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SCALABLE HIGH RECOVERY METHODS FOR PRODUCING
HIGH YIELD RECOMBINANT ADENO-ASSOCIATED VIRAL (rAAYV)
VECTOR AND RECOMBINANT ADENO-ASSOCIATED VIRAL (rAAYV)
VECTORS PRODUCED THEREBY

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/365,312, filed July 21, 2016. The entire content of the foregoing application is

incorporated herein by reference, including all text, tables, sequence listing and drawings.

INTRODUCTION

[0002] Tangential Flow Filtration (TFF) is a technique used in the biotechnology
industry to concentrate the products through ultrafiltration process (UF) and for buffer
exchange through diafiltration (DF) to formulate the products. However, when TFF is used
to do UF/DF for recombinant adeno-associated viral (rAAV) vectors, significant amounts of
TAAYV vectors were lost in the process. When TAAYV vectors are highly concentrated, even
more vectors will be lost. The amount of vector lost in the UF/DF process make it almost
impossible to make high concentration rAAV vector preps which is highly desired in
development of rAAYV related gene therapy products.

[0003] The other phenomenon often observed in manufacture of rAAYV vectors is that
the TAAYV vectors tend to get aggregated in the UF/DF process, particularly when the preps of
vectors are highly concentrated, such as 1E+13 vg per ml (1x10" vector genomes/ml; vg:
vector genome) or higher. The rAAV vector aggregation seems titer dependent, the higher
the titer, and the more aggregation of vector. The vector aggregation also results in vector
loss during manufacture. In addition, the aggregated vectors are a concern for patient safety
when used in clinics.

[0004] The problems with TAAV vector aggregation and vector loss in the UF/DF
process using TEFF techniques described above represent significant process challenges in the
manufacture and/or purification of rAAV vectors. The invention herein addresses these

problems.

SUMMARY
[0005] Out of many different hypothesis, rAAV vector aggregation and vector loss in

the UF/DF process using TFF techniques may be process dependent and/or formulation

1



WO 2018/017956 PCT/US2017/043291

dependent. Based on such a hypothesis, new formulations were designed and new operation
parameters created for the UF/DF process to improve vector recovery and reduce, minimize
or prevent rAAV vector from aggregation. In invention formulations and operation
parameters for the UF/DF process, rAAV vector recovery improved and rAAV vector
aggregation reduced. The data disclosed herein show that the new formulations and
operation parameters created for the UF/DF process, alone or in combination, provide
significant increases in the overal rAAV vector recovered from the initial rAAV vector
preparation. In fact, TAAV vectors can be concentrated to 5E+13 vg/ml (5x10" vector
genomes/ml) without significant vector loss, and the vectors are predominantly monomers,
indicating reductions in aggregation.

[0006] Invention formulations and/or operation parameters disclosed herein will
enable concentration of rAAYV vectors to a high concentration, for example, up to SE+13
(5x10") vector genomes per milliliter (Vg/ml) with little if any rAAV aggregates. In
addition, invention formulations and/or operation parameters disclosed herein will improve
rAAV vector recovery from buffer exchange or concentrate the vectors using tangential flow
filtration techniques (TFF). Invention formulations and/or operation parameters disclosed
herein can support any gene therapy clinical application using rAAV vectors, such as rAAV
mediated gene therapy for lysosomal storage diseases, such as Neuronal Ceroid-
Lipofuscinosis 2 (CLN2), rAAV mediated gene therapy for blood clotting deficiencies
(Hemophilia A and Hemophilia B) and so on, when high concentration of rAAV preparations
are desired. The improved vector recovery through ultrafitration (UF) and diafiltration (DF)
process using TFF will also reduce cost of goods of rAAV vector manufacturing, and also
provide a more robust and consistent rAAV vectors or clinical applications.

[0007] Accordingly, the invention provides various benefits to the rAAV
manufacturing process. In one embodiment, rAAYV vector recovery is enhanced, and can be
enhanced significantly, thereby providing improved yield from start to finish (e.g., 70% or
greater r AAV vector yield from start to finish). In another embodiment, rAAV aggregation
is reduced, minimized or prevented, particularly when rAAV vector is concentrated to high
rAAYV vector titers. In a further embodiment, rAAV vector is produced at high concentration
(e.g., at least at 1E+12, SE+12, 1E+13, or SE+13 vg/ml), suitable for clinical applications
where high titer and/or small volume of administration (e.g., injection or infusion) of rAAV
vector is desired. In additional embodiments, the invention provides one or more of the
following, alone, or in any combination with each other, or in any combination with the other

embodiments disclosed herein:
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(1) A highly reliable/consistent UF/DF process for manufacturing rAAV vectors,
which can reduce manufacturing risks based upon operation variability;

(2) Efficient rAAV vector recovery from the UF/DF process, providing an overall
increase in TAAV vector yield (e.g., 70% or greater from start to finish);

(3) Avoid significant rAAV vector loss;

(4) Reduce, minimize or prevent rAAV vector aggregation (e.g., rTAAV vector
aggregation not detectable by techniques such as size exclusion
chromatography and/or dynamic light scattering);

(5) Allowing concentration of rAAYV vector to high concentration, for example,
SE+13 vg/ml with reduced, minimized or little or no detectable rAAV vector
aggregation (by techniques such as size exclusion chromatography and/or
dynamic light scattering); and/or

(6) Providing high titer rAAV vector preparations to enable small volume

administration in clinical applications.

DESCRIPTION OF DRAWINGS

[0008] Figure 1 shows how an increase of shear rate during TFF process significantly
improved TAAV vector recovery. AAV2-hTPP1v1 vectors (2.5E+14 vg) of post CsCl
ultracentrifugation were initially diluted to 50 mL (5.0E+12 vg/mL) using diafiltration buffer.
For one cycle of diafiltration, 25 mL diafiltration buffer was added into the 50 mL diluted
vectors and then began diafiltration until the volume decreased to 50 mL. The diafiltration
step was repeated 24 times. The vectors were ultrafiltrated to 5 mL following the 25 cycles of
diafiltration process. The 5 mL vectors were collected for assays. (A) qPCR analysis showed
that the vector titer was 4.81E+13 vg/mL when a higher shear rate (~10,000 sec-1) was
employed during TFF process, suggesting more than 90% vector recovery; while 1.38E+13
vg/mL was achieved at a low shear rate (~3000 sec-1), representing about 30% vector
recovery. (B) Dynamic light scattering (DLS) analysis showed that the diameters of vectors
from either higher shear rate (~10,000 sec-1) or low shear rate (~3000 sec-1), were similar.

[0009] Figure 2 shows how trans-membrane pressure (TMP) affects rAAV recovery
from TFF process. AAV2-hTPP1v1 vectors (2.5E+14 vg) of post CsCl ultracentrifugation
were initially diluted to 50 mL (5.0E+12 vg/mL) using diafiltration buffer and DF process
started, for each diafiltration cycle, 25 mL diafiltration buffer was added into the 50 mL
diluted vectors and the volume was reduced to 50 ml. The diafiltration step was performed 25

times to achieve sufficient buffer exchange. The vectors were then ultrafiltrated to 5 mL. Q-
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PCR analysis (A) showed that the vector titer was 3.43E+13 vg/mL when TMP (~10.5 psig)
was employed and the titer was 2.90E+13 vg/mL in higher TMP (~15.5 psig). DLS analysis
showed that the diameters of vector preps are 29.07 nm and 38,2 nm for the low TMP (~10
psig) and relative high TMP (~15.5 psig), respectively. The larger diameter represents more
aggregated rAAYV vectors in the preparation.

[0010] Figure 3 shows data indicating that collection of vectors without circulation
post UF/DF process avoids recovery of aggregated rAAYV particles in the vector preparation.
AAV2-hTPP1vl vectors (2.5E+14 vg) of post CsCl ultracentrifugation were diluted to 50 mL
(5.0E+12 vg/mL) using diafiltration buffer and went through UF/DF process. The vectors
were collected either by directly draining out the concentrated vectors (push-out) or by
draining out the concentrated vectors after several minutes cyculation (circulation), with
lower than UF/DF flow rate. Q-PCR analysis (A) showed that the vector titers were similar
with two different vector recovery methods. However, DLS analysis (B) showed that the
diameter of vectors was significantly larger in the circulation prep, suggesting more
aggregated rAAV vectors.

[0011] Figure 4 shows data indicating that diluting low titer vector (~5E+12 vg/mL)
substantially reduced the vector aggregation through UF/DF process. AAV2-hTPP1vl
vectors (2.5E+14 vg) of post CsCl ultracentrifugation were either diafiltrated directly or
diluted first using diafiltration buffer, then diafiltrated for 25 cycles. Both of the diafiltrated
vectors were ultrafiltrated to 5 mL following the diafiltration process. DLS analysis showed
that the diameter of vectors (left bar) recovered from dialfiltration process without dilution
was significantly larger than that of vectors (right bar) with dilution.

[0012] Figure 5 shows data indicating that Pluronic F-68 reduces, minimizes or
prevents rAAV vectors forming larger particles (i.e., aggregates). AAV2-hTPP1v1 empty
particles of post CsCl ultracentrifugation, as model viral particles, were initially diluted with
diafiltration buffer containing pluronic F-68 (named as buffer 1) or no pluronic F-68 (named
as buffer 2). The diluted empty particles were then diafiltrated for 25 cycles with either
diafiltration buffer 1 or buffer 2 for every cycle. The empty particles were ultrafiltrated to 5
mL following the diafiltration process. The 5 mL empty particles were collected for assays.
(A) DLS analysis showed that the mean count (kcps) of empty particles with pluronic F-68
(right bar) was significantly higher than that without pluronic F-68 (left bar), suggesting that
better recovery was achieved in the presence of pluronic F-68. (B) The diameter of empty
particles without pluronic F-68 (left bar) were larger than that of empty particles with

pluronic F-68 (left bar).
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DETAILED DESCRIPTION

[0013] Tangential Flow Filtration is widely used technique to do buffer exchange
(diafiltration, DF) and to concentrate (ultrafiltration, UF) for bio-products. However, when
the TFF technique was used for rAAV vector buffer exchange and final formulation, it was
found that a significant amount of vectors were lost in the UF/DF process. High rAAV
vector titer/concentration is often needed to treat certain human diseases. However, the
current formulation and operation parameters for UF/DF could not produce rAAV vector to
the concentration desired, such as vector titer of 1E+13 vg/ml or higher. In addition, rAAV
vectors tend to be aggregated when concentrated to the level of 1E+13vg/ml or higher.

[0014] In order to overcome these substantial technical limitations to manufacturing
high titer rAAV vectors, in this invention a new formulation for the TFF process of rAAV
vectors was created. In addition, in this invention new operation parameters for the TFF
process were created. When the newly developed formulation was used in the newly created
TFF process (with the newly developed parameters) to go through the final UF/DF process to
formulate the rAAV vector preps, it was found that the rAAYV vector recovery is significantly
improved and the rAAYV vectors remain as monomers. In particular, with the new TFF
formulation in combination with the new TFF operation technique, rAAV vectors were
concentrated without substantial rAAV vector aggregation, even when concentrated up to
SE+13 vg/ml. In addition, rTAAYV vector recovery (overall yield) was significantly improved.

[0015] This invention provides a solution to be able to concentrate rAAYV vector
products to high concentration without detectable rAAV vector aggregation, up to SE+13
vg/ml without detectable rAAV aggregation. This invention also provides a solution to go
through UF/DF process using TFF techniques for rAAV vector without losing significant
amount of vector, for example, the rAAV vector recovered from the UF/DF process is in the
ranges of 70% to up to 95%, from start to finish. This invention enabled TFF as an efficient
technique for rAAV manufacture process, particularly when concentrated rAAV vectors are
to be manufactured.

[0016] The term “vector” refers to small carrier nucleic acid molecule, a plasmid,
virus (e.g., AAV vector), or other vehicle that can be manipulated by insertion or
incorporation of a nucleic acid. Such vectors can be used for genetic manipulation (i.e.,
“cloning vectors™), to introduce/transfer polynucleotides into cells, and to transcribe or
translate the inserted polynucleotide in cells. An “expression vector” is a specialized vector

that contains a gene or nucleic acid sequence with the necessary regulatory regions needed
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for expression in a host cell. A vector nucleic acid sequence generally contains at least an
origin of replication for propagation in a cell and optionally additional elements, such as a
transgene, expression control element (e.g., a promoter, enhancer), intron, [TR(s),
polyadenylation signal.

[0017] A viral vector is derived from or based upon one or more nucleic acid
elements that comprise a viral genome. Particular viral vectors include adeno-associated
virus (AAV) vectors.

[0018] The term “recombinant,” as a modifier of vector, such as recombinant viral,
e.g., parvo-virus (e.g., TAAV) vectors, as well as a modifier of sequences such as
recombinant polynucleotides and polypeptides, means that the compositions have been
manipulated (i.e., engineered) in a fashion that generally does not occur in nature. A
particular example of a recombinant vector, such as a rAAV vector would be where a
polynucleotide that is not normally present in the wild-type viral (e.g., AAV) genome is
inserted within the viral genome. Although the term “recombinant” is not always used herein
in reference to vectors, such as AAV vectors, as well as sequences such as polynucleotides,
recombinant forms are expressly included in spite of any such omission.

[0019] A recombinant viral “vector” or “rAAV vector” is derived from the wild type
genome of a virus, such as AAV by using molecular methods to remove the wild type
genome from the virus (e.g., AAV), and replacing with a non-native nucleic acid. Typically,
for AAV one or both inverted terminal repeat (ITR) sequences of AAV genome are retained
in the rAAYV vector. A “recombinant”™ viral vector (e.g., rAAV) is distinguished from a viral
(e.g., AAV) genome, since all or a part of the viral genome has been replaced with a non-
native sequence with respect to the viral (e.g., AAV) genomic nucleic acid. Incorporation of
a non-native sequence therefore defines the viral vector (e.g., AAV) as a “recombinant”
vector, which in the case of AAV can be referred to as a “rAAV vector.”

[0020] A recombinant vector can be packaged- referred to herein as a “particle” for
subsequent infection (transduction) of a cell, ex vivo, in vitro or in vivo. Where a
recombinant vector sequence is encapsidated or packaged into an AAV particle, the particle
can also be referred to as a “rAAV.” Such particles include proteins that encapsidate or
package the vector genome. Particular examples include viral envelope proteins, and in the
case of AAYV, capsid proteins.

[0021] A vector “genome” or conveniently abbreviated as “vg” refers to the portion
of the recombinant plasmid sequence that is ultimately packaged or encapsidated to form a

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

[0022] The terms “polynucleotide” and “nucleic acid” are used interchangeably
herein to refer to all forms of nucleic acid, oligonucleotides, including deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA). Polynucleotides include genomic DNA, cDNA and
antisense DNA, and spliced or unspliced mRNA, rRNA tRNA and inhibitory DNA or RNA
(RNAI, e.g., small or short hairpin (sh)RNA, microRNA (miRNA), small or short interfering
(s1))RNA, trans-splicing RNA, or antisense RNA). Polynucleotides include naturally
occurring, synthetic, and intentionally modified or altered polynucleotides (e.g., variant
nucleic acid). Polynucleotides can be single, double, or triplex, linear or circular, and can be
of any length. In discussing polynucleotides, a sequence or structure of a particular
polynucleotide may be described herein according to the convention of providing the
sequence in the 5' to 3' direction.

[0023] A “transgene” is used herein to conveniently refer to a polynucleotide or a
nucleic acid that is intended or has been introduced into a cell or organism. Transgenes
include any nucleic acid, such as a gene that encodes a polypeptide or protein.

[0024] The “polypeptides,” “proteins” and “peptides” encoded by the “nucleic acid”
or “polynucleotide” sequences” or “transgenes’ include full-length native sequences, as with
naturally occurring wild-type proteins, as well as functional subsequences, modified forms or
sequence variants so long as the subsequence, modified form or variant retain some degree of
functionality of the native full-length protein. Such polypeptides, proteins and peptides
encoded by the nucleic acid sequences can be but are not required to be identical to the
endogenous protein that is defective, or whose expression is insufficient, or deficient in the
treated mammal.

[0025] Recombinant AAV vector, include any viral strain or serotype. As a non-
limiting example, a rAAV vector can be based upon any AAV genome or AAV capsid, such
as AAV-1,-2,-3,-4,-5,-6,-7,-8, -9, -10, -11, -12, -rh74, -rh10 or AAV-2i8, for example.
Such vectors can be based on the same strain or serotype (or subgroup or variant), or be

different from each other. As a non-limiting example, a recombinant AAV vector based upon

7



WO 2018/017956 PCT/US2017/043291

one serotype genome can be identical to one or more of the I'TRs or capsid proteins that
package the vector. In addition, a recombinant AAV vector genome can be based upon an
AAV (e.g., AAV2) serotype genome distinct from one or more of the AAV ITRs or capsid
proteins that package the vector. For example, the AAV vector genome can be based upon
AAV2, whereas at least one of the three capsid proteins could be a AAV1, AAV3, AAV4,
AAVS, AAV6, AAVT, AAVE, AAV9, AAV10, AAVI11, AAV12, Rh10, Rh74 or AAV-2i8
or variant thereof, for example.

[0026] In particular embodiments, rAAV vectors include AAV1, AAV2, AAV3,
AAV4, AAVS, AAV6, AAVT, AAVE, AAV9, AAV10, AAV11, AAV12, Rh10, Rh74 and
AAV-2i8, as well as variants (e.g., ITR and capsid variants, such as amino acid insertions,
additions, substitutions and deletions) thereof, for example, as set forth in WO 2013/158879
(International Application PCT/US2013/037170), WO 2015/013313 (International
Application PCT/US2014/047670) and US 2013/0059732 (US Application No. 13/594,773,
discloses LKO1, LK02, LKO03, etc.).

[0027] AAYV variants include variants and chimeras of AAV1, AAV2, AAV3, AAV4,
AAVS, AAV6, AAVT, AAVSE, AAVY9, AAV10, AAV11, AAVI12, Rh10, Rh74 and AAV-2i8
ITRs and capsids. Accordingly, AAV vectors and AAV variants (e.g.,ITR and capsid
variants) are included.

[0028] In various exemplary embodiments, an AAV vector related to a reference
serotype has a polynucleotide (e.g., ITR), or polypeptide (e.g., capsid) that includes or
consists of a sequence at least 80% or more (e.g., 85%, 90%, 95%, 96%, 97%, 98%, 99%,
99.1%, 99.2%, 99.3%, 99.4%, 99.5%, etc.) identical to one or more AAV1, AAV2, AAV3,
AAV4, AAVS, AAV6, AAVT, AAVE, AAVY, AAV10, AAV11, AAV12, Rh10, Rh74 or
AAV-2i8 (e.g., such as an ITR, or a VP1, VP2, and/or VP3 sequences).

[0029] As used herein the phrase “bona fide AAV vector” or “bona fide rAAV
vector” refers to AAV vectors comprising a transgene of interest which are capable of
infecting target cells. The phrase excludes empty AAV vectors (no transgene is present), and
AAYV vectors lacking full inserts (e.g., transgene fragments) or those AAV vectors containing
host cell nucleic acids.

[0030] The term “isolated,” when used as a modifier of a composition, means that the
compositions are made by the hand of man and/or are separated, completely or at least in
part, from their naturally occurring in vivo environment. Generally, isolated compositions are
substantially free of one or more materials with which they normally associate with in nature,

for example, one or more protein, nucleic acid, lipid, carbohydrate, cell membrane. For
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example, an "isolated nucleic acid” may comprise a DNA or cDNA molecule inserted into a
vector, such as a rAAV vector.

[0031] Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or equivalent to those described
herein can be used in the practice or testing of the present invention, suitable methods and
materials are described herein.

[0032] All patents, patent applications, publications, and other references, GenBank
citations and ATCC citations cited herein are incorporated by reference in their entirety. In
case of conflict, the specification, including definitions, will control.

[0033] Various terms relating to the biological molecules of the invention are used
hereinabove and also throughout the specification and claims.

[0034] All of the features disclosed herein may be combined in any combination.
Each feature disclosed in the specification may be replaced by an alternative feature serving a
same, equivalent, or similar purpose. Thus, unless expressly stated otherwise, disclosed
features are an example of a genus of equivalent or similar features.

€69 ¢
a

[0035] As used herein, the singular forms , “and,” and “the” include plural
referents unless the context clearly indicates otherwise. Thus, for example, reference to “a
nucleic acid” includes a plurality of such nucleic acids, reference to “a vector” includes a
plurality of such vectors, and reference to “a virus” or “particle” includes a plurality of such
viruses/particles.

[0036] As used herein, all numerical values or numerical ranges include integers
within such ranges and fractions of the values or the integers within ranges unless the context
clearly indicates otherwise. Thus, to illustrate, reference to 80% or more identity, includes
81%, 82%, 83%, 84%., 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94% etc., as well
as 81.1%, 81.2%, 81.3%, 81.4%, 81.5%, etc., 82.1%, 82.2%, 82.3%, 82.4%, 82.5%, etc., and
so forth.

[0037] Reference to an integer with more (greater) or less than includes any number
greater or less than the reference number, respectively. Thus, for example, a reference to less
than 100, includes 99, 98, 97, etc. all the way down to the number one (1); and less than 10,
includes 9, 8, 7, etc. all the way down to the number one (1).

[0038] As used herein, all numerical values or ranges include fractions of the values
and integers within such ranges and fractions of the integers within such ranges unless the

context clearly indicates otherwise. Thus, to illustrate, reference to a numerical range, such

9



WO 2018/017956 PCT/US2017/043291

as 1-101includes 1,2, 3,4, 5,6,7,8,9, 10, as well as 1.1, 1.2, 1.3, 1.4, 1.5, etc., and so forth.
Reference to a range of 1-50 therefore includes 1, 2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, etc., up to and including 50, as well as 1.1, 1.2, 1.3, 1.4, 1.5, etc., 2.1, 2.2,
2.3,2.4, 2.5, etc., and so forth.

[0039] Reference to a series of ranges includes ranges which combine the values of
the boundaries of different ranges within the series. Thus, to illustrate reference to a series of
ranges, for example, of 1-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-75, 75-100, 100-150,
150-200, 200-250, 250-300, 300-400, 400-500, 500-750, 750-850, includes ranges of 1-20, 1-
30, 1-40, 1-50, 1-60, 10-30, 10-40, 10-50, 10-60, 10-70, 10-80, 20-40, 20-50, 20-60, 20-70,
20-80, 20-90, 50-75, 50-100, 50-150, 50-200, 50-250, 100-200, 100-250, 100-300, 100-350,
100-400, 100-500, 150-250, 150-300, 150-350, 150-400, 150-450, 150-500, etc.

[0040] The invention is generally disclosed herein using affirmative language to
describe the numerous embodiments and aspects. The invention also specifically includes
embodiments in which particular subject matter is excluded, in full or in part, such as
substances or materials, method steps and conditions, protocols, or procedures. For example,
in certain embodiments or aspects of the invention, materials and/or method steps are
excluded. Thus, even though the invention is generally not expressed herein in terms of what
the invention does not include aspects that are not expressly excluded in the invention are
nevertheless disclosed herein.

[0041] A number of embodiments of the invention have been described.
Nevertheless, one skilled in the art, without departing from the spirit and scope of the
invention, can make various changes and modifications of the invention to adapt it to various
usages and conditions. Accordingly, the following examples are intended to illustrate but not

limit the scope of the invention claimed in any way.

EXAMPLES

[0042] Example I One of many hypotheses that may account for rAAV vector loss
and/or aggregation is that the gel layer may be built up in the TFF apparatus in the non-
optimized UF/DF process which may be the cause of the rAAV vector loss. This hypothesis
of gel layer built up may also explain the phenomenon that more rAAV vector are lost when
rAAV vector was concentrated to high concentration, since more severe gel layer may be
built up when vector are more concentrated. Gel layer build up may also cause rAAV
aggregation, the phenomenon observed quite often in the UF/DF process, particularly, when

the rAAYV vectors are concentrated to high concentration.
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[0043] Example 2 In addition to TFF operation parameters, one of many hypotheses
is that the formulation may play an important role in reducing gel layer and also preventing
TAAV from aggregation, for most the solutions/buffers used in current UF/DF process, the
chemicals used in the buffers/solution are salts and chemicals control the pH. If a surfactant
was used in the UF/DF solution through the process, it may reduce the association between
the TAAYV vectors and the association between the TAAV vectors and the surface of the
UF/DF apparatus. This in turn could reduce or prevent the gel lay of rAAV vector through
the UF/DF process. In addition, the surfactant may further reduce rAAV association by
reducing or preventing hydrophobic interaction while going through the UF/DF process,
thereby reducing minimizing or preventing rAAV from aggregation. Further hypotheses are
that increasing the shear rate and controlling the trans-membrane pressure (TMP) during the
UF/DF process may reduce the gel layer built up. Based on all of these hypotheses, a series
of studies were undertaken which lead to the particular invention formulations and operation
parameters disclosed herein.

[0044] Example 3 According to the invention, new UF/DF operation parameters that
reduce, minimize or prevent rAAV from aggregation and increased recovery (overall yield)
of rAAV vectors, which is particularly relevant when high titer of rAAV vector preparations
are desired. The first operation parameter is to start the UF/DF process with low rAAV titer,
especially when the rAAYV vector preparations contain high concentration of rAABYV, for
example, in CsCl gradient centrifugation prior to the UF/DF step. The highly concentrated
TAAYV in the CsCl was diluted first to a titer of or below 5E+12 vg/ml using diafiltration
buffer created containing 10 mM sodium phosphate, 180 mM NaCl and 0.001% of pluronic
F-68, at pH 7.3. Operate the DF process using the created diafiltration buffer at flow-rate
with shearing rate at about 8,000 sec” or higher. Finish the dialfiltration process to achieve
efficient buffer exchange, then start the UF process to concentrate the rAAV vector to a
desired titer.

[0045] One component to have in the newly created UF/DF formulation is Pluronic F-
68 which achieved high titer of rAAV preps. Although not wishing to be bound by theory it
is believed that this new formulation (diafiltration buffer) reduces gel layer formation.

[0046] When the new formulation is combined with the new operation parameters in
the UF/DF process, TAAV vector was concentrated to SE+13 vg per ml without detectable
vector aggregation. Furthermore, rAAV vector recovery was substantial, typically at the

level of 70% or higher.
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WHAT ISCLAIMED IS:

1. A method for producing recombinant adeno-associated virus (rAAV) vector particles
at high recovery or high titer said method comprising the steps of:

(a) harvesting cells and/or cell culture supernatant comprising rAAV vector particles;

(b) concentrating said cells and/or said cell culture supernatant harvested in step (@) to
produce a concentrated harvest;

(c) lysing said harvest produced in step (a) or said concentrated harvest produced in step
(b) to produce alysate;

(d)filtering said lysate produced in step (c) to produce a clarified lysate;

(e) subjecting said clarified lysate produced in step (d) to ion exchange column
chromatography to produce a column eluate comprised of purified rAAV vector particles;

(f) mixing said column eluate or said concentrated column eluate produced in step (€)
with cesium chloride to produce a mixture, and subjecting said mixture to gradient
ultracentrifugation to substantially separate bona fide rAAV vector particles from empty
capsid AAV particles and other AAV vector related impurities;

(9)(1) collecting said bona fide rAAV vector particles separated in step (f) and (g)(2)
formulating said collected bona fide rAAV vector particlesin a buffer with anon-ionic
surfactant;

(h)subjecting said bona fide rAAV vector particlesin step (g)(2) to a buffer exchange by
tangential flow filtration to produce an AAV vector formulation; and

(i) filtering said AAV vector formulation produced in step (h) thereby producing a

formulation of bona fide rAAV vector particles at high recovery or high titer.

2. A method according to claim 1, wherein said buffer of step (g)(1) comprises sodium

chloride, and/or sodium phosphate.

3. A method according to claim 1, wherein said buffer of step (g)(1) comprises sodium
chloride from a concentration of 10mM to a concentration of 500 mM.

4. A method according to claim 1, wherein said non-ionic surfactant of step (g)(2)

comprises a polyalkylene glycol.
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5. A method according to claim 1, wherein said non-ionic surfactant of step (g)(2)
comprises a block co-polymer comprising at least one polyethylene glycol block and at |east
one polypropylene glycol block.

6. A method according to claim 1, wherein said non-ionic surfactant of step (g)(2)
comprises an alkyl polyglycoside, cetostearyl alcohol, cetyl acohol, cocamide DEA,
cocamide MEA, decyl glucoside, ethoxylate , IGEPAL CA-630, I soceteth-20, glucosides,
maltosides, monolaurin, nonidet P-40, a nonoxynol, nonoxynol-9, NP-40, octaethylene glycol
monododecy! ether, N-octyl beta-D-thioglucopyranosides, octyl glucosides, oleyl acohoal,
PEG-10 sunflower glycerides, pentaethylene glycol monododecy! ether, a poloxamer,
poloxamer 407, poloxamer 188 (poly(ethylene oxide-co-polypropylene oxide)), polyglycerol
polyricinoleate, sorbitans, stearyl alcohol, Triton X-100, and Tween 80.

7. A method according to claim 1, wherein said non-ionic surfactant of step (g)(2)
comprises cetomacrogol 1000, a polysorbate, polysorbate 20 (polyoxyethylene (20) sorbitan
monolaurate), polysorbate 40 (polyoxyethylene (20) sorbitan monopalmitate), polysorbate
60 (polyoxyethylene (20) sorbitan monostearate), polysorbate 80 (polyoxyethylene (20)
sorbitan monooleate); polyglycerol polyricinoleate, octadecanoic acid [2-[(2R,3S,4R)-3,4-
dihydroxy-2-tetrahydrofuranyl]-2-hydroxyethyl] ester, octadecanoic acid [(2R,3S,4R)-2-[1,2-
bi s(1-oxooctadecoxy)ethyl]-4-hydroxy-3-tetrahydrofuranyl] ester; a C8 to C22 long chain
alcohol, 1-octadecanol, cetylstearyl alcohol, Hexadecan-1-ol and cis-9-octadecen-1-ol;
substituted or unsubtituted octylphenol in which the substituents can include a
polyethoxyethanol group or any other substituent that will form a non-ionic surfactant with
octylphenal; polyethylene glycol monoisohexadecy! ether; dodecanoic acid 2,3-
dihydroxypropy! ester; glucosides may include lauryl glucoside, octylglucoside and decyl
glucoside; afatty acid amide, cocamide diethanolamine and cocamide monoethanolamine;
and nonionic surfactants that have a hydrophilic polyethylene oxide chain and an aromatic

hydrocarbon lipophilic or hydrophilic group, Nonoxynol-9, or Triton X-100.

8. A method according to claim 1, wherein said non-ionic surfactant of step (g)(2)
comprises a polyethylene glycol-block-polypropylene glycol-block-polyethylene glycol or a
triblock copolymer composed of a central hydrophobic chain of polyoxypropylene
(poly(propylene oxide)) flanked by two hydrophilic chains of polyoxyethylene (poly(ethylene
oxide)).
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9. A method according to claim 1, wherein said non-ionic surfactant of step (g)(2) hasa

concentration of 0.0001% to a concentration of 0.1%.

10. A method according to claim 1, wherein said bona fide rAAV vector particles are
present in said formulation produced in step (i) at a concentration of 10 particles per mL to

aconcentration of 10'® bona fide rAAV vector particles per mL.

11. A method according to claim 1, wherein the yield of said bona fide rAAV vector
particlesin step (i) is at least about 5x10? bona fide rAAV vector particles/ml.

12. A method according to claim 1, wherein the recovery of said bona fide rAAV vector
particlesin step (i) is at least about 60% of the total rAAV vector particles of step (a).

13. A method according to claim 1, wherein said bona fide rAAV vector particles are
derived from an AAV selected from the group consisting of AAV1, AAV2, AAV3, AAV4,
AAV5, AAV6, AAV7, AAV8, AAV9, AAV 10 and Rh74.

14. A method according to claim 1, wherein said bona fide rAAV vector particles

comprise atransgene that encodes an inhibitory nucleic acid.

15. A method according to claim 14, wherein said inhibitory nucleic acid is selected from
the group consisting of SIRNA, an antisense molecule, miRNA, ribozyme and shRNA.

16. A method according to claim 1, wherein said bona fide rAAV vector particles
comprise atransgene that encodes a gene product selected from the group consisting of
insulin, glucagon, growth hormone (GH), parathyroid hormone (PTH), growth hormone
releasing factor (GRF), follicle stimulating hormone (FSH), luteinizing hormone (LH),
human chorionic gonadotropin (hCG), vascular endothelial growth factor (VEGF),
angiopoietins, angiostatin, granulocyte colony stimulating factor (GCSF), erythropoietin
(EPO), connective tissue growth factor (CTGF), basic fibroblast growth factor (bFGF), acidic
fibroblast growth factor (aFGF), epidermal growth factor (EGF), transforming growth factor
a (TGFa), platelet-derived growth factor (PDGF), insulin growth factors | and Il (IGF-I and
|GF-II), TGF, activins, inhibins, bone morphogenic protein (BMP), nerve growth factor
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(NGF), brain-derived neurotrophic factor (BDNF), neurotrophins NT-3 and NT4/5, ciliary
neurotrophic factor (CNTF), glia cell line derived neurotrophic factor (GDNF), neurturin,
agrin, netrin-1 and netrin-2, hepatocyte growth factor (HGF), ephrins, noggin, sonic
hedgehog and tyrosine hydroxylase.

17. A method according to claim 1, wherein said bona fide rAAV vector particles
comprise atransgene that encodes a gene product selected from the group consisting of
thrombopoietin (TPO), interleukins (IL 1 through IL-17), monocyte chemoattractant protein,
leukemiainhibitory factor, granulocyte-macrophage colony stimulating factor, Fas ligand,
tumor necrosis factors a and B, interferons a, 3, and vy, stem cell factor, flk-2/flt3 ligand, 19G,
IgM, IgA, 1gD and IgE, chimeric immunoglobulins, humanized antibodies, single chain
antibodies, T cell receptors, chimeric T cell receptors, single chain T cell receptors, class|

and class |1 MHC molecules.

18. A method according to claim 1, wherein said bona fide rAAV vector particles
comprise atransgene encoding a protein useful for correction of in born errors of metabolism
selected from the group consisting of carbamoyl synthetase I, ornithine transcarbamylase,
arginosuccinate synthetase, arginosuccinate lyase, arginase, fumarylacetacetate hydrolase,
phenylalanine hydroxylase, alpha- 1 antitrypsin, glucose-6-phosphatase, porphobilinogen
deaminase, factor V, factor VIII, factor | X, cystathione beta-synthase, branched chain
ketoacid decarboxylase, albumin, isovaleryl-coA dehydrogenase, propionyl CoA
carboxylase, methyl malonyl CoA mutase, glutaryl CoA dehydrogenase, insulin, beta-
glucosidase, pyruvate carboxylate, hepatic phosphorylase, phosphorylase kinase, glycine
decarboxylase, RPE65, H-protein, T-protein, a cystic fibrosis transmembrane regul ator

(CFTR) sequence, and a dystrophin cDNA sequence.

19. A method according to claim 1, wherein said bona fide rAAV vector particles

comprise atransgene encoding a protein useful for correction of neurodegenerative diseases.

20. A method according to claim 19, wherein said protein is tripeptidyl peptidase 1
(TPP1).

21. A method according to claim 1, comprising collecting the empty capsid particles
separately in step (f).
15



22. A method according to claim 1, wherein purity of said bona fide rAAV vector
particlesin said filtrate of step (i) is at |east about 80%.

23. A method according to claim 1, wherein said empty capsid particles are present in

said filtrate of step (i) in an amount of 10% or less.

24. A method according to claim 1, wherein said filtrate of step (i) has no greater than
about 10% aggregated rAAV particles.

25. A method according to claim 1, wherein said centrifugation in step (f) is conducted in

asingle step.

26. A method according to claim 1, wherein said centrifugation in step (f) is density

gradient ultracentrifugation.

27. A method according to claim 1, wherein said column eluate in step (€) is
concentrated by tangential flow filtration to produce a concentrated column eluate.

28. A method according to claim 1, further comprising adding a nuclease to the lysate

produced in step (C).

29. A method according to any of claims 1-28, wherein the method produces rAAV
vector particles having ahigher titer than rAAV vector particles produced where anon-ionic
surfactant is added to the AAV vector formulation after buffer exchange by tangential flow
filtration of step (h).

30. A method according to any of claims 1-28, wherein the collected bona fide rAAV
vector particles of step (g)(1) are diluted to a concentration of less than about 5x10* rAAV

vector particles/ml, prior to, substantially ssmultaneously or after step (g)(2).

31. A method according to any of claims 1-28, wherein the tangential flow filtration of

step (b), (e) and/or (h) is carried out at a trans-membrane pressure of between 2-15 psig.
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32. A method according to any of claims 1-28, wherein the tangential flow filtration of
step (b), (e) and/or (h) is carried out at a shear rate greater than about 3000 sec™.

33. A method according to claim 1, wherein the concentrating said cells and/or said cell

culture supernatant in step (b) isviatangential flow filtration.

34. A method according to claim 1, wherein the lysing of said harvest in step (c) is by

microfluidization.

35. A method according to claim 1, wherein the column eluate comprised of purified
rAAV vector particle produced by step (€) is concentrated by tangential flow filtration to

produce a concentrated column el uate.

36. A method according to claim 7, wherein said glucoside comprises lauryl glucoside,

octylglucoside or decyl glucoside.
37. A method according to claim 7, wherein said substituted octylphenol has a

polyethoxyethanol group substituent or any other substituent that will form a non-ionic
surfactant with octylphenol.
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