forming a dense core network. Nodes
representing importin 5 and nucleophosmin, which have also been identified as BiolD-labeled
proteins, are shown.

[0014] Fig. 7. Polyubiquitination of AAV2 VP protein and USP36 effects on assembly. (A, B)
His-tagged ubiquitin (Ub) was overexpressed in HEK293 cells together with or without the
indicated AAV1 or AAV2 protein. His-Ub-tagged proteins were pulled-down with Ni-NTA beads
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and probed with each indicated antibody by western blot (WB). VP proteins were
polyubiquitinated in the absence of AAP. However, polyubiquitinated VP proteins were not
present at appreciable levels in the presence of AAP. Anti-pan ubiquitin antibody, sc-8017; D,
DMSO; M, MG132. (C) A dot blot showing the effect of overexpression of USP36 and
USP36C131A (DN) on capsid assembly. AAV1 or AAV2 VP3 only viral particles were produced
in HEK293 cells overexpressing either the wild-type USP36 or the USP36DN or in HEK293
cells transfected with an empty plasmid as a mock control. AAV VP3 only viral particles were
produced in all the three conditions; however, the yields of AAV viral particle production were
significantly decreased when the USP36 was inhibited by the overexpression of USP36DN.
Overexpression of the wild-type USP36 did not have any obvious impact on the AAV particle
production yields. (D) Overexpression of USP36DN enhanced polyubiquitination of AAV2 VP3
proteins deduced by higher MW-bands in WB, in the absence of AAP2. AAV VP3 only viral
particles were produced in HEK293 cells overexpressing either the wild-type USP36 or the
USP36DN or in HEK293 cells transfected with an empty plasmid as a mock control, in the
presence or absence of AAP2. and in the presence of overexpressed wild-type USP36 or
USP36DN. Anti-VP antibody was used for WB. MG132 was not used for this experiment.
Closed arrowheads, VP3; open arrowheads, ubiquitinated VP3. WB signals representing
polyubiquitinated (Ubn) VP proteins are indicated with brackets.

[0015] Fig. 8. Knock-down of endogenous USP36 expression impairs production of AAV2
VP123 viral particles and VP3 only viral particles (note: VP123 viral particles are those
composed of VP1, VP2 and VP3 subunits at an appropriate stoichiometry ratio produced with a
standard AAV Rep/Cap helper plasmid). AAV2 VP123 and VP3 only viral particles were
produced in HEK293 cells transfected either with a scrambled shRNA-expressing plasmid or a
human USP36-specific shRNA-expressing plasmid (USP36 shRNA-3 in reference (27)). VP123
and VP3 only viral particle yields produced in each condition were determined by a quantitative
dot blot. In the graph, each yield is normalized of the value obtained from each scrambled
shRNA control. Error bars, SEM.

[0016] Fig. 9. Overexpression of a nucleolar-excluded USP36 mutant (USP36NoE)
enhances the yield of AAV2 vector production. (A) Maps of the USP36WT or USP36NoE-
expressing plasmid and the control empty plasmid under the control of the CMV-IE enhancer-
promoter. USP36WT is the wild-type USP36 while USP36NOE is devoid of the 16 amino acids
(positions from 1078 to 1049) that are rich in basic amino acids. (B) Effects of USP36WT or
USP36NoE overexpression on the production of AAV2 VP123 viral particle and AAV2 VP3 only
viral particles in HEK293 cells. AAV2 AV123 and VP3 only viral particles were produced in
HEK293 cells transfected either of the three plasmids described in Panel A. All the values are
normalized with the empty plasmid control values. Error bars, SEM. One-way ANOVA with
post-hoc Tukey honesty significant different (HSD) test (n=11 for VP123 to 5 for VP3) is used.
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DETAILED DESCRIPTION

[0017] To begin comprehensively elucidating the interactions between host cell proteins
and AAYV viral components in the process of capsid assembly, we first employed the standard
approach that combines co-immunoprecipitation (co-IP) and liquid chromatography tandem-
mass spectrometry (LC-MS/MS). To this end, we expressed FLAG-tagged AAP2 (FLAG-AAP2)
in the presence or absence of AAV2 VP3 protein, immunoprecipitated (IP’ed) FLAG-AAP2 with
anti-FLAG antibody-coated beads, and sought to identify co-immunoprecipitated proteins by
LC-MS/MS. We performed this experiment twice, only to find AAV2 VP3 and importin 5 as
meaningful proteins co-IP'ed with AAP2. We speculated that the reason why the co-IP
approach proved challenging in identifying AAP-interacting proteins was due to the weak or
transient nature of protein interactions that might be lost during co-IP. To overcome this
potential problem, we next employed BiolD, a proximity labeling-based MS approach that
provide spatially restricted proteome data (24-26). In the BiolD approach, a promiscuous
bacterial biotin ligase mutant (BirA*) is fused to a bait protein either at the N- or C-terminus.
Such a bait-BirA* fusion protein can biotin-label any proteins residing in close proximity to the
bait in cells, which can be pulled down by streptavidin beads under stringent conditions. This
approach has successfully identified a set of host cell protein candidates that potentially interact
with AAP2. Among them, we have confirmed that USP36 plays a role in AAV2 VP protein
assembly into capsid by exerting its deubiquitinating (DUB) enzyme activity. This disclosure
describes methods to enhance AAV vector production by manipulating the DUB pathway.
[0018] The present disclosure provides host cells that have modulated DUB gene product
activity and methods of using such host cells for increased AAV vector production yield. The
term “AAV vector” as used herein means any vector that comprises or derives from
components of AAV and is suitable to infect mammalian cells, including human cells, of any of
a number of tissue types, such as brain, heart, lung, skeletal muscle, liver, kidney, spleen, or
pancreas, whether in vitro or in vivo. The term “AAV vector’ may be used to refer to an AAV
type viral particle (or virion) comprising a nucleic acid molecule encoding a protein of interest.
[0019] Additionally, the AAVs disclosed herein may be derived from various serotypes,
including combinations of serotypes (e.g., “pseudotyped” AAV) or from various genomes (e.g.,
single-stranded or self-complementary). In particular embodiments, the AAV vectors disclosed
herein may comprise desired proteins or protein variants. A “variant” as used herein refers to an
amino acid sequence that is altered by one or more amino acids. The variant may have
“conservative” changes, wherein a substituted amino acid has similar structural or chemical
properties, e.g., replacement of leucine with isoleucine. Alternatively, a variant may have
“nonconservative” changes, e.g., replacement of a glycine with a tryptophan. Analogous minor

variations may also include amino acid deletions or insertions, or both.
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[0020] In particular embodiments, the AAV vector may be a human serotype AAV vector. In
such embodiments, a human AAV may be derived from any known serotype, e.g., from AAV1,
AAV2, AAV4, AAVB, or AAVY.

[0021] The AAYV vectors disclosed herein may include a nucleic acid encoding a protein of
interest. In various embodiments, the nucleic acid also may include one or more regulatory
sequences allowing expression and, in some embodiments, secretion of the protein of interest,
such as e.g., a promoter, enhancer, polyadenylation signal, an internal ribosome entry site
(“IRES”), a sequence encoding a protein transduction domain (“PTD”), and the like. Thus, in
some embodiments, the nucleic acid may comprise a promoter region operably linked to the
coding sequence to cause or improve expression of the protein of interest in infected cells.
Such a promoter may be ubiquitous, cell- or tissue-specific, strong, weak, regulated, chimeric,
etc., for example, to allow efficient and stable production of the protein in the infected tissue.
The promoter may be homologous to the encoded protein, or heterologous, although generally
promoters of use in the disclosed methods are functional in human cells. Examples of regulated
promoters include, without limitation, Tet on/off element-containing promoters, rapamycin-
inducible promoters, tamoxifen-inducible promoters, and metallothionein promoters. Other
promoters that may be used include promoters that are tissue specific for tissues such as
kidney, spleen, and pancreas. Examples of ubiquitous promoters include viral promoters,
particularly the CMV promoter, the RSV promoter, the SV40 promoter, etc., and cellular
promoters such as the phosphoglycerate kinase (PGK) promoter and the -actin promoter.
[0022] In some embodiments of the AAV vectors disclosed herein, one or more feedback
elements may be used to dampen over-expression of the protein of interest. For example,
some embodiments of the AAV vectors may include one or more siRNA sequences that would
target the exogenous transcript. In other embodiments, the AAV vector may include one or
more additional promoters that may be recognized by inhibitory transcription factors. In various
embodiments, the AAV vectors disclosed herein may comprise a construct that may create a
homoeostatic feedback loop that may maintain expression levels of the protein of interest at a
physiological level.

[0023] In various embodiments, the AAV vectors disclosed herein can comprise a nucleic
acid that may include a leader sequence allowing secretion of the encoded protein. In some
embodiments, fusion of the transgene of interest with a sequence encoding a secretion signal
peptide (usually located at the N-terminal of secreted polypeptides) may allow the production of
the therapeutic protein in a form that can be secreted from the transduced cell. Examples of
such signal peptides include the albumin, the B-glucuronidase, the alkaline protease or the
fibronectin secretory signal peptides.

[0024] As described herein, effective and long term expression of therapeutic proteins of

interest in brain, heart, lung, skeletal muscle, kidney, spleen, or pancreas can be achieved with



WO 2019/210249 PCT/US2019/029466

non-invasive techniques, through peripheral administration of certain AAV vectors. Such
peripheral administration may include any administration route that does not necessitate direct
injection into brain, heart, lung, skeletal muscle, kidney, spleen, or pancreas. More particularly,
peripheral administration may include systemic injections, such as intramuscular, intravascular
(such as intravenous,) intraperitoneal, intra-arterial, or subcutaneous injections. In some
embodiments, peripheral administration also may include oral administration (see, e.g.,
WQ096/40954), delivery using implants, (see, e.g., WO001/91803), or administration by
instillation through the respiratory system, e.g., using sprays, aerosols or any other appropriate
formulations.

[0025] In various embodiments, the desired doses of the AAV vectors may be adapted by
the skilled artisan, e.g., depending on the disease condition, the subject, the treatment
schedule, etc. In some embodiments, from 10° to 10'? viral genomes are administered per
dose, for example, from 10° to 10", from 10" to 10", or from 10® to 10"". In other embodiments,
exemplary doses for achieving therapeutic effects may include virus titers of at least about 10°,
10°, 107, 108, 10° 10'"° or 10" viral genomes or more. Virus titer may also be expressed in
terms of transducing units, which may be readily calculated by those of skill in the art.

[0026] In various embodiments, the AAV vectors disclosed herein may be administered in
any suitable form, for instance, either as a liquid solution or suspension, as a solid form suitable
for solution or suspension in liquid prior to injection, as a gel or as an emulsion. The vectors
may be formulated with any appropriate and pharmaceutically acceptable excipient, carrier,
adjuvant, diluent, etc. For instance, for injection, a suitable carrier or diluent may be an isotonic
solution, a buffer, sterile and pyrogen-free water, or, for instance, a sterile and pyrogen-free
phosphate-buffered saline solution. For inhalation, the carrier may be in particulate form.

[0027] The vectors may be administered in a "therapeutically-effective" amount, e.g., an
amount that is sufficient to alleviate (e.g., decrease, reduce) at least one of the symptoms
associated with a disease state, or to provide improvement in the condition of the subject. In
some embodiments, repeated administrations may be performed, for instance using the same
or a different peripheral administration route and/or the same vector or a distinct vector.

[0028] In some embodiments, the present disclosure provides a host cell for increased AAV
vectors production yield in which the host cell comprises a modulated DUB gene product
activity. In certain embodiments, the modulated DUB gene product activity comprises at least
one of (a) alteration of expression of the DUB gene or (b) alteration of the subcellular
localization of the DUB gene product. The modulated DUB gene product activity may include
expression of a DUB gene that is not normally expressed in the host cell. Alternatively, the
modulated DUB gene product activity may include overexpression or suppression of expression
of a DUB gene in the host cell. In some embodiments, the modulated DUB gene product

activity comprises a loss of the DUB gene activity in the host cell.
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[0029] The DUB gene may be wild-type or mutant. When referring to a gene, the term “wild-
type” is used in its ordinary sense and is defined as a gene that has the same protein-coding
nucleotide sequence as the corresponding gene in that host cell. For gene sequences that are
polymorphic, “wild-type” refers to the sequence of the most common form of the gene. The term
“‘mutant” is also used in its ordinary sense and is defined as a gene that does not have the
same protein-coding nucleotide sequence as the corresponding gene in that host cell. A
mutation may be one or more of a change in one or more nucleotides, a deletion of one or more
nucleotides, or an insertion of one or more nucleotides. The term may also refer to an alteration
in the number of copies of a gene or in one or more of the elements that control its expression.
[0030] In some embodiments, the modulated DUB gene product activity comprises
alteration of the subcellular localization of the DUB gene product. The DUB gene product may
comprise a heterologous localization peptide. In some embodiments, the heterologous
localization peptide may be derived from a different gene of the same species. In other
embodiments, the heterologous localization peptide may be derived from a gene from a
different species, including a virus. The localization peptide may cause the DUB protein to
localize to the nucleus, nucleolus, cytoplasm, or any other desired subcellular location. Several
subcellular localization peptides are known in the art.

[0031] The DUB gene product may be fused with a portion of an AAP or other viral protein.
Alternatively, a portion or domain of the DUB gene product maybe fused to a portion or the
whole of an AAP protein or a VP protein. The DUB gene, or the fused portion or domain
thereof, may be wild-type or mutant. The AAP or VP protein, or the fused portion thereof, may
be wild-type or mutant.

[0032] The DUB gene may be any gene that encodes deubiquitinating enzyme. In some
embodiments, the DUB gene encodes a deubiquitinating enzyme from the cysteine protease
class of DUB genes. The DUB gene may encode a ubiquitin-specific protease. Alternatively, the
DUB gene may encode an ovarian tumor protease. In certain embodiments, the DUB gene
encodes the ubiquitin-specific protease USP36. The USP36 may be human, or it may be
derived from another organism.

[0033] The present disclosure also provides methods of producing AAV vectors that use
the host cells described above. In some embodiments, such methods comprise introducing an
AAV vector plasmid into the host cell and culturing the host cell to produce AAV vectors.

[0034] AAV vectors may be produced by a triple transfection method in HEK293 cells
wherein the AAV rep and cap genes, a transgene cassette to be packaged in the AAV particle,
and a minimal set of genes from the human adenovirus type 5 (which is a helper virus) are
supplied in trans as plasmid DNA to the host HEK293 cells (5). AAV vector production in HEK
293 cells may be performed using the following illustrative description of an adenovirus-free

plasmid transfection method (5) with modification on a scale of 1 to 2-liter culture. In brief, HEK
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293 cells (AAV-293), purchased from Agilent (AAV-293 cells) are grown in Dulbecco’s modified
Eagle’s medium (DMEM) (Lonza, Basel, Switzerland) supplemented with 10% fetal bovine
serum (FBS), L-glutamine, and penicillin-streptomycin. Immediately before plasmid DNA
transfection, the culture media is changed to serum-free media. The following three plasmids
are transfected at a 1:1:1 ratio in HEK293 cells using the standard polyethyleneimine (PEI) (1
mg/mL) DNA transfection procedure at a DNA:PEI weight ratio of 1:2. The three plasmids used
for AAV vector production are: (1) pHELPER (an adenovirus helper plasmid), (2) pHLP-AAVX
(an AAV helper plasmid supplying AAV2 Rep and AAVx capsid proteins, where x=AAV
serotypes and mutants), and (3) an AAV vector plasmid containing a transgene expression
cassette placed between the two AAV2 inverted terminal repeats (ITRs). If AAV vector
production requires AAP supplementation, a fourth plasmid, pCMV-AAPx (6-8), may be
included at a 1:1:1:1 ratio. In certain embodiments, in which AAV vector is produced with
supplementation of either wild-type or genetically modified DUB, a fifth plasmid (for example, a
plasmid expressing a DUB or genetically engineered DUB under the control of the CMV
promoter) at a 1:1:1:1:1 ratio. Five days after transfection, both media and cells are harvested.
The harvested media and cells undergo one cycle of freezing and thawing and the cell debris is
removed by centrifugation. The culture medium supernatants are made to 8% polyethylene
glycol (PEG) 8000 and 0.5 M NaCl, incubated on ice for 3 h, and spun at 10,000 x g for 30 min
to precipitate viral particles. The pellets are resuspended in a resuspension buffer such as
phosphate-buffered saline (PBS) or a buffer containing 50 mM Tris-HCI (pH 8.5) and 2 mM
MgCl2, treated with an endonuclease (such as Benzonase) for 1 h, and subjected to purification
by two rounds of cesium chloride (CsCl) density-gradient ultracentrifugation (9) followed by
dialysis with PBS with 0.001% Pluronic F68. The final viral preparations are made in PBS/5 %
sorbitol/0.001% Pluronic F68 and stored -80°C until use. The AAV vector titers are determined
by a quantitative dot blot assay (8). Other methods that may be used for AAV vector production
are also available including methods that use baculovirus and insect cells, methods that use
ion-exchange chromatography or affinity chromatography for vector purification, and methods
that use quantitative real-time PCR for AAV vector titration.

[0035] In certain embodiments, the present disclosure provides methods of producing AAV
vectors comprising the steps of introducing an adenovirus helper plasmid, an AAV helper
plasmid, and an AAV vector plasmid into a cell of a host cell line, wherein the host cell line has
a modulated DUB gene product activity; and culturing the host cell to produce AAV vectors. The
host cell line may be a stable cell line that comprises one or more genetic alterations that
modulate expression of a DUB gene, affect the activity of a DUB gene product, or alter the
subcellular localization of a DUB gene product. In some embodiments, the host cell line
comprises an engineered host cellular genome, wherein the engineered host cellular genome

expresses one or more biological molecules capable of affecting the expression level, activity,
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and/or subcellular localization of one or more DUB genes. In other embodiments, the host cell
line comprises an engineered host cellular genome that comprises modifications of the
nucleotide sequence of one or more DUB genes or DUB gene control sequences (promoters,
enhancers, etc.).

[0036] In some embodiments, the host cell line comprises an extrachromosomally
replicating vector genome, wherein the extrachromosomally replicating vector genome
expresses one or more biological molecules capable of affecting the activity of the DUB gene.
The extrachromosomally replicating vector genome may, for example, include a DUB gene
under the control of a heterologous promoter, a DUB gene whose product localizes to a
different subcellular location than its normal cellular counterpart, or a DUB gene that is fused to
a portion of a viral protein.

[0037] In some embodiments, methods of producing AAV vectors may further comprise the
step of treating the host cell with one or more chemical modulators of DUB activity.

[0038] The present disclosure also provides fusion proteins that comprise a DUB domain
from a DUB gene product and a viral protein domain, and methods of increasing production of
AAV vectors from a host cell that comprise expressing at least one of these fusion proteins in
the host cell. In some embodiments, the viral protein domain is an AAP protein or a protein
derived from an AAP protein. The DUB domain sequence may be wild-type or mutant. The viral
domain sequence may be wild-type or mutant. In some embodiments, the fusion protein
localizes primarily to a subcellular location that differs from a primary subcellular location of the
DUB gene. The phrase “localizes primarily to a subcellular location” means that more than 50%
of the fusion protein will be in that particular subcellular location. In certain embodiments, more
than about 60%, more than about 70%, more than about 80%, more than about 90%, more
than about 95%, or about 99% of the fusion protein will be in that particular subcellular location.
The phrase “primary subcellular location of the DUB gene” refers to the particular subcellular
location in which more than 50% of the corresponding DUB gene product is normally found. In
certain embodiments, more than about 60%, more than about 70%, more than about 80%,
more than about 90%, more than about 95%, or about 99% of the corresponding DUB gene
product will be found in that particular subcellular location. The subcellular location may, for
example, be the nucleus, nucleolus, cytoplasm, or other appropriate subcellular location.

[0039] Another aspect of the present disclosure is directed to methods for producing AAV
vectors comprising the steps of (1) producing a host cell in which the expression and/or
subcellular localization of at least one DUB gene is altered, and (2) culturing the host cell under
conditions to produce the AAV vectors.

EXAMPLES
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[0040] The following examples are for illustration only. In light of this disclosure, those of
skill in the art will recognize that variations of these examples and other embodiments of the
disclosed subject matter are enabled without undue experimentation.

Example 1 — Identification of host cell proteins that interact with AAP

[0041] To identify the host cell proteins that interact with AAP, we utilized a proximity-based
biotin ligase identification (BiolD) method (24-26). In this method, a promiscuous bacterial biotin
ligase mutant (BirA*) is fused to the AAP2 protein either at the N- or C-terminus (B-AAP2 or
AAP2-B). Such AAP2 and BirA* fusion proteins are expected to biotin-label any proteins
residing in close proximity to AAPZ2 in cells, which can be effectively pulled down by streptavidin
beads under stringent conditions such as high salt to reduce non-specific interactions. We
constructed a total of 6 AAP2 and BirA* fusion proteins (Fig. 1). Protein expression level and
biotin ligase activity of each construct were assessed in HEK293 cells by transient plasmid
transfection without AAV2 VP3 co-expression. Protein expression levels of the fusion
constructs where BirA* was fused to the AAP2 N-terminus were higher than those of the
constructs where BirA* was fused to the AAP2 C-terminus (Fig. 2). Enzymatic activity of the
fusion constructs was found to correlate to the protein expression levels (Fig. 2). Subcellular
localization of the fusion constructs and their ability to translocate AAV2 VP3 protein were
assessed by immunofluorescence microscopy (IF) of HEK293 cells transfected with the non-
fusion and fusion BirA* constructs with or without AAV2 VP3 co-expression. The IF study
showed that the subcellular localization of AAP2 was not disturbed with any of the fusion
construct and the ability for the fusion constructs to translocate AAV2 VP3 protein to the
nucleolus was preserved (Fig. 3). Finally, capsid assembly-promoting function of the BirA*-
AAP2 fusion proteins where BirA* was fused to the AAP2 N-terminus, were assessed by the
VP3-AAP trans-complementation assay we have established (6,7,18). In this assay, HEK293
cells are transfected with the following 5 plasmids, a plasmid expressing AAV VP3 protein, a
plasmid expressing AAP protein, a plasmid containing an AAV vector genome with two AAV2
inverted terminal repeats, a plasmid expressing the AAV2 rep gene, and a plasmid expressing
a minimal set of the adenovirus type 5 gene products required for AAV vector production
(pHelper from Agilent). The ability for AAP to promote capsid assembly is then assessed by
quantifying AAV vector genomes packaged in the assembled viral capsid by dot blotting. The
result showed that the capsid assembly-promoting function was fully preserved in the BirA*-
AAP2 fusion constructs except for one construct, AAP2-B-NLS/NoLS, showing a decreased
function (Fig. 4)

[0042] To identify AAP2-interacting host cell proteins, we performed the BiolD labeling
reaction using the BirA*-AAP2 fusion proteins. We expressed in HEK293 cells the following 4
BirA* constructs (B, B-NLS/NoLS, B-AAP2, B-NLS/NoLS-AAP2) with or without AAV2 VP3 co-
expression. Here, B is BirA*, B-NLS/NoLS is BirA* fused with the AAP2 NLS/NoLS at its C-
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terminus, B-AAP2 is the BirA*-AAP2 fusion construct where BirA* is fused to the N-terminus of
AAP2, and B-NLS/NoLS-AAP2 is the BirA*-AAP2 fusion construct where B-NLS/NoLS is fused
to the N-terminus of AAP2. Total protein recovered from the transfected HEK293 cells was
subjected to a pull-down with streptavidin beads. AAV2 VP3 was pulled down together with the
streptavidin beads as a biotin-labeled protein, validating the success of BiolD labeling and
immunoprecipitation (Fig 5). The biotin-labeled proteins were eluted from the beads, and the
eluates were then subjected to a liquid chromatography-tandem mass spectrometry (LC-
MS/MS) analysis. This BiolD approach identified at least 33 cellular proteins as candidates for
AAP2-interacting proteins in two independent experiments. Gene ontology enrichment analysis
of these proteins revealed significant enrichment for nucleolar proteins involved in ribosome
biogenesis, validating the proximity-based assay. Predicted protein-protein interactions of the
33 proteins identified by the BiolD experiment is shown in Fig. 6. STIRING (28) was used to
draw the protein-protein network. Although many of the 33 proteins we have identified may play
a role in AAV capsid assembly, we were particularly interested in USP36, a nucleolar-localizing
deubiquitinating enzyme (DUB) for the first validation study because USP36 was among the
proteins that are remote from the main cluster of ribosome biogenesis-associated proteins and
because DUBs are enzymes involved in the ubiquitin-proteasome pathway, the metabolic
pathway that is known to play a role in the AAV life cycle and AAV vector transduction (29-33)
Example 2 — Analysis of ubiquitination of AAV2 VP proteins

[0043] To investigate whether AAV VP proteins become ubiquitinated in the presence or
absence of co-expression of AAP, we expressed His-tagged ubiquitin (Ub) (34) in HEK293 cells
by transient plasmid transfection together with VP3, AAP or VP3+AAP in the presence or
absence of MG132, a proteasome inhibitor. We tested these conditions for both AAV1 VP3
(Fig. 7A) and AAV2 VP3 (Fig. 7B) capsid proteins. His-Ub-tagged proteins were then pulled-
down by Ni-NTA beads. His-Ub-tagged proteins were detected by western blot (WB) with anti-
pan Ub antibody. This experiment showed substantial accumulation of ubiquitinated proteins in
the presence of MG132, demonstrating efficient His-Ub tagging to the proteins that undergo
ubiquitination (Fig. 7A and B, upper panels). When the blots were probed with anti-VP antibody,
smeared bands heavier than the mass of VP3 could be detected in both AAV1 and AAV2
samples only in the absence of co-expression of AAP (Fig. 7A and B, lower panels). Thus, we
have concluded that both AAV1 VP proteins and AAV2 VP proteins become polyubiquitinated
in the absence of AAP, while in the presence of AAP, ubiquitination of VP proteins was
effectively suppressed. Although the mechanism for the AAP-mediated suppression of VP
protein ubiquitination has yet to be determined, the following two interpretations are plausible:
(1) AAP has a direct role in preventing VP proteins from being ubiquitinated or promoting
deubiquitination of polyubiquitinated VP proteins; and (2) AAP promotes VP protein assembly

into capsids very rapidly, minimizing the VP protein ubiquitination reaction and converting from
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VP monomers vulnerable to ubiquitination to VP capsids resistant to ubiquitination (AAP’s
indirect role).

[0044] To validate the role of USP36 in the process of AAV1 and AAV2 capsid assembly,
we overexpressed the wild-type USP36 and a dominant-negative form of USP36, USP36
C131A (35) in HEK293 cells by transient plasmid DNA transfection when AAV1 or AAV2 VP3
only viral particles were produced. This dominant-negative form has been reported to suppress
substantially the DUB enzyme activity of USP36 when overexpressed (35). When the USP36
function was inhibited by the dominant-negative USP36 mutant, both AAV1 and AAV2 viral
particle production yields were significantly decreased (Fig. 7C). In addition, polyubiquitination
of AAV2 VP3 proteins deduced by higher MW-bands in WB was significantly enhanced (Fig.
12D) in the absence of AAP2. These data demonstrate that USP36 plays a crucial role in AAV1
and AAV2 viral particle production, presumably through deubiquitination of polyubiquitinated
AAV capsid proteins that are destined to proteasomal degradation. It has been shown that (1)
AAP2 transports AAV2 VP protein monomers to the nucleolus (6,7,16), (2) AAV2 capsid
assembly takes place in the nucleolus (36), and (3) USP36 is a nucleolar localizing DUB (37).
Taken altogether, we have proposed the following completing hypothetical model that explains
how AAP2, AAV2 VP and DUB proteins interact in the process of AAV2 capsid assembly. In
this model, AAV2 capsid VP monomer proteins become polyubiquitinated by a not-yet-identified
E3 ubiquitin ligase(s) either or both in the cytoplasm and nucleoplasm following their synthesis
in cells, and unless the VP proteins become deubiquitinated by a DUB(s), they are destined to
disintegration through the ubiquitin-proteasome pathway (UPP), resulting in impaired capsid
assembly. In the presence of AAP2, AAP2 stabilizes AAV2 VP monomers by direct binding to
VP proteins, and transports VP proteins to the nucleolus to facilitate interactions between
polyubiquitinated VP proteins and a DUB(s) in the nucleolus (i.e., USP36). In the nucleolus,
polyubiquitin chains on VP proteins are removed by DUB, allowing VP proteins to escape from
proteasomal degradation and to assemble into capsids effectively. We have already generated
strong evidence that AAP can stabilize VP monomers using assembly-defective AAV capsid VP
proteins and functionally competent AAPs derived from cognate or heterologous serotypes in
conjunction with a BiolD-based approach. As for the process of AAV1 capsid assembly, we
assume that the same model can apply. To further confirm the role of USP36 in AAV capsid
assembly, we expressed shRNAs against endogenous USP36 to knock-down endogenously-
expressed USP36. We used USP36 shRNA-3, a rigorously validated shRNA against USP36
(27). When USP36 shRNA-3 was co-expressed at the production of AAV2 VP123 viral capsids
or AAV2 VP3 only capsids in HEK293 cells in the same manner as described above, both
VP123 and VP3 viral particle yields were reduced (Fig. 8), supporting our DUB and AAV capsid
assembly model.

Example 3 — Analysis of USP36’s role in other AAV serotypes
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[0045] To investigate the USP36 role in other AAV serotypes, we performed the above
described experiments with other AAV serotypes (AAV3B to AAV12, except for AAV10). The
result showed that that expression of the dominant-negative USP36 (USP36 C131A) inhibited
AAV viral particle production for AAV1, 2, 6 and 8, but not for AAV3B, 4,5,7,9,11 and 12).
(Table 1). It is intriguing that all the AAV serotypes that showed the impairment of capsid
assembly with USP36 C131A were those whose AAPs are nucleolar associated (7) and the
capsid assembly of AAV5 and 9 whose AAPs are nucleolar excluded (7) were not affected.
Traditionally, the nucleolus was believed to be the site of capsid assembly (36); however, our
study has shown that not all the AAPs accumulate in the nucleolus; not all AAV serotypes use
the nucleolus as the site for capsid assembly; and AAPs do not necessarily colocalize with
assembled capsids (7). Thus, where, which and how DUBs play a role in AAV capsid assembly
likely vary depending on the AAV serotypes. Nonetheless, these data indicate that AAP plays
an important role in facilitating the interaction between AAV capsid VP proteins and host cell
DUBs.
Table 1 Effects of inhibition of the USP36 deubiquitinating enzyme activity on AAV

viral particle production

Effect on AAV viral particle production ( -: no effect, +++: significant effect)

Over-
AA AA  AA  AA
expressed AA  AA AA  AA  AA AA  AA  AA
) V3 \Y \Y \Y
protein V1 V2 V4 V5 V6 V7 V8 V9
B 10 11 12
WT USP36 - - - - - - - - - nd - -
DN USP36  +++ +++ - - - +++ - +++ - nd - -

WT, wild-type; DN, dominant-negative; nd, not determined.
Please note that - and +++ are binary and do not represent the degree of the actual
effects.

Example 4 — Enhancement of AAV2 vector production by overexpressing USP36NoE

[0046] Based on the experimental results described above, the following novel approaches
may be used to enhance AAV vector production on a per-cell basis: (1) expression or over-
expression of wild-type DUBs (nucleolar, nuclear and cytoplasmic DUBs); (2) expression or
overexpression of mutant DUBs (nucleolar, nuclear and cytoplasmic DUBSs); (3) relocation of
DUBs inside the cell;, (4) expression or over-expression of AAP-DUB fusion proteins, including
those that contain only a portion of a DUB protein; and (5) chemical modulation of DUBs by
small molecules. Here we provide an example demonstrating how the above described
methods could be exploited successfully to improve AAV2 vector particle production. These
data suggest that overexpression of nucleolar-excluded USP36 mutant (USP36NoE) enhances
AAV2 vector production. The support for this hypothesis is four-fold: (1) AAV2 assembles in the
nucleolus and yields much lower titers than many other serotypes; (2) AAV2R585E, AAV5 and
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AAV9 assemble in the nucleoplasm (outside the nucleolus) and consistently yield 5-10 fold
higher titers than AAV2; (3) AAV5 and AAV9 mutants that carry the AAV2-derived RGNR
heparin binding motif at the corresponding topological location could not assemble (presumably
because their capsid proteins are forcibly brought to a subcellular location where AAV5 or
AAV9 do not assemble); however, a single R-to-E mutation in the EGNR fully restored capsid
assembly (presumably by restoring subcellular localization in the nucleoplasm); and (4) USP36
is a nucleolar localizing DUB that plays a role in efficient assembly of AAV2 capsids. Without
being bound by any particular theory, these data have led us to an inference that a substantial
amount of AAV2 VP proteins become ubiquitinated and disintegrated before they reach the
nucleolus where deubiquitination of VP proteins takes place for capsid assembly, and this is
why nucleolar-assembled serotypes have lower yields than nucleolar-excluded serotypes that
can utilize DUBs in the nucleoplasm. Thus, bringing an excess amount of functional USP36 to
the nucleoplasm should prevent AAV2VP degradation in the nucleoplasm via its DUB activity
and allow more VP proteins to reach the nucleolus, resulting in an increase in AAV2 vector
yield. To test this hypothesis, we constructed an USP36NoE with DUB activity based on the
information available in literature (35), and overexpressed it when we produced AAV2VP123
and VP3 virions. As we predicted, VP3 virion yields were increased by 2-fold, although
overexpression of the wild-type USP36 had no effect (Fig. 9). However, this effect was modest
on VP123 virions. To further enhance the USP36NoE’s effect on VP123, a compelling
approach is to overexpress a fusion of USP36NoE and AAP2mt26 (6), a nucleolar-excluded,
nuclear localized AAP2 mutant. This USP36NoE-AAP2mt26 fusion will facilitates AAV2 VP-
DUB interactions in the nucleoplasm, allowing more VP proteins escape from proteasome-
mediated degradation and to enter the nucleolus, and therefore further boost the yield of VP123
particularly when the wild-type AAP2 is co-expressed. Alternatively, USP36 could be brought to
the cytoplasm either by using its mutants devoid of nuclear localization signal (NLS) or by
fusing such mutants with one of the following AAP2 mutants that accumulate in the cytoplasm
(i.e., AAP2mt12, mt16, mt17, mt20, mt21, mt22, mt24, mt25, mt27 and mt30 (6)). Alternatively,
a portion of USP36 (e.g., only a catalytic domain) can be fused to the wild-type or mutant AAP
and co-expressed at AAV vector production. Another approach would be to fuse the full-length
or a portion of USP36 with VP protein, followed by an in situ cleavage of USP36-derived protein
by expressing a site-specific protease at the site of capsid assembly. These manipulations can
be attained either by transient plasmid transfection or transient viral vector infection, by making
stable cell lines that harbor the above described manipulations that are incorporated in the host
cellular genome, or by making cell lines that persistently carry stably replicating
extrachromosomal vector genomes. Alternatively, a chemical agent that modulate USP36 (e.g.,
a small molecule that enhances USP36 DUB activity) can be supplemented at AAV vector

production. Similar approaches may be adopted to any DUBs.
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[0047] As shown in Fig. 9, overexpression of USP36NOE at the time of AAV2 vector
production by transient transfection with pCMV-USP36NoE can boost AAV2 viral particles
composed of VP3 capsid proteins and AAV vector genomes by 2 fold (p<0.05, one-way
ANOVA followed by post-hoc Tukey HSD test). Although this effect on AAV2 VP123 capsid was
modest in the experimental setting we used, the effect will likely be able to be more enhanced
by further manipulation of the USP36 DUB pathway. An example is over-expression of AAP2-
USP36NoE where AAP2 is fused either to the N-terminus of USP36NpE or to the C-terminus of
USP36NoE. In addition, this method could be combined with other methods that have been
shown to be effective in increasing AAV vector yield, which may yield additive or synergistic
effects. Methods that can be combined with this invention include, but are not limited to, mild
hypothermia or hyperosmotic treatment of cells (10,11), manipulation of splicing (12), hsa-
mMiR342 expression, suppression of YB1 (13), attenuation of transgene expression at vector
production (14), and use of AAV3 Rep and ITR (15).

[0048] In conclusion, we have shown for the first time that the host cell deubiquitination
machinery plays an important role in the process of AAV capsid assembly. In addition, our data
supports a model in which AAP plays an important role in facilitating the interaction between
AAV capsid VP proteins and host cell DUBs. Moreover, we have shown how to exploit this new
knowledge to improve AAV vector yields on a per-cell basis. Furthermore, we have
demonstrated a successful exemplary application of this knowledge to boost the AAV vector
titers in the context of AAV2 VP3 particle production.
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CLAIMS
1. A host cell for producing AAV vectors comprising a modulated DUB gene product
activity.
2. The host cell of claim 1, wherein the modulated DUB gene product activity

comprises at least one of (a) alteration of expression of the DUB gene or (b) alteration of the
subcellular localization of the DUB gene product.

3. The host cell of claim 1, wherein the modulated DUB gene product activity
comprises expression of a DUB gene that is not normally expressed in the host cell.

4. The host cell of claim 1, wherein the modulated DUB gene product activity
comprises overexpression of a DUB gene in the host cell.

5. The host cell of claim 1, wherein the modulated DUB gene product activity
comprises suppression of expression of a DUB gene in the host cell.

6. The host cell of claim 1, wherein the modulated DUB gene product activity

comprises a loss of the DUB gene activity in the host cell.

7. The host cell of claim 1, wherein the DUB gene is wild-type.
8. The host cell of claim 1, wherein the DUB gene is mutated.
9. The host cell of claim 1, wherein the modulated DUB gene product activity

comprises alteration of the subcellular localization of the DUB gene product.

10. The host cell of claim 9, wherein the DUB gene product comprises a heterologous
localization peptide.

11. The host cell of claim 9, wherein the DUB gene is wild-type and the DUB gene
product is fused with a wild-type AAP protein.

12. The host cell of claim 9, wherein the DUB gene is mutant and the DUB gene product
is fused with a wild-type AAP protein.

13. The host cell of claim 9, wherein the DUB gene is wild-type and the DUB gene
product is fused with a mutant AAP protein.

14. The host cell of claim 9, wherein the DUB gene is mutant and the DUB gene product
is fused with a mutant AAP protein.

15. The host cell of claim 1, wherein the DUB gene comprises a heterologous
subcellular localization targeting peptide.

16. The host cell of any of claims 1-15, wherein the DUB gene encodes a cysteine protease.

17. The host cell of any of claims 1-15, wherein the DUB gene encodes a ubiquitin-
specific protease.

18. The host cell of any of claims 1-15, wherein the DUB gene encodes an ovarian
tumor protease.

19. The host cell of any of claims 1-15, wherein the DUB gene encodes a human

ubiquitin-specific protease.
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20. The host cell of claim 19, wherein the ubiquitin-specific protease is human USP36.
21. A method of producing AAV vectors comprising:
Introducing an AAV vector plasmid into the host cell of any of claims 1-15; and
Culturing the host cell to produce AAV vectors.
22. A method of producing AAV vectors comprising:
Introducing an AAV vector plasmid into the host cell claim 16; and
Culturing the host cell to produce AAV vectors.
23. A method of producing AAV vectors comprising:
Introducing an AAV vector plasmid into the host cell of claim 17; and
Culturing the host cell to produce AAV vectors.
24. A method of producing AAV vectors comprising:
Introducing an AAV vector plasmid into the host cell claim 18; and
Culturing the host cell to produce AAV vectors.
25. A method of producing AAV vectors comprising:
Introducing an AAV vector plasmid into the host cell claim 19; and
Culturing the host cell to produce AAV vectors.
26. A method of producing AAV vectors comprising:
Introducing an AAV vector plasmid into the host cell claim 20; and
Culturing the host cell to produce AAV vectors.
27. A method of producing AAV vectors comprising the steps of:

Introducing an adenovirus helper plasmid, an AAV helper plasmid, and an AAV vector
plasmid into a cell of a host cell line, wherein the host cell line has a modulated DUB gene
product activity; and

Culturing the host cell to produce AAV vectors.

28. The method of claim 27, wherein the host cell line is a stable cell line.
29. The method of claim 28, wherein the host cell line comprises a genetic alteration

that modulates expression of the DUB gene.

30. The method of claim 28, wherein the host cell line comprises a genetic alteration in
the DUB gene.
31. The method of claim 28, wherein the host cell line comprises a genetic alteration

that affects subcellular localization of the DUB gene.

32. The method of claim 28, wherein the host cell line comprises an engineered host
cellular genome, wherein the engineered host cellular genome expresses one or more
biological molecules capable of affecting the activity of the DUB gene.

33. The method of claim 27, wherein the host cell line comprises an extrachromosomally
replicating vector genome, wherein the extrachromosomally replicating vector genome

expresses one or more biological molecules capable of affecting the activity of the DUB gene.
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34. The method of claim 27, further comprising the step of treating the host cell with one
or more chemical modulators of DUB activity.
35. A method of increasing production of AAV vectors from a host cell comprising:
Expressing a fusion protein in the host cell, wherein the fusion protein comprises a
DUB domain from a DUB gene product and a viral protein domain.
36. The method of claim 35, wherein the viral protein is an AAP protein.
37. The method of claim 35, wherein the DUB domain is wild-type and the viral protein
domain is wild-type.
38. The method of claim 35, wherein the DUB domain is wild-type and the viral protein
domain is mutant.
39. The method of claim 35, wherein the DUB domain is mutant and the viral protein
domain is wild-type.
40. The method of claim 35, wherein the DUB domain is mutant and the viral protein
domain is mutant.
41. The method of claim 35, wherein the fusion protein localizes primarily to a
subcellular location that differs from a primary subcellular location of the DUB gene.
42. A method for producing AAV vectors comprising:
Producing a host cell in which at least one of the expression or subcellular
localization of at least one DUB gene is altered; and
Culturing the host cell under conditions to produce the AAV vectors.
43. The method of claim 42, wherein the DUB gene comprises a heterologous

subcellular localization targeting peptide.

44, The method of claim 42, wherein the DUB gene encodes a cysteine protease.

45, The method of claim 42, wherein the DUB gene encodes a ubiquitin-specific
protease.

46. The method of claim 42, wherein the DUB gene encodes an ovarian tumor protease.
47. The method of claim 42, wherein the DUB gene encodes a ubiquitin-specific
protease.

48. The method of claim 47, wherein the ubiquitin-specific protease is USP36.
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