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METHODS AND SYSTEMS FOR PRODUCING AAV PARTICLES

CROSS REFERENCE TO RELATED APPLICATIONS

{#001]  This application claims the benefit of. U.S. Provisional Patent Application No.
62/794,199, filed January 18, 2019, entitled METHODS AND SYSTEMS FOR
PRODUCING AAY PARTICLES: U 8. Provisional Patent Application No. 62/794,204, filed
January 18, 2019, entitled METHODS AND SYSTEMS FOR PRODUCING AAVY
PARTICLES; U.S. Provisional Patent Application No. 62/794,208, filed January 18, 2019,
entitled METHODS AND SYSTEMS FOR PRODUCING AAV PARTICLES; US.
Provisional Patent Application No. 62/794,216, filed January 18, 2019, entitled BIIC
COMPOSITIONS FOR PRODUCING AAY PARTICLES; U.S. Provisional Patent
Application No. 62/931,848, filed November 07, 2019, entitled METHODS AND SYSTEMS
FOR PRODUCING AAV PARTICLES; the contents of which arc cach mcorporated herein
by reference in their entiretics.

REFERENCE TO THE SEQUENCE LISTING

{8002]  The present application is being filed along with a Sequence Listing in electronic
format. The Sequence Listing is provided as a file entitled 20571526PCTSL ixt, created on
January 17, 2020, which 15 6,478,295 bvtes in size. The information in the electronic format
of the sequence listing is incorporated hercin by reference in its entirety.

FIELD OF THE DISCLOSURE

{0003]  The present disclosure describes methods and systems for use in the production of
adenoc-assoctated virus (AAV) particles, compositions and formulations, comprising
recombinant adenc-associated viruses (FAAY). In certain embodiments, the present
disclosure presents methods and systems for designing, producing, clanfying, purifying,
formulating, filtering and processing rAAVs and tAAV formulations. In certain
embodiments, the production process and system use Spodoptera frugiperda insect cells
(such as S19 or 8£21) as viral production cells. In certain embodiments, the production
process and systerm use Baculoviral Expression Vectors (BEVs) and/or Baculoviral Infected
Tnsect Cells (BIICs) in the production of rAAVS.

BACKGROUND

{0004] AAVs have emerged as one of the most widely studied and utilized viral vectors
for gene transfer to mammalian cells. See, e.g., Tratschin et al, Mol Cell Biol., 5(11):3251-

3260 (1985} and Grimam et al., Hum. Gene Ther., 10(153:2445-2450 (1999}, the contents of
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which are each ncorporated herein by reference in their entireties insofar as they do not
conflict with the present disclosure. Adeno-associated viral {AAV) vectors are promising
candidates for therapeutic gene delivery and have proven safe and efficacious n clinical
trials. The design and production of improved AAYV particles for this purpose is an active
ficld of study.

{0605} There remains a need for improved systems and methods for producing AAY
capsids proteins, AAVY capsids, and corresponding AAV vectors (such as AAV particles).
SUMMARY

{68061  The present disclosure presents methods and systems for producing recombinant
adeno-associated viruses (rAAVs).

{6007 In certain embodiments, the method for producing a recombinant adeno-associated
virus {rAAVY) compnses one or more of the following steps: (a) introducing at least one viral
production cell (VPC) into a bioreactor and expanding the sumber of VPCs in the bioreactor
to a target VPC cell density; (b) introducing into the bioreactor at least one expression
baculovirus mfected insect cell (BHC) which comprises an AAV viral expression construct
and at least one pavicad BIC which comprises an AAV payload construct; (¢} incubating
the mixture of VPCs, expression BlICs and payload BIICs in the bioreactor under conditions
which result in the production of one or more rAAVs within one or more of the VPCs; {(d)
harvesting a viral production pool from the bioreactor, wherein the viral prodaction poot
comprises a liguid media and the one or more VPCs containing the one or more rAAVSs; (¢)
exposing the one or more VPCs within the viral production pool to chemical lysis using a
chemical lysis solution under chemical lysis conditions, wherein the chemical lysis releases
the one or more rAAVs from the VPCs into the hiquid media of the viral production poot; {f)
processing the viral production pool through one or more clarification filtration steps in
which the viral production pool is processed through one or more clarification filtration
systerns; (g) processing the viral production pool through one or more affinity
chromatography steps in which the viral production pool is processed through one or more
affinity chromatography systems; (h) processing the viral production pool through one or
more ion exchange chromatography steps in which the viral production pool is processed
through one or more ion exchange chromatography systems; (i) processing the viral
production pool through one or more tangential flow filtration (TFF) steps in which the viral
production poocl s processed through one or more tangential flow filtration (TFF) systems;

and ¢h} processing the viral production pool through one or more virus retentive filtration
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{VRF) steps in which the viral production pool 1s processed through one or more virus
retentive filtration (VRF} systems.

{0008}  In certain ecmbodiments, the TAAVSs are produced in viral production cells (VPCs)
within a boreactor. In certain embodiments, the volume of the bioreactor s at least 3 L, 10 L,
201,50 L, 100 L, or 200 L. In certain embodiments, the VPCs comprise insect cells. In
certain embodiments, the VPCs comprise S19 msect cells. In certain embodiments, the
rAAVs arc produced using a baculovirus production svstem.

{6009}  In certain embodiments, the target VPC cell density at BHC introduction 15 2.0-4.0
% 10% cells/mL, 2.5-3.5 < 10° cells/mL, or about 3.0 x 10° cells/mL. In certain embodiments,
the ratio of VPC celis at BHC introduction relative to the mumber of expression BllCs
introduced into the bioreactor is between 1:2.0x10°-1:4.0x19° v/v, between 1:2.5x10°-
1:3.5x10° v/v, about 1:2.5x10° v/v, about 1:3.0x10° v/v, about 1:3.5x10° v/v, or about
1:4.0x10° v/v. In certain embodiments, the ratio of VPC cells at BUC introduction relative to
the number of payload BIICs introduced into the bioreactor is between 1:5.0x10%2.0x10° v/v,
between 1:8.0x10%1:1.5x10° v/v, about 1:8.0x10% viv, about 1:1.0x10° v/v, or about
1:1.5x10° v/v. In certain embodiments, the ratio of expression BIHCs introduced into the
bioreactor relative payload BlCs introduced into the bioreacior is between §:1-3:1, between
2:1-4:1, between 2.5:1-3.5:1, or about 3:1.

{B018]  In certain embodiments, the method comprises one or more chemical lysis steps in
which the viral production pool is exposed to chemical lysis. In certain embodiments, the
method comprises: harvesting the viral production pool from the bioreactor, wherein the viral
production pool comprises a liguid media and the one or more VPCs containing the one or
more rAAVs; and exposing the one or more VPCs within the viral production pool to
chemical lysis using a chemical lvsis solution under chemical lysis conditions, wherein the
chemical lysis releases the one or more rAA Vs from the VPCs into the liquid media of the
viral production pool. In certain embodiments, the chemical lysis solution comprises a
stabilizing additive selected from arginine and salts thereof.

{0611}  In certain embodiments, the method comprises one or more clarification filtration
steps in which the viral production pool is processed through one or more clarification
filtration systems. In certain embodiments, the one or more clarification filiration steps
comprises processing the viral production pool through a depth filtration system, a 0.2um
microfiltration system, or a combination thereof. In certain embodiments, the one or more

clarification filtration steps comprises processing the viral production pool through a depth
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filtration systers and then a 0.2 pm microfiltration system. In certain embodiments, the one or
more clarification filfration steps comprises processing the viral production pool through a
first depth filtration system, then a second depth filtration system, and thena 0.2 ym
microfiltration svstem.

[0812]  In certain embodiments, the method comprises one or more affinity
chromatography steps in which the viral production pool is processed through one or more
affinity chromatography systems. In certain embodiments, the method comprises processing
the viral production pool through one or more immunoaffinity chromatography systems in
bind-clute mode. In certain embodiments, the immunocaffinity chromatography system
comprises one or more recombinant single~-chain antibodies which are capable of binding to
one or more AAV capsid variants. To certain embodiments, the atfinity chromatography
system comprises an AVB column resin, AAV9 column resin or AAVX column resin.

{0013} In certain embodiments, the method comprises one or more ion exchange
chromatography steps in which the viral production pool is processed through one or more
ion exchange chromatography systems. In certain embodiments, the method comprises
processing the viral production pool through one or more anion exchange chromatography
systems in flow-through mode. In certain embodiments, the anion exchange chromatography
syster comprises a stationary phase which binds non-viral impuritics, non-AAYV viral
particies, or a combination thercof. In certain embodiments, the anion exchange
chromatography system comprises a stationary phase which does not bind to the one or more
rAAVs in the viral production pool. In certain embodiments, the stationary phase of the anion
exchange chromatography svsiem comprises a quaternary amine functional group. In certain
embodiments, the anion exchange chromatography system comprises a tnmethylammonium
cthyl {TMAE} functional group.

{0014}  Tn certain cmbodiments, the method comprises one or more tangential flow
filtration (TFF) steps in which the viral production pool is processed through one or more
TFF systems. In certain embodiments, a 50% sucrose mixture is added to the viral production
pool prior to the one or more TFF steps. In certain embodiments, the 50% sucrose mixture is
added to the viral production pool at a centration between 9-13% v/v prior to the one or more
TFF steps. In certain embodiments, the 50% sacrose mixture is added to the viral production
pool at a centration between 10-12% v/v prior to the one or more TFF steps. In certain
cmbodiments, the 530% sucrose mixture 15 added to the viral production pool at a centration of

11% v/v prior to the one or more TFF steps.
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{8015}  In certain embodiments, the one or more TFF steps comprises a first diafiltration
step in which at least a portion of the hiquid media of the viral prodaction pool is replaced
with a low-sucrose diafiltration buffer. In certain embodiments. the low-sucrose diafiliration
buffer comprises between 4-6% w/v of a sugar or sugar substitute and between 130-250 mM
of an alkali chloride salt. In certain embodiments, the low-sucrose diafiltration buffer
comprises between 4.5-5. 5% w/v of sucrose and between 210-230 mM sodium chloride. In
certain embodiments, the fow-sucrose diatiitration buffer comprises 5% w/v of sucrose and
220 mM sodium chloride.

{0816]  In certain embodiments, the one or more TFF steps comprises an ultrafiltration
concentration step, whercin the AAV particles n the viral production pool are concentrated to
a target particle concentration. Tn certain embodiments, the AAV particles in the viral
production pool are concentrated to between 1.0x10% - 5.0x105 vg/mL. In certain
embodiments, the AAV particles in the viral production pool are concentrated to between
2.0x10% - 5.0x 10 vg/mL. n certain embodiments, the AAYV particles in the viral production
pool are concentrated to between 1.0x10% - 3 0x10% ve/mL. In certain embodiments, the
AAV particles in the viral production pool are concentrated to between 2.0x10% - 3.0x10%
vg/mL. In certain embodiments, the AAV particles in the viral production pool are
concentrated to 2.7x10" vg/mL.

{B017]  In certain embodiments, the one or more TFF steps comprises a formulation
diafiltration step in which at least a portion of the liquid media of the viral production pool is
replaced with a high-sucrose formulation butfer. In certain embodiments, the high-sucrose
formulation buffer comprises between 6-8% w/v of a sugar or sugar substitute and between
50-100 mM of an alkali chloride sait. In certain embodiments, the high-sucrose formulation
butfer comprises 7% w/v of sucrose and between 90-100 mM sodium chloride. In certain
embodiments, the high-sucrose formulation bufter comprises 7% w/v of sucrose, 10 mM
Sodium Phosphate, between 95-100 mM sodium chloride, and 0.001% (w/v) Poloxamer 188,
In certain embodiments, the formulation diafiltration step is the final diafiltration step in the
one or more TFF steps. In certain embodiments, the formulation diafiltration step is the only
diafiltration step in the one or more TFF steps.

{8618}  In certain embodiments, the method comprises one or more viras retentive
filtration (VRF} steps in which the viral production pool is processed through one or more
VRF systems. In certain embodiments, the VRF system comprises a filter medium which

retaing particles which are 50 nm or larger. In certain embodiments, the VRF system
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comprises a filter medium which retains particles which are 35 nm or larger. In certain
embodiments, the VRF system comprises a filter medium which retains particles which are
20 nm or larger.

{0819}  The present disclosure presents methods and systems for producing a
pharmaceutical formulation by: {1} providing one or more rAAVs produced by a method or
system of the present disclosure; and (i) combining the one or more rAAVs with one or morg
onc pharmaceutical excipient. The present disclosure presents pharmaceutical formulations
produced by a method or system of the present disclosure.

{0028]  The present disclosure presents methods and systems for producing a gene therapy
product by: (i) providing a pharmaceutical fornudation comprising rfAAVs of the present
disclosure, wheremn the pharmaceutical formulation and/or rAAVs are produced by a method
or system of the present disclosure; and (i1} suitably aliquoting the pharmaceutical
formulation into a formulation contammer.

{6021}  The present disclosure presents phammaceutical formulations useful for gene
therapy modalitics. In certamn embodiments, the pharmaceutical formulations comprise
rAAVs of the present disclosure. In certain embodiments, the pharmaceatical formulations

comprise rAAVs at a concentration fess than 5 x10Y vg/ml. In certain embodiments, the

"

pharmaceutical formulations comprise rAA Vs at a concentration between 1.0x10" - 5.0x10
vg/mL. In certain embodiments, the pharmaceutical formulations comprise rAAVs ata

concentration between 1.0x10!% - 5.0x10" vg/mL. In certain embodiments, the

w

phammaceutical formulations comprise rAAVs at a concentration between 1.0x10%% - 5 0x 10"
vg/mb, In certain embodiments, the pharmaceutical formulations comprise rAAVs ata
concentration of 2.7x10" vg/mL.

BRIEF DESCRIPTION OF THE FIGURES

[0022]  The forcgoing and other objects, features and advantages will be apparent from the
following description of particular embodiments of the present disclosure, as llustrated in the
accompanying figures. The figures are not necessarily to scale or comprehensive, with
emphasis instead being placed upon illustrating the principles of varicus embodiments of the
present disclosure.

{86231 FIG. 1 shows a schematic for one embodiment of a system, and a flow diagram for
one embodiment of a process, for producing baculovirus infected insect cells (BIICs) using

Viral Production Cells (VPC) and plasmid constructs.
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{8024}  FIG. 2 shows a schematic for one embodiment of a system, and a flow diagram for
one embodiment of a process, for producing AAV Particles using Viral Production Cells
{VPC) and baculovirus infected msect cells (BIICs).

{6025}  FIG. 3 shows schematic for one embodiment of a system, and a flow diagram for
one embodiment of a process, for producing a Drug Substance by processing, clarifying and
purifving a bulk harvest of AAV particles and Viral Production Cells.

[0626]  FIG. 4A and FIG. 4B show the results of computer modeling for BHCRPC# ol
count {y-axis) vs. BICRPC 4o BT v/y ratio (x-axis) in BIC transfection of viral
production cells (VPC). FIG. 4A shows AAV titer (vg/mL) using ddPCR, and FIG. 4B shows
Capsid Full%.

[0027]  FIG. 5A and FIG. 5B show the results of computer modeling for BICRPC® ¢ef)
count (y-axis) vs. VPC cells/mL (x-axis, x10%) in BIIC transfection of viral production cells
(VPC). FIG. 3A shows AAYV titer {(vg/mL) using ddPCR. and FIG. 5B shows Capsid Full%.
[0028]  FIG. 6A and FIG. 6B show the results of computer modeling for BHCR Y @ 4o-
BHCY0% yfy ratio (y-axis) vs. VPC cells/mL (x-axis, x10°) in BHC transfection of viral
production cells (VPC). FIG. 6A shows AAV titer (vg/mL} osing ddPCR, and FIG. 6B shows
Capsid Full%.

DETAILED DESCRIPTION

1 ADENO-ASSOCIATED VIRUSES (AAVs)

Overview

{6625}  Adeno-associated viruses (AAV) are small non-enveloped icosahedral capsid
viruses of the Parvoviridae family characterized by a single stranded DNA viral genome.
Parvoviridae family viruses consist of two subfamilies: Parvovirinae, which infect
vertebrates, and Densovinnae, which infect invertebrates. The Parvoviridae family comprises
the Dependovirus genus which comprises AAV, capable of replication in vertebrate hosts
comprising, but not limited to, human, primate, bovine, canine, equine, and ovine species.
{00630}  The parvoviruses and other members of the Parvoviridae family are generally
described in Kenneth 1 Bems, “Parvoviridae: The Viruses and Their Replication,” Chapter
69 in Fields Virology (3d Ed. 1996), the content of which is incorporated herein by reference
in its entirety as related to parvoviruses, insofar as it does not conflict with the present
disclosure.

{0031]  AAV have proven to be useful as a biological tool due to their relatively stmple

structure, their ability to mfect a wide range of cells (comprising quiescent and dividing cells)
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without fntegration into the host genome and without replicating, and their relatively benign
immumogenic profile. The genome of the virus may be manipulated to contain a minimam of
components for the assembly of a functional recombinant virus, or viral particle, which is
loaded with or engineered to target a particular tissue and express or deliver a desired
payload.

AAY viral genomes

{06032}  The wild-type AAVY viral genome is a linear, single-stranded DNA (ssDNA)

molecule approximately 5,000 nucleotides (unt) in length. Inverted terminal repeats (ITRs)
traditionally cap the viral genome at both the 3' and the 3' end, providing origins of
replication for the viral genome. While not wishing to be bound by theory, an AAV viral
genome typically comprises two ITR sequences. These ITRs have a characteristic T-shaped
hairpin structure defined by a self-complementary region (145 nt in wild-type AAV) at the 5
and 3' ends of the ssDNA which form an energetically stable double stranded region. The
double stranded hairpin structures comprise multiple functions comprising, but not limited to,
acting as an origin for DNA replication by functioning as primers for the endogenous DNA
polymerase complex of the host viral replication cell.

{60633} The wild-type AAV viral genome farther comprises nucleotide sequences for two
open reading frames, one for the four non-structural Rep proteins (Rep78, Rep68, RepS2,
Repd0, encoded by Rep genes) and one for the three capsid, or structural, proteins (VPI,
VP2, VP3, encoded by capsid genes or Cap genes). The Rep proteins are important for
replication and packaging, while the capsid proteins are assembled to create the protein shell
of the AAV, or AAY capsid. Altemative splicing and alternate initiation codons and
promoters result in the generation of four different Rep proteins from a single open reading
frame and the generation of three capsid proteins from a single open reading frame. Though it
varics bv AAVY serotype, as a non-limiting example, for AAV9hu 14 (SEQ ID NO: {23 of
US 7,906,111, the content of which is incorporated herein by reference in ifs entirety as
related to AAV9/hu. 14, insofar as it does not conflict with the present disclosure) VP1 refers
to anmuno acids 1-736, VP2 refers to anmino acids 138-736, and VP3 refers to amino acids 203-
736. In other words, VP1 is the full-length capsid sequence, while VP2 and VP3 are shorter
components of the whole. As a result, changes in the sequence in the VP3 region, are also
changes to VP1 and VP2, however, the percent difference as compared to the parent sequence
will be greatest for VP3 since it is the shortest sequence of the three. Though described here

m relation to the amino acid sequence, the nucleic acid sequence encoding these profeins can
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be similarly described. Together, the three capsid proteins assemble to create the AAV capsid
protein. While not wishing to be bound by theory, the AAV capsid protein typically
comprises a molar ratio of 1: 1110 of VPLIVP2:VP3. As used herein, an “"AAV serotype” 18
defined primarily by the AAV capsid. In some instances, the TTRs are also specifically
described by the AAV serotype {c.g., AAV2/9).

{0634}  For use as a biclogical tool, the wild-type AAV viral genome can be modified to
replace the rep/cap sequences with a nucleic acid sequence comprising a payload region with
at least one ITR region. Typically, in recombinant AAV viral genomes there are two ITR
regions. The rep/cap sequences can be provided in frans during production to generate AAY
particles.

[B035]  In addition to the encoded heterclogous pavlcad, AAV vectors may comprise the
viral genome, in whole or in part, of any naturally occurring and/or recombinant AAV
serotype nucleotide sequence or variant. AAY variants may have sequences of significant
homology at the nucleic acid (genome or capsid) and amino acid levels (capsids), to produce
constructs which are generally physical and functional ecquivalents, replicate by similar
mechanisms, and assemble by similar mechanisms. See Chionnietal,, J Vir. 71: 6823~
33(1997); Srivastava et al., J. Vir. 45:555-64 (1983); Chiorini et al., J. Vir. 73:1309-1319
(1999); Rutledge ctal., J. Vir. 72:309-319 (1998); and Wu et al., J. Vir. 74: 8635-47 (2000},
the contents of each of which are incorporated herein by reference in their entireties as related
to AAY variants and equivalents, insofar as they do not conflict with the present disclosure.
[6636]  In certain embodiments, AAV particles, viral genomes and/or pavioads of the
present disclosure, and the methods of their use, may be as described in WO2017189963, the
content of which s incorporated herein by reference in its entirety as related to AAV
particles, viral genomes and/or pavioads, insofar as it does not conflict with the present
disclosure.

{8037} AAV particles of the present disclosure may be formulated in anv of the gene
therapy formulations of the disclosure comprising any variations of such formulations
apparent to those skilled in the art. The reference to “AAY particles”, “AAV particle
formulations” and “formulated AAV particles” in the present application refers to the AAV
particles which may be formulated and those which are formulated without limiting either.
{60638]  In certain emrbodiments, AAV particles of the present disclosure are recombinant
AAV (rAAV) viral particles which are replication defective, lacking sequences encoding

functional Rep and Cap proteins within their viral genome. These defective AAV particles
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may lack most or all parental coding sequences and essentially carry only one or two AAV
ITR sequences and the nucleie acid of interest (1.2 payvload) for delivery to a cell, a tissue, an
orgZan OT an organism.

[B03%]  In certain embodiments, the viral genome of the AAV particles of the present
disclosure comprises at least one control element which provides for the replication,
transcription and translation of a coding sequence encoded therein. Not all of the control
clements need always be present as long as the coding sequence is capable of being
replicated, transcribed and/or translated in an appropnate host cell. Non-limiting examples of
expression control elements comprise scquences for transcription initiation and/or
termination, promoter and/or enbancer sequences, efficient RNA processing signals such as
splicing and polvadenylation signals, sequences that stabilize cvioplasmic mRNA, sequences
that enhance translation efficacy {¢.g., Kozak consensus sequence), sequences that enhance
protein stability, and/or sequences that enhance protein processing and/or secretion.

{0040]  According to the present disclosure, AAV particles for use in therapeutics and/or
diagnostics comprise a virus that has been distilled or reduced to the minimum components
necessary for transduction of a nucleic acid payload or cargo of interest. In this manner, AAV
particies are engincered as vehicles for specific delivery while lacking the deleterious
replication and/or integration features found in wild-type viruses.

{B041]  AAV particles of the present disclosure may be produced recombinantly and may
be based on adeno-associated vinus (AAV) parent or reference sequences. As used herein, a
“yector” is any molecule or moiety which transports, transduces or otherwise acts as a carrier
of a heterologous molecule such as the nucleic acids described herein.

{8042} In addition to single stranded AAYV viral genomes {e.g., ssAAVs), the present
disclosure also provides for self-complementary AAV (scAAVs) viral genomes. scAAY
vector genomes contain DNA strands which anoeal together to form double stranded DNA.
By skipping second strand synthesis, scAAVs allow for rapid expression in the cell,

{0043}  In certain embodiments, the AAV viral genome of the present disclosure isa
sCAAV. In certain embodiments, the AAV viral genome of the present disclosurcis a
ssAAV.

{8044}  Methods for prodecing and/or modifying AAVY particles are disclosed in the art,
such as pseudotyped AAY particles (PCT Patent Publication Nos. W(200028004;
WOZ200123001; WO2004112727, WO 2003005610 and WO 2005072364, the contents of

-10 -



WO 2020/150556 PCT/US2020/014000

cach of which are incorporated herein by refercunce in their entireties as related to producing
and/or modifying AAV particles, insofar as they do not conflict with the present disclosure).
{0045]  AAV particles may be modified to enbance the cfficiency of delivery. Such
modified AAV particles can be packaged efficiently and be used to successfully infect the
target cells at high frequency and with minimal toxicity. In certain embodiments the capsids
of the AAVY particles are engineered according to the methods described in US Publication
Mursber US 20130195801, the content of which ts incorporated herein by reference n its
entirety as related to modifying AAV particles to enhance the efficiency of delivery, insofar
as it does not conflict with the present disclosure.

{8046}  In certain embodiments, the AAV particles comprise a payload region encoding a
polypeptide or protein of the present disclosure, and may be introduced inte manunahan
cells.

Inverted Terminal Repeais (1TRs)

{6047]  The AAV particles of the present disclosure comprise a viral genome with at least
one ITR region and a pavload region. In certain embodiments, the viral genome has two
ITRs. These two ITRs flank the pavicad region at the 5' and 3' ends. The ITRs fanction as
origins of replication comprising recognition sites for rephication. TTRs comprise sequence
regions which can be complementary and symmetrically arranged. ITRs mncorporated into
viral genomes of the present disclosure may be comprised of naturally occurring
polynucleotide sequences or recombinantly derived polynucleotide sequences.

{60648}  The I'TRs may be derived from the same serotype as the capsid, or a derivative
thercof. The TR may be of a different serotype than the capsid. In certain embodiments, the
AAY particle has more than one [TR. In a non-limiting example, the AAV particle has a viral
genome comprising two ITRs. In certain embodiments, the ITRs are of the same serotype as
one another. In another embodiment, the ITRs are of different serotypes. Non-limiting
examples comprise zero, one or both of the ITRs having the same serotype as the capsid. In
certain embodiments both I'TRs of the viral genome of the AAV particle are AAV2 I'TRs,
[0049]  Independently, cach ITR may be about 100 to about 150 nucleotides in length. An
ITR may be about 100-105 nucleotides in length, 106-110 nucleotides in fength, 111115
nucleotides in length, 116-120 nucleotides in length, 121-125 nucleotides in length, 126-130
nucleotides in length, 131-135 nucleotides 1o length, 136-140 nucleotides in length, 141-145

nucleotides in length or 146-150 nucleotides in length. In certain embodiments, the I'TRs are
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140-142 nucleotides in Jength. Non-luniting examples of ITR length are 102, 130, 140, 141,
142, 145 nucleotides in length, and those having at least 959 identity thereto.

{8050}  In certain embodiments, each I'TR may be 141 nucleotides in length. In certain
embodiments, each ITR may be 130 nucleotides in length. In certan emnbodiments, cach ITR
may be 119 nucleotides in length.

{98051}  In certain embodiments, the AAV particles comprise two ITRs and one ['TR is 141
nucleotides in length and the other TR 1s 130 nucleotides in length. In certain embodunents,
the AAV particles comprise two ITRs and both TTRs are 141 nucleotides in length.

{06052] Independently, each ITR may be about 75 to about 175 nucleotides in length. The
ITR may, independently, have a length such as, but not limited to, 75, 76, 77, 78, 79, 20, 81,
82,83, 84, 85, 86, 87, 88, 89,90, 91,92, 93, 94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104,
105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
123,124, 125, 126, 127, 128,129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 1533, 154, 155, 156, 157, 158,
159,160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, and 175
nucleotides. The length of the TR for the viral genome may be 75-80, 75-85, 75-100, 80-85,
80-90, 80-105, 85-90, 85-95, 85-110, 90-93, 90-100, 90-115, 95-100, 95-105, 95-120, 100~
105, 100-110, 100-125, 105-110, 105-115, 105-130, 110-115, 110-120, 110-135, 115-120,
115-125, 115-140, 120-125, 120-130, 120-145, 125-130, 125-135, 125-150, 130-1335, 130~
140, 130-153, 135-140, 135-145, 135-160, 140-145, 140-150, 140-165, 145-150, 145-155,
145-170, 150155, 150-160, 150-175, 155-160, 155~165, 160-165, 160-170, 165-170, 165~
175, and 170-175 nucleotides. As a non-limiting example, the viral genome comprises an ITR
that is about 105 nucleotides i iength. As a non-himiting example, the viral genome
comprises an I'TR that is about 141 nucleotides in length. As a non-limiting example, the viral
genome comprises an I'TR that is about 130 nucleotides in length. As a non-limiting example,
the viral genome comprises an ITR that 1s about 105 nucleotides in length and an TTR that is
about 141 nucleotides in length. As a non-limiting example, the viral genome comprises an
ITR that is about 105 nucleotides in length and an ITR that is about 130 nucleotides in longth.
As a non-limiting example, the viral genome comprises an ITR that is about 130 nucleotides
i length and an I'TR that is about 141 nucleotides in length. As a non-limiting example, the

viral genome may comprise two [TRs, each of which are about 141 nucleotides in length.
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Promoters

{8653}  In certain embodiments, the payload region of the viral genome comprises at least
one element to enhance the transgene target specificity and expression (Sce ¢.g., Powell et al.
Viral Expression Cassette Elements to Enhance Transgene Target Specificity and Expression
in Gene Therapy, 2015 the content of which is incorporated herein by reference in its
entirety as related to payload/transgene enhancer elements, insofar as it does not conflict with
the present disclosure). Non-limiting cxamples of elements to enhance the transgene target
specificity and expression comprise promoters, endogenous miRNAs, post-transcriptional
regulatory elements (PRESs), polvadenvlation (PolyA} signal sequences and upstream
enhancers (USEs), CMV enhancers and introns.

{0834 A person skilled in the art may recognize that expression of the polypeptides of the
present disclosure in a target cell may requure a specific promoter, comprising but not timited
to, a promoter that i1s species specific, inducible, tissne-specific, or cell cycle-specific (see
Parr et al, Nat. Med 3:1145-9 (1997} the content of which is incorporated herein by
reference 1n 1ts entirety as related to polypeptide expression promoters, mnsofar as it does not
conflict with the present disclosure).

{6655]  In certain embodiments, the promeoter is deemed to be efficient when it drives
cxpression of the polypeptide(s) encoded in the payload region of the viral genome of the
AAV particle. In certain embodiments, the promoter is deemed to be efficient when it drives
expression in the cell being targeted. In certain embodiments, the promoter has a tropism for
the cell being targeted. In certain embodiments, the promoter has a tropism for a viral
production cell.

{8056]  In certain embodiments, the promoter drives expression of the payload for a period
of time in targeted cells or tissues. Expression driven by a promoter may be for a period of I-
31 days (or any value or range therein), 1-23 months (or any value or range therein), 2-10
vears {or any value or range therein), or more than 10 vears. Expression may be for 1-5 hours,
1-12 hours, 1-2 davs, 1-3 days, 1-2 weeks, 1-3 weeks, 1-4 weeks, 1-2 months, 1-4 months, I-
6 months, 2-6 months, 3-6 months, 3-9 months, 4-8 months, 6-12 months, 1-2 years, 1-5
vears, 2-5 vears, 3-6 vears, 3-8 vears, 4-8 vears or 5-10 years. As a non-limiting example, the
promoter can be a weak promoter for sustained expression of a payvload in nervous {e.g. CN8}

cells or tissues.
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{8057}  In certain embodiments, the promoter drives expression of the polypeptides of the
present disclosure for at least 1-11 months (or any mdividual value therein), 2-65 years (or
any individual value therein), or more than 65 years.

[0058]  Promoters may be naturally occurring or non-naturally occurring. Non-limiting
examples of promoters comprise viral promoters, plant promoters and mammalian promoters.
in certain embodiments, the promoters may be human promoters. In certain embodiments, the
promoter may be truncated or mutated.

{8659}  Promoters which drive or promote expression in most tissues comprise, but are not
himited to, human elongation factor 1a-subunit (EFia), cvtomegalovirus {(CMV) immediate-
carly enhancer and/or promoter, chicken B-actin ({BA) and its derivative CAG, B
glucuronidase (GUSRB), or ubiquitin C (UBC). Tissue-specific expression clements can be
used to restrict expression to certain cell types such as, but not limited to, muscle specific
promoters, B cell promoters, monocyte promaoters, feukocyte promoters, macrophage
promoters, pancreatic acinar cell promoters, endothelial cell promoters, lung tissue
promoters, astrocyte promaoters, or nervous system promoters which can be used to restrict
expression to neurons or subtypes of neurons, astrocytes, or oligodendrocytes.

{6068}  Non-limiting examples of muscle-specific promoters comprise mammalian muscle
creatine kinase (MCK)) promoter, mammalian desmin {DES) promoter, manmmalian troponin |
{TNNI2} promoter, and mammalian skeletal afpha-actin {ASKA) promoter {see, e.g. U.S.
Patent Publication US 20110212529, the content of which is incorporated herein by reference
in its entirety as related to muscle-specific promoters, insofar as thev do no conflict with the
present disclosure)

{8061} Non-limiting examples of tissue-specific expression elements for newrons comprise
neuron-specitic enolase (NSE), platelet-derived growth factor (PDGF), platelet-derived
growth tactor B-chain (PDGF-B), synapsin (Syn), methyl-CpG binding protein 2 (MeCP2),
Ca¥"/ealmodulin-dependent protein kinase 11 (CaMKIT), metabotropic ghitamate receptor 2
(mGluR?2), neurofilament light chain (NFL) or neurofilament heavy chain (NFH), B-globin
minigene nf2, preproenkephalin (PPE). enkephalin (Enk) and excitatory amino acid
transporter 2 {EAAT2) promoters. Non-limiting examples of tissue~-specific expression
clements for astrocyies comprise ghial fibrillary acidic protein (GFAP) and EAAT2
promoters. A non-limiting example of a tissue-specific expression element for

cligodendrocytes comprises the myelin basic protein (MBP) promoter.
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[8662]  In certain embodiments, the promoter may be less than 1 kb. The promoter may
have alength of 200-800 nucleotides {(or any value or range therein}, or more than 800
nucleotides. The promoter may have a length between 200-300, 200-400, 200-500, 200-600,
200-700, 200-800, 300-400, 300-500, 300-600, 300-700, 300-800, 400-500, 400-600, 400~
700, 400-800, 500-600, 500-700, S00-800, 600-700, 600-800 or 700-800.

{0663]  The AAV particles of the present disclosure comprise a viral genome with at least
one promoter region. The promoter region(s) may, independently, have a length such as, but
not limited to, 4,5, 6,7, 8.9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 26,
27,28,29,30, 31,32, 33,34, 35,36, 37, 38,39, 40,41, 42_43, 44 45 46,47 48, 49, 50, 51,

5253, 54, 55,36, 57, 38, 59. 60, 61, 62, 63, 64. 65, 66, 67, 68, 69, 70, 71,72, 73. 74. 75, 76,
77,78, 79. 80, 81, 82, 83, 4. 83, 86, 87, 88, 89, 90, 91, 92, 93. 94, 93, 96, 97, 98, 99, 100,

101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,
173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190,
191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203. 204, 205. 206, 207, 208,
209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226,
228,229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244,
246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262,
263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280,
281, 282, 283, 284, 285, 286, 757, 288, 289, 290, 291, 294, 295, 296, 297, 298,
209,300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316,
317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334,
335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352,
353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370,
372,373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388,
389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406,
407, 408, 400, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424,
425,426,427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442,
443,444, 445_ 446, 447, 448, 449, 450451, 452, 453, 454, 455, 456, 457, 458, 459, 460,
461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478,
479, 480, 481, 482, 483, 484, 483, 456, 487, 488, 489, 400, 491, 492, 493, 494, 495, 496,
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W

497,498, 499, 500, 501, 502, 303, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 514,
515,516, 517. 518, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 532
533, 534, 533, 536, 337, 538, 539, 340, 541, 542, 543, 544, 343, 546, 547, 548, 549, 550,
551,552, 553, 554, 55 557,558, 559, 560, 561, 562, $63. 564, 565, 566, 567, 568,

75,576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586,

5
569, 570, 371, 572, 573, 574,
587, 588, 589, 59¢, 591, 592, 393, 594, 595, 596, 597, 598, 599, and 600 nucleotides. The

(9]

)

il
(9]
N
»
W (=

vy

length of the promoter region for the viral genome may be 4-10, 10-20, 10-50, 20-30, 30-40,
40-30, 50-60, 50-100, 60-70, 70-80, 80-90, 90-100, 100-110, 100-150, 110-120, 120-130,
130-140, 140-150, 150-160, 150-200, 160-170, 170-180, 180-190, 190-200, 200-210, 200-
250, 210-220, 220-230, 230-240, 240-250, 250-260, 250-300, 260-270, 270-280, 280-290,
250-300, 300-310, 300-330, 310-320, 320-330, 330-340, 340-350, 350-360, 350-400, 360-
370, 370-380, 380-390, 390-400, 400-410, 400-450, 410-420, 420-430, 430-440, 440-450,
450-460, 450-500, 460-470, 470-480, 480-480, 490-500, 500-510, 500-550, 510-520, 520~
330, 530-540, 540-550, 550-360, 550-600, 360-570, 570-380, 580-590, and 590-600
nucleotides. As a non-limiting example, the viral genome comprises a promoter region that is
about 4 nucleotides in length. As a non-limiting example, the viral genome comprises a
promoter region that is about 17 nucleotides in length. As a non-limiting example, the viral
genome comprises a promoter region that is about 204 nucleotides i length. As a non-
limiting example, the viral gesome comprises a promoter region that is about 219 nuclectides
in fength. As a non-limiting example, the viral genome comprises a promoter region that is
about 260 nucleotides m length. As a non-limiting example, the viral genome comprises a
promoter region that 1s about 303 nucleotides in length. As a non-limiting example, the viral
genome comprises a promoter region that i1s about 382 nucleotides in length. As a non-
limiting example, the viral genome comprises a promoter region that is about 588 nucleotides
in length.

[0064] o certain embodiments, the promoter may be a combination of two or more
components of the same or different starting or parental promoters such as, but not limited to,
CMV and CBA. Each component may have a length of 200-800 nucleotides {or any value or
range therein), or more than 800 nucleotides. Fach component may have a length between
200-300, 200-400, 200-300, 200-600, 200-700, 200-800, 300-400, 300-500, 300-600, 300-
700, 300-800, 400-500, 400-600, 400-7060, 400-800, 500-600, 500-700, 500-800, 600-700,
600-800 or 700-800. In certain embodiments, the promoter is a combmation of a 382

nucleotide CMV-enhancer sequence and a 260 nucleotide CBA-promoter sequence.
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{80653}  In certain embodiments, the viral genome comprises a ubiquitous promoter. Non-
himiting examples of ubiquitous promoters comprise CMV, CBA (comprising derivatives
CAG, CBh, ctc.), EF-la, PGK, UBC, GUSB (hGBp), and UCOE (promoter of HNRPA2BI1-
CBX3). In certain embodiments, the promoter region is derived from a CBA promoter
sequence. As a non-limiting example, the promoter is 260 nucleotides in length.

{0066]  Yuetal (Molecular Pain 2011, 7:63; the content of which is incorporated herein
by reference in its entirety, insofar as it docs not conflict with the present disclosure)
evaluated the expression of eGFP under the CAG, EFlo, PGK and UBC promoters in rat
DRG cells and primary DRG cells using lentiviral vectors and found that UBC showed
weaker expression than the other 3 promoters and only 10-12% glial expression was seen for
all promoters. Soderblom et al. (E. Neuro 2015, the contents of which are each ncorporated
herein by reference in its entirety) evaluated the expression of eGFP in AAVE with CMV and
UBC promoters and AAVZ with the CMV promoter after injection in the motor cortex.
Intranasal administration of a plasmid containing a UBC or EFle promoter showed a
sustaned airwayv expression greater than the expression with the CMV promoter (Sec e g,
Gill et al., Gene Therapy 2001, Vol. 8, 1539-1546; the content of which is incorporated
herein by reference in its entirety, insofar as it does not conflict with the present disclosure}.
Husain et al. (Gene Therapy 2009; the content of which is incorporated herein by reference in
its entirety, insofar as it does not conflict with the present disclosure) evaluated an HH
construct with 2 hGUSB promoter, a HSV-1LAT promoter and an NSE promoter and found
that the HPH construct showed weaker expression than NSE in mouse brain. Passini and
Wolfe (J. Virol. 2001, 1238212392, the content of which 1s incorporated herein by reference
in its entirety, insofar as it does not conflict with the present disclosure) evaluated the long
term effects of the HBH vector following an intraventricular injection in neonatal mice and
found that there was sustained expression for at least 1 year. Low expression in all brain
regions was found by Xu et al. (Gene Therapy 2001, 8, 1323-1332; the content of whach 1s
incorporated herein by reference in its entirety, insofar as it does not conflict with the present
disclosure) when NFL and NFH promoters were used as compared to the CMV-lacZ, CMV-
luc, EF, GFAP, hENK, nAChR, PPE, PPE + wpre, NSE (0.3 kb), NSE (1.8 kb) and NSE (1 .3
kb + wpre). Xu et al. found that the promoter activity in descending order was NSE (1.8 kb),
EF, NSE (03 kb), GFAP, CMV, hENK, PPE, NFL and NFH. NFL promoter is 3 630-
nucleotide promoter and NFH promoter is a 920-nucleotide promoter which are both absent

m the liver but NFH promoter is abundant in the sensory proprioceptive neurons, brain and
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spinal cord and NFH promoter is present in the heart. SCNEA promoter s a 470 nucleotide
promoter which expresses throughout the DRG, spinal cord and brain with particulasty high
expression seen in the hippocampal neurons and cerchellar Purkinge cells, cortex, thalamus
and hypothalamus (See e.g., Drews et al. Identification of evolutionary conserved, functional
noncoding elements in the promoter region of the sodium channel gene SCNSA, Mamm
Genome (2007) 18:723-731; and Ravmond et al. Expression of Alternatively Spliced Sodium
Channel a-subunit genes, Journal of Biological Chemistry (2004) 279(44) 46234-46241; the
contents of each of which are mcorporated herein by reference m their entireties, insofar as
they do not conflict with the present disclosure).

{8067]  Any of the promoters taught by the aforementioned Yu, Soderblom, Gill, Husain,
Passini, Xu, Drews or Raymond may be used m the present disclosures.

{0068]  In certain embodiments, the promoter is not cell spectfic,

{0069]  In certain embodiments, the promoter is a ubiguitin ¢ (UBC) promoter. The UBC
promoter may have a size of 300-350 nucleotides. As a non-limiting example, the UBC
promoter 1s 332 nucleotides. Tn certain embodiments, the promoter is a B-glucuaronmdase
{(GUSB) promoter. The GUSB promoter may have a size of 350-400 nuclestides. As a non-
himiting example, the GUSB promoter is 378 nucleotides. In certain embodiments, the
promoter is a neurofilament light chain (NFL) promoter. The NFL promoter may have a size
of 600-700 nucleotides. As a non-limiting example, the NFL promoter is 650 nucleotides. In
certain embodiments, the promoter is a newroftlament heavy chain (NFH) promoter. The
NFH promoter may have a size of 900-950 nucleotides. As a non-lumiting example, the NFH
promoter 1s 920 nucleotides. In certain embodiments, the promoter is a SCNEA promoter.
The SCNBA promoter may have a size of 450-500 nucleotides. As a non-hmiting example,
the SCNSA promoter is 470 nucleotides.

{0076}  Tn certain cmbodiments, the promoter 1s a frataxin (FXN) promoter. In certain
embodiments, the promoter is a phosphoglveerate kinase 1 (PGEK) promoter. In certain
embodiments, the promoter is a chicken B-actin (CBA) promoter, or variant thereof, In
certain embodiments, the promoter is a CB6 promoter. In certain embodiments, the promoter
is a minimal CB promoter. In certain embodiments, the promoter is a cytomegalovirus
{CMV) promoter. In certain embodiments, the promoter is a H1 promoter. In certain
embodiments, the promoter is a CAG promoter. [n certain embodiments, the promoter is a
GEAP promoter. In certain embodiments. the promoter is a synapsin promoter. In certain

embodiments, the promoter is an engineered promoter. In certain embodiments, the promoter
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is a liver or a skeletal muscle promoter. Noun-limiting examples of liver promoters comprise
human g-1-antitrypsin (hAAT) and thyvroxine binding globulin (TBG). Non-limiting
examples of skeletal muscle promoters comprise Desnun, MCK or synthetic C5-12. In certain
embodiments, the promoter is an RNA pol I promoter. As a non-limiting example, the RNA
pol HI promoter is U6. As a non-limiting example, the RNA pol HI promoter is HI. In certain
embodiments, the promoter is a cardiomyocyte-specific promoter. Non-limiting examples of
cardiomyocyie-specific promoters comprise oMHC, ¢TnT, and CMY-MLC2k. In cortain
embodiments, the viral genome comprises two promoters. As a non-limiting example, the
promoters are an EF la promoter and a CMV promoter.

{8671}  In certain embodiments, the viral genome comprises an enhancer element, a
promoter and/or a 5' UTR intron. The enhancer element, also referred to herein as an
“enhancer,” may be, but is not limited to, a CMV enhancer, the promoter may be, but is not
Imited to, a CMV, CBA, UBC, GUSB, NSE, Synapsin, MeCP2, and GFAP promoter and the
5" UTR/intron may be, but is not limited to, SV40, and CBA-MVM. As a non-limiting
example, the enhancer, promoter and/or intron used n combination may be: (1) CMV
enhancer, CMYV promoter, §V40 5' UTR intron; (23 CMV enhancer, CBA promoter, SV-40 5
UTR intron; (3) CMV enhancer, CBA promoter, CBA-MVM 5 UTR mtron; (4) UBC
promoter; (53 GUSB promoter; (6) NSE promoter; (7) Synapsin promoter; (8) MeCP2
promoter and (9) GFAP promoter.

{0672 In certain embodiments, the viral genome comprises an engineered promoter.
[6673]  In another embodument, the viral genome comprises a promoter from a naturally
expressed protein.

{8674}  In certain embodiments, the AAV particles of the present disclosure comprise a
viral genome with at least one enhancer region. The enhancer region{s} may, independently,
have a length such as, but not limited to, 300, 301, 302, 303, 304, 303, 306, 307, 308, 309,
310,311,302, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325,326,327,
328,329,330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345,
346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363
364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, -
382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 39

75,376, 377, 378, 379, 380, 381,
93,394, 395, 396, 397, 398, 399, and
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400 nucleotides. The length of the enhancer region for the viral genome may be 300-310,
300-325, 305-315, 310-320, 315-325, 320-330, 325-335, 325-350, 330-340, 335-345, 340-
350, 345-355, 350-360, 350-375, 355-365, 360-370, 365-375, 370-380, 375-385, 375-400,
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380-390, 385-395, and 390-400 nucleotides. As a non-limiting example, the viral genome
comprises an enhancer region that is about 303 nucleotides in length. As a non-limiting
example, the viral genome comprises an enbancer region that is about 382 nucleotides
length.

{B075]  In certain embodiments, the enhancer region is derived from a CMV enhancer
sequence. As a non-limiting example, the CMYV enhancer is 382 nucleotides in length.
Untranslated Regions (UTRs)

[6676] By definition, wild type untranslated regions (UTRs) of a gene are transcribed but
not translated. Generally, the 5' UTR starts at the transcription start site and ends at the start
codon and the 3' UTR starts immediately following the stop codon and continues until the
termination signal for transcription.

{0077]  Features typically found 1n abundantly expressed genes of specific target organs
may be engineered into UTRs to enhance the stability and protein production. As a non-
limiting example, a 3' UTR from mRNA nommally expressed n the liver {c.g., albumin,
serum amvloid &, Apolipoprotein A/B/E, transferrin, alpha fetoproten, ervthropoietin, or
Factor VIII} may be used in the viral genomes of the AAV particles of the present disclosure
to enhance expression in hepatic cell Iines or liver.

{06078]  While not wishing to be bound by theory, wild-type 5" untransiated regions (UTRs})
comprise features which play roles in translation imtiation. Kozak sequences, which are
commonly known to be involved in the process by which the ribosome mitiates translation of
many genes, are usually comprised in 5' UTRs. Kozak sequences bave the consensus
CCR(A/GYCCAUGG, where R is a purine (adenine or guanine) three bases upstream of the
start codon (ATG), which 1s followed by another 'G'. In certain embodiments, the 5’ UTR in
the viral genome comprises a Kozak sequence. In certain embodiments, the 5' UTR in the
viral genome does not comprise a Kozak sequence.

{8079}  While not wishing to be bound by theory, wild-type 3’ UTRs are known to have
stretches of Adenosines and Uridines embedded therein. These AU rich signatures are
particularly prevalent in genes with high rates of turnover. Based on their sequence features
and functional properties, the AU rich elements (AREs) can be separated into three classes
{Chen et al, 1995, the content of which is incorporated herein by reference in its entirety as
related to AU rich elements, msofar as 1t does not conflict with the present disclosure}: Class
1 AREs, such as, but not imited to, ¢c~-Myc and MvoD, contain several dispersed copies of an
AUUUA motif within U-rich regions. Class H ARESs, such as, but not imited to, GM-CSF
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and TNF-a, possess two or more overlapping UUAUUUA(U/AXU/A) nonamers, Class T
ARES, such as, but not limited to, ¢-Jun and Myogenin, are less well defined. These U rich
regions do not contain an AUUUA motif. Most proteins binding to the AREs are known to
destabilize the messenger, whereas members of the ELAV family, most notably HuR, have
been documented to increase the stability of mRNA. HoR binds to AREs of all the three
classes. Engineering the HuR specific binding sites into the 3' UTR of nucleic acid molecules
will lead to HuR binding and thus, stabilization of the message in vivo.

{6680}  Introduction, removal or modification of 3’ UTR AU rich elements (AREs) can be
used to modulate the stability of polynucleotides. When engineering specific polynucleotides,
{c.g., pavicad regions of viral genomes), one or more copies of an ARE can be mtroduced to
make polynucleotides less stable and thereby curtail translation and decrease production of
the resultant protein. Likewise, AREs can be identified and removed or mutated to increase
the intracellular stability and thus increase translation and production of the resultant protein.
{0081}  In certain embodiments, the 3' UTR of the viral genome may comprise an
oligo(dT) sequence for templated addition of a polv-A tail.

{8082]  In certain embodiments, the viral genome may compnse at least one miRNA seed,
binding site or full sequence. MicroRNAs (or miRNA or miR) are 19-25 nucleotide
noncoding RNAs that bind to the sites of nucleic acid targets and down-regulate gene
expression either by reducing nucleic acid molecule stability or by inhibiting translation. A
microRNA sequence comprises a “seed” region, 1.¢., a sequence in the region of positions 2-8
of the mature microRNA, which sequence has perfect Watson-Crick complementarity to the
miRNA target sequence of the nucleic acid.

{6083} In certain embodiments, the viral genome may be engineered to comprise, abter or
remove at least one miRNA binding site, sequence or seed region.

[0084]  Any UTR from any geoe known in the art may be incorporated into the viral
genome of the AAV particle. These UTRs, or portions thereof, may be placed m the same
orientation as in the gene from which they were selected, or they may be altered in
orientation or location. fn certain embodiments, the UTR used in the viral genome of the
AAY particle may be mverted, shortened, lengthened, made with one or more other 5 UTRs
or 3' UTRs known in the art. As used herein, the term “altered” as it relates to a UTR, means
that the UTR has been changed in some way in relation to a reference sequence. For example,

a 3 or 5" UTR may be altered relative to a wild type or native UTR by the change in
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orientation or location as taught above or may be altered by the inclusion of additional
nucleotides, deletion of nucleotides, swapping or transposition of nucleotides.

{0085] 1o certain coiboduments, the viral genome of the AAYV particle comprises at least
one artificial UTRs which is not a variant of a wild type UTR.

{06080} In certain embodiments, the viral genome of the AAV particle comprises UTRs
which have been selected from a family of transeripts whose proteins share a common
function, structure, feature or property.

Polvadenylation Sequence

{0087}  In certain embodiments, the viral genome of the AAV particles of the present
disclosure comprise at least one polvadenylation sequence. The viral genome of the AAV
particle may comprise a polvadenylation sequence between the 3' end of the payvload codmng
sequence and the 5" end of the 3'ITR.

{0088]  In certain embodiments, the polyadenylation sequence or “polyA sequence”™ may
range from absent to about 500 nucleotides in length. The polvadenylation sequence may be,
but is not himited to, 1-500 nucleotides in length (or any value or range therein).

[8089]  In certain embodiments, the polyadenylation sequence 1s 127 nocleotides in length.
In certain embodiments, the polvadenylation sequences is 477 nucleotides in length. In
certain crmbodiments, the polyadenylation sequence is 552 nucleotides in length.

Linkers

{8698]  Viral genomes of the present disclosure may be engineered with one or more
spacer or linker regions to separate coding or non-coding regions.

{8691}  In certain embodiments, the payload region of the AAV particle may optionally
encode one or more linker sequences. In some cases, the linker may be a peptide linker that
may be used to connect the polypeptides encoded by the pavioad region. Some peptide
linkers may be cleaved after expression to separate polvpeptide domains, allowing assembly
of mature protein fragments. Linker cleavage may be enzymatic. In some cases, linkers
comprise an enzymatic cleavage site to facilitate intracellular or extracehular cleavage. Some
pavload regions encode linkers that interrupt polypeptide synthesis during translation of the
hinker sequence from an mRNA transcript. Such linkers may facilitate the translation of
separate protein domains {e.g., heavy and light chain antibody domains} from a single
transcript. In some cases, two or more linkers are encoded by a pavioad region of the viral

genome.
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{8092}  In certain embodiments, pavload regions encode linkers comprising furin cleavage
sites. Farin is a calcium dependent serine endoprotease that cleaves proteins just downstream
of a basic amino acid target sequence {Arg-X-{Arg/Lys)-Arg) (Thomas, G, 2002 Nature
Reviews Molecular Cell Biology 3(10): 753-66; the content of which is incorporated herein
by reference in its entirety as related to linker molecules or sequences, insofar as it does not
conflict with the present disclosure). Furin is enriched in the trans-golgi network where it is
mwvolved in processing cellular precursor proteins. Furin also plays a role tn activating a
number of pathogens. This activity can be taken advantage of for expression of polypeptides
of the disclosure.

{60693} In certain embodiments, payioad regions encode linkers comprising 2ZA peptides.
2A peptides are small “self-cleaving” peptides (18-22 anuno acids) derived from viruses such
as foot-and-mouth disease virus (F2A}, porcine teschovirus-1 (P2A), Thoseaasigna viras
(T2A), or equine rhinitis A virus (E2A). The 2A designation refers specifically to a region of
picornavirus polvproteins that lead to a ribosomal skip at the glveyl-prolyl bond in the C-
terminus of the 2A peptide (Kim, JH. et al., 201 1. PLoS One 6(4): ¢18536; the content of
which 1is incorporated herein by reference in its entirety as related to 2A peptide hinkers,
msofar as it does not conflict with the present disclosure}. This skip results in a cleavage
between the 2A peptide and its immediate downstream peptide. As opposed to IRES linkers,
2A peptides generate stoichiometric expression of proteins flanking the 2A peptide and their
shorter length can be advantageous in generating viral expression vectors.

{6094}  In certain embodiments, payload regions encode linkers comprising IRES. fnternal
ribosomal entry site (IRES) is a nucleotide sequence (>500 nucleotides) that allows for
mitiation of translation in the muddle of an mRNA sequence (Kim, J H. et al, 2011, PLoS
One 6(4): ¢18556; the content of which is incorporated herein by reference in its entirety as
related to IRES regions and linkers, msofar as 1t does not conflict with the present
disclosure). Use of an IRES sequence ensures co-expression of genes before and after the
IRES, though the sequence following the IRES may be transcribed and translated at lower
levels than the sequence preceding the IRES sequence.

{8095]  In certain embodiments, the payload region may encode one or more linkers
comprising cathepsin, matrix metalioprotemases or legumain cleavage sites. Such linkers are
described e.g. by Cizeau and Macdonald in International Publication No. WQ2008052322,
the content of which 1s incorporated herein by reference in its entirety as related to linker

molecules and sequences, insofar as it does not conflict with the present disclosure.
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Cathepsins are a family of proteases with unique mechanisms to cleave specific proteins.
Cathepsin B 1s a cysteine protease and cathepsin D is an aspartyl protease. Matrix
metalloproteinases are a tamily of calcium-dependent and zinc-containing endopeptidases.
Legumain is an enzyme catalvzing the hydrolysis of (-Asn-Xaa-) bonds of proteins and smali
molecule substrates.

{0696]  In certain embodiments, payload regions may encode linkers that are not cleaved.
Such linkers may comprise a simple amino acid sequence, such as a glyeine rich sequence. In
some cases, linkers may comprise flexible peptide linkers comprising glycine and serine
residues. These flexable linkers are small and without side chains so they tend not to influence
secondary protein structure while providing a flexible linker between antibody segments
{George, R A et al, 2002, Protein Engincering 15(11): 871-9; Huston, 1.S. et al,, 1988,
PNAS 85:5879-83; and Shan, D. et al., 1999, Joumal of Immunology. 162(11):6589-95; the
contents of which are each incorporated herein by reference in their entireties as related to
linker molecules and sequences, msofar as they do not conflict with the present disclosure).
Furthermore, the polanty of the serine residues improves solubility and prevents aggregation
problems.

{6697}  In certain embodiments, payiocad regions of the present disclosure may encode
small and unbranched serine-rich peptide linkers, such as those described by Huston ¢t al. in
US Patent No. US3525491, the content of which is mncorporated herein by reference in its
entirety as related to linker molecules and sequences, msofar as it does not conflict with the
present disclosure. Polypeptides encoded by the payload region of the present disclosure,
linked by senne-rich linkers, have increased solubility,

{6098}  In certain embodiments, payicad regions of the present disclosure may encode
artificial linkers, such as those described by Whitlow and Filpula in US Patent No.
US5856456 and Ladner et al. in US Patent No. US 4946778, the contents of which are ecach
meorporated herein by reference n their entireties as related to hinker molecules and
sequences, insofar as they do not conflict with the present disclosure.

{0099]  In certain embodiments, the linker region may be 1-50, 1-100, 56-100, 50-150,
100-150, 100-200, 150-200, 150-250, 200-230, 200-300, 250-3380, 250-350, 300-350, 300-
400, 350-400, 350-430, 400-450, 400-500, 450-300, 450-550, 500-350, 500-600, $50-600,
550-630, or 600-650 nucleotides in length. The linker region may have a length of 1-650
nucleotides {or any value or range therein) or greater than 630, In certain embodiments, the

tinker region may be 12 nucleotides in length. In certain embodiments, the linker region may
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be 18 nucleotides n length. In certain embodiments, the linker region may be 45 nucleotides
in length. In certain embodiments, the linker region may be 54 nucleotides in length. In
certain crebodiments, the linker region may be 66 nucleotides n length. In certain
embodiments, the linker region mayv be 75 nucleotides in length. In certain embodiments, the
finker region may be 78 nuclectides i length. In certain embodiments, the linker region may
be 87 nucleotides in length. In certain embodiments, the linker region may be 108 nucleotides
i Jength. In certain embodiments, the linker region may be 153 nucleotides in length. In
certain embodiments, the linker region may be 198 nucleotides in length. In certain
embodiments, the linker region may be 623 nucleotides in length.

Introns and Exons

[31086]  In certain embodiments, the vector genome comprises at least one element to
enhance the transgene target specificity and expression (See e.g., Powell et al. Viral
FExpression Cassette Elements to Enhance Transgene Target Specificity and Expression in
Gene Therapy, 2015; the content of which is incorporated herein by reference in its entirety
as related to transgene targeting enhancers, insofar as it does not conflict with the present
disclosure) such as an intron. Non-limiting examples of introns comprise, MVM (67-97 bps),
F IX truncated intron 1 (300 bps), B-globin SD/immunoglobulin heavy chain splice acceptor
{250 bps), adenovirus splice donor/immunoglobin splice acceptor (500 bps), SV40 late splice
donor/splice acceptor {198/165) (180 bps) and hybrid adenovirus splice donor/IgG splice
acceptor (230 bps).

{0161}  In certain embodiments, the intron or mtron portion may be 100-500 nucleotides in
length. The intron may have a length of 80, 90, 100, 110, 126, 130, 140, 150, 160, 170, 171,
172,173, 174, 175, 176, 177, 178, 179, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270,
280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450,
460, 470, 480, 490 or 500. The intron may have a length between 80-100, 80-120, 80-140,
803~160, 80~180, 80-200, 80-250, 80-300, 80-350, 80-400, 80-450, 80-500, 200-300, 200-400,
200-500, 300-400, 300-500, or 400-500.

{0162}  In certain embodiments, the intron region(s) may. independently, have a length
such as, but not limited to, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38, 39,40, 41, 42,
43, 44,45, 46,47, 48, 49, 50, 51, 52, 53,54, 55,56, 57, 58,59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69,70, 71,72, 73, 74,75, 76,77, 78, 79, 80. 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
03,94, 95, 96, 97,98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 16, 117, 118, 119, 120, 121, 122, 123, 124, 125,126, 127, 128, 129, 130,
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131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
149,130, 151, 152, 153, 154, 153,156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166,
167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184,
185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,
203,204, 205, 206, 207, 208, 209, 210,211, 212, 213, 214, 215, 216, 217, 218, 219, 220,
221,222,223,224, 225,226,227, 228,229, 230, 231, 232, 233, 234, 235, 236, 237, 238,
239,240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 253, 256,
257,258,259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 27, 272,273, 274,
275,276,277,278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292,
293,294, 295,296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310,
12,313, 314,315, 316,317, 318, 319, 320, 321, 322, 323, 324, 325,326,327, 328
30,331, 332,333, 334,335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345 346,
347, 348, 349, and 350 nucleotides. The length of the intron region for the viral genome may
be 25-35, 25-50, 35-45, 45-55, 50-75, 53-65, 65-73, 75-83, 75-100, 85-95, 93-105, 100-125,
105-115, 115-125, 125-135, 125-150, 135-145, 145-155, 150-175, 153-165, 165-175, 173-
185, 175-200, 183-195, 195-205, 200-225, 205-213, 215-225, 225233, 225-230, 235-243,
245-255,250-275, 255-263, 265-275, 275-285, 275-300, 285-295, 293-3053, 300-325, 305-
315, 315-325, 325-335, 325-350, and 335-3435 nucleotides. As a non-limiting example, the
viral genome comprises an intron region that is about 32 nucleotides in length. As a non-
limiting example, the viral genome comprises an intron region that is about 172 nuclestides
in fength. As a non-limiting example, the viral genome comprises an tntron region that is
about 201 nucleotides in length. As a non-hmiting example, the viral genome comprises an
intron region that is about 347 nucleotides in length.

{6103} In certain embodiments, the intron region is derived from a SV40 mtron sequence.
As a non-lumiting example, the intron 1s 172 nucleotides in length.

[104] In certain embodiments, the AAY particles of the present disclosure can comprise
aviral genome with at least one exon region. The exon region{s) may, independently, have a
fength such as, but not limited t0, 2, 3.4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20,21,22,23,24,25,26,27,28,29,30, 31,32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46,47 48 49,50, 51,52, 53,54, 55,56, 57, 58,39, 60, 61, 62,63, 64, 65,66, 67, 68, 69,
70,71, 72, 73,74, 75, 76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
93,96, 97, 98,99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,
115,116, 117, 118, 110, 120, 121, 122, 123,124, 125,126, 127, 128, 129, 130, 131, 132,

>
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133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, and 150
nucleotides. The length of the exon region for the viral genome may be 2-10, 5-10, 5-15, 10-
20, 10-30, 10-40, 15-20, 15-25, 20-30, 20-40, 20-50, 25-30, 25-35, 30-40, 30-50, 30-60, 35-
40, 35-45, 40-50, 40-60, 40-70, 45-30, 45-55, 50-60, 50-70, 30-80, 55-60, 55-65, 60-70, 60-
80, 60-90, 65-70, 63-75, 70-80, 70-90, 70-100, 75-80, 75-85, 80-90, 80-100, 80-110, 85-90,
85-95, 90-100, 90-110, 90-120, 95-100, 95-105, 100-110, 100-120, 100-130, 165-110, 105-
115, 110-120, 110-130, 110-140, 115-120, 115-125, 120-130, 120-140, 120-150, 125-130,
125-133, 130-140, 130-150, 135-140, 135-145, 140-150, and 145-150 nucleotides. As a non-
himiting example, the viral genome comprises an exon region that is about 53 nuclestides in
length. As a non-limiting example, the viral genome comprises an exon region that is about
134 nucleotides in length.

Stuffer sequences

{0105]  In certain embodiments, the viral genome comprises at least one clement to
mmprove packaging efficiency and expression, such as a stuffer or filler sequence. Non-
hmiting examples of stuffer sequences comprise albumin and/or alpha-1 antitrypsin. Any
known viral, mammalian, or plant sequence may be manipulated for use as a stuffer
SeQUEnCe.

{0106]  In certain embodiments, the stuffer or filler sequence may be from about 100-3500
nucleotides in length. The stoffer sequence may have a length of about 100, 200, 300, 400,
500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000,
2100, 2200, 2300, 2400, 2500, 2600, 2700, 2800, 2900 or 3000.

{6107}  In certain embodiments, the stuffer/filler region{s) mav, independently, have a
length such as, bat not limited to, 50, 31, 52, 33, 54, 535, 56, 57, 58, 59, 60, 61, 62, 63, 64, 63,
66. 67, 68,69, 70, 71, 72, 73. 74, 75, 76,77, 78. 79, 80, 81, 82, 83, 84, 8586, 87, 88, 89, 90,
91,92, 93, 94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 134, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 133, 154, 155, 136, 157, 138, 159, 160, 161, 162, 163, 164, 163,
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183,
184, 183, 186, 187, 183, 189, 190, 181, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201,
202, 203, 204, 203, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219,
220,221,222, 223, 224, 225, 226, 227,228, 229, 230, 231, 232, 233, 234, 235, 236, 237,
238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248249, 250, 251, 252, 253, 254, 255,
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256,237, 258, 259, 260, 261, 262, 263, 264, 263, 266, 267, 268, 269, 270, 271, 272, 273,
274,275,276, 277, 278, 279, 280, 281, 282, 283, 284, 285 286, 287, 288, 289, 290, 291
292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 303, 306, 307, 308, 309,
310,311,312, 313,314, 315,316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326
2, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344
347,348, 349, 350, 351, 352, 353, 354, 353, 336, 357, 358, 359, 360, 361, 362, 363,
364, 363, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381
382, 383, 384, 385, 386, 387, 388, 389, 350, 301, 392, 393, 394, 395, 396, 397, 398, 399
400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417,
418,419, 420, 421, 422, 423, 424, 425426, 427, 428, 429, 430, 431, 432, 433, 434, 433
436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452
4, 455456, 457, 458, 459, 460, 461, 462, 463, 464, 463, 466, 467, 468, 469, 470
472,473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489,
J, 401, 492, 493, 494, 495, 496, 497, 498, 499, 500, 501, 502, 303, 504, 505, 506, 507,

508, 500, 510,511, 512, 513, 514 5, 517,518, 519, 520, 521, 522, 3
533, 536, 537, 538, 539, 540, 3
5

3]
[¥%)

(8]
(2
~3

(8]

528,529, 530, 2
546, 547, 548, 549, 550, 551, 552, 553,
562, 563, 564, 565, 566, 567, 568, 569, 570, 571, 572, 573, 574, 575, 576, 577
580, 581, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 592, 593, 594
604, 605, 606, 607, 608, 609, 610, 611, 612, 613, 614, 615,
616,617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 617, 628, 629, 630
634, 635, 636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646
652, 633, 634, 655, 656, 637, 658, 639, 660, 661, 662, 663, 664, 6635, 666, 667, 668, 669
670, 671, 672, 673, 674, 675, 676, 677. 678, 679, 680, 631, 682, 683, 684, 685, 636, 687
688, 689, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699
706, 707, 708, 709, 710, 711, 712, 713, 714, 715, 716, 717
724,725,726, 727, 728. 729, 730, 731, 732, 733, 734, 735, 736
742, 743, 744, 745, 746, T47, T48. 749, 750, 751, 752, 753, 754
760, 761, 762, 763, 764, 763, 766, 767, 768, 769, 770, 771, 772, 773, 774, 775,776, 777
778,779, 780, 781, 782, 783, 784, 785, 786, 787, 788, 789, 790, 791, 792, 793, 794, 795
796, 797, 798, 799, 800, 801, 802, 803 804, 805, 806, 807, 808, 809, 810, 811, 812, 813,
814, 815, 816, 817, 818, 819, 820, 821, 822, 823, 824, 825, 826, 827, 828, 829, §30, 831,
832, 833, §34, 835, 836, 837, 838, 839, 840, 841, 842, 843, 844, 845, 846, 847, 54%, 849,
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850, §51, 832, 853, 854, 835, 856, 857, 858, 859, §60,
868, 869, 870 871, 872, 873, 874, 875, 876, 877, 878,
886, 887, 888, 889, 890, 891, 897, §93, 894, §95, 896,
904, 903, 906, 907, 908, 909, 910, 911, 912, 913, 914,
922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 932,
940, 941, 942, 943, 944, 945, 946, 947, 948, 949, 950,
958, 959, 960, 961, 962, 963, 964, 963, 966, 967, 968,
976, 977, 978, 979, 980, 981, 952, 983, 984, 983, 986, 987,
994,995, 996, 997, 998, 999, 1000, 1001, 1002, 1003, 1004, 1003, 1006, 1007, 1008, 1009,

1010, 1011,
1025, 1026,
1040, 1041,
1033, 1036,
1070, 1071,
1085, 1086,
1100, 1101,
1115, 1116,
1130, 1131,
1145, 1146,
1160, 1161,
1175, 1176,
1190, 1191,
1205, 1206,
1220, 1221,
1235, 1236,
1250, 1251,
1265, 1266,
1280, 1281,
1295, 1296,
1310, 1311,
1325, 1326,
1340, 1341,

1355, 1356,

1012, 1013, 1014, 1015, 1016, 1017, 1018,
1027, 1028, 1029, 1030, 1031, 1032, 1033,
1042, 1043, 1044, 1045, 1046, 1047, 1048,
1057, 1058, 1059, 1060, 1061, 1062, 1063,
1072, 1073, 1074, 1075, 1076, 1077, 1078,
1087, 1088, 1089, 1090, 1091, 1092, 1093,
1108,
1123,
1138,
1153,

1102, 1103, 1104, 1105, 1106, 1107,
1117, 1118, 1119, 1120, 1121, 1122,
1132, 1133, 1134, 1135, 1136, 1137,
1147, 1148, 1149, 1150, 1151, 1152,
1162, 1163, 1164, 1165, 1166, 1167,
1177, 1178, 1179, 1180, 1181, 1182,
1192, 1193, 1194, 1195, 1196, 1197,
1207, 1208, 1209, 1210, 1211, 1212,
1222, 1223, 1224, 1225, 1226, 1227,
1237, 1238, 1239, 1240, 1241, 1242,
1252, 1253, 1254, 1255, 1256, 1257,
1267, 1268, 1269, 1270, 1271, 1272,
1282, 1283, 1284, 1285, 1286, 1287,
1297, 1298, 1299, 1300, 1301, 1302,
1312, 1313, 1314, 1315, 1316, 1317,
1327, 1328, 1329, 1330, 1331, 1332,
1342, 1343, 1344, 1345, 1346, 1347,
1357, 1358, 1359, 1360, 1361, 1362,

=26 -

1168
1183
1198
1213

1243,

1258
1273
1288
1303

1318,
1333,
1348,
1363,

361,
879,
897,
913,
933,
951,

969,
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862, 863, 864, B65, 866, §67,
380, 881, 882, 883, 884, 883,
808, 899, 900, 901, 902, 903,
916,917, 918, 919, 920, 921,
934, 935, 936, 937, 938, 939,
952, 953, 954, 955, 956, 957,
970, 971, 972, 973, 974, 975,
988, 989, 990, 991, 992, 993,

1019, 1020, 1021, 1022, 1023, 1024,
1034, 1033, 1036, 1037, 1038, 1039,
1049, 1050, 1051, 1052, 1053, 1054,
1064, 1065, 1066, 1067, 1068, 1069,
1679, 1080, 1081, 1082, 1083, 1084,
1094, 1095, 1096, 1097, 1098, 1099,
1109, 1110, 1111, 1112, 1113, 1114,
1124, 1125, 1126, 1127, 1128, 1129,
1139, 1140
1154, 1155

1141, 1142, 1143, 1144,
1156, 1157, 1158, 1159,

5

i

L1169, 1170, 1171, 1172, 1173, 1174,

>

s

1184, 1185, 1186, 1187, 1188, 1189,
1199, 1200, 1201, 1202, 1203, 1204,
1214, 1215. 1216, 1217, 1218, 1219,

. 1229, 1230, 1231, 1232, 1233, 1234,

1244, 1245, 1246, 1247, 1248, 1249,

., 1259, 1260, 1261, 1262, 1263, 1264,

>

s

>

1274, 1275, 1276, 1277, 1278, 1279
1289, 1290, 1291, 1292, 1293, 1294,
1304, 1303, 1306, 1307, 1308, 1309,
1319, 1320, 1321, 1322, 1323, 1324,
1334, 1335, 1336, 1337, 1338, 1339,
1349, 1350, 1351, 1352, 1353, 1354,
1364, 1363, 1366, 1367, 1368, 1369,
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1370, 1371, 1372, 1373, 1374, 1375, 1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383, 1384,
1385, 1386, 1387, 1388, 1389, 1390, 1391, 1392, 1393, 1394, 1395, 1396, 1397, 1398, 1399,
1400, 1401, 1402, 1403, 1404, 1405, 1406, 1407, 1408, 1409, 1410, 1411, 1412, 1413, 1414,
1415, 1416, 1417, 1418, 1419, 1420, 1421, 1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429,
1430, 1431, 1432, 1433, 1434, 1435, 1436, 1437, 1438, 1439, 1440, 1441, 1442, 1443, 1444,
1445, 1446, 1447, 1448, 1449, 1450, 1451, 1452, 1453, 1454, 1455, 1456, 1457, 1438, 1459,
1460, 1461, 1462, 1463, 1464, 1465, 1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474,
1475, 1476, 1477, 1478, 1479, 1480, 1451, 1482, 1483, 1484, 1485, 1486, 1487, 1485, 1489,
1490, 1491, 1492, 1493, 1494, 1495, 1496, 1497, 1498, 1499, 1500, 1501, 1502, 1503, 1504,
1505, 1506, 1507, 1508, 1509, 1510, 1511, 1512, 1513, 1514, 1515, 1516, 1517, 1518, 1519,
1520, 1521, 1522, 1523, 1524, 1525, 1526, 1527, 1528, 1529, 1530, 1331, 1532, 1533, 1534,
1535, 1536, 1537, 1538, 1539, 1540, 1541, 1542, 1543, 1544, 1545, 1546, 1547, 1548, 1549,
1550, 1551, 1552, 1553, 1554, 1555, 1556, 1557, 1558, 1559, 1560, 1561, 1562, 1363, 1564,
1565, 1566, 1567, 1568, 1569, 1570, 1571, 1572, 1573, 1574, 1575, 1576, 1577, 1578, 1579,
1580, 1581, 1582, 1583, 1584, 1585, 1586, 1587, 1588, 1589, 1590, 1301, 1592, 1593, 1594,
1595, 1596, 1597, 1598, 1599, 1600, 1601, 1602, 1603, 1604, 1605, 1606, 1607, 1608, 1609,
1610, 1611, 1612, 1613, 1614, 1615, 1616, 1617, 1618, 1619, 1620, 1621, 1622, 1623, 1624,
1625, 1626, 1627, 1628, 1629, 1630, 1631, 1632, 1633, 1634, 1635, 1636, 1637, 1638, 1639,
1640, 1641, 1642, 1643, 1644, 1645, 1646, 1647, 1648, 1649, 1650, 1651, 1652, 1653, 1654,
1635, 1656, 1637, 1658, 1659, 1660, 1661, 1662, 1663, 1664, 1665, 1666, 1667, 1668, 1669,
1670, 1671, 1672, 1673, 1674, 1675, 1676, 1677, 1678, 1679, 1680, 1681, 1682, 1683, 1684,
1685, 1686, 1687, 1688, 1689, 1690, 1691, 1692, 1693, 1694, 1695, 1696, 1697, 1698, 1699,
1700, 1701, 1702, 1703, 1704, 1705, 1706, 1707, 1708, 1709, 1710, 1711, 1712, 1713, 1714,
1715, 1716, 1717, 1718, 1719, 1720, 1721, 1722, 1723, 1724, 1725, 1726, 1727, 1728, 1729,
1730, 1731, 1732, 1733, 1734, 1735, 1736, 1737, 1738, 1739, 1740, 1741, 1742, 1743, 1744,
1745, 1746, 1747, 1748, 1749, 1750, 1751, 1752, 1753, 1754, 1755, 1756, 1757, 1758, 1759,
1760, 1761, 1762, 1763, 1764, 1765, 1766, 1767, 1768, 1769, 1770, 1771, 1772, 1773, 1774,
1775, 1776, 1777, 1778, 1779, 1780, 1781, 1782, 1783, 1784, 1785, 1786, 1787, 1788, 1789,
1790, 1791, 1792, 1793, 1794, 1795, 1796, 1797, 1798, 1799, 1800, 1801, 15802, 1803, 1804,
1805, 1806, 1807, 1808, 1809, 1810, 1811, 1812, 1813, 1814, 1815, 1816, 1817, 1818, 1819,
1820, 1821, 1822, 1823, 1824, 1825, 1826, 1827, 1828, 1829, 1830, 1831, 1832, 1833, 1834,
1835, 1836, 1837, 1838, 1839, 1840, 1841, 1842, 1843, 1844, 1845, 1846, 1847, 1848, 1849,
1850, 1851, 1852, 1833, 1854, 1835, 1856, 1837, 1858, 1859, 1860, 1861, 1862, 1863, 1864,
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65, 1866,
80, 1881,
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10, 1911,
25, 1926,
40, 1941,
55,1936,
70, 1971,
85, 1986,
00, 2001,
15,2016,
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45, 2046,
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75, 2076,

2000, 2091,
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1867, 1865, 1869, 1870,
1882, 1883, 1884, 1885,
1897, 1898, 1899, 1900,
1912, 1913, 1914, 1915,
1927, 1928, 1929, 1930,
1942, 1943, 1944, 1945,
1937, 1958, 1959, 1960,
1972, 1973, 1974, 1975,
1947, 1988, 1989, 1990,
2002, 2003, 2004, 2003,
2017, 2018, 2019, 2020,
2032, 2033, 2034, 2035,
2047, 2048, 2049, 2050,
2062, 2063, 2064, 2063,
2077, 2078, 2079, 2080,
2092, 2093, 2094, 2095,
2107, 2108, 2109, 21 10,
2122, 2123, 2124, 2125,
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2036, 2037,
2051, 2052,
2066, 2067,
2081, 2082,
2096, 2097,
2111, 2112,
2126, 2127,
2141, 2142,
2156, 2157,
2171, 2172,
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2261, 2262,
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1873, 1874,
1888, 1889,
1903, 1904,
1918, 1919,
1933, 1934,
1948, 1949,
1963, 1964,
1978, 1979,
1993, 1994,
2008, 2009,
2023, 2024,
2038, 2039,
2053, 2054,
2068, 2069,
2083, 2084,
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2113, 2114,
2128, 2129,
2143, 2144,
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2173, 2174,
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1876, 1877, 1875, 1879,
1891, 1892, 1893, 1894,
1906, 1907, 1908, 1909,
1921, 1922, 1923, 1924,
1936, 1937, 1938, 1939,
1951, 1952, 1953, 1954,
1966, 1967, 1968, 1969,
1981, 1982, 1983, 1984,
1996, 1997, 1998, 1999,
2011, 2012, 2013, 2014,
2026, 2027, 2028, 2029,
2041, 2042, 2043, 2044,
2056, 2057, 2058, 2059,
2071, 2072, 2073, 2074,
2086, 2087, 2085, 2089,
2101, 2102, 2103, 2104,
2116, 2117, 2118, 2119,
2131, 2132, 2133, 2134,
2146, 2147, 2148, 2149,
2161, 2162, 2163, 2164,
2176, 2177, 2178, 2179,
2191, 2192, 2193, 2194,
2206, 2207, 2208, 2200,
2221, 2222, 2223, 2224,
7236, 2237, 2238, 2239,
2351, 2252, 2253, 2254,
2266, 2267, 2268, 2269,
2281, 2282, 2283, 2284,
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2360, 2361, 2362, 2363, 2364, 2363, 2366, 2367, 2368, 2369, 2370, 2371, 2372, 2373, 2374,
2375, 2376, 2377, 2378, 2379, 2380, 2381, 2382, 2383, 2384, 2385, 2386, 2387, 2388, 2389,
2390, 2391, 2392, 2393, 2394, 2395, 2396, 2397, 2398, 2399, 2400, 2401, 2402, 2403, 2404,
2403, 2406, 2407, 2408, 2409, 2410, 2411, 2412, 2413, 2414, 2415, 2416, 2417, 2418, 2419,
2420, 2421, 2422, 2423, 2424, 2425, 2426, 2427, 2428, 2429, 2430, 2431, 2432, 2433, 2434
2435, 2436, 2437, 2438, 2439, 2440, 2441, 2442, 2443, 2444, 2445, 2446, 2447, 2448, 2449,
2450, 2451, 2452, 2453, 2454, 2455, 2456, 2457, 2458, 2439, 2460, 2461, 2462, 2463, 2464,
2465, 2466, 2467, 2468, 2469, 2470, 2471, 2472, 2473, 2474, 2475, 2476, 2477, 2478, 2479,
2480, 2481, 2482, 2483, 2484, 2485, 2486, 2487, 2488, 2489, 2490, 2491, 2492, 2493, 2494,
2495, 2496, 2497, 2498, 2499, 2500, 2501, 2502, 2503, 2504, 2505, 2506, 2507, 2508, 2509,
512, 2513, 2514, 2515, 2516, 2517, 2518, 2519, 2320, 2521
), 2530, 2531, 2532, 2533, 2534, 2333, 2536, 2537, 2538, 2539
2540, 2541, 2542, 2543, 2544, 2345, 2546, 2547, 2548, 2549, 2550, 2551, 2552,
2557, 2538, 2559, 2560, 2561, 2562, 2563, 2564, 2565, 2566, 2367,
, 2573, 2574, 2575, 2576, 2577, 2578, 2579, 2380, 2581,
2585, 2586, 2587, 2588, 2589, 2590, 2591, 2592, 2593, 2594, 2595, 259
2600, 2601, 2602, 2603, 2604, 2605, 2606, 2607, 2608, 2609, 2610, 2611, 2612, 2613
5, 2616, 2617, 2618, 2619, 2620, 2621, 2622, 2623, 2624, 2625, 2626, 2627, 2628, 2629,
2631, 2632, 2633, 2634, 2635, 2636, 2637, 2638, 2639, 2640, 2641, 2642, 2643, 2644
2645, 2646, 2647, 2648, 2649, 2630, 2651, 2632, 2653, 2634, 2655, 2636, 2657, 2658, 26359
2660, 2661, 2662, 2663, 2664, 2663, 2666, 2667, 2668, 2669, 2670, 2671, 2672, 2673, 2674
2675, 2676, 2677, 2678, 2679, 2680, 2651, 2682, 2683, 2684, 2685, 2686, 2687, 2655, 2689,
2690, 2691, 2692, 2693, 2694, 2695, 2696, 2697, 2698, 2699, 2700, 2701, 2702, 2703, 2704,
2705, 2706, 2707, 2708, 2709, 2710, 2711, 2712, 2713, 2714, 2715, 2716, 2717, 2718, 2719,
2720, 2721, 2722, 2723, 2724, 2725, 2726, 2727, 2728, 2729, 2730, 2731, 2732, 2733, 2734,
735, 2736, 2737, 2738, 2739, 2740, 2741, 2742, 2743, 2744, 2745, 2746, 2747, 2748, 2749,
750, 2751, 2752, 2753, 2754, 2755, 2756, 2757, 2758, 2759, 2760, 2761, 2762, 2763, 2764,
2765, 2766, 2767, 2768, 2769, 2770, 2771, 2772, 2773, 2774, 2775, 2776, 2777, 2778, 2779,
2780, 2781, 2782, 2783, 2784, 2783, 2786, 2787, 2788, 2789, 2790, 2791, 2792, 2793, 2794,
2795, 2796, 2797, 2798, 2799, 2800, 2801, 2802, 2803, 2804, 2805, 2806, 2807, 2808, 2809,
2810, 2811, 2812, 2813, 2814, 2815, 2816, 2817, 2818, 2819, 2820, 2821, 2822, 2823, 2824,
2825, 2826, 2827, 2828, 2829, 2830, 2831, 2832, 2833, 2834, 2835, 2836, 2837, 2838, 2539,
2840, 2841, 2842, 2843, 2844, 2845, 2846, 2547, 2848, 2849, 2850, 2851, 2852, 2833, 2854,
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2855, 2856, 2857, 2858, 2859, 2860, 2861, 2862, 2863, 2864, 2863, 2866, 2867, 2868, 2869,
2870, 2871, 2872, 2873, 2874, 2873, 2876, 2877, 2878, 2879, 2880, 2881, 2882, 2883, 2884,
2883, 2886, 2887, 2888, 2889, 2890, 2891, 2892, 2893, 2894, 2893, 2896, 2897, 2898, 2899,
2900, 2901, 2902, 2903, 2904, 2905, 2906, 2907, 2908, 2909, 2910, 2911, 2912, 2913, 2914,
2915,2916,2917, 2918, 2919, 2920, 2921, 2922, 29232924, 2925, 2926, 2927, 2928, 2929,
2930, 2931, 2932, 2933, 2934, 2935, 2936, 2937, 2938, 2939, 2940, 2941, 2942, 2943, 2944,
2945, 2946, 2947, 2948, 2949, 2950, 2951, 2952, 2933, 2954, 29355, 2936, 29537, 2938, 2959,
2960, 2961, 2962, 2963, 2964, 29635, 2966, 2967, 2968, 2969, 2970, 2971, 2972, 2973, 2974,
2975, 2976, 2977, 2978, 2979, 2980, 2981, 2982 2983, 2984, 2985, 2986, 2987, 2988, 2989,
2990, 2991, 2992, 2993, 2094, 2995, 2996, 2097, 2998, 2999, 3000, 3001, 3002, 3003, 3004,
3005, 3006, 3007, 3008, 3009, 3010, 3011, 3012, 3013, 3014, 30135, 3016, 3017, 3018, 3019,
3020, 3021, 3022, 3023, 3024, 3025, 3026, 3027, 3028, 3029, 3030, 3031, 3032, 3033, 3034,
3035, 3036, 3037, 3038, 3039, 3040, 3041, 3042, 3043, 3044, 3045, 3046, 3047, 3048, 3049,
3030, 3051, 3052, 3033, 3054, 3055, 3036, 3057, 3058, 3039, 3060, 3061, 3062, 3063, 3064,
3063, 3066, 3067, 3068, 3069, 3070, 3071, 3072, 3073, 3074, 3075, 3076, 3077, 3078, 3079,
3080, 3081, 3082, 3083, 3084, 3085, 3086, 3087, 3088, 3089, 3090, 3091, 3092, 3093, 3094,
3095, 3096, 3097, 3098, 3099, 3100, 3101, 3102, 3103, 3104, 3105, 3106, 3107, 3108, 3109,
3P0, 3118, 3112, 3113, 3114, 3115, 3116, 3117, 3118, 3119, 3120, 3121, 3122, 3123, 3124,
3125,3126,3127, 3128, 3129, 3130, 3131, 3132, 3133, 3134, 3135, 3136, 3137, 3138, 3139,
3140, 3141, 3142, 3143, 3144, 3145, 3146, 3147, 3148, 3149, 3150, 3151, 3152, 3153, 3154,
3155,3156,3157, 3158, 3159, 3160, 3161, 3162, 3163, 3164, 3165, 3166, 3167, 3168, 3169,
3170,3171, 3172, 3173, 3174, 3175, 3176, 3177, 3178, 3179, 3180, 3181, 3182, 3183, 3184,
31853186, 3187, 3188, 3189, 3190, 3191, 3192, 3193, 3194, 3195, 3196, 3197, 3198, 3199,
3200, 3201, 3202, 3203, 3204, 3205, 3206, 3207, 3208, 3209, 3210, 3211, 3212, 3213, 3214,
3215,3216,3217, 3218, 3219, 3220, 3221, 3222, 3223, 3224, 3225, 3226, 3227, 3228, 3229,
3230, 3231,3232, 3233, 3234, 3735, 3236, 3237, 3238, 3239, 3240, 3241, 3242, 3243, 3244,
245, 3246, 3247, 3248, 3249, and 3250 nucleotides. The length of any filler region for the

viral genome may be 30-100, 100-130, 150-200, 200-250, 250-300, 300-330, 350-400, 400-
450, 450-500, 500-550, 550-600, 600-650, 650-700, 700-750, 750-800, 800-850, 830-200,

900-930, 950-1000, 1000-1050, 1050-1100, 1100-1150, 1150-1200, 1200-1230, 1250-1300,
1300-13350, 1350-1400, 1400-1450, 1450-1500, 1500-1550, 15330-1600, 1600-1650, 1650-

1700, 1700-1750, 1750-1800, 1800-1850, 1830-1900, 1900-1950, 1950-2000, 2600-2050,

2050-2100, 2100-2150, 2150-2200, 2200-2250, 2250-2300, 2300-2350, 2350-2400, 2400~
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2430, 2450-2500, 2500-2530, 2550-2600, 2600-2630, 2650-2700, 2700-2750, 2750-2800,
2800-2850, 2850-2900, 2900-2950, 2950-3000, 3000-3050, 3050-3100, 3100-3150, 3150-
3200, and 3200-3250 nucleotides. As a non-lumiting example, the viral genome comprises a
filler region that is about 55 nucleotides in length. As a non-limiting example, the viral
genome comprises a filier region that is about 56 nucleotides in length. As a non-limiting
example, the viral genome comprises a filler region that is about 97 nuclectides in length. As
a non-limiting example, the viral genome comprises a filler region that is about 103
nucleotides n length. As a non-limiting example, the viral genome comprises a filler region
that s about 105 nucleotides in length. As a non-limiting example, the viral genome
comprises a filler region that is about 357 nucleotides m length. As a non-limiting example,
the viral genome comprises a filler region that is about 363 nucleotides n length. As anon-
limiting example, the viral genome comprises a filler region that is about 712 mucleotides in
length. As a non-limiting example, the viral genome comprises a fifler region that is about
714 nucleotides n length. As a non-limiting example, the viral genome comprises a filler
region that is about 1203 nucleotides in length. As a non-himiting example, the viral genome
comprises a filler region that is about 1209 nucleotides m length. As a non-limiting example,
the viral genome comprises a filler region that is about 1512 nucleotides in length. As a non-
limiting example, the viral genome comprises a filler region that is about 1519 nucleotides in
fength. As a non-himiting example, the viral genome comprises a filler region that is about
2395 nucleotides in length. As a non-limiting example, the viral genome comprises a filler
region that is about 2403 nucleotides in length. As a non-himiting example, the viral genome
comprises a filler region that 1s about 2403 nucleotides 1n length. As a non-limiting example,
the viral genome comprises a filler region that is about 3013 nucleotides in length. As a non-
limiting example, the viral genome comprises a filler region that is about 3021 nucleotides in
length.

{0108]  In certain embodiments, the filler region is 714 nucleotides n length.

Muliiple Cloning Site (MCS) Region

{0109}  In certain embodiments, the AAV particles of the present disclosure comprise a
viral genome with at least one multiple cloming stte (MCS) region. The MCS region{s} may,
mdependently, have a length such as, but not limited to, 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13,
14,15, 16, 17,18, 19, 20,21, 22,23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,

>

39, 40, 41, 42, 43, 44, 45, 46, 47, 48,49, 50, 31, 52, 33, 54, 53, 56, 37, 58, 59, 60, 61, 62, 63,
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64, 63, 66, 67, 68,69, 70, 71, 72, 73. 74, 75, 76, 77, 75. 79, 80. 81, 82, §3, 84, 85_ 86, 87. §8,
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89,90, 91,92, 93 94 95 96,97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128,129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,
146, 147, 148, 149, and 150 nucleotides. The length of the MCS region for the viral genome
may be 2-10, 5-10, 3-15, 10-20, 10-30, 10-40, 15-20, 13-25, 20-30, 20-40, 20-50, 25-30, 25~
35, 30-40, 30-50. 30-60, 35-40, 35-45, 40-50, 40-60, 40-70, 45-30, 45-55, 50-60, 50-70, 50-
80, 3360, 55-65, 60-70, 60-80, 60-90, 65-70, 63-73, 70-80, 70-90, 70-100, 75-80, 75-83, RO-
90, 80-100, 80-110, 85-90, 85-95, 90-100, 90-110, 90-120, 95-100, 93-105, 100-110, 100-
120, 100-130, 105-110, 103-115, 110-120, 110-130, 110-140, 115-120, 115-125, 120-130,
120-140, 126-150, 125-130, 125-135, 130-140, 130-150, 135-140, 135-145, 140-150, and
145-150 nucleotides. As a non-liniting example, the viral genome comprises an MCS region
that is about 5 naclectides in length. As a non-limiting example, the viral genome comprises
an MCS region that is about 10 nucleotides in length. As a non-limiting example, the viral
genome comprises an MCS region that is about 14 nucleoctides in length. As a non-limiting
example, the viral genome comprises an MCS region that is about 18 nucleotides in length.
As a non-limiting example, the viral genome comprises an MCS region that is about 73
nucleotides in length. As a non-limiting example, the viral genome comprises an MCS region
that is about 121 nucleotides in length.

{31108]  In certain embodiments, the MCS region is 5 nucleotides in length.

{0111} In certain embodiments, the MCS region is 10 nucleotides in length.

Genome Size

{8112}  In certain embodiments, the AAV particle which comprises a payload described
herein may be single stranded or double stranded vector genome. The size of the vector
genome may be small, medium, large or the maximum size. Additionally, the vector genome
may comprise a promoter and a polvA tail.

[0113] 1o certain embodiments, the vector genome which comprises a pavioad described
herein may be a small single stranded vector genome. A small single stranded vector genome
may be 2.1 to 3.5 kb in size such as about 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1,
3.2,3.3,34, and 3.5 kb i size. As a non-limiting example, the small single stranded vector
genome may be 3.2 kb in size. As another non-limiting example, the small single stranded
veotor genome may be 2.2 kb in size. Additionally, the veetor genome may comprise a

promoter and a polyA tail.
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{8114}  In certain embodiments, the vector genome which comprises a payload described
herein may be a small double stranded vector genome. A small double stranded vector
genome may be 1310 1.7 kb in size suchas about 1.3, 1.4, 1.5, 1.6,and 1.7 kb m size. Asa
non-limiting example, the small double stranded vector genome may be 1.6 kb in size.
Additionally, the vector genome may comprise a promoter and a polyA tail.

{0115}  In certain embodiments, the vector genome which comprises a pavioad described
herein ¢.g., polyvnucleotide, siRNA or dsRNA, may be a medium single stranded vector
genome. A medium single stranded vector genome may be 3.6 to 4.3 kb i size such as about
36,37,38,39,40,4.1, 4.2 and 4.3 kb in size. As a non-limiting example, the medium
single stranded vector genome may be 4.0 kb mn size. Additionally, the vector genome may
comprise a promoter and a polyA tail.

{0116]  In certain embodiments, the vector genome which comprises a payload described
herein may be a medium double stranded vector genome. A medium double stranded vector
genome may be 1.8 t0 2.1 kb in size such as about 1.8, 1.9, 2.0, and 2.1 kb n size. As anon-
hmiting example, the medium double stranded vector genome may be 2.0 kb in size.
Additionally, the vector genome may comprise a promoter and a polvA tail.

{8117} In certain embodiments, the vector genome which comprises a pavload described
herein may be a large single stranded vector genome. A large single stranded vector genome

may be 4410 6.0kbinsize suchasabout4.4,45, 46,47, 48,49,50,5.1,52,53,54,

55,56,57,58,59 and 6.0 kb in size. As a non-limiting example, the large single stranded
vector genome may be 4.7 kb in size. As another non-limiting example, the large single
stranded vector genome may be 4.8 kb in size. As yet another non-limiting example, the large
single stranded vector genome may be 6.0 kb in size. Additionally, the vector genome may
comprise a promoter and a polyA tail.

{6118}  Tn certain embodiments, the vector genome which comprises a pavioad described
herein may be a large double stranded vector genome. A large double stranded vector
genome may be 2.2t03.0kbinsize suchasabout 22,23, 24, 25,26,27. 28 2%and 3.0
kb in size. As a non-limiting cxample, the large double stranded vector genome may be 2.4
kb in size. Additionally, the vector genome may comprise a promoter and a polvA tail,

AAV serotypes

{8119  AAV particles of the present disclosure may comprise or be derived from any
natural or recombinant AAVY serotype. According to the present disclosure, the AAY particles

may utilize or be based on a serotype or comprise a peptide selected from any of the
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following: VOY 101, VOY201, AAV9, AAVY K449R, AAVPHP B (PHP.B), AAVPHP.A
(PHP.A), AAVG2B-26, AAVG2B-13, AAVTH1.1-32, AAVTHI.1-35, AAVPHP.B2

(PHP B2), AAVPHP B3 (PHP.B3), AAVPHP N/PHP B-DGT, AAVPHP B-EST,

AAVPHP B-GGT, AAVPHP B-ATP, AAVPHP B-ATT-T. AAVPHP B-DGT-T.

AAVPHP B-GGT-T, AAVPHP B-3GS, AAVPHP B-AQP, AAVPHP B-QQP, AAVPHP B-
SNP(3). AAVPHP B-SNP, AAVPHP B-QGT, AAVPHP B-NQT, AAVPHP B-EGS,
AAVPHP B-SGN, AAVPHP B-EGT. AAVPHP B-DST, AAVPHP B-DST, AAVPHP B-
STP, AAVPHP B-PQP, AAVPHP B-SQP, AAVPHP B-QLP, AAVPHP B-TMP,

AAVPHP B-TTP, AAVPHP $/G2A12, AAVG2A15/G2A3 (G2A3), AAVG2B4 (G2B4),
AAVGZB3 (G2B3), PHP.S. AAV1, AAV2, AAV2GY, AAV3, AAV3a, AAV3b, AAV3-3,
AAVA, AAVA-4, AAVS, AAVE, AAVG. 1, AAVE2, AAV6.12 AAVT, AAVT 2, AAVS,
AAVO, AAVO.11, AAV9.13, AAV9.16, AAV9 24, AAVO 45, AAVO 47, AAVY.61,
AAV9.68, AAVO.84, AAVY.9, AAVI0, AAVI1, AAVIZ, AAV16.3, AAV24.1, AAV27 3,
AAVA2 12, AAVA2-1b, AAVA2-2, AAVA2-3a, AAVAZ-3b. AAVA2-4, AAVA2-5a, AAV42-
5b, AAV42-6b, AAVA2-8, AAVA2-10, AAVA2-11, AAV42-12, AAVA2-13, AAVA42-15,
AAVA42-a, AAVA3-1, AAV43-12, AAV43-20, AAV43-21, AAV43-23, AAV43-25,
AAVA3-5, AAVA4.1, AAVA42, AAVA4S, AAV223.1, AAV223.2, AAV223 4, AAV223 5,
AAV223.6, AAV223.7, AAV1-7/th 48, AAV 1-8/th 49, AAVZ-15/h.62, AAV2-3/th.61,
AAV2-4/th .50, AAV2-5/th.51, AAV3. 1/hu.6, AAV3. 1/hu.9, AAV3-9/th.52, AAV3-11/th.33,
AAVA-8/r11.64, AAVA-9/th 54, AAVA-19/rh 35, AAVS-3/th.37. AAV3-22/th 58,
AAVT3/mu7, AAVI6 8/ 10, AAVI6.12/hu. 11, AAV29.3/bb.1, AAV29.5/bb 2,

AAVI106. 1/hu37, AAV114.3/bu 40, AAVI27 2hudl, AAVI27 5/hu 42, AAV128 3/hu.44,
AAV130.4/mu48, AAVI4S 1/hu53, AAV145 554, AAV14S5.6/hu55, AAVI6L.10/Mhu.60,
AAVI6L6/Mu61, AAV33.12/hu.17, AAV33.4/hu.15, AAV33. 8/ 16, AAV52/hu. 19,
AAVS2.1/hu20, AAV3S 2hu25, AAVA33, AAVA34, AAVA3 S, AAVA37, AAVCH,
AAVC2, AAVCS, AAV-DI, AAV-DIS, AAVF3, AAVFS, AAVH2, AAVth.72, AAVhu 8,
AAVTh.68, AAVh.70, AAVpi 1, AAVpi.3. AAVpi 2, AAVHh.60, AAVh.44, AAVrh.65,
AAVTh 55, AAVIh 47, AAVIH.69, AAVIH 45, AAVFh.59, AAVhu. 12, AAVH6, AAVLKO3,
AAVH-1/hu.1, AAVH-5/hu.3, AAVLG-10/th 40, AAVLG-4/rh.38, AAVLG-9/hu 39,
AAVNT21-8/th 43, AAVCh.5, AAVCh SRI, AAVey.2, AAVey 3, AAVey 4, AAVey.S,
AAVCY.SR1, AAVCy.5R2. AAVCy 3R3, AAVCy 5R4, AAVoy.6, AAVEu. 1, AAVha 2,
AAVhu3, AAVhu4, AAVEuS, AAVhu 6, AAVER7, AAVAL9, AAVhu. 10, AAVhu. 11,
AAVh13, AAVhw 15, AAVhu. 16, AAVhu. 17, AAVhu 18, AAVhu 20, AAVhu 21,
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AAVh22, AAVhu 232, AAVIu.24, AAVhu 25, AAVhu 27, AAVhu 28, AAVhu.29,
AAVhu29R, AAVhu 31, AAVhu 32, AAVhu 34, AAVEu.35, AAViu37, AAVhu 39,
AAVhu 40, AAVhu 4], AAVhu 42, AAVhud3, AAVhu 44, AAVhu 44R1, AAVhu 44R2,
AAVhu44R3, AAVEu4S, AAVhu 46, AAVIhu 47, AAVhu 48, AAVhu 48R1,

AAVhu 48R2, AAVhu 48R3, AAVhu 49, AAVhu 51, AAVIu.S2, AAVIu 54, AAVhu 55,
AAVhu 36, AAVhu 37 AAVhu 38, AAVhu 60, AAVhu 61, AAVhu 63, AAVhu 64,
AAVhR 66, AAVhu 67, AAVhu. 14/9, AAVhut 19, AAVrh2, AAVh 2R, AAVh 8,

AAVTh B8R, AAVh 10, AAVIh. 12, AAVh 13, AAVHRI3R, AAVh. 14, AAVh 17,

AAVrh 18, AAVrh 19, AAVh.20, AAVrh 21, AAVIh 22, AAVh 23, AAVh 24,

AAVTh 25, AAVrh 31, AAVh 32, AAVh 33, AAVIh 34, AAVh 35, AAVh 36,

AAV 37, AAVh.37R2, AAVrh. 38 AAVh.39, AAVh 40, AAVh 46, AAVh 48,

AAVh 481, AAVIh 48,12, AAVHh 482 AAVrh 49, AAVrh. 51, AAVh. 52, AAVh 53,
AAVh 54, AAVHh. 36, AAVIR.S7, AAVIL S8, AAVIh 61, AAVrh 64, AAVrh 64R1,
AAVTh 64R2, AAVrh.67, AAVh 73, AAVh 74, AAVIhER, AAVh8R A586R mutant,
AAVhER R5333A mutant, AAAV, BAAV, caprine AAV, bovine AAV, AAVhEL ],
AAVhErL S, AAVRERL 14, AAVhErL 8, AAVhErl 16, AAVhEr1 18, AAVhEri 35,
AAVhErl.7, AAVRErl 36, AAVhE 29 AAVHEZ 4 AAVhE 16, AAVhEr2 30,
AAVRER 31, AAVhER 36, AAVRERIL 23, AAVRE 1, AAV2S5T, AAV-PAEC, AAV-
LKOI, AAV-LK02, AAV-LKO03, AAV-LK04, AAV-LKGS, AAV-LK06, AAV-LK(7, AAV-
LKO8, AAV-LKO9, AAV-LKI10, AAV-LK11, AAV-LKI12, AAV-LK13 AAV-LK14, AAV-
LKI15, AAV-LKI6, AAV-LK17, AAV-LKIR AAV-LK 19, AAV-PAEC?, AAV-PAECY,
AAV-PAECS, AAV-PAECT, AAV-PAECR, AAV-PAECIHL, AAV-PAECI2, AAV-2-pre-
miRNA-101 ) AAV-8h, AAV-8b, AAV-h, AAV-b, AAV SM 10-2 , AAV Shuffle 100-1 |
AAY Shuffie 100-3, AAY Shuffle 100-7, AAV Shuffle 10-2, AAV Shufflc 10-6, AAY
Shuffle 10-8, AAV Shuffle 100-2, AAV SM 10-1, AAV SM 106-8 , AAV SM 100-3, AAV
SM 100-10, BNPol AAV, BNPG2 AAV, BNP63 AAV, AAVIh 50, AAVTh 43, AAVHh 62,
AAVh 48, AAVhu 19, AAVhu 11, AAVhe 53, AAV4-8/rh 64, AAVLG-9/hu 39,

AAVS4 5/Mu23, AAVS54.2/mu22, AAVS4.7/hu 24, AAVS4 21, AAV54.4R/Mu 27,
AAV4A6.2/Mu 28, AAVA6.6/hu.29, AAVIZE 1/hu 43, true type AAV (HAAV), UPENN AAV
10, Japanese AAV 10 serotypes, AAV CBr-7.1, AAV CBr-7.10, AAV CBr-7.2, AAV (Br-
7.3, AAV CBr-74, AAV CBr-7.5, AAV UBr-7.7, AAV CBr-7.8, AAV CBr-B7.3, AAV
CBr-B7.4, AAV CBr-EL, AAV CBr-E2, AAV CBr-E3, AAV CBr-E4, AAV CBr-E5, AAY
CBr-¢5, AAV CBr-E6, AAV CBr-E7, AAV CBr-ES, AAV CHi-1, AAV CHi-2, AAV CHt-3,

1
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AAY CHi-6.1, AAV CHt-6.10, AAV CHt-6.5, AAV CHt-6.6, AAV CHt-6.7, AAV CHt-6.8,
AAV CHt-P1, AAV CHt-P2, AAYV CHi-PS, AAY CHi-P6, AAV CHIE-P8, AAV CHit-P9,
AAV CKd-1, AAV CKd-10, AAY CKd-2, AAV CKd-3, AAV CKd~4, AAV CKd-6, AAY
CRd-7, AAV CKd-§, AAV CKd-Bl, AAV CKd-B2, AAV CKd-B3, AAV CKd-B4, AAV
CKd-B5, AAV CKd-B6, AAV CKd-B7, AAV CKd-B8, AAV CKd-HI, AAV CKd-H2,
AAY CKd-H3, AAV CKd-H4, AAV CKd-H35, AAV CKd-H6, AAV CKd-N3, AAV CKd-
N4, AAY CKd-N9, AAV CLg-F1, AAV CLg-F2, AAVY CLg-F3, AAV Clg-F4, AAV Clg-
F3, AAV CLg-F6, AAV CLg-F7, AAV CLg-F8, AAV CLv-1, AAV CLvi-1, AAV Clvi-10,
AAY CLv1-2, AAV CLv-12, AAV CLv1-3, AAV CLv-13, AAV CLvi-4, AAV CIvi-7,
AAV Civl-8, AAV Clvl-9, AAV CLv-2, AAV CLv-3, AAV CLv-4, AAV CLyv-6, AAY
Clv-8, AAV CLv-DI, AAV CLv-D2, AAV CLv-D3, AAV CLv-D4, AAV CLv-D53, AAV
CLv-D6, AAV CLv-D7, AAV CLv-D8, AAV CLv-El, AAV CLv-K1, AAV CLv-K3, AAV
CLv-K6, AAV CLv-L4, AAV CLv-L5, AAV CLv-L6, AAV CLv-MI1, AAV CLv-Ml1,
AAV CLv-M2, AAV CLv-MS5, AAV CLv-M6, AAV CLv-M7, AAV Clv-ME, AAV Clv-
M9, AAV CLv-RI, AAV CLv-R2, AAV CLv-R3, AAV CLv-R4, AAV CLv-R5, AAV ClLv-
R6, AAV CLv-R7, AAV CLv-R8, AAV CLv-R9, AAV CSp-1, AAV C8p-10, AAV CSp-11,
AAV C8p-2, AAY CSp-3, AAV CSp-4, AAV C8p-6, AAV C8p-7, AAV (CSp-8, AAY (Sp-
8.10, AAV CSp-8.2, AAY CSp-8.4, AAV CSp-8.5, AAV C8p-8.6, AAV CSp-8.7, AAY
CSp-8.8, AAV C5p-8.9, AAV CSp-9, AAV hu 48R3, AAV VR-355, AAV3B, AAV4,
AAVS5, AAVFI/HSCL, AAVFII/HSCIL, AAVFIZ/HSC12, AAVF13/HSCI3,
AAVFI4/HSCI4, AAVEFIS/HSCIS, AAVEI6/HSCI6, AAVFEITHSCYT, AAVFZ/HSC2,
AAVEIHSC3, AAVFYHSCA, AAVESHSCS, AAVFG/HSCo, AAVFT/HSCT,
AAVFS/HSCR, and/or AAVFY/HSCY, and variants or hybrids/chimeras/combinations
thereof.

{0126]  To certain cmbodiments, an AAV serotype used in a composition disclosed herein
may be, or comprise, a sequence as described in U.S. Patent Application Publication No.
US20030138772, (the content of which is incorporated herein by reference in its entirety as
related to AAV capsids insofar as it docs not conflict with the present disclosure), such as,
but not imited to, AAVT (SEQ ID NO: 6 and 64 of US20030138772}), AAV2 (SEQ 1D NO:
7 and 70 of US20030138772), AAV3 (SEQ IR NO: § and 71 of US20030138772), AAV4
{(SEQ 1D NO: 63 of US20030138772), AAVS (SEQ 1D NO: 114 of US20030138772), AAV6
(SEQ 1D NG: 65 of US20030138772), AAVT (SEQ 1D NO: 1-3 of US20030138772), AAVR
(SEQ ID NG 4 and 95 of US20030138772), AAVY (SEQ ID NG: S and 160 of
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US20030138772), AAVIO (SEQ ID NO: 117 of US20030138772), AAV11 (SEQ ID NO:
118 of US20030138772), AAV 12 (SEQ ID NO: 119 of US20030138772), AAV1h10 (amino
acids 1 to 738 of SEQ ID NO: 81 of US20030138772), AAVI16.3 (US20030138772 SEGQ ID
NG: 10}, AAV29 3/bb.1 (US20030138772 SEQ ID NG: 11}, AAV29 4 (US20030138772
SEQ IDNG: 12), AAV29.5/bb 2 (US20030138772 SEG ID NO: 13}, AAVL3
(US20030138772 SEQ ID NO: 14), AAV13.3 (US20030138772 SEQ ID NO: 15), AAV24 1
(US20030138772 SEQ 1D NO: 16), AAV27.3 (US20030138772 SEQ 1D NG 17), AAVT2
(US20030138772 SEQ ID NO: 18), AAVCI (US20030138772 SEQ ID NO: 19), AAV(3
(US20030138772 SEQ ID NO: 203, AAVCS (US20030138772 SEQ ID NO: 213, AAVF1
(US20030138772 SEQ 1D NO: 223, AAVF3 (US20030138772 SEQ ID NO: 23), AAVFES
(US20030138772 SEQ ID NO: 24), AAVHGS (US20030138772 SEQ ID NO: 25), AAVH2
(US20030138772 SEQ ID NO: 26), AAV42-8 (US20030138772 SEQ ID ND: 27), AAV42-
15 (US20030138772 SEQ ID NO: 28), AAV42-3b (US20030138772 SEQ 1D NO: 29),
AAVA2-15 (US20030138772 SEQ ID NO: 303, AAV42-13 (US20030138772 SEQ ID NG
31y, AAV42-3a (US20030138772 SEQ 1D NO: 32), AAV42-4 (US20030138772 SEQ ID
NO: 33}, AAV42-5a (US20030138772 SEQ ID NO: 34), AAV42-10 (US20030138772 SEQ
1D NO: 35), AAV42-3b (US20030138772 SEQ ID NO: 36), AAV42-11 (US20030138772
SEQ D NQ: 37), AAV42-6b (US20030138772 SEQ 1D NOG: 38), AAV43-1
(US20030138772 SEQ ID NO: 39), AAV43-5 (US20030138772 SEQ 1D NO: 40), AAV43-
12 (US20030138772 SEQ ID NO: 41), AAV43-20 (US20030138772 SEQ 1D NO: 42),
AAV43-21 (US20030138772 SEQ ID NO: 43), AAV43-23 (US20030138772 SEQ 1D NO:
44y, AAVA3-25 (US20030138772 SEQ ID NO: 45), AAV44.1 (US20030138772 SEQ ID
NG 463, AAVA4 5 (US20030138772 SEQ ID NO: 47), AAV223.1 (US20030138772 SEQ
1D NO: 48y, AAV223.2 (US20030138772 SEQ 1D NO: 49), AAV223.4 (US20030138772
SEQ ID NO: 50), AAV223.5 (US20030138772 SEQ ID NO: 51), AAV2236
(US20030138772 SEQ 1D NO: 52), AAV223.7 (US20030138772 SEQ ID NG: 53),
AAVA3 4 (US20030138772 SEQ ID NO: 54), AAVA3 5 (US20030138772 SEQ 1D NO:
55), AAVA37 (US20030138772 SEQ 1D NO: 56), AAVA3 3 (US20030138772 SEQ ID
NG 5Ty, AAVA2 12 (US20030138772 SEQ 1D NO: 58), AAV44 2 (US20030138772 SEQ
ID NG: 59), AAV42-2 (US20030138772 SEQ ID NG: 9}, or variants or
hybrids/chimeras/combinations thereof.

{0121]  Io certain cmbodiments, the AAVY serotype mav be, or comprise, a sequence as

described in U.S. Patent Apphication Publication No. US20150159173 (the content of which
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is incorporated herein by reference in its entirety as related to AAY capsids, insofar as it does
not conflict with the present disclosure}, such as, but not limited to, AAV2 (SEQ ID NG: 7
and 23 of USZ0150159173), rh20 (SEQ 1D NO: 1 of US20150159173), th32/33 (SEGQ ID
NG: 2 of US20150159173), 1h3% (SEQ ID NG: 3, 20 and 36 of US20150159173), rh46 (SEQ
1D NO: 4 and 22 of US20150159173), th73 (SEQ ID NG: 5 of US20150159173), rh74 (SEQ
1D NO: 6 of US20150159173), AAV6.1 (SEQ ID NO: 29 of US20150159173), th & (SEQ ID
NG: 41 of US20150159173), th48.1 (SEQ 1D NO: 44 of US20150159173), hu 44 (SEQ ID
NO: 45 of US20150139173), hu.29 (SEQ 1D NO: 42 of US20150159173), hu 48 (SEQ ID
NO: 38 of US20150159173), th54 (SEQ ID NQO: 49 of US201350156173), AAV2 (SEQ ID
NG 7 0f US20150159173), ¢y .3 (SEQ 1D NO: & and 24 of US20150159173), th. 10 (SEQ 1D
NG: 9 and 25 of US20150159173), rh.13 (SEQ ID NG: 10 and 26 of US20150159173),
AAVT(SEQID NO: 11 and 27 of US201501559173), AAV3 (SEQ ID NO: 12 and 28 of
US20150159173), AAV6 (SEQ ID NO: 13 and 29 of US20150159173), AAV7 (SEQ ID NO:
14 and 30 of US20150159173), AAVS (SEQ ID NG: {5 and 31 of US20150159173), hu 13
(SEQ ID NG: 16 and 32 of US20150159173}, hu. 26 (SEQ ID NG: 17 and 33 of
US201501591733, hu37 (SEQ ID NO: 18 and 34 of US201501591733, hu 53 (SEQ ID NG:
19 and 35 of US201350159173), rh.43 (SEQ ID NO: 21 and 37 of US20150159173), rh2
(SEQ 1D NGQ: 39 of US20150159173), rh.37 (SEQ 1D NO: 40 of US20150159173), th.64
(SEQ 1D NO: 43 of US20150159173), th 48 (SEQ 1D NO: 44 of US20150139173), ¢h.5
(SEQ ID NO 46 of USZ0150159173), th.67 (SEQ 1D NO: 47 of US20150159173), rh.58
(SEQ ID NO: 48 of US20150159173), or variants thercof comprising, but not limited to
CySRIE, CySR2, CySR3, CvSR4, th 13R, th.37R2, th. 2R, vh.8R, th.48.1, th.48.2, th48.1 2,
hu44R1, he 44R2, hu 44R3, hu.29R, ch.5R1, th6dR1, th64R2, AAVE 2 AAV6.1, AAV6.12,
hu 48R, hu48R2, or hu 48R3, or a variant or hybrid/chimera/combination thereof.

{0122}  Tn certain cmbodiments, the AAV scrotype may be, or comprise, a sequence as
described in U.S. Patent No. US 7198951 (the content of which i1s mcorporated herein by
reference in its entirety as related to AAVY capsids, insofar as it does not conflict with the
present disclosure), such as, but not limited to, AAVY (SEQ 1D NO: 1-3 of US 7198951},
AAV2 (SEQID NG: 4 of US 7198951), AAV1 (SEQ ID NQO: 5 of US 7198951), AAV3
(SEQ ID NQG: 6 of US 7198551}, or AAVE (SEQ ID NQG: 7 of US7198951), or a variant or
hybrid/chimera or combination thereof.

{0123]  Io certain cmbodiments, the AAY scrotype mav be the AAVY sequence as

described by N Pulicherla et al. (Molecular Therapy 19(6):1070-1078 (201 1) {(the content of
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which 1s mncorporated herein by reference i its entirety as related to AAV capsids, msofar as
it does not conflict with the present disclosuare), or may be a vanant thereof, such as but not
limited to, AAV9.9, AAVO 11, AAVS.13, AAV9.16, AAV9 24, AAVIO 45, AAVY 47,
AAVY.61, AAVO6R, or AAVO R4,

{#124]  In certain embodiments, the AAV scrotype may be, or comprise, a sequence as
described in U.S. Patent No. US 6156303 (the countent of which is incorporated herein by
reference 1o its entirety as rofated to AAV capsids, jnsofar as it docs not conflict with the
present disclosure), such as, but not hmited to, AAV3IB (SEQ ID NO: | and [0 of US
6156303}, AAVS (SEQIDNO: 2, 7and 11 of US 6156303), AAV2 (SEQ ID NO: 3 and § of
US 6156303}, AAV3A (SEQ ID NG: 4 and 9, of US 6156303}, or a derivative or a vanant o1
hybrid/chimera or combination thercof.

{0125]  In certain embodiments, the AAY serotype may be, or comprise, a sequence as
described in U.S. Patent Application Publication No. US20140359799 {the content of which
is incorporated herein by reference in its entirety as related to AAV capsids. insofar as it does
not conflict with the present disclosure}, such as, but not imited to, AAVE (SEQ ID NG: 1 of
US20140359799}3, AAVDI (SEQ ID NG: 2 and 3 of US20140359799}, or variants thereof.
{6126}  In certain embodiments, the serotype may be AAVD] or a variant thereof, such as
AAVDIS (or AAV-DI8), as descrbed by Grimm et al. (Journal of Virology 82(12): 3887-
5911 (2008}, the content of which is mcorporated herein by reference in its entirety as related
to AAV capsids, insofar as it does not conflict with the present disclosure). The amino acid
sequence of AAVDIE may comprise two or more mutations cffective to remove the heparin
binding domain (HBD). As a non-limiting example, the AAV-DJ sequence described as SEQ
IDNO: 1 in US Patent No. 7,588,772 (the content of which is incorporated herein by
reference in its entirety as related to AAV capsids, insofar as it does not conflict with the
present disclosure), may comprise two mutations: (1) R387Q where arginine (R; Arg) at
amino acid 587 is changed to glutamine (Q; Gln) and (2) RS%0T where arginine (R; Arg) at
amino acid 590 is changed to threonine (T, Thr}. As another non-limiting example, the AAVY-
DJ sequence described i US Patent No. 7,588,772 may comprise three mutations: (1) K406R
where lysine (K; Lys} at amino acid 406 1s changed to arginine (R; Arg}, {2) R587Q where
arginine (R; Arg} at amino acid 587 is changed to glutamine (3; Gln) and (3) RS90T where
arginine (R; Arg) at amino acid 590 is changed to threonine (T; Thr}.

{01270 In certain cmbodiments, the AAVY serotype may be, or comprise, a sequence of

AAV4 as described in International Publication No. WO 1998011244 (the content of which is
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imcorporated herein by reference in its entirety as related to AAV capsids, insofar as it does
not conflict with the present disclosure), such as, but not limited to AAV4 (SEQ D NO: 1-20
of WO 1998011244).

[#128]  In certain embodiments, the AAV serotype may be, or comprise, a mutation n the
AAV?2 sequence to generate AAV2ZGY as described in International Publication No.
WO02014144229 (the content of which is mcorporated herein by reference in its entirety as
related to AAV capsids, nsofar as it does not conflict with the present disclosure).

{6125}  In certain embodiments, the AAV serotvpe may be, or comprise, a sequence as
described in International Poblication No. W(2005033321 (the content of which is
imcorporated herein by reference in its entirety as related to AAV capsids, insofar as it does
not conflict with the present disclosure), such as, but not hmited to AAV3-3 (SEQ ID NO:
217 of W020050333213, AAVI (SEQ ID NO: 219 and 202 of W(2005033321),

AAV106 1/hu 37 (SEQ ID No: 10 of WO2005033321), AAV114.3/hu 40 (SEQ 1D No: 11 of
WO2005033321), AAVI27 2/hu.41 (SEQ 1D NO:6 and 8§ of WO2005033321),
AAVI1283/hu 44 (SEQ ID No: 81 of WO2005033321), AAVI30.4/hu 48 (SEQ ID NG: 78 of
WO2003033321), AAVIAS 1/hu 53 (SEQ ID No: 176 and 177 of WO2005033321),
AAV143 6/hu 56 (SEQ 1D NO: 168 and 192 of WO2005033321), AAV16.12/hu 11 (SEQ ID
NOG: 153 and 57 of W02005033321), AAV16.8/hu. 10 (SEQ 1D NG: 156 and 56 of
WO2005033321), AAV161.10/ha.60 (SEQ 1D No: 170 of W(O2005033321),
AAV161.6/mu.61 (SEQ ID No: 174 of WO2005033321), AAVI-7/th 48 (SEQ 1D NO: 32 of
WO2003033321), AAVI-8/rh 49 (SEQ ID NGs: 103 and 25 of W(O2005033321), AAV2
(SEQ ID NQG: 211 and 221 of W0O2005033321}), AAV2-15//h.62 (SEQ TD No: 33 and 114 of
WO2005033321), AAV2-3/rh 61 (SEQ ID NG: 21 of WO2005033321), AAV2-4/rh 50 (SEQ
ID No: 23 and 108 of WO2005033321), AAV2-5/th 31 (SEQ ID NO: 104 and 22 of
WO2003033321), AAV3. 1/bu.b (SEQ ID NO: 5 and 84 of W(G2005033321), AAV3 Vhu9
(SEQ D NO: 155 and 58 of W0O2005033321), AAV3-11//h.53 (SEQ ID NO: 186 and 176 of
WO20050333213, AAV3-3 (SEQ ID NG: 200 of WO2005033321), AAV33.12/hu.17 (SEQ
D NG:4 of WO2005033321), AAV33.4/hu.15 (SEQ 1D No: 50 of W(2005033321),
AAV33.8/hu 16 (SEQ ID No: 51 of WO2005033321), AAV3-9/5h.52 (SEQ ID NG: 96 and
18 of WO2005033321), AAV4-19/rh 55 (SEQ ID NG: 117 of W(2005033321), AAV4-4
(SEQ ID NO: 201 and 218 of WO2005033321), AAV4-9/th 54 (SEQ ID NO: 116 of
WO2005033321), AAVS (SEQ ID NO: 199 and 216 of W02005033321), AAV52.1/hu.20
(SEQ 1D NQO: 63 of WO2005033321), AAVS52/hu. 19 (SEQ 1D NO: 133 of WO20050333213,

-4

L3



WO 2020/150556 PCT/US2020/014000

AAV5-22/rh 58 (SEQ ID No: 27 of WO2005033321), AAVS-3/th 57 (SEQ 1D NO: 105 of
WO2003033321), AAV5-3/th.57 (SEQ ID No: 26 of W02005033321), AAV38.2/hu.25
(SEQ ID No: 49 of WO2003033321), AAV6 (SEQ ID NO: 203 and 220 of WO2005033321),
AAVT (SEQ ID NO: 222 and 213 of WO2005033321), AAV7.3/hw.7 (SEQ 1D No: 55 of
W020035033321), AAVS (SEQ ID NO: 223 and 214 of WO2005033321), AAVH-1/hu.1
(SEQ ID No: 46 of WO2005033321), AAVH-5/hu.3 (SEQ ID No: 44 of WO2005033321),
AAVhu. 1 (SEQ ID NO: 144 of WO2005033321), AAVhu.10 (SEQ ID NO: 156 of
WO2003033321), AAVhu. 11 (SEQ ID NO: 153 of WO2005033321), AAVhu. 12
(W02003033321 SEQ ID NO: 59), AAVhu.13 (SEQ ID NO: 129 of WO2005033321),
AAVhu 14/AAVO (SEQ ID NO: 123 and 3 of W02005033321), AAVEw 15 (SEQ ID NO:
147 of W02005033321), AAVhu. 16 (SEQ TD NO: 148 of WO2005033321), AAVhu.17
(SEQ ID NO: 83 of WO2005033321), AAVhu. 18 (SEQ ID NO: 149 of WG2005033321),
AAVhu 19 (SEQ ID NO: 133 of W02005033321), AAVhu.2 (SEQ ID NO: 143 of
WO02005033321), AAVhu 20 (SEQ 1D NO: 134 of WO2005033321), AAVhu.21 (SEQ ID
NO: 135 of W02005033321), AAVEu.22 (SEQ ID NO: 138 of WO20035033321),
AAVhu.23.2 (SEQ ID NO: 137 of WO2005033321), AAVhu.24 (SEQ ID NO: 136 of
W02005033321), AAVhu.25 (SEQ ID NO: 146 of WO2005033321), AAVIu.27 (SEQ ID
NO: 140 of WO2003033321), AAVAR.29 (SEQ 1D NO: 132 of W02003033321), AAVhu.3
(SEQ ID NO: 145 of WO2005033321), AAVEu.31 (SEQ ID NO: 121 of WO2005033321),
AAVH32 (SEQ ID NO: 122 of WO2005033321), AAVhu.34 (SEQ ID NO: 125 of
WO2005033321), AAVhu 35 (SEQ 1D NO: 164 of WO02005033321), AAVhu.37 (SEQ ID
NO: 88 of W02003033321), AAVHu.39 (SEQ ID NO: 102 of WO2005033321), AAVhu 4
(SEQ ID NO: 141 of WO2005033321), AAVhu 40 (SEQ ID NO: 87 of W0O2005033321),
AAVhu41 (SEQ ID NO: 91 of WO2005033321), AAVhe.42 (SEQ 1D NO: &5 of
WO2003033321), AAVhu43 (SEQ 1D NO: 160 of WO2005033321), AAVhu 44 (SEQ ID
NO: 144 of W02005033321), AAVhu 45 (SEQ 1D NO: 127 of WO2005033321), AAVhu 46
(SEQ ID NO: 159 of WO2005033321), AAVhu47 (SEQ ID NO: 128 of WO2005033321),
AAVhu 48 (SEQ ID NO: 157 of WO2005033321), AAVhw.49 (SEQ ID NO: 189 of
WO2003033321), AAVhu. 51 (SEQ ID NO: 190 of WO2005033321), AAVhu.32 (SEQ ID
NO: 191 of WO2005033321), AAViu.53 (SEQ ID NO: 186 of W02003033321), AAVhu.54
(SEQ 1D NO: 188 of WO2005033321), AAVhu.55 (SEQ ID NO: 187 of W02005033321),
AAVhu36 (SEQ ID NO: 192 of WO2005033321). AAVhu 37 (SEQ ID NO: 193 of
W02003033321). AAVhu.58 (SEQ ID NO: 194 of WO2005033321), AAVhu.6 (SEQ ID
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NO: 84 of WO2005033321), AAVhu.60 (SEQ ID NO: 184 of W(2005033321), AAVhu.6l
(SEQ ID NOG: 185 of W(2005033321), AAVhu 63 (SEQ ID NO: 195 of W02005033321),
AAVhu.64 (SEQ ID NO: 196 of WO2005033321), AAVhu 66 (SEQ 1D NG: 197 of
W02005033321), AAVIw.67 (SEQ ID NO: 198 of WO2005033321), AAVhu.7 (SEQID
NO: 150 of W02005033321), AAVha 8§ (W02005033321 SEQ ID NO: 12), AAVhu .9 (SEQ
1D NO: 155 of W02005033321), AAVLG-10/rh 40 (SEQ ID No: 14 of WO2005033321),
AAVLG-4/th 38 (SEQ 1D NO: 86 of WO2005033321), AAVLG-4/th 38 (SEQ 1D No: 7 of
WO2005033321), AAVNT21-8/th 43 (SEQ D NO: 163 of W0O2005033321), AAVNT21-
8/rh.43 (SEQ ID No: 43 of W020035033321), AAVpi. 1 (WO2005033321 SEQ ID NO: 28),
AAVp1.2 (W0O2005033321 SEQ 1D NO: 303, AAVpL3 (W0O2005033321 SEQ 1D NG: 29),
AAVH.38 (SEQ ID NO: 86 of W02003033321), AAVrh 40 (SEQ ID NG: 92 of
W020050333213, AAVh 43 (SEQ ID NG: 163 of W(O2Z005033321), AAVrh 44
(W02005033321 SEQ 1D NO: 34), AAVrh 45 (W02005033321 SEQ 1D NO: 41),
AAVTh 47 (W02005033321 SEQ ID NO: 38), AAVIh A8 (SEQ ID NO: 115 of
WO2005033321), AAVHh .49 (SEQ ID NO: 103 of WO2005033321), AAVh.50 (SEQ ID
NO: 108 of W02005033321), AAVrh.51 (SEQ ID NO: 104 of WO2005033321), AAVrh.52
{SEQ 1D NO: 96 of W02005033321), AAVrh.53 (SEQ ID NO: 97 of WO2005033321),
AAVIRLSS (WO2005033321 SEQ 1D NO: 37), AAVh 56 (SEQ ID NO: 152 of
W020050333213, AAVh.57 (SEQ ID NO: 105 of W02005033321), AAVrh.58 (SEQ ID
NQO: 106 of WO2005033321), AAV1h.59 (W02005033321 SEQ ID NO: 42), AAVh.60
(WO02005033321 SEQ ID NO: 31), AAVth 61 (SEQ ID NO: 107 of WO2005033321),
AAVTh.62 (SEQ ID NG: 114 of WO2005033321), AAV1h.64 (SEQ IDNO: 99 of
WO2005033321), AAVrh.65 (W0O2005033321 SEQ ID NG: 35), AAVrh.68
(W02005033321 SEQ 1D NG 16}, AAVIh.69 (W0O2005033321 SEQ 1D NO: 39),
AAVRTO (WOZ005033321 SEQ 1D NO: 20), AAVh 72 (WO2005033321 SEQ ID NO: 9),
or variants thereof comprising, but not limited to, AAVey 2, AAVey 3, AAVey 4, AAVey S,
AAVey 6, AAVh 12, AAVh 17, AAVH 18, AAVIR.19, AAVIh 21, AAVTh. 22, AAVrh 23,
AAVTh 24, AAVh.25, AAVH.25/42 15, AAVh 31, AAVEh. 32, AAVh.33, AAVIh.34,
AAVTh.35, AAVrh.36, AAVIh.37, or AAVrh14 {the contents of which are each incorporated
herein by reference in their entireties as related to AAV capsids, insofar as they do not
conflict with the present disclosure}. Non limiting examples of variants comprise SEQ ID
NO: 13, 15,17, 19, 24, 36,40, 45,47, 48,51, 52, 53, 34, 60, 61, 62, 64, 65, 66, 67, 68, 69,
70,71, 72,73, 74,75, 76,77, 79, 80, 82, 89, 90, 93, 94, 95, 98100, 101, 109 110, 111, 112,
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113, 118, 119, 120, 124, 126, 131, 139, 142, 151, 154, 138, 161, 162, 165, 166, 167, 168,
169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180. 181, 182, 183, 202, 204, 203,
206, 207,208, 209, 210, 211, 212, 215, 219, 224, 225,226,227, 228 229, 230, 231, 232,
234,233 or 236 of WD2005033321 (the content of which is incorporated herein by
reference in its entirety as related to AAVY capsids, insofar as it does not conflict with the
present disclosure).

{0130}  In certain embodiments, the AAV serotype may be, or comprise, a scquence as
described in International Publication No. W0O2015168666 (the content of which is
imcorporated herein by reference in its entirety as related to AAV capsids, insofar as it does
not conflict with the present disclosure}, such as, but not limited to, AAVrh8R (SEQ ID NO:
9 of WO2015168666), AAVHER A586R mutant (SEQ ID NO: 10 of W2015168666),
AAVHER R333A mutant (SEQ ID NG: 11 of W0O2015168666), or varnants thergof.

{0131}  In certain embodiments, the AAV serotype may be, or comprise, a sequence as
described in U.S. Patent No. US9233131 (the content of which is incorporated herein by
reference 1n 1ts entirety as related to AAVY capsids, insofar as it does not conflict with the
present disclosure), such as, but not limited to, AAVBEL T (SEQ ID NG44 of US9233131),
AAVhErl 5 (SEQ 1D NG:45 of US9233131), AAVHER] 14 (SEQ 1D NO:46 of
US9233131), AAVhEr] 8 (SEQ ID NG:47 of US9233131), AAVhEr! 16 (SEQ ID NG:48 of
US9233131}, AAVHErL 18 (SEQ ID N(O:49 of US92331313, AAVHhEr1 33 (SEQ 1D NO:30
of US9233131), AAVRErl.7 (SEQ ID NG:51 of US9233131), AAVhEr1 36 (SEQ ID NG:52
of US9233131), AAVhEr2 29 (SEQ ID NO:53 of US9233131), AAVhEZ 4 (SEQ 1D NO:54
of US9233131), AAVREr2.16 (SEQ 1D NO:55 of US9233131), AAVREr2 30 (SEQ ID
NO:56 of US9233131), AAVREr2 31 (SEQ 1D NG:58 of US9233131), AAVhE? 36 (SEQ
IDNG:S7 of US9233131), AAVRERL 23 (SEQ ID NO:33 of US92331313, AAVhES.1
(SEQ D NO:59 of US0233131), AAV2Z ST (SEQ ID NO:42 of US9233131), or variants
thereof.

{0132}  In certain embodiments, the AAV serotype may be, or comprise, a sequence as
descrbed in U.S. Patent Application Publication No. US20150376607 (the content of which
is incorporated herein by reference in its entirety as related to AAV capsids, insofar as it does
not conflict with the present disclosure}, such as, but not limited to, AAV-PAEC (SEQ ID
NG:1 of US20130376607), AAV-LKOI (SEQ ID NG:2 of US20150376607), AAV-LKO02
(SEQ ID NG:3 of US20150376607), AAV-LKO3 (SEQ ID NO:4 of US20150376607), AAV-
LK (SEQ ID NO:S of US20150376607), AAV-LKOS (SEQ [D NO:6 of US20150376607),
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AAV-LKO6 (SEQ ID NG:7 of US20150376607), AAV-LEO7 (SEQ ID NO:R of
US20150376607}3, AAV-LEO8 (SEQ 1D N9 of US20150376607), AAV-LK09 (SEQ ID
NG: 10 of US20150376607), AAV-LK10 (SEQ ID NO: 11 of US20150376607), AAV-LK11
(SEQ 1D NO:12 of US20150376607), AAV-LK12 (SEQ ID NG: 13 of US20150376607),
AAV-LKI13 (SEQ ID NO: 14 of US20150376607), AAV-LK 14 (SEQ ID NG: 15 of
US20150376607), AAV-LK1S5 (SEQ ID NQO:16 of US20150376607), AAV-LK16 (SEQ 1D
NG:1T of US20150376607), AAV-LE17 (SEQ ID NO: 18 of USZ01503765607), AAV-LKI8
(SEQ ID NO:19 of US20150376607), AAV-LK19 (SEQ ID NO:20 of US20130376607),
AAV-PAEC2 (SEQ ID NO:21 of US20150376607), AAV-PAEC4 (SEQ ID NO:22 of
US20150376607), AAV-PAECS (SEQ 1D NO:23 of US20150376607), AAV-PAECT (SEQ
1D NG:24 of US20150376607), AAV-PAECS (SEQ ID NG:25 of US20150376607), AAV-
PAECH (SEQ 1D NO:26 of US20150376607), AAV-PAECI12 (SEQ D NG:27, of
US20150376607), or vanants thereof.

{0133}  In certain embodiments, the AAV scrotype may be, or comprise, a sequence as
described in U8, Patent No. US9163261 (the content of which is mcorporated herein by
reference in its entirety as related to AAV capsids, insofar as it does not conflict with the
present disclosure), such as, but not limited to, AAV-2-pre-nuRNA-101 (SEQ ID NO: 1
US9163261), or variants thereof.

{#134]  In certain embodiments, the AAV scrotype may be, or have, a sequence as
described in U.S. Patent Application Publication No. US20150376240 {the content of which
is incorporated herein by reference i its entirety as related to AAVY capsids, insofar as it does
not conflict with the present disclosure}, such as, but not limited to, AAV-8h (SEQ ID NG: 6
of US20150376240), AAV-8b (SEQ ID NO: 5 of US20150376240), AAV-h (SEQ IDNG: 2
of US20150376240), AAV-b (SEQ 1D NO: 1 of US20150376240), or variants thereof.
{0135}  TIn certain cmboduments, the AAV serotype may be, or have, a sequence as
described in U.S. Patent Application Publication No, US20160017295 (the content of which
ig incorporated herein by reference in its entirety as related to AAV capsids, insofar as it does
not conflict with the present disclosure), such as, but not limited to, AAV SM 10-2 (SEQ ID
NG 22 of US20160017295), AAV Shuffle 100-1 (SEQ ID NG: 23 of US20160017293),
AAY Shuffle 100-3 (SEQ ID NG: 24 of US201600172953, AAV Shuffle 100-7 (SEQ ID NO:
25 of US20160017295), AAY Shuffle 10-2 (SEQ ID NQO: 34 of US20160017295). AAV
Shuffle 10-6 (SEQ ID NO: 35 of US20160017295), AAV Shufflc 10-8 (SEQ ID NG: 36 of
US20160017295), AAV Shuffie 100-2 (SEQ ID NG: 37 of US201600172953, AAV SM 10-1
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(SEQ ID NG: 38 of US20160017295), AAV SM 10-8 (SEQ ID NO: 39 of US20160017293),
AAV SM 100-3 (SEQ ID NO: 40 of US201600172595), AAY SM 100-10 (SEQ ID NO: 41 of
USZ0160017295), or varants thercof.

[0136]  In certain embodiments, the AAV scrotype may be, or comprise, a sequence as
described in United States Patent Publication No. US201502385350 (the content of which is
incorporated herein by reference in its entirety as related to AAV capsids, insofar as it does
not conflict with the present disclosure), such as, but not limited to, BNP61 AAV (SEQ ID
N | of US20150238550), BNP62 AAV (SEQ TD NG: 3 of US20150238550), BNP63 AAV
(SEQ ID NG: 4 of US20150238550), or variants thereof.

{8137}  In certain embodiments, the AAV serotvpe may be or may comprise a sequence as
described in United States Patent Publication No. US201503156172 (the content of which is
mcorporated herein by reference in its entirety as related to AAV capsids, insofar as it does
not conflict with the present disclosure), such as, but not limited to, AAVrh .50 (SEQ 1D NO:
108 of US20150315612), AAVrh 43 (SEQ ID NO: 163 of USZ0150315612), AAVh 62
(SEQ ID NG: 114 of US20150315612), AAVrh 48 (SEQ ID NO: 115 of US20150315612),
AAVhu 19 (SEQ ID NO: 133 of US20150315612), AAVhu 11 {(SEQ ID NQO: 153 of
US20150315612), AAVhu 33 (SEQ 1D NO: 186 of US20130315612), AAV4-8/rh.64 (SEQ
D No: 150 US20150313612), AAVLG-9/hu.39 (SEQ ID No: 24 of US2Z0150315612),
AAV54 5/hu 23 (SEQ ID No: 60 of US20150315612), AAVS4 2/he 22 (SEQ ID No: 67 of
US20150315612), AAVS54 7/hu.24 (SEQ ID No: 66 of US20150315612), AAVS4 Vhu 21
(SEQ 1D No: 65 of US20150315612), AAV54.4R/hu 27 (SEQ 1D No: 64 of
US20150315612), AAV46.2/n.28 (SEQ ID No: 68 of US20150315612), AAV46.6/hu.29
(SEQ ID No: 69 of US20150315612), AAVI28.1/hu.43 (SEQ ID No: 80 of
US20150315612), or variants thereof,

[0138]  Tn certain cmbodiments, the AAV scrotype may be, or comprise, a sequence as
described m International Publication No. W2015121501 (the content of which 1s
incorporated herein by reference in its entirety as related to AAV capsids, msofar as it does
not conflict with the present disclosure), such as, but not limited to, true type AAY (HAAV)
(SEQ ID NG: 2 of W02015121501), “UPenn AAVI0” (SEQ ID NG: 8 of WO2015121501)
“Japanese AAVI0” (SEQ ID NO: 9 of WO2015121301}, or variants thereof.

2

{8139}  According to the present disclosure, AAY capsid serotype selection or use may be
from a variety of species. In ceortain embodiments, the AAV may be an avian AAV (AAAV).

The AAAV serotype may be, or have, a sequence as described 1n U.S. Patent No. US
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238800 (the content of which 1s incorporated herein by reference in its entirety as related to
AAY capsids, nsofar as it does not conflict with the present disclosure), such as, but not
limited to, AAAYV (SEQ ID NO: 1,2, 4,6, 8, 10, 12, or 14 of US 9238800), or varnants
thereof.

{#140]  In certain embodiments, the AAV may be a bovine AAV (BAAV). The BAAV
serotype may be, or have, a sequence as described in U.S. Patent No. US 9,193,769 (the
content of which is incorporated herein by reference i its entirety as related to AAY capsids,
insofar as it does not conflict with the present disclosure), such as, but not imited to, BAAV
(SEQ ID NG: 1 and 6 of US 9193769}, or variants thereof. The BAAYV serotype may be or
have a sequence as described in United States Patent No. US7427396 (the content of which is
mcorporated herein by reference i its entivety as related to AAV capsids, msofar as it does
not conflict with the present disclosure), such as, but not limited to, BAAV (SEQ ID NG 5
and 6 of US7427396), or variants thereof.

{0141}  In certain embodiments, the AAV may be a caprine AAV. The caprine AAV
serotvpe may be, or have, a sequence as described in U.S. Patent No. US7427396 (the content
of which 1s incorporated herein by reference in its entirety as related to AAV capsids, insofar
as it does not contlict with the present disclosure), such as, but not limited to, caprine AAY
(SEQ 1D NO: 3 of US7427396), or variants thercof.

{#142]  In certain embodiments, the AAV may be enginecred as a hybrid AAV from two
or more parental serotypes. fn certain embodiments, the AAY may be AAV2G9 which
comprises sequences from AAV2 and AAVY. The AAVZGY AAV serotype may be, or have,
a sequence as described i U.S. Patent Application Publication No. US20160017005 (the
content of which s incorporated herein by reference in its entirety as related to AAV capsids,
msofar as it does not conflict with the present disclosure}.

{0143}  Tn certain embodiments, the AAV may be a serotype gencrated by the AAV9
capsid library with mutations in amino acids 390-627 (VP1 numbering) as deseribed by
Pulicherla et al. (Molecular Therapy 19(6):1070-1078 {2011} (the content of which is
mcorporated herecin by reference in its entirety as related to AAV capsids, insofar as 1t does
not conflict with the present disclosure). The serotype and corresponding nucleotide and
amino acid sabstitutions may be, but is not limited to, AAVO.1 (G1594C; D332H), AAVe2
{T1418A and T1436X; V473D and 479K}, AAVO 3 (T1238A; F413Y), AAV9 4 (T1250C
and AT617T, F417S), AAVY S (A1235G, AL314T, A1642G, C1760T; Q412R, T548A,
AS8TV)Y, AAVS 6 (TI231A; F411D), AAVO. 9 (GI1203A, G1785T, W593(), AAVS.10
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(A1500G, TI6T6C; M559T), AAVY. 1T (A1425T, A1702C, A1769T; TS68P, Q590L),
AAVY 13 (A1369C, A1720T; N437H, T57458), AAV9 14 (T1340A, T1362C, T1560C,
G1713A; L44T7H), AAVO.16 (A1775T, Q392L), AAVY 24 (T1307C, T1521G; W503R),
AAVY26 (A1337G, A1769C, Y446, Q590P), AAVY.33 (A1667C, DS56A), AAVS.34
(A1534G, C1704T, N512D), AAV9.35 (A1289T, T1450A, C1494T, A1515T, C1794A,
GI816A; Q430L, Y484N, NOBK, V6061), AAVI 40 (A1694T, E365V), AAV9.41 (A1348T,
T1362C; T4508), AAV9 44 (A1684C, A1701T, A¥737G; N362H, K567N), AAV9 .45
(A14927T, C1804T, N4ORY, LoG2F), AAVY 46 (G1441C, TIS25C, T1549G; G4RIR,
W309R, L5317V}, 947 (G1241A, G1338A, A1669G, C1745T; S414N, G433D, K557E,
T5821), AAVO 48 (C1445T, A1736T, P482L, Q579L), AAV9 .50 (A1638T, C1683T,
T1805A; Q546H, LoO2H), AAVO 53 (GI301A, AT405C, C1664T, GISIIT; RI34Q, 8469R,
ASS5V, G604V), AAV9 54 (C1531A, TI609A; L311E L337M), AAVY.55 (T1605A,
F535L3, AAVO 38 (C1475T, CISTIA; T4921, HA27N), AAV 39 (T1336C; Y446H),
AAVS 61 (A1493T, N498T), AAVO .64 (C1331A, AT617T, L3I, AAVY.65 (CI335T,
T1530C, C1568A; A323D), AAVO.68 (C15104; PS04T), AAVO 80 (G1441A ;(G481R),
AAVY 83 (C1402A, A1500T; P468T, ES00D), AAVY.8T (T1464C, T1463C; S490P),
AAVY S0 (AT196T; Y399F), AAVO 91 (T1316G, A1583T, C1782G, T1806C; L439R,
K5281), AAVO 93 (A1273G, AL421G, A1638C, C1712T, G1732A, A17447T, AIR32T,
S425G, Q474R, QS46H, PS71L, G578R, T5828, DO11V}, AAV9.94 (A1675T; M539L), or
AAVO 95 (TI605A; F535L).

{6144}  In certain embodiments, the AAV serotype may be, or comprise, a sequence as
described in Intemational Publication No, W(2016049230 (the content of which is
mcorporated herein by reference in its entirety as related to AAV capsids, msofar as it does
not conflict with the present disclosure), such as, but not limited to AAVFI/HSCL (SEQ 1D
NGO: 2 and 20 of WO2016049230), AAVF2Z/HSC2 (SEQ ID NG: 3 and 21 of
W(2016049230), AAVE3/HSC3 (SEQ ID NG: S and 22 of W(O2016049230),
AAVF4/HSC4 (SEQ 1D NO: 6 and 23 of W02016049230), AAVFS/HSC3 (SEQID NO: 11
and 25 of WO2016049230), AAVF6/HSC6 (SEQ ID NO: 7 and 24 of W02016049230),
AAVETHSCT (SEQ 1D NO: 8 and 27 of W02016049230), AAVF&/HSCE (SEQ ID NG: 9
and 28 of W(2016049230), AAVFY/HSCO (SEQ ID NG: 10 and 29 of W02016049230),
AAVFII/HSCIH {SEQ 1D NO: 4 and 26 of W02016049230), AAVFI2/HSCI2 (SEQ ID
NG 12 and 30 of W0O2016049230), AAVFI3/HSCI3 (SEQID NO: 14 and 31 of
W02016049230), AAVFI4/HSC14 (SEQ ID NG 15 and 32 of W(2016049230),
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AAVFIS/HSCIS (SEQ ID NG: 16 and 33 of WO2016049230), AAVFI6/HSCI6 (SEQ ID
NO: 17 and 34 of W0O2016049230), AAVFI7THSCI7 (SEQ ID NG: 13 and 35 of
WO02016049230), or variants or dertvatives thercof.

[0145] I certain embodiments, the AAV scrotype may be, or comprise, a sequence as
described in U.S. Patent No. US 8734809 (the content of which is mcorporated herein by
reference in its entirety as related to AAV capsids, insofar as it does not conflict with the
present disclosure), such as, but not limited to, AAV CBr-El (SEQ ID NO: 13 and 87 of
US8734809), AAV CBr-E2 (SEQ ID NO: 14 and 88 of USE734809), AAV CBr-E3 (SEQ ID
NO: 15 and 89 of US8734809), AAV CBr-E4 (SEQ ID NO: 16 and 90 of US8734809), AAV
CBr-E5 (SEQ ID NO: 17 and 91 of US8734809), AAY UBr-25 (SEQ ID NO: 18 and 92 of
UBB734809), AAV CBr-E6 (SEQ ID NO: 19 and 93 of US8734809), AAV CBr-E7 (SEQ ID
NG 20 and 94 of US8734809), AAV CBr-ES (SEQ ID NQO: 21 and 95 of USE734809), AAY
CLv-D1 (SEQ ID NO: 22 and 96 of US8734809), AAV CLv-D2 (SEQ 1D NO: 23 and 97 of
US8734809), AAV CLv-D3 (SEQ ID NO: 24 and 98 of US8734809), AAV CLv-D4 (SEQ
ID NG: 25 and 99 of US8734809), AAV CLv-D5 (SEQ 1D NO: 26 and 100 of USE734809),
AAV CLv-D6 (SEQ ID NG: 27 and 101 of US8734809), AAV CLv-D7 (SEQ ID NO: 28 and
102 of US8734809), AAY CLv-DE (SEQ ID NO: 29 and 103 of US8734809), AAV CLv-El
(SEQ ID NO: 13 and 87 of US8734809), AAY CLv-R1 (SEQ ID NO: 30 and 104 of
US8734809), AAV CLv-RZ (SEQ ID NO: 31 and 105 of US8734809), AAV CLv-R3 (SEQ
1D NG: 32 and 106 of US8734809), AAY CLv-R4 (SEQ 1D NG: 33 and 107 of US8734809),
AAY CLv-RS (SEQ ID NO: 34 and 108 of US8734809), AAV CLv-R6 (SEQ ID NO: 35 and
109 of USE734809), AAV CLv-R7 (SEQ ID NO: 36 and 110 of USE734809), AAV CLv-R8
(SEQ ID NG: 37 and 111 of US8734809), AAV CLv-R9 (SEQ ID NOG: 38 and 112 of
US8734809), AAYV CLg-F1 (SEG 1D NG: 39 and 113 of US8734809), AAY CLg-F2 (SEQ
D NO: 40 and 114 of USE734809), AAV CLg-F3 (S8EQ ID NO: 41 and 115 of USR734809),
AAV CLg-F4 (SEQ ID NO: 42 and 116 of USR734809), AAV CLg-F5 (SEQ ID NO: 43 and
117 of US8734809), AAV CLg-F6 (SEQ 1D NO: 43 and 117 of USR734809), AAV CLg-F7
(SEG ID NO: 44 and 118 of US8734809). AAV CLg-F8(SEQID NO: 43 and 117 of
USE734809), AAV CSp-1 (SEQ ID NO: 45 and 119 of US8734509), AAV CSp-10 (SEQ ID
NO: 46 and 120 of US87348093, AAV CSp-11 (SEQ ID NO: 47 and 121 of USE734809),
AAV CSp-2 (SEQ ID NO: 48 and 122 of US8734809), AAV CSp-3 (SEQ ID NO: 49 and
123 of US8734809), AAV CSp-4 (SEQ 1D NO: 50 and 124 of US8734809), AAVY CSp-6
(SEQ ID NO: 51 and 125 of US8734809), AAV CSp-7 (SEQ ID NG: 52 and 126 of
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USE734809), AAV CSp-8 (SEQ ID NO: 53 and 127 of US8734809), AAV CSp-Y (SEQ ID
NO: 54 and 128 of US87348093, AAV CHi-2 (SEQ ID NG: 55 and 129 of US8734809),
AAVY CHt-3 (SEQ ID NO: 56 and 130 of US8734809), AAV CKd-1 (SEQ ID NO: 57 and
131 of US8734809), AAV CEd-10 (SEQ 1D NO: 38 and 132 of US8734809), AAV CKd-2
(SEQ ID NO: 59 and 133 of US87348093, AAV CKd-3 (SEQ ID NO: 60 and 134 of
US8734809), AAV CKd-4 (SEQ 1D NO: 61 and 135 of US8734809), AAY CKd-6 (SEQ ID
NGO 62 and 136 of USE734809), AAV CKd-7 (SEQ 1D NO: 63 and 137 of US8734809),
AAV CKd-8 (SEQ ID NO: 64 and 138 of US8734809), AAV CLyv-1 (SEQ ID NO: 35 and
139 of US8734809), AAV CLv-12 (SEQ ID NO: 66 and 140 of US8734809), AAV CLv-13
(SEQ 1D NO: 67 and 141 of US8734809), AAV CLv-2 (SEQ ID NO: 68 and 142 of
USB734809), AAV CLv-3 (SEQ ID NO: 69 and 143 of US8734809), AAV CLv-4 (SEQ ID
NG: 70 and 144 of US8734809), AAV CLy-6 (SEQ ID NG: 71 and 145 of USE734809),
AAY CLv-8 (SEQ ID NO: 72 and 146 of US8734809), AAV CKd-B1 (SEQ 1D NOG: 73 and
147 of USE734809), AAV CKd-B2 (SEQ 1D NO: 74 and 148 of US8734809), AAV CKd-B3
(SEQ ID NG: 75 and 149 of US8734809), AAV CKd-B4 (SEQ ID NO: 76 and 150 of
USE734809), AAV CKd-B5 (SEQ ID NO: 77 and 151 of US8734809), AAV CKd-B6 (SEQ
D NGO 78 and 152 of US8734809), AAV CKd-B7 (SEG 1D NO: 79 and 153 of
USR734809), AAV CKd-BR (SEQ ID NO: 80 and 154 of US8734809), AAV CKd-H1 (SEQ
1D NO: 81 and 155 of US8734809), AAV CKd-H2 (SEQ ID NO: 82 and 156 of
US8734809), AAV CKd-H3 (SEQ 1D NO: 83 and 157 of US8734809), AAY CKd-H4 (SEQ)
1D NO: 84 and 158 of US8734809), AAV CKd-H5 (SEQ ID NO: 85 and 159 of
USE734809), AAV CKd-H6 (SEQ ID NO: 77 and 151 of US8734809), AAV CHt-} (SEQ ID
NO: 86 and 160 of US8734809), AAV CLvi-1 (SEQ 1D NO: 171 of US8734809), AAV
CLvI-2 {(SEQ D NO: 172 of US8734809), AAY CLv1-3 (SEQ 1D NG: 173 of US8734809),
AAV Clvl-4 (SEQ ID NG 174 of US8734809), AAV Clvi-7(SEQ ID NO: 175 of
USBB734809), AAV Clvl-8 (SEQ ID NO: 176 of US8734809), AAV Clvi-9 (SEQ ID NOG:
177 of US8734809), AAV Clvi-10 (SEQ [D NG 178 of US8734809), AAV VR-355 (SEQ
1D NO: 181 of US8734809), AAV . 48R3 (SEQ 1D NO: 183 of US8734809), or variants or
derivatives thereof.

[8146]  In certain embodiments, the AAV serotvpe may be, or comprise, a sequence as
described in International Publication No. W(2016065001 (the content of which s
mcorporated herein by reference in its entircty as related to AAVY capsids, insofar as it does

not conflict with the present disclosure), such as, but not hmited to AAV CHt-P2 (SEG ID
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NO: I and 51 of WO2016065001), AAV CHt-PS (SEQ D NO: 2 and 52 of
WO2016065001), AAV CHt-P9 (SEQ ID NO: 3 and 53 of WO2016065001), AAV CBr-7.1
(SEQ ID NO: 4 and 54 of WO2016065001), AAV CBr-7.2 (SEQ ID NO: 5 and 55 of
WO02016065001), AAV CBr-7.3 (SEQ ID NO: 6 and 56 of WO2016065001), AAV CBr-7.4
(SEQ ID NO: 7 and 57 of WO2016065001), AAV CBr-7.5 (SEQ ID NO: § and 58 of
WO02016063001), AAV CBr-7.7 (SEQ ID NO: 9 and 39 of W0O2016063001), AAV CBr-7.8
(SEQ ID NO: 10 and 60 of WO2016063001), AAY CBr-7.10 (SEQ ID NO: 11 and 61 of
WO2016063001), AAV CKd-N3 (SEQ ID NO: 12 and 62 of W02016063001), AAV CKd-
N4 (SEQ 1D NO: 13 and 63 of W02016065001), AAV CKd-N9 (SEQ ID NO: 14 and 64 of
WO2016065001), AAV CLy-L4 (SEQ ID NO: 15 and 65 of WO2016065001), AAV CLv-L3
(SEQ ID NO: 16 and 66 of WO2016065001), AAV CLv-L6 (SEQ ID NO: 17 and 67 of
WO02016065001), AAV CLv-K1 (SEQ ID NO: 18 and 68 of W02016065001), AAV CLyv-
K3 (SEQ ID NO: 19 and 69 of W02016065001), AAV CLv-K6 (SEQ ID NO: 20 and 70 of
WO2016063001), AAV CLv-M1 (SEQ ID NO: 21 and 71 of WO2016065001), AAV CLy-
M11 (SEQ TD NO: 22 and 72 of WO2016065001), AAV CLy-M2 (SEQ TD NO: 23 and 73 of
WO2016065001), AAV CLy-MS (SEQ ID NO: 24 and 74 of WO2016065001), AAV CLy-~
M6 (SEQ 1D NO: 25 and 75 of WO2016063001). AAV CLv-M7 (SEQ ID NO: 26 and 76 of
WO2016065001), AAV CLv-MS (SEQ ID NO: 27 and 77 of WO2016065001), AAV CLy-
M9 (SEQ ID NO: 28 and 78 of WO2016063001), AAV CHt-P1 (SEQ ID NO: 29 and 79 of
WO2016065001). AAV CHE-P6 (SEQ 1D NO: 30 and 80 of WO2016065001), AAV CHt-P8
(SEQ ID NO: 31 and 81 of WO2016065001), AAV CHt-6.1 (SEQ ID NO: 32 and 82 of
WO2016065001), AAV CHt-6.10 (SEQ ID NO: 33 and 83 of WO2016065001), AAV CHi-
6.5 (SEQ ID NO: 34 and 84 of WO2016063001), AAV CH¢-6.6 (SEQ ID NO: 35 and 85 of
WO2016065001), AAV CHi-6.7 (SEQ ID NO: 36 and 86 of WO2016065001). AAV CHi-6.8
(SEQ 1D NO: 37 and 87 of WO2016065001), AAV CSp-8.10 (SEQ 1D NO: 38 and 88 of
WO2016065001), AAV CSp-8.2 (SEQ ID NO: 39 and 89 of WO2016065001), AAV CSp-
8.4 (SEQ ID NO: 40 and 90 of WO2016063001), AAV CSp-8.5 (SEQ ID NO: 41 and 91 of
WO2016065001), AAV CSp-8.6 (SEQ ID NO: 42 and 92 of WO2016065001), AAV CSp-
8.7 (SEQ TD NO: 43 and 93 of WO2016065001), AAV CSp-8.8 (SEQ ID NO: 44 and 94 of
WO2016065001), AAV CSp-8.9 (SEQ ID NO: 45 and 95 of W02016065001), AAV CBr-
B7.3 (SEQ 1D NO: 46 and 96 of WO20160635001), AAV CBr-B7.4 (SEQ ID NO: 47 and 97
of WO2016065001), AAV3E (SEQ ID NO: 48 and 98 of WO2016065001), AAV4 (SEQ ID
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NO: 49 and 99 of W0O2016065001), AAVS (SEQ ID NO: 50 and 100 of WO2016065001), or
variants or derivatives thereof.

{6147} 1o certain coiboduments, the AAV particle may be or comprise a serotype selected
from anv of those found in Table 1.

{#148]  In certain embodiments, the AAV particle may comprise a sequence, fragment, or
variant of any sequence in Table 1.

{0149}  In certain embodiments, the AAV particle may be encoded by a sequence,
fragment, or variant of any sequence in Tabie 1.

{0150] Inthe DNA and RNA sequences referenced and/or described herein, the single
letter symbol has the following description: A for adenine; € for cytosine; G for guanine; T
for thvmine; 1J for Uracil; W for weak bases such as adenine or thynune; § for strong
nucleotides such as cytosine and guanine; M for aminoe nucleotides such as adenine and
cytosine; K for keto nucleotides such as guanine and thymine; R for purines adenine and
guanine; Y for pyrimidine cvtosine and thvmine; B for any base that is not A (e.g., cviosine,
guanine, and thymune); D for any base that is not C {e.g., adenine, guanine, and thymme); H
for any base that is not G {e.g., adenine, cyvtosine, and thymine); V for any base that isnot T
{c.g., adenine, cytosine, and guanine); N for any nucleotide (which is not a gap); and Z is for
Zer0.

{#151]  In any of the amino acid sequences referenced and/or described herein, the single
letter symbol has the following description: G {(Gly} for Glycine; A (Ala) for Alanine; L
{Leu) for Leucine; M (Met) for Methionine; F (Phe) for Phenvlalanine; W {Trp) for
Tryptophan; K (Lys}) for Lysine; Q (Gln) for Glutamine; E (Glu) for Glutamic Acid; S (Ser)
for Serine; P (Pro) for Proling; V (Val} for Vahne: I {He} for Isoleucine; C {Cys) for Cysteing;
Y (Tyr) for Tyrosine; H (His) for Histidine; R (Arg} for Arginine; N (Asn} for Asparaging; D
{Asp) for Aspartic Acid; T (Thr) for Threonine; B (Asx) for Aspartic acid or Asparagine; J
(Xle) for Leucine or Isolencine; O (Pvi) for Pvrrolysine; U (Sec) for Selenocysteine; X (Xaa)

for any amino acid; and Z {Gix) for Glutamine or Ghitamic acid.

Table 1. Representative AAV Serotypes

Serptype SEQ IDP NO | Reference Information
VOY101 1or1722 -
VOY261 1723 00 1724 | -

PHP N/PHP B-DGT
AAVPHP B or G2B-26
AAVPHP.B
AAV(G2B-13

WO2017160671 SEQ 1D NO: 46
WO2015038958 SEQ ID NO: 8 and 13
WO2015038938 SEQID NG 9
WO2015038958 SEQ ID NO: 12

W | e W 3
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AAVTHL.1-32 6 WO2015038958 SEQ ID NO: 14

AAVTHI1.1-35 7 W02015038958 SEQ ID NO: 15

PHP.S/G2A12 8 WO2017100671 SEQ ID NO: 47

AAVS/hu 14 Kd4498 9 WO2017160671 SEQ 1D NG 45

AAV] i 320150159173 SEQ 13 NO: 11, US20150315612 SEQ
1D N 202

AAV] i US20160017295 SEQ ID NO: 1, US20030138772 SEQ

1D NO: 64, US20156159173 SEQ D NO: 27,
US20150315612 SEQ [ NO: 219, UST198951 SEQ ID

NO: 5
AAVYE 12 US20030138772 SEQID NG: 6
AAVLER 3 US20030138772 SEQ D NQ: 14
AAVIS 14 US20030138772 SEQ [ NO: 117
AAVIG 15 WO2015121501 SEQID NG 9
AAVIO i6 WO2015121501 SEQID NO: 8
AAVIL 17 US20030138772 SEQ ID NG: 118
AAVI2 18 US20630138772 SEQ 1D NOG: 119
AAV2 i9 US20130359173 SEQ I NG 7, US20150315612 SEQ

D NGO 21
AAV2 20 US20030138772 SEQ ID NG: 70, US20150159173 SEQ
D NO: 23, US20150315612 SEQ ID NO: 221,
US20160017295 SEQ ID NO: 2, US6156303 SEQ ID
NO: 4, US7198951 SEQ I NO: 4, WO2015121501
SEQ ID NO: 1

AAV2 21 US61356303 SEQ ID NO: 8
AAV2 22 US20030138772 SEQ ID NOG: 7
AAV2 23 US6156303 SEQ 1D NG: 3
AAV2ST 24 39233131 SEQ ID NO: 42

AAV22310
AAV2232
AAV223.2

i

US26030138772 SEQ ID NG: 7
US20030138772 SEQ ID NO: 49
US20030138772 SEQ D NG: 76

=)

[l

3 i\% DAt b

AAV223 4 3 US20630138772 SEQ 1D NO: 50
AAV223.4 29 UR20030138772 SEQID NG 73
AAV223S 30 US20030138772 SEQ ID NO: 51
AAV2235 31 US20030138772 SEQ ID NO: 74
AAV223.6 32 US20030138772 SEQ 1D NOG: 52
AAV2236 33 US20630138772 SEQ ID NO: 78
AAV2237 34 UB20630138772 SEQ 1D NG: 53
AAV2237 35 US20030138772 SEQ ID NO: 77
AAV293 36 US20030138772 SEQ ID NO: 82
AAV2S 4 37 820030138772 SEQID NG: 12
AAV29S 38 US20030138772 SEQ ID NG: 83
AAV29.5 (AAVDDB.2) 39 US20030138772 SEQ ID NO: 13
AAV3 40 US20150159173 SEQ ID NG: 12
AAV3 41 US20630138772 SEQ ID NO: 71, US26130159173 SEQ

3 NQ: 28, US20160017295 SEQ 1D N 3,
US7198953 SEQID NG 6
AAV3 42 US20030138772 SEQ ID NG: 8

1

h
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AAV33h 43 US20030138772 SEQ ID NO: 72
AAV3-3 44 US20150315612 SEQ 1D NO: 200
AAV33 45 US20150315612 SEQ 1D NG: 217
AAV3a 46 US61356303 SEQIDNO: 3
AAV3a 47 US6156303 SEQ ID NG: 9
AAV3b 48 US6156303 SEQ ID NO: 6
AAV3L 49 US6156303 SEQ I NG 10
AAV3h 50 UR6156303 SEQ ID NO: 1
AAVE 51 US20140348794 SEQ ID NG: 17
AAVY 52 US20140348794 SEQ ID NO: 5
AAV4 53 1820140348794 SEQ 1D NG: 3
AAV4 54 US20140348794 SEQ ID NO: 14
AAV4E 55 820140348794 SEQ ID NG: 15
AAV4 56 US20140348794 SEQ ID NO: 19
AAVE 57 US20140348794 SEQ ID NO: 12
AAV4 58 3203140348794 SEQ 1D NG 13
AAVY 39 US26140348794 SEQID NG: 7
AAV4 60 US20140348794 SEQ ID NG 8
AAVY 6 US20140348794 SEQ ID NO: 9
AAV4 62 US20140348794 SEQ ID NO: 2
AAV4 63 1320140348794 SEQ D NG 10
AAVE 64 US20140348794 SEQ ID NG: 11
AAVY 5 US20140348794 SEQ ID NO: 18
AAVA 66 US20030138772 SEQ 1D NG: 63, US20160017295 SEQ
1D NO: 4, US20140348794 SEQ 1D NO: 4
AAVE 67 US26140348794 SEQ ID NG 16
AAV4 68 US20140348794 SEQ ID NO: 20
AAVY4 69 US20140348794 SEQ ID NG 6
AAV4 70 US20140348794 SEQ ID NO: 1
AAVA422 71 1JS20030138772 SEQ ID NG 9
AAV4L2 72 US20030138772 SEQ ID NG: 102
AAV423b 73 US20630138772 SEQ ID NO: 36
AAV4L3B 74 US20030138772 SEQ 1D NO: 107
AAVA2 4 75 US20030138772 SEQ ID NG: 33
AAV424 76 US20030138772 SEQ ID NO: 88
AAV4LZ 77 US20030138772 SEQ 1D NG: 27
AAV42E 78 US20630138772 SEQ 1D NO: 83
AAVA431 79 US20030138772 SEQ 1D NG: 39
AAVA43 L 80 US20030138772 SEQ ID NO: 92
AAV43.12 81 US20030138772 SEQ ID NO: 41
AAV4312 82 US20030138772 SEQ ID NG: 93
AAV4E3.2 83 US20630138772 SEQ ID NO: 42
AAV43.20 84 UB20030138772 SEQ 1D NG: 99
AAVA4321 85 US20030138772 SEQ ID NO: 43
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AAV43 21 86 US20030138772 SEQ ID NG: 96

AAV43.23 87 US20630138772 SEQ 1D NO: 44

AAV4323 88 US20030138772 SEQ 1D NOG: 98

AAVA432S 89 US20030138772 SEQ ID NO: 45

AAV43.25 90 US20030138772 SEQ ID NO: 97

AAV43S 91 US20030138772 SEQ ID NO: 40

AAV43S 92 USz0030138772 SEQ ID NO: 94

AAVA-4 93 820130315612 SEQ 1D NG: 203

AAVE-4 94 US26150315612 SEQ ID NG: 218

AAVA41 95 US20030138772 SEQ ID NO: 46

AAV44 1 96 1820030138772 SEQID NO: 79

AAV445 97 US20630138772 SEQ ID NO: 47

AAV44S 98 US20030138772 SEQ ID NG: 80

AAVA407 99 US20150315612 SEQ ID NO: 90

AAVS 106 US7427396 SEQ I NG 1

AAVS 0t UR20030138772 SEQ 1D NG: 114

AAVS 102 US26160017295 SEQ ID NG: 5, US74273% SEQ ID
NQO: 2, US20150315612 SEQ ID NG: 216

AAVS 103 US20150315612 SEQ ID NO: 199

AAVE i0d 320130359173 SEQ 1D NG: 13

AAVE 105 US26030138772 SEQ ID NG: 63, US20150159173 SEG

D NO: 29, US20160017295 SEG ID NO: 6,
US6156303 SEQ 1D NO 7

AAVE 106 UiS6156303 SEQ IDNO: 11

AAVE 107 US6156303 SEQ D NG 2

AAVE 108 US20150315612 SEQ ID NG: 203

AAVE 109 US20150315612 SEQ ID NO: 220

AAVE 1 116 US2015015%173

AAVE 12 i1t 3201350159173

AAVE D 182 US26150159173

AAVT i13 US20150159173 SEQ ID NO: 14

AAVT 114 US201350315612 SEQ I NO: 183

AANVT 115 US20030138772 SEQ 1D NO: 2, US20130159173 SEQ

D NO: 30, US20150315612 SEQ ID N 181,
US201600317295 SEQ ID NG: 7

AAVT 116 1820030138772 SEQ 1D NO: 3

AAVT 117 US20630138772 SEQ ID NO: 1, US20150315612 SEQ
D NO: 180

AAVT 118 US20150315612 SEQ ID NO: 213

AAVT 119 US20150315612 SEQ D NG: 222

AAVS 126 US20150159173 SEQ ID NO: 13

AAVS iz US20150376240 SEQ ID NG 7

AAVSE 122 US20030138772 SEQ ID NO: 4, US20150315612 SEQ
D NQ: 182

AAVS 123 US20030138772 SEQ 1D NOG: 93, US20140359789 SEQ

D NO: 1, US20150159173 SEQ 1D NO: 31,
US20160017295 SEQ 1D NO: 8, UST198951 SEQ D
NG: 7, US203130315612 SEQ I3 NO: 223
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AAVE 124 US20150376240 SEQ ID NO: 8
AAVE 125 US20150315612 SEQ ID NO: 214
AAV-8b 126 US20150376240 SEQ ID NO: 5
AAV-8b 127 US20150376240 SEQ ID NO: 3
AAV-8h 128 US2015037624¢ SEQ D NOG: 6
AAV-8h 129 US20150376240 SEQ ID NG: 4
AAVS 13¢ US20630138772 SEQ ID NG 5
AAVS i3t US7198951 SEQ ID NO: 1
AAVS 132 US20160017293 SEQ ID NG: 9
AAVY 133 US20030138772 SEQ ID NO: 100, US7198%51 SEQ ID
NO: 2
AAVE i34 [J87198951 SEQ ID NO: 3
AAVS (AAVhu 14) 135 UST7906111 SEQ 1D NO: 3, WO2015038938 SEQ ID
NQO: 11
AAVY (AAVE 14} 136 U??@f{)él P SEQ D NO: 123, WO2015038958 SEQ 1D
NO: 2
AAVA3L 37 US20030138772 SEQ ID NO: 120
AAVA33 138 US20030138772 SEQ 1D NO: 57
AAVA33 13¢ US20030138772 SEQ 1D NG: 66
AAVA34 140 US20030138772 SEQ ID NO: 34
AAVA34 141 US20030138772 SEQ ID NG: 68
AAVA3S 142 US20030138772 SEQ ID NQ: 55
AAVAZS i43 820030138772 SEQ 3 NG: 69
AAVA3T 144 US20030138772 SEQ ID NG: 56
AAVA3T 145 US20030138772 SEQ D NQ: 67
AAV293 (AAVEL. 1) 146 US20030138772 SEQ ID NG 1
AANC2 147 US2¢630138772 SEQ ID NO: 61
AAVCh.S i48 1820150159173 SEQ 1D NO: 46, US20150313612 SEQ
D NO: 234
AAVey 2 (AAVI3R) 149 US20030138772 SEQ ID NG 15
AAV24 L 156 US20430138772 SEQ 1D NG: 101
AAVey 3 (AAVZ4L) i51 US20030138772 SEQ ID NO: 16
AAV2T73 152 US20030138772 SEQ ID NG: 104
AAVey 4 (AAV27.3) 153 US20030138772 SEQ D NC: 17
AAVCey .S i54 7820130313612 SEQ [ NG: 227
AANTZ 155 US20030138772 SEQ 1D NG: 103
AAVey 5 (AAVT.2) i56 UBz0030138772 SEQ ID NQ: 18
AAVIG3 157 US20030138772 SEQ ID NG: 105
AAVey.6 (AAVIS.3) 158 US20030138772 SEQ ID NO: 10
AAVey .S 159 7820130159173 SEQ 1D NO: 8
AAVey 5 160 US20150139173 SEQ ID NG: 24
AAVCy.SR1 161 US20150159173
AAV{y.5R2 162 US20150159173
AAVCy 3R3 163 US20150159173
AAV(Cy SR4 i64 UB20150139173
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AAVDI 163 US20140359799 SEQ ID NO: 3, US7588772 SEQ ID
NG: 2
AAVIY 166 US2014035979% SEQ 1D NO: 2, US7588772 SEQ 1D
NO: |
AAVI-8 167 Ug?:?xz%‘/’??.; Grimm et al 2608
AAVDI-8 168 US87588772; Grirum et al 2008
AAVFS 169 US20030138772 SEQ ID NG: 110
AAVH2 170 JS20030138772 SEQ ID NG: 26
AAVHS 171 US20030138772 SEQ ID NO: 25
AAVRELL i72 US9233131 SEQ I NO: 44
AAVEREr 14 173 (739233131 SEQ ID NO: 46
AAVRErL 16 174 US9233131 SEQ ID NO: 48
AAVhEr1.18 175 US9233131 SEQ ID NO: 49
AAVEEr].23 (AAVBEX2.29) | 176 1i89233131 SEQ ID NO: 53
AAVHhEL 35 177 US9233131 SEQ I NO: 30
AAVhEr1 36 i78 189233131 SEQ ID NG: 52
AAVKErL.S 179 US9233131 SEQ ID NO: 45
AAVRErLT 180 US9233131 SEQ ID NO: 51
AAVEETLS 8t (J39233131 SEQ ID NO: 47
AAVREZ 16 182 US9233133 SEQ D NG 35
AAVEE:2 30 i83 189233131 SEQ ID NO: 36
AAVEE2.31 184 US9233131 SEQ ID NO: 38
AAVHhEZ 36 i85 US9233131 SEQ I NGO 57
AAVEE2 4 86 {i39233131 SEQ ID NO: 54
AAVRE 1 187 US9233131 SEQ ID NO: 59
AAVRu1 188 US20150315612 SEQ ID NO: 46
AAVER1 189 UiS20150315612 SEQ 1D NO: 144
AAVhu 10 (AAV16.8) 196 JS20150333612 SEQ 1D NO: 56
AAVER 10 (AAV16.8) 191 US20150315612 SEQ ID NO: 156
AAVhu 11 (AAV16.12) 192 US20150315612 SEQ ID NG: 57
AAVhu11 (AAV16.12) 193 US20150315612 SEQ ID NO: 153
AAVER 12 i94 320130315612 SE(Q 1D NO: 59
AAVhu 12 195 US20150315612 SEQ ID NG 154
AAVEn 13 196 US20130159173 SEQ ID NG: 16, US20150315612 SEQ
IDNO: 71
AAVER 3 197 820150159173 SEQ 13 NO: 32, US20150315612 SEQ
1D NO: 129
AAVhu 136.1 198 US20150315612 SEQ ID NO: 163
AAVh 140.1 199 US20150315612 SEQ ID NO: 166
AAVER140.2 200 520150315612 SEQ [ NO: 167
AAVhu 1456 201 US20150315612 SEQ ID No: 178
AAVhu 15 202 US20150315612 SEQ ID NO: 147
AAVER 15 {AAV334) 203 Ui820150315612 SEQ 1D NO: 30
AAVhu 156.1 204 US20150315612 SEQ ID No: 179
AAVER16 203 US20150315612 SEQ ID NO: 148
AAVhu 16 (AAV33.8) 206 US20150315612 SEQ ID NG: 51
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AAVhu 17 207 US201502315612 SEQ ID NO: 83
AAVhW17 (AAV33.12) 208 US20150315612 SEQ ID NG: 4
AAVER172.1 209 US20150315612 SEQ D NG: 171
AAVhu 172.2 216 US20150315612 SEQ ID NG: 172
AAVEu173.4 211 US20150315612 SEQ ID NO: 173
AAVhu173.8 212 US20150315612 SEQ ID NO: 175
AAVRW 18 213 US20150315612 SEQ ID NO: 52
AAVER 18 214 UR203130315612 SEQ 1D NG 149
AAVhu 19 Zi5 US26150315612 SEQ ID NG: 62
AAVhu.19 216 US20150315612 SEQ ID NO: 133
AAVHR?2 217 US20150315612 SEQ 1D NO: 48
AAVIW2 Zi8 US20150315612 SEQ ID NO: 143
AAVER20 219 US20150315612 SEQ ID NO: 63
AAVhu 20 226 US20150315612 SEQ ID NO: 134
AAVhu21 221 US20150315612 SEQ ID NO: 63
AAVER 21 222 UR2031303 15612 SEQ 1D NG 35
AAVhu22 223 US26150315612 SEQ ID NG: 67
AAVER 22 224 US20150315612 SEQ ID NO: 138
AAVEu.23 225 US20150315612 SEQ ID NO: 60
AAVRu23.2 226 US20150315612 SEQ ID NO: 137
AAVER.24 227 320130315612 SEQ 1D NO: 66
AAVIu24 228 US20150315612 SEQ ID NG: 136
AAVEu.23 225 US20150315612 SEQ ID NO: 49
AAVIR25 230 US20150315612 SEQ 1D NO: 146
AAVhW26 23} US20150159173 SEQ 1D NO: 17, US28130315612 SEQ
IDNO: 63
AAVEu.26 232 US20150159173 SEQ ID NO: 33, US20150315612 SEQ
D NO: 139
AAVER27 233 US20150315612 SEQ ID NO: 64
AAVhe 27 234 US820150315612 SEQ ID NO: 140
AAVRu.28 235 US20150315612 SEQ ID NO: 68
AAVER28 236 3203130315612 SEQ 1D NG: 130
AAVRW29 237 US201503135612 SEQ ID NO: 69
AAVER29 238 US20130159173 SEQ ID NG: 42, US20150315612 SEQ
IDNO: 132
AAVER 29 239 820130315612 SEQ [ NO: 225
AAVIU29R 246 US20150159173
AAVRu3 241 US20150315612 SEQ ID NO: 44
AAVhu3 242 US20150315612 SEQ ID NG: 145
AAVIW30 243 US201503135612 SEQ ID NO: 70
AAVER30 244 US20150315612 SEQ ID NG: 131
AAVhu31 245 US26150315612 SEQ ID NG: 1
AAVhu31 246 US20150315612 SEQ ID NO: 121
AAVER32 247 US20150315612 SEQID NG: 2
AAVRW32 248 US20150315612 SEQ ID NOG: 122
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AAVHhu33 249 US20150315612 SEQ ID NO: 75
AAVhu33 25¢ US20150315612 SEQ ID NO: 124
AAVEu34 251 US20150315612 SEQ I NG: 72
AAVhu. 34 252 US20150315612 SEQ ID NO: 1258
AAVhu33 253 US20150315612 SEQ ID NQ: 73
AAVhu 35 254 US20150315612 SEQ ID NO: 164
AAVHhu.36 255 US20150315612 SEQ 1D NG 74
AAVER36 236 820130315612 SEQ [ NO: 126
AAVhu37 257 US20150159173 SEQ ID NOG: 34, US20130315612 SEQ
ID NQO: 88
AAVhw37 (AAV106.1) 258 US20150315612 SEQ ID NG: 10, US261501593173 SEQ
D NQO: 18
AAVhu.38 259 US20150315612 SEQ ID NQ: 161
AAVEU39 266 US20150315612 SEQ [ NO: 102
AAVHhW39 (AAVLG-9) 261 US20G150315612 SEQ ID NG: 24
AAVhu4 262 US20150315612 SEQ 1D NG 47
AAVhu 4 263 US20150315612 SEQ ID NO: 141
AAVhu40 264 US20150315612 SEQ 1D NO: 87
AAVHN40 {AAVII4.3) 265 820130313612 SEQ [ No: 1
AAVhu41 266 US20150315612 SEQ ID NG 91
AAVhu 41l (AAVIZ7.2) 267 US20150315612 SEQ ID NG 6
AAVhu 42 268 US20150315612 SEQ ID NG: 85
AAVhu42 (AAV127.5) 269 US20150315612 SEQ IDNG: 8
AAVER43 270 820130315612 SEQ [ NO: 160
AAVhu 43 271 US20150315612 SEQ ID NO: 236
AAVhu43 (AAVI128.1) 272 US20150315612 SEQ D NG: 80
AAVhu.44 273 US20150159173 SEQ I3 NO: 45, US20150313612 SEQ
1D NO: 158
AAVhu 44 (AAVI28.3) 274 US20150313612 SEQ ID NO: 81
AAVhu44R1 275 US20150159173
AAVhu44R2 276 US20150159173
AAVhu44R3 277 US20150159173
AAVhu 43 278 UB20150315612 SEQ ID NG 76
AAVhu 45 279 US20150315612 SEQ ID NG: 127
AAVhu46 280 US20150315612 SEQ 1D NG: 82
AAVEu46 281 7820130315612 SEQ 1D NO: 159
AAVhu 46 282 US20150315612 SEQ ID NOG: 224
AAVhu 47 283 US20150315612 SEQ D NG 77
AAVhu 47 284 US20150315612 SEQ ID NG: 128
AAVhu48 285 US20150159173 SEQ ID NG: 38
AAVhu 48 286 US20150315612 SEQ 1D NO: {57
AAVEhu48 (AAVI30.4) 287 US2G150315612 SEQ ID NG 78
AAVhu48R1 288 US20150159173
AAVER 4812 289 US20150159173
AAVEu 48R3 29¢ US20150159173
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AAVhu 49 US20150315612 SEQ ID NG: 209
AAVhWL49 US20150315612 SEQ 1D NO: 189
AAVIuS US20150315612 SEQ 1D NG: 45
AAVhu 3 US20150315612 SEQ ID NO: 142
AAVhu.51 US20150315612 SEQ ID NO: 208
AAVhu 51 US20150315612 SEQ ID NG: 190
AAVRWS2 US20150315612 SEQ ID NO: 210
AAVER 52 UR203130315612 SEQ 1D NG 193
AAVRU33 US26150159173 SEQID NG: 19
AAVhu.53 US20130159173 SEQ ID NO: 35
AAVERS3 (AAVI45.1) US26150315612 SEQ 1D NGO 176
AAVIu34 US20150315612 SEQ ID NO: 188
AAVER S4 {AAV143.5) US201350315612 SEQ ID No: 177
AAVhu 55 US20150315612 SEQ ID NO: 187
AAVRWS56 US20150315612 SEQ ID NO: 205
AAVER 56 {AAVI45.6) US2013503 15612 SEQ 1D NGO {68
AAVRU36 (AAVI45.6) US26150315612 SEQ ID NG: 192
AAVER 57 US20150315612 SEQ ID NG: 206
AAVEu57 US20150315612 SEQ ID NO: 169
AAVRuS7 US20150315612 SEQ ID NO: 193
AAVER S8 US2013503 15612 SEQ 1D NG: 207
AAVIL58 US20150315612 SEQ ID NG: 194
AAVEWG (AAV3L) US20150315612 SEQ ID NO: 5
AAVIRG (AAV3 D) US20150315612 SEQ 1D NO: 84
AAVRWLGO US20150315612 SEQ 1D NO: 184
AAVERG0 (AAVIGE10) US826150315612 SEQ ID NG 170
AAVhu6l US20150315612 SEQ ID NO: 183
AAVhu61 (AAV161.6) US20150315612 SEQ ID NO: 174
AAVERE3 US201303 15612 SEQ 1D NOG: 204
AAVhu63 US20150315612 SEQ ID NOG: 195
AAVEn64 UB20150315612 SEQ ID NG 2i2
AAVhu.64 US20150315612 SEQ ID NG: 196
AAVRWG6 US20150315612 SEQ ID NO: 197
AAVHRE7 8201350315612 SEQ 1D NG 215
AAVhu67 US20150315612 SEQ ID NO: 198
AAVEWT US20150315612 SEQ ID NO: 226
AAVIRT US20150315612 SEQ ID NG: 150
AAVRWT (AAVT.3) US201503135612 SEQ ID NO: 53
AAVERTY UB20150315612 SEQ ID NG 79
AAVhu 3 US20150315612 SEQ ID NO: 53
AAVhuS US20150315612 SEQ ID NO: 12
AAVER 8 US20150315612 SEQ 1D NG: 153
AAVIuS (AAV3H US20150315612 SEQ ID NO: 58
AAVRUS (AAV3T) US20150315612 SEQ ID NO: 155
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AAV-LKO1 335 US20150376607 SEQ ID NO: 2
AAV-LKOY 336 US20150376607 SEQ 1D NO: 29
AAVLKOZ 337 US20150376607 SEQ 1D NG: 3
AAVLKG2 338 US20150376607 SEQ ID NOG: 30
AAV-LKGS 33% US20150376607 SEQ ID NO: 4
AAVLKO3 346 WO02015121501 SEQ ID NO: 12, US26150376607 SEQ
1D NO: 31

AAV-LKO4 341 US20150376607 SEQID NG: §
AAV-LKO4 342 US20150376607 SEQ ID NO: 32
AAVLKOS 343 US20150376607 SEQ I NG 6
AAV-LKGS 344 US20150376607 SEQ 1D NO: 33
AAV-LKG6 345 820130376607 SEQ D NG 7
AAV-LKO6 346 US26150376647 SEQ ID NO: 34
AAV-LKGT 347 US20150376607 SEQ ID NO: 8
AAVLKEGT 348 US20150376607 SEQ 1D NG: 35
AAV-LKOS 349 US20150376607 SEQ ID NO: ¢
AAVLK(S 356 US20150376607 SEQ ID NO: 36
AAVLKGY 351 US20150376607 SEQ ID NO: 10
AAV-LKOS 352 US20150376607 SEQ 1D NO: 37
AAV-LKIO 353 320130376607 SEQ [ NO: ¢
AAV-LKIO 354 US26150376647 SEQ ID NO: 38
AAV-LK11 355 US20130376607 SEQ ID NO: 12
AAVLK1L 356 US20150376607 SEQ 1D NO: 39
AAV-LK12 357 US20150376607 SEQ ID NO: 13
AAVLKIZ 358 US20130376607 SEQ 1D NO: 40
AAV-ELKI3 359 US20150376607 SEQ ID NG: 14
AAVLKI3 360G US20150376607 SEQ ID NO: 41
AAV-LK14 361 8201350376607 SEQ [ NG: 15
AAV-LK 14 362 US20150376607 SEQ 1D NO: 42
AAVILK1S 363 1820130376607 SEQ ID NG: 16
AAVIKIS 364 US20150376607 SEQ ID NO: 43
AAVLKIL6 365 US20150376607 SEQ ID NO: 17
AAVLKLG 366 US20130376607 SEQ 1D NOG: 44
AAV-EKLET 367 US20150376607 SEQ ID NG: 18
AAVLK17 368 US20150376607 SEQ ID NO: 45
AAVLKIS 369 US20150376607 SEQ [ NO: 19
AAV-LKES 376 US20150376607 SEQ 1D NO: 46
AAV-LK1S 371 UB20150376607 SEQ ID NG: 20
AAVLKIY 372 US20150376607 SEQ ID NOG: 47
AAV-PAEC 373 US20150376607 SEQ ID NO: 1
AAV-PAEC 374 US20150376607 SEQ 1D NO: 48
AAV-PAECLE 375 US20150376607 SEQ 1D NO: 26
AAV-PAECH! 376 US20150376607 SEQ 1D NOG: 54
AAV-PAECIZ 377 US20150376607 SEQ ID NO: 27
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AAV-PAECI2 378 US201502376607 SEQ ID NO: 51
AAV-PAECIES 378 US20150376607 SEQ 1D NG: 28
AAV-PAECIZ 386G US20150376607 SEQ 1D NO: 49
AAV-PAEC2 381 US20150376607 SEQ ID NO: 21
AAV-PAEC2 382 US20150376607 SEQ ID NO: 56
AAV-PAEC4 383 US20150376607 SEQ ID NO: 22
AAV-PAECH 384 US20150376607 SEQ 1D NO: 53
AAV-PAECS 385 1820130376607 SEQ 1D NG 2
AAV-PAECH 386 US26150376647 SEQ ID NO: 52
AAV-PAECT 387 US20150376607 SEQ ID NO: 24
AAV-PAECT 388 US20150376607 SEQ 1D NG: 33
AAV-PAECS 389 J820150376607 SEQ ID NO: 25
AAV-PAECS 396G US20130376607 SEQ ID NG: 50
AAVpil 391 US20150315612 SEQ ID NO: 28
AAVpLL 392 US20150315612 SEQ ID NO: 93
AAVPI2 393 UR201303 15612 SE(Q 1D NO: 30
AAVDPiL2 394 US26150315612 SEQ ID NG: 93
AAVDPL3 395 JS20150315612 SEQ ID NG: 29
AAVPL3 396 US20150315612 SEQ ID NO: 94
AAVIRIO 397 US20150159173 SEQ ID NO: ¢
AAVH 10 398 US201350359173 SEQ 1D NG: 23
AAVA42 399 US20030138772 SEQ ID NG: 59
AAVTh 10 (AAV44.2) 400 US20030138772 SEQ ID NO: 81
AAVA4A2 1B 401 US20030138772 SEQ 1D NG: 90
AAVIHIZ (AAV42 tb) 402 US20830138772 SEQ 1D NO: 30
AAVHHh 13 403 US20150159173 SEQ ID NG: 10
AAVh i3 404 US20150159173 SEQ ID NO: 26
AAVIR I3 405 US20150315612 SEQ ID NO: 228
AAVH IR 406 3201350359173

AAVE23A 407 US20630138772 SEQ ID NO: 87
AAVIh 14 (AAV42.3a) 403 UB20030138772 SEQ 1D NG 32
AAVALSA 409 US20030138772 SEQ ID NO: 89
AAVIRTT (AAV42.5a) 410 US20630138772 SEQ 1D NO: 34
AAV42 5B 43t 820030138772 SEQ 1D NG: 91
AAVTh 18 (AAV42 50) 412 US206030138772 SEQ ID NO: 29
AAV426B 413 US20030138772 SEQ ID NO: 112
AAVH 19 (AAVA2 6b) 414 1820030138772 SEQ [ NO: 38
AAVYh.2 415 US20150159173 SEQ ID NO: 39
AAVIhZ 416 UB20150315612 SEQ ID NG: 231
AAVTh 20 417 US20150159173 SEQID NOG: 1
AAV42.10 418 US20630138772 SEQ 1D NO: 106
AAVIZE (AAVA42 10} 419 1820030138772 SEQ [ NO: 35
AAVA2 1 420 US20030138772 SEQ ID NO: 108
AAVTHh 22 (AAV42.11) 421 US20030138772 SEQ ID NO: 37

-6d -



WO 2020/150556

PCT/US2020/014000

AAV42.12 422 US20030138772 SEQ ID NG: 113

AAVIRZ3 (AAV42.12) 423 US20630138772 SEQ ID NO: 58

AAV4213 424 US20030138772 SEQ 1D NO: 86

AAVTh.24 (AAV42.13) 425 US20030138772 SEQ ID NO: 31

AAV4215 426 US20030138772 SEQ ID NO: 84

AAVTh 25 (AAVA42.15) 427 US20030138772 SEQ ID NO: 28

AAVIHhZR 428 US2015015%173

AAVIRIE (AAV223.1) 428 UR20030138772 SEQ 1D NO: 48

AAVCH 436 US26430138772 SEQ ID NO: 60

AAVTR32 (AAVCT) 431 US20030138772 SEQ ID NO: 19

AAVh32/33 432 820150159173 SEQID NG 2

AAVIh33 (AAVC3) 433 US20630138772 SEQ ID NO: 20

AAV(CS 43 US20030138772 SEQ ID NG: 62

AAVTh 34 (AAVCS) 435 US20030138772 SEQ ID NO: 21

AAVF1 436 US20630138772 SEQ ID NO: 109

AAVIRIS (AAVFT) 437 UR20030138772 SEQ 1D NO: 22

AAVFES 438 US26630138772 SEQ ID NGt 11}

AAVIHh 36 (AAVF3) 439 1JS20030138772 SEQ ID NG: 23

AAVh37 446 US20030138772 SEQ ID NO: 24

AAVTH 3T 441 US20150159173 SEQ ID NO: 40

AAVHR 3T 442 US201303 15612 SEQ 1D NG: 229

AAVTh3TR2 443 US26150159173

AAVTh.38 (AAVLG-4) 444 US20150315612 SEQ ID NO: 7

AAVh3E (AAVLG-4) 445 US20150315612 SEQ 1D NO: 86

AAVH3Y 446 US20150159173 SEQ 1D NO: 20, USZ8130315612 SE(Q
IDNO: 13

AAVTh39 447 US20150159173 SEQ ID NO: 3, US20150159173 SEQ
ID NO: 36, US20156315612 SEQ JD NO: 89

AAVh40 4438 US20150315612 SEQ ID NG: 92

AAVTh 40 (AAVLG-10) 449 US20150315612 SEQ ID No: 14

AAVTR43 (AAVYNTZI-8) 450 US20150315612 SEQ 1D NO: 43, US20130159173 SEQ
IDNO: 21

AAVIh43 (AAVNT21-8) 451 US20150315612 SEQ ID NO: 163, US20150159173
SEQ 1D NO: 37

AAVih44 452 US20130315612 SEQ D NG: 34

AAVYh.44 433 US201503135612 SEQ ID NO: 11

AAVIh43 454 UB20150315612 SEQ ID NG: 41

AAVTh 45 435 US20150315612 SEQ ID NG: 109

AAVIh 46 456 US20150159173 SEQ ID NO: 22, US26130315612 SEQ
IDNG: 19

AAVTh 46 457 US20150159173 SEQ ID NO: 4, US20150315612 SEQ
IDNO: 101

AAVh 4T 458 UR20130315612 SEQ 1D NOG: 38

AAVTh 4T 439 US20150315612 SEQ ID NG: 118

AAVTh48 460 US20150159173 SEQ ID NO: 44, US20150315612 SEQ
IDNO: 115

AAVHh 481 46t 3201350159173
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AAVh48.1.2 462 US20150159173
AAVYHh 482 463 US20150159173
AAVTHh 48 (AAVIT) 464 US20150315612 SEQ 1D NOG: 32
AAVTh 49 (AAVI-8) 465 US20150315612 SEQ ID NO: 25
AAVTh 49 (AAVI-8) 466 US20150315612 SEQ ID NO: 103
AAVTRh 50 (AAV2-4) 467 US20150315612 SEQ ID NO: 23
AAVHLS0 (AAV2-4) 468 US20150315612 SEQ ID NO: 108
AAVIR ST (AAVE-5) 468 (820130315612 SEQ I Ne: 2
AAVTh 5} (AAV2-5) 476 US26150315612 SEQ ID NG: 104
AAVTHh 52 (AAV3-9) 471 US20130315612 SEQ ID NO: 18
AAVR 32 (AAV30) 472 US20150315612 SEQ 1D NOG: 96
AAVYh.53 473 US201503135612 SEQ ID NO: 97
AAVIh 53 (AAV3-11) 474 US20150315612 SEQ ID NO: 17
AAVTh 53 (AAV3-11) 475 US20150315612 SEQ ID NG: 186
AAVh 54 476 US20150315612 SEQ 1D NO: 40
AAVHhS4 477 820150159173 SEQ 113 NO: 49, US20150315612 SEQ
1D NG 16
AAVTh S5 478 US20150315612 SEQ ID NO: 37
AAVHLSS (AAV4-19) 479 US20150315612 SEQ ID NO: 117
AAVHh 56 480 320130315612 SEQ 1D NO: 54
AAVTh. 56 481 US26150315612 SEQ ID NG: 152
AAVTh.S7 482 US20130315612 SEQ ID NO: 26
AAVH 37 483 US20150315612 SEQ 1D NG: 103
AAVYh.58 484 US201503135612 SEQ ID NO: 27
AAVH58 485 1820150159173 SEQ 13 NO: 48, US20150315612 SEQ
1D NG 106
AAVH 38 486 US20150315612 SEQ 1D NG: 232
AAVYh.59 487 US201503135612 SEQ ID NO: 42
AAVIh 59 488 US20150315612 SEQ ID NG 110
AAVTh60 489 US20150315612 SEQ ID NO: 31
AAVHR60 490 US20150315612 SEQ ID NO: 120
AAVh6E 491 UR203130315612 SEQ [ NG: 107
AAVYR6Y (AAV2-3) 492 US201503135612 SEQ ID NO: 21
AAVIhE2 (AAV2-15) 493 US20150315612 SEQ ID No: 33
AAVG62 (AAV2-15) 494 US20150315612 SEQ [ NG: 114
AAVTh.64 495 US20150315612 SEQ ID Ne: 13
AAVih64 496 820150359173 SEQ 13 NO: 43, US20150315612 SEQ
1D NG99
AAVTh64 497 US20150315612 SEQ ID NG: 233
AAVRh64RY 498 US20150159173
AAVRI.G64R2 499 US20150159173
AAVTh65 500 US26150315612 SEQ ID NO: 35
AAVh 63 501 US20150315612 SEQ ID NO: 112
AAVHh67 502 US20150315612 SEQ D NG: 36
AAVIh6T 503 US20150315612 SEQ ID NG: 230
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AAVTh.67 504 US20150159173 SEQ ID NG: 47, US20150315612 SEQ
IDNQO: 113
AAVIH68 305 US20150315612 SEQ ID NG 16
AAVIRLGE 506 US20150315612 SEQ D NO: 100
AAVTh69 507 US20150315612 SEQ ID NG: 39
AAVIH6Y 308 US20150315612 SEQ ID NO: 119
AAVIRTO 509 820130315612 SEQ 1D NG: 20
AAVIRT0 510 US20150315612 SEQ ID NO: 98
AAVTh 71 511 US20150315612 SEQ ID NO: 162
AAVhT2 512 US20150315612 SEQ D NO: 9
AAVIRT3 513 US20150159173 SEQID NG: S
AAVhT4 514 (8201350159173 SEQ I NG 6
AAVThE 515 US20150159173 SEQ ID NO: 41
AAVIH S 516 US20150315612 SEQ ID NO: 235
AAVTh 8R 517 US20150159173, WO2015168666 SEQ 3 NG: 9
AAVYHh.BR AS86R mutant 518 WO2015168666 SEQ I NG 10
AAVHh S8R R533A mutant 519 WO2615168666 SEQ ID NO: 11
BAAYV (bovine AAV) 520 US9193769 SEQ ID NO: 8
BAAV (boviue AAV) 521 US9193769 SEQ I NGO 10
BAAV (vovine AAY) 522 39193769 SEQ IDNO: 4
BAAV (bovine AAV) 523 US9193769 SEQ ID NG 2
BAAYV (bovine AAV) 524 US9193769 SEQ ID NG: 6
BAAYV (bovine AAV) 525 189193769 SEQ ID NO: 1
BAAV (bovine AAV) 526 US9193769 SEQ I NG 3
BAAY (vovine AAY) 527 U3919376% SEQIDNG: 3
BAAV (bovine AAV) 528 US919376% SEQ 1D NO: 11
BAAV (bovine AAV) 529 US7427396 SEQID NG: 5
BAAY (bovine AAV) 538 187427396 SEQ ID NO: 6
BAAV (bovine AAV) 331 US9193769 SEQ I NG 7
BAAV (bovine AAV) 532 US9193769 SEQ ID NG: 9
BNPG1 AAV 533 US20150238550 SEQ ID NG: 1
BNP61 AAV 534 US2015023855¢ SEQ ID NO: 2
BNP6Z AAY 533 [782015023855¢ SEQ (D NG 3
BNP63 AAV 536 US20150238550 SEQ ID NG: 4
caprine AAYV 537 US7427396 SEQ ID NG: 3
capring AAV 538 187427396 SEQ ID NO: 4
rue type AAV (HAAY) 539 WO2015121501 SEQ D NG 2
AAAV (Avian AAV) 540 1759238800 SEQ ID NO: 12
AAAV (Avian AAV) 541 US0238800 SEQ ID NG 2
AAAV (Avian AAV) 542 US9238800 SEQ ID NG: 6
AAAY {(Avian AAV) 543 139238800 SEQ ID NO: 4
AAAV (Avian AAV) 544 USH238800 SEQ ID NG 8
AAAV (Avian AAV) 545 US9238800 SEQ ID NO: 14
AAAY (Avian AAV) 546 1739238800 SEQ ID NO: 10
AAAV (Avian AAV) 547 US9238800 SEQ ID NO: 15
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AAAV (Avian AAV) 548 US9238800 SEQ ID NO: 5
AAAV (Avian AAV) 549 US9238800 SEQ I NG 9
AAAV (Avian AAV) 556G 1759238806 SEQ ID NO: 3
AAAV (Avian AAV) 551 US92385800 SEQ ID NO: 7
AAAV (Avian AAV) 552 US9238800 SEQ I NG 1]
AAAV (Avian AAV) 553 159238800 SEQ ID NO: 13
AAAY (Avian AAV) 554 1189238800 SEQ ID NO: 1

AAV Shuffle 100-1 535 US20160017295 SEQ ID NO: 23
AAV Shuffle 100-1 556 UB20160017295 SEQ ID NG: 1
AAV Shuffle 100-2 557 US20160017295 SEQ ID NO: 37
AAV Shuifle 100-2 558 US20160017295 SEQ ID NG: 29
AAYV Shufile 160-3 559 US20160017295 SEQ I NOG: 24
AAV Shuffle 100-3 560 US20160017295 SEQ ID NO: 12
AAV Shuffle 100-7 561 US20160017295 SEQ ID NG: 25
AAYV Shufile 100-7 562 US20160017295 SEQ ID NO: 13
AAY Shuffle 10-2 363 US20160017295 SEQ ID NO: 34
AAV Shufile 10-2 564 UR20160017295 SE(Q [ NO: 26
AAV Shuffle 10-6 565 US26160017295 SEQ ID NO: 353
AAV Shuffle 10-6 566 US20160017295 SEQ ID NG 27
AAYV Shufile 16-8 567 US20160017295 SEQ [ NO: 36
AAV Shuffle 10-8 568 US20160017295 SEQ 1D NO: 28
AAV SM 100-10 569 US20160017295 SEQ ID NG 41
AAV SM 100-10 576G US20160017295 SEQ ID NO: 33
AAV 8M 100-3 571 US20160017295 SEQ ID NO: 40
AAV SM 100-3 572 US20160017295 SEQ 1D NOG: 32
AAV M 10-3 573 US20160017295 SEQ 1D NO: 38
AAV SM 10-1 574 US20160017298 SEQ 1D NG: 30
AAV SM 10-2 575 US20160017295 SEQ ID NO: 10
AAV 8SM 102 576 US20160017295 SEQ ID NO: 22
AAV SM 10-8 577 UR20160017295 SEQ 1D NG: 39
AAV 8M 10-8 578 US20160017295 SEQ ID NG: 31
AAVFI/HSCH 579 WO02016049230 SEQ ID NO: 20
AAVF2/HSC2 580 WO2016049230 SEQ ID NO: 21
AAVFIHSC3 381 W20 16049230 SEQ 1D NG 22
AAVF4/HSC4 582 WO02016049230 SEQ ID NG: 23
AAVFS/HSCS 583 W02016049230 SEQ 1D NO: 25
AAVFSHSCE 584 W02016049230 SEQ D NO: 24
AAVEFT/HSCT 585 WO2016049236 SEQ ID NO: 27
AAVFS/HSCE 586 WO2016049230 SEQ D NO: 28
AAVFY/HSCY 587 WO02016049230 SEQ ID NG: 29
AAVFII/HSCI 588 WO2616049236 SEQ ID NO: 26
AAVFI2/HSCI2 389 WO2016049230 SEQ 1D NO: 30
AAVFI3HSCL3 596G WO2016049230 SEQ ID NO: 31
AAVFI4/HICHH 501 W0O2016049230 SEQ ID NG 32
AAVF1I5HSCIS 592 WO2016049230 SEQ ID NO: 33
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AAVFI6HSCI6 593 WO2616049236 SEQ ID NO: 34
AAVFITHICET 594 WO2016049230 SEQ 1D NO: 35
AAVFI/HSCH 595 WO2016049236 SEQ IDNO: 2
AAVF2Z/HSC2 506 W02016049230 SEQ ID NG 3
AAVF3/HSC3 597 WO02016049230 SEQID NO: 5
AAVF4/HSC4 598 WO02016049236 SEQ ID NO: 6
AAVESHSCS 3599 WO2016049230 SEQID NG 11
AAVEF6/HSCo 604 WO2016049230 SEQ IDNO: 7
AAVFTHSCT 601 WO2016049236 SEQ ID NO: 8
AAVFE/HSCR 602 W02016049230 SEQ ID NO: 9
AAVFY/HSCY 603 WO2016049230 SEQ ID NO: 10
AAVFIVHRCHL 604 WO2616049230 SEQ I NG 4
AAVFI2/HSCI2 605 WO2016049230 SEQ ID NO: 12
AAVFI3/HSCI3 606 WO02016049230 SEQ ID NO: 14
AAVFI4/HSC14 607 WO2016049230 SEQ I NG 15
AAVFISHSCLS 603 WO2016049230 SEQ ID NG: 16
AAVFIGHSRC 6 609 WO2016049236 SEQ 1D NO: 17
AAVFLTHSCYT 610 WO2016049230 SEQ ID NO: 13
AAV CBr-El 611 US8734809 SEQ ID NO: 13
AAV CBr-E2 612 US8734809 SEQ I NO: 14
AAV CBr-£3 613 (7538734809 SEQ ID NO: 15
AAV CBr-E4 oi4 US8734809 SEQ ID NO: 16
AAV CBr-E3 613 US8734809 SEQ ID NO: 17
AAV CBr-e5 616 US873480% SEQ ID NO: 18
AAV CBr-E6 617 USB734809 SEQ 3 NO: 19
AAV CBr-E7 618 58734869 SEQ ID NG: 20
AAV CBr-E8 619 US8734809 SEQ ID NO: 21
AAV CLv-D1 620 US8734809 SEQ 1D NO: 22
AAV CLv-I2 621 1J5873480% SEQ ID NO: 23
AAV CLv-D3 622 USB734809 SEQ 1D NO: 24
AAV CLv-D4 623 US8734809 SEQ ID NG: 25
AAV CLv-D3 624 US8734809 SEQ ID NO: 26
AAV CLv-D6 625 US8T34809 SEQ 1D NO: 27
AAV CLy-D¥7 626 {i88734809 SEQ ID NO: 28
AAV CLv-D8 627 US8734809 SEQ ID NG 29
AAV CLv-El 628 US8734809 SEQ ID NO: 13
AAV CLv-R1 628 US8734809 SEQ ID NO: 30
AAV CLv-R2 630 US8734809 SEQ 1D NO: 31
AAV CLv-R3 631 US8734809 SEQ ID NO: 32
AAV CLv-R4 632 US8734809 SEQ ID NO: 33
AAV CLv-R3 633 US8734809 SEQ I NO: 34
AAV CLv-R6 634 1iS8734809 SEQ ID NO: 35
AAV CLv-R7 635 US8734809 SEQ ID NO: 36
AAV CLv-R8 636 US8734809 SEQ ID NO: 37
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AAV CLv-R% 637 US8734809 SEQ ID NO: 38
AAV CLg-F1 638 US8734809 SEQ I NO: 39
AAV CLg-F2 639 188734809 SEQ ID NO: 40
AAV CLg-F3 640 US8734809 SEQ ID NO: 41
AAV CLg-F4 641 US8734809 SEQ ID NO: 42
AAV CLg-F3 642 US873480% SEQ ID NO: 43
AAV CLg-F6 643 US8734809 SEQ D NGO 43
AAV CLg-F7 644 U3873480% SEQ ID NO: 44
AAV CLg-F8 645 US8734809 SEQ ID NO: 43
AAV CSp-1 646 US8734809 SEQ ID NO: 45
AAV CSp-10 647 188734809 SEQ ID NO: 46
AAV CSp-11 648 US8734809 SEQ 1D NO: 47
AAV C8p-2 649 158734809 SEQ ID NO: 48
AAV CSp-3 636 US8734809 SEQ ID NO: 49
AAV C8p-4 651 US8734809 SEQ 1 NGO 50
AAV CSp-6 652 738734808 SEQ ID NO: 51
AAV CSp-7 633 US8734809 SEQ ID NOG: 52
AAV C8p-8 654 158734809 SEQ ID NO: 53
AAV CSp- 655 US8734809 SEQ ID NO: 54
AAV CHt-2 656 US8734809 SEQ ID NO: 35
AAV CHt-3 657 (738734809 SEQ ID NO: 56
AAV CKd-1 638 US8734809 SEQ ID NO: 57
AAV CKd-10 639 US8734809 SEQ ID NO: 58
AAV CKd-2 666 US873480% SEQ 1D NO: 59
AAV CKd-3 661 US8734809 SEQ I3 NO: 60
AAV CKd-4 662 UB87348G9 SEQ ID NG: 61
AAV CKd-6 663 US8734809 SEQ ID NO: 62
AAV CKd-7 664 US8734809 SEQ 1D NO: 63
AAV (Kd-8 665 (J3873480% SEQ ID NO: 64
AAV ClLv-1 666 USB734809 SELY 1D NG 65
AAV CLv-1{2 667 158734809 SEQ ID NO: 66
AAV CLv-13 668 US8734809 SEQ ID NO: 67
AAV CLv-2 669 US8734809 SEQ 1D NO: 68
AAV (L3 676 {i88734809 SEQ ID NO: 69
AAV CLv-4 671 US8734809 SEQ ID NGO 70
AAV CLv-6 672 US8734809 SEQ ID NO: 71
AAV CLv-8 673 US8734809 SEQ ID NO: 72
AAV CKd-Bt 674 US8734809 SEY 1D NG 73
AAV CKd-B2 673 1U88734809 SEQ ID NO: 74
AAV CKd-B3 676 US873480% SEQ ID NO: 75
AAV CKd-B4 677 USH734809 SEQ I NO: 76
AAV CKd-BS 678 US8734809 SEQ ID NO: 77
AAV CKd-B6 679 US8734809 SEQ ID NO: 78
AAV CKd-B7 680 US8734809 SEQ ID NO: 79
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AAV CKd-Bg 681 US8734809 SEQ ID NO: 80
AAV CKd-H1 682 US8734809 SEQ 1D NO: 81
AAV CKd-H2 683 188734809 SEQ ID NO: 82
AAV CKd-H3 684 US8734809 SEQ 1D NO: 83
AAV CKd-H4 683 US8734809 SEQ ID NO: 84
AAV CKd-H5 686 US873480% SEQ ID NO: 85
AAV CKd-Ho 687 US8734809 SEQ I NG 77
AAV CHt-] 683 38734809 SEQ ID NO: 86
AAV CLvi-t 689 US8734809 SEQ ID NG 171
AAV CLvi-2 690 US8734809 SEQ ID NO: 172
AAV CLvi-3 691 US8734809 SEQ ID NO: 173
AAV CLvi-4 692 US8734809 SEQ 1D NO: 174
AAV Civl-7 693 158734809 SEQ ID NO: 175
AAV Clvi-8 694 US8734809 SEQ ID NO: 176
AAV Clvi-9 695 US8734809 SEQ 1D NG 177
AAV Civl-18 696 738734805 SEQ ID NOG: 178
AAV.VR-355 697 US8734809 SEQ ID NO: 181
AAV 48R3 698 158734809 SEQ ID NO: 183
AAV CBr-El 699 US8734809 SEQ ID NO: 87
AAV CBr-E2 760 US8734809 SEQ I NO: 88
AAV CBr-£3 701 (738734809 SEQ ID NO: 89
AAV CBr-E4 702 US8734809 SEQ ID NO: 90
AAV CBr-E3 703 US8734809 SEQ ID NO: 91
AAV CBr-e5 704 US873480% SEQ ID NO: 92
AAV CBr-E6 705 USB734809 SEQ 113 NO: 93
AAV CBr-E7 706 58734809 SEQ ID NG: 94
AAV CBr-E8 707 US8734809 SEQ ID NO: 95
AAV CLv-D1 708 US8734809 SEQ 1D NO: 96
AAV CLv-I2 709 1J5873480% SEQ ID NO: 97
AAV CLv-D3 TG USB734809 SEQ 1D NO: 98
AAV CLv-D4 71t US8734809 SEQ ID NO: 99
AAV CLv-D3 712 US8734809 SEQ ID NO: 100
AAV CLv-D6 713 USH734809 SEQ I NO: 101
AAV CLy-bD7 714 {I88734809 SEQ ID NO: 102
AAV CLv-D8 715 US8734809 SEQ ID NO: 103
AAV CLv-El 716 US8734809 SEQ ID NO: 87
AAV CLv-R1 717 US8734809 SEQ ID NO: 104
AAV CLv-R2 78 US8734809 SEQ 1D NO: 105
AAV CLv-R3 719 188734809 SEQ ID NO: 106
AAV CLv-R4 726 US8734809 SEQ ID NO: 107
AAV CLv-R3 721 USH734809 SEQ 1D NO: 108
AAV CLv-R6 722 188734809 SEQ ID NO: 109
AAV CLv-R7 723 US8734809 SEQ ID NQO: 110
AAV CLv-R8 724 US8734809 SEQ ID NO: 111
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AAV CLv-R9 725 US8734809 SEQ ID NO: 112
AAV CLg-F1 726 USH734809 SEQ 1D NO: 113
AAV CLg-F2 727 1i88734809 SEQ IDNO: 114
AAV CLg-F3 728 US8734809 SEQ ID NO: 115
AAV CLg-F4 729 US8734809 SEQ ID NO: 116
AAV CLg-F5 736 US8734809 SEQ ID NO: 117
AAV CLg-F6 731 US8734809 SEQ 1D NO: 117
AAV CLg-F7 732 38734809 SEQ ID NO: 118
AAV CLg-F8 733 US8734809 SEQ ID NO: 117
AAV CSp-1 734 US8734809 SEQ ID NO: 119
AAV CSp-10 735 188734809 SEQ ID NO: 120
AAV CSp-11 736 US8734809 SEQ 1D NO: 121
AAV C8p-2 737 158734809 SEQ ID NO: 122
AAV CSp-3 738 US8734809 SEQ ID NO: 123
AAV C8p-4 73% US8734809 SEQ I NGO 124
AAV CSp-6 746 738734805 SEQ ID NO: 125
AAV CSp-7 741 US8734809 SEQ 1D NO: 126
AAV C8p-8 742 1758734809 SEQ ID NO: 127
AAV CSp- 743 US8734809 SEQ ID NO: 128
AAV CHt-2 744 US8734809 SEQ 1D NO: 129
AAV CHt-3 745 (738734809 SEQ ID NO: 130
AAV CKd-1 746 US8734809 SEQ ID NO: 131
AAV CKd-10 747 USE734809 SEQ ID NO: 132
AAV CKd-2 748 US8734809 SEQ ID NO: 133
AAV CKd-3 749 US8734809 SE 1 NO: 134
AAV CKd-4 756G UB87348G9 SEQ ID NO: 1358
AAV CKd-6 751 US8734809 SEQ ID NO: 136
AAV CKd-7 752 US8734809 SEQ 1D NO: 137
AAV (Kd-8 753 (738734809 SEQ ID NO: 138
AAV ClLv-1 754 US8734809 SECQ 1D NO: 139
AAV CLv-12 755 1US8734809 SEQ ID NO: 140
AAV CLv-i3 756 USE734809 SEQ ID NO: 141
AAV CLv-2 757 USH734809 SEQ D NO: 142
AAV (L3 758 (38734809 SEQ ID NO: 143
AAV CLv-4 759 US8734809 SEQ ID NO: 144
AAV CLv-6 760 US8734809 SEQ ID NO: 145
AAV CLv-8 761 US8734809 SEQ ID NO: 146
AAV CKd-Bt 762 US8734809 SEQ 1D NO: 147
AAV CKd-B2 763 188734809 SEQ ID NO: 148
AAV CKd-B3 764 US8734809 SEQ ID NO: 149
AAV CKd-B4 765 USH734809 SEQ 1D NO: 150
AAV CKd-BS 766 1iS88734809 SEQ ID NO: 151
AAV CKd-B6 767 US8734809 SEQ ID NO: 152
AAV CKd-B7 768 US8734809 SEQ ID NO: 153
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AAV CKd-Bg 769 US8734809 SEQ ID NO: 154
AAV CKd-H1 776 USH734809 SEQ 1D NO: 155
AAV CKd-H2 771 1i8873480% SEQ ID NO: 1356
AAV CKd-H3 772 US8734809 SEQ ID NO: 157
AAV CKd-H4 773 US8734809 SEQ ID NO: 158
AAV CKd-H5 774 US8734809 SEQ ID NO: 159
AAV CKd-Ho 775 US8734809 SEQ I NO: 151
AAV CHt-] 776 38734809 SEQ ID NO: 160
AAV CHi-P2 777 WO2616065001 SEQID NG §
AAV CHi-P3 778 WO2016065001 SEQ ID NO: 2
AAV CH{-P9 779 WO2016065001 SEQ ID NO: 3
AAV CBr-7.1 780 WO2616065001 SEQ I NG 4
AAV Br-7.2 781 WO2616065001 SEQIDNO: S
AAV CBr-7.3 782 WO2616065001 SEQ ID NO: 6
AAV CBr-7.4 783 WO2616065001 SEQ I NG 7
AAV CBr-7.5 784 WO20160635001 SEQ ID NG: 8
AAV CBr-7.7 785 WO2016065001 SEQ 1D NO: 9
AAV Br-7.8 786 WO2016065001 SEQ ID NO: 10
AAV CBr-7.10 787 WO2016065001 SEQ ID NO: 11
AAY CKd-N3 788 WO2016065001 SEQ D NG 12
AAV CKd-N4 789 WO2016063001 SEQ ID NG: 13
AAV CKd-N9 796 WO2616065001 SEQ ID NGO 14
AAV CLv-L4 791 WO2016065001 SEQ ID NO: 15
AAV CLy-L3 792 WO20160635001 SEQ ID NO: 16
AAV CLv-L6 793 WOZ0 16065003 SEQ 1D NO: 17
AAV CLv-K1 794 WO2016065001 SEQ ID NOG: 18
AAV CLv-K3 795 W02016065001 SEQ ID NO: 19
AAV CLv-E6 796 W02016065001 SEQ 1D NOG: 20
AAV CLy-Mt 797 WO2016063001 SEQ ID NO: 21
AAV CLv-M11 798 W26 16065001 SEQ 1D NG 22
AAV CLv-M2 799 WO2616065001 SEQ ID NG: 23
AAV CLv-MS5 806 WO2616065001 SEQ ID NO: 24
AAV CLv-Mé 801 WO2016065001 SEQ 1D NO: 25
AAV CLy-M7 802 WO216063001 SEQ ID NO: 26
AAV CLv-M8 803 WO2016065001 SEQ ID NGO 27
AAV CLv-M9S 804 WO2016065001 SEQ ID NO: 28
AAV CHt-P1 803 WO2816065001 SEQ 1D NO: 29
AAV CHi-Po 806 WO2616065001 SEQ 1 NO: 30
AAV CHt-P8 807 WO2Z016065001 SEQ ID NG: 31
AAV CHi-6.1 808 WO2616065001 SEQ ID NO: 32
AAY CHt-6.10 809 WO2016065001 SEQ 1D NO: 33
AAV CHi-6.5 816 WO2016065001 SEQ 1D NO: 34
AAV CHi-6.6 8i1 WO2016065001 SEQ 1D NO: 35
AAV CHe6.7 812 WO2016065001 SEQ ID NO: 36
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AAV CHi-6.8 813 WO2616065001 SEQ ID NO: 37
AAV C8p-8.16 814 WO2016065001 SEQ 1D NO: 38
AAV CSp-8.2 815 WO02016065001 SEQ ID NO: 39
AAV CSp-8.4 8i6 WO2016065001 SEQ ID NGO 40
AAV C8p-8.5 817 WO2016065001 SEQ ID NO: 41
AAV CSp-8.6 818 WO2016065001 SEQ ID NO: 42
AAV C8p-8.7 819 WO2016065001 SEQ 1D NG 43
AAV CSp-8.8 826 WO201606300t SEQ ID NO: 44
AAV CSp-8.9 821 WO2016065001 SEQ ID NG 45
AAV CBr-B73 822 W02016065001 SEQ ID NO: 46
AAV CBr-B74 823 WO02016065001 SEQ ID NO: 47
AAV3B 824 WO2616065001 SEQ I NGO 48
AAV4E 825 WO2016065001 SEQ ID NO: 49
AAVS 826 WO2016065001 SEQ ID NO: 50
AAV CHt-P2 827 WO2616065001 SEQ 1D NG 51
AAV CHE-P3 828 WO2016063001 SEQ ID NO: 52
AAV CHi-PY 829 WO2016065001 SEQ 1D NO: 53
AAV Br-7.14 834 WO2016065001 SEQ ID NO: 54
AAV CBr-7.2 831 WO2016065001 SEQ ID NO: 55
AAYV CBr7.3 832 WO2016065001 SEQ 1D NG 56
AAV CBr-7.4 833 WO2016063001 SEQ 1D NG: 57
AAV CBr-7.5 834 WO2616065001 SEQ 1D NO: 58
AAV CBr-7.7 833 WO2016065001 SEQ ID NG: 59
AAV CBr-7.8 836 WO26160635001 SEQ ID NO: 60
AAV CBr-7.10 837 WO2016065001 SEQ 11D NO: 61
AAV CKd-N3 83 WO2616065001 SEQ ID NG: 62
AAV CKd-N4 839 WO2616065001 SEQ ID NO: 63
AAV CKd-N9 840 WO2016065001 SEQ 1D NO: 64
AAV CLv-L4 841 WO02016063001 SEQ ID NO: 63
AAV CLv-L5 842 W20 16065001 SEQ 1 NO: 66
AAV CLv-L6 843 WO2016065001 SEQ ID NG: 67
AAV CLvK1 844 WO2016065001 SEQ ID NO: 68
AAV CLv-E3 845 WO2016065001 SEQ 1D NO: 69
AAV CLyv-K6 846 WO 16063001 SEQ ID NO: 70
AAV CLv-M1 847 WO2016065001 SEQ ID NO: 71
AAV CLv-M11 848 WO2016065001 SEQ ID NO: 72
AAV CLv-M2 849 WO2616065001 SEQ ID NO: 73
AAV CLv-M3 836 WO2616065001 SEQ D NGO 74
AAV CLv-M6 851 WO2616065001 SEQ ID NG: 73
AAV CLv-M7 852 WO2616065001 SEQ ID NO: 76
AAV CLv-M8 853 WO2016065001 SEQ 1D NG: 77
AAV CLv-M9% 854 WO2616065001 SEQ ID NO: 78
AAV CHi-PL 83§ WO2016065001 SEQ ID NGO 79
AAV CHt-PG 856 WO2016065001 SEQ ID NO: 80
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AAY CHr-PS 857 WO2016065001 SEQ 1D NO: 81
AAY CHe6.1 858 WO2016065001 SEQ 1D NO- 82
AAY CHE6.10 859 WO2016065001 SEQ 1D NO- 83
ARV CH6.S 860 WO2016065001 SEQ 1D NO- 84
AAV CHE-6.6 861 WO2016065001 SEQ ID NO- 85
AAY CHE6.7 862 WO2616065001 SEQ ID NO- 86
AAV CHi-6.8 863 WO2016065001 SEQ 1D NO: 87
AV CSp-8.10 864 WO2Z0 16063001 SEQ 1D NO: 88
AAV CSp8.2 865 WOZO 16065001 SEG 1D MO 89
AAY C5p-8.4 866 WO2016065001 SEQ 1D NO- 90
AAV CSp-8.5 867 WO2016065001 SEQ 1D NO: 91
AAN CSpB6 868 WOZ016065001 SEQ 1D NO- 92
AAV CSp-8.7 560 WO2016065001 SEQ ID NO: 93
AAV CSp-8.8 276 WO2016065001 SEQ ID NO- 94
AAY CSp-89 871 WO2016065001 SEQ 1D NO: 95
AAV CBr-B73 872 WO2016063001 SEQ 1D NO: 96
AAVCBrB74 873 WO20 16065001 SEQ ID NO- 97
AAV3E 574 WO616065001 SEQ 1D NO- 98
AAVA 875 WO2616065001 SEQ ID NO: 99
AAVS 876 WO2016065001 SEQ 1D NO: 100
OpV 877 US9624274R2 SEQ ID NO: 192
B19 878 3962427482 SEQ [ NO: 193
MVM 879 US9624274B2 SEQ ID NO: 194
FRV 880 U89624274B2 SEQ ID NO: 195
CPV 881 15962427482 SEQ 1D NO: 196
AAVSE 882 US954611282 SEQ ID NO: 5
AAVEG 883 15945710382 SEQ ID NO: ¢
AAV2 884 US945710382 SEQ ID NO: 2
ShHI0 885 US9457103B2 SEQ ID NO: 3
ShH13 886 US945710382 SEQ D NO: 4
SHH10 887 US945710382 SEQ ID NO: S
ShH10 888 18945710382 SEQ ID NO: 6
ShEI0 889 US9457103B2 SEQ ID NO: 7
ShiH 10 890 US$945710382 SEQ ID NO: 8
SHHLO 891 US943710382 SEQ M NO: 9
892 S9434028B2 SEQ ID MO: 1, US2015023924A1 SEQ
74 IDNO: 2
593 175043402887 SEQ 1D MO: 2, Us2015023924A 1 SEQ
74 D NO: L
AAVS 894 18943492882 SEQ ID NO: 4
th74 895 US9434928B2 SEQ ID NO: 5
596 T782015023924A1 SEQ ID NO: 3. US20160375110A1
74 (REM4-1) SEQ ID NO: 4
897 U82015023924A1 SEQ 1D NO: 6, US20160375110A 1

74 (RHMIS-1)

SEQ I NO: 3
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298 US2015023924A1 SEQ ID NO: 7, US20160375110A1
th74 (RHM15-2) SEQ IDNO: 6

899 US2015023924A1 SEQ ID NO- 8, US20160375110A ]
74 (RHM15-3/RHM15-5) SEQ ID NG: 7

900 US2015023924A1 SEQ (D NO: 9, US20160375110A1
th74 (RHM15-4) SEQ ID NO: 8

901 1752015023924A 1 SEQ ID NO- 10, US201603751 L0A]
174 (REMI5-6) SEQ ID NO: 9
th74 (REM4-1) 902 US2015023924A1 SEQ ID NO: 11
th74 (RHM15-1) 903 US2015023924A1 SEQ 1D NO: 12
74 (REMI5-2) 964 US2015023924A1 SEQ D NO: 3
+h74 (RHM15-3/REAM15-5) | 903 8201502392441 SEQ ID NO: 14
th74 (RHVi15-4) 906 US2015023924A1 SEQ ID NO: 15
th7d RHMIS-6) 907 US2015023924A1 SEQ 1D NO: 16
AAV?2 (comprising lung 908
specific polypeptide) US20160175389A1 SEQ ID NO: 9
AAVZ (comprising lnng 909
specific polypeptide) US20160175389A1 SEQ ID NO- 10
Anc80 910 US20170051257A1 SEQ ID NO: |
Ancgo 911 US20170051257A1 SEQ ID NO: 2
Ancs1 912 US20170051257A1 SEQ ID NO: 3
Anc8 913 US20170051257A1 SEG 1D NO: 4
Ancs2 914 US20170051257A1 SEQ ID N 3
Anc82 913 US26170051257A1 SEQ 1D NO: 6
Ancg3 916 US820170051257A1 SEQ ID NO: 7
Anc®3 o7 US20170051257A1 SEQ ID NO: 8
Ancsd 918 US20170051257A1 SEQ 1D NO: 9
Ancgd 919 US20170051257A1 SEQ ID NO: 10
Anco4 920 US20170051257A1 SEQ ID NO: 11
Anc94 92t US20170051257A1 SEQ ID NO: 12
Ancil3 922 US20170051257A1 SEQ ID NO: 13
Ancli3 923 US26170051257A1 SEQ ID NO: 14
Anci26 924 US20170051257A1 SEQ ID NO: 15
Ancl26 925 US20170051257A1 SEQ ID NO: 16
Ancl27 926 US20170051257A1 SEQ ID NO: 17
Ancl2? 927 US20170051257A1 SEQ ID NO- 13
Anc80L27 928 US26170051257A1 SEQ ID NO: 19
Anc80L59 929 US20170051257A1 SEQ ID NO: 20
AncBoL60 930 US20170051257A1 SEQ ID NO: 21
Anc80L62 931 US20170051257A1 SEQ ID NO: 22
AncBOL6S 932 1S20170651257A1 SEQ ID NO: 23
Anc80L33 933 US20170051257A1 SEQ ID NO: 24
Anc80L36 934 US20170051257A1 SEQ 1D NO: 25
AncBOL44 935 US20170051257A1 SEQ ID NGO 76
AncS0L1 936 US20170051257A1 SEQ 1D NO: 35
Anc80L1 937 US20170051257A1 SEQ ID NO: 36
AAVX1 938 US828315182 SEQ IDNG: 11
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AAV-X1b 939 US828315182 S8EQ D NO: 12
AAV-X5 940 US828315182 SEQ ID NG: 13
AAV-X19 941 1/S8283151B2 SEQ ID NO: 14
AAV-X21 942 US828315182 SEQ ID NO: 15
AAV-X22 943 US828315182 SEQ ID NO: 16
AAV-X23 944 15828315182 SEQ ID NO: 17
AAV-X24 945 19828315182 SEQ ID NO: 18
AAV-X25 946 US828315182 SEQ ID NO: 19
AAV-X26 947 US828315182 SEQ ID NG: 20
AAV-X1 948 USB28315182 SEQ ID NG: 21
AAV-X1b 949 1US8283151B2 SEQ ID NO: 22
AAV-XS 930 US828315182 SEQ I NO: 23
AAV-X19 931 USB28315182 SEQ ID NO: 24
AAV-X21 93 US828315182 SEQ D NO: 25
AAV-X22 933 US828315182 SEQ ID NG: 26
AAV-X23 934 US8283151B2 SEQ ID NO: 27
AAV-X24 955 US828315182 SEQ ID NO: 28
AAV-X25 936 USB28315182 SEQ ID NO: 29
AAV-X26 957 1JS8283151B2 SEQ ID NO: 30
AAVThS 938 WO2016054554A1 SEG ID NO: 8
AAVIBVPIFCS 939 WO2016054354A1 SEQ ID NO-
AAVIHSVPIPC4 966 WO2016054554A1 SEQ [D NO: 16
AAVHSVP2ApoB 100 961 WO2016054554A1 SEQ ID NO: Lt
AAVISVP2RVG 962 WO02016054554A1 SEQ ID NO: 12
AAVHBYP2 Anglopep-2 963
VP2 WO2016054554A1 SEQ 1D NO: 13
AAVO.4TVPL3 964 WO2016054554A1 SEQ ID NO: 14
AAVS ATVP2ICAME3 965 WO2016054554A1 SEQ ID NO: 15
AAVS 4TVPIRVG 966 WO016054554A1 SEQ ID NO: 16
AAVOATYP2Angiopep-2 | %67 WO2016054354A1 SEQ ID NO: 17
AAVS 47VP2A-string 968 WO016054554A1 SEQ ID NO: I8
AAVHSVPIFCS VP2 969 WO2016034554A1 SEQ ID NO: 19
AAVIHSVPIFC44 VP2 970 WO2016054354A1 SEQ ID NO: 20
AAVHSVP2ZApoBLoe vz | Y7 WO2016054554A1 SEQ 1D NO: 21
AAVIBRVPIRVG VP2 972 WO016054354A1 SEQ ID NO: 22
AAVEVE2 Angiopep-2 973
VP2 WO2016054554A1 SEQ ID NO- 23
AAVS.4TVP2CAMg3 VP2 | 974 WO2016054554A1 SEQ [D NO: 24
AAVO 4TVPIRVG VP2 975 WO2016054554A1 SEQ ID NO: 25
AAVY 4TVE2 Angiopep-2 976
VP2 WO2016054554A1 SEQ ID NO- 26
AAVY4TVP2A-sting VP2 | 977 WO2016054534A1 SBEQ I NO: 27
rAAV-BI 978 WO2016054557A1 SEG ID NO: 1
rAAV-B2 979 WO2016054557A1 SEQ ID NO: 2
rAAV-B3 980 WO16054557A1 SEG D NO: 3
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rAAV-B4 WO016054557A1 SEQ 1D NO: 4
rAAV-BI 982 WO2016054557A1 SEQ ID NO: 5
rAAV-B2 983 WO2016054557A1 SEQ ID NO: 6
tAAV-B3 984 WO2316054557A1 SEQ ID NO: 7
rAAV-B4 985 WO2016054357A1 SEQ ID NO- §
rAAV-L1 986 WO2016034557A1 SEQ ID NG: 0
tAAV-L2 987 WO2016054557A1 SEG ID NO: 10
rAAV-L3 988 WO2016054357A1 SEQ ID NO: 11
tAAV-LA 989 WO2016054557A1 SEQ D NO: 12
rAAV-LI 990 WO2016054557A1 SEQ ID NO- 13
rAAV-L2 991 W02016054557A1 SEQ ID NO: 14
tAAV-L3 992 WOB16054557A1 SEQ D NO: 15
rAAV-L4 993 WO2016054357A1 SEQ ID NO: 16
AAVS 994 WO016073739A1 SEQ D NO: 3
TAAY 995 WO2016081811A1 SEQ ID NO: 1
rAAY 996 W02016081811A1 SEQ ID NO: 2
tAAY 997 WO01608181 LAL SEG 1D NO: 3
rAAY 998 WO2016081811A1 SEQ 1D NO- 4
tAAV 999 WO2016081811A1 SEQ ID NO: 5
rAAV 1000 WO2016081811A1 SEG ID NO: 6
TAAY 1061 WO2016081811A1 SEQ ID NO- 7
tAAV 1002 WO201608181 AL SEQ D NO: 8
tAAV 1003 WO2016081811A1 SEQ ID NO: 9
rAAY 1004 WO2016081811A1 SEQ ID NO: 10
tAAY 1005 WO61608181 LAL SEG D NO: 11
FAAY 1086 WO2016081811A1 SEQ 1D NO- 12
tAAV 1067 WO201608181 1AL SEQ ID NO: 13
TAAV 1008 WO2016081811A1 SEQ ID NO: 14
rAAY 1669 WO2016081811A1 SEQ ID NO: 15
tAAV 1010 WO201608181 1A1 SEG ID NO: 16
rAAYV loll WO2016081811A1 SEQ ID NO: 17
tAAV 1012 WO2016081811A1 SEQ ID NO: I8
rAAV 1013 WO2016081811A1 SEQ ID NO: 19
tAAY 014 WO2016081811A1 SEQ 1D NO- 26
tAAV 1015 WO01608 181 1AL SEQ D NO: 21
tAAV 1016 WO2016081811A1 SEQ ID NO: 22
fAAV 1017 WO2016081811A1 SEQ ID NO: 23
tAAV 1018 WO2016081811A1 SEOQ D NO: 24
rAAV 1019 WO2016081811A1 SBO ID NO- 25
tAAV 1020 WO01608 181 AL SEQ [D NO: 26
tAAY 1021 WO2016081811A1 SEQ ID NO: 27
rAAY 1022 WO2016081811A1 SEQ ID NO: 28
tAAV 1023 WO01608181 1AL SEQ D NO: 29
TAAY 1024 WO2016081811A1 SEQ ID NO. 30
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1025

tAAV WO01608 181 [AL SEQ ID NO: 31
tAAY 1026 WO2016081811A1 SEC ID NO: 32
tAAV 1027 WO2016081811A1 SEQ ID NO: 33
tAAY 1028 WO201608181 1AL SEQ ID NO: 34
rAAY 1029 WO2016081811A1 SBO ID NO- 35
tAAV 1030 WO2016081811A1 SEQ ID NO: 36
rAAV 1031 WO2016081811A1 SEQ ID NO: 37
rAAV 1032 WO2016081811A1 SEQ ID NO- 38
tAAV 1033 WO01608 181 [AL SEQ 1D NO: 3¢
tAAY 1034 WO2016081811A1 SEG ID NO: 40
rAAY 1035 WO2016081811A1 SEQ ID NO: 41
tAAV 1036 WO201608181 1AL SEQ ID NO: 42
rAAV 1037 WO2016081811A1 SEQ ID N 43
tAAVY 1038 WO01608181 1AL SEQ [D NO: 44
TAAY 1639 W02016081811A1 SEQ ID NO- 45
rAAY 1640 WO2016081811A1 STO ID NO: 46
tAAY 1041 WO01608181 1AL SEQ D NO: 47
rAAY 1042 WO2016081811A1 SEQ 1D NO- 48
tAAV 1043 WO201608181 1A1 SEQ ID NO: 49
rAAV 044 WO2016081811A1 SEQ ID NO: 50
TAAY 1045 WO2C16081811A1 SEQ ID NGO 5

tAAV 1046 WO201608181 AL SEQ ID NO: 52
tAAV 1047 WO2016081811A1 SEQ ID NO: 53
rAAY 1048 WO2016081811A1 SEQ ID NO: 5
tAAY 1049 WO201608181 1AL SEQ ID NO: 55
FAAY 1056 WO2016081811A1 SEQ ID NO- 56
tAAV 031 WO201608181 1AL SEQ ID NO: 57
TAAV 1052 WO2016081811A1 SEQ ID NO: 58
rAAY 1053 WO2016081811A1 SEQ ID NO: 59
tAAV 1034 WO201608181 1A1 SEOQ ID NO: 60
rAAYV 1055 WO2016081811A1 SEQ ID NO: 61
tAAV 1056 WO201608181 1A1 SEQ ID NO: 62
tAAY 1057 WO201608181 1AL SEGQ ID NO: 63
tAAY 1058 WO2016081811A1 SEQ ID NO- 64
tAAV 1059 WO01608 181 A1 SEQ I NO: 65
tAAV 1060 WO2016081811A1 SEQ ID NO: 66
fAAV 1061 WO2016081811A1 SEQ ID NO: 67
tAAV 1062 WO016081811A1 SEOQ D NO: 68
rAAV 1063 WO2016081811A1 SEQ ID NO: 68
tAAV 1064 WO01608181 LA SEQ [D NO: 70
tAAY 1065 W02016081811A1 SEQ ID NO- 71
tAAY 1066 WO2016081811A1 SEQ ID NO: 72
tAAV 1067 WO201608181 1AL SEQ 1D NO: 73
TAAY 1068 WO2016081811A1 SEQ ID NO. 74
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tAAV 1069 WO01608 181 [AL SEQ ID NO: 75
tAAY 1070 WO2016081811A1 SEC ID NO: 76
tAAV 071 WO2016081811A1 SEQ ID NO: 77
tAAY 1072 WO201608181 1AL SEQ ID NO: 78
rAAY 1073 WO2016081811A1 SEQ ID NO: 79
tAAV 1074 WO2016081811A1 SEQ ID NO: 80
rAAV 1075 WO2016081811A1 SEQ ID NO: 81
rAAV 1076 WO2016081811A1 SEQ ID NO- 82
tAAV 1077 WO201608181 A1 SEQ [D NO: 83
tAAY 1078 WO2016081811A1 SEQ ID NO- 84
rAAY 1079 WO02016081811A1 SEQ ID NO: 85
tAAV 1080 WO201608181 1AL SEQ ID NO: 86
rAAV 1081 WO2016081811A1 SEQ ID NO: 87
tAAVY 1082 WO01608181 LA SEQ [D NO: 88
TAAY 083 W02016081811A1 SEQ ID NO: 89
rAAY 1684 WO2016081811A1 STO ID NO: 96
tAAY 1085 WO201608181 1AL SEQ D NO: 91
rAAY 1086 WO2016081811A1 SEQ 1D NG 92
tAAV 1087 WO201608181 1A1 SEQ ID NO: 03
rAAV 088 WO2016081811A1 SEG ID NO: 94
TAAY 1089 WO2C16081811A1 SEQ ID NO: 65
tAAV 1090 WO201608181 AL SBQ I NO: 96
tAAV 1091 WO2016081811A1 SEQ ID NO: 97
rAAY 1092 WO2016081811A1 SEQ ID NO: 98
tAAY 1093 WO201608181 1AL SEQ D NO: 99
FAAY 1094 WO2016081811A1 SEQ ID NO: 100
tAAV 093 WO01608181 1AL SEQ ID NO: 161
TAAV 1096 WO2016081811A1 SEQ ID NO: 102
rAAY 1097 WO02016081811A1 SEQ ID NO: 103
tAAV 1098 WO1608181 1A1 SEQ ID NO: 104
rAAYV 1099 W02016081811A1 SEO ID NO- 103
tAAV 1100 WO2016081811A1 SEQ ID NO: 166
rAAV 161 WO2016081811A1 SEQ ID NO: 107
tAAY 1102 WO2016081811A1 SEQ ID NO- 108
tAAV 1103 WO01608 181 A1 SEQ ID NO: 109
tAAV 1104 WO2016081811A1 SEQ ID NO: 110
fAAV 1105 WO2016081811A1 SEQ ID NO: 111
tAAV 106 WO1608181 1A SEQ D NO: 112
rAAV 1167 WO2016081811A1 SEQ ID NO: 113
tAAV 1168 WO201608181 LA SEQ ID NO: 114
tAAY 1169 WO2016081811A1 SEQ ID NO: 115
rAAY 1110 W02016081811A1 SEQ ID NO: 116
tAAV HiH WO01608181 1AL SEQ ID NO: 117
TAAY 1112 WO2016081811A1 SEQ ID NO: 118
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tAAVY 1113 WO01608181 [AL SEQ ID NO: 119
tAAY 1114 WO2016081811A1 SEQ ID NO: 120
tAAV 1315 WO2016081811A1 SEQ ID NO: 121
tAAY 16 WO2016081811A1 SEQ ID NO: 122
rAAY 17 WO2016081811A1 SEQ ID NO- 123
tAAV 118 WO2016081811A1 SEQ ID NO: 124
rAAV iH9 WO2016081811A1 SEQ ID NO: 125
rAAV 1320 WO2016081811A1 SEQ ID NO: 126
tAAV 1121 WO201608181 [A1 SEQ ID NO: 127
tAAY 1122 WO2016081811A1 SEQ ID NO- 128
AAVS E532K 1323 WO2016081811A1 SEQ ID NO: 133
AAVE ESIIK 124 WO201608181 1AL SEQ ID NO: 134
rAAVA 1125 WO20161 1538241 SEQ ID NGO 2
tAAVY 1126 WO2016113382A1 SEQ I NO: 3
rAAVA 1127 WO20161 1538241 SEQ ID NO- 4
rAAVA 1128 WO2016115382A1 SEQ ID NO: 5
rAAVY 1129 WO2616115382A1 SEG ID NO: 6
rAAVA 1130 WO20161 1538241 SEQ ID NG 7
rAAVY 1131 WO2016115382A1 SEQ ID NO: 8
rAAVY i3z WO2016115382A1 SEG ID NO: 9
rAAVA 1133 WO20161 1538241 SEQ ID NGO 10
tAAVY 1134 WO20161135382A1 SEQ D NO: 11
rAAVA 1135 WO2016115382A1 SEQ ID NO: 12
rAAVA 1136 W02016115382A1 SEQ ID NO: 13
rAAVY 1137 WO2016115382A1 SEQ D NO: 14
tAAVA 1138 WO2016115382A1 SEQ ID NO- 15
rAAVY 1139 WO2016115382A1 SEQ ID NO: 16
TAAVY 1140 WO2016115382A1 SEQ ID NO: 17
rAAVA 1141 WO2016115382A1 SEQ ID NO: 18
rAAVA 14z WO2016115382A1 SEQ ID NO: 19
rAAVA 1143 WO201611538241 SEQ ID NO: 20
rAAVY 1144 WO2016115382A1 SEQ ID NQ: 21
AAVIL 1145 WO2016115382A1 SEQ ID NO: 22
AAVI2 1146 WOZ0161 1538241 SEQ ID NO- 23
1h32 1147 WO016113382A1 SEQ I NO: 25
vhi3 1148 WO2016115382A1 SEQ ID NO: 26
34 1149 WO2016115382A1 SEQ ID NO: 27
rAAVA 150 WO2016115382A1 SEQ ID NO: 28
rAAVA 1151 WO20161 1538241 SEQ ID NO: 79
tAAVY 1152 WO2016113382A1 SEQ I NO: 30
tAAVY 1153 WO2016115382A1 SEC ID NO: 3
tAAVA 1154 WO2016115382A1 SEQ ID NO: 32
tAAVY 1153 WO2016115382A1 SEQ D NO: 33
AAV2S 1156 WO2016131981A1 SEQ ID NO. 47
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AAV2/S 1157 WO01613198 1AL SEQ [D NO: 48
ancestral AAV 1158 WO2016154344A1 SEQ ID NO- 7
ancestral AAY variant C4 11359 WO02016154344A1 SEQ ID NO: 13
ancestral AAY variant €7 1160 WO2016154344A1 SEQ D NO: 14
ancestral AAV varlant G4 1161 WO2016154344A1 SEQ ID NO- 15
consensus amino acid 1162
sequence of ancestral AAYV
variants, C4, C7 and G4 WO016154344A1 SEQ ID NO: 16
consensus amino acid 1163
sequence of ancestral AAV
variants, C4 and €7 WO2016154344A1 SEQ ID NO: 17
AAVE (witha AAVZ {164
phosphelipase domain) WO2016150403A1 SEQ ID NO: 13
AAV VR-942n 1165 US20160280275A1 SEQ 1D NO: 10
AAVS-A (M369V) 1166 U820160289275A1 SEQ ID NO: 13
AAVS-A (M569V) 167 US20160289275A1 SEQ ID NO: 14
AAVS-A (Y583V) 1168 US20160289275A1 SEQ D NO: 16
AAVS-A (Y585V) 1169 US20160289275A1 SEQ ID NO: 17
AAVS-A L5STT) 70 US26160289275A1 SEQ ID NO: 19
AAVS-A (L387T) 171 US20160289275A1 SEQ ID NO: 20
AAVS-A (Y385V/L38TT) 72 US20160289275A1 SEQ ID NO: 22
AAVS-A (YS3SV/LSSTTYy | 1173 US20160289275A1 SEQ ID NO: 23
AAVS-B (D6524) 1174 US20160289275A1 SEGQ ID NO: 23
AAVS-B (D6524) 175 US20160289275A1 SEQ ID NO: 26
AAVS-B (T362M) 1176 US20160289275A1 SEQ ID NO: 28
AAVS-B (T362M) 177 US20160289275A1 SEQ ID NO: 29
AAVS-B (Q359D) 1178 US20160289275A1 SEQ ID NO: 31
AAVS-B (Q359D) 179 US20160289275A1 SEQ ID NO: 32
AAVS-B (E3300) 1180 US20160289275A1 SEQ ID NO: 34
AAVS-B (E3500) 1181 US20160289275A1 SEQ 1D NO: 35
AAVS-B (P5338) 1182 U820160289275A1 SEQ ID NO: 37
AAVS-B (P533S) 1183 US20160289275A 1 SEQ ID NO: 38
AAV5-B (P533G) 1184 US20160289275A1 SEQ ID NO: 40
AAVS-B (P533G) 1185 US20160289275A1 SEQ ID NO: 41
AAVS-mutation inJoop Vi1 | 1186 US20160289275A1 SEQ 1D NO: 43
AAVS-mutation in loop Vi1 | 1387 1S20160289275A1 SEG ID NO: 44
AAVE 1188 US20160289275A1 SEQ ID NO: 47
Mut A (LKO3/AAVS) 1189 WO2016181123A1 SEQ ID N0 1
Mut B (LKO3/AAVS) 1190 WO016181123A1 SEQ ID NO: 2
Mut C (AAVS/AAV3E) 1191 W02016181123A1 SEQ ID NO: 3
Mut D (AAVS/AAV3B) 1192 WQ2016181123A1 SEQ ID NO: 4
Mut B (AAVE/AAVIRE) 193 WO2016181123A1 SEQ ID NO: 5
Mut F (AAVIB/AAVS) 1194 W02016181123A1 SEQ ID NO- 6
AAVA49 1195 WO2016183297A1 SEQ ID NO: 4
AAVA49 196 WO2016183297A1 SEQ ID NO: 5
AAVIHS 1197 WO2016183297A1 SEQ ID NO: 6
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AAVA4S (S4TON) WO016183297A1 SEQ 1D NG: 0
174 VP1 1199 US20160375110A1 SEQ ID NO: 1
AAV-LKG3 (L125]) 1200 WO2017015102A1 SEQ ID NO: 5
AAVIB (8663V+T492V) 1204 WO2017015102A1 SEQ ID NO: 6
Ancso 1202 WO2017019994A2 SEQ ID NG 1
Ancs0 1203 WO2017019994A2 SEQ ID NO: 2
Anc81 1204 WO2017019994A2 SEQ ID NO: 3
Anc81 1205 WO2017019994A2 SEQ ID NGO 4
Anch?2 1206 WO2017019994A2 SEQ D NO: 5
Anc§2 1207 WO2017019994A2 SEQ ID NO- 6
Anc83 1268 WO2017019994A2 SEQ ID NO: 7
Anci3 1209 WO2017019994A% SEQ ID NO: 8
Ancsd 1210 WO2G17019994A2 SEQ ID NO- 9
Ancid 12H WO2017019994A7 SEQ I NO: 10
Anco4 212 WO2017019994A2 SEQ ID NO: 11
Anco4 1213 WO2017019994A2 SEQ ID NO: 12
Ancli3 1214 WO2G17019994A2 SEGQ 1D NO: 13
Ancli3 1215 WO2617019994A2 SEQ ID NO: 14
Anci26 1216 WO2017019994A2 SEQ ID NO: 15
Ancl26 1217 WO2017019994A2 SEQ ID NO: 16
Ancl2? 1218 WO2017019994A2 SEQ ID NG 17
Anci2? 1219 WO2017019994A% SEQ 1D NO: 18
Anc80L27 1220 WO2017019994A2 SEQ ID NO: 19
Anc80L59 1221 WO2017019994A2 SEQ ID NO: 20
AncBOL60 1222 WO2017019994A2 SEG ID NO: 21
Anc80L62 1223 WO2017019994A2 SEQ ID NO- 22
AncB0L65 1224 WOO17019994A2 SEQ ID NO: 23
Anc80L33 1223 WO2017019994A2 SEQ ID NO: 24
AncB0L36 1226 WO2017019994A2 SEQ ID NO: 25
AncB0L44 1227 WO2017019994A2 SEQ 1D NO: 26
Anc8oL] 1218 WO017019994A2 SEQ ID NO- 35
Anc80L1 1229 WO2017019994A2 SEQ ID NO: 36
AAVThIO 1230 WO2017019994A2 SEQ ID NO: 41
Ancl10 1231 WO2017019994A2 SEQ ID NO: 42
Anciid 1232 WO2017019994A% SEQ I NO: 43
AAVIH32.33 1233 WO2017019994A2 SEG ID NO: 43
AAVIET4 1234 WO2017049031A1 SEQ ID NO: 1
AAV2 1235 WO017053629A2 SEQ ID NO: 49
AAVZ 1236 WO2017053629A2 SEQ ID NO: 50
AAV2 1237 WO2017053628A7 SEQ I NO: 82
Parvo-like vims 1238 WO201T070476A2 SEC ID NO: 1
Parve-like virus 239 WO2617070476A2 SEQ ID NO: 2
Parvo-like virus 1240 WO017070476A2 SEQ ID NO: 3
Parvo-like vitus 1241 WO2617070476A2 SEQ ID NO- 4
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Parvo-like virus 1242 WO017070476A2 SEQ [D NO: 5
Parvo-like vims 1243 WO2017070476A2 SEQ ID NO- 6
AAVIRIO 1244 WO2017070516A1 SEQ ID NO: 7
AAVIRI0 1245 WO2H17070516A1 SEQ ID NO: 14
AAVYF 1246 WO2017070491 A1 SEQ ID NG 1
AAV-SPK 1247 WO2017075619A1 SEQ ID NO:28
AAV2S 1248 US20170128528A1 SEQ ID NO: 13
AAVLI 1249 US20170128528A1 SEQ ID NO: 15
AAVE. 1 1250 US20170128528A1 SEQ ID NO- 17
AAVE3. 1251 US26170128528A1 SEQ ID NO: 1§
AAV2iS 1252 US20170128528A1 SEQ ID NO: 28
AAV2IR 1253 US20170128528A1 SEQ ID NO:- 29
HAAY 1254 US26170128528A1 SEQ 1D NO: 30
HAAV-S3 12N 1155 U&20170128328A1 SEQ ID NO- 32
HAAV-8312N 1256 US26170128528A1 SEQ ID NO: 33
AANG (Y705, V731, and 1257

T492) WO2016134337A1 SEQ ID NO: 24
AAV2 1258 WO2016134375A1 SEQ ID NO:
AAV2 1259 W02016134375A1 SEQ ID NO: 10

{0152]  The contents of cach of the patents, applications, and/or publications listed in
Table 1 are incorporated herein by reference in their entiretics as related to AAV capsids,
msofar as they do not conflict with the present disclosure.

[0153]  In certain embodiments, the AAV serotype may be, or may comprise a sequence as
described in International Patent Publication W{32015038958 (the content of which is
mncorporated herein by reference in its entirety as related to AAV capsids, insofar as it does
not conflict with the present disclosure}, such as, but not imited to, AAVS (SEQ ID NG: 2
and 11 of W(O2015038958 or SEQ ID NO: 135 and 136 herein), PHP.B (SEQ ID NO: 8 and
0 of WO2015038958, herein SEQ 1D NO: 3 and 4), G2B-13 (SEQ ID NO: 12 of
WO2015038958, herein SEQ 1D NO: 53, GZB-26 (SEQ ID NO: 13 of WO2015038958,
herein SEQ ID NO: 3), TH1L.1-32 (SEQ ID NG 14 of WO20150389538, herein SEQ 1D NO:
6}, THE.1-35 (SEQ ID NQG: 15 of W02015038958, heremn SEQ ID NQG: 7), or variants
thereof. Further, any of the “targeting peptides” or “amino acid mserts” (used herein
mterchangeably to mean sequences that may be inserted into an AAV capsid sequence to
facilitate delivery to CNS tissue} described m WO2015038958, may be mserted into any
parent AAV serotype, such as, but not limited to, AAVS (SEQ 1D NG: 135 for the DNA
sequence and SEQ ID NO: 136 for the amino acid sequence). In certain embodiments, the
ammo acid insert is inserted between amino acids 586-592 of the parent AAV {e.g., AAVY).

In certain embodiments, the amino acid insert is inserted between amino acids 588-589 of the
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parent AAV sequence. The amino acid insert may be, but is not limited to, anv of the
following amino acid sequences, TLAVPFK (SEQ ID NO: 1 of WO2015038958,; herein SEQ
D NG: 1260), KFPVALT (SEQ 1D NO: 3 of W020150389358; herein SEQ 1D NO: 1261),
LAVPFK (SEQ ID NG: 31 of WO2015038958; herein SEQ TD NO: 1262), AVPFK (SEQ ID
NG: 32 of W(O2015038958; herein SEQ ID NO: 1263), VPFK (SEQ ID NG: 33 of
WO2015038958; herein SEQ ID NO: 12643, TLAVPF (SEG ID NO: 34 of WO2015038958;
herein SEQ 1D NG: 1265), TLAVE (SEQ ID NO: 35 of W0O2015038958; hercin SEQ 1D
NO: 12663, TLAV (SEQ ID NO: 36 of W(O2015038938; herein SEQ ID NO: 1267),
SVYSKPFL (SEQ ID NQG: 28 of WO2015038938; herein SEQ ID NO: 1268), FTLTTPK {(SEQ
ID NQO: 29 of WO2015038958; herein SEQ 1D NO: 1269), MNATKNVY (SEQ ID NO: 30 of
WO2015038958; herein SEQ 1D NG: 1270), QSSQTPR (SEQ ID NG: 54 of
W02015038958; herein SEQ ID NG: 1271, ILGTGTS (SEQ IB NGO: 55 of
WO2015038958; herein SEQ 1D NO: 1272}, TRTNPEA (SEQ ID NO: 56 of
WO2015038938; herein SEQ 1D NO: 1273), NGGTSSS (SEQ ID NG: 58 of
WO2015038958; herein SEQ ID NG: 1274), or YTLSQGW (SEQ ID NO: 60 of
WO2015038958; herein SEQ ID NG: 1275). Non-limiting examples of nucleotide sequences
that may encode the amino acid inserts comprise, but are not limited to, the following,
AAGTTTCCTGTGGCGTTGACT (for SEQ ID NG 3 of W0O2015038958; herein SEQ ID
NG: 1276), ACTTTGGCGGTGCCTTITAAG (SEQ ID NO: 24 and 49 of W2015038958,
herein SEQ 1D NO: 1277), AGTGTGAGTAAGCCTTTTTTIG (SEQ ID NO: 25 of
WO2015038938; herein SEQ ID NG: 1278), TTTACGTTGACGACGCCTAAG (SEQ 1D
NO: 26 of WO2015038958; herem SEQ ID NO: 1279), ATGAATGCTACGAAGAATGTG
(SEQ ID NO: 27 of W(2015038958; herein SEQ ID NG: 1280},
CAGTCGTCGCAGACGCCTAGG (SEQ 1D NO: 48 of W0O2015038958; herein SEQ 1D
NG: 1281, ATTCTGGGGACTGGTACTTCG (SEQ 1D NO: 50 and 52 of WO2015038958,;
herein SEQ TD NO: 1282), ACGCGGACTAATCCTGAGGCT (SEQ ID NG: 51 of
W0O2015038938; herein SEQ 1D NOG: 1283), AATGGGGGGACTAGTAGTTCT (SEQ ID
NO: 53 of WO2015038958; herein SEQ 1D NO: 1284), or
TATACTTTIGTCGCAGGGTTGG (SEQ ID NO: 39 of WO2015038958; herein SEQ ID NG:
1285).

{6154}  In certain embodiments, the AAY serotype may be, or may comprise a sequence as
described 1n International Patent Publication W02017100671 (the content of which is

meorporated herein by reference m its entirety as related to AAV capsids, msofar as it does

1

(¢

(4
1



WO 2020/150556 PCT/US2020/014000

not conflict with the present disclosure), such as, but not limited to, AAVY K449R (SEQ ID
NO: 43 of WO2017100671, hercin SEQ 1D NO: 9), PHP N (SEQ ID NO: 46 of
WO2017100671, herein SEQ 1D NG: 2), PHP.S (SEQ ID NO: 47 of W0O2017100671, herein
SEQ ID NO: 8), or vanants thereof. Further, any of the targeting peptides or amino acid
mserts described in W02017100671 may be inserted into any parent AAV serotype, such as,
but not limited to, AAVY (SEQ 1D NO: 9 or SEQ D NO: 136}, In certain embodiments, the
amino acid msert is inscried between amino acids 586-392 of the parent AAV {c.g., AAVY).
In certain embodiments, the amino acid insert is inserted between amino acids 588-589 of the
parent AAV sequence. The antino acid msert may be, but is not limited to, any of the
following amino acid sequences, AQTLAVPFKAQ (SEQ ID NO: 1 of W0O2017100671;
herein SEQ 1D NO: 1286), AGSVSKPFLAQ (SEQ ID NO: 2 of WO2017100671; herein
SEQ IDNG: 1287), AQFTLTTPKAQ (SEQ ID NO: 3 in the sequence histing of
WO2017100671; herein SEQ 1D NG: 1288), DGTLAVPFKAQ (SEQ 1D NO: 4 in the
sequence listing of WOZ017100671; herein SEQ 1D NO: 1289), ESTLAVPFKAQ (SEQ 1D
NG 5 of WO2017100671; herein SEQ 1D NG: 1290}, GGTLAVPFKAQ (SEQ 1D NO: 6 of
WO2017100671; herein SEQ ID NG: 1291), AQTLATPFKAQ (SEQ ID NO: 7 and 33 of
WO2017100671; herein SEQ 1D NG: 1292), ATTLATPFKAQ (SEQ ID NG: 8 of
WO2017100671; herein SEQ 1D NG: 1293), DGTLATPFKAQ (SEQ D NO: 9 of
WO2017100671; herein SEQ 1D NO: 1294), GGTLATPFKAQ (SEGQG ID NO: 10 of
WO2017100671; herein SEQ 1D NG: 1295), SGSLAVPFKAQ (SEQ ID NG: 11 of
WO2017100671; herein SEQ 1D NG: 1296), AQTLAQPFKAQ (SEQ ID NO: 12 of
WO2017100671: herein SEQ ID NO: 1297), AQTLQQPFKAQ (SEQ ID NO: 13 of
WO2017100671; herein SEQ ID NO: 1298), AQTLSNPFKAQ (SEQ ID NO: 14 of
WO2017100671; herein SEQ 1D NG: 1299), AQTLAVPFSNP (SEQ ID NO: 15 of
WO2017100671; herein SEQ 1D NO: 1300), QGTLAVPFKAQ (SEQ 1D NO- 16 of
WO2017100671; herein SEQ 1D NO: 1301), NQTLAVPFRKAQ (SEQ ID NO: 17 of
W02017100671; herein SEQ 1D NG: 1302), EGSLAVPFKAQ (SEQ 1D NO: 18 of
WO2017100671; herein SEQ ID NG: 1303), SGNLAVPFKAQ (SEQ ID NO: 19 of
WO2017100671; herein SEQ ID NG: 1304), EGTLAVPFKAQ (SEQ ID NO: 20 of
WO2017100671; herein SEQ ID NG: 1303), DSTLAVPFKAQ (SEQ ID NO: 21 in Table 1
of WO2017100671; herein SEQ ID NO: 1306), AVTLAVPFKAQ (SEQ ID NO: 22 of
WO2017100671; berein SEQ 1D NO: 1307), AQTLSTPFKAQ (SEQ D NO: 23 of
WO2017100671; heremn SEQ 1D NG: 1308), AQTLPQPFKAG (SEQ ID NO: 24 and 32 of
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WO2017100671; herein SEQ ID NG: 1309), AQTLSQPFKAQ (SEQ ID NG: 25 of
WO2017100671; herein SEQ ID NG: 1310), AQTLQLPFKAQ (SEQ ID NO: 26 of
WO2017100671; herein SEQ 1D NO: 1311), AQTLTMPFKAQ (SEQ D NG: 27, and 34 of
WO2017100671 and SEQ ID NO: 35 in the sequence listing of WO201710067 1; herein SEQ
1D NO: 13123, AQTLTTPFKAQ (SEQ ID NG: 28 of W(2017100671; herem SEQ ID NG:
1313), AQYTLSQGWAG (SEQ [D NO: 29 of W02017100671; herein SEQ ID NO: 1314),
AQMNATKNVAQG (SEQ 1D NO: 30 of WO2017100671; heremn SEQ ID NO: 1315),
AQVSGGHHSAGQ (SEQ ID NOG: 31 of WO2617100671; herein SEQ ID NG: 1316),
AQTLTAPFKAQ (SEQ ID NO: 35 in Table 1 of WO2017100671; herein SEQ 1D NO:
1317), AQTLSKPFKAQ (SEQ ID NO: 36 of WO2017100671; herein SEQ 1D NQ: 1318),
QAVRTSL (SEQ ID NG: 37 of WO2017100671; heremn SEQ 1D NO: 1319), YTLSQGW
(SEQ ID NGO 38 of W(2017100671; herein SEQ [D NO: 1275}, LAKERLS (8EQ ID NOG:
39 of WO2Z017100671; herein SEQ 1D NO: 1320), TLAVPFK (SEQ ID NO: 40 in the
sequence listing of WO2017100671; hercin SEQ ID NO: 1260), SYSKPFL (SEQ ID NO: 41
of WO2017100671; herein SEQ ID NG: 1268), FTLTTPE (SEQ ID NO: 42 of
WO2017100671; herein SEQ ID NG: 1269), MNSTKNV (SEQ ID NG 43 of
WO2017100671; herein SEQ 1D NG: 1321), VSGGHHS (SEQ 1D NO: 44 of
WO2017100671; herein SEQ ID NG: 1322), SAQTLAVPFKAQAQ (SEQ 1D NO: 48 of
WO2017100671; herein SEQ ID NOG: 1323), SXXXLAVPFKAQAQ (SEQ ID NO: 49 of
WO2017100671 wherein X may be any amino acid; herein SEQ 1D NG: 1324),
SAQXXXVPFKAQAQ (SEQ ID NO: 50 of W02017100671 wherein X may be any amino
acid; herein SEQ 1D NO: 1325), SAQTLXXXFRAQAQ (SEQ ID NO: 51 of
WO2017100671 wheretn X may be any amino acid; herein SEQ D NGO: 1326),
SAQTLAVXXXAQAQ (SEQ ID NG 52 of W(2017100671 wherein X may be any amino
acid; herein SEQ 1D NO: 1327), SAQTLAVPFXXXAQ (SEQ ID NO: 53 of WO2017100671
wherein X may be any amino acid; herein SEQ ID NO: 1328), TNHQSAQ (SEQ ID NO: 65
of WO2017100671; herein SEQ [D NO: 1329), AQAQTGW (SEQ ID NGO: 66 of
WO2017100671; horein SEQ 1D NG: 1330), DGTLATPFK (SEQ ID NG: 67 of
WO2017100671; herein SEQ ID NG: 1331), DGTLATPFKXX (SEQ ID NO: 68 of
WO2017100671 wherein X may be any amino acid; herein SEQ ID NO: 1332), LAVPFKAQ
(SEQ ID NO: 80 of W(O2017100671; herein SEQ 1D NO: 1333}, VPFKAQ (SEQ D NG: 81
of WO2017100671; herein SEQ [D NO: 1334), FKAQ (SEQ 1D NO: 82 of WO2017100671;
herein SEQ TD NO: 1335), AQTLAV (SEQ ID NO: 83 of WO2017100671; herein SEQ TD
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NO: 1336y, AQTLAVPF (SEQ ID NO: 84 of WO2017100671; herein SEQ 1D NG: 1337),
QAVR (SEQ ID NO: 85 of WD2017100671; herein SEQ ID NG 1338), AVRT (SEQ ID
NG: 86 of WO2017100671; herein SEQ 1D NO: 1339), VRTS (SEQ ID NO: 87 of
WO2017100671; herein SEQ 1D NO: 1340), RTSL (SEQ ID NG: 88 of WO2017100671;
herein SEQ 1D NG: 1341, QAVRT (SEQ 1D NO: 89 of WO2017100671; herein SEQ [D
NQO: 1342), AVRTS (SEQ 1D NO: 90 of W(02017100671; herein SEQ 1D NO: 1343),
VRTSL (SEQ ID NO: 91 of WO2017100671; herein SEQ ID NO: 1344), QAVRTS (SEQ ID
NG: 92 of WO2017100671; herein SEQ 1D NO: 1345), or AVRTSL (SEQ ID NO: 93 of
WO2017100671; herein SEQ ID NG: 1346).

{8155} Non-limiting examples of nucleotide sequences that may encode the amino acid
mserts comprise the followmg, GATGGGACTTTGGCGGTGCUTTTTAAGGCACAG (SEQ
1D NO: 54 of WO2017100671; herein SEQ 1D NO: 1347),
GATGGGACGTTGGCGGTGCCTTTTAAGGCACAG (SEQ 1D NQO: 55 of
WO2017100671; herein SEQ 1D NG: 1348), CAGGCGGTTAGGACGTCTTTIG (SEQ ID
NG 56 of WO2017100671; herein SEQ ID NO: 1349),
CAGGTCTTCACGGACTCAGACUTATCAG (SEQ ID NO: 57 and 78 of WO2017100671;
herein SEQ ID NGO 1350), CAAGTAAAACCTCTACAAATGTGGTAAAATCG (SEQ ID
NG: 38 of WG2017100671; herein SEQ 1D NO: 1351),
ACTCATCGACCAATACTTGTACTATCTCTCTAGAAC (SEQ ID NO: 59 of
W0O2017100671; herein SEQ 1D NO: 1352), GGAAGTATICCTTGGTITIGAACCCA
(SEQ ID NO: 60 of WO2017100671; herein SEGQ 1D NG: 1353),
GGTCGCGGTTCTTGTTTGTGGAT (SEQ ID NO: 61 of WO2017100671; herein SEQ ID
NG: 1354y, CGACCTTGAAGCGCATGAACTCCT (SEQ IR NO: 62 of WO2017100671;
herein SEQ 1D NO: 1355),
GTATTCCTTIGGTTITGAACCCAACCGGTCTGCGCCTGTGCMNNMNNMNNMNNM
NNMNNMNNTTGGGCACTCTGGTGGTTTGTC (SEQ ID NG: 63 of WO2017100671
wherein N may be A, C. T, or G; herein SEQ 1D NO: 1356},
GTATTCCTIGGTTITTGAACCCAACCGGTCTGCGOCMNNMNNMNNAA AAGGCACCG
CCAAAGTTTG (SEQ ID NO: 69 of W(2017100671 wherein Nmay be A, C, T, or GG;
herein SEQ ID NQ: 1357),
GTATTCCTTIGGTTTTGAACCCAACCGGTCTGCGCCTGTGUMNNMNNMNNCACCG
CCAAAGTTTGGGCACT (SEQ ID NO: 70 of W02017100671 wherein Nmaybe A, C, T,
or G; herein SEQ ID NG 1358},
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GTATTCCTTGGTTTTIGAACCCAACCGGTCTGCGCCTGTGCOTTAAAMNNMNNMN
NCAAAGTTTGGGCACTCTGOTGG (SEQ IDNG: 71 of WO2017100671 wherein N may
be A, C, T, or (5; herein SEQ D NO: 1359),
GTATTCCTTGGTTITGAACCCAACCGGTCTGCGCCTGTGCCTTAAAAGGCACMNN
MNNMNNTTGGGCACTCTGGTGGTTTIGTG (BEQ ID NO: 72 of W(2017100671
wherein N may be A, €. T, or G; herein SEQ 1D NO: 1360},
ACTTTGGCGGTGCCTTTTAAG (SEQ ID NG: 74 of WO2017100671; herein SEQ 1D NO:
1277}, AGTGTGAGTAAGCCTTTTITTIG (SEQ ID NG: 75 of W(O2017100671; herein SEQ
ID NO: 1278), TFTACGTTGACGACGCCTAAG (SEQ ID NO: 76 of WO2017100671;
herein SEQ ID NO: 1279), TATACTTTGTCGCAGGGTTGG (SEQ 1D NO: 77 of
WO2017100671; berein SEQ 1D NG: 1285), or CTTGCGAAGGAGCGGCTTTCG (SEQID
NG: 79 of WO2017100671; herein SEQ ID NO: 1361).

[0156]  In certain embodiments, the AAV scrotype may be, or may cOmpPrise a scquence as
described in United States Patent No. US 9624274 (the content of which is incorporated
herein by reference mn s entirety as related to AAV capsids, insofar as it does not conflict
with the present disclosure), such as, but not himited to, AAV1 (SEQ IDNO: 181 of
US89624274), AAV6 (SEQ ID NO: 182 of US9624274), AAVZ (SEQ ID NO: 183 of
US9624274), AAV3L (SEQ ID NO: 184 of US9624274), AAVT (SEQ ID NO: 185 of
US9624274), AAVS (SEQ ID NG: 186 of US9624274), AAV10 (SEQ ID NG: 187 of
US9624274), AAV4 (SEQ 1D NO: 188 of US96242743, AAV1L (SEQ ID NQ: 189 of
US9624274), bAAV (SEQ ID NO: 190 of US9624274), AAVS (SEQ ID NO: 191 of
US9624274), GPV (SEQ ID NG: 192 of US9624274; herein SEQ ID NG: 992), B19 (SEQ
ID NG: 193 of US9624274; herein SEQ ID NG: 993), MVM (SEQ ID NO: 194 of
US9624274; herein SEQ D NG 994), FPV (SEQ 1D NO: 195 of US9624274; hercin SEQ
D NG 995), CPV (SEQ ID NG: 196 of US9624274; herein SEQ ID NO: 996) or vanants
thereof. Further, any of the structural protein inserts described 1n U.S. Patent No.
US9624274, may be inserted into, but not limited to, 1-433 and [-587 of any parent AAY
serotype, such as, but not limited to, AAV2 (8EQ ID NG: 183 of US9624274). The amino
acid insert may be, but is not limited to, any of the following amino acid sequences,
VNLTWSRASG (SEQ ID NGO 50 of US9624274; herein SEQ ID NG: 1362),
EFCINHRGYWVYUGD (SEQ ID NO:55 of US9624274; herein SEQ 1D NO: 1363},
EDGOQVMDVDLS (SEQ ID NO: 85 of US9624274; herein SEQ 1D NO: 1364),
EKQRNGTLT (SEQ ID NO: 86 of US9624274; herein SEQ D NO: 1365},
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TYQCRVTHPHLPRALMR (SEQ ID NO: 87 of US9624274: herein SEQ TD NO: 1366).
RHSTTQPRKTKGSG (SEQ ID NO: 88 of US9624274; herein SEQ ID NO: 1367),
DSNPRGVSAYLSR (SEQ ID NO: 89 of US9624274: herein SEQ 1D NO: 1368),
TITCLWDLAPSK (SEQ ID NO: 90 of US9624274: herein SEQ ID NO: 1369),
KTKGSGFFVE (SEQ ID NO: 91 of US9624274: herein SEQ ID NO: 1370),
THPHLPRALMRS (SEQ ID NO: 92 of US9624274: herein SEQ ID NO: 1371),
GETYQCRVTHPHLPRALMRSTTK (SEQ ID NO: 93 of US9624274: herein SEQ ID NO:
1372), LPRALMRS (SEQ ID NO: 94 of US9624274: herein SEQ ID NO: 1373),
INHRGYWV (SEQ ID NO: 95 of US9624274: herein SEQ ID NO: 1374),
CDAGSVRTNAPD (SEQ ID NO: 60 of US9624274; herein SEQ ID NO: 1375),
AKAVSNLTESRSESLQS (SEQ ID NO: 96 of U§9624274; herein SEQ ID NO: 1376),
SLTGDEFKKVLET (SEQ ID NO: 97 of U89624274; herein SEQ ID NO: 1377).
REAVAYRFEED (SEQ ID NO: 98 of US9624274; herein SEQ ID NO: 1378), INPEIITLDG
(SEQ 1D NO: 99 of US9624274; herein SEQ 1D NO: 1379), DISVTGAPVITATYL (SEQ ID
NO: 100 of US9624274; herein SEQ ID NO: 1380), DISVIGAPVITA (SEQ ID NO: 101 of
US9624274: herein SEQ ID NO: 1381), PKTVSNLTESSSESVQS (SEQ ID NO: 102 of
US9624274: herein SEQ ID NO: 1382), SLMGDEFKAVLET (SEQ ID NO: 103 of
US9624274; herein SEQ ID NO: 1383), QHSVAYTFEED (SEQ ID NO: 104 of US9624274
herein SEQ ID NO: 1384), INPEITRDG (SEQ ID NO: 105 of US9624274: herein SEQ ID
NO: 1383), DISLTGDPVITASYL (SEQ 1D NO: 106 of US9624274; hercin SEQ ID NO
1386). DISLTGDPVITA (SEQ ID NO: 107 of US9624274: herein SEQ ID NO: 1387).
DQSIDFEIDSA (SEQ ID NO: 108 of US9624274: herein SEQ ID NO: 1388),
KNVSEDLPLPTFSPTLLGDS (SEQ ID NO: 109 of US9624274: herein SEQ ID NO: 1389),
KNVSEDLPLPT (SEQ ID NO: 110 of US9624274; herein SEQ ID NO: 1390),
CDSGRVRTDAPD (SEQ ID NO: 111 of US9624274; herein SEQ 1D NO: 1391),
FPEHLLVDFLQSLS (SEQ ID NO: 112 of US9624274: herein SEQ ID NO: 1392),
DAEFRHDSG (SEQ ID NO: 65 of US9624274; herein SEQ ID NO: 1393),
HYAAAQWDEGNTMCQL (SEQ ID NO: 113 of US9624274; herein SEQ ID NO: 1394),
YAAQWDFGNTMCOQ (SEQ D NO: 114 of US9624274; herein SEQ ID NO: 1395),
RSQKEGLHYT (SEQ ID NO: 115 of US9624274: herein SEQ ID NO: 1396),
SSRTPSDKPVAHWANPQAE (SEQ ID NO: 116 of US9624274: herein SEQ ID NO: 1397),
SRTPSDEKPVAHWANP (SEQ ID NO: 117 of US9624274; herein SEQ ID NO: 1398),
SSRTPSDKP (SEQ ID NO: 118 of US9624274; herein SEQ ID NO: 1399),
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NADGNVDYHMNSVP (SEQ ID NO: 119 of US9624274; herein SEQ 1D NO: 1400),
DGNVDYHMNSY (SEQ ID NG: 120 of US9624274; herein SEQ 1D NQO: 1401),
RSFKEFLOSSLRALRQ (SEQ 1D NO: 121 of US9624274; herein SEQ 1D NO: 1402);
FKEFLQSSLRA (SEQ ID NO: 122 of US9624274; heremn SEQ 1D NG: 14033, or
OMWAPQWGPD (SEQ ID NO: 123 of US9624274; herein SEQ 1D NO: 1404).

{0157]  In certain embodiments, the AAY serotype may be, or may have a sequence as
described in U.S. Patent No. US 9475845 (the content of which is mcorporated herein by
reference in 1fs entircty as related to AAV capsids, insofar as it does not conflict with the
present disclosure), such as, but not limited to, AAV capsid proteins comprising modification
of one or more aminc acids at amino acid positions 585 to 590 of the native AAVZ capsid
protein. Further the modification may result in, but not linuted to, the amino acid sequence
RGNRQA (SEQ ID NO: 3 of US9475845; herein SEQ ID NO: 1403), SSSTDP (SEQ ID
NO: 4 of US9475845; herein SEQ 1D NO: 1406), SSNTAP (SEQ D NO: 5 of US9475845,
herein SEQ 1D NO: 1407), SNSNLP (SEQ 13 NO: 6 of US9475845; herein SEQ 1D NO:
1408), SSTTAP (SEQ ID NG: 7 of US9475845; herein SEQ 1D NO: 1409), AANTAA (SEQ
ID NQ: 8 of US9475845; hercin SEQ 1D NO: 14103, QUNTAP (SEQ ID NQO: 9 of
US9475845; herein SEQ 1D NO: 1411), SAQAQA (SEQ ID NGO 10 of US9475843; herein
SEQ ID NO: 1412), QANTGP (SEQ ID NO: 11 of US9475845; herein SEQ 1D NO: 1413),
NATTAP (SEQ ID NO: 12 of US9475845; herein SEQ ID NG: 1414), SSTAGP (SEQ ID
NO: 13 and 20 of US9475845: herein SEQ ID NO: 1415), QONTAA (SEQ ID NO: 14 of
US9475845; berein SEQ ID NO: 1416}, PSTAGP (SEQ 1D NO: 15 of US94758435; berein
SEQGID NG: 1417), NONTAP (SEQ ID NG: 16 of US9475845; herein SEQ ID NO: 1418),
QAANAP (SEQ ID NOG: 17 of US9475845; herein SEQ ID NO: 1419}, SIVGLP (SEG ID
NG: 18 of US9475845; herein SEQ 1D NO: 1420), AASTAA (SEQ ID NG 19, and 27 of
US9475845; herein SEQ 1D NO: 1421), SQNTTA (SEQ ID NO: 21 of US9475845; herein
SEQ ID NO: 1422), QODTAP (SEQ ID NO: 22 of US9475845; herein SEQ 1D NO: 1423),
QTNTGP (SEQ ID NO: 23 of US9475845; herein SEQ ID NO: 1424), QTNGAP (SEQ ID
NO: 24 of US9475845; herein SEQ 1D NO: 1425), QONAAP (SEQ 1D NO: 25 of
US9475845; herein SEQ ID NO: 1426), or AANTQA (SEQ ID NO: 26 of US9475845;
herein SEQ ID NG: 1427). In certain embodiments, the amine acid modification is a
substitation at amino acid positions 262 through 265 in the native AAV?2 capsid protein or the
corresponding position in the capsid protein of another AAV with a targeting sequence. The

targeting sequence may be, but is not limited to, any of the amino acid sequences NGRAHA
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(SEQ ID NG: 38 of US9475845; herein SEQ ID NO: 1428), QPEHSST (SEQ 1D NO: 39 and
50 of US9475845; herein SEQ 1D NO: 14293, VNTANST (SEQ ID NO: 40 of US9475845,
herein SEQ ID NO: 1430), HGPMOKS (SEQ 1D NG: 41 of US9475845; herein SEQ 1D NO:
1431}, PHKPPLA (SEQ ID NG 42 of US9475845; herein SEQ ID NG: 1432), IKNNEMW
(SEQ 1D NO: 43 of US9475845; herein SEQ ID NO: 1433), RNLDTPM (SEQ ID NO: 44 of
USO475845; herein SEQ ID NO: 1434}, VDSHROS (SEQ ID NO: 45 of US9475845; herein
SEGQ ID NG: 1435), YDSKTKT (SEQ ID NO: 46 of US9475845; herein SEQ 13 NO: 1436),
SQLPHQEK (SEQ ID NG: 47 of US9475845; herem SEQ ID NO: 1437), STMQQNT (SEQ
ID NQO: 48 of US9475845; herein SEQ ID NO: 1438), TERYMTQ (SEQ ID NO: 49 of
US9475845; herein SEQ 1D NO: 1439), DASLSTS (SEQ 1D NG: 51 of US9475843; herein
SEQ 1D NQO: 1440}, DLPNKKT (SEQ ID NO: 52 of US9475845; herein SEQ 1D NO: 1441),
DLTAARL (SEQQ ID NQ: 33 of US9475845; herein SEQ ID NG: 1442), EPHQFNY (SEQ
1D NG: 54 of US9475845; herein SEQ 1D NO: 1443), EPQSNHT (SEQ ID NO: 55 of
USY475845; herein SEQ 1D NO: 1444), MSSWPSQ (SEQ 1D NO: 56 of US94758435; herein
SEQ ID NG: 1445), NPKHNAT (SEQ ID NG: 57 of US94758435; herein SEQ 1D NO: 1446),
PDGMRTT (SEQ ID NG: 58 of US9475845; herein SEQ ID NO: 1447), PNNNKTT (SEQ
D NQG: 59 of US9475845; herein SEQ 1D NQO: 1448), QSTTHDS (S8EQ ID NO: 60 of
US9475845; herein SEQ ID NO: 1449), TGSKQKQ (SEQ 1D NO: 61 of US9475845; herein
SEQ D NGO 1430), SLKHQAL (SEQ ID NO: 62 of US9475845: herein SEQ ID NO: 1451},
SPIDGEQ (SEQ ID NO: 63 of US9475845; herein SEQ 1D NO: 1452), WIFPWIQL (SEQ
D NO: 64 and 112 of US9475845; herein SEQ 1D NO: 1453y, CDCRGDCFC (SEQ 1D NO:
65 of US9475845; herein SEQ 1D NO: 1454, ONGRC (SEQ ID NG: 66 of US9475845;
herein SEQ ID NG: 1453), CPRECES (SEQ ID NG: 67 of US9475845; herein SEQ 1D NO:
1456), CTTHWGFTLC (SEQ 1D NQ: 68 and 123 of US9475845; herein SEQ 1D NQ: 1457},
CGRRAGGSC (SEQ ID NO: 69 of US9475845; herein SEQ D NO: 1458), CKGGRAKDC
(SEQ 1D NQ: 70 of US9475845; herein SEQ ID NG: 1459), CVPELGHEC (SEQ ID NG: 71
and 115 of US9475845; herein SEQ 1D NO: 1460}, CRRETAWAK (SEQ ID NO: 72 of
USY475845; herein SEQ 1D NO: 1461), VSWESHRYSPFAVS (SEQ 1D NO: 73 of
US9475845; herein SEQ ID NO: 1462), GYRDGYAGPILYN (SEQ ID NO: 74 of
US9475845; herein SEQ ID NO: 1463), XXXYXXX (SEQ 1D NO: 75 of US9475845; herein
SEQ ID NO: 1464), YXNW (SEQ 1D NO: 76 of US94758435; herein SEQ ID NO: 1463),
RPLPPLP (SEQ ID NO: 77 of US9475845; herein SEQ 1D NO: 1466), APPLPPR (SEQ ID
NG: 78 of US9475845; hercin SEQ ID NO: 1467), DVFYPYPYASGS (SEQ ID NG 79 of
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US9475845; herein SEQ 1D NO: 1468), MYWYPY (SEQ ID NO: 80 of US9475845; herein
SEQ ID NO: 1469), DITWDQLWDLMK (SEQ ID NG 81 of US9475845; herein SEQ ID
NG: 1470y, CWDDXWLC (SEQ 1D NO: 82 of US9475845; herein SEQ 1D NO: 1471),
EWCEYLGGYLRCYA (SEQ 1D NO: 83 of US9475845; herein SEQ 1D NG: 1472},
YXCXXGPXTWXCXP (SEQ ID NO: 84 of US9475845; herein SEQ 1D NO: 1473),
IEGPTLROQWLAARA (SEQ ID NO: 85 of US9475845; herein SEQ ID NO: 1474), LWXXX
(SEQ ID NG: 86 of US9475845; herein SEQ ID NO: 1475), XFXXYLW (SEQ ID NO: 87 of
US9475845; herein SEQ 1D NO: 1476), SSHSHFRWGLCD (SEQ ID NO: 88 of
US9475845; herein SEQ ID NO: 1477), MSRPACPPNDKYE (SEQ ID NO: 89 of
US9475845; herein SEQ 1D NO: 1478), CLRSGRGC (SEQ ID NQO: 90 of US9475845;
herein SEQ 1D NG: 1479), CHWMFESPWC (SEQ ID NG: 91 of US5475845; heremn SEQ 1D
NG: 1480), WXXF (SEQ ID NO: 92 of US9475845; herein SEQ [D NO: 1481}, CSSRLDAC
(SEG 1D NO: 93 of US9475843; herein SEQ ID NO: 1482), CLPVASC (SEQ 1D NQO: 94 of
US9475845; herein SEQ ID NO: 1483), CGFECVRQCPERC (SEQ ID NG: 95 of
US9475845; herein SEQ 1D NG: 1484), CVALCREACGEGC (SEQ ID NG: 96 of
US9475845; herein SEQ ID NO: 1485), SWCEPGWCR (SEQ ID NG: 97 of US9475845;
herein SEQ ID NO: 1486), YSGKWGW (SEQ ID NO: 98 of US9475845; herein SEQ ID
NGO: 1487), GLSGGRS (SEQ ID NO: 99 of US9475845; herein SEQ ID NG: 1488),
LMLPRAD (SEQ ID NO: 100 of US9475845; hercin SEQ 1D NO: 14893, CSCFRDVCC
(SEQ 1D NO: 101 of US9475845; herein SEQ 1D NO: 1490), CRDVVSVIC (SEQ 1D NO:
102 of US9475843; herein SEQ ID NO: 1491, MARSGL (SEQ ID NO: 103 of US9475845;
herein SEQ ID NG: 1492), MARAKE (SEQ ID NOG: 104 of US9475845; herein SEQ ID NG:
1493), MSRTMS (SEQ ID NG: 105 of US9475845; herein SEQ D NO: 1494), KCCYSL
(SEQ ID NQ: 106 of US9475845; herein SEQ 1D NO: 1495), MYWGDSHWLOYWYE
(SEQ ID NGO 107 of US94758435; herein SEQ 1D NO: 1496), MQLPLAT (SEQ ID NO: 108
of US9475845; herein SEQ ID NG: 1497), EWLS (8EQ ID NG: 109 of US9475845; herein
SEQ ID NG: 1498), SNEW (SEQ 1D NO: 110 of US9475845; herein SE( 1D NO: 1499},
TNYL (SEQ 1D NO: 111 of US9475845; herein SEQ 1D NO: 15003, WDLAWMFRLPVG
(SEQ ID NG: 113 of US9475845; herein SEQ ID NO: 1501), CTVALPGGYVRVC (SEQ ID
NO: 114 of US9475845; herein SEQ [D NO: 1502), CVAYCIEHHCWTC (SEQ ID NO: 116
of US9475845; herein SEQ 1D NO: 1503), CVFAHNYDYLVC (SEQ ID NQ: 117 of
US9475845; herein SEQ 1D NO: 1504), CVFTSNYAFC (SEQ 1D NO: 118 of US9475845;
herein SEQ 1D NG: 1505), VHSPNKK (SEQ ID NO: 119 of US9475845; herein SEQ ID
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NO: 1506), CRGDGWC (SEQ ID NO: 120 of US9475843; herein SEQ 1D NO: 1507),
XRGCDX (SEQ ID NO: 121 of US9475845; herein SEQ ID NO: 1508), PXXX (SEQ ID
NO: 122 of US9475845: herein SEQ ID NO: 1509}, SGKGPRQITAL (SEQ ID NO: 124 of
US9475845; herein SEQ ID NO: 1510), AAAAAAAAAXIXX (SEQ ID NO: 125 of
US9475845; herein SEQ ID NO: 1511), VYMSPF (SEQ ID NO: 126 of US9475845: hetein
SEQ ID NO: 1512), ATWLPPR (SEQ ID NO: 127 of US9475845; herein SEQ ID NO:
1513), HTMY YHHYQHHL (SEQ 1D NO: 128 of US9475845; herein SEQ ID NO: 1514),
SEVGCRAGPLOWLCEKYFG (SEQ ID NO: 129 of US9475845; herein SEQ ID NO:
1515), CGLLPVGRPDRNVWRWLC (SEQ ID NO: 130 of U89475845; herein SEQ 1D NO:
1516), CKGOCDRFKGLPWEC (SEQ 1D NO: 131 of US9475845; herein SEQ ID NO:
1517), SGRSA (SEQ 1D NO: 132 of US9475845; herein SEQ ID NO: 1518), WGFP (SEQ
ID NO: 133 of US9475845; herein SEQ ID NO: 1519), AEPMPHSLNFSQYLWYT (SEQ ID
NO: 134 of US9475845: herein SEQ 1D NO: 1520), WAYXSP (SEQ ID NO: 135 of
US9475845; herein SEQ ID NO: 1521), IBLLQAR (SEQ ID NO: 136 of US9475845; herein
SEQ ID NO: 1522), AYTKCSRQWRTCMTTH (SEQ ID NO: 137 of US9475845; herein
SEQ ID NO: 1523), PQNSKIPGPTFLDPH (SEQ ID NO: 138 of US9475845; herein SEQ ID
NO: 1524), SMEPALPDWWWEMFK (SEQ 1D NO: 139 of US9475843; herein SEQ ID
NO: 1525), ANTPCGPYTHDCPVKR (SEQ ID NO: 140 of US9475845; herein SEQ ID NO:
1526), TACHQHVRMVRP (SEQ ID NO: 141 of US9475845; herein SEQ ID NO: 1527),
VPWMEPAYQRFL (SEQ ID NO: 142 of US9475845; herein SEQ 1D NO: 1528),
DPRATPGS (SEQ ID NO: 143 of US9475845: herein SEQ ID NO: 1529),
FRPNRAQDYNTN (SEQ ID NQ: 144 of US9475845: herein SEQ ID NO: 1530),
CTKNSYLMC (SEQ ID NO: 145 of US9475845: herein SEQ ID NO: 1531),
CXNTXXXGXGC (SEQ ID NO: 146 of US9475845; herein SEQ ID NO: 1532),
CPIEDRPMC (SEQ ID NO- 147 of US9475845; herein SEQ 1D NO: 1533),
HEWSYLAPYPWF (SEQ ID NO: 145 of US9475845: herein SEQ ID NO: 1534),
MCPKHPLGC (SEQ ID NO: 149 of US9475845; herein SEQ 1D NO: 1535),
RMWPSSTVNLSAGRR (SEQ ID NO: 150 of US9475845; herein SEQ ID NO: 1536),
SAKTAVSQRVWLPSHRGGEP (SEQ ID NO: 151 of U/§9475845; herein SEQ TD NO:
1537), KSREHVNNSACPSKRITAAL (SEQ ID NO: 152 of US9475845; herein SEQ ID
NO: 1538), EGFR (SEQ ID NO: 133 of US9475845; herein SEQ ID NO: 1539), AGLGVR
(SEQ ID NO: 154 of US9475845: herein SEQ ID NO: 1540), GTRQGHTMRLGVSDG
(SEQ ID NO: 155 of US9475845; herein SEQ ID NO: 1541), IAGLATPGWSHWLAL (SEQ
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ID NG: 1536 of US9475845; herein SEQ ID NG: 1542), SMSIARL (SEQ 1D NO: 157 of
US9475845; herein SEQ 1D NO: 1543), HTFEPGV (SEQ ID NO: 158 of US9475845; herein
SEQ 1D NO: 1544), NTSLKRISNKRIRRK (SEQ ID NO: 159 of US9475845; herein SEQ
D NO: 1545), LRIKREKRREREKKTRK (SEQ 1D NO: 160 of USG4758435; herein SEQ ID
NQ: 1546), GGG, GFS, LWS, EGG, LLV, L8P, LBS, AGG, GRR, GGH, or GTV.

{01538]  In certain embodiments, the AAY serotype may be, or may have a sequence as
descrbed i U.S. Patent Application Publication No. US 20160369298 (the content of which
i incorporated herein by reference in its entirety as related to AAV capsids, insofar as it does
not conflict with the present disclosure}, such as, but not limited to, site-specific mutated
capsid protein of AAV2 (SEG 1D NO: 97 of US 20160369298; herein SEQ ID NG 1547 or
variants thereof, wherein the specific mutated site is at least one stte selected from sites R447,
(G453, S578, NS87, N58&7+1, S662 of VP or fragment thereof,

{6159]  Further, any of the mutated sequences described in US 20160369298, may be or
may have, but not limited to, any of the followmg sequences: SDSGASN (SEQ ID NG: 1 and
SEQ ID NG: 231 of US20160369298; herein SEQ ID NG: 1548), SPSGASN (SEQ IDNOG: 2
of US20160365298; herein SEQ ID NQO: 1549), SHSGASN (SEQ ID NO: 3 of
US20160369298; herein SEQ ID NO: 1350), SREGASN (SEQ ID NO: 4 of
US20160369298; herein SEQ D NO: 1551), SKSGASN (SEQ IDNO: 5 of
US820160369298: herein SEQ ID NO: 1552), SNSGASN (SEQ ID NO: 6 of
US20160369298: herein SEQ ID NO: 1553), SGSGASN (SEQ ID NO: 7 of
US20160369298; herein SEQ 1D NO: 13534), SASGASN (SEQ IDNO: 8,175, and 221 of
US20160369298; herem SEQ 1D NO: 1535), SESGTSN (SEQ ID NO: 9 of US2(160369298;
herein SEQ ID NO: 1556), STTGGSN (SEQ ID NO: 10 of US20160369298; herein SEQ ID
NG: 1557y, SSAGSTN (SEQ 1D NO: 11 of US20160369298; herein SEQ 1D NO: 1558),
NNDSQA (SEQ ID NO: 12 of US20160369298; herein SEQ 1 NO: 1559), NNRNQA (SEQ
D NO: 13 of US20160369298; herein SEQ ID NO: 1560), NNNKQA (SEQ ID NO: 4 of
US20160369298; hercin SEQ 1D NO: 1561), NAKRQA (SEQ ID NO: 15 of
US20160369298; herein SEQ 1D NO: 1562), NDEHQA (SEQ ID NO: 16 of
US20160369298; herein SEQ ID NG 1363), NTSQKA (SEQ ID NG: 17 of
US20160369298; herein SEQ 1D NO: 1564} YYLSRTINTPSGTDTOSRLVEFSQAGA (SEQ
IDNQO: 18 of US20160369298; herein SEQ ID NO: 1563),
YYLSRINTDSGTETQSGLDFSQAGA (SEQ 1D NO: 19 of US20160369298; herein SEQ
D NG 1566), YYLSRTNTESGTPTQSALEFSQAGA (SEQ ID NG: 20 of
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US20160369298; herein SEQ ID NO: 1567), YYLSRTNTHSGTHTQSPLHFSQAGA (SEQ
ID NO: 21 of US20160369298; herein SEQ ID NO: 1568),
YYLSRTNTSSGTITISHLIFSQAGA (SEQ ID NO: 22 of US20160369298; herein SEQ 1D
NO: 1569), YYLSRTNTRSGIMTKSSLMFSQAGA (SEQ ID NO: 23 of US20160369298;
herein SEQ ID NO: 1570), YYLSRTNTKSGRKTLSNLSFSQAGA (SEQ ID NO: 24 of
US20160369298: herein SEQ 1D NO: 1571), YYLSRTNDGSGPVTPSKLRESQRGA (SEQ
1D NO: 25 of US20160369298; herein SEQ ID NO: 1572),
YYLSRTNAASGHATHSDLKFSQPGA (SEQ ID NO: 26 of US20160369298; herein SEQ
ID NO: 1573), YYLSRTNGQAGSLTMSELGFSQVGA (SEQ ID NO: 27 of
US20160369298; herein SEQ ID NO: 1574), YYLSRTNSTGGNQTTSQLLESQLSA (SEQ
D NO: 28 of US20160369295; herein SEQ ID NO: 1575),
YFLSRTNNNTGLNTNSTLNFSQGRA (SEQ ID NO: 29 of US20160369298: herein SEQ
1D NO: 1576), SKTGADNNNSEYSWTG (SEQ 1D NO: 30 of US20160369298; herein SEQ
1D NO: 1577), SKTDADNNNSEYSWTG (SEQ 1D NO: 31 of US20160365298; herein SEQ
ID NO: 1578), SKTEADNNNSEYSWTG (SEQ ID NO: 32 of US20160369298: herein SEQ
ID NO: 1579), SKTPADNNNSEYSWTG (SEQ ID NO: 33 of US20160369298; herein SEQ
D NO: 1580), SKTHADNNNSEY SWTG (SEQ ID NO: 34 of US20160369298; herein SEQ
D NO: 1581), SKTQADNNNSEY SWTG (SEQ ID NO: 35 of US20160369298; herein SEQ
ID NO: 1582), SKTIADNNNSEYSWTG (SEQ ID NO: 36 of US20160369298: herein SEQ
10 NO: 1583), SKTMADNNNSEYSWTG (SEQ 1D NO: 37 of US20160369298; herein SEQ
1D NO: 1584), SKTRADNNNSEY SWTG (SEQ D NO: 38 of US20160369298; herein SEQ
ID NO: 1585), SKTNADNNNSEYSWTG (SEQ ID NO: 39 of US20160369298; herein SEQ
ID NO: 1586), SKTVGRNNNSEYSWTG (SEQ ID NO: 40 of US20160369298; herein SEQ
ID NO: 1587), SKTADRNNNSEYSWTG (SEQ ID NO: 41 of US20160369298: herein SEQ
D NO: 1588), SKKLSQNNNSKYSWQG (SEQ ID NO: 42 of US20160369298; herein SEQ
D NO: 1589), SKPTTGNNNSDY SWPG (SEQ TD NO: 43 of US20160369298; herein SEQ
1D NO: 1590), STOQKNENNNSNYSWPG (SEQ ID NO: 44 of US20160369298: herein SEQ
1D NO: 1591), HKDDEGKF (SEQ 1D NO: 45 of US20160369298; herein SEQ 1D NO:
1392), HKDDNRKF (SEQ 1D NO: 46 of US20160369298: herein SEQ D NO: 1593),
HKDDTNKF (SEQ ID NO: 47 of US20160369298; herein SEQ ID NO: 1594), HEDSDKNF
(SEQ 1D NO: 48 of US20160369298; herein SEQ ID NO: 1595), HRDGADSFE (SEQ 1D NO:
49 of US20160369298; herein SEQ ID NO: 1596), HGDNKSRF (SEQ ID NO: 50 of
US20160369298: herein SEQ ID NO: 1597). KQGSEKTNVDFEEV (SEQ ID NG: 51 of
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1598), KQGSEKTNVDSEEV (SEQ ID NO: 52 of
1599), KQGSEKTNVDVEEV (SEQ ID NO: 53 of
1600, KQGSDKTNVDDAGV (SEQ ID NO: 54 of
1601), KQGSSKTNVDPREV (SEQ ID NO: 55 of
1602), KQGSRKTNVDHKQV (SEQ ID NO: 56 of
1603), KQGSKGGNVDTNRY (SEQ ID NO: 57 of
1604), KQGSGEANVDNGDY (SEQ ID NO: 58 of
1605), KODAAADNIDYDHV (SEQ ID NO: 59 of
1606), KQSGTRSNAAASSY (SEQ ID NO: 60 of
1607), KENTNTNDTELTNV (SEQ 1D NO: 61 of
1608), QRGNNVAATADVNT (SEQ ID NO: 62 of
1606), QRGNNEAATADVNT (SEQ ID NO: 63 of
1610), QRGNNPAATADVNT (SEQ ID NO: 64 of
1611), GRGNNHAATADVNT (SEQ ID NO: 65 of
1612), QEENNIAATPGVNT (SEQ ID NO: 66 of
1613), QPPNNMAATHEVNT (SEQ ID NO: 67 of
1614), QHHNNSAATTIVNT (SEQ ID NO: 68 of
1615), QTTNNRAAFNMVET (SEQ D NO: 69 of
1616), QKKNNNAASKKVAT (S8EQ ID NO: 70 of
1617), QGGNNKAADDAVKT (SEQ ID NO: 71 of
1618), QAAKGGAADDAVKT (SEQ ID NO: 72 of
16193, QDDRAAAANESVDT (SEQ ID NO: 73 of
1620), QQQHDDAAYQRVHT (SEQ ID NO: 74 of
1621), QSSSSLAAVSTVQT (SEQ ID NO: 75 of
1622), QNNQTTAAIRNVTT (SEQ ID NO: 76 of
1623), NYNKKSDNVDFT (SEQ ID NO: 77 of
1624), NYNKKSENVDFT (SEQ ID NO: 78 of
1625), NYNKKSLNVDFT (SEQ ID NO: 79 of
1626), NYNKKSPNVDFT (SEQ ID NO: 80 of
1627), NYSKKSHCVDFT (SEQ ID NO: 81 of
1628), NYRKTIYVDFT (SEQ ID NO: 82 of

1629), NYKEKKDVHFT (SEQ ID NO: 83 of
1630), NYGHRATVQFT (SEQ ID NO: 84 of
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US20160369298; herein SEQ ID NO: 1631), NYANHQFVVCT (SEQ 1D NO: §5 of
US20160369298; herein SEQ ID NO: 1632), NYDDDPTGVLLT (SEQ ID NO: 86 of
US20160369298; herein SEQ ID NO: 1633), NYDDPTGVLLT (SEQ 1D NO: 87 of
US2016036929%: herein SEQ ID NO: 1634), NFEQONSVEWT (SEQ 1D NO: 88 of
US20160369298: herein SEQ ID NO: 1635), SQSGASN (SEQ ID NO: 89 and SEQ 1D NO:
241 of US20160369298; herein SEQ 1D NO: 1636), NNGSQA (SEQ ID NO: 90 of
US20160369298; herein SEQ 1D NO: 1637), YYLSRTNTPSGTTTWSRLQFSQAGA (SEQ
1D NO: 91 of US20160369298; herein SEQ ID NO: 1638), SKTSADNNNSEYSWTG (SEQ
ID NO: 92 of US20160369298; herein SEQ ID NO: 1639), HKDDEEKF (SEQ ID NO: 93,
209, 214, 219, 224, 234, 239, and 244 of US20160369208; herein SEQ ID NO: 1640),
KQGSEKTNVDIEEV (SEQ ID NO: 94 of US20160369298; herein SEQ ID NO: 1641),
ORGNNQAATADVNT (SEQ ID NO: 95 of US20160369298: herein SEQ ID NO: 1642),
NYNKKSVNVDFT (SEQ ID NO: 96 of US20160369298: herein SEQ ID NO: 1643),
SQSGASNYNTPSGTTTQSRLOFSTSADNNNSEYSWTGATKYH (SEQ 1D NO: 106 of
US20160369298; herein SEQ 1D NO: 1644),
SASGASNFNSEGGSLTQSSLGFSTDGENNNSDFSWTGATKYH (SEQ ID NO: 107 of
US20160369298; herein SEQ ID NO: 1645),
SQSGASNYNTPSGTTTQSRLOFSTDGENNNSDFSWTGATKYH (SEQ ID NO: 108 of
US20160369298: herein SEQ ID NO: 1646),
SASGASNYNTPSGTTTQSRLOFSTSADNNNSEFSWPGATTYH (SEQ 1D NO: 109 of
US20160369298; herein SEQ 1D NO: 1647),
SQSGASNFNSEGGSLTQSSLGFSTDGENNNSDFSWTGATKYH (SEQ ID NO: 110 of
US20160369298; herein SEQ ID NO: 1648),
SASGASNYNTPSGSLTOSSLGFSTDGENNNSDFSWTGATKYH (SEQ ID NO: 111 of
US20160369298: herein SEQ ID NO: 1649),
3QSGASNYNTPSGTTTQSRLOFSTSADNNNSDFSWTGATKYH (SEQ ID NO: 112 of
US20160369298: herein SEQ ID NO: 1650),
SGAGASNFNSEGGSLTQSSLGFSTDGENNNSDFSWTGATKYH (SEQ ID NO: 113 of
US20160369298; herein SEQ ID NO: 1651), SGAGASN (SEQ ID NO: 176 of
US20160369298; herein SEQ ID NO: 1652), NSEGGSLTQSSLGFS (SEQ ID NO: 177, 185,
193 and 202 of US20160369298: herein SEQ 1D NO: 1653}, TDGENNNSDES (SEQ ID NO:
178 of US20160369298; herein SEQ ID NO: 1654), SEFSWPGATT (SEQ ID NO: 179 of
US2016036929%: herein SEQ ID NO: 1655). TSADNNNSDFSWT (SEQ ID NO: 180 of
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US20160369298; herein SEQ ID NO: 1636), SQSGASNY (SEQ ID NO: 181, 187, and 198
of US20160369298; herein SEQ ID NO: 1657), NTPSGTTTQOSRLOQFS (SEQ ID NO: 182,
188, 191, and 199 of US20160369298: herein SEQ 1D NO: 1658),
TSADNNNSEYSWTGATKYH (SEQ ID NO: 183 of US20160369298; herein SEQ ID NO:
1639), SASGASNF (SEQ ID NO: 184 of US20160369298; herein SEQ ID NO: 1660),
TDGENNNSDFSWTGATKYH (SEQ 1D NO: 186, 189, 194, 197, and 203 of
US20160369298; horein SEQ ID NO: 1661), SASGASNY (SEQ ID NO: 190 and SEQ ID
NO: 195 of US20160369295: herein SEQ ID NO: 1662), TSADNNNSEFSWPGATTYH
(SEQ ID NO: 192 of US20160369298; hercin SEQ ID NO: 1663), NTPSGSLTQSSLGFS
(SEQ ID NO: 196 of US20160369298; herein SEQ ID NO: 1664),
TSADNNNSDFSWTGATKYH (SEQ ID NO: 200 of US20160369298; herein SEQ 1D NO:
1665), SGAGASNF (SEQ ID NO: 201 of US20160369298: herein SEQ ID NO: 1666),
CTCCAGVVSVVSMRSRVCVNSGCAGCTDHCVVSRNSGTCYVMSACACAA (SEQ ID
NO: 204 of US20160369298: herein SEQ ID NO: 1667),
CTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAA (SEQ ID
NO: 205 of US20160369298; herein SEQ ID NO: 1668), SAAGASN (SEQ ID NO: 206 of
US20160369298; herein SEQ ID NO: 1669), YFLSRTNTESGSTTQSTLRFSQAG (SEQ ID
NO: 207 of US20160369298; herein SEQ ID NO: 1670), SKTSADNNNSDFS (SEQ ID NO:
208, 228, and 253 of US20160369298; herein SEQ ID NO: 1671), KQGSEKTDVDIDKV
(SEQ 1D NO: 210 of US20160369298: herein SEQ 1D NO: 1672), STAGASN (SEQ ID NO:
211 of US20160369298; herein SEQ 1D NO: 1673), YFLSRTNTTSGIETQSTLRFSQAG
(SEQ ID NO: 212 and SEQ ID NO: 247 of US20160369298; herein SEQ ID NO: 1674),
SKTDGENNNSDFS (SEQ ID NO: 213 and SEQ ID NO: 248 of US20160369298; herein
SEQ ID NO: 1675), KOGAAADDVEIDGV (SEQ ID NO: 215 and SEQ ID NO: 250 of
US20160369298: herein SEQ 1D NO: 1676), SEAGASN (SEQ ID NO: 216 of
US2016036929%; herein SEQ ID NO: 1677). YYLSRTNTPSGTTTQSRLOFSQAG (SEQ ID
NO: 217, 232 and 242 of US20160369298; herein SEQ ID NO: 1678). SKTSADNNNSEYS
(SEQ ID NO: 218, 233, 238, and 243 of US20160369298; herein SEQ ID NO: 1679),
KQGSEKTNVDIEKV (SEQ ID NO: 220, 225 and 245 of US20160369298; herein SEQ ID
NO: 1680), YFLSRTNDASGSDTKSTLLFSQAG (SEQ ID NO: 222 of US20160369298;
herein SEQ ID NO: 1681), STTPSENNNSEYS (SEQ ID NO: 223 of US20160369298;
herein SEQ ID NO: 1682), SAAGATN (SEQ ID NO: 226 and SEQ 1D NO: 251 of
US2016036929%; herein SEQ 1D NO: 1683), YFLSRTNGEAGSATLSELRFSQAG (SEQ ID

-99 -



WO 2020/150556 PCT/US2020/014000

NG 227 of US20160369298; herein SEQ ID NO: 1684), HGDDADRF (SEQ 1D NO: 229
and SEQ ID NO: 254 of US20160369298; herein SEQ 1D NO: 16853,
KOGAEKSDVEVDRV (SEQ 1D NO: 230 and SEQ 1D NOG: 235 of US20160369298; heren
SEQ ID NO: 1686), KOQDSGGDNIDIDQV (SEQ 1D NO: 235 of US20160369295; herein
SEQ ID NO: 1687}, SDAGASN (SEQ ID NO: 236 of US20160369298; herein SEQ ID NO:
1688), YFLSRINTEGGHDTOQSTLRFSQAG (SEGQ ID NO: 237 of US20160369298; herein
SEQ 1D NO: 1689), KEDGGGSDVAIDEV (SEGQ 1D NO: 240 of US20160369298; herein
SEQ ID NG: 1690), SNAGASN (SEQ [D NO: 246 of US20160369298; herein SEQ ID NO:
1691), and YFLSRINGEAGSATLSELRFSQPG (SEQ ID NO: 252 of US20160369298;
herein SEQ ID NO: 1692). Non-limiting examples of nucleotide sequences that may encode
the amino acid mutated sites comprise the following, AGCVVMDCAGGARSCASCAAC
(SEQ ID NO: 97 of US20160369298; herein SEQ 1D NO: 16933,
AACRACRRSMRSMAGGCA (SEQ ID NO: 98 of US20160369298; herein SEQ ID NO:
1694), CACRRGGACRRCRMSRRSARSTTT (SEQ 1D NO: 99 of US20160369298; herein
SEQ ID NQ: 1695},
TATTTCTTGAGCAGAACAAACRVCVVERSCGGAMNCVHSACGMHSTCAVVYSCTTV
DSTTTTCTCAGSBCRGSGCG (SEQ 1D NO: 100 of US20160369298; herein SEQ D NO:
1696), TCAAMAMMAVNSRVCSRSAACAACAACAGTRASTTCTCGTGGMMAGGA
(SEQ ID NG 101 of US20160369298; herein SEQ ID NO: 1697),
AAGSAARRCRSCRVSRVARVCRATRYCGMSNHCRVMYRSGTC (SEQ 1D NO: 102 of
US20160369298; herein SEQ 1D NO: 1698),
CAGVVSVVSMRSRVCVYNSGCAGCTDHCVYSRNSGTCVMSACA (SEQ 1D NO: 103 of
1S20160369298; herein SEQ 1D NO: 1699),
AACTWCRVSVASMVSVHSDDTGTGSWSTKSACT (SEQ 1D NO: 104 of
US20160369298; herein SEQ 1D NO: 1700),
TIGTTGAACATCACCACGTGACGCACGTTC (SEQ ID NO: 256 of US20160369298,
herein SEQ 1D NO: 1701), TCCCCGTGGTTCTACTACATAATGTGGCCG (SEQ ID NO:
257 of US20160369298; herein SEQ 1D NO: 1702),
TTCCACACTCCGTTTTGGATAATGTIGAAC (SEQ ID NO: 258 of US20160369298;
herein SEQ ID NO: 1703), AGGGACATCCCCAGCTCCATGUTGTGGTCG (SEQ IB NO:
259 of US20160369298; herein SEQ ID NG: 1704),
AGGGACAACCCCTCCGACTCGCCCTAATCC (SEQ 1D NG: 260 of US20160369298,;
herein SEQ 1D NO: 17035), TCCTAGTAGAAGACACCCTCTCACTGCCCG (SEQ ID NO:
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261 of US20160369298; herein SEQ ID NG: 1706),
AGTACCATGTACACCCACTCTCCCAGTGLL (SEQ 1D NG: 262 of US20160369298;
berein SEQ ID NO: 1707), ATATGGACGTTCATGCTGATCACCATACCG (SEQ ID NO:
263 of US20160369298; herein SEQ 1D NO: 1708),
AGCAGGAGCTCCTTGGCCTCAGCGTGCGAG (BEQ ID NO: 264 of US20160369298;
herein SEQ 1D NO: 1709), ACAAGCAGCTTCACTATGACAACCACTGAC (SEQ ID NG:
265 of US20160369298: herein SEQ 1D NG: 1710},
CAGCCTAGGAACTGGCTTCCTGGACCCTGTTACCGCCAGCAGAGAGTCTCAAMA
MMAVNSRVCSRSAACAACAACAGTRASTTICTCCTGOMMAGGAGCTACCAAGTAC
CACCTCAATGGCAGAGACTCTCTGGTGAATCCCGGACCAGCTATGGCAAGCCAC
RRGGACRRCRMSRRSARSTTTITTICCTCAGAGCGGGGTICTCATCTTTGGGAAGSA
ARRCRSCRVSRVARVCRATRYCGMSNHCRVMVRSGTCATGATTACAGACGAAGA
GGAGATCTGGAC (SEQ ID NO: 266 of US20160369298; herein SEQ 1D NG: 1711),
TGGGACAATGGCGGTCGTCTCTCAGAGTIKTRRT (SEQ 1D NO: 267 of
US20160369298; herem SEQ 1D NO: 1712),
AGAGGACCKKTCCTCGATGGTITCATGGTGGAGTTA (SEQ 1D NO: 268 of
US20160369298; herein SEQ 1D NO: 1713),
CCACTTAGGGCCTGGTCGATACCGTYCGGTG (SEQ 1D NO: 269 of US20160369298,;
herein SEQ ID NG: 1714), or TCTCGCCCCAAGAGTAGAAACCCTTICSTIYYG (SEQ ID
NQO: 270 of US20160369298; herein SEQ 1D NO: 1715},

{6166}  In certain embodiments, the AAV serotype may comprise an ocular cell targeting
peptide as described in International Patent Publication W0O2016134375 (the content of
which is incorporated herein by reference 1n its entirety as related to AAV capsids, insofar as
it does not conflict with the present disclosure}, such as, but not himited to SEQ 1D NO: 9, or
SEQ ID NO:10 of W02016134375. Further, any of the ocular cell targeting peptides or
amino acids described m W02016134375, may be mserted into any parent AAV serotype,
such as, but not limited to, AAV2 (SEQ 1D NO:8 of W02016134375; herein SEQ 1D NO:
1716), or AAVI(SEQ 1D NO: 11 of WO2016134375; herein SEQ ID NO: 1717}, In certain
embodiments, modifications, such as insertions are made in AAV?2 proteins at P34-A35,
T138-A139, A139-P140, G453~ T454, NS87-R588, and/or R588-(3589. In certain
embodiments, insertions are made at D384, G385, 1360, T361, N562, ES563, E564, E565,
N7G4, and/or Y705 of AAVY. The ocular cell targeting peptide may be, but is not limited to,
any of the following amino acid sequences, GSTPPPM (SEQ ID NG: 1 of W(2016134375;

- 101 -



WO 2020/150556 PCT/US2020/014000

herein SEQ ID NO: 1718), or GETRAPL (SEQ ID NO: 4 of W(2016134375; herem SEQ 1D
NO: 1719).

{0161]  In certain cmbodiments, the AAVY scrotype mayv be modified as described m U.S.
Patent Application Publication No. US 20170145405 (the content of which is incorporated
herein by reference in its entirety as related to AAV capsids, insofar as it does not conflict
with the present disclosure). AAY serotypes may comprise, modified AAVZ {eg.,
modifications at Y444F, Y300F, Y730F and/or $662V), modified AAV3 (¢ g., modifications
at Y705F, Y731F and/or T492V}, and modified AAVS {e.g., modifications at $663V and/or
T492V).

{8162} In certain embodiments, the AAV serotype may be modified as described in the
International Publication No. WO2017083722 (the content of which is incorporated herein by
reference in its entirety as related to AAV capsids, insofar as it does not conflict with the
present disclosure}. AAV serotypes may comprise, AAV1 (Y705+731F+T492V), AAV2
(Y444+500+730F+T401V), AAV3 (YT05+731F), AAVS, AAV 5(Y436+693+719F), AAVG6
(VP3 variant Y70SF/Y731F/T492V), AAVR (Y733F), AAVY, AAVY (VP3 vanant Y731F),
and AAV10 (Y733F).

{8163} In certain embodiments, the AAV serotype may comprise, as described
International Patent Publication No, W(20617015102 (the content of which is incorporated
herein by reference in its entirety as related to AAV capsids, insofar as it does not conflict
with the present disclosure), an engineered epitope comprising the amino acids SPAKFA
(SEQ ID NOG: 24 of WO2017015102; herein SEGQ 1D NG: 1720) or NKDKLN (SEQ IDNO 2
of W(O2017015102; herein SEQ 1D NO: 1721). The epitope may be imserted in the region of
amino acids 665 to 670 based on the numbering of the VP1 capsid of AAVS {SEQ ID NG: 3
of WO2017015102) and/or residues 664 to 668 of AAV3B (SEGQ 1D NG: 3).

[0164]  Tn certain cmboduments, the AAV serotype may be, or may have a sequence as
described in International Patent Publication No. W(02017038892 (the content of which is
incorporated herein by reference in its entirety as related to AAV capsids, msofar as it does
not conflict with the present disclosure), such as, but not limited to, AAV vartants with capsid
proteins that may comprise a substitution at one ormore (e.2., 2, 3, 4, 5, 6, or 73 of amino
acid residucs 262-268, 370-379, 451-459, 472-473, 493-500, 528-534, 547-552, 588-597,
709-710, or 716-722 of AAV L, in any combination, or the equivalent amino acid residues in
AAVZ, AAV3, AAV4, AAVS, AAV6, AAVT, AAVSE, AAVY, AAVI0, AAV1L AAVI2,
AAVHE, AAVRID, AAVh32.33, bovine AAV, or avian AAV. The amino acid
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substitution(s} may be, but 1s/are not hinuted to, anv of the amino acid sequences described in
WO2017058892. In certain embodiments, the AAV may comprise an amino acid substitution
at residues 2561, 258K, 2590, 2618, 2634, 2648, 265T, 266G, 272H, 3858, 3864, S472R,
V473D, N50OCE 5478, 7094, 710N, 716D, 717N, 718N, 720L, A436T, (Q457T, N458(,
K4598, T4928, K493A ) S586R, 5587, S5&8N, T589R and/or 722T of AAV1 (SEQ ID NO:
Fof WO2017058892) in anv combination, 244N, 246, 248R, 249E, 2501, 251K, 232§,
253G, 2348, 255V, 256D, 263Y, 377E, 378N, 45331, 436R, 332Q, 333P, 533N, 336P, 337G,
5387T, 539T, 5404, 541T. 542Y, 543L, S46N, 653V, 654P, 6568, 697Q, 695F, 704D, 7058,
706T, 707G, 708E, 709Y and/or T10R of AAVS (SEQ ID NG5S of W(02017058892) in any
combination, 248R_ 316V, 317Q, 318D, 3198, 443N_ 530N, 5318, 5320 533P. 5344, 335N,
540A, 341 T, 542Y, 5431, 545G, 546N, 697, 704D, T06T, 708E, 709Y and/or 7T10R of
AAVS (SEQ ID NOG: 5 of W02017058892) in any combination, 2648, 266, 269N, 272H,
45763, 5885 and/or 5891 of AAVS (SEQ ID NO:6 WO2017058892) in any combination,
457T, 459N, 496G, 499N, S00N, 5890, 590N and/or 592A of AAVE (SEQ ID NG: 8
WO2017058892) in any combination, 4511, 452N, 453G, 4548, 455G, 4563, 457N and/or
458Q of AAVO (SEQ ID NG: 9 W(2017058892) in any combination.

{8165}  In certain embodiments, the AAV may comprise a sequence of amino acids at
positions 155, 156, and 157 of VP1 or at positions 17, 18, 19, and 20 of VP2, as described n
International Publication No. WG 2017066764 (the content of which is incorporated herein
bv reference in its entirety as related to AAV capsids, insofar as it does not contlict with the
present disclosure). The sequences of amino acid may be, but are not Himited to, N-S-§, S-X-
S, §-8-Y, N-X-5, N-§-Y, 5-X-Y, or N-X-Y, where N, X, and Y are, but not limited to,
independently, non-serine or non-threonine anuno acids, wherein the AAY may be, but is not
limited to, AAVE, AAVZ, AAV3, AAV4, AAVS, AAV6, AAVT. AAVS. AAVY, AAV10,
AAVIL, or AAV1Z. In certain embodiments, the AAV may comprise a deletion of at least
one amino acid at position{s) 136, 157, or 158 of VP or at positions 19, 20, or 21 of VP2,
wherein the AAY may be, but is not imited to AAVE, AAV2Z, AAV3, AAV4, AAVS, AAVE,
AAVT AAVE AAVO AAVIO, AAVIL or AAVIZ.

{8166]  In certain embodiments, the AAV may be a serotype generated by Cre-
recombination-based AAV targeted evolution {CREATE) as described by Deverman et al |
{Nature Biotechnology 34(2).204-209 (2016}}, Chan ot al, (Nature Neuroscience 20{8}: 1172~
1179 (2017)), and in International Patent Application Publication Nos, W(2015038958 and

WO2017100671 (the content of which is mcorporated herein by reference in its entirety as
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related to AAV capsids, nsofar as it does not conflict with the present disclosure). In certain
embodiments, AAV serotypes generated in this manner have improved CNS transduction
and/or neuronal and astrocytic tropism, as compared to AAY serotypes not gencrated in this
manner. As non-limiting examples, the AAV serotype may comprise a targeting peptide such
as, but not limited to, PHP.B, PHP B2, PHP.B3, PHP.A, PHP S, PHP N, G2A12, G2A13,
G2A3, G2B4, or G2B3. In certain embodiments, these AAV serotypes may be derivates of
AAVY (SEQ ID NO: 136) or AAVY K449R (SEQ ID NO: 9) with an anuno acid insert
between amino acids 588 and 589, Non-limiting examples of these amino acid iserts
comprise TLAVPFK (PHP.B; SEQ ID NO: 1260), SVSKPFL (PHP B2; SEQ ID NG: 1268),
FTUTTPK (PHP .B3; SEQ 1D NO: 1269}, YTLSQGW (PHP A; SEQ ID NQO: 1275),
QAVRTSL (PHP.S; SEQ ID NG: 1319), LAKERLS (G2A3; SEQ D NO: 1320),
MNSTKNV ((G2B4; SEQ ID NO: 1321), VSGGHHS (G2B5; SEQ ID NQ: 1322), and/or
DGTLAVPFKAQ (PHP N; SEQ 1D NO: 1289).

{0167}  In certain embodiments, the AAV serotype may be as described in Jackson et al
{Frontiers in Molecular Neuroscience 9:154 (2016}) (the content of which is incorporated
herein by reference in its entirety as related to AAV capsids, insofar as it does not conflict
with the present disclosure).

{0168}  In certain cmbodiments, the AAV serotype 1s AAVI (SEQ ID NO: 135 or 136). In
certain embodiments, the AAV serotype is an AAVY with a peptide insert.

{0169}  In certain embodiments, the AAV serotype is a K449R AAVY vanant (SEQ 1D
NG 9. AAVY K449R has the same function as wild-type AAV9. In certain embodiments,
the AAV serotype is an AAVY K449R with a peptide insert.

[8170]  In certain embodiments, the AAV serotype is PHP B (e.2., as described in
WO2015038958). In certain embodiments, the AAY serotype is paired with a synapsin
promoter to enhance neuronal transduction, as compared to when more ubiquitous promoters
are used (1.¢., CBA or CMV}.

{0171} In certain embodiments, the AAV serotype is PHP N {c.g., as described in
WO2017100671).

8172}  In certain embodiments, the AAV serotype is a serotype comprising the

AAVPHP N (PHP.N) peptide or a variant thereof.

{8173}  In certain embodiments, the AAY serotype is a serotype comprising the

AAVPHP B (PHP B) peptide or a variant thercof.
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{8174}  In certain embodiments, the AAV serotype is a serotype comprising the
AAVPHP A (PHP A} peptide or a variant thereof.

{0175] 1o certain cmbodiments, the AAY serotype 15 a serotype comprising the PHP.S
peptide or a varant thereof.

[0176]  In certain embodiments, the AAV serotype is a serotype comprising the PHP B2
peptide or a variant thereof.

{6177 In certain embodiments, the AAV serotype is a serotype comprising the PHP.B3
peptide or a vanant thereof.

{0178]  In certain embodiments, the AAV serotype is a serotype comprising the G2B4
peptide or a varant thereof.

{0179}  In certain embodiments, the AAV serotype is a scrotype comprising the G2BS
peptide or a variant thereof.

{0180}  In certain embodiments, the AAV serotype is VOY 101 or a variant thereof In
certain embodiments, the VOY 191 comprises the amino acid sequence of SEQID NG: 1. In
certain embodiments, the capsid sequence comprises the nucleic acid sequence of SEQ ID
NG 1722

{6181}  In certain embodiments, the AAVY serotype is VOY 201 or a variant thereof. In
certain embodiments, the VOY 201 comprises the amino acid sequence of SEQ 1D NO: 1724,
In certain embodiments, the capsid sequence comprises the nucleic acid sequence of SEQ ID
NG 1723,

[6182]  Incertain embodiments, the AAV capsid allows for blood brain barrier penctration
following ntravenous administration. Non-limiting examples of such AAV capsids comprise
AAVY, AAVO K449R, VOV 101, VOY201, or AAV capsids comprising a peptide msert such
as, but not limited to, AAVPHP N (PHP N}, AAVPHP B (PHP B), PHP.S, GZA3, G2B4,
G2B3, G2A12, GZALS, PHP B2, PHP B3, or AAVPHP A (PHPA).

[0183]  In certain embodiments, the AAV scrotype may comprise a capsid amino acid
sequence with 50%, 51%, 32%. 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%,

63%, 64%, 65%, 66%, 67%, 68%., 69%, T0%, T1%, 72%, 73%, 74%. 15%, 76%, T7%. 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identity to any of the those described above. In certain
embodiments, the AAVY serotype comprises a capsid amino acid sequence at least 80%

identical to SEQ D NG 1, 2, 3, 9, 136, or 1724, In certain ermabodiments, the AAV serotype

comprises a capsid amino acid sequence at least 85% wdentical to SEQ IDNQ: 1, 2, 3, 9, 136,
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or 1724, In certain embodiments, the AAY serotype comprises a capsid amino acid sequence
at least 90% identical to SEQ I NG: 1,2, 3,9, 136, or 1724 In certain embodiments, the
AAV serotype comprises a capsid anuno acid sequence at least 95% identical to SEQ ID NO:
1,2,3,9, 136, or 1724 In certain embodiments, the AAV serotype comprises a capsid anuno
acid sequence at least 99% identical to SEGID NG: 1, 2,3, 9, 136, or 1724 In certain
embodiments, the AAV serotype comprises a capsid amino acid of SEQID NO: 1,2, 3,9,
136, 0r 1724

[6184]  In certain embodiments, the AAV serotype may be encoded by a capsid nucleic
acid sequence with 50%, 31%, 52%, 53%, 54%, 55%, 56%, 37%, 58%, 59%, 60%, 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, T0%, 71%, 72%, 73%, T4%, T5%, T6%, 77%,
T8%, 79%, 80%, 81%, 82%, 83%, 84%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identity {o any of the those described above. In
certain embodiments, the AAY serotype comprises a capsid nucleic acid sequence at least
R0% identical to SEQ ID NO: 4, 135, 1722, or 1723, In certain embodiments, the AAY
serotvpe comprises a capsid nucleie acid sequence at least 85% identical to SEQ ID NG: 4,
135, 1722, or 1723 In certain embodiments, the AAV serotvpe comprises a capsid nucleic
acid sequence at least 90% identical to SEQ ID NGO 4, 135, 1722, or 1723 In certain
cmbodiments, the AAVY serotype comprises a capsid nucleic acid sequence at least 95%
dentical to SEQ 1D NO: 4, 135, 1722, or 1723, In certain embodiments, the AAV serotype
comprises a capsid nucleic acid sequence at least 99% identical to SEQ ID NQO: 4, 135, 1722,
or 1723. Tn certain embodiments, the AAV serotype comprises a capsid nucleic acid sequence
of SEQ ID NO: 4, 135, 1722, or 1723,

{6185]  In certain embodiments, the initiation codon for translation of the AAYV VP1
capsid protein may be CTG, TTG, or GTG as described in US Patent No. US8163543 (the
content of which is incorporated herein by reference in tts entirety as related to AAV capsids
and start codons, nsofar as it does not conflict with the present disclosure).

{0186]  The present disclosure refers to structural capsid proteins {(comprising VP1, VP2,
and VP3}, which are encoded by capsid (Cap) genes. These capsid proteins form an outer
protein structural shell (.. capsid) of a viral vector such as AAV. VP capsid proteins
synthesized from Cap polvnucleotides generally comprise a methionine as the first amino
acid in the peptide sequence (Metl)}, which is associated with the start codon (AUG or ATG)
in the corresponding Cap nucleotide sequence. However, it s common for a first-methionine

(Metl) residue or generally any first amino acid (AA1) to be cleaved off after or during

- 106 -



WO 2020/150556 PCT/US2020/014000

polypeptide synthesis by protein processing enzyvmes such as Met-aminopeptidases. This
“Met/AA-clipping” process often correlates with a corresponding acetylation of the second

ammno acid in the polypeptide sequence {e.g

He

alanine, valine, scrine, threonine, cic ). Met-
clipping commonly occurs with VP and VP3 capsid proteins but can also occur with VP2
capsid proteins.

{0187}  Where the Met/AA-clipping is incomplete, a mixture of one or more {one. two, or
three} VP capsid proteins comprising the viral capsid may be produced, some of which may
comprise a Metl/AA L amino acid (Met+/AA+) and some of which may lack a Metl/AAL
amine acid as a result of Met/A A-clipping (Met-/AA-). For further discussion regarding
Met/AA-clipping in capsid proteins, see Jin, ot al. Birect Liquid Chromatography/Mass
Spectrometry Analysis for Complete Characterization of Recombinant Adeno-Associated
Virus Capsid Proteins. Hum Gene Ther Methods. 2017 Oct. 28(5).255-267, Hwang, et al. N~
Terminal Acetylation of Cellular Proteins Creates Specific Degradation Signals. Science.
2010 February 19. 327(5968). 973-977, the contents of which are incorporated herein by
reference 1n their entiretics as related to Met/AA-~clipping in capsid proteins, insofar as they
do not conflict with the present disclosure.

{6188}  According to the present disclosure, references to capsid proteins are not limited to
cither clipped (Met-/AA-) or unclipped (Met+/AA+) sequences and may, in context, refer to
mdependent capsid proteins, viral capsids comprised of a mixture of capsid proteins, and/or
polynucleotide sequences {or fragments thereof) which encode, describe, produce, or result in
capsid proteins of the present disclosure. A direct reference to a “capsid protein” or “capsid
polypeptide” (such as VPI, VP2, or VP3) may also comprise VP capsid proteins which
comprise a Metl/AAT anmino acid (Met+/AA+) as well as corresponding VP capsid proteins
which lack the Metl/AAT amino acid as a result of Met/AA-clipping (Met-/AA-}.

{0189}  Further, according to the present disclosure, a reference to a specific SEQ ID NO
(whether a protein or nucleic acid) that comprises or encodes, respectively, one or more
capsid proteins that comprise a Metl/AAT amino acid (Met+/AA+) should be understood to
teach the VP capsid proteins that lack the Metl/AAY amino acid as upon review of the
sequence, 1t ts readily apparent any sequence that merely lacks the first listed amino acid
{whether or not methionine).

{81%¢]  Asanon-limiting example, reference to a VPI polvpeptide sequence which is 736
ammno acids in length and which comprises a “Met!l” amino acid (Met+} encoded by the

AUG/ATG start codon may also be understood to teach 3 VP1 polypeptide sequence that 1s
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735 amino acids in length and that does not comprise the “Met]” amino acid (Met-) of the
736 amine acid Met+ sequence. As a second non-linuting example, reference to a VP
polypeptide sequence that 1s 736 amino acids in length and that comprises an “AA1” amino
acid {AA1+) encoded by any NNN initiator codon may also be understood to teach a VP
polypeptide sequence that is 735 anuno acids in length and that does not comprise the “AAL”
amino acid {AA1-) of the 736 aming acid AA 1+ sequence.

{0191}  References to viral capsids formed from VP capsid proteins (such as reference to
specific AAV capsid serotypes) can mncorporate VP capsid proteins that comprise a
Metl/AAT amino acid (Mett+/AAT+}, corresponding VP capsid proteins that fack the
Metl/AAT amino acid as a result of Met/AA1-clipping (Met-/AA1-), or combinations thereof
(Met+AA T+ and Met-/AAT-).

{0192]  Asanon-himiting example, an AAV capsid serotype can comprise VP1
(Met+/AAT+), VPI (Met/AAL-), or a combination of VP1 (Met+/AA1+) and VP1 (Met-
/AAY-Y. An AAV capsid scrotype can also comprise VP3 (Met+/AA 1+), VP3 (Met-/AAlL-),
or a combination of VP3 (Met+/AA1+) and VP3 (Met~/AA1-); and can also comprise sinilar
optional combinations of VP2 (Met+/AA 1) and VP2 (Met-/AAL-).

Pavioads

{0193]  AAV particles of the present disclosure can comprise, or be produced using, at
least one payload construct which comprises at least one payload region. In certain
embodiments, the payload region may be located within a viral genome, such as the viral
genome of a pavioad construct. At the 57 and/or the 3” end of the payload region there may be
at least one inverted ternunal repeat (ITR). Within the pavioad region, there may be a
promoter region, an intron region and a coding region.

{8194}  In certain embodiments, a pavioad construct of the present disclosure can be a
bacmid, also known as a baculovirus plasnud or recombinant baculovirus genome.

[#195]  In certain embodiments, the payload region of the AAV particle comprises one or
more nucleic acid sequences encoding a polvpeptide or protein of interest.

{0196]  In certain embodiments, the AAV particle comprises a viral genome with a
payload region comprising nucleic acid sequences encoding more than one polvpeptide of
mterest. In certain embodiments, a viral genome encoding one or more polypeptides may be
replicated and packaged into a viral particle. A target cell transduced with a viral particle
comprising the vector genome may express each of the one or maore polvpeptides in the single

target cell.
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81977  Where the AAYV particle payload region encodes a polvpeptide, the polvpeptide
may be a peptide, polypeptide or protein. As a non-limiting example, the payioad region may
encode at least one therapeutic protein of interest. The AAVY viral genomes encoding
polypeptides described herein may be useful in the ficlds of human discase, viruses,
infections veterinary applications and a variety of in vive and in vitro settings.

{0198}  In certain embodiments, administration of the formulated AAV particles (which
comprise the viral genome) to a subject will increase the expression of a protein in a subject.
In certain embodiments, the increase of the expression of the protein will reduce the effects
and/or svmptoms of a discase or ailment associated with the polypeptide encoded by the
pavload.

[#199]  In certain embodiments, the AAV particle comprises a viral genome with a
payload region comprising a nucleic acid sequence encoding a protein of interest {i.e. a
pavload protein, therapeutic protein).

{0200}  In certain embodiments, the payload region comprises a nucleic acid sequence
encoding a protein comprising but not limited to an antibody, Aromatic L-Amino Acid
Becarboxylase (AADC), ApoEZ, Frataxin, survival motor neuron (SMN} protein,
glucocerebrosidase, N-sulfoghicosamine sulfohydrolase, N-acetyl-alpha-glucosaminidase,
iduronate 2-sulfatase, alpha-L-iduronidase, palmitoyl-protein thioesterase 1, tripeptidyl
peptidase 1, battenin, CLNS5, CLN6 (linclin}, MFSDR, CLNS, aspartoacyiase (ASPA),
progranulin (GRN), MeCP2, beta-galactosidase {(GLB1) and/or gigaxonin (GAN).

{02061}  In certamn embodiments, the AAV particle comprises a viral genonie with a
pavload region comprising a nucleic acid sequence encoding any of the disease-associated
proteins {and fragment or vartants thereof) described in any one of the following International
Publications: W(O2016073693, W(02017023724, WO2016077687, WO2016077689,
WO2018204786, WO2017201258, WO2017201248, WO2018204803, WO2018204797,
WO2017189959, W2017189963, W2017189964, WO2015191508, W(2016094783,
WO20160137949, W(O2017075335; the contents of which are each incorporated herein by
reference in their entiretics insofar as they do not conflict with the present disclosure.

18262]  Amuno acid sequences encoded by pavload regions of the viral genomes of the
disclosure may be translated as a whole polypeptide, a plurality of polypeptides or fragments
of polvpeptides, which independently may be encoded by one or more nucleic acids,
fragments of mucleic acids or vartants of any of the aforcmentioned. As used herein,

“polypeptide” means a polymer of amuno acid residues (natural or unnatural) linked together
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most often by peptide bonds. The term, as used herein, refers to proteins, polvpeptides, and
peptides of any size, stracture, or function. In some instances, the polypeptide encoded is
smaller than about 50 amino acids and the polypeptide is then termed a peptide. I the
polypeptide is a peptide, it will be at least about 2, 3, 4, or at least 5 amino acid residues long.
Thus, polypeptides comprise gene products, naturally occurring polypeptides, synthetic
polypeptides, homologs, orthologs, paralogs, fragments and other equivalents, variants, and
analogs of the foregoing. A polypeptide may be a single molecule or may be a multi-
molecular complex such as a dimer, trimer or tetramer. They may also comprise single chain
or multichain polypeptides and may be assoctated or linked. The term polypeptide may also
apply to amine acid polymers in which one or more amino acid residues are an artificial
chemical analogue of a corresponding naturally occurring amino acid.

{0203]  In certain embodiments a “polypeptide variant™ 1s provided. The term “polypeptide
variant” refers to molecules which differ in their amine acid sequence from a native or
reference sequence. The amino acid sequence variants may possess substitutions, deletions,
and/or insertions at certain positions within the anmino acid sequence, as compared to a native
or reference sequence. Ordinarily, variants will possess at least about 30% identity
{homology) to a native or reference sequence, and in certain embodiments, they will be at
least about 80%, or at least about 90% identical (homologous) to a native or refercnce
sequence.

{0204}  The present disclosure comprises the use of formulated AAVY particles whose
vector genomes encode modulatory polynucleotides, ¢.g., RNA or DNA molecules as
therapeutic agents. Accordingly, the present disclosure provides vector genomes which
encode polynucleotides which are processed into small double stranded RNA (dsRNA)
molecules (small interfering RNA, siRNA, miRNA, pre-miRNA) targeting a gene of interest.
The present disclosure also provides methods of their use for inhibiting gene expression and
protein production of an allele of the gene of interest, for treating diseases, disorders, and/or
conditions.

{0205}  In certain embodiments, the AAV particle comprises a viral genome with a
payload region comprising a nucleic acid sequence encoding or comprising one or more
modulatory polvnacleotides. In certain embodiments, the AAV particle comprises a viral
genome with a payload region comprising a nucleic acid sequence encoding a modulatory

polynucleotide of interest. In certain embodiments of the present disclosure, modulatory
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polynucleotides, ¢.g., RNA or BDNA molecules, are presented as therapeoutic agents. RNA
mterference mediated gene silencing can specitfically mhibit targeted gene expression.

{0206] 1o certain cmbodiments, the payload region comprises a nucleic acid sequence
encoding a modulatory polvnucleotide which interferes with a target gene expression and/or a
target protein production. In certain embodiments, the gene expression or protein production
to be inhibited/modified may comprise but are not limited to superoxide dismutase 1 (SOD1),
chromosome 9 open reading frame 72 (COORF72), TAR DNA binding protein (TARDBP),
ataxin-3 (ATXN3), huntingtin (HTT), amyloid precursor protein {APP), apolipoprotein E
{ApoE), nucrotubule-associated protein tau (MAPT), alpha-synuclein (SNCA), voltage-gated
sodivim channel alpha subunit 9 (SCN9A), and/or voltage-gated sodium channel alpha
subunit 10 {(SCN10A).

{0207]  In certain embodiments, the AAV particle comprises a viral genome with a
pavload region comprising a nucleic acid sequence encoding any of the modulatory
polynucleotides, RNA1 molecules, siRNA molecules, dsRNA molecules, and/or RNA
duplexes described in anv one of the following International Publications: W0O2016073693,
WO2017023724, WO2016077687, WO2016077689, W2018204786, W2017201258,
WO2017201248, W02018204803, WO2018204797, WO2017189959, W(2017189963,
WO2017189964, WO2015191508, WO2016094783, W0O20160137949, W(O20617075335; the
contents of which are cach incorporated herein by reference in their entircties insofar as they
do not conflict with the present disclosure.

[0208]  In certain embodiments, a nucleic acid sequence encoding such siRNA molecules,
or a single strand of the sitRNA molecules, is inserted into adeno-associated viral vectors and
imtroduced into cells, specifically cells i the central nervous system.

{8209  AAV particles have been investigated for siRNA delivery because of several
unigue features. Nou-linuting examples of the features comprise (1) the ability to infect both
dividing and non-dividing cells; (i1) a broad host range for infectivity, comprising human
cells; (i) wild-type AAV has not been associated with any discase and has not been shown
to replicate in infected cells; (iv) the lack of cell-mediated immune response against the
vector and (v) the non-integrative nature in a host chromosome thereby reducing potential for
long-term expression. Moreover, infection with AAV particles has minimal influence on
changing the pattern of celhular gene expression (Stilwell and Samulski et al., Biotechnigues,

2003, 34, 148).
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{8218}  In certain embodiments, the encoded siRNA duplex of the present disclosure
contains an antisense strand and a sense strand hybridized together forming a duplex
structure, wherein the antisense strand is complementary to the nucleic acid sequence of the
targeted gene of mterest, and wherein the sense strand 1s homologous to the nucleic acid
sequence of the targeted gene of inferest. In other aspects, there are 0, 1 or 2 mucleotide
overhangs at the 3’end of cach strand.

{0211}  The payloads of the fornwlated AAV particies of the present disclosure may
encode one or more agents which are subject to RNA mterference (RNA1) induced inhibition
of gene expression. Provided herein are encoded siRNA duplexes or encoded dsRNA that
target a gene of inderest {referred to herein collectively as “siRNA molecules™). Sach siRNA
molecules, e.g., encoded siRNA duplexes, encoded dsRNA or encoded siRNA or dsRNA
precursors can reduce or silence gene expression in cells, for example, astrocytes or
microglia, cortical, hippocampal, entorhinal, thalamic, sensory or motor neurons.

[0212]  RNA: (also known as post-transcriptional gene silencing (PTGS), quelling, or co-
suppression) is a post-transcriptional gene silencing process in which RNA molecules, ina
sequence spectfic manner, inhibit gene expression, typically by causing the destruction of
specific mRNA molecules. The active components of RNA1 are short/small double stranded
RNAs (dsRNAgs), called small interfering RNAs (siRNAg), that typically contain 15-30
nucleotides {e.g., 19 t0 25, 19 1o 24 or 19-21 nucleotides) and 2-nucleotide 37 overhangs and
that match the nucleic acid sequence of the target gene. These short RNA species may be
naturally produced 7 vivo by Dicer-mediated cleavage of larger dsRNAs and they are
functional in mammahan cells.

{62131  Naturally expressed small RNA molecules, known as microRNAs (miRNAs},
elicit gene silencing by regulating the expression of mRNAs. The miRNAs containing RNA
Tnduced Silencing Complex (RISC) targets mRNAs presenting a perfect sequence
complementarity with nuclectides 2-7 in the 57 region of the miRNA which is called the seed
region, and other base pairs with its 37 region. miRNA mediated down regulation of gene
expression may be caused by cleavage of the target mRNAs, translational inhibition of the
target mRNAs, or mRNA decay. ouRNA targeting sequences are usually located in the 3°
UTR of the target mRNAs. A single miRNA may target more than 100 transcripts from
various genes, and one mRNA may be targeted by different miRNAs.

{0214}  siRNA duplexes or dsRNA targeting a specific mRNA may be designed as a

payload of an AAY particle and introduced into cells for activating RNA1 processes. Elbashir
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ct al. demonstrated that 2 L-nucleotide siRNA dupleses (termed small mnterfering RNAg) were
capable of effecting potent and specific gene knockdown without inducing imnuume response
n mammalian cells (Elbashir SM et al., Narure, 2001, 411, 494-498). Since this initial report,
post-transcriptional gene silencing by siRNAs quickly emerged as a powerful tool for genetic
analysis in mammalian cells and has the potential to produce novel therapeutics.

{#215]  The siRNA duplex comprised of a sense strand homologous to the target mRNA
and an antisense strand that is complementary to the target mRNA offers much more
advantage m terms of efficiency for target RNA destruction compared to the use of the single
strand (ss)-siRNAs {¢.g. antisense strand RNA or antisense oligonucleotides). In many cases
it requires higher concentration of the ss-siRNA to achieve the effective gene silencing
potency of the corresponding duplex.

{0216]  In certain embodiments, the siRNA molecules may be encoded in a modulatory
polynucleotide which also comprises a molecular scaffold. As used herein a “molecular
scaffold” is a framework or starting molecule that forms the sequence or structural basis
against which to design or make a subseqguent molecule.

{82177  In certain embodiments, the modulatory polvnaclestide which comprises the
pavioad {e.g.. sitRNA, miRNA or other RNAI agent described herein} comprises molecular
scaffold which comprises a leading 5 flanking sequence which may be of any length and
may be dertved in whole or in part from wild type microRNA sequence or be completely
artificial. A 37 flanking sequence may mirror the 5° flanking sequence in size and origin. In
certain embodiments, one or both of the 37 and 37 flanking sequences are abseot.

[6218]  In certain embodiments, the molecular scaffold mav comprise one or more linkers
known in the art. The linkers may separate regions or one molecalar scaffold from another.
As a non-limiting example, the molecular scaffold may be polycistronic.

{0219} 1o certain cmboduments, the modulatory polynucleotide is designed using at least
one of the following properties: loop vanant, sced mismatch/bulge/wobble variant, stem
mismatch, loop variant and basal stem mismatch vanant, seed mismateh and basal stem
mismatch variant, stera mismatch and basal stem musmatch variant, seed wobble and basal
stem wobble variant, or a stem sequence variant.

Payloads: Polypeptides and varianis

{6228]  In certain embodiments, the payload region of the AAV particle comprises one or

more nucleic acid sequences encoding a polypeptide or protein of intercst.
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{8221}  In certain embodiments, the AAV particle comprises a viral genome with a
payload region comprising nucleic acid sequences encoding more than one polypeptide of
mterest. In certain crabodiments, a viral genome encoding one or more polypeptides may be
replicated and packaged into a viral particle. A target coll transduced with a viral particle
comprising the vector genome may express each of the one or more polypeptides in the single
target cell.

[0222]  Where the AAY particle payvload region encodes a polypeptide, the polypeptide
may be a peptide, polypeptide or protein. As a non-limiting example, the payload region may
encode at least one therapeutic protein of interest. The AAV viral genomes encoding
polypeptides described herein may be useful in the ficlds of human disease, viruses,
mfections veterinary applications and a varety of in vive and i vifro settings.

{02231  In certain embodiments, administration of the formulated AAV particles (which
comprise the viral genome) to a subjoct will increase the expression of a protein in a subject.
In certain embodiments, the increase of the expression of the protein will reduce the cffects
and/or symptoms of a disease or ailment associated with the polypeptide encoded by the
pavload.

{6224}  In certain embodiments, the formulated AAV particles of the present disclosure
may be used to reduce the decline of functional capacitv and activities of daily hiving as
measured by a standard evaluation system such as, but not limited to, the total functional
capacity {TFC) scale.

{6225}  Incertain embodiments, the AAV particie comprises a viral genome with a
pavload region comprising a nucleic acid sequence encoding a protein of interest (ie. a
pavload protein, therapeutic protein).

{8226}  In certain embodiments, the payload region comprises a nucleie acid sequence
encoding a protein comprising but not limited to an anttbody, Aromatic L-Amino Acid
Decarboxylase (AADC), ApoE2, Frataxin, survival motor neuron (SMN) protein,
glucocerebrosidase, N-sulfoglucosamine sulfshydrolase, N-acetyl-alpha-glucosaminidase,
iduronate 2-sulfatase, alpha-L-iduronidase, palmitovl-protein thioesterase 1, tripeptidyl
peptidase 1, batterun, CLN3, CLN6 (Iinclin), MFSDS8, CLNS, aspartoacviase (ASPA},
progranulin {GRN), Me(CP2, beta-galactosidase (GLB1} and/or gigaxonin (GAN).

{6227} In certain embodiments, the AAV particle comprises a viral genome with a
pavioad region comprising a nucleic acid secquenee encoding AADC or any other payiocad

known n the art for treating Parkinson’s disease. As a non-limiting example, the payload
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may comprise a sequence such as NM_001082971.1 (G 132814447), NM_000790.3 (GL:
1328144593, NM_001242886.1 (GL: 338068913), NM 0012428871 ((G1: 338968916},

NM_ 001242888 1 (GL: 338968918), NM 0012428891 (GL: 338968920}, NM_001242890 1
(G1: 338968922) and fragment or variants thereof.

{0#228]  In certain embodiments, the AAV particle comprises a viral genome with a
payload region comprising a nucleic acid sequence encoding frataxin or any other payload
known in the art for treating Fricdreich’s Ataxia. As a non-linuting cxample, the paviocad may
comprise a sequence such as NM_000144 4 (GI: 239787167), NM_181425.2 (GL
239787185), NM 001161706.1 (GI: 239787197} and fragment or variants thereof.

{6229}  In certain embodiments, the AAV particle comprises a viral genome with a
payload region comprising a nucleic acid sequence encoding SMN or any other payload
known in the art for treating spinal muscular atrophy (SMA}). As a non-limiting example, the
payload may comprise a sequence such as NM_ 0012977151 (GL: 663070993),

NM 000344 3 (GI: 196115055), NM_022874.2 (G 196115040) and fragment or variants
thercof.

{8233}  In certain embodiments, the AAV particle comprises a viral genome with a
pavload region comprising a nucleic acid sequence encoding any of the diseasc-associated
proteins {(and fragment or variants thercof) described in U. S. Patent publication No.
20180258424; the content of which is herein incorporated by reference in ifs entirety.

{0231}  In certain embodiments, the AAV particle comprises a viral genome with a
pavload region comprising a nucleic acid sequence encoding any of the discase-associated
proteins {and fragment or variants thereof) described in anv one of the following International
Publications: W(O2016073693, W0O2017023724, WO2016077687, W(2016077689,
WO2Z018204786, WO2017201238, WO2017201248, WO2018204R803, W(2018204797,
WO2017189959, WO2017189963, WO2017189964, W(2015191508, WO2016094783,
W020160137949, W0O2017075335; the contents of which are each herein incorporated by
reference in their entirety.

{0232}  In certain embodiments, the formulated AAVY particles of the present disclosure
may be used to improve performance on any assessment used to measure symptoms of a
neurodegenerative disorder/disease. Such assessments comprise, bat are not himited to
ADAS-cog {Alzheimer Disease Assessment Scale — cognitive), MMSE (Mini-Mental State
Examination), GDS (Genatric Depression Scale), FAGQ (Functional Activities Questionnaire),

ADL (Activities of Daily Living}, GPCOG (General Practitioner Assessment of Cognition),
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Mini-Cog, AMTS (Abbreviated Mental Test Score), Clock-drawing test, 6-CIT {6-tem
Cognitive Impairment Test), TYM (Test Your Memory}, MoCa (Montreal Cognitive
Assessment), ACE-R (Addenbrookes Cognitive Assessment), MIES (Memory Impairment
Screen), BADLS (Bristol Activities of Daily Living Scale), Barthel Index, Functional
Independence Measure, Instrumental Activities of Dhaily Living, IQCODE (Informant
Questionnaire on Cognitive Decline in the Elderly), Neuropsychiatric Inventory, The Cohen-
Mansficld Agitation Inventory, BEHAVE-AD, EuroQol, Short Form-36 and/or MBR
Caregiver Strain Instrument, or any of the other tests as described in Sheehan B Ther Adv
Neurol Disord 3¢6):349-358 {2012), the contents of which are herein incorporated by
reference in their entirety.

[08233]  In certain embodiments “variant mimics” are provided. As used herein, the term
“yariant mimic” is one which contains one or more amino acids which would mimic an
activated sequence. For example, glitamate may serve as a mimic for phosphoro-threonine
and/or phosphoro-serine. Alternatively, variant mimics may result in deactivation or in an
mactivated product containing the mimic, ¢.g., phenvlalanine may act as an inactivating
substitution for tyrosine; or alanine may act as an inactivating substitution for serine.

{0234}  In certain embodiments an “amino acid sequence variant” 1s provided. The term
"amino acid sequence variant” refers to molecules with some differences in their amino acid
sequences as compared to a native or starting sequence. The amino acid sequence variants
may possess substitutions, deletions, and/or insertions at certain positions within the amino
acid sequence. “Native” or “starting” scquence should not be confused with a wild type
sequence. As used herein, a native or starting sequence is a relative ferm referring 1o an
original molecule agamst which a comparison may be made. “Native” or “starting” sequences
or molecules may represent the wild-type (that sequence found in nature) but do not have to
be the wild-tvpe sequence.

[0235]  Ordmanly, vanants will possess at least about 70% homology to a native sequence,
and in certain embodiments, they will be at least about 80% or at least about 90%
homologous to a native sequenee. "Homology" as it applies to amino acid sequences is
defined as the percentage of residues in the candidate amino acid sequence that are identical
with the residues in the amino acid sequence of a second sequence after aligning the
sequences and introducing gaps, if necessary, to achieve the maxinuun percent homology.

Methods and computer programs for the alignment are well known in the art. It is understood
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that homology depends on a calculation of percent identity but may differ in value due to
gaps and penalties introduced in the calculation.

{0236} By "homologs" as it applics to amino acid scquences is meant the corresponding
sequence of other species having substantial identity 1o a second sequence of a second
species.

{9237} "Analogs" is meant to comprise polypeptide variants which differ by one or more
amino acid alterations, ¢.g., substitutions, additions or deletions of amino acid residucs that
still maintain the properties of the parent polypeptide.

{0238]  Scquence tags or amino acids, such as one or more lysines, can be added to the
peptide sequences of the disclosure {¢.g., at the N-terminal or C-terminal ends}. Sequence
tags can be used for peptide purification or localization. Lysines can be used to increase
peptide solubility or to allow for bistmylation. Alternatively, amino acid residaes located at
the carboxy and amino terminal regions of the amino acid sequence of a peptide or protein
may optionally be deleted providing for truncated sequences. Certain amino acids (e.g., C-
termmnal or N-terminal residues) may alternatively be deleted depending on the use of the
sequence, as for example, expression of the sequence as part of a larger sequence which is
soluble or linked to a solid support.

{0239}  In certain cmbodiments a “substitutional vanant” is provided. "Substitutional
variants” when referring to proteins are those that have at least one amino acid residuc ina
native or starting sequence removed and a different amino acid inserted in its place at the
same position. The substitutions may be single, where only one amino acid in the molecule
has been substituted, or they may be multiple, where two or more amino acids have been
substituted in the same molecule.

{8248]  As used herein the term "conservative amino acid substitution” refers to the
substitution of an amino acid that is normally present in the sequence with a different amino
acid of similar size, charge, or polanity, Examples of conservative substitutions comprise the
substitution of a non-polar (hydrophobic) residue such as isoleucine, valine and leucine for
another non-polar residue. Likewise, examples of conservative substitutions comprise the
substitution of one polar (hyvdrophilic) residue for another such as between arginine and
tvsine, between glutamine and asparagine, and between glycine and serine. Additionally, the
substitution of a basic residue such as lysine, arginine or histidine for another, or the
substitution of one acidic residue such as aspartic acid or glutanic acid for another acidic

residue are additional examples of conservative substitutions. Examples of non-conservative
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substitutions comprise the substitution of a non-polar (hydrophobic) amino acid residue such
as isoleacine, valing, leucine, alanine, methionine for a polar (hydrophilic) residue such as
cysteine, ghitamine, ghutamic acid or lysine and/or a polar residue for a non-polar residue.
[6241] o certain embodiments an “insertional variant” is provided. "Insertional varnants”
when referring to proteins are those with one or more amimo acids inserted immediately
adjacent to an amino acid at a particular position in a native or starting sequence.
"Immediately adjacent” to an amino acid means connected to either the alpha-carboxy or
alpha-amino functional group of the amino acid.

{6242}  In certain embodiments a “deletional variant™ is provided. "Deletional variants”
when referning to proteins, are those with one or more aming acids in the native or starting
amino acid sequence removed. Ordinarily, deletional vanants will have one or more amino
acids deleted in a particular region of the molecule.

[0243]  As used horein, the term "derivative” is used synonyvmously with the torm "variant”
and refers to a molecule that has been modified or changed in any way relative to a reference
molecule or starting molecule. In certain embodiments, denvatives comprise native or
starting proteins that have been modified with an organic proteinaceous or nOR-Profeinaceous
derivatizing agent, and post-transiational meodifications. Covalent modifications are
traditionally introduced by reacting targeted amino acid residues of the protein with an
organic derivatizing agent that is capable of reacting with selected side-chains or terminal
residues, or by harnessing mechanisms of post-translational modifications that function in
selected recombinant host cells. The resultant covalent derivatives are useful in programs
directed at wdentifving residues important for biological activity, for immunoassays, or for the
preparation of anti-protein antibodies for immunoaffinity purification of the recombinant
glycopratein. Such modifications are within the ordmary skill in the art and are performed
without undue experimentation.

{0244}  Certain post-translational modifications are the result of the action of recombinant
host cells on the expressed polypeptide. Glutaminyl and asparaginy! residues are frequently
post-translationally deamidated to the corresponding ghutamyl and aspartyl residues.
Alternatively, these residues are deamidated under muldly acidic conditions. Either form of
these restdues may be present in the proteins used in accordance with the present disclosure.
{6245]  Other post-transiational modifications comprise hydroxylation of proline and

tysine, phosphorylation of hydroxyl groups of seryl or threonvl residues, methylation of the
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alpha-amino groups of lysine, arginine, and histidine side chains (T. E. Creighton, Proteins:
Structure and Molecular Properties, W.H. Freeman & Co., San Francisco, pp. 79-86 (1983}
{0246}  "Featurcs" when referring to proteins are defined as distinet amino acid sequence-
based components of a molecule. Features of the proteins of the present disclosure comprise
surface manifestations, local conformational shape, folds, loops, half-loops, domains, half-
domains, sites, termint or any combination thereof.

{0247}  Asused herein when referring to proteins the term "surface manifestation” refers to
a polypeptide-based component of a protein appearing on an outermost surface.

{0248]  As uscd hercin when referring to proteins the term "local conformational shape”
means a polypeptide based structural manifestation of a protein which is located within a
definable space of the protein.

{0249]  As used herein when referring to proteins the term "fold" means the resultant
conformation of an amino acid sequence upon encrgy minimization. A fold may occur at the
secondary or tertiary level of the folding process. Examples of secondary level folds comprise
beta sheets and alpha helices. Examples of tertiary folds comprise domains and regions
formed due to aggregation or separation of energetic forces. Regions formed in this way
comprise hydrophobic and hydrophilic pockets. and the like.

{0250}  As used herein the term "tum” as it relates to protein conformation means a bend
which alters the direction of the backbone of a peptide or polypeptide and may involve one,
two, three or more amino acid residues.

{6251}  Asused herein when referring to proteins the term "loop" refers to a structural
feature of a peptide or polypeptide which reverses the direction of the backbone of a peptide
or polypeptide and comprises four or more amino acid residocs. Oliva et al. have identified at
least 5 classes of protein loops (1. Mol Biol 266 (4): 814-830; 1997).

{0252}  Asused herein when referring to proteins the term "half-loop" refers to a portion of
an wdentified loop having at least half the number of amino acid residues as the loop from
which it 1s derived. It is understood that loops may not always contain an even number of
amino acid residucs. Therefore, in those cases where a loop contains or is identified to
comprise an odd number of amino acids, a half-loop of the odd-numbered toop will comprise
the whole munber portion or next whole number portion of the loop (number of amuno acids
of the loop/2+/-0.5 amino acids). For example, a loop wdentified as a 7 amino acid loop could

produce half-loops of 3 amino acids or 4 anuno acids (7/2=3.5+/-0.5 being 3 or 4).
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[0283]  As used herein when referring to proteins the term "domain” refers to amotif of a
polypeptide having one or more identifiable structural or functional characteristics or
propertics (¢.g., binding capacity, serving as a stie for protein-protein interactions).

[0254]  As used herein when referring to proteins the term "half-domam” means portion of
an identified domain having at least half the number of amino acid residucs as the domain
from which it is denved. It is understood that domains may not always contain an even
number of amino acid residues. Therefore, in those cases where a domain contains or s
identified to comprise an odd number of amino acids, a half-domain of the odd-numbered
domain will comprise the whole namber portion or next whole number portion of the domain
{number of amino acids of the domain/2+/-0.5 amino acids}. For example, a domain

wdentified as a 7 amino acid domain could produce half-domains of 3 anuno acids or 4 amino
acids (7/2=3.5+/-0.5 bemng 3 or 4). It 1s also understood that sub-domains may be identified
within domains or half-domains, these subdomains possessing less than all of the structural or
functional properties identified in the domains or half domains from which they were derived.
It i3 also understood that the amino acids that comprnise any of the domain types herein need
not be contiguous along the backbone of the polypeptide {(i.¢., nonadjacent amino acids may
fold structurally to produce a domain, half-domain or subdomain}.

{0255]  As used herein when referring to proteins the terms "site” as it pertains to aming
acid ~based embodiments is used synonymous with "amino acid residue” and "amino acid
side chain". A site represents a position within a peptide or polypeptide that may be madified,
manipulated, altered, derivatized or varied within the polvpeptide-based molecules of the
present disclosure.

{8256]  As used heremn the terms "termini or terminus” when referring to proteins refers to
an extremity of a peptide or polypeptide. Such extremity is not limited only to the first or
final site of the peptide or polvpeptide but may comprise additional anino acids in the
terminal regions. The polypeptide-based molecules of the present disclosure may be
characterized as having both an N-termunus (ferminated by an amino acid with a free amino
group (NHZ}) and a C-terminus (ferminated by an amino acid with a free carboxy! group
{COOH)). Proteins of the disclosure are n certain emnbodiments made up of multiple
polypeptide chains brought together by disulfide bonds or by non-covalent forces (multimers,
oligomers}). These sorts of proteins will have multiple N- and C-termini. Alternatively, the
termint of the polypeptides may be modified such that they begin or end, as the case may be,

with a non-polypeptide-based moiety such as an organic conjugate.
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{8257} Once any of the features bave been identified or defined as a component of a
molecule of the disclosure, anv of several manipulations and/or modifications of these
features may be performed by moving, swapping, inverting, deleting, randomizing or
duplicating. Furthermore, 1t is understood that manipulation of features may result in the
same outcome as a modification to the molecules of the disclosure. For example, a
manipulation which involves deleting a domain would result in the alteration of the length of
araolecule just as modification of a nucleic acid to encode less than a full-length molecule
would.

{0258] Modifications and manipulations can be accomplished by methods known in the
art such as site directed mutagenesis. The resulting modified molecules may then be tested
for activity using in vitro or in vivo assays such as those described herein or any other
suitable screening assay known in the art.

Pavioads: Modulatory Polynucleotides Targeting a Gene of Interest

y

{6259} in certain embodiments, the present disclosure presents the use of formulated AAY
particles whose vector genomes encode modulatory polyvnucleotides, e.g., RNA or DNA
molecules as therapeutic agents. Accordingly, the present disclosure provides vector genomes
which encode polynucleotides which are processed into small double stranded RNA (dsRNA)
molecules (small interfering RNA, siRNA, miRNA, pre-miRNA) targeting a gene of interest.
The present disclosure also provides methods of their use for inhibiting gene expression and
protein production of an allele of the gene of interest, for treating diseases, disorders, and/or
conditions.

{0260] 1o certain cmbodiments, the AAV particle comprises a viral gonome with a
payload region comprising a nucleic acid sequence encoding or comprising ong or more
modulatory polynucleotides. In certain embodiments, the AAV particle comprises a viral
genome with a payload region comprising a nucleic acid sequence encoding a modulatory
polynucleotide of interest. In certain embodiments of the present disclosure, modulatory
polynuclestides, ¢.g., RNA or DNA molecules, are presented as therapeutic agents. RNA
interference mediated gene silencing can specifically mhbibit targeted gene expression.

{0261}  In certain embodiments, the payload region comprises a nucleic acid sequence
encoding a modulatory polymucleotide which miterferes with a target gene expression and/or a
target protein prodaction. In certain embodiments, the gene expression or protein production

to be inhibited/modified may comprise but are not limited to superoxide dismutase 1 (SOD1),
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chromosome 9 open reading frame 72 (COORF72), TAR DNA binding protein (TARDBP),
ataxin-3 {ATXN3}, huntingtin (HTT), amyloid precursor protein {APP), apolipoprotein E
{ApoE), microtubule-associated protein tau (MAPT), alpbha-synuclein (SNCA), voltage-gated
sodium channel alpha subunit 9 (SCN9A), and/or voltage-gated sodium channel alpha
subunit 10 {(SCN10A).

{0262]  The present disclosure provides small interfering RNA (siRNA) duplexes (and
modulatory polynucleotides encoding them) that target SOD 1 mRNA to mterfere with the
gene expression and/or protein production of SOD1. The present disclosure also provides
methods of their use for inhibiting genc expression and protein production of an allele of
SGD1, for treating amyotrophic lateral sclerosis (ALS). In certain ernbodiments, the siRNA
duplexes of the present disclosure may target SOD1 along any scgment of the respective
nucleotide sequence. In certain embodiments, the siRNA daplexes of the present disclosure
may target SODT at the location of a SNP or variant within the nucleotide sequence.

[0263]  The present disclosure provides small interfering RNA (siRNA) duplexes {and
modulatory polyvnucleotides encoding them) that target HTT mRNA to mterfere with the gene
expression and/or protein prodoction of HTT. The present disclosure also provides methods
of their use for inhibiting gene expression and protein production of an allele of HTT, for
treating Huntington”s disease (HD). In cortain embodiments, the siRNA duplexes of the
present disclosure may target HT'T along any segment of the respective nucleotide sequence.
In certain embodiments, the siRNA duplexes of the present disclosure may target HT'T at the
focation of a SNP or vartant within the nucleotide sequence.

[8264]  In certain embodiments, the AAV particle comprises a viral genome with a
pavload region comprising a nucleic acid sequence encoding any of the modulatory
polynuclectides, RNAIL molecules, siRNA molecules, dsRNA molecules, and/or RNA
duplexes described in any one of the following International Publications: WO2016073693,
WO2017023724, WO2016077687, WO2016077689, WO2018204786, W(2017201258,
W02017201248 WO2018204803, W(2018204797, W0O2017189959, W02017189963,
WO2017189964, WO2015191308, WO2016094783, W(O20160137949, WO2017075335; the
contents of which are each herein incorporated by reference in their entirety.

[8268]  In certain embodiments, a nucleic acid sequence encoding such siRNA molecules,
or a single strand of the siRNA molecules, is inserted into adeno-associated viral vectors and

mtroduced into cells, specifically cells in the central nervous system.
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[8266]  AAV particles have been investigated for siRNA delivery because of several
pnigue featres. Non-limiting examples of the features comprise (1) the ability to infect both
dividing and non-dividing cells; (i1) a broad host range for infectivity, comprising buman
cells; (11) wild-type AAV has not been associated with any discase and has not been shown
to replicate in infected cells; (iv) the lack of cell-mediated immune response against the
vector and (v} the non-integrative nature in a host chromosome thereby reducing potential for
long-term expression. Moreover, infection with AAV particles has minimal influgnce on
changing the pattern of cellular gene expression (Stilwell and Samulsk et al, Biorechnigues,
2003, 34, 148).

{8267}  In certain embodiments, the encoded siRNA duplex of the present disclosure
contains an antisense strand and a sense strand hybridized together forming a duplex
structure, wherein the antisense strand is complementary to the nucleic acid sequence of the
targeted gene of interest, and wherein the sense strand is homologous to the nucleic acid
sequence of the targeted gene of interest. In other aspects, there are 0, lor 2 nucleotide
overhangs at the 37end of each strand.

[8268]  According to the present disclosure, cach strand of the siRNA duplex targeting the
gene of interest can be about 19 to 25, 19 to 24 or 19 to 21 nucleotides in fength, such as
about 19 nucleotides, 20 nucleotides, 21 nucleotides, 22 nucleotides, 23 nucleotides, 24
nucleotides, or 25 nucleotides in length.

{0269}  In certain embodiments, an siRNA or dsRNA comprises at feast two sequences
that are complementary to each other. The dsRNA comprises a sense strand baving a first
sequence and an antisense strand having a second sequence. The antisense strand comprises a
nucleotide sequence that is substantially complementary to at least part of an mRNA
encoding a gene of interest, and the region of complementarity is 30 nucleotides or less, and
at least 15 nucleotides in length. Generally, the dsRNA is 1910 25, 1910 24 o1 1910 21
nucleotides in length. In certain embodiments, the dsRNA is from about 15 o about 25
nucleotides in length, and in certain embodiments the dsRNA is from about 25 to about 30
nucleotides in length.

{8276]  The dsRNA encoded in an expression vector upon contacting with a cell
expressing protein encoded by the gene of interest, mhibits the expression of protein encoded
by the gene of interest by at least 10%, at least 209%, at least 25%, at least 30%. at least 35%,
at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, or more, when assayved by

methods known in the art or a method as described herein.
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8271}  According to the present disclosure, formulated AAV particles comprising the
nucleic acids of the siRNA duaplexes, one strand of the siRNA duplex or the dsRNA targeting
the gene of interest are produced, the AAV particle serotypes may be PHP.B, PHP A G2B-
26, G2B-13, TH1.1-32, TH1.1-35, AAV, AAV2, AAV2GY, AAV3, AAV3a, AAV3b,
AAV3-3, AAV4, AAV4A-4, AAVS, AAVG, AAVG6.L, AAVS.2, AAV6.1.2, AAVT, AAVT 2,
AAVS. AAVO. AAVO. 1L, AAVI. 13, AAVY.16, AAVY24. AAVO .45, AAVY4T7, AAVY6],
AAVD 68, AAVOR4 AAVI9, AAVID, AAVIL, AAVIZ, AAVIGS, AAV24.1, AAV2T 3,
AAVA2. 12, AAVA2-1b, AAV42-2, AAV42-3a, AAVAZ-3b, AAVA2-4, AAVA2-5a, AAV42-
5b, AAV42-6b, AAV4A2-8, AAV42-10, AAV42-11, AAV42-12, AAV42-13, AAV42-13,
AAV4Z-aa, AAVA3-1, AAVA3-12, AAVA43-20, AAV43-21, AAV43-23, AAV43-25,
AAVA43-5, AAVA4 1, AAVA4 2, AAV4E45, AAV223.1, AAV223.2, AAV223.4, AAVI23 S,
AAV223.6, AAV223.7, AAV1-Trh 48, AAV1-8/rh 49, AAV2-15/th 62, AAV2-3/rh 61,
AAV2-4/rh 50, AAVZ-5/rh .51, AAV3 1Vhu6, AAV3 The 9, AAV3-9/th 52, AAV3-11/th 53,
AAVA-8/r11.64, AAV4A-D/rh.54, AAV4-19/rh 55, AAVS5-3/th 37, AAVS-22/th .58,
AAVT 3/ 7, AAVI6 §/ha 10, AAVI6. 12/hu 11, AAV293/bb.1, AAV29.5/bb.2,
AAVI06.1/hu37, AAVII43/hudl, AAVI27 2/hudl, AAVI27 5/hud42, AAV 128 3/ha 44,
AAVI30.4/Mu 48, AAVI4S 1Vha 33, AAVI43.5/Mhu 54, AAV145 6/hu 55, AAV161.10/bu 60,
AAVI6L.6/u 61, AAV3Z 12/ 17, AAV33 4/bu.15, AAV33.8/hu 16, AAVI2/Mhu. 19,

AAVS52 1/hu 20, AAV38.2/ha 25, AAVAS3, AAVA3 4, AAVASS AAVA3T7, AAVCH,
AAVC2, AAVCS, AAV-DI, AAV-DI8, AAVE3, AAVFS, AAVH2, AAVTh.72, AAVhu 8,
AAVTh 68, AAVh 70, AAVpL 1, AAVDPL3, AAVpL2, AAVL 60, AAVTh 44, AAVIh.G5,
AAVTh.55, AAVIh 47, AAVTh.69, AAVIh A4S, AAVIh.39, AAVhu 12, AAVHS, AAVLKO3,
AAVH-1/hu 1, AAVH-5/hu3, AAVLEG-10/th 40, AAVLG-4/rh.38, AAVLG-9/hu.39,
AAVNT2I-8/rh 43, AAVCh.S, AAVCh SR, AAVey 2, AAVey 3, AAVev 4, AAVey S,
AAVCy35R1, AAVCy SR2, AAVCy.SR3, AAVCy SR4, AAVey .6, AAVhu l, AAVhu 2,
AAVhu3, AAVhu 4, AAVhu.5, AAVhu 6, AAVhu7, AAVInY, AAVhu 10, AAVhu. 11,
AAVhu 13, AAVhu 15, AAVHu 16, AAVhe.17, AAVhu 18, AAVha 20, AAVhu 21,
AAVhu 22, AAVhu 232, AAVhu24, AAVh25, AAVhu.27, AAVhu.28, AAVhu 29,
AAVhu29R, AAVhu 31, AAVhu 32, AAVhu 34, AAVhu .35, AAVhu.37, AAViu.39,
AAVhu 40, AAVhu 41, AAVhu 42, AAVIuA43, AAVhu 44, AAVhu 44R1, AAVhu 44R2,
AAVhu 44R3, AAVhu 45, AAVhu 46, AAVhe 47, AAVhu 48 AAVhu 48R1,
AAVhu48R2, AAVhu 48R3, AAVhu 49, AAVhu 51, AAVhu.52, AAVhu 54, AAVhu 55,
AAVHh56, AAVIw.37, AAVh 58, AAVhu.60, AAVhu.61, AAVhu.63, AAVhu 64.
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AAVhu 66, AAVhu 67, AAVhu. 14/9, AAVhut 19, AAVh 2, AAVh 2R, AAVrh.g,

AAVTh 3R, AAVh 10, AAVIh 12, AAVHh 13, AAVHh 13R, AAVh. 14, AAVih 17,
AAVIR I8, AAVrh 19, AAVh.20, AAVTh 21, AAVh 22, AAVh 23, AAVh 24,
AAVh25, AAVh.31, AAVh.32, AAVTh 33, AAVrh 34, AAVh 35, AAVh.36,
AAVHh.37, AAVAh37R2, AAVh 38, AAVh39, AAVh 40, AAVrh 46, AAVrh 48,
AAVh48.1, AAVIh 4812, AAVh 482, AAVIh A9, AAVIh 51, AAVh 52, AAVh 53,
AAVTh 54, AAVL.56, AAVIH.57, AAVTRSR, AAVIG], AAVTh.64, AAVTh 64R],
AAVTh 64R2, AAVrh.67, AAVh 73, AAVth. 74, AAVhER, AAVh8R A586R mutant,
AAVHER R533A mutant, AAAV, BAAVY, caprine AAV, bovine AAV, ovine AAV,
AAVhEL 1, AAVhErl 5, AAVRERT 14, AAVRErl 8, AAVhEr1.16, AAVhEr] 18,
AAVhEr: 35, AAVhErL.7, AAVhEri 36, AAVhE2 29, AAVhE®R 4, AAVhER.16,
AAVHKER2 30, AAVhEr2.31, AAVHER2 36, AAVhERL 23, AAVRES. 1, AAV2.5T, AAV-
PAEC, AAV-LKOI, AAV-LKO02, AAV-LKO3, AAV-LKO4, AAV-LKOS5, AAV-LKOG, AAV-
LKO7, AAV-LKOS, AAV-LK09, AAV-LKI10, AAV-LK11, AAV-LK1Z, AAV-LKI3, AAV-
LK14, AAV-LKI5 AAV-LE16, AAV-LK17, AAV-LEKIS, AAV-LKI19 AAV-PAEC2,
AAV-PAECS, AAV-PAECS, AAV-PAECT, AAV-PAECS, AAV-PAECIL, AAV-PAECIZ,
AAY-2-pre-miRNA-101 , AAV-8h, AAV-8b, AAV-h, AAV-b, AAV SM 10-2 | AAVY
Shuftic 100-1 , AAV Shuffle 100-3, AAV Shuftle 160-7, AAV Shuffle 10-2, AAV Shuffle
106, AAV Shuffle 10-8, AAY Shuffle 100-2, AAV SM 10-1, AAV SM 10-8 , AAV SM
100-3, AAYV SM 100-10, BNP61 AAYV, BNP62 AAY, BNP63 AAV, AAVH.50, AAVTh 43,
AAVTh 62, AAVh 48, AAVHu 19, AAVhu 11, AAVIu 33, AAV4-8/th 64, AAVLG-
9/hu.39, AAVS4.5/hu23, AAV54.2/hu22, AAVS54.7/hu24, AAVS4 Vha 21,

AAV34 4RMu 27 AAVA6 2/hu 28, AAVA6.6/hu 29, AAVIZR 1/l 43, true type AAY
{ttAAV), UPENN AAV 10, Japanese AAV 10 serotypes, AAV CBr-7.1, AAV CBr-7.10,
AAV CBr-72, AAV CBr-7.3, AAV UBr-7 4, AAV CBr-7.5, AAV CBr-7.7, AAV CBr-7.8,
AAV CBr-B7.3, AAV CBr-B7 4, AAV CBr-El, AAV CBr-E2, AAV CBr-E3, AAV CBr-E4,
AAV CBr-E3, AAV CBr-¢5, AAV CBr-E6, AAV CBr-E7, AAYV UBr-E8, AAV CHi-1, AAV
CHt-2, AAV CHt-3, AAV CHi-6.1, AAV CHi-6.10, AAV CHt-6.5, AAV CHt-6.6, AAV
CHi-6.7, AAV CHt-6.8, AAYV CHt-P1, AAV CHt-P2, AAV CHe-P3, AAV CHL-PS, AAV
CHt-P8, AAV CHt-PO, AAV CKd-1, AAV CKd-10, AAV CKd-2, AAV CKd-3, AAY CKd-
4, AAYV CKd-6, AAYV CKd-7, AAY CKd-8, AAYV CKd-B1, AAV CKd-B2, AAV CKd-B3,
AAV CKd-B4, AAV CKd-B5, AAV CKd-B6, AAY CKd-B7, AAV CKd-B8, AAY CKd-
HE, AAV CKd-H2, AAV CKd-H3, AAV CKd-H4, AAV CKd-HS, AAV CKd-H6, AAV
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CKd-N3, AAV CKd-N4, AAY CKd-N9, AAV CLg-FI, AAV CLg-F2, AAV Clg-F3, AAV
CLg-F4, AAV CLg-F5, AAV CLg-F6, AAV CLg-F7, AAV CLg-F8, AAV CLv-1, AAV
Clvi-1, AAY Clvi-10, AAV CLv1-2, AAV CLv-12, AAV Clvi-3, AAV CLv-13, AAVY
CLvl-4, AAV Clvi-7, AAV Clvl-8, AAV Clvi-9, AAV CLv-2, AAV CLv-3, AAV CLv+4,
AAV CLv-6, AAV CLv-8, AAV Chlv-D1, AAV CLv-D2, AAV CLv-D3, AAV CLv-D4,
AAV CLv-D5, AAV CLv-D6, AAV CLv-D7, AAV CLv-D8, AAV CLv-El, AAV CLv-K1,
AAY CLv-K3, AAV CLv-K6, AAV CLv-L4, AAV Clv-L5, AAY CLv-L6, AAV CLv-M1,
AAV CLv-M11, AAV CLv-M2, AAV CLv-M35, AAV CLv-M6, AAV CLv-M7, AAV CLv~
M8, AAV CLv-M9, AAV CLv-R1, AAV CLv-R2, AAV CLv-R3, AAV CLv-R4, AAVY
CLv-R5. AAV CLv-R6, AAV CLv-R7, AAV CLv-R8, AAV CLv-R9, AAV CSp-1, AAVY
CSp-10, AAV CSp-11, AAV CSp-2, AAV C8p-3, AAV CSp-4, AAV CSp-6, AAV C8p-7,
AAV CSp-8, AAV CSp-&.10, AAV C5p-8.2, AAV C8p-8.4, AAV (USp-8.5, AAV C8p-8.6,
AAV CSp-8.7, AAV C5p-8.8, AAV C8p-8.9, AAV CSp-9, AAV hu 48R3, AAV VR-353,
AAVIB, AAV4, AAVSE, AAVFI/HSCI, AAVFLI/HSCL, AAVFI2/HSCI12,
AAVFIZ/HSCI3, AAVFI4HSCH4, AAVFIS/HSCLS, AAVFIGHSCLS, AAVFITHSCLT,
AAVF2/HSC2, AAVF3IMHSC3, AAVF4/HSCY, AAVESHSCS, AAVEF6/HSCS,
AAVFTHSCT, AAVFR/HSCS, and/or AAVFY/HSCO and variants thereof.

{0272}  According to the present disclosure, the siRNA molecules are designed and tested
for their ability in reducing mRNA levels in cultured cells.

{0273} In certain embodiments, the siRNA molecules are designed and tested for their
ability in reducing levels of the gene of interest i cultured cells.

{6274}  The present disclosure also provides pharmaceutical compositions comprising at
least one siRNA duplex targeting the gene of interest and a pharmaceutically acceptable
carrier. In some agpects, the siRNA duplex is encoded by a vector genome in an AAY
particie.

{0275} 1o certain embodiments, the present disclosure provides methods for
inhibiting/silencing gene expression in a cefl. In some aspects, the inhibition of gene
expression refers to an inhibition by at least about 20%, such as by at least about 30%, 40%,
50%, 60%, 70%, 80%, 83%, 90%, 95% and 100%, or at least 20-30%, 20-40%, 20-350%, 20-
60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%, 35-40%, 30-50%, 30-60%, 30-
70%, 30-80%, 30-80%, 30-95%, 30-100%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-
9395, 40-100%, 50-60%, 50-70%, 50-80%, 50-90%, 50-95%, 50~100%, 60-70%, 60-80%,
60-90%, 60-95%, 60-100%, 70-80%, 70-90%, 70-93%, 70-100%, 80-90%, 80-95%, 80-
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100%, 90-95%, 90-100% or 95-100%. Accordingly, the protein product of the targeted gene
may be inhibited by at least about 209, such as by at least about 30%, 40%, 50%, 60%, 70%,
80%, 83%, 90%, 93% and 100%, or at least 20-30%, 20-40%, 20-30%, 20-60%, 20-70%, 20-
809, 20-80%, 20-95%, 20-100%, 30-40%, 30-50%, 30-60%, 30-70%, 30-80%, 30-90%, 30-
95%, 30-100%, 40-30%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-100%, 50-60%
50-70%. 50-80%, 50-90%, 50-95%, 50-100%, 60-70%, 60-80%, 60-90%, 60-95%, 60-100%,
70-80%, 70-90%, 70-95%, 70-100%, 80-90%, 80-95%, 80-100%, 90-95%, 90-100% or 95-
100%.

{0276] In certain embodiments, the encoded siRNA duplexes may be used to reduce the
expression of protein encoded by the gene of interest by at least about 20%, 30%, 40%, 50%.,
60%, 70%, 80%, 85%, 90%, 95% and 100%, or at least 20-30%, 20-40%, 20-30%, 20-60%,
20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%, 35-40%, 30-50%, 30-60%, 30-70%,
30-80%, 30-90%, 30-95%, 30-100%, 40-50%, 46-60%, 40-70%, 40-80%, 40-90%, 40-95%
40-100%, 50-60%, 50-70%, 56-80%, 50-90%, 50-95%, 50-100%, 60-70%, 60-80%. 60-90%,
60-95%, 60-100%, 70-80%, 70-90%, 70-95%, 70-100%, §0-90%, 80-95%, §0~100%, 90-
95%, 90-100% or 95-100%. As a non-hmiting example, the expression of protein may be
reduced 50-90%. As a non-limiting example, the expression of protein may be reduced 30-
70%. As a non-linuting example, the expression of protein may be reduced 40-70%.

{32777 In certain embodiments, the encoded siRNA duplexes may be used to reduce the
expression of mRNA transcribed from the gene of interest by at least about 20%, 30%, 40%,
30%, 60%, T0%, 80%, 85%, 90%, 95% and 100%, or at least 20-30%, 20~-40%, 20-30%, 20-
60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-160%, 30-4055, 35-409%, 30-30%, 30-60%, 30-
70%, 30-80%, 30-90%, 30-95%, 30-100%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-
95%, 40-100%, 50-60%, 50-70%, 50-80%, 50-90%, 50-95%, 50-100%, 60-70%, 60-80%,
60-90%, 60~93%, 60-100%, 70-80%, 70-90%, T0-95%, 70-100%, 80-90%, 8(-95%, &0~
100%, 90-95%, 90-100% or 95-100%. As a non-limiting example, the expression of mRNA
expression may be reduced 50-90%

{0278}  In certain embodiments, the encoded siRNA duplexes may be used to reduce the
expression of protein encoded by the gene of interest and/or transcribed mRNA in at least one
region of the CNS. The expression of protein and/or mRNA 1s reduced by at least about 20%,
30%, 40%., 50%, 60%, 70%, 80%, 85%, 90%. 95% and 100%, or at least 20-30%, 20-40%,
20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%. 35-40%, 30-50%,
30-60%, 30-70%, 30-80%, 30-90%, 30-95%. 30-100%. 40-50%, 40-60%, 40-70%, 40-80%,
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40-90%, 40-95%, 40-100%, 50-60%, 50-70%, 50-80%, 30~90%, 50~93%, 50-100%, 60-70%,
60-80%, 60-90%, 60-95%, 60-100%, 70-80%, 70-90%, 70-95%, 70-100%, 80-90%, 80-95%,
80-100%, 90-95%, 90-100% or 95-100% in at least one region of the CNS. As a non-limiting
example, the region is the neurons (e.g., cortical neurons}.

{#278]  In certain embodiments, the formulated AAV particles comprising such encoded
siRNA molecules may be introduced directly into the central nervous system of the subject,
for example, by mfusion into the putanicen.

{6286}  In certain embodiments, the formulated AAV particles comprising such encoded
siRNA molecules may be introduced directly into the central nervous system of the subject,
for example, by infusion into the thalamus of a subject.

[6281]  In certain embodiments, the formulated AAVY particles comprising such encoded
siRNA molecules may be introduced directly into the central nervous system of the subject,
for example, by mfusion into the white matter of a subject.

{0282}  In certain embodiments, the formulated AAV particles comprising such encoded
siRNA molecules may be introduced to the central nervous system of the subject, for
example, by intravenous administration to a subject.

{0283}  In certain embodiments, the pharmaceutical composition of the present disclosure
is used as a solo therapy. In certain embodiments, the pharmaceutical composition of the
present disclosure is used in combination therapy. The combination therapy may be in
combination with one or more neuroprotective agents such as small molecule compounds,
growth factors and hormones which have been tested for their neuroprotective effect on
motor neuron degeneration.

SIRNA Molecules
{0284}  The pavloads of the formulated AAV particles of the present disclosure may

encode one or more agents which are subject to RNA interference {(RNA{) induced imhibition
of gene expression. Provided herein are encoded siRNA duplexes or encoded dsRNA that
target a gene of interest (referred to herein collectively as “siRNA molecules™). Such siRNA
molecules, e.g., encoded siRNA duplexes, encoded dsRNA or encoded siRINA or dsRNA
precursors can reduce or silence gene expression in cells, for example, astroovtes or
microglia, cortical, hippocampal, entorhinal, thalamic, sensory or motor neurons.

[6285] RNA: {also known as post-transcriptional gene silencing (PTGS), quelling, or co-
suppression} is a post-transcriptional gene silencing process in which RNA molecules, ina

sequence specific manner, inhibit gene expression, typically by causing the destruction of
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specific mRNA molecules. The active components of RNA1 are short/smali double stranded
RNAs (dsRNAs), called small interfering RNAg (siRNAs), that typically contain 15-30
nucleotides (e.g., 1910 25, 19 10 24 or 19-21 nucleotides) and 2-nucleotide 3” overhangs and
that match the nucleic acid sequence of the target gene. These short RNA species may be
naturally produced in vivo by Dicer-mediated cleavage of larger dsRNAs and they are
functional in mammalian cells.

[0286]  Naturally expressed small RNA molecules, known as microRNAs (muRNAs),
elicit gene silencing by regulating the expression of mRNAs. The miRNAs containing RNA
Induced Silencing Complex (RISC) targets mRNAs presenting a perfect sequence
complementarity with nucleotides 2-7 in the 5 region of the miRNA which is called the seed
region, and other base pairs with its 37 region. miRNA mediated down regulation of gene
expression may be caused by cleavage of the target mRNAs, translational inhibition of the
target mRNAs, or mRNA decay. miRNA targeting sequences are usually located in the 3
UTR of the target mENAs. A single miRNA may target more than 100 transcripts from
various genes, and one mRNA may be targeted by different miRNAs,

{8287}  <iRNA duplexes or dsRNA targeting a specific mRNA may be designed as a
pavioad of an AAV particle and introduced mnto cells for activating RNA{ processes. Elbashir
ct al. demonstrated that 21-nucleotide siRNA duplexes (termed small interfering RNAs) were
capable of effecting potent and specific gene knockdown without inducing inumune response
in mammalian cells (Elbashir SM et al., Narure, 2001, 411, 494-498). Since this initial report,
post-transcriptional gene silencing by siRNAs quickly emerged as a powerful tool for genetic
analysis in mammalian cells and has the potential to produce novel therapeutics.

{6288] The stRNA duplex comprised of a sense strand homologous to the target mRNA
and an antisense strand that is complementary to the target mRNA offers much more
advantage i terms of efficiency for target RNA destruction compared to the use of the single
strand (ss)-siRNAs (e.g. antisense strand RNA or antisense oligonucleotides). In many cases
it requires higher concentration of the ss-siRNA to achieve the effective gene silencing
potency of the corresponding duplex.

{028%]  Anvy of the foregoing molecules may be encoded by an AAV particle or vector
genome.

Design and Sequences of siRNA duplexes targeting a gene of inferest
[#298]  Some guidelings for designing siRNAs, ¢.g., herein encoded as apayload in a

vector genome, have been proposed in the art. These guidelines generally recommend
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generating a 19-nucleotide duplexed region, symmetric 2-3 nucleotide 3 overhangs, 5-
phosphate and 3-hydroxyvl groups targeting a region in the gene to be silenced. Other rules
that may govern siRNA sequence preference comprise, but are not limited to, (1) A/U atthe §'
end of the antisense strand; (1) G/C at the 5" end of the sense strand; (111} at least five A/U
residues i the 5 ternunal one-third of the antisense strand; and {(iv) the absence of any GC
stretch of more than 9 nuclectides in length. In accordance with such consideration, together
with the specific sequence of a target gene, highly effective siRNA molecules essential for
suppressing mammalian target gene oxpression may be readily designed.

{03911  In certain embodiments, an siRNA molecule of the present discloswre comprises a
sense strand and a complementary antisense strand in which both strands are hybridized
together to form a duplex structure. The antisense strand has sufficient complementarity to
the mRNA sequence to direct target-specific RNALL 1.e., the siRNA molecule has a sequence
sufficient to trigger the destruction of the target mRNA by the RNAi1 machinery or process.
{0292}  In certain embodiments, the antisense strand and target mRNA sequences have
100% complementarity. The antisense strand may be complementary to any part of the target
mRBNA sequence,

{62931  In certain embodiments, the antisense strand and target mRNA sequences comprise
at feast one mismatch. As a non-limiting example, the antisense strand and the target mRNA
sequence have at feast 309, 40%, 50%, 60%, 70%. 80%, 81%, 82%. 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or at least 20~
30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-99%. 30-40%, 30-
50%, 30-60%, 30-70%, 30-80%, 30-90%, 30-953%, 30-99%, 40-50%. 40-60%, 40-70%, 40-
R(%, 40-90%, 40-95%, 40-99%, 50-60%, 50-70%, 50-80%, 50-90%, 50-95%, 50-99%, 60-
70%, 60-80%0, 60-90%, 66-95%, 60-99%, 70-80%, 70-90%, 70-95%, 70-99%, 80-90%, 80-
95%., 80-99%, 90-95%, 90-99% or 95-99% complementary.

{0294}  According to the preseunt disclosure, encoded the siRNA molecule has a length
from about 10-50 or more nucleotides, i.¢., each strand comprising 10-30 nucleotides {or
nucleotide analogs). In certain embodiments, the siRNA molecule has a length from about
15-30, ez, 15, 16, 17. 1%, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in cach
strand, wherein ove of the strands is sufficiently complementary to a target region. In certain
embodiments, the encoded siRNA molecule has a length from about 1910 25, 19t0 24 or 19

to 21 nucleotides.
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{8293}  In certain embodiments, the encoded siRNA molecules of the present disclosure
may comprise a region of or encoding the nucleotide sequence of a gene of interest {e.g.,
SENSE OF passenger sequence). As a non-limiting exarople, the sense sequence used in the
siRNA molecule of the present disclosure has an identity which 1s at least 30%, 40%, 50%,
60%, 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
949%, 95%, 96%. 97%, 98% or 99% or at feast 20-30%. 20-40%, 20-50%, 20-60%, 20-70%,
20-80%, 20-90%, 20-95%, 20-99%, 30-40%, 30-50%, 30-60%, 30-70%, 30-80%, 30-90%,
30-95%, 30-999%, 40-30%, 40-60%, 40-70%, 40-80%, 40—9()%, 40-95%, 40-29%, 30-60%,
50-70%, 50-80%, 50-90%, 50-93%, 50-99%, 60-70%, 60-80%, 60-90%, 60-95%, 63-99%,
70-80%, 70-90%, 70-95%, 70-99%, 80-90%, 80-95%, 80-99%, 90-95%, 90-99% or 95-99%
to a portion of the nucleotide sequence of the gene of interest or encoding the gene of interest.
As another non-limiting example, the sense sequence used in the siRNA molecule of the
present disclosure comprises at least 3, 4.5,6,7, 8.9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21 or more than 21 consecutive nucleotides of the nucleotide sequence of the gene of
imterest or encoding the gene of interest.
{8296]  In certain embodiments, the encoded siRWNA molecules of the present disclosure
may comprise a region of a nucleotide sequence of the gene of interest or encoding the gene
of interest {e.g.. antisense or guide sequence) such as, but not limited to, at least 3. 4, 5,6, 7,
8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21 or more than 21 nucleotides which are the
reverse complement the nucleotide sequence of the gene of interest or fragment or variant
thercof. As a non-limiting example, the antisense sequence used in the encoded siRNA
molecule of the present disclosure has a reverse complement which is at least 30%, 40%,
30%, 60%, T0%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
03%, 94%, 95%, 96%, 97%, 98% or 99% or at feast 20-30%, 20-40%, 20-50%, 26-60%, 26-
T0%, 20-80%, 20-90%, 20-95%, 20-99%, 30-40%, 30~30%, 30-60%, 30-70%, 30-80%, 30~
909%, 30-95%, 30-99%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-99%, 50-
60%, 50-70%, 50-80%, 50-90%, 50-95%, 50-99%, 60-70%, 60-80%, 60-90%, 60-95%, 60-
99%, 70-80%, 70-90%, 70-93%, 70-99%, 80-90%, 80-93%, 80-99%, 90-95%, 90-99% or 93-
99% to a portion of a nucleotide sequence of the gene of interest or encoding the gene of
mterest. As another non-limiting example, the antisense sequence used in the siRNA
malecule of the present disclosure comprises atleast 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21 or more than 21 consecutive nucleotides which are the reverse

complement of a nucleotide sequence of the gene of interest or encoding the gene of mterest.
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{82977  In certain embodiments, the encoded siRNA molecules of the present disclosure
may comprise an antisense sequence and a sense sequence, or a fragment or variant thereof.
As a non-limiting example, the antisense sequence and the sense sequence have at least 30%,
40%, 50%, 60%, 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%. 87%, 88%, 89%., 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or at least 20-30%, 20-40%, 20-50%, 20-
60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-99%. 30-40%. 30-50%. 30-60%. 30-70%, 30-
80%, 30-90%, 30-95%, 30-99%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-
99%, 50-60%, 50-70%, 50-80%, 50-90%, 50-95%, 30-99%, 60-70%, 60-80%, 60-90%, 60-
95%, 60-99%, 70-80%, 70-90%, 70-95%, 70-99%, 80-90%, 80-95%, 80-99%, 90-95%, 90-
99% or 95-99% complementary.

[6298]  In one aspect, the sense and antisense strands of an encoded siRNA duplex are
typically hinked by a short spacer sequence leading {o the expression of a stem-loop structure
termed short hairpin RNA (shRNA). The hairpin is recognized and cleaved by Dicer, thus
generating mature sitRNA molecules

{82991  In certain embodiments, the encoded siRNA duplexes of the present disclosure
suppress {or degrade) target mRNA. Accordingly, the encoded siRNA duplexes can be ased
to substantially inhibit gene expression in a cell, for example a neuron or astrocyte. In some
aspects, the inhibition of gene expression refers to an inhibition by at least about 20%, such
as by at least abowut 30%, 40%, 50%, 60%, 7 96,8096,8596,909’ 95% and 100%, or at least
20-30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%,
30-50%, 30-60%, 30-70%, 30-80%, 30-90%, 30-93%, 30-100%, 40-30%, 40-60%, 40-70%
40-80%, 40-90%, 40-95%, 40-100%, 50-60%, 50-70%, 50-80%, 50-90%, 50-95%, 50-100%.
60-70%, 60-80%, 60-90%, 60-935%, 60-100%, 70-80%, 70-90%, 70-95%, 70-100%, &0-90%,
80-95%, 80-100%, 90-95%, 90-100% or 95-100%. Accordingly, the protein product of the
targeted gene may be inhibited by at least about 20%, such as by at least about 30%, 40%,
50%, 60%, 70%, 80%, 85%, 90%, 95% and 100%, or at least 20-30%, 20-40%, 20-50%, 20-
60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%, 30-50%, 30-60%, 30-70%, 30-
0%, 30-90%, 30-95%, 30-100%, 40-30%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-
100%, 350-60%, 530-70%, 50-80%, 50-90%, 50-95%, 50-100%, 60-70%, 66-80%, 60-90%,
60-95%, 60-100%, 70-80%, 70-90%, 70-95%, 70-100%, 80-90%, 80-95%, 80-100%, 90~
95%., 90-100% or 95-100%.
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[83066]  According to the present disclosure, the siRNA molecules (as canonical structures
without being encoded 1n an AAV vector genome} are designed and tested for their ability in
reducing target mRNA levels in cultured cells.

[0301] o certain embodiments, the encoded siRNA molecules comprise a miRNA seed
match for the guide strand. In another embodiment, the siRNA molecules comprise a miRNA
seed match for the passenger strand. In yet another embodiment, the encoded siRNA
duplexes or encoded dsRNA targeting the gene of nterest do not comprise a seed match for
the guide or passenger strand.

{63021  In certain embodiments, the encoded siRNA duplexes or encoded dsRNA targeting
the gene of interest may have almost no significant full-length off targets for the guide strand.
In another embodiment, the encoded siRNA duplexes targeting a gene of interest may have

almost no significant full-length off targets for the passenger strand. The encoded siRNA

duplexes targeting the gene of interest may have less than 1%, 2%, 3%, 4%, 5%, 6%, 7%,
R%, 9%, 10%.,11%. 12%, 139, 14%., 13%, 20%, 25%, 3(‘;%, 359%, 40%., 45%, 50%., 1-3%, 2-
6%, 3-7%, 4-8%, 5-9%, 5-10%, 6-10%, 5-15%, 5-20%, 5-25% 5-30%, 10-20%, 10-30%, {0

40%, 10-50%, 15-30%, 15~40%, 15-45%, 20-40%, 20-50%, 25-50%, 30-40%, 30-50%, 35-
50%, 40-50%, 45-50% full-length off targets for the passenger strand. In vet another
cmbodiment, the encoded siRNA duplexes targeting the gene of mterest may have almost no
significant full-length off targets for the gnde strand or the passenger strand. The encoded
siRNA duplexes targeting the gene of interest may have less than 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%, 9%, 10%,11%, 12%. 13%, 14%, 15%. 20%, 23%, 30%, 35%, 40%, 453%, 50%, 1-
5%, 2-6%, 3-7%, 4-8%, 5-9%, 5-10%, 6-10%, 3-13%, 5-20%, 5-25% 3-30%, 10-20%, 10-
30%, 10-40%, 10-50%, 15-30%, 15-40%, 15-45%, 20-40%, 20-50%, 25-50%, 30-40%, 30-
50%, 35-50%, 40-50%, 45-50% full-length off targets for the guide or passenger strand.
[0303] 1o certain embodiments, the encoded siRNA duplexes targeting the gene of interest
may have high activity in vifro. In another embodiment, the siRNA molecules may have low
activity in vitro. In yet another embodiment, the stRNA duplexes or dsRNA targeting the
gene of interest may have high guide strand activity and low passenger strand activity in
vitro.
[8304] In certain embodiments, the stRNA molecules have a high guide strand activity
and low passenger strand activity in vifro. The target knock-down (KD) by the guide strand
may be at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, 99.5% or 100%. The

target knock-down by the guide strand may be 60-65%. 60-70%, 60-75%, 60-80%, 60-85%,
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60-90%, 60-95%, 60-99%, 60-99.5%, 60-100%, 65-70%, 65-75%, 65-80%, 65-85%, 65-
90%, 65-95%, 65-99%, 65-99.5%, 65-100%, 70-75%, 70-80%, 70-85%, 70-90%, 70-95%,
T0-99%, 70-99.5%, 70-100%, 75-80%, 75-85%, 75-90%, 75-95%, 75-99%, 75-99.5%, 75~
100%, 80-85%, 80-20%, 80-95%, 80-99%, 80-99.5%, 80-100%, 85-90%, 85-95%, 85-99%,
85-99.5%, 85-100%, 90-95%, 90-99%, 90-99.5%, 90-100%, 95-99%, 95-99.5%, 95-100%,
99-99.5%, 99-100% or 99.5-100%. As a non-limiting example, the target knock-down (KD}
by the guide strand is greater than 70%.

[8303]  In certain embodiments, the ICso of the passenger strand for the nearest off target is
greater than 100 multiplied by the ICs0 of the guide strand for the target. As a non-limiting
example, if the 1Cso of the passenger strand for the nearest off target is greater than 100
nultiplied by the 1Cse of the guide strand for the target then the siRNA molecules is said to
have high guide strand activity and a low passenger strand activity in vitro.

{0306]  In certain embodiments, the 537 processing of the guide strand has a correct start (n)
atthe 5 end at least 75%, 8096, 85%, 90%, 93%, 99% or 100% of the time in vifro or in vivo.
As a non-limiting example, the 5° processing of the guide strand s precise and has a correct
start {n) at the 5 end at least 99% of the time /» vifre. As a non-limiting example, the 57
processing of the guide strand is precise and has a correct start (n) at the 5 end at least 99%
of the time i vivo.

{307}  In certain embodiments, the ginde to passenger (G:P) (also referred to as the
antisense to sense) strand ratio expressed is 1:10, 1.9, 1:8, 1.7, 1:6, 1.3, 14, 1.3, 1:2, 111,
2:10,2:9,2:8, 27, 2:6,2:5,2:4,2:3,2:2,2:1, 3:10, 3.9, 3.8, 3:7,3:6,3:5,3:4, 3.3, 3:2,3:1,
4:10,4:9, 4.8, 4.7,4:6,4:5, 44,43, 4.2, 41,5:10,5:9, 5.8,5.7,5:6,5:5,54,53, 52,54,
6:10,6:9, 6:8, 6.7, 6:6,6:5,6:4,6:3,6:2,6:1,7:10, 7.9, 7.8 7.7,7:6,7:5,74,73,7.2,7.1,
8:10,8:9, 8.8, 8.7, 8:6,8:5,8:4, 83,82, 81, 910,99 98 97,96,95 94,93, 92 9.1,
10:10, 10:9, 10:8, 107, 10:6, 10:5, 10:4, 10:3, 10:2, 10:1, 1:99, 5:95, 10:90, 15:85, 20:80,
2578, 30070, 35:65, 40:60, 45:53, 50:50, 55:45, 60:40, 65:35, 70:30, 75:25, 80:20, 85:13,
90:10, 95:5, or 99:1 in vitro or in vivo. The guide to passenger ratio refers to the ratio of the
guide strands to the passenger strands afier the excision of the guide strand. For example, an
80:20 guide to passenger ratio would have 8 guide strands to every 2 passenger strands
clipped out of the precursor. As a non-limiting example, the guide-to-passenger strand ratio is
80:20 in vitro. As a non-limiting example, the guide-to-passenger strand ratio is 80:20 in
vivo. As a non-limuting example, the guide-to-passenger strand ratio is 8:2 in virro. As a non-

limiting example, the gude-to-passenger strand ratio is &:2 in vivo. As a non-limiting
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example, the gumde-to-passenger strand ratio is 9:1 in vifro. As a non-limiting example, the
guide-to-passenger strand ratio is 9:1 in vivo.

{0308} 1o certain ecmbodiments, the passenger to guide (P:(5) (also referred to as the sense
to antisense) strand ratio expressed is 110, 1:9, 1:8, 1.7, 116, 1.5, 1:4, 1:3, 112, 111, 2:10, 2.9,
2:8,2:7,2:6,2:5,2:4 2:3,2:2, 2.1, 3:10, 3.9, 3:8, 3.7, 3:6, 3.5, 3:4,3:3,3:2, 3.1, 410, 4.9,
4.8, 4.7, 46,45, 44 43 42 41, 510,59, 5:8,5:7,5:6,5:5,54,53,5.2,5:1, 6:10, 6:9,
6:8,6:7,66,65 64,63 62,61, 710,79, 7.8 7.7,76,7.5,74,73,7.2,7:1, 810, 8.9,
&:8, &:7,8:6,8:5, 84,83, 82, 8&1,9:10,9:9, 9:8 9.7, 9:6,9:5,94,9:3,9:2, 9.1, 10:10, 10:9,
10:8, 107, 10:6, 10:5, 10:4, 10:3, 10:2, 10:1, 1:99, 5:95, 10:90, 15:85, 20:80, 25.75, 30:70,
35:65, 40:60, 45:55, 50:50, 55:45, 60:40, 65:35, 70:30, 75:25, 80:20, 85:15, 90:10, 95.5, or

v

991 in vifro or in vivo. The passenger to guide ratio refers to the ratio of the passenger
strands to the guide strands after the excision of the guide strand. For example, an 80:20
passenger to guide ratio would have 8 passenger strands to every 2 guide strands clipped out
of the precursor. As a non-limiting example, the passenger-to-guide strand ratio is 80:20 /n
vitro. As a non-limiting example, the passenger-to~guide strand ratio is 80:20 invive. As a
non-limiting example, the passengerto-guide strand ratio is 8:2 in vifro. As a non-limiting
example, the passenger-to-guide strand ratio is 8.2 in vivo. As a non-limiting example, the
passenger-to-guide strand ratio is 9:1 in vifre. As a non-limiting example, the passenger-to-
guide strand ratio is 9:1 in vivo.

{0309}  In certain embodiments, the integrity of the vector genome encoding the dsRNA is
at least 60%, 65%, 70%, 75%, 80%, 85%, 0%, 95%, 99% or more than 99% of the full
length of the construct. As a non-limiting example, the integrity of the vector genome is 80%
of the full length of the construct.

{8318}  In certain embodiments, the passenger and/or guide strand is designed based on the
method and rules outlined n European Patent Publication No. EP 1752536, the contents of
which are herein incorporated by reference in their entirety. As a non-limiting example, the
3’-terminal base of the sequence is adenine, thymine or uracil. As a non-limiting example, the
5’-terminal base of the sequence is guanine or cytosine. As a non-limiting example, the 3°-
terminal sequence comprises seven bases rich in one or more bases of adenine, thymine and
pracil. As a non-Himiting example, the base mumber is at such a level as cansing RNA

mterference without expressing cytotoxicity.
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Molecular Scaffold
[8311]  In certain embodiments, the siRNA molecules may be encoded in a modulatory

polynucleotide which also comprises a molecular scaffold. As used herein a “molecular
scaffold™ ts a framework or starting molecule that forms the sequence or structural basis
against which to design or make a subsequent molecule.

[8312]  In certain embodiments, the modulatory polvnucleotide which comprises the
pavicad {e.g., sitRNA, miRNA or other RNA1 agent described herein} comprises molecular
scaffold which comprises a leading 5 flanking sequence which may be of any length and
may be derived in whoele or in part from wild type microRNA sequence or be completely
artificial. A 37 flanking sequence may mirror the 537 flanking sequence in size and origin. In
certain embodiments, one or both of the 3 and 37 flanking sequences are absent.

[6313]  Incertain embodiments the 5” and 37 flanking sequences are the same length.
{6314}  In certain embodiments the 57 flanking sequence is from 1-10 nucleotides in
length, from 5-15 nucleotides in length, from 10-30 nucleotides in length, from 20-50
aucleotides in length, greater than 40 nucleotides in length, greater than 50 nucleotides in
length, greater than 100 nucleotides in length or greater than 200 nucleotides m length.
j8315] In certain embodiments, the §7 flanking sequence may be 1, 2,3, 4,5, 6,7, 8, 9,
10,11, 12,13, 14, 15, 16, 17,18, 19,20, 21, 22, 23, 24, 25, 26,27, 28, 29, 30, 31, 32, 33, 34,
35,36,37,38,39,40, 41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61,62, 63, 64, 63, 66, 67, 68, 69, 70, 71,72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, &4,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123,124,
125,126, 127,128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142,
143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160,
161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178,
179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196,
197, 198, 199,200, 201, 202, 203, 204, 203, 206, 207, 208, 209, 210, 211, 212, 213, 214,
15,216,217, 218,219,220, 221,222, 223,224 225,226,227, 228, 229, 230, 231, 232,
33,234, 235,236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247 248,249, 250,
251,252,253, 234, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268,
269,270,271, 272,273,274, 275,276,277, 278,279, 280, 281, 282, 283, 284, 285, 286,
287,288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304,
303, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322,

43

¢

O

[\

o

-136-



WO 2020/150556 PCT/US2020/014000

323,324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340,
341,342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 3

359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374
377,378,379, 380, 381, 382, 383, 384, 385, 386, 387. 388, 389, 300, 391, 392, 393, 394,
395, 396, 397, 398 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412,
413,414, 415, 416, 417, 418, 419,420, 421, 422, 423_ 424, 425, 426,427, 428. 429, 430,
431,432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448,
449,450, 451, 452, 453, 454, 455, 456, 457, 438, 459, 460, 461, 462, 463, 464, 465, 466,
467, 468, 465, 470, 471, 472, 473, 474, 475, 476, 477, 478 479, 480, 481, 482, 483, 484,
485,486, 487, 488, 489, 400, 491, 492, 493, 494, 495, 496, 497, 498, 499 or 500 nucleotides

(]

(9]

m length.

{0316]  In certain embodiments the 3” flanking sequence is from 1-10 naclectides in
length, from 3-15 nucleotides in length, from 10-30 aucleotides in length, from 20-50
nucleotides n length, greater than 40 nuclectides m length, greater than 50 nucleotides in
length, greater than 100 nucleotides in length or greater than 200 nucleotides in length.
{8317}  In certain embodiments, the 37 flanking sequence may be 1,2,3,4,5,6,7, 8, 9,
10,11, 12, 13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23,24, 25,26, 27, 28,29, 30, 31, 32, 33, 34,
35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,49, 50, 51, 52, 53, 54. 55,56, 57, 58, 39,
60,61, 62, 63, 64,65 66,67, 68,69, 70, 71,72,73, 74,75, 76,77, 78,79, 80, 81, &2, 83, &4,
85, 86. 87. 88, 89, 90, 01,92, 93. 94, 95, 96, 97, 98,99, 160, 101, 102, 103, 104, 105, 106,
107,108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142,
143, 144, 145, 146, 147, 148, 149, 150, 151, 152,153, 154, 155, 156, 157, 158, 159, 160,
161, 162, 163, 164, 163, 166, 167, 168. 169, 170, 171, 172, 173, 174, 175 176, 177. 178,
179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196,
197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214,
215,216,217, 218,219, 220,221, 222,223, 224,225,226, 227,228, 229, 230, 231, 232,
233, 234, 235, 236, 237, 238, 230, 240, 241, 242, 243, 244, 2435, 246, 247, 248, 249, 250,
251,232,253, 234, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268,
269,270, 271,272, 273, 274, 275,276, 277, 278, 279, 280, 281, 282, 283. 284, 285, 286,
287,288, 289, 290, 201, 292, 293, 294_ 295, 296, 297, 298 299. 300, 301, 302, 303, 304,
303, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315,316, 317, 318,319, 320, 321, 322,
323,324,325, 326, 327, 328. 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340,
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341,342,343, 344, 345,346, 347, 348 349, 350, 351, 352, 353, 354, 355, 356,357, 358,
339, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376,
377,378,379, 380, 381, 382, 383, 384, 383, 386, 387, 388, 389, 390, 391, 392, 393, 394,
395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405. 406, 407, 408, 409, 410, 411, 412,
413,414, 415,416,417, 418, 419,420, 421,422,423 424 425 426 427 428,429, 430,
431,432,433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444 445, 446_ 447, 448,
449, 450, 451,452,453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 463, 466,
467, 468, 469, 470, 471, 472, 473, 474, 473, 476, 477, 475, 479, 450, 481, 452, 483, 484,
485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495 496, 497, 498, 499, or 500 nucleotides
in length.

{0318}  In certain embodiments the 57 and 37 flanking sequences are the same sequence. In
certain embodiments they differ by 2%, 3%, 4%, 5%, 10%, 20% or more than 30% when
aligned to each other.

[6319] The 37 flanking sequence may optionally contain one or more CNNC motifs,
where “N7 represents any nucleotide.

[8328]  Forming the stem of a stem loop structure 1s a minimum of at least one payload
sequence. In certain embodiments, the payload sequence comprises at least one nucleic acid
sequence which is in part complementary or will hybridize to the target sequence. In certain
embodiments, the pavload is an siRNA molecule or fragment of an siRNA molecule.

{0321}  In certain embodiments, the 57 arm of the stem loop comprises a sense sequence.
[6322]  Incertain embodiments, the 37 anm of the stem loop comprises an antisense
sequence. The antisense sequence, in some instances, comprises a “G” nucleotide at the 57
most end.

{8323}  In certain embodiments, the sense sequence may reside on the 3”7 arm while the
antisense sequence resides on the 57 arm of the stem of the stem loop structure.

[0324]  The sense and antisense sequences may be completely complementary across a
substantial portion of their length. In certain embodiments, the sense sequence and antisense
sequence may be at feast 70, 80, 90, 95 or 99% complementary across independently at least
50, 60, 70, 80, 83, 90, 95, or 99% of the length of the strands.

[83258]  Neither the entity of the sense sequence nor the homology of the antisense
sequence need be 100% complementary to the target.

{0326]  Scparating the sense and antisense sequence of the stem loop structure is a loop

(also known as a loop motif). The loop may be of any length, between 4-30 nucleotides,
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between 4-20 nucleotides, between 4-15 nucleotides, between 5-15 nucleotides, between 6-12
nucleotides, 6 naclestides, 7, mucleotides, 8 nucleotides, 9 nuclectides, 10 nuclestides, 11
nucleotides, and/or 12 nucleotides.

{8327}  In certain embodiments, the loop comprises at least one UGUG motif. In certan
embodiments, the UGUG motif is located at the 57 terminus of the loop.

{0328}  Spacer regions may be present in the modulatory polynucleotide to separate one or
more modules from one another. There may be one or more such spacer regions present.
{8329}  In certain embodiments, a spacer region of between 8-20,1.¢, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, or 20 nucleotides may be present between the sense sequence and a
flanking sequence.

[6338]  In certain embodiments, the spacer is 13 nucleotides and 1s focated between the 57
terminus of the sense sequence and a flanking sequence. In certain embodiments, a spacer 1s
of sufficient length to form approximately one helical turn of the sequence.

{0331}  In certain embodiments, a spacer region of between 8-20,1.¢, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, or 20 nucleotides may be present between the antisense sequence and a
flanking sequence.

{6332} In certain embodiments, the spacer sequence is between 10-13, 12 10, 11, 12 or
13 nucleotides and is located between the 37 torminus of the antisense sequence and a
flanking sequence. In certain embodiments, a spacer is of sufficient length to form
approximately one helical tumn of the sequence.

[6333]  Incertain embodiments, the modulatory polvaucleotide comprises inthe 5" to 37
direction, a 5~ flanking sequence, a 57 amm, a loop motif, a 37 amm and a 37 flanking sequence.
As a non-limiting example, the 5° arm may comprise a sense sequence and the 37 arm
comprises the antisense sequence. In another non-limiting example, the 5 arm comprises the
antisense sequence and the 37 arm comprises the sense sequence.

[0334]  In certain embodiments, the 57 arm, pavioad (e.g., sense and/or antisense
sequence), loop motif and/or 3” arm sequence may be altered (e.g., substituting 1 or more
nucleotides, adding nucleotides and/or deleting nucleotides). The alteration may cause a
beneficial change m the function of the construct (e.g., increase knock-down of the target
sequence, reduce degradation of the construct, reduce off target effect, increase efficiency of
the payload, and reduce degradation of the payload).

{0335]  In certain cmbodiments, the molecular scaffold of the modulatory polynucleotides

1s aligned in order to have the rate of excision of the guide strand be greater than the rate of
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excision of the passenger strand. The rate of excision of the guide or passenger strand may
be, independently, 19, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
559, 60%, 65%, 70%, 753%, 80%, 85%, 90%, 95%, 99% or more than 99%. As a non-
limiting example, the rate of excision of the guide strand 1s at least 80%. As another non-
Iimiting example, the rate of excision of the guide strand is at least 90%.
{0336}  In certain embodiments, the rate of excision of the guide strand is greater than the
rate of excision of the passenger strand. In one aspect, the rate of excision of the guide strand
may be at least 196, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or more than 99% greater than the
passenger strand.
{6337}  In certain embodiments, the efficiency of excision of the guide strand is at least
60%, 65%, 70%, 75%., 80%, 85%, 90%, 95%, 99% or more than 95%. As a non-limiting
example, the efficiency of the excision of the guide strand is greater than 80%.
[6338]  In certain embodiments, the efficiency of the excision of the guide strand is greater
than the excision of the passenger strand from the molecular scaffold. The exeision of the
guide strand may be 2,3, 4, 5,6, 7, 8, 9, 10 or more than 10 times more efficient than the
excision of the passenger strand from the molecular scaffold.
{0339}  In certain embodiments, the molecular scaffold comprises a dual-function targeting
modulatory polynucleotide. As used herein, a “dual-function targeting” modulatory
polynucleotide is a polvnuclectide where both the guide and passenger strands knock down
the same target or the guide and passenger strands knock down different targets.
{6346}  In certain embodiments, the molecular scaffold of the modulatory polynucleondes
described herein comprise a 5 flanking region, a foop region and a 3”7 flanking region. Non-
limiting examples of the sequences for the 5° flanking region, loop region and the 3” flanking
region which may be used in the molecular scaffolds described herein are shown i Tables 2-
4,

Table 2. 5 Flanking Regions for Molecular Scaffeld

5 Flanking | 5’ Flanking Region Sequence SEQID NO

Region Name

5F1 UUVAUGCCUCAUCCUCUGAGUGCUGAAGHC | 1728
UUGCUGUAGGCUGUAUGCUG

5F2 GUGCUGGGCGGEGGGCCGCEGGELCCUCCCGl | 1726
AGAACACCAUGCGCUCUUCGGAA

5F3 GAAGCAAAGAAGGGGCAGAGGGAGCCCGUG | 1727
AGCUGAGUGGGCCAGGGACUGGGAGAAGGA
GUGAGGAGGCAGGGCCGGCAUGCCUCUGCU
GCUGGCCAGA
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SF4 GUGCUGGGCGGGGGGCGGCGGGLCCUCCCGT | 1728
AGAACACCAUGCGCUCUUCGGGA

5FS GUGCUGGGCGGGEGECAGECEEGLECUTCCGT | 1729
AGAACACCALUGCGCUCCATGGAA

5F6 GGGCCCUCCCOGCAGAACACCAUGCGCUCCAL | 1730
GGAA

5F7 CUCCCGCAGAACACCAUGCGCUCCACGGAA 1731

SF8 GUGCUGGGCGGRCGECAGCRCQCCCUCCCGE | 1732
AGAACACCAUGCGCUCCACGGAAG

5F9 GUGCUGGGCGGGGGGCGGCGGGCCCUCCCGC | 1733
AGAACACCAUGCGCUCCUCGGAA

Table 3. Loop Motif Regions for Molecular Scaffold

Loop Motif Loop Motif Region Sequence SEQ I NO
Region Name

L1 UGUGACCUGG 1734
1.2 UGUGAUUUGG 1735
L3 UAUAAUUUGG 1736
L4 CCUGACCCAGU 1737
LS GUCUGCACCUGUCACUAG 1738
L6 GUGACCCAAG 1739
L7 GUGGUCACUGAGAAG 1740
L8 GUGACCCAAU 1741
L9 GUGACCCAAC 1742
L10 GUGGCCACUGAGAAA 1743

Table 4. 3’Flanking Regions for Molecular Scaffold

3 Flanking 3’ Flanking Region Sequence SEQ I NO

Region Name

3F1 AGUGUAUGAUGCCUGUUACUAGCAUUCACA 1744
UGGAACAAAUUGCUGCCGUG

3F2 CUGAGGAGCGUCUUGACAGCAGCCAUGGGA 1743

GOGLCGCCCCCUACCUCAGUGA

3F3 CUGUGGAGCGCCUUGACAGCAGCCAUGGGA | -
GGGCCGCCCCCUACCUCAGUGA o

3F4 UGGCCGUGUAGUGCUACTCAGCGCUGGCUG
CCUCCUCAGCAUUGCAAUUCCUCUCCCAUC | .
UGGGCACCAGUCAGCUACCCUGGUGGGAAU !
CUGGGUAGCC

3F3 GGCCGUGUAGUGCUACCCAGCGCUGGCUGT
CUCCUCAGCAUUGCAAUUCCUCUCCCAUCY | (o,
GGGCACCAGUCAGCUACCCUGGUGGGAAUC |
UGGGUAGCC

3F6 UCCUGAGGAGCGCCUUGACAGCAGCCAUGG | 4.0
GAGGGCCGCCCCCUACCUCAGUGA

3F7 CUGAGGAGCGCCUUGACAGCAGCCAUGGGA | (oo
GGGCC .

3F8 CUGCGGAGCGCCUUGACAGUAGUCAUGGGA | o

GGGCCGCCCCCUACCUCAGUGA

{0341}  Any of'the regions described in Tables 2-4 may be used in the molecular scaffolds

described herein.
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{8342}  In certain embodiments, the molecular scaffold mav comprise one or more linkers
known in the art. The linkers may separate regions or one molecular scaffold from another.
As a non-limiting example, the molecular scaffold may be polveistronic.

[0343]  In certain embodiments, the modulatory polynucleotide is designed using at least
one of the following properties: loop variant, sced mismatch/bulge/wobble variant, stem
mismatch, loop vanant and basal stem mismatch variant, seed mismatch and basal stem
mismatch variant, stem mismatch and basal stem mismatch variant, seed wobble and basal
stem wobble variant, or a stem sequence variant,

Introduction into cells

{8344}  The encoded siRNA molecules (e.g., siRNA duplexes) of the present disclosure
may be introduced mio cells by being encaded by the vector genome of an AAV particle.
These AAV particles are engineered and optimized to facilitate the entry into cells that are
not readily amendable to transfection/transduction. Also, some synthetic viral vectors possess
an ability to integrate the shRNA into the cell genome, thereby leading to stable siRNA
expression and long-term knockdown of a target gene. In this manner, viral vectors are
engincered as vehicles for specific delivery while lacking the deleterious replication and/or
mtegration features found in wild-type virus.

{0345}  In certain embodiments, the encoded siRNA molecule is introduced nto a cell by
transfecting, infecting or transducing the cell with an AAV particle comprising nucleic acid
sequences capable of producing the siRNA molecule when transcribed in the cell. In certain
embodiments, the siRNA molecule is introduced into a cell by injecting into the cell or tissue
an AAV particle comprising a nucleic acid sequence capable of producing the siRNA
molecule when transcribed i the cell.

{8346}  In certain embodiments, prior to transfection/transduction, an AAV particie
comprising a nucleic acid sequence encoding the stRNA molecules of the present disclosure
may be transfected into cells.

{0347} Other methods for introducing AAV particles comprising the nucleic acid
sequence for the siRNA molecules described herein may comprise photochemical
internalization as described in U. 8. Patent publication No. 20120264807, the content of
which 1s incorporated herein by reference in its entirety as related to photochemical
mternalizations, insofar as it does not conflict with the present disclosure.

{0348]  In certain embodiments, the formulations described herein may contain at least one

AAV particle compnising the nucleic acid sequence encoding the siRNA molecules described
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herein. In certain embodiments, the siRNA molecules may target the gene of interest at one
target site. In another embodiment, the formulation comprises a plurality of AAV particles,
cach AAV particle comprising a nucleic acid sequence encoding a siRNA molecule targeting
the gene of interest at a different target site. The gene of interest may be targeted at 2,3, 4, 5
or more than 3 sifes.

{334%]  In certain embodiments, the AAVY particles from any relevant species, such as, but
not funited to, buman, pig. dog, mouse, rat or mounkey may be introduced into cells.

{8356}  In certain embodiments, the formulated AAV particles may be ntroduced into
cells or tissues which are relevant to the disease to be treated.

{8351}  In certain embodiments, the formulated AAV particles may be introduced into
cells which have a high level of endogenous expression of the target sequence,

{30352]  In another embodiment, the formulated AAV particles may be introduced into celis
which have alow level of endogenous expression of the target sequence.

{0353}  In certain embodiments, the cells may be those which have a high efficiency of
AAV transduction.

{8354}  In certain embodiments, formulated AAV particles comprising a nucleic acid
sequence encoding the siRNA molecules of the present disclosure may be used to deliver
siRNA molecules to the central nervous svstem {(e.g., U.S. Pat. No. 6,180,613; the content of
which is incorporated herein by reference in its entirety as related to the deliver and
therapeutic use of siRNA molecules and AAV particles, insofar as it does not conflict with
the present disclosure).

{8353}  In certain embodiments, the formulated AAVY particles comprising a nucleic acid
sequence encoding the siRNA molecules of the present disclosure may further comprise a
madified capsid comprising peptides from non-viral origin. In other aspects, the AAY
particle may contain a CNS specific chimeric capsid to facilitate the deliverv of encoded
siIRNA duplexes mto the bram and the spinal cord. For exanple, an alignment of cap
nucleotide sequences from AAVY variants exhibiting CNS tropism may be constructed to
identify variable region (VR) sequence and structure.

{8356]  In certain embodiments, the formulated AAYV particle comprising a nucleic acid
sequence encoding the siRNA molecules of the present disclosure may encode siRNA
malecules which are polycistronic molecules. The siRNA molecules may additionally

comprise one or more linkers between regions of the siRNA molecules.
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{8357}  In certain embodiments, a formulated AAV particle may comprise at least one of
the modulatory polynuclectides encoding at least one of the siRNA sequences or duplexes
described herein.

[8358]  In certain embodiments, an expression vector may comprise, from ITR to [TR
recited 5 to 37, an I'TR, a promoter, an intron, a modulatory polynuclestide, a polvA
sequence and an [TR.

{0359}  In certain embodiments, the encoded siRNA molecule may be located downstream
of a promoter in an expression vector such as, but not limited to, CMV, U, Hl, CBA ora
CBA promoter with a SV40 intron. Further, the encoded siRNA molecule may also be
located upstream of the polyadenylation sequence in an expression vector. As a non-fimiting
example, the encoded siBRNA molecule may be located within £, 2, 3,4, 5,6, 7,8, 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28. 29, 30 or more than 30
nucleotides downstream from the promoter and/or upstream of the polvadenylation sequence
in an cxpression vector. As another non-limiting exaraple, the encoded siRNA molecule may
be located within 1-5, 1-10, 1-15, 1-20, 1-25, 1-30, 5-10, 3-15, 5-20, 5-25, 5-30, 10-13, 10-
20, 10-23, 10-30, 15-20, 15-25, 15-30, 20-25, 20-30 or 25-30 nucleotides downstream from
the promoter and/or upstream of the polvadenylation sequence in an expression vector. As a
non-limiting example, the encoded siRNA molecule may be located within the first 1%, 2%,
3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25% or more than 25% of the nucleotides
downstream from the promoter and/or upstream of the polvadenylation sequence in an
expression vector. As another non-himiting example, the encoded siRNA molecule may be
located with the first 1-5%, 1-109, 1-15%, 1-20%, 1-25%, 5-10%, 5-15%, 5-20%, 5-25%,
10-159%, 10-20%, 10-25%, 15-20%, 15-25%, or 20-25% downstream from the promoter
and/or upstream of the polvadenylation sequence in an expression vector.

{0368}  Tn certain embodiments, the encoded siRNA molecule may be located upstream of
the polvadenylation sequence in an expression vector. Further, the encoded siRNA molecule
may be located downstream of a promoter such as, but not limited to, CMV, U6, CBA ora
CBA promoter with a SV40 mntron in an expression vector. As a non-limiting example, the
encoded siRNA molecule may be located within 1,2, 3,4, 5,6,7. 8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19,20, 21, 22,23, 24, 25, 26, 27, 28, 29, 30 or more than 30 nucleotides
downstream from the promoter and/or upstream of the polyadenylation sequence in an
expression vector. As another non-limiting example, the encoded siRNA molecule may be

located within 1-3, 1-10, 1-15, 1-20, 1-25. 1-30, 5-10, 5-15, 5-20, 5-25, 5-30, 10-15, 10-20,
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10-25, 10-30, 15-20, 15-235, 15-30, 20-25, 20-30 or 25-30 nucleotides downstream from the
promoter and/or upstream of the polyadenyviation sequence in an expression vector. As a non-
limiting example, the encoded siRNA molecule may be located within the first 1%, 2%, 3%,
4%, 5%, 6%, T%, 8%, 9%, 109, 15%. 20%, 25% or more than 25% of the nucleotides
downstream from the promoter and/or upstream of the polvadenylation sequence in an
gxpression vector. As another non-limiting example, the encoded siRNA molecule may be
located with the first 1-39%, 1-10%, 1-13%, 1-20%, 1-25%, 3-10%, 5-15%, 5-20%, 5-25%,
10-15%, 10-20%, 10-25%, 15-209%, 15-25%, or 20-25% downstream from the promoter
and/or upstream of the polvadenylation sequence in an expression vector.

{8361} In certain embodiments, the encoded siRNA molecule may be located in a scAAY.
[08362]  In certain embodiments, the encoded siRNA molecule may be located in an
s8AAYV.

{08363}  In certain embodiments, the encoded siRNA molecule may be located near the §°
end of the flip TR in an expression vector. In another embodiment, the encoded siRNA
molecule may be located near the 37 end of the flip ITR 1n an expression vector. In yet
another embodiment, the encoded siRNA molecole may be located near the 57 end of the flop
ITR in an expression vector. In vet another embodiment, the encoded siRNA molecule may
be located near the 37 end of the flop ITR in an expression vector. In certain embodiments,
the encoded siRNA molecule may be located between the 57 end of the flip I'TR and the 3°
end of the flop I'TR in an expression vector. In certain embodiments, the encoded siRNA
molecule may be located between {c.g., half~wav between the 57 end of the flip ITR and 3°
end of the flop ITR or the 3" end of the flop I'TR and the 537 end of the flip I'TR), the 37 end of
the flip [TR and the 5° end of the fhp ITR in an expression vector. As a non-hmiting
example, the encoded siRNA molecule may be located within 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 2425, 26. 27, 28. 29, 30 or more than 30
nucleotides downstream from the 57 or 3" end of an TR (e.g., Flip or Flop ITR) in an
expression vector. As a non-limiting example. the encoded siRNA molecule may be located
within 1, 2,3.4.5,6,7.8,9, 10, 11, 12, 13, 14, 15, 16, 17. 18, 19,20, 21, 22. 23, 24, 23, 26,
27, 28, 29, 30 or more than 30 nucleotides upstream fromthe 5" or 3" end of an TR (e.g.,
Flip or Flop ITR) in an expression vector. As another non-himiting example, the encoded
siRNA molecule may be located within 1-5, 1-10. 1-13, 1-20, 1-25, 1-30, 5-10, 5-15, 5-20, 3-
25, 5-30, 10~15, 10-20, 10-25, 10-30, 15-20, 15-25, 15-30, 20-25, 20-30 or 25-30 nucleotides

downstream from the 57 or 3” end of an ITR {e.g., Flip or Flop TTR) in an expression vector.
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As another non-limiting example, the cocoded siRNA molecule may be located within 1-3, 1-
10, 1-13, 1-20, 1-25, 1-30, 5-10, 3-15, 520, 5-25. 5-30, 10-15, 10-20, 10-25, 10-30, 15-20,
15-25, 15-30, 20-25, 20-30 or 25-30 upstream trom the 5” or 3" end of an [TR (e.¢.. Flip or
Flop I'TR) in an expression vector. As a non-limiting example, the encoded siRNA molecule
may be located within the first 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%,
25% or more than 25% of the nucleotides upstream from the 5” or 3" end of an I'TR (¢ g, Flip
or Flop ITR) m an expression vector. As another nou-limiting cxample, the encoded siRNA
molecule may be located with the first 1-5%, 1-10%, 1-15%, 1-20%, 1-25%, 5-10%, 5-15%,
5-20%, 5-25%, 10-15%, 10-20%, 10-25%, 15-20%, 15-25%, or 20-25% downstream from
the 5" or 3" end of an I'TR {(c.g., Flip or Flop I'TR) in an expression vector.

[0364]  In certain emboduments, AAV particle compnising the nucleic acid sequence for
the siRNA molecules of the present disclosure may be formulated for CNS delivery. Agents
that cross the brain blood barrier may be used. For example, some cell penetrating peptides
that can target siRNA molecules to the brain blood barricr endothelium may be used to
formulate the siRNA duplexces targeting the gene of interest.

[8368]  In certain embodiments, the formudated AAV particle comprising a nucleic acid
sequence encoding the siRNA molecules of the present disclosure may be administered
directly to the CNS. As a non-limiting cxample, the vector comprises a nucleic acid sequence
encoding the siRNA molecules targeting the gene of interest.

{8366}  In specific embodiments, compositions of formulated AAY particles comprising a
nucleic acid sequence encoding the siRNA molecules of the present disclosure may be
administered in a way which facilitates the vectors or siRNA molecule to enter the central
nervous system and penetrate into motor neurons.

{8367}  In certain embodiments, the formulated AAY particle may be administered to a
subject {e.g.. to the CNS of a subject via intrathecal admiunistration) in a therapeutically
effective amount for the siRNA duplexes or dsRNA 1o target the motor nenrons and
astrocytes in the spinal cord and/or brain stem. As a non-limiting example, the siRNA
duplexes or dsRNA may reduce the expression of a protein or mRNA.

H. AAYV PROBUCTION

Gieneral Viral Production Process

{8368]  Viral production cells for the production of rAAV particles generally comprise
manwunalian cell types. However, manmumalian cells present several complications to the large-

scale production of rAAYV particles, comprising general low vield of viral-particles-per-
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replication-cel} as well as hugh risks for undesirable contamination from other mammalian
biomaterials in the viral production cell. As a result, insect cells have become an alternative
vehicle for large-scale production of rAAY particles.

[036%9]  AAV production systems using insect cells also present a range of complications.
For example, high-vield production of rAAV particles often requires a lower expression of
Rep78 compared to Rep52. Controlling the relative expression of Rep78 and Rep52 in insect
cells thus requires carctully designed control mechanisos within the Rep operon. These
control mechanisms can comprise individually engineered insect cell promoters, such as
AIE] promoters for Rep78 and PolH promoters for Rep32, or the division of the Rep-
encoding nucleotide sequences onto independently engineered sequences or Constructs.
However, implementation of these control mechanisms often leads to reduced rAAV particle
vield or to structurally unstable virions.

{8370}  In another cxample, production of rAAYV particles requires VP, VP2 and VP3
proteins which assemble to form the AAV capsid. High-vicld production of rAAV particies
requires adjusted ratios of VP1, VP2 and VP3, which should generally be around 1:1:10,
respectively, but can vary from 1-2 for VP1 and/or 1-2 for VP2, relative to 10 VP3 copies.
This ratio is important for the quality of the capsid, as too much VP1 destabilizes the capsid
and too hittle VP1 will decrease the infoctivity of the virus.

{0371}  Wild type AAV use a deficient splicing method to control VPI expression; a weak
start codon {ACG) with special surrounding (“Kozak™ sequence} to control VP2, and a
standard start codon (ATG) for VP3 expression. However, in some baculovirus svsiems, the
mammalian splicing sequences are not always recognized and unable to properly control the
production of VPI, VP2 and VP3. Consequently, neighboring nucleotides and the ACG start
sequence from VP2 can be used to drive capsid protein production. Unfortunately, for most
of the AAV serotypes, this method creates a capsid with a lower ratio of VPI compared to
VP2 (< 1 relative to 10 VP3 copies). To more effectively control the production of VP
proteing, non-canonical or start codons have been used, like TTG, GTG or CTG. However,
these start codons can be considered suboptimal by those in the art relative to the wild type
ATG or ACG start codons {Sce, WO2007046703 and WO2007148971, the content of which
is incorporated herein by reference in its entirety as related to production of AAY capsid
proteins, insofar as it does not conflict with the present disclosure).

{0372}  In another example, production of rAAV particles using a baculovirus/S9 system

generally requires the widely used bacmid-based Baculovirus Expression Vector System
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{BEVs), which are not optimized for large-scale AAV production. Aberrant proteolytic
degradation of viral proteins in the bacmid-based BEVs is an unexpected issue, precluding
the reliable large-scale production of AAVY capsid proteins using the baculovirus/S9 systemn.
[6373]  There is continued need for methods and systems which allow for effective and
efficient large scale {(commercial) production of rAAYV particles in mammalian and insect
cells.

{06374}  The details of one or more embodiments of the present disclosure are set forth in
the accompanyving description below. Other features, objects, and advantages of the present
disclosure will be apparent from the description, drawings, and the claims. In the description,
the singular forms also comprise the plural unless the context clearly dictates otherwise.
Unless defined otherwise, 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 present
disclosure belongs. In the case of conflict with disclosures incorporated by reference, the
present express description will control.

{63757  In certain embodiments, the constructs, polvnucieotides, polypeptides, vectors,
serotypes, capsids formulations, or particles of the present disclosure may be, may comprise,
may be modified by, may be used by, may be used for, may be used with, or may be
produced with any sequence, element, construct, system, target or process described in one of
the following International Publications: W(32016073693, W(2017023724,
WO2016077687, WO2016077689, WO2018204786, W(2017201258, W(2017201248,
WO2018204803, WO2018204797, WO2017189959, WO2017189963, WO2017189964,
WO2GE5191508, WO20160094783, WO20160137949, W20170753335; the contents of
which are cach incorporated herein by reference n their entireties, insofar as they do not
conflict with the present disclosure.

[0376]  AAV production of the present disclosure comprises processes and methods for
producing AAYV particles and viral vectors which can contact a target cell to deliver a
pavload, e.g. a recombinant viral construct, which comprises a nucleotide encoding a payload
molecule. In certain embodiments, the viral vectors are adenc-associated vital (AAV) vectors
such as recombinant adeno-associated viral (rAAV) vectors. In certain embodiments, the
AAV particles are adeno-associated viral (AAV) particles sach as recombinant adeno-
associated viral {(rAAV) particles.

{0377  The present disclosure provides methods of producing AAV particles or viral

vectors by (a) contacting a viral production cell with one or more viral expression constructs
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encoding at least one AAV capsid protein and/or at least one AAV replication protein, and
one or more pavload construct vectors, wherein said payload construct vector comprises a
pavload construct encoding a payload molecule sclected from the group consisting of a
transgene, a polvoucleotide encoding protein, and a modulatory nucleic acid; (b culturing
said viral production cell under conditions such that at least one AAV particle or viral vector
is produced, and {¢) isolating said at least one AAY particle or viral vector.

[06378]  Inthese methods a viral expression construct may encode at least one structural
protein and/or at least one non-structural protein. The structural protein may comprise any of
the native or wild type capsid proteins VP, VP2 and/or VB3 or a chimeric protein. The non-
structural protein may comprise any of the native or wild type Rep78, Rep68, RepS2 and/or
Repd0 proteins or a chimeric protein.

{0379]  In certain embodiments, contacting occcurs via transient transfection, viral
transduction and/or electroporation.

{0380}  In certain embodiments, the viral production cell is sclected from the group
consisting of a mammalian cell and an insect cell. In certain embodiments, the nsect cell
comprises a Spodoptera frugiperdn inscct cell. In certain embodiments, the insect cell
comprises a 89 msect cell. In certain embodiments, the insect cell comprises a $f21 insect
cell.

{#381]  The pavicad construct vector of the present disclosure may comprise at least one
inverted terminal repeat (ITR) and may comprise mammalian DNA.

{6382}  Also provided are AAV particles and viral vectors produced according to the
methods described herein.

{83837 The AAV particies of the present disclosure may be formulated as a
pharmaceutical composition with one or more acceptable excipients.

[0384]  Tn certain cmbodiments, an AAV particle or viral vector may be produced bv a
method described herein.

{0385}  In certain embodiments, the AAV particles may be produced by contacting a viral
production cell {¢.g., an nsect cell or a mammalian cell) with at least one viral expression
construct encoding at least one capsid protein and at least one AAV replication protein, and at
least one pavicad construct vector. The viral production cell may be contacted by transient
transfection, viral transduction and/or electroporation. The payload construct vector may
comprise a payload construct encoding a payload molecule such as, but not limited to. a

transgene, a polyoucleotide encoding protein, and a modulatory nucleic acid. The viral
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production cell can be cultured under conditions such that at least one AAV particle or viral
vector 1s produced, isolated (e.g., using temperature-induced lvsis, mechanical lysis and/or
chemical lysis) and/or purified (¢.g.. using filtration, chromatography and/or immunoaffinity
purification}. As a non-limiting example, the payload construct vector may comprise
mammalian DNA.

{3386]  In certain embodiments, the AAY particles are produced in an nsect cell (e.g.,
Spodopiera frugiperda (59) cell) using the method described berein. As a non-limiting
example, the mnsect cell is contacted using viral transduction which mav comprise baculoviral
transduction.

{8387}  In ancther embodiment, the AAV particles are produced in a mammalian cell using
the method described herein. As a non-linuting example, the manunahan cell is contacted
using transient transfection.

{0388}  In certain embodiments, the viral expression construct may encode at feast one
structural protein and at least one non-structural protein. As a non-limiting example, the
structural protein comprises VP 1, VP2 and/or VP3. As another non-limiting example, the
non-structural protein comprises Rep78, Rep68, Rep32 and/or Rep40.

{6389}  In certain embodiments, the AAVY particle production method described herein

greater than 10°, greater than 10°, greater than 10° or greater than

> T > o

produces greater than 10}
10° AAV particles in a viral production cell.

{0398}  In certain embodiments, a process of the present disclosure comprises production
of viral particles in a viral production cell using a viral production system which comprises at
least one viral expression construct and at Ieast one pavioad construct. The at least one viral
expression construct and at least one payload construct can be co-transfected {e.g. dual
transfection, triple transfection) into a viral production cell. The transfection is completed
using standard molecular biology techniques known and routinely performed by a person
skilled in the art. The viral production cell provides the cellular machinery necessary for
expression of the proteins and other biomaterials necessary for producing the AAY particles,
comprising Rep proteins which replicate the payload construct and Cap proteins which
assemble to form a capsid that encloses the replicated payvload constructs. The resulting AAV
particle 1s extracted from the viral production cells and processed into a pharmaceutical
preparation for administration.

{0391}  Once administered, the AAYV particles contact a target cell and enters the cell inan

endosome. The AAV particle releases from the endosome and subsequently contacts the
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nucleus of the target cell to deliver the pavload construct. The pavicad construct, ¢.g.
recombinant viral construct, is delivered to the nucleus of the target cell wherein the payload
molecule encoded by the payload construct may be expressed.

[6392]  In certain embodiments, the process for production of viral particles utilizes seed
cultures of viral production cells that comprise one or more bacudoviruses (e.g., a Baculoviral
Expression Vector {BEV) or a baculovirus infected insect cell (BHC) that has been
transfocted with a viral expression construct and a payload construct vector). In certain
embodiments, the seed cultures are harvested, divided into aliquots and frozen, and may be
used at a later time point o initiate an infection of a naive popelation of production celis.
{6393}  Large scale production of AAY particles may utilize a bioreactor. The use of a
boreactor allows for the precise measurement and/or control of vanables that support the
growth and activity of viral prodaction cells such as mass, temperature, mixing conditions
(impellor RPM or wave oscillation), CO» concentration, U2 concentration, gas sparge rates
and volumes, gas overlay rates and volumes, pH, Viable Cell Density (VCD), cell viability,
cell diameter, and/or optical density (OD). In certain embodiments, the bioreactor is used for
batch production in which the entire culture 1s harvested at an experimentally determined
time point and AAV particles are purified. In another emvbodiment, the bioreactor is used for
continuous production in which a portion of the culture s harvested at an experimentally
determined time point for purification of AAV particles, and the remaining calture in the
bioreactor is refreshed with additional growth media components.

[6394]  AAV viral particles can be extracted from viral production cells in a process which
comprises cell lysis, clarification, sterilization and purification. Cell lysis comprises any
process that disrapts the structare of the viral production cell, thereby releasing AAY
particles. In certain embodiments cell lysis may comprise thermal shock, chemical, or
mechanical lysis methods. Clarification can comprise the gross purification of the mixture of
lysed cells, media components, and AAYV particles. In certain embodiments, clarification
comprises centrifugation and/or filtration, comprising but not limited to depth end, tangential
flow, and/or hollow fiber filtration.

{8398]  The end result of viral production is a purified collection of AAV particles which
comprise two components: {1} a pavioad construct {¢.g. a recombinant viral genome
construct) and (2} a viral capsid.

{0396]  In certain cmbodiments, such as the embodiment presented wn FIG. 1, a viral

production system or process of the present disclosure comprises steps for producing
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baculovirus infected insect cells (BHCs) using Viral Production Cells (VPC) and plasmid
constrocts. Viral Production Celis (VPCUs) from a Cell Bank (CB) are thawed and expanded
to provide a target working volume and VPC concentration. The resulting pool of VPCs 15
split into a Rep/Cap VP pool and a Pavload VPC pool. One or more Rep/Cap plasmid
constructs (viral expression constructs) are processed into Rep/Cap Bacmid polvnucleotides
and transfected into the Rep/Cap VPL pool. One or more Pavload plasmid constructs
{payload constructs) arc processed into Payload Bacmid polynucicotides and transfected nto
the Pavioad VPC pool. The two VPC pools are incubated to produce P1 Rep/Cap Baculoviral
Expression Vectors {BEVs) and P1 Payioad BEVs. The two BEV pools are expanded into a
collection of Plagues, with a single Plague being selected for Clonal Plague (CP) Purification
(also referred to as Single Plague Expansion). The process can comprise a single CP
Purification step or can comprise muliiple CP Purification steps either in series or separated
bv other processing steps. The onc-or-more CP Parification steps provide a CP Rep/Cap BEV
pool and a CP Payload BEV pool. These two BEV pools can then be stored and used for
future production steps, or they can be then transfected into VPCs to produce a Rep/Cap BIC
pool and a Payload BIIC pool.

{6397}  In certain embodiments, such as the embodiment presented in FIG. 2, a viral
production system or process of the present disclosure comprises steps for producing AAV
particies using Viral Production Cells (VPC) and bacuolovirus infected insect cells (BIICs).
Viral Production Cells (VPCs) from a Cell Bank {CB) are thawed and expanded to provide a
target working volume and VPC concentration. The working volume of Viral Production
Cells is seeded into a Production Bioreactor and can be further expanded to a working
volume of 200-2000 L with a target VPC concentration for BIIC infection. The working
volume of VPCs in the Production Bioreactor is then co-infected with Rep/Cap BHCs and
Payload BHCs, with a target VPC:BIIC ratio and a target BIC:BHC ratio. VCD infoction can
also vtilize BEVs. The co-infected VPCs are incubated and expanded mn the Production
Bioreactor to produce a bulk harvest of AAY particles and VPCs.

{0398}  In certain embodiments, such as the embodiment presented in FIG. 3, a viral
production system or process of the present disclosure comprises steps for producing a Drug
Substance by processing, clarifving and purifving a bulk harvest of AAV particles and Viral
Production Cells. A bulk harvest of AAV particles and VPCs (within a Production
Bioreactor) are processed through cellular disruption and lysis {e.g. chemical bysis and/or

mechanical lysis), followed by nuclease treatment of the ysis pool, thereby producing a
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crude lysate pool. The crude lvsate pool is processed through one or more filtration and
clarification steps, comprising depth filtration and microfiltration to provide a clarified lvsate
pook. The clartficd lysate pool 1s processed through one or more chromatography and
purification steps, comprising affinity chromatography (AFC) and 1on-exchange
chromatography (AEX or CEX) to provide a purified product pool. The punified product poot
is then optionally processed through nanofiltration, and then through tangential flow filtration
(TFF). The TFF process comprises ong or more diafiltration (DF) steps and onc or more
ultrafiltration (UF) steps, either in series or alternating. The product pool is further processed
through viral retention filtration (VRF) and another filtration step to provide a drug substance
pool. The drug substance pool can be further filtered, then aliquoted mto vials for storage and
treatment.

Wiral Expression Constructs

{08399} The viral production syster of the present disclosure comprises one or more viral
expression constructs which can be transfected/transduced o a viral production cell. In
certain embodiments, a viral expression construct or a payload construct of the present
disclosure can be a bacmid, also known as a baculovirus plasmid or recombinant bacelovinus
genome. In certain embodiments, the viral expression comprises a protein-coding nucleotide
sequence and at least one expression control sequence for expression in a viral production
cell. In certain embodiments, the viral expression comprises a protein-coding nucleotide
sequence operably linked to least one expression control sequence for expression in a viral
production cell. In certain embodiments, the viral expression construct contains parvoviral
genes under control of one or more promoters. Parvoviral genes can comprise nucleotide
sequences encoding non-structural AAY replication proteins, such as Rep genes which
encode Rep52, Repd, Rep68 or Rep78 proteins. Parvoviral genes can comprise nucleotide
sequences encoding structural AAV proteins, such as Cap genes which encode VP1, VP2 and
VP3 proteins.

{0400}  The viral production system of the present disclosure is not limited by the viral
expression vector used to introduce the parvoviral functions into the virus replication cell.
The presence of the viral expression construct in the virus replication cell need not be
permanent. The viral expression constructs can be introduced by any means known, for
example by chemical treatment of the cells, electroporation, or infection.

{0401]  Viral cxpression constructs of the present disclosure may comprise any compound

or formulation, biclogical or chemical, which facilitates transformation, transfection, or
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transduction of a cell with a nucleic acid. Exemplary biological viral expression constructs
comprise plasmids, linear nucleic acid molecules, and recombinant viruses comprising
baculovirus. Exemplary chemical vectors comprise lipid complexes. Viral expression
constructs are used to incorporate nucleic acid sequences into virus replication cells in
accordance with the present disclosure. (O'Redlly, David R, Lois K. Miller, and Veme A,
Luckow. Bacuolovirus expression vectors: a laboratory manual. Oxford University Press,
1994 y; Maniatis et al., eds. Molecular Cloning. CSH Laboratory, NY, N.Y. (1982); and,
Philiport and Scluber, eds. Liposoes as tools in Basic Research and Industry. CRC Press, Amn
Arbor, Mich. (1995}, the contents of which are each incorporated herein by reference in their
entireties as related to viral expression constructs and uses thereof, insofar as they do not
conflict with the present disclosure.

{0402]  In certain embodiments, the viral expression construct s an AAV expression
construct which comprises one or more nucleotide sequences encoding non-structural AAY
replication proteins, structural AAV capsid proteins, or a combination thereof.

{04031  In certain embodiments, the viral expression construct of the present disclosure
may be a plasmid vector. In certain embodiments, the viral expression construct of the
present disclosure may be a baculoviral construct.

{0404]  The present disclosure is not limited by the number of viral expression constructs
employed to produce AAV particles or viral vectors. In certain embodiments, one, two, three,
four, five, six, or more viral expression constructs can be emploved to produce AAV particles
in viral production cells in accordance with the present disclosure. In one non-linuting
example, five expression constructs may individually encode AAV VP1, AAV VP2, AAV
VP3, Rep32, Rep78, and with an accompanying payload construct comprising a payload
polynuclestide and at least one AAV ITR. In another embodiment, expression constructs may
be emploved to express, for example, Rep32 and Repd0, or Rep78 and Rep 68. Expression
constructs may comprise any combination of VP, VP2, VP3, Rep52/Rep40, and
Rep78/Rep68 coding sequences.

{0403}  In certain embodiments of the present disclosure, a viral expression construct may
be used for the production of an AAV particles in insect cells. In certain embodiments,
modifications may be made to the wild tyvpe AAV scquences of the capsid and/or rep genes,
for example to improve attributes of the viral particle, such as increased infectivity or

specificity, or to enhance production vields.
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[8406]  In certain embodiments, the viral expression construct may encode the components
of a Parvoviral capsid with incorporated Gly-Ala repeat region, which may function as an
IMMune imvasion sequence, as described in US Patent Application 20110171262, the content
of which is incorporated hercin by reference in ifs entirety as related to Parvoviral capsid
proteins, insofar as it does not conflict with the present disclosure.

{0407}  In certain embodiments of the present disclosure, a viral expression construct may
be used for the production of AAY particles in insect cells. In certain embodiments,
modifications may be made to the wild tvpe AAV sequences of the capsid and/or rep genes,
for example to improve attributes of the viral particle, such as increased infectivity or
specificity, or to enhance production vields from insect cells.

[6408]  In certain embodiments, a VP-coding region encodes one or more AAV capsid
proteins of a specific AAV serotype. The AAV serotypes for VP-coding regions can be the
same or different. In certain embodiments, a VP-coding region can be codon optimized. In
certain embodiments, a VP-coding region or nuclectide sequence can be codon optimized for
amammal cell. In certain embodiments, a VP-coding region or nucleotide sequence can be
codon optimized for an insect cell. In certain embodiments, a VP-coding region or mucleotide
sequence can be codon optimized for a Spodapfera frugiperda cell. In certain embodiments, a
VP-coding region or nuclectide sequence can be codon optinized for 59 or S£21 cell hines.
{#40%]  In certain embodiments, a nuclectide sequence encoding one or more VP capsid
proteins can be codon optimized to have a nucleotide homology with the reference nucleotide
sequence of less than 100%. In certain embodiments, the nucleotide homology between the
codon-optimized VP nucleotide sequence and the reference VP nucleotide sequence 1s less

than 100%, less than 99%, less than 98%, less than 97%, less than 969, less than 95%, less

than 94%, less than 93%, less than 92%, less than 91%, less than 90%, less than 89%, less

than 88%, less than 87%, less than 86%, less than 839, loss than 84%, less than 83%, less

2
than 82%, less than 8196, less than 80%, less than 789%, less than 76%, less than 74%, less
than 72%, less than 70%, less than 68%, less than 66%, less than 64%, less than 62%, less
than 60%, less than 53%, less than 50%, and less than 40%.

VP-coding region

{8418}  In certain embodiments, a viral expression construct can comprise a VP-coding
region; a VP-coding region is a nucleotide sequence which comprises a VP nucleotide
sequence encoding VP, VP2, VP3, or a combination thercof. In certain embodiments, a viral

expression construct can comprise a VP i-coding region: a VP1-coding region is a nucleotide
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sequence which comprises a VP nucleotide sequence encoding a VP I protein. In certain
embodiments, a viral expression construet can comprise a VP2-coding region; a VP2-coding
region is a nucleotide sequence which comprises a VP2 nucleotide scquence encoding a VP2
protein. In certain embodiments, a viral expression construct can comprise a VP3-coding
region; a VP3-coding region is a nucleotide sequence which comprises a VP3 nucleotide
sequence encoding a VP3 protein.

{0411}  Structural VP proteins, VP, VP2, and VP3 of a viral expression construct can be
encoded n a single open reading frame regulated by utilization of both altermative splice
acceptor and non-canonical translational imtiation codons. VP1, VP2 and VP3 can be
transcribed and transiated from a single transcript in which both in-frame and/or out-of-frame
start codons are engineecred to control the VPLVP2:VP3 ratio produced by the nucleotide
transcript. In certain embodiments, VP1 can be prodaced from a sequence which encodes for
YPI only. As use herein, the torms “only for VP1” or “VP1 only” refers to a mucleotide
sequence or transcript which encodes for a VP I capsid protein and: (1) lacks the necessary
start codons within the VPI sequence (1.e. deleted or mutated) for full transcription or
translation of VP2 and VP3 from the same sequence; (11} comprises additional codons within
the VP sequence which prevent transcription or translation of VP2 and VP3 from the same
sequence; or (i1} comprises a start codon for VPI {(c.g. ATG), such that VP1 15 the primary
VP protein produced by the nuclestide transeript.

{#412]  In certain embodiments, VP2 can be produced from a sequence which encodes for
VP2 only. As use herein, the terms “only for VP27 or “VP2 only” refers to a nucleotide
sequence or transcript which encodes for a VP2 capsid protein and: (1) the nucleotide
transcnpt is a tnneated variant of a full VP capsid sequence which encodes only VP2 and
VP3 capsid proteins; and (i1} which comprise a start codon for VP2 (¢.g. ATG), such that
VP2 1s the primary VP protein produced by the nucleotide transcript.

{3413}  In certain embodiments, VP and VP2 can be produced from a sequence which
encodes for VP1 and VP2 only. As use herein, the terms “only for VP1 and VP2” or “VP1
and VP2 only” refer to a nucleotide sequence or transcript which cneodes for VP and VP2
capsid proteins and: (1) lacks the necessary start codons within the VP sequence (1.e. deleted
or mutated} for full transcription or translation of VP3 from the same sequence; (1) comprises
additional codons within the VP sequence which prevent transcription or translation of VP3
from the same sequence; (111} comprises a start codon for VPI (e.g. ATG)and VP2 (e

ATG), such that VPI and VP2 are the primary VP protemn produced by the nucleotide
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transcrnipt; or 1v) comprises VP 1-only nucleotide transenipt and a VP2-only nucleotide
transcript connecied by a linker, such as an IRES region.

{0414] 1o certain cmbodiments, the viral expression construct may contain a nucleotide
sequence which comprises start codon region, such as a sequence encoding AAV capsid
proteins which comprise one or more start codon regions. In certain embodiments, the start
codon region can be within an expression control sequence. The start codon can be ATG ora
non-ATG codon (1.¢., a suboptimal start codon where the start codon of the AAV VPI capsid
protein 18 a non-ATG). In certain embodiments, the viral expression construct used for AAYV
production may contain a nucleotide sequence encoding the AAVY capsid proteins where the
mitiation codon of the AAV VP1 capsid protein is a non-ATG, t.e., a suboptimal initiation
codon, allowing the expression of a modified ratio of the viral capsid proteins in the
prodaction system, to provide improved mnfectivity of the host cell. In a non-liniting
example, a viral construct vector may contain a nucleic acid construct comprising a
nucleotide sequence encoding AAV VPI, VP2, and VP3 capsid proteins, wherein the
fnttiation codon for translation of the AAYV VP capsid protein 1s TG, TTG, or GTG, as
described in US Patent No. USS8,163,543, the content of which s incorporated herein by
reference in its entirety as related to AAY capsid proteins and the production thereof, insofar
as it does not contlict with the present disclosure.

Rep-coding region

{8415}  In certain embodiments, a viral expression construct can comprise a RepS2-coding
region; a Rep32-coding region is a nucleotide sequence which comprises a Rep52 nucleotide
sequence encoding a Rep32 protein. In certain embodiments, a viral expression construct can
comprise a Rep78-coding region; a Rep78-coding region is a nucleotide sequence which
comprises a Rep78 nucleotide sequence encoding a Rep78 protein. In certain embodiments, a
viral expression construct can comprise a Rep40-coding region; a Rep40-coding region is a
nucleotide sequence which comprises a Rep40 nucleotide sequence encoding a Repd
protein. In certain embodiments, a viral expression construct can comprise a Rep6&-coding
region; a Repb8-coding region is a nucleotide sequence which comprises a Rep68 nucleotide
sequence encoding a Rep68 protein.

[8416] Non-structural proteins, Rep32 and Rep78, of a viral expression construct can be
encoded in a single open reading frame regulated by wtilization of both alternative splice

acceptor and non-canonical translational initiation codons.
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{6417}  Both Rep78 and Rep52 can be translated from a single transcript: Rep78
translation nitiates at a first start codon (AUG or non-AUQG) and RepS52 translation initiates
from a Rep52 start codon {(¢.g. AUG) within the Rep78 sequence. Rep78 and Rep52 can also
be translated from separate transcripts with mdependent start codons. The RepS2 imtiation
codons within the Rep78 sequence can be mutated, modified or removed, such that
processing of the modified Rep78 sequence will not produce Rep52 proteins.

{0418}  In certain embodiments, the viral expression construct of the present disclosure
may be a plasnud vector or a baculoviral construct that encodes the parvoviral rep proteins
for expression in insect cells. In certain embodiments, a single coding sequence is used for
the Rep78 and RepS52 proteins, wherein start codon for translation of the Rep78 protein is a
suboptimal start codon, selected from the group consisting of ACG, TTG, CTG and GTG,
that effects partial exon skipping upon expression in msect cells, as described m US Patent
No. %,512,981, the content of which is incorporated herein by reference in its entirety as
related to the promotion of less abundant expression of Rep78 as compared to Rep352 to
promote ligh vector vields, insofar as it does not contlict with the present disclosure.

[8419]  In certain embodiments, the viral expression construct may be a plasmid vector or
a baculoviral construct for the expression in insect cells that contains repeating codons with
differential codon biases, for example to achicve improved ratios of Rep proteins, ¢.g. Rep78
and Rep32 thereby mproving large scale {commercial) production of viral expression
construct and/or pavicad construct vectors in insect cells, as tavght in US Patent No.
8,697,417, the content of which is incorporated herein by reference in its entirety as related to
AAV replication proteins and the production thercof, insofar as it does not conflict with the
present disclosure.

{8428}  In certain embodiment, improved ratios of rep proteins may be achieved using the
method and constructs described in US Patent No 8,642,314, the content of which is
meorporated herein by reference in ifs entirety as related to AAV replications proteins and the
production thereof, insofar as it does not conflict with the present disclosure.

{0421}  In certain embodiments, the viral expression construct mav encode mutant
parvoviral Rep polypeptides which have one or more improved properties as compared with
their corresponding wild type Rep polypeptide, such as the preparation of higher virus titers
for large scale production. Alternatively, they may be able to allow the production of better-
guality viral particles or sustain more stable production of virus. o a non-limiting example,

the viral expression construct may encode mutant Rep polypeptides with a mutated nuclear

- 158 -



WO 2020/150556 PCT/US2020/014000

localization sequence or zine finger domain, as described in Patent Application US
20130023034, the content of which is incorporated herein by reference in s entirety as
related to AAV replications proteins and the production thereof, insofar as it does not conflict
with the present disclosure.

REN Access Points and Polynucleotide Inserts

{3422}  In certain embodiments, a viral expression construct or a payvload construct of the
present disclosure can be a bacmid, also known as a baculovirus plasmid or recombinant
baculovirus genome. In certain embodiments, a viral expression construct or a payload
construct of the present disclosure (e.g. bacmid) can comprise a polynucieotide incorporated
by homologous recombination (transposon donor/acceptor system) into the bacmd by
standard molecular biology techniques known and performed by a person skilled in the art.
{04231  In certain embodiments, the polynucleotide incorporated into the bacmid (1e.
polynucleotide insert) can comprise an expression control sequence operably linkedto a
protein-coding nucleotide scquence. In certain embodiments, the polynucieotide incorporated
into the bacmid can comprise an expression control sequence which comprises a promoter,
such as p10 or polH, and which is operably linked to a nucleotide sequence which encodes a
structural AAVY capsid protein (e.g. VP1, VP2, VP3 or a combination thereof). In certain
cmbodiments, the polynucleotide incorporated into the bacmid can comprise an ¢xpression
control sequence which comprises a promoter, such as pl0 or polH, and which is operably
linked to a nucleotide sequence which encodes a non-structural AAY capsid protein {(¢.g
Rep78, Rep52, or a combination thercof).

{8424}  In certain embodiments, the polynucleotide msert can be incorporated into the
bacmid at the location of a baculoviral gene. In certain embodiments, the polynucleotide
msert can be incorporated into the bacmid at the location of a non-cssential baculoviral gene.
In certain emboduments, the polvnucleotide insert can be mcorporated into the bacmid by
replacing a baculoviral gene or a portion of the baculoviral gene with the polynucleotide
insert. In certain emvbodiments, the polynucleotide insert can be meorporated into the bacoid
by replacing a baculoviral gene or a portion of the baculoviral gene with a fusion-
polynucleotide which comprises the polynucleotide insert and the baculoviral gene {or
portion thereof) being replaced.

{8425]  In certain embodiments, the polynucleotide insert can be mcorporated into the
bacid by sphitting a baculoviral gene with the polynucleotide insert (i.¢. the polynucleotide

msert is incorporated into the middie of the gene, separating a 5'-portion of the gene from a
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3'-portion of the bacmid gene). In certain embodiments, the polynucleotide insert can be
meorporated into the bacmid by splitting a baculoviral gene with the fusion-polynacleotide
which comprises the polynucleotide insert and a portion of the baculoviral gene which was
split. In certain embodiments, the 3' end of the fusion-polynucleotide comprises the S'-portion
of the gene that was split, such that the 5'-portion of the gene in the fusion-polynucleotide and
the 3'-portion of the gene remaining in the bacmid form a foll or functional portion of the
baculoviral gene. In cortain embodiments, the 5 end of the fusion~polynucleotide comprises
the 3'-portion of the gene that was split, such that the 3'-portion of the gene in the fusion-
polynucleotide and the 5'-portion of the gene remaming in the bacnmid form a full or
functional portion of the baculoviral gene.

[3426]  In certain embodiments, the polynucleotide can be incorporated into the bacmid at
the location of a restriction endonuclease (REN) cleavage site (i.e. REN access point)
associated with a baculoviral gene. In certain embodiments, the REN access point in the
baciid s Fsel (corresponding with the gta baculovirus gene) {ggecggec). In cortain
embodiments, the REN access point in the bacoud 1s Sdal (corresponding with the DNA
polymerase baculovirus gene) {cctgeage). In certain embodiments, the REN access point in
the bacmid 1s MauB! (corresponding with the lef-4 baculovirus gene) {cgegegeg). In certain
cmbodiments, the REN access point in the bacmid is Sbfl (corresponding with the gp64/ep67
baculovirus gene) {cctgeage). In certain embodiments, the REN access point in the bacmid is
1-Ceul (corresponding with the v-cath baculovirus gene) (SEQ ID NOG: 1752). In certain
embodiments, the REN access point in the bacouid is Avrl (corresponding with the egt
baculovirus gene) (cctagg). In certain embodiments, the REN access point in the bacmid 1s
Nhel {getage). In certain embodiments, the REN access point in the bacnud is Spel (actagt).
In certain embodiments, the REN access point in the bacmid is BstZ 171 {gtatac). In certain
embodiments, the REN access point in the bacmid is Neol (ccatgg). In certain embodiments,
the REN access point in the bacnud 1s Mlul (acgegt).

{0427}  In certain embodiments where the bacmid is a double-stranded construct, the REN
cleavage site can comprise a cleavage sequence m one strand and the reverse complement of
the cleavage sequence (which also functions as a cleavage sequence) in the other strand. A
polynuclestide insert {or strand thereof) can thus comprise a REN cleavage seqaence or the
reverse complement REN cleavage sequence (which are generally functionally

nterchangeable). As a non-luniting example, a strand of a polynucleotide insert can comprise
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an Fsel cleave sequence (ggeeggec) or its reverse complement REN cleavage sequence
{ceggeegg).

{0428}  Polynucleotides can be incorporated into these REN access points by: (i) providing
a polynucleotide msert which has been engineered to comprise a target REN cleavage
sequence {¢.g. a polynucleotide insert engincered to comprise Fsel REN sequences at both
ends of the polynucleotide); (i) proving a bacmid which comprises the target REN access
point for polynucleotide insertion (¢.g. a variant of the AcCMNPV bacmid bMON 14272 which
comprises an Fsel cleavage site (1) digesting the REN-engineered polynucieotide with the
appropriate REN enzvme (e.g. using Fsel enzyme to digesting the REN-engincering
polynuclestide which comprises the Fsel regions at both ends, to produce a polynucleotide-
Fsel insert); (i) digesting the bacnud with the same REN enzyvme to produce a single~-cut
bacmid at the REN access point {¢.g. using Fsel enzyme to produce a single-cut bacmid at the
Fsel location); and {iv) ligating the polynucieotide insert into the single-cut bacmid using an
appropriate ligation enzyme, such as T4 ligase enzyme. The result is engincered bacoud
DNA which comprises the engineered polynucleotide insert at the target REN access point.
[8425]  The insertion process can be repeated one or more times {o mcorporate other
engineered polynucleotide inserts into the same bacmid at different REN access poinis (e.g.
msertion of a first engincered polynucleotide insert at the Avrll REN access point in the egt,
followed by insertion of a second engineered polynucleotide insert at the I-Ceul REN access
point in the cath gene, and followed by insertion of a third engineered polynucleotide insert at
the Fsel REN access point in the gta gene).

{8430}  In certain embodiments, restriction endonuclease (REN) cleavage can be used to
remove one or more wild-type genes from a bacmid. In certain embodiments, restriction
endonuclease (REN) cleavage can be used to remove one or more engineered polynucleotide
msert which has been previously been inserted into the bacmid. In certain embodiments,
restriction endonuclease (REN) cleavage can be used to replace one or more engineered
polynucleotide inserts with a different engineered polynucleotide insert which comprises the
same REN cleavage sequences {(¢.g. an enginecred polynucleotide insert at the Fsel REN
access point can be replaced with a different engineered polynucleotide msert which

comprises Fsel REN cleavage sequences).
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Expression Control

Expression Control Regions

{0431}  The viral expression constructs of the present disclosure can comprise one or more
expression control region encoded by expression control sequences. In certain embodiments,
the expression control sequences are for expression in a viral production cell, such as an
insect cell. In certain embodiments, the expression control sequences are operably linked to a
protein~coding nucleotide sequence. In certain crabodiments, the expression control
sequences are operably linked to a VP coding nucleotide sequence or a Rep coding nucleotide
sequence.

{0432]  Herein, the terms "coding nucleotide sequence”, ¥ protein-encoding gene” or
"protemn-coding nucleotide sequence” refer to a nucleotide sequence that encodes oris
translated into a protein product, such as VP proteins or Rep proteins. “Operably linked”
means that the expression control sequence is positioned relative to the coding sequence such
that it can promote the expression of the encoded gene product.

{84331  “Expression contro} sequence” refers to a nucleic acid sequence that regulates the
expression of a nucleotide sequence to which it ts operably linked. An expression control
sequence 1S “operably linked™ to a nucleotide sequence when the expression control sequence
controls and regulates the transcription and/or the translation of the nucleotide sequence.
Thus, an expression control sequence can comprise promoters, enhancers, untranslated
regions {UTRs), intemal ribosome entry sites (IRES), transcription terminators, a start codon
in front of a protein-encoding geoe, splicing signal for introns, and stop codons. The term
“expression control sequence” is intended to comprise, at a minimum, a sequence whose
presence are designed to influence expression, and can also comprise additional advantageous
components. For example, leader sequences and fusion partner sequences are expression
control sequences. The term can also comprise the design of the nucleic acid sequence such
that undesirable, potential inttiation codons in and out of frame, are removed from the
sequence. ft can also comprise the design of the nucleic acid sequence such that undesirable
potential splice sites are removed. It comprises sequences or polyadenylation sequences (pA)
which direct the addition of a polyA tail, 1.¢., a string of adenine residues at the 3"-end of an
mBNA, sequences referred to as poly A sequences. It also can be designed to enhance mRNA
stability. Expression control sequences which affect the transcription and translation stability,
¢.g., promoters, as well as sequences which effect the translation, ¢.g., Kozak sequences, are

known mn msect cells. Expression control sequences can be of such nature as to modulate the
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nucleotide sequence to which it 1s operably linked such that lower expression levels or higher
expression levels are achieved.

{0434]  Io certain cmboduments, the expression control sequence can COMPIISC ONG OF MOTS
promoters. Promoters can comprise, but are not limited to, baculovirus major late promoters,
insect virus promoters, non-tnsect virus promoters, vertebrate virus promoters, nuclear gene
promoters, chimeric promoters from one or more species comprising vinis and non-vinis
clements, and/or synthetic promoters. In certain embodiments, a promoter can be Ctx, Op-EL
ElL AEL EI-1, pH, PIO, polH (polvhedron), ApolH, Dmhsp70, Hrl, Hap70, 4xHsp27
EcRE+mimimal Hsp70, IE, IE-1, AIE-1, AIE, p10, Ap10 (modified variations or derivatives
of pl10}, p5, pi9, p35, pd0, p6.9, and variations or derivatives thereof. In certain
embodiments, the promoter is a Ctx promoter. In certain embodiments, the promoteris apl0
promoter. In certain embodiments, the promoter is a polH promoter. In certain embodiments,
a promoter can be selected from tissue-specific promoters, cell-type-specific promoters, cell-
cycle-specific promoters, and variations or dertvatives thercof. In certain embodiments, a
promoter can be a CMV promoter, an alpha P-antitrypsin {o1-AT) promoter, a thyroid
hormone-binding globulin promoter, a thyroxine-binding globulin (LPS) promoter, an HCR-
ApoCHl hybrid promoter, an HCR-hAAT hybrid promoter, an albumin promoter, an
apolipoprotein E promoter, an al-AT+Ealb promoter, a tumor-selective EZF promoter. a
mononuclear blood IL-2 promoter, and vanations or derivatives thereof. In certain
embodiments, the promoter is a low-gxpression promoter sequence. In certain embodiments,
the promoter is an enhanced-expression promoter sequence. In certain embodiments, the
promoter can comprise Rep or Cap promoters as described in US Patent Application
20110136227, the content of which is incorporated herein by reference in s entirety as
related to expression promoters, insofar as it does not conflict with the present disclosure.
[0435]  Tn certain emboduments, a viral expression construct can comprise the same
promoter in all nucleotide sequences. In certain embodiments, a viral expression construct
can comprise the same promoter in two or more nucleotide sequences. In certain
embodiments, a viral expression construct can comprise a different promoter in two or more
nucleotide sequences. In certain embodiments, a viral expression construct can comprise a
different promoter in all nucleotide sequences.

{6436}  In certain embodiments the viral expression construct encodes elements to improve
expression in certain cell types. In a further embodiment, the expression construct may

comprise polh and/or ATE-1 1nsect transcriptional promoters, CMV mammalian
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transcriptional promoter, and/or pl0 insect specific promoters for expression of a desired
gene in a mammalian or insect cell.

{0437}  More than one expression control sequence can be operably linked to a given
nucleotide sequence. For example, a promoter sequence, a translation inihation sequence, and
a stop codon can be operably linked to a nucleotide sequence.

{0438}  In certain embodiments, the viral expression construet can comprise one or more
expression control sequence between protein-coding nucleotide sequences. In certain
embodiments, an expression control region can comprise an IRES sequence region which
comprises an IRES nucleotide sequence encoding an internal ribosome entry sight (IRES).
The internal ribosome entry sight (IRES) can be selected from the group consisting or:
FMDV-IRES from Foot-and-Mouth-Discase virus, EMCV-IRES from Encephalomyocarditis
virus, and combinations thereof.

{3439}  In certain embodiments, an expression conirol region can comprise a 2ZA sequence
region which comprises a 2A nucleotide sequence encoding a viral 2A peptide. The sequence
allows for co-translation of multiple polypeptides within a single open reading frame (ORF).
Ag the ORF is translated, glveine and proline residues with the 2A sequence prevent the
formation of a normal peptide bond, which results in ribosomal “skipping” and “self-
cleavage” within the polypeptide chain. The viral ZA peptide can be selected from the group
consisting of: F2A from Foot-and-Mouth-Disease vivus, T2A from Thosea asigna virus, E2A
from Equine rhinitis A viras, P2A from porcine teschovirus-1, BmCPV2A from cvtoplasmic
polyhedrosis virus, BmiFV 2A from B mori flacheric vitus, and combinations thereof.
{0444}  In certain embodiments, the viral expression construct may contain a nucleotide
sequence which comprises start codon region, such as a sequence encoding AAV capsid
proteins which comprise one or more start codon regions. In certain embodiments, the start
codon region can be within an expression control sequence.

[0441]  The method of the present disclosure is not himited by the use of specific
expression control sequences. However, when a certain stoichiometry of VP products are
achieved (close to 1:1:10 for VPI, VP2, and VP3, respectivelv) and also when the levels of
Rep52 or Repd0 {also referred to as the pl9 Reps) are significantly higher than Rep78 or
Rep68 (also referred 1o as the pS Reps), improved vields of AAV in production cells (such as
msect cells) may be obtained. In certain embodiments, the p3/p19 ratio is below 0.6 more,
below 0.4, or below 0.3, but always at least 0.03. These ratios can be measured at the level of

the protein or can be implhcated from the relative levels of specific mRNAs.
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{0442}  In certain embodiments, AAV particles are produced in viral production cells (such
as mammalian or insect cells) wherein all three VP proteins are expressed at a stoichiometry
approaching, about or which s 1110 (VPL VP2 VP3)

[#443]  In certain embodiments, AAV particles are produced in viral production cells (such
as mammalian or insect cells) wherein all three VP proteins are expressed at a stoichiometry
approaching, about or which is 2:2: 10 (VPLVP2:VP3).

{0444}  In certain embodiments, AAV particles are produced in viral production cells (such
as mammalian or insect cells) wherein all three VP proteins are expressed at a stoichiometry
approaching, about or which is 2:0:10 (VPL:VP2:VP3).

{8445]  In certain embodiments, AAV pasticles are produced in viral production cells (such
as mammalian or insect cells) wherein all three VP proteins are expressed at a stoichiometry
approaching, about or which is 1-2:0-2:10 (VPL:VP2: VP3).

[#446]  In certain embodiments, AAV particles are produced n viral production cells (such
as mammalian or nsect cells) wherein all three VP proteins are expressed at a stoichiometry
approaching, about or which is 1-2:1-2: 10 (VPL'VP2:VP3).

{8447}  In certain embodiments, AAV particles are produced in viral production cells (such
as mammalian or msect cells) wherein all three VP proteins are expressed at a stoichiometry
approaching, about or which 15 2-3:0-3: 10 (VPL: VP2 VP3).

{#448]  In certain embodiments, AAV particles are produced in viral production cells {such
as mammalian or insect cells) wherein all three VP proteins are expressed at a stoichiometry
approaching, about or which is 2-3:2-3:10 (VP1.VP2:VP3).

{6449}  In certain embodiments, AAV particles are produced in viral production cells (such
as mammalian or insect cells) wherein all three VP proteins are expressed at a stoichiometry
approaching, about or which is 3:3: 10 (VPLVP2:VP3).

{0450}  Tn certain embodiments, AAV particles are produced in viral production cells (such
as mammalian or insect cells) wherein all three VP proteins are expressed at a stoichiometry
approaching, about or which is 3-5:0-5:10 (VP1:VP2:VP3).

{0451}  In certain embodiments, AAV particles are produced in viral production cells (such
as mammalian or insect cells) wherein all three VP proteins are expressed at a stoichiometry
approaching, about or which is 3-5:3-5:10 (VPL:'VP2:VP3).

{6452]  In certain embodiments, the expression control regions are engineered to produce a
VPLVP2:VP3 ratio selected from the group consisting of: about or exactly 1:0:10; about or

exactly 1:1:10; about or exactly 2:1:10; about or exactly 2:1:10; about or exactly 2:2:10;
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about or exactly 3:0:10; about or exactly 3:1:10; about or exactly 3:2:10; about or exactly
3:3:10; about or exactly 4:0:10; about or exactly 4:1:10; about or exactly 4:2:10; about or
exactly 4:3:10; about or exactly 4:4:10; about or exactly 5:3:10; about or exactly 1-2:0-2:10;
about or exactly 1-2:1-2:10; about or exactly 1-3:0-3:10; about or exactly 1-3:1-3:10; about
or exactly 1-4:0-4:10; about or exactly 1-4:1-4:10; about or exactly 1-5:1-5:10; about or
exactly 2-3:0-3:10; about or exactly 2-3:2-3:10; about or exactly 2-4:2-4:10; about or exactly
2-5:2-5:10; about or cxactly 3-4:3-4:10; about or exactly 3-3:3-5:10; and about or exactly 4-
542510,

{04531  In certain embodiments of the present disclosure, Rep52 or Rep78 is transcribed
from the baculoviral derived polyhedron promoter (polh). Rep32 or Rep78 can also be
transcribed from a weaker promoter, for example a deletion mutant of the [E-1 promoter, the
AIE-1 promoter, has about 20% of the transcriptional activity of that [E- promoter. A
promoter substantially homologous to the AIE-1 promoter may be used. In respect to
promoters, a homology of at least 50%, 60%, 70%, 80%, 90% or more, is considered to be a
substantially homologous promoter.

Engineered Untranslated Regions (UTRs)

{6454}  The present disclosure presents engineered untranslated regions (UTRs),
comprising engincered UTR polynucleotides that function as a 5' UTR. Engineering the
features in untransiated regions (UTRs) can improve the stability and protein production
capability of the viral production constructs of the present disclosure.

{6455}  The present disclosure presents viral expression constructs which comprise an
engincered untranslated region (UTR) of the present disclosure. In certain embodiments, the
viral expression construct comprises an engineered untranslated region (UTR) of the present
disclosure. In certain embodiments, the viral expression construct comprises an engineered 5'
UTR of'the present disclosure.

[#456]  Natural 3' UTRs comprise features which play tmportant roles in translation
initiation. They harbor signatures such as a Kozak sequences which are known to be involved
i the process by which the ribosome initiates transiation of many genes. The present
disclosure provides engineered polyoucieotide sequences which comprise at least one 3 UTR
function. Such “engineered 5' UTR polynocleotides™ or “engineered 5' UTRS” may also
comprise the start codon of the protein whose expression is being driven, e.g.. a structural
AAV capsid protein (VPI, VP2 or VP3) or a non-structural AAV replication protein (Rep78

or Rep52).
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{8457}  According to the present disclosure, the engineered §' UTR polvnucleotides may
range independently from 15-1,000 nucleotides in length {(e.g., greater than 30, 40, 45, 50, 55,
60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 230, 300, 330, 400, 450, 500, 600, 700, 800, and
900 nucleotides or at least 30. 40, 45, 50, 55, 60, 70, 80. 90, 100. 120, 140, 160, 150, 200.
230, 300, 350, 400, 450, 500, 600, 700, 800, 900, and 1,000 nucleotides). Non-UTR
sequences may be incorporated into the engineered 5 UTRs. For example, introns or portions
of mtrons scquences may be neorporated nto the polyoucieotides of the disclosure.
Incorporation of intronic sequences may also ncrease AAV serotype protein {e.g., capsid)
production.

{8458}  Leader sequences may be comprised in the engineered polvnucieotides. Such
leader sequences may derive from or be identical to all or a portion of any AAV serotype
selected from those taught herein.

[#459]  According to the present disclosure, the polynucieotides may comprise a consensus
sequence which is discovered through rounds of experumentation. As used herein a
“consensus” sequence is a single sequence which represents a collective population of
sequences allowing for vartability at one or more sites.

{8460]  In certain embodiments, variants of the polynucleotides of the disclosure may be
gencrated. These variants may have the same or a simular activity as the reference
polynucleotide. Alternatively, the variant may have an altered activity {¢.g., increased or
decreased) relative to a reference polynucleotide. Generally, variants of a particular
polynucleotides of the disclosure will have at least about 40%, 453%, 50%, 55%, 60%, 65%,
T0%. 75%, 80%, 85%, 00%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%. 99% but less than
100% sequence identity to that particalar reference polynucleotide as determined by sequence
alignment programs and parameters described herein and known to those skilled in the art.
Such tools for alignment comprise those of the BLAST suite (Stephen F. Alischul, Thomas L.
Madden, Alejandro A. Schiffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David 1.
Lipman (1997), "Gapped BLAST and PSI-BLAST: a new gencration of protein database
search programas”, Nucleic Acids Res. 25:3389-3402.) Other tools are described herein,
specifically in the definition of “identity.”

{8461}  The engincered polynucleotides of the present disclosure may be incorporated into
a vector or plasmid alone or in combination with other polynuclestide sequences or features
such as those disclosed in International Publications WO2007046703 and W(2007148971

{(disclosing alternative start codons and AAV vectors produced m msect cells);
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WO2009104964 (disclosing optumization of expression of AAV proteins in insect cells and
involving alteration of promoter strength, enhancer elements, temperature control); and
WO2015137802 (disclosing alternative start codons, removal of start codons and AAV
vectors produced in insect cells), the contents of which are each incorporated herein by
reference in their entireties, insofar as they do not conflict with the present disclosure.

{0462}  In certain embodiments, the engineered 5' UTR comprises or consists of between
80-120 nucleotides, between 90-110 nucleotides, between 95-105 nucleotides, between 98-
100 nucleotides, or about 99 nucleotides. In certain embodiments, the engineered 5' UTR
comprises or consisis of 24 nucleotides.

{8463}  In certain embodiments, the engineered 5' UTR is derived from AAV2. In ceortain
embodiments, the enginecred 5" UTR is derived from AAV2. In certain embodiments, the
engineered 5° UTR is derived from AAVS. In certain embodiments, the engineered 5' UTR is
derived from AAVRAIO. In certain embodiments, the engincered 5' UTR is derived from
AAVPHP B. In certain embodiments, the engincered 3' UTR is derived from an AAY
serotyvpe presented in Table 1.

5" UTR Hairpin Structure

{6464}  In certain embodiments, the engincered 5' UTR comprises a hairpin structure. In
certain embodiments, the engineered 5" UTR region comprises: a promoter 5' (upstrcam) of a
5" UTR which comprises an “A” region (a 5 flanking region) which is 5" (upstream) of a
hairpin, a “B” region {(a 3' flanking region which can comprise a start codon and kozak
nucleotides around the start codon) which s 3' {downstream) from the stem loop, a “C”
region representing the stem of a stem-loop structure, and a loop {(which can range from 4-16
nucleotides). In certain embodiments, the harrpin structure can comprise all or a portion of a
Kozak sequence, such as TTT. The promoter and 5 UTR can be agsociated with either a CAP
gene {which encodes the structural capsid protcins VP1, VP2 and/or VP3) ora REP gene
(which encodes the non-structural rephication proteins Rep78 and RepS52).

{465}  In certain embodiments, the engineered 5' UTR comprises a hairpin structure
encoded by a hatrpin nucleotide sequence. In certain embodiments, the hairpin nucleotide
sequence comprises a leader sequence. In certain embodiments, the hairpin nucleotide
sequence comprises a leader sequence and a start codon {e.g. ATG). In certain embodiments,
the hairpin nucleotide sequence comprises a leader sequence, and a start codon {e.g. ATG)

within a Kozak sequence or modified Kozak sequence.
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{8466}  In certain embodiments, the engincered 5" UTR compnises a hairpin structure
having a 5’ flanking region (i.¢. upstream region) encoded by a 5' flanking sequence. In
certain crubodiments, the §' flanking sequence may be of any length and may be dertved 10
whole or in part from wild tvpe AAV sequence or be completely artificial.

{467}  In certain embodiments, the enginecred 5' UTR comprises a hairpin structure
having a 3' flanking region {(i.e. downstream region} encoded by a 3' flanking sequence. In
certain embodiments, the 3' flanking sequence may be of any length and may be denived in
whole or m part from wild type AAV sequence or be completely artificial.

{0468]  The 3' flanking sequence and 3” flanking sequence can have the same size and
origin, a different size, a different origin, or a different size and origin. Either flanking
sequence may be absent. The 5' flanking sequence can comprise or consist of 2-50, 2-40, 2~
30, 2-20, or 2-15 nucleotides. The 3' flanking sequence can comprise or consist of 2-50, 2-40,
2-30, 2-20, or 2-15 nucleotides. The 3' flanking sequence may optionally contain the start
codon of an AAV protein or proteins as well as other scquences such as a Kozak or modified
Kozak sequence.

[8469]  In certain embodiments, the engincered ' UTR comprises a hairpin structure
which comprises a step-loop structure. In certain embodiments, the hairpin structure
comprises a stem region and a loop region. In certain embodiments, the hairpin structure
comprises a stem region, a loop region, and a stem-complement region. The stem-loop
structure can comprise a stem region encoded by a stem sequence. The sterm-loop structure
can comprise a loop region encoded by a foop sequence. The stem-loop structure can
comprise a stem-complement region encoded by a stem-complement sequence. Forming the
stem of the stem-loop structure of the hairpin are paired or substantially paired noclecbases of
between 2 and 50 pairs. The stem may contain one or more mismatches, bulges or loops. In
certain embodiments, the stem sequence and the stem-complement sequence are 100%
complementary {i.¢. zero mismaiches). In certain embodiments, the stem sequence and the
stem-complement sequence comprise zero, one, two, three, four or five mismatches.

{0470}  In certain embodiments, the engineered 5' UTR comprises a hairpin structure
presented in Table 5, or a combination of Upstream, Stem (Upstream), Loop, Stem
{Downstream) and/or Downstream components listed i Table 5. In The position of the loop
portion of the hairpin is underlined in the sequence with the canonical ATG start codon in

Capital Letiers.
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Table 3 - 8 UTR Hairpin Structures
Name Hairpin Upstream Stem-T) Loop Stem-D Downstream
) Sequence
atacgactcgacgaaga | atacgactcgacgaag | aaccgicgac titatgget
HP1 cligatcaaccgiegect | actigatc SEQ D NO:
- #ATGget SEQID NO: 773
SEQ ID N(O: 1753 1 1769
atacgacicgacgaaga | atacgactcgacgaag | aaccAtcgge | titatggct
HPY citgateaaccAtegee | actigatc SEQID NG
o WA TGact SEQ ID NO: 177
SEQID NO: 1754 | 1769
alacgacicgacgaaga | atacgactcgacgaag | aaccgtAgee | {itatgact
o citgatcaaccgtAgac | actigatc SEQ ID NO:
e sgct SEQ ID NO: 775
QID NG 1755 1 1769
amcgda cgacgaaga | atacgacicgacgang | cgge {itatgpct
P4 citgatecigactogget | acttgatecigact
- HATGect SEQ I3 NO:
SEQ ID NO: 1756 1 1770
atacgactcgacgaaga | atacgactegacgaag | agltaacegte | titatgget
HP3 cttag Ttaaccgtegge | actt g80C
o HATGgot SEQ ID NG: SEQ D NG
SECQ D NO: 1757 | 177 1776
atacgactcgacgaaga | atacgactcgacgaag | agTtaaccgtc | tiatgget
HP6 citagTiaaccgteCge | actt Cge
: AT Gect SEQ ID NO: SEQ ID NO:
SEQ ID NO: 1758 | 177 177
atacgactcgacgaaga | atacgactegacgaag | agTiaacTgic | titatggel
WP citagTiaacTgicCg | actt Cge
cittATGect SEQID NO SEQ ID NO:
SEQID NO: 1759 1 177 1778
atacgactcgacgaaga | atacgactegacgaag | ctgec atctaa gpcag ttatggct
, C.E, ccatclaaggeag | ac
AP ATGact SEQ 1D NO
C;PQ IDNO: 1760 | 1772
amegactctgccagct atacgact ctgecagetc atctaa gagetggeag titatgget
HPY q SEQ ID NO: SEQ ID NO:
’ ttATGect 177 1784
SEQ ID NQ: 1761
atacgactctgecTget | atacgact ctgeeTacte atctaa gagetggeag titatggct
HPLO calciaagagctggeag SEQ ID NOG: SEQ ID NOG:
| AT Gect 1780 17284
SEQ ID NO: 1762
atacctgecagetcticg | atac cigecagctottc | atctaa cgaagagelgg | titatggoet
HP11 alclaacgaagagolgg g cag
agtttATGect SEQ D NO: SEQ D NG:
yE D NO: 1763 1781 1785
atacctgecTgeicttc | atac ctgeeTgetett | atctaa cgaagagetgg | tttatgget
HPL2 gatctaacgaagagelg g cag ‘
geagttATGgot SEQ D NG SEQ I3 NO:
SECG D NO: 1764 1782 1785
atacctgecTgctcAte | atac ctgecTgotcA | atctaa cgaagagctgg | ttiatggct
HP13 gatctaacgaagagoly icg cag )
. gcagtttATGact SEQ ID NO: SEQ ID NO:
SEQ D NO: 1765 1783 1785
atacctgecalctaagg | atac ctgee atetaa gpcag gactogacgang
HPI4 | caggacicgacgaaga actitatgget
cittATGgct
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SEQ D NO: 1766 SEQ ID NO:
1786
atacctgecageicatel | atac clgeeagee afctaa gageigpcag gacttitatgget
Hpis | 2@ sagctgpeagpactt SEQ ID NO: SEQ ID NO: \Q 13 NG
T | tATGeet 1779 1784 787
SEQ ID NO: 1767
atacctgecTgeicaict | atac ctgeeTeete atctaa gagetgpcag gacttitatggct
P16 aagagetggcaggactt SEQ ID NO: SEQ ID NO: | SEQ D NO:
HATGect 1789 1784 1787
SEC D NO: 1768
[8471] o certain embodiments, the enginecred 3" UTR comprises a hairpin structure, or a

component thereof, which is encoded by a hatrpin nocleotide sequence selected from SEQ ID
NQO:1753-1768. In certain embodiments, the engincered 5' UTR comprises a hairpin
structure, or a component thereof, encoded by a nucleotide sequence having at least 60%
identity, at least 65% identity, at least 70% wdentity, at least 75% identity, at least 80%
identity, at least 85% identity, at least 90% identity or at least 95% identity to SEQ ID
NO:1753-1768.

G:C Content

[6472]  In certain embodiments, the engineered 5" UTRs of the present disclosure can
comprise a nucleotide sequence, such as a leader sequence, which has varied G:C content or
percentage. o certain cmboduuents, the 5' flanking region of the 5' UTRs have a varied G:C
content. In certain emboduments, the stem of the 5' UTRs has a vaned G:C content. In certamn
embodiments, the 3™ flanking region of the 5" UTRs has a varied G:C content. In certain
embodiments, the G:C content of the engineered 5" UTR 15 10-80%, 20-70%, 25%-65%, or
30%-60%. In certain embodiments, the G:C content of the engineered 5' UTR is about 25%,
about 30%, 34%, about 33%, about 40%, about 43%, about 50%, about 35%, 58%, about
60%, 62% or about 65%.

{6473}

98-100 nucleotides, and comprises a G C content of about 25%, about 30%, 34%, about 35%,

In certain embodiments, the engineered 5' UTR comprises or consists of between

about 40%, about 43%, about 50%, about 53%, 58%, about 60%, 62% or about 65%.
Modified Kozak Sequences

[0474]
nucleotide sequence referred to as a Kozak sequence as described in Kozak, M Cell. 1986
Jan 31;44(2):283-92 and Kozak, M. § Cell Biol. 1989 Feb;108(2):229-41 the content of

which 1s incorporated herein by refercnce in its entirety as related to Kozak sequences and

The translational start site of cukaryotic mBNA is controlled in part by a

uses thereof, insofar as it does not contlict with the present disclosure. Both naturally
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occurring and syanthetic (i.c. modified or engineered) translational start sites of the Kozak
form can be used in the production of polypeptides by molecular genetic techniques, as
described 1in Kozak, M. Mamm Genome. 1996 Aug;7(8):563-74, the content of which is
meorporated herein by reference n its entirety as related to Kozak sequences and uses
thereof, insofar as it does not conflict with the present disclosure. The Kozak consensus
sequence is generally defined as GCCRCC(NNMNGC (SEQ. ID NO: 1788), whereinRis a
puring (i.c. A or G) and wherein (NNN) stands for a translation initiation start codon, such as
a suboptimal start codon. In certain embodiments, Kozak sequences are modified to provide
leaky ribosome scanning of the VP-coding region. Any corresponding increase of VP
production will conversely reduce VP3 translation, such that marginal changes of VP1
mitiation rate can induce large changes in VPI/VP3 ratio. As used herein, the terms
“modified Kozak sequence” or "engineered Kozak sequence” represent an altered Kozak
sequence, such as, for example, a Kozak sequence which comprises nucleotide mutations,
additions, or deletions.
{8475}  In certain embodiments, the engineered 5' UTRs of the present disclosure can
comprise a modified Kozak sequence, such as a modified weak Kozak sequence. In certain
embodiments, the engineered 5' UTRs of the present disclosure can comprise a modified
Kozak sequence which comprises or is associated with a VP start codon and/or VP translation
mitiation region. In certain embodiments, the engincered 5' UTRs of the present disclosure
can comprise a modified Kozak sequence which comprises or is associated with a VP1 start
codon and/or VP translation initiation region. In certain ermbodiments, the engineered 5°
UTRs of the present disclosure can comprise a modified Kozak sequence which comprises or
is associated with a VP2 start codon and/or VP2 translation initiation region. In certain
embodiments, the engineered 5' UTRs of the present disclosure can comprise a modified
Kozak sequence which comprises or is associated with a VI3 start codon and/or VP3
translation initiation region.
{0476}  In certain embodiments, the engineered 3' UTRs of the present disclosure can
comprise a modified Kozak sequence sclected from Table 6.

Table 6 - Modified Kozak Sequences

Sequence | SEQ ID NO:»
tttagatgoct 1789
tttagatgtig 1790
fittiatgtie 1791
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{84777  In certain embodiments, the engineered 5' UTRs of the present disclosure can
comprise a modified Kozak sequence selected from SEQ ID NOS: 1789-1791. In certain
cmbodiments, the engineered 5" UTRs of the present disclosure can comprise a modified
Kozak sequence which has at least 60% identity, at least 65% identity, at least 70% identity,
at least 75% identity, at least 80% identity, at least 85% identity, at least 90% identity or at
least 95% identity to a modified Kozak sequence selected from SEQ 1D NOS: 1789-1791.
{0478}  In certain embodiments, an engineered 5' UTR of the present disclosure can
comprise the modified Kozak sequence of SEQ 1D NG: 1789, In certain embodiments, an
engingered 5' UTR of the present disclosure can comprise the modified Kozak sequence of
SEQ IB NO: 1790, In certain embodiments, an engineered 5 UTR of the present disclosare
can comprise the modified Kozak sequence of SEQ ID NG: 1791,

{0479]  In certain embodiments, the modified Kozak sequence 1s engineered or selected to
produce a VP1:VPZ:VP3 ratio selected fronu about or exactly 1:1:10; about or exactly
2:2:10; about or exactly 3:3:10; about or exactly 4:4:10; about or exactlv 5:5:10; about or
exactly 1-2:1-2:10; about or exactly 1-3:1-3:10; about or exactly 1-4:1-4:10; about or exactly
1-5:1-5:10; about or exactly 2-3:2-3:10; about or exactly 2-4:2-4:10; about or exactly 2-5:2-
5:10; about or exactly 3-4:3-4:10; about or exactly 3-5:3-5:10; and about or exactly 4-5:4-
5:10.

{#480]  In certain embodiments, the present disclosure presents a method of producing
rAAYV particles in a viral production cell such as an insect cell. In certain embodiments, the
method comprises (1) transfecting a viral production cell {e.g. 59 insect celly with a pavioad
construct and viral expression construct which comprises a nucleotide sequence encoding a
maodified Kozak sequence and a sequence encoding VP11, VP2, and/or VP3 capsid proteins,
and {11} culturing the insect cell under conditions suitable to produce rtAAYV particles.

Viral production cells and vectors

Marmmalion Cells

{0481}  Viral production of the present disclosure disclosed herein describes processes and
methods for producing AAV particles or viral vector that contacts a target cell to deliver a
payload construct, ¢.g. a recombinant AAY particle or viral construct, which comprises a
nucleotide encoding a payvload molecule. The viral production cell may be selected from any
biological organism, comprising prokarvotic {e.g.. bacterial) cells, and eukaryotic cells,

comprising, insect cells, yeast cells and mammalian cells.
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{0482]  In certain embodiments, the AAV particles of the present disclosure may be
produced in a viral prodaction cell that comprises a mammalian cell. Viral production cells
may comprise mammalian cells such as A549, WEHI, 373, 10712, BHK, MDCK, COS 1,
COS 7, BSC 1, BSC 40, BMT 10, VERO. W135, HeLa, HEK293, HEK293T (293T), Saos,
C2{12, L cells, HT1080, Hep(G2 and primary fibroblast, hepatocyte and myoblast celis
derived from mammals. Viral production cells can comprise cells derived from mammalian
species comprising, but not himited to, human, monkey, mouse, rat, rtabbit, and hamster or
cell type, comprising but not iimited to fibroblast, hepatocyte, tumor cell, cell line
transformed cell, ete.

{8483] AAV viral production cells commonly used for production of recombinant AAY
particles comprise, but is not limited to HEK293 cells, COS cells, €127, 373, CHO, Hela
cells, KB cells, BHK, and other mammalian cell lines as described in U.S. Pat. Nos.
6,156,303, 5,387 484, 5,741,683, 5,691,176, 6,428 988 and 5,688,676, U.S. patent
application 2002/0081721, and Intemational Patent Publication Nos. WO 00/47757, WO
00/24916, and WO 96/17947, the contents of which are each mcorporated herein by reference
in their entireties, msofar as they do not conflict with the present disclosure. In certain
embodiments, the AAY viral production cells are trans-complementing packaging cell lines
that provide functions deleted from a replication-defective helper virus, e.g., HEK293 cells or
other Ea trans-complementing cells.

{#484]  In certain embodiments, the packaging cell line 293-10-3 (ATCC Accession No.
PTA-2361) mav be used to produce the AAV particles, as described in US Patent No.
US6,281,010, the content of which is mcorporated herein by reference in its entirety as
related to the 293-10-3 packaging cell line and uses thereof, insofar as it does not conflict
with the present disclosure.

[0485]  In certain embodiments, of the present disclosure a cell line, such as a HeLA cell
line, for trans-complementing E1 deleted adenoviral vectors, which encoding adenovirus Ela
and adenovirus E1b under the control of a phosphoglycerate kinase (PGK) promaoter can be
used for AAV particle production as described in US Patent No. 6365394, the content of
which s incorporated herein by reference in its entirety as related to the HeLL A cell hine and
sses thereof, insofar as it does not conflict with the present disclosure.

{6486]  In certain emibodiments, AAV particles are produced in mammalian cells using a
triple transtection method wherein a payload construct, parvoviral Rep and parvoviral Cap

and a helper construct are comprised within three different constructs. The triple transfection
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method of the three components of AAV particle production may be utilized to produce small
lots of virus for assavs comprising transduction efficiency, target tissue (tropism} evaluation,
and stability.

{0487}  AAV particles to be formulated may be produced by triple transfection or
baculovirus mediated virus production, or any other method known in the art. Any suitable
permissive or packaging cell known in the art may be emploved to produce the vectors. In
certain embodiments, trans-complementing packaging cell lines are used that provide
functions deleted from a replication-defective helper virus, ¢.g., 293 cells or other Ela trans-
compiementing cells.

{6488}  The gene cassette may contain some or all of the parvovirus {e.g., AAV) cap and
rep genes. In certain embodiments, some or all of the cap and rep functions are provided in
trans by introducing a packaging vector(s) encoding the capsid and/or Rep proteins imto the
cell. In certain embodiments, the genc cassette docs not encode the capsid or Rep proteins.
Alternatively, a packaging cell line is used that is stably transformed to express the cap and/or
FEp genes.

[8489] Recombmant AAV viras particles are, in certain embodiments, produced and
purified from culture supermatants according to the procedure as described in
US2016/0032254, the content of which is incorporated herein by reference in its entirety as
related to the production and processing of recombinant AAV virus particles, insofar as it
does not conflict with the present disclosure. Production may also involve methods known in
the art comprising those using 2937 cells, triple transfection or any suitable production
method.

{84907  In certain embodiments, mammalian viral production cells (e.g. 2937 cells) can be
in an adhesion/adherent state (e.g. with calcium phosphate) or a suspension state (¢.g. with
polyethylencimine (PED). The mammalian viral production cell is transfected with plasmids
required for production of AAV, (i.e., AAV rep/cap construct, an adenoviral helper construct,
and/or ITR flanked payvicad construct). In certain embodiments, the transfection process can
comprise optional medium changes {(¢.g. medium changes for cells in adhesion form, no
medium changes for cells in suspension form, medium changes for cells in suspension form if
desired). In certain embodiments, the transfection process can comprise transfection medinms
such as DMEM or FI17. In certain embodiments, the transfection medium can comprise serum
or can be serum-free {e.g. cells in adhesion state with calcium phosphate and with serum,

cells in suspension state with PEL and without serum}.
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{8491}  Cells can subsequently be collected by scraping (adherent form) and/or pelleting
{suspension form and scraped adherent form} and transferred into a receptacle. Collection
steps can be repeated as necessary for full collection of produced cells. Next, cell tysis can be
achieved by consecutive freeze-thaw cycles (-80C to 37C), chemical Iysis (such as adding
detergent triton), mechanical lysis, or by allowing the cell culture to degrade after reaching
~(% viability. Cellular debris is removed by centrifugation and/or depth filtration. The
samples are quantified for AAV particles by DNase resistant genome titration by DNA
gPCR.

{0492] AAV particle titers are measured according to genome copy number {genome
particles per milliliter). Genome particle concentrations are based on DNA gPCR of the
vector DNA as previously reported (Clark et al. (1999) Hum. Gene Ther., 10:1031-1039;
Veldwijk et al. (2002) Mol. Ther., 6:272-278, the contents of which are each incorporated
herein by reference in their entiretics as related to the measurement of particle concentrations,
msofar as they do not conflict with the present disclosure).

Insect cells

{84931  Viral production of the present disclosure comprises processes and methods for
producing AAV particles or viral vectors that contact a target cell to deliver a pavload
construct, ¢.g. a recombinant viral construct, which comprises a nucleotide encoding a
payload molecele. In certain embodiments, the AAV particles or viral vectors of the present
disclosure may be produced in a viral production cell that comprises an insect cell.

{6494}  Growing conditions for insect cells in culture, and production of heterologous
products in insect cells m culture are well-known in the art, see U.S. Pat. No. 6,204,059, the
content of which s incorporated herein by reference in its entirety as related to the growth
and use of insect cells in viral production, insofar as it does not conflict with the present
disclosure.

[3495]  Any insect cell which allows for replication of parvovirus and which can be
maintained in culture can be used in accordance with the present disclosure. AAV viral
production cells commonly used for production of recombinant AAV particles comprise, but
is not himuted to, Spodoptera frugiperda, comprising, but not imited to the 519 or $21 cell
hines, Drosophila cell lines, or mosquito cell lines, sach as dedes albopictus derived cell
hines. Use of insect cells for expression of heterologous proteins is well documented, as are
methods of mtroducing nucleic acids, such as vectors, e.g., insect~cell compatible vectors,

mto such cells and methods of maintaining such cells in culture. See, for example, Methods
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in Molecular Biology, ¢d. Richard, Humana Press, NJ (19953); O'Reilly et al,, Baculovirus
Expression Vectors, A Laboratory Manual, Oxford Untv. Press (1994); Samulskiet al, J.
Vir63:3822-8 (1989); Kajigava ct al., Proc. Nat'l. Acad. Sci. USA 88: 4646-50 (1991);
Ruffing etal., I Vir. 66:6922-30 (1992); Kimbauer et al,\Vir.219:37-44 (1996); Zhao et al,
Vir.272:382-93 (2000); and Samuldski et al., U.S. Pat. No. 6,204,059, the contents of which
are cach incorporated herein by reference in their entiretics as related to the use of insect cells
in viral production, insofar as they do not conflict with the present disclosure.

[8496]  In one embodiment, the AAV particles are made using the methods described in
WO2015/191508, the content of which is mcorporated herein by reference in its entirety,
msofar as it does not conflict with the present disclosure.

{3497  In certain embodiments, inscct host cell systems, m combination with baculoviral
systems {¢.g., as described by Luckow et al., Bio/Technology 6: 47 (1988}) may be used. In
certain embodiments, an expression system for preparing chimeric peptide is Trichoplusia ni,
Tn 5B1-4 nsect cells/ baculoviral system, which can be used for high levels of proteins, as
described in US Patent No. 6660521, the content of which 1s incorporated herein by reference
in its entirety, insofar as it does not conflict with the present disclosure.

{6498}  Expansion, culturing, transfection, infection and storage of insect cells can be
carried out in any ccll culture media, cell transfoction media or storage media known in the
art, comprising Hyclone SFX Insect Cell Culture Media, Expression Svstem ESF AF Insect
Cell Culture Medium, Basal IPL-41 Insect Cell Culture Media, ThermoFisher S{90011 media,
ThermoFisher ST900TI media, or ThermoFisher Grace’s Insect Media. Insect cell mixtures of
the present disclosure can also comprise any of the formulation additives or elements
described in the present disclosure, comprising (but not limited to) salts, acids, bases, buffers,
surfactants (such as Poloxamer 188/Pluronic F-68), and other known culture media elements.
Formulation additives can be mcorporated gradually or as “spikes” (incorporation of large
volumes in a short time).

Baculovirus-production systems

{0499}  In certain embodiments, processes of the present disclosure can comprise
production of AAV particles or viral vectors in a baculoviral system using a viral expression
constroct and a pavioad construct vector. In certain embodiments, the baculoviral system
comprises Baculovirus expression vectors (BEVs) and/or baculovirus infected insect cells
(BHCs). In cortain embodiments, a viral expression construct or a payload construct of the

present disclosure can be a bacmuid, also known as a baculovirus plasmid or recombinant
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baculovirus genome. In certain embodiments, a viral expression construct or a payload
construct of the present disclosure can be polynucleotide incorporated by homologous
recombination (tfransposon donor/acceptor system) into a bacmid by standard molecular
biology techniques known and performed by a person skilled mn the art. Transfection of
separate viral replication cell populations produces two or more groups (e.g. two, three) of
baculoviruses {BEVs), one or more group which can comprise the viral expression construct
(Expression BEV), and one or more group which can comprise the payload construct
(Payload BEV). The baculoviruses may be used to infect a viral production cell for
production of AAV particles or viral vector.

{6508]  In certain embodiments, the process comprises transfection of a single viral
replication cell population to produce a single baculovirus (BEV) group which comprises
both the viral expression construct and the pavioad construct. These baculoviruses may be
used to infect a viral production cell for production of AAY particles or viral vector.

{0501}  In certain embodiments, BEVs are produced using a Bacmid Transfection agent,
such as Promega FuGENE HD, WFT water, or ThermoFisher Cellfectin 1 Reagent. In certain
embodiments, BEVs are produced and expanded in viral production cells, such as an insect
cell.

{0802}  Tn certain cmboduments, the method utilizes seed cultures of viral production cells
that comprise one or more BEVs, comprising baculovirus infected insect cells (BIICs). The
seed BIICs have been transfected/transduced/infected with an Expression BEV which
comprises a viral expression construct, and also a Payload BEV which comprises a payload
construct, In certain embodiments, the seed cultures are harvested, divided into aliquots and
frozen, and may be used at a later time to initiate transfection/transduction/infection of a
natve population of production cells. In certain embodiments, a bank of seed BIICs is stored
at -80 °C or in LN vapor.

{0503}  Baculoviruses are made of several essential proteins which are essential for the
function and replication of the Baculovirus, such as replication proieins, envelope proteins
and capsid proteins. The Baculovirus genome thus comprises several essential-gene
nucleotide sequences encoding the essential protens. As a non-limiting example, the genome
can comprise an essential-gene region which comprises an essential-gene nuclestide
sequence encoding an essential protein for the Baculovirus construct. The essential protein
can comprise: GP64 baculovirus envelope protein, VP39 baculovirus capsid protein, or other

similar essential protems for the Baculovirus construct.
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{6564}  Baculovirus expression vectors {BEV) for producing AAY particles in insect cells,
comprising bt not limited to Spodopiera frugiperda (59} cells, provide high titers of viral
vector product. Recombinant baculovirus encoding the viral expression construct and payload
construct inifiates a productive infection of viral vector replicating cells. Infectious
baculovirus particles released from the primary mfection secondarily infect additional cells in
the culture, exponentially infecting the entire cell culture population in a number of infection
cycles that is a function of the nitial multiplicity of infection, sce Urabe, M. et al. J Virol.
2006 Feb:80{4). 1874-85, the content of which is incorporated herein by reference in ifs
entirety as related to the production and use of BEVs and viral particles, insofar as it does not
conflict with the present disclosure.

[8505]  Production of AAV particles with baculovirus in an insect cell system may address
known baculovirgs genetic and physical instability.

{0506]  In certain embodiments, the production system of the present disclosure addresses
baculovirus mstability over multiple passages by utilizing a titerless infected-cells
preservation and scale-up svstem. Small scale seed cultures of viral producing cells are
transfected with viral expression constructs encoding the stractural and/or non-structural
components of the AAV particles. Baculovirus-infected viral producing cells are harvested
mto aliquots that may be cryopreserved in liquid nitrogen; the aliquots retain viability and
mfectivity for infection of large scale viral producing cell culture Wasilko DJ et al. Protein
Expr Purif. 2009 Jun;65(2):122-32, the content of which is incorporated herein by reference
in its entirety as related to the production and use of BEVs and viral particles, insofar as it
does not conflict with the present disclosure.

{85077 A genctically stable baculovirus may be used to produce a source of the one or
more of the components for producing AAYV particles in invertebrate cells. In certain
embodiments, defective baculovirus expression vectors may be maintained episomally in
msect cells. In such an embodiment the corresponding bacmid vector is engineered with
replication control elements, comprising but not limited to promoters, enhancers, and/or cell-
cycle regulated replication elements.

{0508]  In certain embodiments, baculoviruses may be enginecred with a marker for
recombination inte the chitinase/cathepsin locus. The chia/v-cath locus is non-essential for
propagating bacufovirus in tissue cufture, and the V-cath {EC 3.4.22.50) s a cysteine

endoprotease that is most active on Arg-Arg dipeptide containing substrates. The Arg-Arg
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dipeptide 1s present in densovirus and parvovirus capsid structural proteins but infrequently
occurs i dependovirus VPI.

{0509] 1o certain cmbodiments, stable viral producing cells permissive for baculovirus
mfection are enginecred with at least one stable integrated copy of any of the elements
necessary for AAV replication and vector production comprising, but not himited to, the
entire AAV genome, Rep and Cap genes, Rep genes, Cap genes, each Rep protein as a
separate transcription cassette, cach VP protein as a separate transcription cassctte, the AAP
{assembly activation protein}, or at least one of the baculovirus helper genes with native or
non-native promoters.

{6518}  In certain embodiments, the Baculovirus expression vectors {BEV} are based on
the AcMNPYV baculovirus or BmNPVY baculovirus BmNPV. In certain emboduments, a
bacmid of the present disclosure is based on (1.¢. engineered variant of) an AcCMNPV bacmid
such as bmon14272, vAce25ko or vAcleti 1KO.

{0511}  In certain embodiments, the Baculovirus expression vectors (BEV) is a BEV in
which the baculoviral v-caf/ gene has been partially or fully deleted (“v-caih deleted BEV™)
or mutated. In certain embodiments, the BEVs lack the v-cath gene or comprise a
mutationally inactivated version of the v-cath gene. In certain embodiments, the BEVs lack
the v-cath gene. In certain embodiments, the BEVs comprise a mutationally inactivated
version of the v-cath gene.

{8512}  Viral production bacmids of the present disclosure can comprise deletion of certain
baculoviral genes or foci.

[6513]  The baculovirus/5f9 system is a cGMP compatible and scalable manufacturing
platform established for rAAV production. Baculoviral inoculum 1s a critical raw material for
this manufacturing process and can have a significant impact on process vields and product
quality. However, as with any other biological-based production processes, there is a large
potential for batch-to-batch variability in the production of baculoviral inoculum. Each bank
of baculoviral inoculum requires extensive analvtical characterization and optimized
bioreactor production parameters to be used optimally in rAAV production (which adds time
and cost for large-scale manufacturing). It 1s therefore advantageous to produce large banks
of baculoviral inocahum, as these large banks allow for consistent and repeatable production
of rAAV in large-scale bioreactors across multiple manufacturing campaigns from the same

baculoviral mmoculum bank.
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[0514]  In certain embodiments, baculoviral inoculum banks can be produced using small-
scale shake flasks, such as 3L or 5L shake flasks. However, this process is generally limited
n the maxinmum cell density of the BIIC cells which can be produced, and thus requires
centrifugation to concentrate resulting cells into a workable concentration. This
correspondingly limits the volume (F.e. quantity) of the baculoviral inoculum bank (~600 mL)
which can be produced and stored using this method. This process also presents stenlity
concerns duc to open operation.

[6513]  In certain embodiments, baculoviral moculum banks can be produced using
bioreactors, such as 20-50L bioreactors. However, this process is also generally limited in the
maximum cell density of the BUC cells which can be produced, and thus requires significant
processing through Tangential Flow Filtration (TFF) and/or centrifugation to concentrate
resulting cells into a workable concentration (with 3L of culture material being requured to
produce about 600 mL of concentrated BHC formulation, corresponding with a 15-25%
vield}. This correspondingly limits the volume (7 e. quantity) of the baculoviral inoculum
bank (~3000 mL} which can be produced and stored using this method. This process also
presents sterility concerns due to open operation.

{0516}  In certain embodiments, perfusion technology can be used in the production of
baculoviral inoculum banks. Perfusion svstems are fluid circulation svstems which use
combinations of pumps, filters and screens to retain cells inside a bioreactor while continually
removing cell waste products and replacing media depleted of nutrients by cell metabolism.
In certain embodiments, the perfusion system is an alternating tangential flow (ATF)
perfusion svstem. In certain embodiments, a perfusion systern can be used in coordination
with bioreactors to manage and cycle cell culture media within a bioreactor during the
production of Baculoviras Infected Insect Cells (BUCs}. fn certain embodiments, a perfusion
system can be used to support the production of high quality BHC banks baving an
unexpectedly high cell density at large-scale. In certain embodiments, a perfusion system can
be used to provide an infection-celi-to-product-cell yield of greater than 70% {c.g. 75-80%,
80-85%, 85-90%, 90-95% or 95-100%). In certain cmbodiments, a perfusion svstem can be
used to perform a media swiich within the bioreactor, such as the replacements of a cell
culture media with a cryopreservation media which allows for BHC cells to be frozen and
preserved.

{0517}  The present disclosure presents methods for producing a baculovirus infected

msect cell (BIC). In certain embodiments, the present disclosure presents methods for
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producing a baculovirus mfected msect cell (BIIC) which comprises the following steps: (a)
mtroducing a volume of cell culture mediam into a bioreactor; (b} introducing at least one
viral production cell (VPC) into the biorcactor and expanding the number of VPCs in the
bioreactor to a target VPC cell density; (¢} introduction at least one Baculoviral Expression
Vector (BEV) into the bioreactor, wherein the BEV comprises an AAV viral expression
construct or an AAY payload construct; {d) incubating the mixture of VPCs and BEVs in the
bioreactor under conditions which allow at least one BEV to infect at east one VPC to
produce a baculovirus mfected insect cell (BIC); (e} incubating the bioreactor under
conditions which allow the namber of BIICs i the bioreactor to reach a target BHC cell
density; and (f) harvesting the BHCs from the bioreactor. In certain embodiments, the
bioreactor has a volume of atleast 5L, 10 L, 201, 50 L, 100 L, or 200 L. In certain
embodiments, the volume of cell culture medium (i.e. working volume) in the bigreactor is at
feast 5L, 10L, 20 L, 30 L, 100 L, or 200 L.

{0518}  In certain embodiments, the VPC density at BEV introduction is F.0x10°-2.5x10°,
2.5x10°-5 0x 107, 5.0x10°-7 5x10°, 7.5x10%-1.0x10°, 1.0x105%5.0x10°, 1.0x10%-2 0x 105,
1.5x10%-2.5x10°, 2.0x10%-3.0x10°, 2.5x10%-3.5x10°, 3.0x10%4.0x10°, 3.5x10%4 5108,
4.0x105-5 0x10°, 4 5x10%-5.5x108, 5.0x10°-1.0x 147, 5.0x10%-6.0x10°, 5.5x10°-6 5x10°,
6.0x10%-7.0x10°, 6.5x10%7.5x10%, 7.0x10%-8.0x10°, 7.5x10°%-8 5x10°, §.0x10%-9.0x10°,
8.5x10°-9 5x10°, 9.0x10%-1.0x107, 9.5x10%1 5%107, 1.0x107-5.0x107, or 5.0x107-1 Ox 10"
celis/mL. In certain embodiments, the VPC density at BEV introduction is 5.0x10°, 6.0x10°,
7.0x10°, 8.0x10°, 9.0x10°, 1.0x10°, 1.5x10°, 2.0x10°, 2.5x10°, 3.0x10°, 3.5x10° 4.0x10°,
4.5%10°, 5.0x10° 5.5%10°, 6.0x10°, 6.5%10°, 7.0x10°, 7.5x106, §.0x10°, 8 5x105, 9.0x10°,
93x10°, 1.0x107, 1.5x107, 2.0x107, 2.5x107, 3.0x107, 4.0x107, 5.0x107, 6.0x107, 7.0x107,
8.0x107, or 9.0x107 cells/mL.

{0519} 1o certain embodiments, the target VPC cell density at BEV introduction is 1.5-4.0
x 10° cells/mL.. In certain embodiments, the target VPC cell density at BEV introduction is
2.0-3.5 x 10° cells/mL.

{0520] In certain embodiments, the BEVs are introduced into the bioreactor at a target
Multiplicity of Infection (MOI) of BEVs to VPCs. In certain embodiments, the BEV MO1 s
0.0005-0.003, or more speeifically 0.001-0.002.

{6521}  In certain embodiments, the bioreactor can comprise a perfusion system for
managing the cell culture mediom within the bioreactor. In certain cmbodiments, the

perfusion system is an altemating tangential flow (ATF) perfusion system. In certain
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embodiments, the perfusion svstem replaces at least a portion of the culture redium in the
bioreactor while retaining at least 90% of the VPCs and BHCS within the bioreactor. In
certam crobodiments, the perfusion system removes cell waste products from the cell culture
medium within the bioreactor. In certain embodiments, the perfusion system replaces cell
coltare media which has been depleted of nutrients by cellular metabolism. In certain
embodiments, the perfusion system replaces the cell culture media with a cryopreservation
media which allows for BHC cells to be frozen and prescrved. Yo certain embodiments, the
perfusion svstem replaces the cell culture media with a cell culture media supplemented with
growth or production boosting factors to increase the quality and quantity of the AAV
product.

[06522]  In certain embodiments, the BIICs are harvested from the bioreactor at a specific
BHC cell density. In certain embodiments, the BICs harvested from the bioreactor have a
specific BUC cell density. In certain embodiments, the BUC cell density at harvesting is 6.0-
18.0 x 10° cells/mL, 8.0-16.5 x 10° cells/ml, 10.0-16.5 x 10° celis/mL.

Other

{85231  In certain embodiments expression hosts comprise, but are not limited to, bacterial
species within the genera Escherichia, Bacillus, Pseudomonas, or Salmonella.

{0524}  Tn certain coiboduments, a host cell which comprises AAV rep and cap genes
stably integrated within the cell's chromosomes, may be used for AAV particle production. In
a non-limiting example, a host cell which has stably integrated in its chromosome at least two
copies of an AAV rep gene and AAV cap gene may be used to produce the AAV particle
according to the methods and constructs described m US Patent No. 7238526, the content of
which is incorporated herein by reference 1n its entirety as related to the production of viral
particles, insofar as it does not conflict with the present disclosure.

{05825}  In certain embodiments, the AAV particle can be produced in a host cell stably
transformed with a molecule comprising the nucletc acid sequences which permit the
regulated expression of a rare restriction enzyme in the host cell, as described in
US20030092161 and EP1183380, the contents of which arc each incorporated herein by
reference in their entireties as related to the production of viral particles, nsofar as they do
not conflict with the present disclosure.

{6526}  In certain embodiments, production methods and cell lines to produce the AAY
particle may comprise, but are not limited to those taught m PCT/US1996/010245,
PCT/US1097/015716, PCT/USI997/015691, PCT/USIONR/019479, PCT/US1998/019463,
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PCT/US2000/000415, PCT/USZ000/040872, PCT/US2004/0166 14, PCT/US2007/010055,
PCT/US1999/0035870, PCT/USZ000/004755, US Patent Application Nos. US08/549489,
US08/462014, US09/659203, US10/246447, US10/463302, US Patent Nos. US6281010,
US6270996, US6261551, US5756283 (Assigned to NIH), US6428988, US6274354,
UBS6943019, US6482634, (Assigned to NIH: US7238526, US6475769), US6365394
{Assigned to NIH), US7491508, US7291498, UST7022519, US6485966, US6953690,
US6258595, EP2018421, EP1064393, EP1163354, EP835321, EP9311388, EP9SO1LL,
EP1015619, EP1183380, EP2018421, EP1226264, EP1636370, EP1163354, EP1064393,
US20030032613, US20020102714, US20030073232, US20030040101 (Assigned to NIH),
US2Z0060003451, US20020090717, US20030092161, US20070231303, US20060211115,
US20090275107, US2007004042, US20030119191, US20020019050, the contents of which
are cach incorporated herein by reference in their entiretics, insofar as they do not conflict
with the present disclosure.

Viral production svstems

Large-scale production

{8527}  In certain embodiments, AAV particle production may be modified to increase the
scale of production. Large scale viral production methods according to the present disclosure
may comprise any of the processes or processing stops taught in US Patent Nos. 5,756,283,
6,258 595, 6,261,551, 6,270,996, 6,281,010, 6,365,394, 6,475,769, 6 482 634, 6 485,966,
6,943,019, 6,953,690, 7,022,519, 7,238,526, 7,291,498 and 7,491,508 or International
Publication Nos. W01996039530, WG 1998010088, W01999014354, W 1999015685,

WO 1999047691, WO2000033342, WO2000075353 and WO2001023397, the contents of
cach of which are herein incorporated by reference by reference in their entirety.

{6528]  Methods of increasing AAV particle production scale typically comprise
increasing the number of viral production cells. In certain embodiments, viral production
celis comprise adherent cells. To merease the scale of AAV particle production by adherent
viral production cells, larger cell culture surfaces are required. In certain embodiments, large-
scale production methods comprise the use of roller bottles to increase cell culture surfaces.
Other cell culture substrates with increased surface areas are known in the art. Examples of
additional adherent cell culture products with increased surface areas comprise, but are not
limited to iCELLis (Pall Corp, Port Washington, NY), CELLSTACK®,

CELLCUBE® {Corning Corp.. Comning, NY) and NUNC™ CELL FACTORY ™ (Thermo
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Scientific, Waltham, MA ) In certain embodunents, large-scale adherent cell surfaces may
comprise from about 1,000 cm” to about 100,000 cm”.

{0829}  In certain embodiments, large-scale viral production methods of the present
disclosure may comprise the use of suspension cell cultures. Suspension cell culture can
allow for significantly increased numbers of cells. Typically, the number of adherent celis
that can be grown on about 10-50 ¢m? of surface area can be grown in about 1 cm’ volume in
suspension.

[0530]  In certain embodiments, large-scale cell cultures may comprise from about 107 to
about 10° cells, from about 10 to about 10'° cells, from about 10° to about 107 cells or at
least 10'* cells. In certain embodiments, large-scale cultures may produce from about 107 to
about 10'2, from about 10°° to about 10%, from about 10! to about 10", from about 107 to
about 10" or at least 101> AAV particles.

{0531}  Transfection of replication cells in large-scale culture formats may be carried out
according to any methods known in the art. For large-scale adherent cell cultures, transfection
methods may comprise, but are not limtted to the use of inorganic compounds (e .g. calcium
phosphate,) organic compoands (e.g. polyethyleneimine (PEI}) or the use of non-chemical
methods {e.g. electroporation). With cells grown in suspension, transfection methods may
comprise, but are not limited to the use of inorganic compounds {e.g. calcium phosphate.)
organic compounds {¢.g. polyethyleneimine (PEI)} or the use of non-chemical methods (e.g.
electroporation). In certain embodiments, transfection of large-scale suspension cultures may
be carried out according to the section entitled “Transfection Procedure” described i Feng,
L. etal., 2008. Biotechnol Appl Biochem. 50:121-32, the contents of which are herein
mcorporated by reference in their entirety. According to such embodiments, PEI-DNA
complexes may be formed for imtroduction of plasmids to be transfected. In certain
embodiments, cells being transfected with PEI-DNA complexes may be “shocked’ prior to
transfection. This comprises lowering cell culture temperatures to 4°C for a period of about 1
hour. In certain embodiments, cell cultures may be shocked for a period of from about 10
minutes to about 5 hours. In certain embodiments, cell cultures may be shocked at a
temperature of from about 0°C to about 20°C.

[8832]  In certain embodiments, transfections may comprise one or more vectors for
expression of an RNA effector molecule to reduce expression of nucleic acids from one or
maore pavioad construct. Such methods may enhance the production of AAY particles by

reducing cellular resources wasted on expressing payvioad constructs. In certain embodiments,
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such methods may be carred according to those taught in US Publication No.
US2014/0099666, the contents of which are herein incorporated by reference in their entirety.
Bioreactors

[6533]  In certain embodiments, cell culture bioreactors may be used for large scale
production of AAV particles. In certain embodiments, bioreactors comprise stirred tank
reactors. Such reactors generally comprise a vessel, tyvpically cylindrical in shape, with a
stirrer {¢.g. impeller.) Tn certain embodiments, such biorcactor vessels mav be placed within a
water jacket to control vessel temperature and/or to mimimize effects from ambient
temperatare changes.

{8534]  Bioreactor vessel volume may range in size from about 500 mi to about 2 L, from
about 1 L to about 5 L, from about 2.5 L to about 20 L, from about 10 L to about 50 L, from
about 25 L to about 100 L, from about 75 L to about 500 L, from about 250 L to about 2,000
L, from about 1,000 L to about 10,000 L, from about 5,000 L to about 50,000 L or at least
50,000 L. Vessel bottoms may be rounded or flat. In certain embodiments, animal cell
cultures mayv be mantained in bioreactors with rounded vessel bottoms.

{8535}  In certain embodiments, bioreactor vessels may be warmed through the use of a
thermocirculator. Thermocirculators pump heated water around water jackets. In certain
cmbodiments, heated water may be pumped through pipes (e.g. coiled pipes) that are present
within bioreactor vessels. In certain embodiments, warm air may be circulated around
bioreactors, comprising, but not limited to air space directly above culture medium.
Additionally, pH and COz levels may be maintained to optimize cell viability.

[8536]  In certain embodiments, bioreactors may comprise hollow-fiber reactors. Hollow-
fiber bioreactors may support the cuitare of both anchorage dependent and anchorage
mdependent cells. Farther bioreactors may comprise, but are not limited to, packed-bed or
fixed-bed biorcactors. Such bioreactors may comprise vessels with glass beads for adberent
cell attachment. Further packed-bed reactors may comprise ceramic beads,

{0537} In certain embodiments, viral particles are produced through the use of a
disposable bioreactor. In certain embodiments, bioreactors may comprise GE WAVE
bioreactor, a GE Xcellerax Bioreactor, a Sartorius Brostat Bioreactor, a ThermoFisher
Hyclone Bioreactor, or a Pail Allegro Bioreactor.

{6538]  In certain embodiments, AAV particle production in cell bisreactor cultures may

be carried out according to the methods or systems taught in US Patent Nos, 5,064764,
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6,194,191, 6,566,118, 8,137,948 or US Patent Application No. US2011/0229971, the
contents of each of which are herein incorporated by reference n their entirety.

{0839}  In certain ecmbodiments, perfusion technology can be used in the production of
viral particles. Perfusion systems are fluid circulation systems which use filters and screens to
retain cells inside a bioreactor while continually removing cell waste products and media
depleted of nutrients by cell metabolism. In certain embodiments, the perfusion system is an
altcmating tangential flow (ATF) perfusion systen. fo certain cmbodiments, a perfusion
system can be used in coordination with bioreactors to manage and cycle cell culture media
within a bioreactor during the production of viral particles, such as AAV viral particles. In
certain embodiments, a perfusion system can be used to support the production of high
guality AAV viral particles having an unexpectedly high cell density at large-scale. In certain
embodiments, a perfusion system can be used to perform a media switch within the
biorcactor, such as the replacement of a cell culture media with media supplemented with
growth or production boosting factors to increase the quality and quantity of the AAV
product.

{8540 1t 1s advantageous to produce large batches of AAV particles in single production
campaigns for gene therapy clinical development activities, as the large batches of
therapeutic materials ensure clinical study consistency and minimize the therapeutic and
statistical variability resulting from multiple smaller manafacturing campaigns. It is
advantageous to produce large batches of AAVY particles in single production campaigns for
conunercial product development activities, as the large batches of therapeutic materials
minimize the variability resulting from nultiple smaller manufacturing campaigns and
corresponding complications in quality control and product analysis associated with small-
batch production.

Expansion of Viral Production Cell (VPC) Mixtures

{0841} 1o certain embodiments, an AAV particle or viral vector of the present disclosure
may be produced in a viral production cell {(VPC), such as an insect cell. Production cells can
be sourced from a Cell Bank (CB) and are often stored in frozen cell banks.

{0542]  In certain embodiments, a viral production cell from a Cell Bank is provided n
frozen form. The vial of frozen cells is thawed, typically until ice erystal dissipate. In certain
embodiments, the frozen cells are thawed at a temperature between 10-50 °C, 15-40 °C, 20~
30 °C, 25-50 °C, 30-45 °C, 35-40 °C, or 37-39 °C. In cortain embodiments, the frozen viral

production cells are thawed using a heated water bath.
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[6543]  In certain embodiments, a thawed CB cell mixture will have a cell density of
1.0x10%1.0x10° cells/mL. In certain embodiments, the thawed CB cell mixture has a cell
density of 1.0x10%2 5x10* cells/mL., 2.5x10%5.0x10* cells/mL, 5.0x10%7.5x10% cells/mL.,
7.5x10%1.0x10° cells/mL, 1.0x10%-2 5x19° cells/mL, 2.5x10°-5.0x10° cells/mL., 5.0x10°-
7.5x10° cells/mL, 7.3x10°-1.0x10° cells/mL, 1.0x10°%-2.5x10° cells/mL, 2.5x105-5.0x10°
cefls/mL, 5.0x10°%-7.5x10° cells/mL, 7.5x10%1.0x107 celis/mL, 1.0x107-2.5x1¢7 celis/mL,
2.5x107-5.0x107 celis/ml, 5.0x107-7.5x107 cells/mL, 7.5x107-1.0x10% celis/mL, 1.0x105-
2.5x10% cells/mL, 2.5x10%-5.0x108% cells/mL, 5.0x10%-7.5x10% celis/mL, or 7.5x10%1.0x107
cells/mL.

{8544}  In certain embodiments, the volume of the CB cell mixture is expanded. This
process 1s commonly referred to as a Sced Train, Sced Expansion, or CB Cellular Expansion.
Cellolar/Seed expansion can comprise successive steps of seeding and expanding a cell
mixture through multiple expansion steps using successively larger working volumes. In
certam embodiments, cellular expansion can comprise one, two, three, four, five, six, seven,
or more than seven expansion steps. In certain embodiments, the working voluwme n the
cellular expansion can comprise one or more of the following working volames or working
volume ranges: 5 mb, 10 ml, 20 mi. 5-20 mL, 25 mL, 30 mL, 40 mL, 50 mL, 20-50 mL, 75
mk, 100 mb, 125 mL, 150 mkL, 175 mL, 200 mkL, 50-200 mL, 250 mL, 300 mL, 400 mL, 500
mL, 730 mL, 1000 mL, 250-1000 mL, 1230 mL, 1500 mL, 1750 mL, 2000 mL, 1000-2000
ml, 2250 mb, 2560 mbL, 2750 mE., 3000 mL, 2000-3000 mbL, 3560 mL, 4000 mL, 4500 mL,
5000 mi, 3000-3000 mE, S5 L, 60L, 70L, 80L,90L, 100L, and 5.0-10.0 L.

{6543}  In certain embodiments, a volume of cells from a first expanded cell mixture can
be used to seed a second, separate Seed Tram/Seed Expansion (instead of using thawed CB
cell mixture}. This process is commonly referred to as roliing tnoculum. In certain
embodiments, rolling inoculum is used in a series of two or more {¢.g. two, three, four or
five) separate Seed Trains/Seed Expansions.

{0546]  In certain embodiments, large-volume cellular expansion can comprise the use ofa
bioreactor, such as a GE WAVE bioreactor, a GE Xcellerax Biorcactor, a Sartorius Biostat
Bioreactor, a ThermoFisher Hyclone Bioreactor, or a Pall Allegro Bioreactor,

{8847}  In certain embodiments, the cell density within a working volume 13 expanded to a
target output ccll density. In certain embodiments, the output cell density of an expansion
step is 1.0x107-5.0x10°, 5.0x10°-1.0x10°, 1.0x105-5.0x10°, 5.0x10°-1.0x107, 1.0x107-3.0x107,
5.0x107-1.0x10%, 5.0x10°, 6.0x10°, 7.0x10°, 8.0x10°, 9.0x10°, 1.0x10°% 2.0x10° 3.0x10°,
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4.0x10° 5.0x10°, 6.0x10°% 7.0x10° 8.0x10°%, 9.0x10° 1.0x107, 2.0x107, 3.0x107, 4 0x 107,
5.0x107, 6.0x107, 7.0x107, 8.0x107, or 9.0x107 cells/mL.

{0848} 1o certain coiboduments, the output cell density of a working volume provides a
seeding cell density for a larger, successive working volume. In certain embodiments, the
seeding cell density of an expansion step is 1.0x10°-5.0x10°, 5.0x10°-1.0x10°, 1.0x10°-
5.0x10°, 5.0x10°-1.0x107, 1.0x107-5 0x107, 5. 0x107-1.0x108, 5.0x10%, 6.0x10%, 7.0x10°,
R.0x10°, 9.0x10°, 1.0x10°, 2.0x10°, 3.0x10°, 4.0x10°, 5.0x10%, 6.0x10°, 7.0x10°, 8.0x105,
9.0x10°%, 1.0x147, 2.0x107, 3.0x197, 4.0x107, 5.0x107, 6.0x107, 7.0x107, 8.0x107, or 9.0x1¢7
cells/mL.

{8549]  In certain embodiments, cellular expansion can fast for 1-5C days. Each cellular
expansion step or the total cellular expansion can last for 1-10 days, 1-5 days, 1-3 days, 2-3
days, 2-4 days, 2-5 days, 2-6 days, 3-4 days, 3-5 days, 3-6 days, 3-8 days, 4-3 days, 4-6 days,
4-8 days, 5-6 davs, or 5-8% days. In certain embodiments, each cellular expansion step or the
total cellular expansion can last for 1-100 generations, 1-1000 generations, 100-1000
generation, 100 generations or more, or 1000 generation or more.

[8850]  In certain embodiments, infected or transfected produaction cells can be expanded
in the same manner as UB cell mixtures, as set forth in the present disclosure.

Infection of Viral Production Cells

[#551]  In certain embodiments, AAV particles of the present disclosure are produced in a
viral production cell (VPC), such as an insect cell, by infecting the VPC with a viral vector
which comprises an AAV expression construct and/or a viral vector which comprises an
AAY pavioad construct. In certain emmbodiments, the VPC is infected with an Expression
BEV, which comprises an AAV expression construct and a Payload BEV which comprises an
AAVY payload construct.

[05852] 1o certain embodiments, AAV particles are produced by infecting a VPC with a
viral vector which cormaprises both an AAV expression construct and an AAV payload
construct. In certain embodiments, the VPC is infected with a single BEY which comprises
both an AAV expression construct and an AAV payload construct,

{0553]  In certain embodiments, VPCs (such as msect cells) are infected using nfection
BICs in an infection process which comprises the following steps: (i) A collection of VPCs
are seeded into a Production Bioreactor, (it The seeded VP s can optionally be expanded to
a target working volume and cell density; (iu) fnfection BIICs which comprise Expression

BEVs and Infection BIICs which comprise Payload BEVs are injected into the Production
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Bioreactor, resulting in infected viral production cells; and (iv) incubation of the infected
viral production cells to produce AAV particles within the viral production cells.

[0554]  In certain embodiments, the VPC density at infection is 1.0x10%-2.5x10° 2.5x10°-
5.0x10°, 5.0x10°-7 .5x10°, 7.5x10°-1.0x10°, 1.0x10%5.0x10% 1.0x10%-2.0x10%, 1.5x%10°-
2.5x10°, 2.0x10%-3.0x10°, 2 5% 1053 5x10°, 3.0:105-3 4x 105, 3.0x105%-4.0x10°, 3.5x10°-
4.5x10° 4.0x10%-5.0x10°, 4 5x105%5.5x10°, 5.0x10%-1.0x107, 5.0x10%6.0x10°, 5.5x105-
6.5x10%, 6.0x10%-7.0x10%, 6.5x10%-7 5x10°, 7.0x105-8.0x 105, 7.5x105-8.5x 10°, 8 .0x10°-
9.0x10°, 8.5x10°-9.5x10°, 9.0x10°%1.0x107, 9.5x10%1.5x107, 1.0x107-5.0x107, or 5.0x107-

5

1.0x10% celis/mL. In certain embodiments, the VPC density at infection is 5.0x10°, 6.0:10°,
7.0x10%, 8.0x10°, 9.0x10°. 1.0x10°, 1 5x10°, 2.0x10°, 2.5x10° 3.0x10°, 3.1x10°, 3.2x10°,
3.3x10°% 3.4x10°, 3.5x10° 4.0x10° 4 .5x10° 5.0x10° 5.5x10° 6.0x10° 6.5x10°, 7.0x10°,
7.5x10°, 8.0x10°, 8.5x10°, 9.0x10°, 9.5x10°, 1.0x107, 1.5x107, 2.0x107, 2.5x107, 3.0x107,
4.0x107, 5.0x107, 6.0x107, 7.0x107, 8.0x107, or 9.0x107 cells/mL. In certain embodiments, the
VPC density at infection is 2.0-3.5 x 10° cells/mL. In certain embodiments, the VPC density
at infection is 3.5-5.0 x 10° cells/mL. Tn certain embodiments, the VPC density at infection is
5.0-7.5 x 10° cells/mL. In certain embodiments, the VPC density at infection is 5.0-10.0 x 10°
celis/mL.

{0855]  FIG. SA, FIG. 5B, FIG 5A and FIG. 68 show that a VPC density at
transfection/infection of between 3.0-3.4 x 10° cells/mL, particularly 3.2 x 10° cells/mL,
combined with a VPC-to-BHCRMC® ratio of about 1:300K v/v, provides favorable AAV titer
(vg/mL) and Capsid Full%.

{85856}  In certain embodiments, Infection BHCs are combined with the VPCs in target
ratios of VPC-to-BIIC. In certain embodiments, the VPC-to-BIC nfection ratio (volume to
volume) is 1.0x10%-5.0x10°, 5.0x10°-1.0x10%, 1.0x10%35.0x10%, 5.0x10%1.0x10°, 1 Ox1OP-
5.0x10°, 5.0x10°-1.0x10°, 1.0x10°, 2.0x10°, 3.0x107, 4.0x10°, 5.0x10%, 6. 0x10°, 7.0x10%,
§.0x10°, 9.0x10°, 10108, 2.0x10%, 3. 0x10%, 4.0x10% 5.0x10%, 6.0x10%, 7.0x10%, 8.0x10%, or
§.0x10%, 1.0x10°, 2.0x10°, 3.0x10°, 4.0x10°, 5.0x10%, 6.0x10°, 7.0x10°, 8.0x10°, or 9.0x10°
BHC-per-VPC. In certain embodiments, the VPC-to-BHC infection ratio (cell to cell) is
1.0x10°-3.0x10°, 5.0x10%-1.0x10% 1.0x10%5.0x10%, 5.0x10%1.0x10°, 1.0x10%-5 Ox 107,
5.0x10%-1.0x10°, 1.0x10%, 2.0x10%, 3.0x10%, 4.0x10°%, 5.0x10°, 6.0x10°%, 7.0x10°, 8.0x10%,
9.0x10°, 1.0x10%, 2.0x10% 3.0x10%, 4.0x10%, 5.0x10%, 6.0x10% 7.0x107, 8.0x10% or 9.0x10%,
LOx10°, 2.0x10°, 3.0x10°, 4.0x10°, 5.0x10°, 6.0x10°, 7.0x10°, 8.0x10°, or 9.0x10° BUC-per-
VPC.
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{8557}  In certain embodiments, Infection BICs which comprise Expression BEVs are
combined with the VPCs in target ratios of VPC-to-BHC. In certain embodiments, the VPC-
to-BIIC infection ratio (volume to volume) is 1.0x10°-5.0x10%, 5.0x10°-1.0x10%, 1.0x10%
5.0x10%, 5.0x10%1.0x10°, 1.0x105-5.0x10°, 5.0x10%-1.0x10°, 1.0x10°%, 2.0x10°, 3.0x10°,
4.0x107, 5.0x10°, 6.0x10°, 7.0x10°, 8.0x10%, 8.0x10°, 1.0x10%, 2.0x10%, 3.0x10%, 4.0x10%,
5.0x10°, 6.0x10% 7.0x10°, 8.0x10% or 9.0x10%, 1.0x10°. 2.0x10°, 3.0x10%, 4.0x10°, 5.0x10°,
6.0x10°, 7.0x10°, 8.0x10°, or 9.0x10° BHC-per-VPC. In certain embodiments, the VPC-to-
BHC infection ratio {cell to cell} is 1.0x10°-5 0x10%, 5.0x10%-1.0x10%, 1.0x10%-5 Ox10%,
3.0x10%1.0x10°, 1.0x10%-5.0x10°, 3.0x10°-1.0x10%, 1.0x10°, 2.0x10°, 3.0x10°, 4.0x10°,
5.0x10°, 6.0x107, 7.0x10°. 8.0x107, 9.0x10%, 1.0x10%, 2.0x10% 3.0x10%, 4.0x10%, 5.0x10°,
6.0x10%, 7.0x10%, 8.0x10°, or 9.0x10%, 1.0x10°, 2.0x10°, 3.0x10°, 4.0x10°, 5.0x10°, 6 0x10°,
7.0x1P, 8.0x10°, or 9.0x10° BHC-per-VPC.

{0558]  In certain embodiments, Infection BHCs which comprise Payload BEVs are
combined with the VPCs in target ratios of VPC-to-BIIC. In certain embodiments, the VPC-
to-BIC wfection ratio {(volurme to volume) 1s 1.0x10°-5.0x10°, 5.0x10°-1.0<10%, 1.0x10%
5.0x10% 5.0x10%-1.0x10°, 1.0x10°-5.0x10°, 5.0x10°-1.0x10°, 1.0x10°, 2.0x10%, 3.0x 107,
4.0x10°, 5.0x10°, 6.0x10°, 7.0x107, 8.0x10°%, 9.0x10°, 1.0x10%, 2.0x10°, 3.0x10% 4.0x107,
5.0x10% 6.0x10% 7.0x10%, 8.0x10% or 9.0x10% 1.0x10°, 2.0x10°, 3.0x10°, 4.0x10°, 5.0x10°,
6.0x10°, 7.0x10°, 8.0x10°, or 9.0x10° BHC-per-VPC. In certain embodiments, the VPC-to-
BHC infection ratio {cel to cell) is 1.0x10%-5.0x10°, 5.0x10%-1.0x10%, 1.0x10%-5.0x10%,
5.0x10%1.0x10°, 1.0x10%-5.0x10°, 5.0x10°-1.0x105, 1.0x10°%, 2.0x10%, 3.0x10°, 4.0x10°,
5.0x10°, 6.0x10°, 7.0x10°, 8.0x10°, 9.0x10°, 1.0x10%, 2.0x10%, 3.0x10% 4.0x10%, 5.0x190%,
6.0x10% 7.0x10°, 8.0x10% or 9.0x10% 1.0x10°, 2.0x10°, 3.0x10°, 4.0x10°, 5.0x10°, 6 0x10°,
7.0x10%, 8.0x10°, or 9.0x10° BIC-per-VPC.

{0859}  In certain embodiments, Infection BUCs which comprise Expression BEVs and
Intection BIICs which comprise Pavicad BEVs are combined with the VPCs in target BHC-
to-BHC ratios. In certain embodiments, the ratio of Expression (Rep/Cap) BlICs to Payload
BHCsis 10:1,91, 81, 71,61, 51, 451,4:1,35 131,25 L 2L 151, 11, 1115, 1:2,
125, 13, 135, 1:4, 145, 1:3, 155, 16, 1063, 127, 1:7.5, 18, 1.9, 1:10, 3.5-45:1, 3-4:1,
25351, 2-3:1, 1.5-2.5:1, 1-2:1, 1-1.5:1, 1:1-1.5. 1:1-2, 1:1.5-2.5, 1:2-3, 1:2.5-3 5, 1:3-4,
1:3.5-4.5, 1:4-5, 1:4.5-5.5, 1:5-6, 1:5.5-6.5, 1:6-7. or 1:6.5-7.5.

[0568] FIG. 4A, FIG. 4B, FIG 6A and FIG. 6B show that a VPC density at

transfection/infection of between 3.0-3 4 x 10° cells/mL, particularly 3.2 x 10° cells/mi,
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combined with a VPC-to-BHCRPC ratio of about 1:300K v/v and a VPC-to-BIICTY2¢ 350
of about 1:T00K v/v (3:1 BIIC-to-BHC ratio), provide favorable AAV titer (vg/mL) and
Capsid Full%.

{0561}  In certain embodiments, infected Viral Production Cells are incubated under a
certain Dissolved Oxygen (DO) Content (D0%). In certain embodiments, mfected Viral
Production Cells are incubated under a DO% between 10%-50%, 20%-40%, 10%-20%, 15%-
25%, 20%-30%. 25%-35%, 30%~-40%, 35%-45%, 40%-30%, 10%-15%, 15%-20%, 20%-
25%, 25%-30%, 30%-35%, 35%-40%, 40%-45%, or 45%-30%. In certain ernbodiments,
nfected Viral Production Cells are incebated under a DO% of about 10%, about 13%, about
20%, about 25%. about 30%, about 35%. about 40%, about 43%. about 30%. In certain
embodiments, infected Viral Production Celis are incubated under a DO% between 20%-30%
or about 25%. In certain embodiments, infected Viral Production Cells are incubated under a
DO% between 25%-35% or about 30%. In certain embodiments, infected Viral Production
Cells are mmcubated under a BO% between 30%-40% or about 35%. In certain embodiments,
imfected Viral Production Cells are incubated under a DO% between 35%-45% or about 40%.
Cell Lysis

{0562}  Cells of the present disclosure, comprising, but not limited to viral production
cells, may be subjected to cell lysis according to any mcthods known in the art. Cell lysis
may be carried out to obtain one or more agents (e.g. viral particles) present within any cells
of the disclosure. In certamn embodiments, a bulk harvest of AAV particles and viral
production cells is subjected to cell Iysis according to the present disclosure.

{6563}  In certain embodiments, cell tvsis may be carmied out according to any of the
methods or systems presented in US Patent Nos. 7,326,535, 7,579,181, 7,048,920, 6,410,300,
6,436,394, 7.732,129, 7.510,875, 7,445,930, 6,726 907. 6,194,191, 7,125,706, 6,995,006,
6.676.935, 7,968,333, 5,756,283, 6,258,595, 6,261,551, 6,270,996, 6,281,010, 6,363,394,
6,475,769, 6,482,634, 6,485,966, 6,943,019, 6,953,690, 7,022,519, 7,238,526, 7,291,498 and
7.491,508 or International Publication Nos. W{(1996039530, W 1998010088,

WO 1999014354, WO 1999015685, WO 1999047691, W(2000055342, WO2000075353 and
WO2001023597, the contents of cach of which are herein incorporated by reference in their
entirety.

{8564}  Cell lysis methods and systems may be chemical or mechanical. Chemical cell
tysis typically comprises contacting onc or more cells with one or more chemical lysis agent

under chemical lysis conditions. Mechanical Tvsis typically comprises subjecting one or more
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celis to cell lysis carried out by mechanical force. Lysis can also be completed by allowing
the cells to degrade after reaching ~0% viability.

{0865} 1o certain cmbodiments, chemical lysis may be used to lyse cells. As used herein,
the term “chemical tysis agent” refers to any agent that may aid in the disruption of a cell. In
certain embodiments, ysis agents are introduced in solutions, termed lysis sohutions or lysis
buffers. As used herein, the term “chemical lysis solution” refers to a solution (typically
agqueous) comprising one or more lysis agent. In addition to lysis agents, Iysis solutions may
comprise one or more buffering agents, solubilizing agents, surfactants, preservatives,
crvoprotectants, enzymes, enzyme inhibitors and/or chelators. Lvsis buffers are lysis
solutions comprising one or more buffering agent. Additional components of lysis solutions
may comprise one or more solubilizing agent. As used herein, the term “solubilizing agent”
refers to a compound that enhances the solubility of one or more components of a solution
and/or the solubility of one or more entitics to which solutions are applied. In certain
embodiments, solubilizing agents enhance protein solubility. In certain crmbodiments,
solubilizing agents are selected based on theiwr ability to enhance protein solubihity while
mamntaining protein conformation and/or activity.

{0566}  Exemplary lvsis agents may comprise any of those described in US Patent Nos.
§.685.734, 7.901,921, 7,732,129, 7,223,585, 7.125.706. 8.236,495, 8,110,351, 7.419,956,
7,300,797, 6,699,706 and 6,143,567, the contents of each of which are herein incorporated by
reference in their entirety. In certain embodiments, lysis agents may be selected from lysis
salts, amphoteric agents, catiomic agents, ionic detergents and non-ionic detergents. Lysis
salts may comprise, but are not himited to, sodium chionde (NaCl) and potassium chloride
(K1} Further lysis salts may comprise any of those described in US Patent Nos. 8,614,101,
7326553, 7.579.18 1. 7,048,920, 6,410,300, 6,436,394, 7.732.129, 7,510,875, 7,443,930,
6,726,907, 6,194,191, 7,125,706, 6,995,006, 6,676,935 and 7,968,333, the contents of each of
which are herein incorporated by reference m their entirety.

{0567} In certain embodiments, the cell fyvsate solution comprises a stabilizing additive. In
certam embodiments, the stabilizing additive can comprise trehalose, glycine betaine,
mannitol, potassium citrate, CuCly, proline, xylitol, NDSB 201, CTAB and KoPOu4. In certain
embodiments, the stabilizing additive can comprise amino acids such as arginine, or acidified
amino acid mixtures such as arginine HCL In certain embodiments, the stabilizing additive
can comprise 9.1 M arginine or argining HCL In certain embodiments, the stabilizing additive

can comprise 0.2 M arginine or argimine HCL In certamm embodiments, the stabilizing additive
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can comprise 0.25 M arginine or arginine HCL In certain embodiments, the stabilizing
additive can comprise 0.3 M arginine or arginine HCL. In certain embodiments, the stabilizing
additive can comprise 0.4 M arginine or arginine HCl. In certain embodiments, the stabilizing
additive can comprise 0.5 M arginine or arginine HCl. In certain embodiments, the stabilizing
additive can comprise 0.6 M arginine or arginine HCL. In certain embodiments, the stabilizing
additive can comprise 0.7 M arginine or arginine HCL In certain embodiments, the stabilizing
additive can comprise 0.8 M arginine or arginine HCL. In certain embodiments, the stabilizing
additive can comprise 0.9 M argimine or arginine HCL In certain embodiments, the stabilizing
additive can comprise 1.0M arginine or arginine HCL

{8568}  Concentrations of salts may be increased or decreased to obtain an effective
concentration for the rupture of cell membranes. Amphoteric agents, as referred to herein, are
compounds capable of reacting as an acid or a base. Amphotenic agents may comprise, but
are not limited to lysophosphatidylcholine, 3-((3-Cholamidopropyl} dimethylammonium)-1-
propancsulfonate (CHAPS), ZWITTERGENT® and the like. Cationic agents may comprise,
but are not hmited to, cetvlirumethylanmonium bromide (C (16) TAB) and Benzalkonium
chloride. Lysis agents comprising detergents may conmprise iomic detergents or non-ionic
detergents.

{0869}  Detergents may function to break apart or dissolve cell structures comprising, but
not limited to cell membrancs, cell walls, lipids, carbohydrates, lipoproteins and
glycoproteins. Exemplary ionic detergents comprise any of those tanght in US Patent Nos.
7,625,570 and 6,593,123 or US Publication No. US2014/0087361, the contents of cach of
which are herein incorporated by reference in their entirety. In certain embodiments, the lysis
solution comprises one or more 1onic detergents. Example of ionic detergents foruse m a
lvsis sohution comprise, but are not fimited to, sodium dodecyl sulfate (8DS), cholate and
deoxycholate. In certain embodiments, ionic detergents may be comprised in lysis solutions
as a solubilizing agent. In certain embodiments, the lysis solution comprises one or more
nonionic detergents. Non-tonic detergents for use in a lysis solution may comprise, but are
not limited to, octylglucoside, digitonin, lubrol, C12E8, TWEEN®-20, TWEEN®-80, Triton
X-100, Triton X-114, Brij-35, Brij-58, and Noniodet P-40. Non-ionic detergents are typically
weaker lvsis agents but may be comprised as solubtlizing agents for solubilizing cellular
and/or viral proteins. in certain embodiments, the lysis solution comprises one or more
zwitterionic detergents. Zwitterionic detergents for use in a lysis solution may comprise, but

are not limited to: Lawryl dimethyvlamine N-oxide (LDAQG); N N-Dimethyl-N-dodecylglycine
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betaine {(Empigen® BB); 3-(N,N-Dimethylmyristylammonio) propanesulfonate
{(Zwittergent® 3-10}; n-Dodecyl-N, N-dimethyl-3-ammonio- 1 -propanesulfonate
{(Zwittergent® 3-12); n-Tetradecyl-N N-dimethyl-3-ammonio-1-propanesulfonate
(Zwittergent® 3-14); 3-(N,N-Dimethyl palmitylammonio) propanesulfonate (Zwittergent® 3-
16}); 3-{(3-cholamidopropyl) dimethylammonio}-1-propanesulfonate (CHAPS); and 3-{{3-
Cholamidopropvl| dimethylammonio)-2-hydroxy-1-propancsulfonate (CHAPSO).

{0578}  In certain embodiments, the lysis solution comprises Triton X-100, such as 0.5%
w/v of Triton X-100. In certain embodiments, the Ivsis solution comprises
Lavryldimethylanune N-oxide (LDAG), such as 0.184% w/v (4 x CMT) of LDAG. In certain
embodiments, the lysis solution comprises a seed oil surfactant such as Ecosurf ™ SA-9. In
certain cmbodiments, the lysis solution comprises N N-Dimethyi-N-dodecyiglycine betaine
(Empigen® BB). In certain embodiments, the lysis solotion comprises a Zwittergent®
detergent, such as Zwittergent® 3-12 {n-Dodecyl-N, N-dimethyl-3-ammonio-1-
propanesulfonate}, Zwittergent® 3-14 (o-Tetradecyl-N N-dimethy!-3-ammonio-1-
propancsulfonate}, or Zwittergent® 3-16 (3-(N,N-Dimethy]
paloutylammoniopropanesulfonate).

{0871}  Further lvsis agents may comprise enzymes and urea. In certain embodiments, one
or more lvsis agents may be combined in a lysis solution in order to enhance one or more of
cell lysis and protein solubility. In certain embodiments, enzyme inhibitors may be comprised
in fysis solations in order to prevent proteolvsis that may be triggered by cell membrane
disruption.

{8572}  In certain embodiments, the lysis solution comprises between 0.1-1.0% w/iv,
between 0.2-0.8% w/v, between 0.3-0.7% wiv, between 0.4-0.6% w/v, or about 0.3%w/v of a
cell lysis agent (¢.g. detergent). In certain embodiments, the lysis solution comprises between
(.3-0.353% wiv, between 0.35-0.4% w/v, between 0.4-0.45% w/v, between 0.453-0.3% wiv,
between 0.5-0.55% wiv, between 0.55-0.6% w/v, between 08.6-0.65% w/v, or between 0.65-
0.7% wiv of a cell lysis agent {e.g. detergent).

{0573}  In certain embodiments, cell lysates generated from adherent cell cultures may be
treated with one more nuclease, such as Benzonase nuclease (Grade 1, 99% pure) or ¢-LEcta
Benarase nuclease (formerly Sartorius Denarase). In certain embodiments, nuclease is added

to lower the viscosity of the lysates caused by liberated DNA.
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[0574]  In certain embodiments, chemical lysis uses a single chemucal lysis nixture. In
certaim embodiments, chemical lysis uses several ysis agents added 1n series to provide a
final chemical lysis mixture.

[0575]  In certain embodiments, a chemical lysis mixture comprises an acidified amino
acid mixtare (such as arginmine HC1}, a non-tonic detergent {such as Triton X-100), and a
nuclease (such as Benzonase nuclease). In certain embodiments, the chemical lysis mixtore
can comprise an acid or base to provide a target bysis pH.

{8576}  In certain embodiments, chemical Iysis is conducted under chemical lysis
conditions. As used herein, the term “chemical byvsis conditions™ refers to any combination of
environmental conditions {e.g., temperature, pressure, pH, ¢tc) in which targets cells can be
tvsed by a chemucal lysis agent.

{8877} In certain embodiments, the lysis pH s between 3.0-3.5, 3.5-4.0, 4.0-4.5, 4 5-3.0,
50-55.55-60,60-65,65-70,70-73, or7.5-8.0. In certain embodiments, the lysis pH ig
between 6.0-7.0, 6.5-7.0, 6.5-7.5, or 7.0-7.5.

{8578}  In certain embodiments, the lysis temperature is between 15-35 °C, between 20-30
°C, between 25-39 °C, between 20-21 °C, between 20-22 °C, between 21-22 °C, between 21-
23 °C, between 22-23 °C, between 22-24 °C, between 23-24 °C, between 23-25 °C, between
24-25 °C, between 24-26 °C, between 25-26 °C, between 25-27 °C, between 26-27 °C,
between 26-28 °C, between 27-28 °C, between 27-29 °C, between 28-29 °C, between 28-30
°C, between 29-30 °C, between 29-31 °C, between 30-31 °C, between 30-32 °C, between 31~
32 °C, or between 31-33 °C,.

{6579}  In certain embodiments, mechanical cell lysis is carried out. Mechanical cell lvsis
methods may comprise the use of one or more lysis condition and/or one or more lysis force.
As used herein, the term “lysis condition” refers to a state or circumstance that promotes
cellular disruption. Lysis conditions may comprise cortain femperatures, pressurcs, osmaotic
purity, salinity and the like. In certain embodments, lvsis conditions comprise increased or
decreased temperatures. According to certain embodiments, lysis conditions comprise
changes in temperature to promote cellular disruption. Cell lysis carried out according to such
embodiments may comprse freeze-thaw lvsis. As used herein, the term “freeze-thaw lysis”
refers to cellular tysis in which a cell solution 1s sabjected to one or more freeze-thaw cycle.
According to freeze-thaw lysis methods, cells in solution are frozen to induce a mechanical
distuption of ccllular membrancs caused by the formation and expansion of ice crystals. Cell

solutions used according freeze-thaw lysis methods, may further comprise one or more lysis
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agents, solubilizing agents, buffering agents, crvoprotectants, surfactants, preservatives,
enzymes, enzyme inhibitors and/or chelators. Once cell solutions subjected to freezing are
thawed, such components may enbhance the recovery of desired cellular products. In certain
embodiments, one or more cryoprotectants are comprised in cell solutions undergoing frecze-
thaw lysis. As used herein, the term “cryoprotectant” refers to an agent used to protect one or
more substance from damage due to freczing. Cryoprotectants may comprise any of those
taught in US Publication No. US2013/0323302 or US Patent Nos. 6,503,888, 6,180,613,
7,888,096, 7,091,030, the contents of each of which are herein incorporated by reference in
their entirety. In certain embodiments, crvoprotectants may comprise, but are not limited to
dimethyl sulfoxide, 1.2-propanediol, 2,3-butanediol, formamide, glveerol, ethylene glycol,
1,3-propanediol and n-dimethyt formamude, polyvinvipyrrolidone, hydroxvethyl starch,
agarose, dextrans, mositol, glucose, hydroxyethylistarch, lactose, sorbitol, methyl glucose,
sucrose and urea. In certain embodiments, freeze-thaw lysis may be carried out according to
any of the methods described in US Patent No. 7,704,721, the contents of which are hercin
imcorporated by reference in their entivety.

{85831  As used herein, the term “lysis foree” refers to a physical activity used to disrapt a
cell. Lysis forces may comprise, but are not limited to mechanical forces, sonic forces,
gravitational forces, optical forces, clectrical forces and the like. Cell lvsis carried out by
mechanical force is referred to herein as “mechanical Ivsis.” Mechanical forces that may be
used according to mechanical lysis may comprise high shear fluid forces. According o such
methods of mechanical lysis, a microfluidizer may be used. Microfluidizers typically
comprise an inlet reservoir where cell solutions may be applied. Cell solutions may then be
pumped into an interaction chamber via a pumyp (¢.g. high-pressure pump) at high speed
and/or pressure to produce shear fluid forces. Resulting lysates may then be collected in one
or more output reservoir. Pump speed and/or pressure may be adjusted to modulate cell lysis
and enhance recovery of products (e.g. viral particles.) Other mechanical lvsis methods may
comprise physical disruption of cells by scraping.

{0581}  Cell Iysis methods may be selected based on the cell culture format of cells to be
Ivsed. For example, with adherent cell cultures, some chemical and mechanical tysis methods
may be used. Such mechanical lysis methods may comprise freeze-thaw tysis or scraping. In
another example, chemical lysis of adherent cell cultures may be carried out through

mcubation with lysis solutions comprising surfactant. such as Triton-X-100.
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{6582}  In certain embodiments, a method for harvesting AAV particles without lysis may
be used for efficient and scalable AAV particle production. In a non-limiting example, AAV
particles may be produced by culturing an AAV particle lacking a heparin binding site,
thereby allowing the AAV particle to pass into the supernatant, in a cell culture, collecting
supernatant from the culture; and isolating the AAV particle from the supernatant, as
described in US Patent Application 20090275107, the contents of which are incorporated
herein by reference in their entirety,

Clarification and Purification: General

{05831  Cell lysates comprising viral particles may be subjected to clarification and
purification. Clarification generally refers to the initial steps taken in the purification of viral
particles from cell Ivsates and serves to prepare lysates for further purification by removing
larger, insoluble debris from a bulk lysis harvest. Viral production can comprise clanfication
steps at any point in the viral production process. Clarification steps may comprise, but are
not limited to, centrifugation and filtration. During clarification, centrifugation may be
carried out at fow speeds to remove larger debris only. Similarly, filtration may be carmied out
psing filters with larger pore sizes so that only larger debris is removed.

{0584}  Purification generally refers to the final steps taken in the purification and
concentration of viral particles from cell iysates by removing smaller debris from a clarified
tysis harvest in preparing a final Pooled Drug Sebstance. Viral production can comprise
purification steps at any point in the viral production process. Purification steps may
comprise, but are not limited to, filtration and chromatography. Filtration may be carried out
using filters with smaller pore sizes to remove smaller debris from the product or with larger
pore sizes to retain larger debris from the produect. Filtration may be used to alter the
concentration and/or contents of a viral production pool or stream. Chromatography may be
carried out to selectively separate target particles from a pool of impuritics.

{65385]  Large-scale production of high-concentration AAV formulations is complicated by
the tendency for high concentrations of AAVY particles to aggregate or agglomerate. Small
scale clartfication and concentration systems, such as dialysis casscties or spin centrifugation,
are generally not sufficiently scalable for large-scale production. The present disclosure
provides embodiments of a clarification, purification and concentration system for processing
large volumes of high-concentration AAY production formulations. In certain embodiments,
the large-volume clarification system comprises on¢ or more of the following processing

steps: Depth Filtration, Microfiltration (e.g. 0.2 um Filtration), Affimity Chromatography, lon
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Exchange Chromatography such as anion exchange chromatography (AEX) or cation
exchange chromatography (CEX), a tangential flow filtration system (TFF), Nanofiltration
{c.g. Virus Retentive Filtration {(VREF}), Final Filtration (FF), and Fill Filtration.

[6386]  Objectives of viral clarification and purification comprise high throughput
processing of cell lysates and to optimize ultimate viral recovery. Advantages of comprising
clarification and purification steps of the present disclosure comprise scalability for
processing of larger voluraes of lysate. In certain embodiments, clarification and purification
may be carried out according to any of the methods or systems presented in US Patent Nos.
8,324,446, 5,756,283, 6,258 595, 6,261,551, 6,270,996, 6,281,010, 6365394 6,475,769,
6.482.634, 6.485.966, 6,943,019, 6,953,690, 7.022.519, 7.238.526, 7,291,498 7,491 508, US
Publication Nos. US2013/0045186, US2011/0263027, US2011/0151434, US2003/0138772,
and International Publication Nos. W(O2002012455, WO 1996039530, WO 1998010088,
WO1999014354, WO1999013685, W 1999047691, W(02000035342, WO2000075353 and
WO2001023597, the contents of each of which are herein incorporated by reference in their
entirety.

{8587}  In certain embodiments, the compositions comprising at least one AAV particle
may be isolated or purified using the methods or systems described in US Patent No. US
6146874, US 6660514, US 8283151 or US 8524446, the contents of which are herein
mcorporated by reference in their entirety.

Clarification and Purification: Centrifugation

[6588]  According to certain embodiments, cell lysates may be clarified by one or more
centrifugation steps. Centrifugation may be used to pellet insoluble particles in the lysate.
During clarification, centrifugation strength (which can be expressed in terms of gravitational
units (g), which represents multiples of standard gravitational force} may be lower than in
subsequent purification steps. In certain embodiments, centrifugation may be carried out on
cell iysates at a gravitation force from about 200 g to about 800 g, from about 500 g to about
1500 g, from about 1000 g to about 5000 g. from about 1200 g to about 10000 g or from
about 8000 g to about 15000 g. In certam embodiments, cell lysate centrifugation is carried
out at 8000 g for 15 minutes. In certain embodiments, density gradient centrifugation may be
carrted out in order to partition particulates in the cell lysate by sedimentation rate. Gradients
used according to methods or systems of the present disclosure may comprise, but are not
limited to, cesium chloride gradients and iodixanol step gradients. In cortain embodiments,

centrifugation uses a decanter centrifuge system. In certam embodiments, centrifugation uses
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a disc-stack centrifuge svstem. In certain embodiments, centrifugation comprises
pltracentrifugation, such two-cyvele CsCl gradient ultracentrifugation or 1odixanol
discontinuous density gradient ultracentrifugation.
Clarification and Purification: Filtration
{#588]  In certain embodiments, one or more microfiltration, nanofiltration and/or
ultrafiltration steps may be used during clarification, purification and/or sterilization. The one
or more microfiltration, nanofiltration or ultrafiltration steps can comprise the use of a
filtration systern such as EMD Millipore Express SHC XL10 0.5/0.2 ym filter, EMD
Miilipore Express SHCXL6000 0.5/0.2 pum filter, EMD Millipore Express SHCXL 150 filter,
EMD Millipore Millipak Gamma Gold 0.22 um filter {dual-in-line sterilizing grade filters), a
Pall Supor EKV, 0.2 um sterilizing-grade filter, Asahi Planova 35N, Asahi Planova 20N,
Asahi Planova 75N, Asali Planova BioEx, Millipore Viresolve NFR or a Sartorius Sartopore
2XLG, 0.8/0.2 um.
{0590}  In certain embodiments, one or more microfiltration steps may be used during
clanfication, purification and/or sterilization. Microfiltration utilizes microfiltration
membranes with pore sizes typically between 0.1 pm and 10 pm. Microfiltration is generally
used for general clarification, sterilization, and removal of microparticulates. In certain
cmbodiments, microfiftration is used to remove aggregated clumps of viral particles. In
certain embodiments, a production process or system of the present disclosure comprises at
east one microfiltration step. The one or more microfiltration steps can comprise a Depth
Filtration step with a Depth Filtration system, such as EMD Millipore Millistak™ POD filter
(DOHC media series), Millipore MCOSP23CL3 filter (COSP media series), or Sartorius
Sartopore filter series. Microfittration systems of the present disclosure can be pre-rinsed,
packed, equilibrated, flushed, processed, eluted, washed or cleaned with formulations known
to those 1n the art, comprising AAV pharmaceutical, processing and storage formulations of
the present disclosure.
{0591}  In certain embodiments, one or more ultrafiltration steps may be used during
clartfication and purification. The ultrafiltration steps can be used for concentrating,
formulating, desalting or dehydrating either processing and/or formulation solutions of the
present disclosure. Ultrafiltration utilizes ultrafiltration membranes, with pore sizes typically
between 0.001 and 0.1 pm. Ultrafiltration membranes can also be defined by their molecular
weight cutoft (MWCO) and can have a range from 1 kD to 300 kD». Ultrafiltration is

generally used for concentrating and formulating dissolved biomolecules such as protems,
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peptides, plasnuds, viral particles, nucleic acids, and carbohydrates. Ultrafittration systems of
the present disclosure can be pre-rinsed, packed, equilibrated, flushed, processed, eluted,
washed or cleaned with formmulations known to those 1n the art, comprising AAY
pharmaceutical, processing and storage formulations of the present disclosure.

[3592]  In certain embodiments, one or more nanofiltration steps may be used during
clarification and purification. Nanofiliration utilizes nanofiltration membranes, with pore
sizes typically less than 100 nm. Nanofiltration is gencrally used for removal of vowanted
endogenous viral impurities (e.g. baculovirus). In certain embodiments, nanofiltration can
comprise viral removal filtration {(VRF). VRF filters can have a filtration size typically
between 15 nm and 100 nm. Examples of VRF filters comprise {but are not limited to}:
Planova 15N, Planova 20N, and Planova 35N (Asahi-Kasei Corp, Tokvo, Japan); and
Viresolve NFP and Viresolve NFR (Millipore Corp, Billerica, MA, USA). Nanofiltration
systems of the present disclosure can be pre-rinsed, packed, equilibrated, flushed, processed,
chited, washed or cleaned with formulations known to those in the art, comprising AAV
phammaceutical, processing and storage tormulations of the present disclosure. In certain
embodiments, nanofiltration is used to remove aggregated clumps of viral particles.

{0593}  In certain embodiments, one or more tangential flow filtration (TFF} (also known
as cross-flow filtration) steps mav be used during clarification and purification. Tangeuntial
flow filtration is a form of membrane filtration in which a feed stream {(which comprises the
target agent/particle to be clarified and concentrated) flows from a feed tank mto a filtration
module or cartridge. Within the TFF filiration module, the feed stream passes paralielto a
membrane surface, such that one portion of the stream passes through the membrane
{permeate/filtrate} while the remainder of the stream (retentate) 1s recirculated back through
the filtration system and into the feed tank.

[0594]  Tn certain cmboduments, the TFF filtration module can be a flat plate module
(stacked planar cassette}, a spiral wound module {(spiral-wound membrane layers), ora
hollow fiber module (bundle of membrane tubes). Examples of TFF systems for use in the
present disclosure comprise, but are not limited to: Spectrum mPES Hollow Fiber TFF
system (0.5 mm fiber ID, 160 kDA MWCO) or Mitlipore Ultracel PLCTK system with
Pellicon-3 cassette (0.57 m?, 30 kDA MWCQ).

{6595}  New buffer materials can be added to the TFF feed tank as the feed stream is
circulated through the TFF filtration system. In certain emboduments, buffer materials can be

fully replenished as the flow stream circulates through the TFF filtration system. In this
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embodiment, buffer material is added to the stream in equal amounts to the buffer matenal
lost in the permeate, resulting in a constant concentration. In cerfain embodiments, buffer
materials can be reduced as the flow stream circulates through the filtration svstem. In this
embodiment, a reduced amount of buffer matenal i1s added to the stream relative to the buffer
material lost in the permeate, resulting in an increased concentration. In certain embodiments,
buffer matertals can be replaced as the flow stream circulates through the filtration system. In
this embodunent, the buffer added to stream is different from butfer materials lost 1o the
permeate, resulting in an eventual replacement of buffer matenial in the stream. TFF systems
of the present disclosure can be pre-rinsed, packed, equilibrated, flashed, processed, eluted,
washed or cleaned with formulations known to those in the art, comprising AAY
pharmaceutical, processing and storage formulations of the present disclosure.

{0396]  In certain embodiments, a TFF load pool can be spiked with an excipient or diluent
prior to filtration. In certain embodiments, a TFF load pool is spiked with a high-salt mixture
(such as sodium chlonde or potassium chloride) prior to filtration. In certain embodiments, a
TFF load pool is spiked with a high-sugar mixture (such as 50% w/v sucrose) prior to
filtration.

{0597}  The effectiveness of TFF processing can depend on several factors, comprising
(but not limited to): shear stress from flow design, cross-flow rate, filtrate flow control,
transmembrane pressure (TMP), membrane conditioning, membrane composition (e.g.
hollow fiber construction) and design (¢.g. surface area)}, system flow design, reservoir
design, and nuxing strategy. In certain embodiment, the filtration membrane can be exposed
to pre~-TFF membrane conditioning.

{6598}  In certain embodiments, TFF processing can comprise one or more microfiltration
stages. In certain cmbodiments, TFF processing can comprise one or more ultrafiltration
stages. In certain embodiments, TFF processing can comprise one or more nanofiltration
stages.

{0599]  In certain embodiments, TEF processing can comprise one or more concentration
stages, such as an ultrafiltration (UF) or nicrofiltration (MF) concentration stage. In the
concentration stage, a reduced amount of buffer material s replaced as the stream civculates
through the filtration system (relative to the amount of buffer material lost as permeate). The
failure to completely replace all of the buffer material lost i the permeate results in an
mereased concentration of viral particles within the filtration stream. In certain embodiments,

an increased amount of buffer matenial 1s replaced as the stream circulates through the
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filtration systern. The mceorporation of excess buffer material relative to the amount of bufter
material lost in the permeate results in a decreased concentration of viral particles within the
filtration strearn.

[6608] In certain embodiments, TEFF processing can comprise one or more diatiltration
(DF) stages. The diafiltration stage comprises replacement of a first buffer material (such as a
high salt material) within a second buffer material (such a low-salt or zero-salt material). In
this embodiment, a second butfer is added to flow stream which 1s different from a first
buffer matenal lost in the permeate, resulting in an eventual replacement of buffer material in
the stream.

{86081} In certain embodiments, TFF processing can comprise multiple stages in series. In
certain embodiments, a TFF processing process can comprise an ultrafiltration (UF)
concentration stage followed by a diafiliration stage (DF}. In certain embodiments, a TFF
processing can comprise a diafilteation stage followed by an ultrafiltration concentration
stage. In certain embodiments, a TFF processing can comprise a first diafiltration stage,
followed by an ultrafiltration concentration stage, followed by a sccond diafitiration stage. In
certain embodiments, a TFF processing can comprise a first diafiltration stage which
meorporates a high-salt-low-sugar buffer material into the flow stream, followed by an
ultrafiltration/concentration stage which results in a high concentration of the viral material in
the flow stream, followed by a second diafiltration stage which incorporates a low-salt-high-
sugar or zerg-salt-high-sugar buffer material into the flow stream. In certain embodiments,
the salt can be sodium chloride, sodium phosphate, potassium chloride, potassium phosphate,
or a combination thereof. In certain embodiments, the sugar can be sucrose, such as a 5% wiv
sucrose mixture or a 7% w/v sucrose mixtare.

{8602] In certain embodiments, the one or more TFF steps can comprise a formulation
diafiltration step in which at least a portion of the liquid media of the viral production pool is
replaced with a high-sucrose formulation buffer. In certain embodiuments, the high-sucrose
formulation buffer comprises between 6-8% w/v of a sugar or sugar substitute and between
90-100 mM of an alkali chioride salt. In certain embodiments, the high-sucrose formulation
buffer comprises 7% w/v of sucrose and between 90-100 mM sodium chlonde. In certain
embodiments, the high-sucrose formulation buffer comprises 7% w/v of sucrose, 10 mM
Sodiwm Phosphate, between 95-100 mM sodium chloride, and 0.001% (w/v) Poloxamer 188.

In certain embodiments, the formulation diatiltration step is the final diafiltration step in the
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one or more TFF steps. In certain embodiments, the formulation diafiltration step 1s the only
diafiltration step in the one or more TEF steps.

{0603]  Io certain cmbodiments, TFF processing can comprise multiple stages which oceur
contemporaneously. As a non-limiting example, a TFF clarification process can comprise an
ultrafiltration stage which occurs contemporancously with a concentration stage.

{0604]  Moethods of cell lvsate clanification and purification by filtration are well
understood in the art and may be carried out according to a variety of available methods
comprising, but not limited to passive filtration and flow filtration. Filters used may comprise
a varicty of materials and pore sizes. For example, cell Iysate filters may comprise pore sizes
of from about I uM to about 5 uM, from about 0.5 uM to about 2 uM, from about 0.1 M to
about | pM, from about 0.05 uM to about 0.05 uM and from about 0.001 pM to about 0.1
pM. Exemplary pore sizes for cell lysate filters may comprise, but are not limited to, 2.0, 1.9,
18,17,16,15,14,13,12,11,1,09,08,07,06,05,04,03,02,01,095,09,0.385,
0.8.0.75, 0.7, 0.65, 0.6, 0.55, 0.5, 0.45, 0.4, 0.35,0.3,0.25. 0.2, 0.15. 0.1, 0.05, 0.22, 0.21,
020,019,018 0.17, ¢.16,0.15,0.14,0.13,0.12,0.11, 0.1, 0.09, 0.08, .07, 0.06, 0.05, 0.04,
0.03,0.02, 0.01, 0.02, 6.019,0.018, 8017, 0.016, 0.015,0.014, 0.013, 4.012, 0.011, 0.01,
0.009, 0.008, 0.007, 0.006, 8.005, 0.0604, 0.003, 0.002, 0.001 and 0.001 uM. In certain
cmbodiments, clarification may comprise filtration through a filter with 2.0 uM pore size to
remove large debris, followed by passage through a filter with 0.45 uM pore size to remove
intact cells.

{6605}  Filter materials may be composed of a variety of matenials. Such materials may
comprise, but are not limited to, polyvmeric materials and metal matenials (e.g. sintered metal
and pored alummnom.} Exemplary materials may comprise, but are not hmited to nylon,
cellulose materials {¢.g. cellulose acetate), polvvinyiidene fluoride (PVDF}, polyethersulfone,
polyamide, polysulfone, polypropviene, and polyethylene terephthalate. In certain
embodiments, filters useful for clarification of cell lysates may comprise, but are not limited
to ULTIPLEAT PROFILE™ filters (Pall Corporation, Port Washington, NY), SUPOR™
membrane filters (Pall Corporation, Port Washimgton, NY).

{86066]  In certain embodiments, flow filiration may be carried out to increase filtration
speed and/or effectiveness. In certain embodiments, flow filtration may comprise vacoum
filtration. According to such methods, a vacuum is created on the side of the filter opposite
that of cell lysate to be filtered. In certain embodiments, cell lysates may be passed through

filters by centrifugal forees. In certain embodiments, a pump is used to force cell lysate
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through clarification filters. Flow rate of cell lysate through one or more filters may be
modulated by adjusting one of channel size and/or fluid pressure.

Clarification and Purification: Chromatography

{6607}  In certain embodiments, AAV particles in a formulation may be clarified and
purified from cell lysates through one or more chromatography steps using one or more
different methods of chromatography. Chromatography refers to any number of methods
known 1o the art for selectively separating out one or more clements from a mixture. Such
methods may comprise, but are not limited to, 10n exchange chromatography (e.g. cation
exchange chromatography and anion exchange chromatography), affinity chromatography
{¢.g. immunoaffinity chromatography, metal affinity chromatography, pseudo affinity
chromatography such as Blue Scpharose resins), hydrophobic interaction chromatography
(HIC), size-exclusion chromatography, and multimodal chromatography (MMC}
{chromatographic methods that utilize more than one form of interaction between the
stationary phase and analytes). In certain embodiments, methods or systems of viral
chromatography may comprise any of those taught m US Patent Nos. 5,756,283, 6,258,595,
6,261,351, 6.270.996, 6,281,010, 6,363,394, 6,475,769, 6 482 634, 6.485 966, 6,943,019,
6,953,690, 7,022,519, 7,238 526, 7,291,498 and 7,491,508 or International Publication Nos.
WO 1996039530, WO 1998010088, WO 1999014354, WO 1999015685, W 1999047691,
W02000055342, W02000075353 and WO2001023597, the contents of cach of which are
herein incorporated by reference in their entirety.

[6608] Chromatography svstems of the present disclosure can be pre-rinsed, packed,
equilibrated, flushed, processed, eluted, washed or cleaned with formulations known to those
in the art, comprising AAY pharmaceutical, processing and storage formulations of the
present disclosure.

{0609}  In certain embodiments, one or more on exchange (IEX) chromatography steps
may be used to isolate viral particles. The ion exchange step can comprise anion exchange
{AEX) chromatography, cation exchange {CEX) chromatography, or a combination thereof.
In certain embodiments, ion exchange chromatography is used in a bind/elute mode.
Bind/elute TEX can be used by binding viral particles 1o a stationary phase based on charge-
charge interactions between capsid protemns {or other charged components) of the viral
particles and charged sites present on the stationary phase. This process can comprise the use
of a column through which viral preparations {¢.g. clarified lysates) arc passed. After

application of viral preparations to the charged stationary phase {e.g. column}, bound viral
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particles may then be eluted from the stationary phase by applying an elution solution to
disrupt the charge-charge interactions. Elution solutions may be optimized by adjusting salt
concentration and/or pH to enhance recovery of bound viral particles. In certain
embodiments, the elution solution can comprise a nuclease such as Benzonase nuclease.
Depending on the charge of viral capsids being isolated, cation or anion exchange
chromatography methods may be selected. In certain embodiments, ion exchange
chromatography is used in a flow-through mode. Flow-through 1EX can be used by binding
non-viral tnpurities or unwanted viral particles to a stationary phase (based on charge-charge
interactions) and allowing the target viral particles in the viral preparation to “flow through”
the IEX svstem into a collection pool.

[8616]  Methods or systems of ion exchange chromatography may comprise, but are not
limited to any of those taught in US Patent Nos. 7,419,817, 6,143,548, 7,094,604, 6,593,123,
7,015,026 and 8,137,948, the contents of each of which are herein incorporated by reference
in their entirety.

{6611}  In certain embodiments, the TEX process uses an AEX chromatography svstem
such as a Sartorius Sartobind  membrane, a Sartorius Sartobind STIC membrane, a
Millipore Fractogel TMAE HiCap(m) Flow-Through membrane, a GE Q Sepharose HP
membrane, Poros XQ or Poros HQ. In certain crbodiments, the IEX process uses a CEX
system such as a Poros X8 membrane. In certain embodiments, the AEX system comprises a
stationary phase which comprises a trimethylammoniumethyl (TMAE) functional group. In
certain embodiments, the IEX process uses a Multimodal Chromatography (MMC) system
such as a Nuvia aPrime 4A membrane.

{8612}  In certain embodiments, one or more affinity chromatography steps, such as
mnmmnoattinity chromatography, may be used to isolate viral particles. Immunoaffinity
chromatography is a form of chromatography that utilizes one or more tamune compounds
(e.g. antibodies or antibody-related structures) to retain viral particles. Immune compounds
may bind specifically to one or more structures on viral particle surfaces, comprising, but not
limited to one or more viral coat protein. o certain embodiments, tmmune compounds may
be specific for a particular viral vanant. In certain embodiments, immune compounds may
bind to multiple viral variants. In certain embodiments, immune compounds may comprise
recombinant single-chain antibodies. Such recombinant single chain antibodies may comprise
those descnbed in Smith, R H. etal., 2009 Mol. Ther. 17(11):1888-96, the contents of which

are herein mcorporated by reference in their entirety. Such immune compounds are capable
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of binding to several AAV capsid variants, comprising, but not limited to AAV, AAV2,
AAV6 and AAVS or any of those taught herein. In certain embodiments, the AFC process
uses a GE AVE Sepharose HP column resin, Poros CapturcSelect AAVE resing
{ThermoFisher}, Poros CaptureSelect AAVY resins {ThermoFisher) and Poros CaptureSelect
AAVX resins (ThermoFisher).

{0613}  In certain embodiments, one or more size-exclusion chromatography {(SEC) steps
may be used to isolate viral particles. SEC may comprise the use of a gel to separate particles
according to size. In viral particle purification, SEC filtration is sometimes referred to as
“polishing.” In certain embodiments, SEC may be carried out to generate a final product that
is near-homogenous. Such final products may in certain embodiments be used in pre-clinical
studies and/or clinical studies (Kotin, R M. 2011, Human Molecular Genetics. 20(1):R2-R6,
the contents of which are herein incorporated by reference in their entirety } In certain
embodiments, SEC may be carried out according to any of the methods taught in US Patent
Nos. 6,143,548, 7,015,026, 476,418, 6,410,300, 8,476,418, 7,419,817, 7,094,604,
6,593,123, and 8,137,948, the contents of each of which are herein incorporated by reference
in their entirety.

HE COMPOSITIONS AND FORMULATIONS

Gengral

[8614]  Gene therapy drug products (such as rAAV particles) are challenging to
incorporate into composttion and formulations due to their limited stability in the liquid state
and a high propensity for large-scale aggregation at low concentrations. Gene therapy drug
products are often delivered directly to treatment areas (comprising CNS tissue); which
requires that excipients and formulation parameters be compatible with tissue function,
microenvironment, and volume restrictions.

{0615}  According to the preseot disclosure, AAV particles may be prepared as, or
comprised in, pharmaceutical compositions. It will be understood that such compositions
necessarily comprise one or more active ingredients and, most often, ong or more
phammaceutically acceptable excipients.

{0616]  Relative amounts of the active ingredient {e.g. AAV particle), a phammaceutically
acceptable excipient, and/or any additional ingredients in a pharmaceutical composition in
accordance with the present disclosure may vary, depending upon the identity, size, and/or
condition of the subject being treated and further depending upon the route by which the

composition is to be admimstered. For example, the composition may comprise between
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0.1% and 99% (w/w) of the active mgredient. By wav of example, the composition may
comprise between 0.1% and 100%, ¢.g., between .5 and 50%, between 1-30%, between 5-
80%, or at least 80% (w/w) active ingredient.

{8617}  In certain embodiments, the AAV particle pharmaceutical compostiions describe
herein may comprise at least one pavload of the present disclosure. As a non-limiting
example, the pharmaceutical compositions may contain an AAV particle with 1,2, 3,4 0r 3
payloads.

[6618]  Although the descriptions of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions which are suitable for admimistration to
humans, it will be understood by the skilled artisan that such compositions are generally
suitable for administration to any other amimal, e.g., to non-human animals, ¢.g. non-human
mammals. Modification of pharmaceutical compositions suitable for administration to
humans in order to render the compositions suitable for administration to various animals is
well understood, and the ordinanly skilled veterinary pharmacologist can design and/or
perform such modification with merely ordinary, if any, experimentation. Subjects to which
administration of the pharmaceutical compositions is contemplated comprise, but are not
himited to, humans and/or other primates; mammals, comprising commercially relevant
manunals such as cattle, pigs, horses, sheep, cats, dogs, mice, rats, birds, comprising
commercially relevant birds such as poultry, chickens, ducks, geese, and/or turkeys.

{8619}  In certain embodiments, compositions are administered to humans, human patients
or subjects.

{8626}  Formulations of the present disclosure can comprise, without himitation, saline,
hiposomes, hipid nanoparticles, polymers, peptides, proteins, cells transfected with AAV
particles {¢.g., for transfer or transplantation into a subject} and combinations thereof.
{0621}  Formulations of the phammaceutical compositions described herein may be
prepared by anv method known or hereafter developed in the art of pharmacology. As used
herein the term “pharmaceutical composition” refers to compositions comprising at least one
active ingredient and optionally one or more pharmaceutically acceptable excipients.

{0622]  In general, such preparatory methods comprise the step of associating the active
imgredient with an excipient and/or one or more other accessory ingredients. As used herein,
the phrase “active ingredient” generally refers either to an AAV particle carrying a payload
region encoding the polynucleotide or polypeptides of the present disclosure or to the end

product encoded by a viral genome of an AAV particle as described herein.
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{86231  In certain embodiments, the formulations may comprise at least one inactive
ingredient. As used herein, the term “inactive ingredient” refers o one or more inactive
agents comprised in formulations. fn certain embodiments, all. none or some of the mactive
mgredients which may be used in the formulations of the present disclosure may be approved
by the US Food and Drug Administration (FDA).

{0624}  Formulations of the AAV particles and phammaceutical compositions described
herein may be prepared by any method known or hereafier developed in the art of
phammacology. In general, such preparatory methods comprise the step of bringing the active
imgredient into association with an excipient and/or one or more other accessory ingredients,
and then, if necessary and/or desirable, dividing, shaping and/or packaging the product into a
desired smgle~ or multi-dose unit.

{0625] A pharmaceutical composition in accordance with the present disclosure may be
prepared, packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single

>

unit doses. As used herein, a “unit dose” refers to a discrete amount of the pharmaceutical
composition comprising a predetermined amount of the active ingredient. The amount of the
active ingredient is generally equal to the dosage of the active ingredient which would be
administered to a subject and/or a convenient fraction of such a dosage such as, for example,
one-half or one-third of such a dosage.

{#626]  In certain embodiments, formulations of the present disclosure are agueous
formulations (i.¢. formulations which comprise water). In certain embodiments, formulations
of the present disclosure comprise water, sanitized water, or Water-for-injection (WFI}).
{86277  In certain embodiments, the AAV particles of the present disclosure may be
formulated 10 PBS with 0.001%-0.1% (w/v) of Poloxamer 188 (¢.g. Pluronic F-68) at a pH of
about 7.0,

[0628]  Tn certain emboduments, the AAV formulations described herein may contain
sufficient AAV particles for expression of at least one expressed functional payload. Asa
non-hmiting example, the AAY particles may contain viral genomes encoding 1, 2,3, 4 or §
functional pavioads.

[8629]  According to the present disclosure AAV particles may be formulated for CNS
delivery. Agents that cross the brain blood barrier may be used. For example, some cell
penetrating peptides that can target molecules to the brain blood barrier endotheliom may be
used for formulation {(c.g.. Mathupala, £xpert Opin Ther Par., 2009, 19, 137-140; the content

of which is incorporated herein by reference in its entirety).
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{8638}  In certain embodiments, the AAV formulations described herein may comprise a
buffering system which comprises phosphate, Tris, and/or Histidine. The buffering agents of
phosphate, Tris, and/or Histidine may be independently used in the formulation in a range of
2-12 mM.

{#631]  Formulations of the present disclosure can be used in any step of producing,
processing, preparing, storing, expanding, or administering AAVY particles and viral vectors
of the present disclosure. fo certain embodunents, pharmaceutical forowlations and
components can be use in AAV production, AAV processing, AAV clarification, AAV
purification, and AAV finishing systems of the present disclosure, all of which can be pre-
rinsed, packed, equilibrated, flushed, processed, eluted, washed or cleaned with formulations
known to those in the art, comprising AAV phammaceutical, processing and storage
formulations of the present disclosure.

Excipients and Diluents

[0632] The AAV particles of the present disclosure can be formulated into a
phammaceutical composition which comprises one or more excipients or diluents to (1}
merease stability; (2) increase cell transfection or transduction; (3) permit the sustained or
delayed release of the payload: (4) alter the biodistribution {e.g., target the viral particle to
specific tissues or cell types); (5) increase the translation of encoded protein; (6) alter the
release profile of encoded protein and/or (7) allow for regulatable expression of the payioad
of the present disclosure.

[6633]  Relative amounts of the active ingredient {¢.g. AAV particle), the pharmaceutically
acceptable excipient, and/or any additional ingredients in a pharmaceutical composition in
accordance with the present disclosure may vary, depending upon the identity, size, and/or
condition of the subject being treated and further depending upon the route by which the
composition 15 to be administered. To certain embodiments, the composition may comprise
between 0.001% and 99% (wiw) of the active ingredient. By way of example, the
composition may comprise between 0.001% and 100%, e.g., between 0.3 and 50%, betwee
1-30%, between 5-80%, or at least 80% (w/w) active ingredient. In certain embodiments, the
composition may comprise between 0.001% and 99% (w/w) of the excipients and diluents.
By way of example, the composition may comprise between 0.001% and 100%, ¢.g., between
0.5 and 50%, between 1-30%, between 5-80%, or at feast 80% (w/w) excipients and diluents.
{0634]  In certain cmbodiments, a pharmaceutically acceptable excipient may be at least

05%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% pure. In cerfain
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embodiments, an excipient is approved for use for humans and for veteninary use. In certain
embodiments, an excipient may be approved by United States Food and Drug Administration.
in certain embodiments, an excipient may be of pharmaceutical grade. In certain
embodiments, an excipient may meet the standards of the United States Pharmacopoeia
(USP}, the European Pharmacopocia (EP), the British Pharmacopoeia, and/or the
Imternational Pharmacopoeia.

{6635}  Excipients, as used herein, comprise, but are not limited to, any and all solvents,
dispersion media, diluents, or other hiquid vehicles, dispersion or suspension aids, surface
active agents, isotonic agents, thickening or emulsifving agents, preservatives, and the like, as
suited to the particular dosage form desired. Various excipients for formulating
pharmaceutical compositions and techniques for preparing the composition are known in the
art {see Remungton: The Science and Practice of Pharmacy, 21st Edition, A. R. Gennaro,
Lippincott, Williams & Wilkins, Baltimore, MD, 2006 incorporated herein by reference in
its entirety). The use of a conventional excipiont medium may be contemplated within the
scope of the present disclosure, except insofar as any conventional excipient medium may be
meompatible with a substance or its derivatives, such as by producing any undesirable
biological effect or otherwise interacting in a deleterious manner with any other
component(s) of the pharmaceutical composition.

[#636]  Exemplary excipients and diluents which can be comprised in formulations of the
present disclosure comprise, but are not limited to, caleium carbonate, sodium carbonate,
calcium phosphate, dicalcium phosphate, calcium sulfate, calctum hydrogen phosphate,
sodium phosphate lactose, sucrose, cellulose, microcrystalline cellulose, kaohn, mannitol,
sorbitol, inositol, sodium chlonde, dry starch, cornstarch, powderad sugar, efe., and/or
combinations thercof.

{0637}  Exemplary excipients and diluents which can be comprised in formulations of the
present disclosure comprise, but are not limited to, 1,2,6-Hexanetriol; 1,2-Dimvristoyvi-Sn-
Glycero-3-(Phospho-S-{1-Glyeerol}), 1.2-Dimyristovl-8n-Glvcero-3-Phosphocholine; 1.2-
Dioleoyl-Sn-Glycero-3-Phosphocholing; 1.2-Dipalnutoyi-Sa-Glycero-3-(Phospho-Rac-(1-
Glycerol)); 1,2-Distearoyi-Sn-Glycero-3-{Phospho-Rac-(1-Glycerol)): 1.2-Dhstearoyl-Sn-
Glycerp-3-Phosphocholine; 1-0-Tolvibiguamde; 2-Ethyl-1,6-Hexanediol; Acetic Acid;
Acetic Acid, Glacial; Acetic Anhydride; Acetone; Acetone Sodium Bisulfite; Acetvlated
Lanolin Alcohols; Acetylated Monoglycernides; Acetylevsteine; Acetyltryptophan, DL-;

Acrvlates Copolymer; Acrvhic Acid-Isooctyl Acrylate Copolyimer; Acrvlic Adhesive 788;
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Activated Charcoal; Adcote 72A103; Adhesive Tape; Adipic Acid; Aerotex Resin 3730;
Alanine; Albumin Aggregated; Albumin Colloidal; Albumin Human: Alcohol; Aleohol,
Dehvdrated; Alcohol, Denatured; Alcohol, Diluted; Alfadex; Alginic Acid; Alkvl
Ammonium Suifonic Acid Betamne; Alky] Aryl Sodiam Sulfonate; Allantomn; Allyl Alpha.-
lonone; Almond Gil; Alpha-Terpineol; Alpha-Tocopherol; Alpha-Tocopherol Acetate, Dl-;
Alpha-Tocopherol, DI~ Aluminum Acetate; Ahmminum Chlorthydroxy Allantoinate;
Aluounum Hydroxide; Alununum Hydroxide - Sucrose, Hydrated; Ahwoinum Hydroxide
Gel; Aluminum Hydroxide Gel F 500; Aluminum Hydroxide Gel F 5000; Aluminum
Monostearate; Aluminum Oxide: Aluminum Polyester; Aluminum Silicate; Aluminum Starch
Octenyisuccinate, Aluminum Stearate; Aluminum Subacetate; Aluminum Sulfate Anhydrous;
Amerchol C; Amerchol-Cab; Aminomethylpropanol; Ammonia; Ammonia Solution;
Ammonia Solution, Strong; Ammonium Acetate; Ammontum Hydroxide; Ammonium
Lauryl Sulfate; Ammonium Nonoxynol-4 Sulfate; Ammonium Salt Of C-12-C-15 Linear
Prmary Alcchol Ethoxvlate; Ammonium Sulfate; Ammonyx: Amphoteric-2; Amphoteric-9;
Anethole; Anhydrous Citric Acid; Anhydrous Dextrose; Anhydrous Lactose; Anhydrous
Trisodium Citrate; Aniseed Oil: Anoxid Sbn; Antifoam; Antipyrine; Apaflurane; Apricot
Kemel Oil Peg-6 Esters; Aquaphor, Arginine; Arlacel; Ascorbic Acid; Ascorbyl Palmitate;
Aspartic Acid; Balsam Peru; Barium Sulfate; Beeswax; Beeswax, Synthetic; Beheneth-10;
Bentonite, Benzalkonium Chlonde; Benzenesulfonic Acid; Benzethonium Chioride;
Benzododecinium Bromide; Benzoic Acid; Benzyl Alcohol; Benzyl Benzoate; Benzyl
Chloride; Betadex; Bibapcitide; Bismuth Subgallate; Boric Acid; Brocrinat; Butane; Butyl
Alcohol; Butyl Ester Of Vinyl Methyl Ether/Maleic Anhydride Copolymer (125000 Mw),
Butyl Stearate; Butylated Hydroxyanisole, Butvlated Hydroxytoluene; Butylens Glycol;
Butylparaben; Butyric Acid; C20-40 Pareth-24; Caftemne; Caleiom; Caloium Carbonate;
Calcium Chioride; Calcium Gluceptate; Caleium Hydroxide: Calcium Lactate; Calcobutrol;
Caldiamide Sodium; Caloxetate Trisodium; Calteridol Calcium; Canada Balsam;
Caprylic/Capric Triglyceride; Caprylic/Capric/Stearic Triglveeride; Captan; Captisol;
Caramel; Carbomer 1342; Carbomer 1382; Carbomer 934; Carbomer 934p; Carbomer 940;
Carbomer 941; Carbomer 980; Carbomer 981; Carbomer Homopolymer Tyvpe B (Allyl
Pentacrythritol Crogsstinked); Carbomer Homopolymer Type C (Allyl Pentaerythritol
Crosslinked); Carbon Dioxide; Carboxy Vinyl Copolymer; Carboxymethyiceliulose;
Carboxymethyleelinlose Sodium; Carboxypolymethylene; Carrageenan; Carrageenan Salt;

Castor Oil; Cedar Leaf Oil; Cellulose; Cellulose, Microcrystalline; Cerasynt-Se; Ceresing
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Cetearcth-12; Ceteareth-15; Cetearcth-30; Cetearyl Alcohol/Ceteareth-20; Cetearyl
Ethylhexanoate; Ceteth-10; Ceteth-2; Ceteth-20; Ceteth-23; Cetostearyl Alcohol;
Cetrimonium Chlornide; Cetyl Alechok; Cetyl Esters Wax; Cetyl Palmttate; Cetylpyridintum
Chionde; Chlorobutanol; Chlorobutanol Hemihvdrate; Chlorobutanol, Anhydrous;
Chlorocresol; Chloroxyienol; Cholesterol; Choleth; Choleth-24; Citrate; Citric Acid; Citric
Acid Monohydrate; Citric Acid, Hyvdrous, Cocamide Ether Sulfate; Cocamine Oxide; Coco
Betaine; Coco Dicthanolamide; Coco Monoethanolamide; Cocoa Butter;, Coco-Glycerides;
Coconut Oil: Coconut Oil, Hydrogenated; Coconut (il/Palm Kernel Gil Glycenides,
Hydrogenated: Cocovl Caprylocaprate; Cola Nitida Seed Extract; Coliagen; Coloring
Suspension; Comn Oil; Cottonseed (il; Cream Base; Creatine; Creatinine; Cresol;
Croscarmellose Sodium; Crospovidone; Cupric Sulfate; Cupric Sulfate Anhvdrous;
Cyclomethicone; Cyclomethicone/Dimethicone Copolyol; Cysteine; Cysteine Hydrochloride;
Cysteine Hydrochloride Anhvdrous; Cysteine, Di-; D&C Red No. 28; D&C Red No. 33;
D&C Red No. 36; D&C Red No. 39; D&C Yellow No. 10; Dalfampridine; Daubert 1-3 Pestr
(Matte) 164z; Docyl Methyl Sulfoxide; Dehydag Wax Sx; Dehydroacetic Acid; Dehymuls E;
Denatonium Benzoate, Deoxycholic Acid; Bexiran; Dextran 40; Dextrin: Dextrose; Dextrose
Monohvdrate; Dextrose Solution; Diatrizoic Acid; Diazolidinyl Urea; Dichlorobenzyl
Alcohol; Dichlorodifluoromethane; Dichlorotetrafluorocthane; Diethanolamine; Dicthyl
Pyrocarbonate; Dhethyl Sebacate; Diethylene Glycol Monoethyl Ether; Dicthylhexyl
Phthalate; Dihvdroxyaluminum Aminoacetate; Diisopropanolamine; Diisopropyl Adipate;
Dusopropyl Dilinoleate; Dimethicone 350; Dimethicone Copolyol; Dimethicone Mdx4-4210;
Dimethicone Medical Fluid 360; Dimethyl Isosorbide; Dimethyl Sulfoxade;
Dimethylaminoethyl Methacrylate - Butyl Methacrylate - Methyl Methacrylate Copolymer;
Dimethvldioctadecviammonium Bentonite, Dimethylsiloxane/Methylvinyisiloxane
Copolymer; Dinoseb Ammonium Salt; Dipalmitoviphosphatidylglveerol, Di-; Dipropylene
Glveol; Disodium Cocoamphodiacetate; Disodium Laureth Sulfosuccnate; Disodium Lawryl
Sulfosuccmate; Disodium Sulfosalicvlate; Disofenin; Divinyibenzene Styrene Copolymer;
Dmdm Hvdantoin; Docosanol; Docusate Sodium; Duro-Tak 280-2516; Duro-Tak 387-2516;
Duro-Tak 80-1196; Duro-Tak 87-2070; Duro-Tak 87-2194; Dure-Tak 87-2287; Duro-Tak
87-2296; Duro-Tak 87-2888; Duro-Tak 87-2979; Edetate Calcium Dhsodium; Edetate
Disodium; Edetate Disodium Anhydrous; Edetate Sodnim; Edetic Acid; Egg Phospholipids;
Entsufon; Entsufon Sodium; Epilactose; Epitetracycling Hydrochloride; Essence Bouguet

9200; Ethanolamine Hydrochlonde; Ethyl Acetate; Ethyl Oleate; Ethylcelluloses; Ethviene
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Glycol; Ethylene Vinyl Acetate Copolymer, Ethylenediamine; Ethylenediamine
Dihvdrochloride; Ethylene-Propylene Copolymer; Ethylene-Vinyl Acetate Copolymer (28%
Vinvl Acetate}; Ethylene-Viny! Acctate Copolymer (8% Vinylacetate), Ethylhexyl
Hydroxystearate: Ethylparaben; Eucalyptol; Exametazime; Fat, Edible; Fat, Hard; Fatty Acid
Esters; Fatty Acid Pentacrythriol Ester; Fatty Acids; Fatty Aleohol Citrate; Fatty Alcohols;
Fd&C Blue No. 1; Fd&C Green No. 3; Fd&C Red No. 4; Fd&C Red No. 40; Fd&C Yellow
No. 10 (Delisted); Fd&C Yellow No. §; Fd&C Yellow No. 6; Ferric Chioride; Ferric Oxide;
Flavor §9-186; Flavor 83-259; Flavor Df-119; Flavor Df-1530; Flavor Enhancer; Flavor Fig
27118; Flavor Raspberry Pfe-8407; Flavor Rhodia Pharmaceutical No. RE451;
Flucrochlorohydrocarbouns; Formaldehyde; Formaldehyde Solution; Fractionated Coconut
Oil; Fragrance 3949-5; Fragrance 520a; Fragrance 6.007; Fragrance 91-122; Fragrance 9128-
Y; Fragrance 93498g; Fragrance Balsam Pine No. 5124; Fragrance Bouguet 10328,
Fragrance Chemoderm 6401-B; Fragrance Chemoderm 6411; Fragrance Cream No. 73457;
Fragrance Cs-28197; Fragrance Felton 066m; Fragrance Firmenich 47373, Fragrance
Givaudan Ess 9090/1¢; Fragrance H-6540; Fragrance Herbal 10396, Fragrance Nj-1085;
Fragrance P O F1-147; Fragrance Pa 52805, Fragrance Pera Derm D; Fragrance Rbd-9819;
Fragrance Shaw Mudge U-7776; Fragrance TF 044078, Fragrance Ungerer Honeysuckle K
2771; Fragrance Ungerer N3195; Frmactose; Gadolinium Oxide; Galactose; Gamma
Cyclodextrin; Gelatin; Gelatin, Crosslinked; Gelfoam Sponge; Gellan Gum (Low Acyl);
Gelva 737; Gentisic Acid; Gentisic Acid Ethanolamide; Gluceptate Sodium; Gluceptate
Sodium Dihydrate; Gluconolactone:; Glucuronic Acid; Glutamic Acid, Di-; Glutathione;
Glycenn; Glyecerol Ester Of Hydrogenated Rosin; Glyceryl Citrate; Glveeryl Isostearate;
Glyceryl Laurate; Glyceryl Monostearate; Glyceryl Oleate; Glyceryl Oleate/Propylene
Glyeol; Glyeervl Palmitate; Glveervl Ricinoleate; Glyceryl Stearate; Glyceryl Stearate -
Laureth-23; Glyeervl Stearate/Peg Stearate; Glyceryl Stearate/Peg-100 Stearate; Glveeryl
Stearate/Peg-40 Stearate; Glyeeryl Stearate-Stearamidoethyl Diethylamine; Glveeryl
Tricleate; Glycine; Glveine Hydrochlornide; Glveol Distearate; Glycol Stearate; Guanidine
Hydrochloride; Guar Gum; Hair Conditioner (18n195-1m); Heptane; Hetastarch; Hexylene
Glycol; High Density Polyethylene; Histidine; Human Albumin Microspheres; Hyaluronate
Sodivm; Hydrocarbon; Hydrocarbon Gel, Plasticized; Hydrochlorie Acid;, Hydrochloric Acid,
Diluted; Hydrocortisone; Hydrogel Polvmer; Hydrogen Peroxide; Hydrogenated Castor Oil;
Hydrogenated Palm Oil; Hydrogenated Palm/Palm Kernel Ot Peg-6 Esters; Hydrogenated

Polybutene 635-690; Hydroxide Ion; Hydroxyethyl Cellulose; Hydroxyethylpiperazine
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Ethane Sulfonc Acid: Hvdroxymethyl Cellulose; Hydroxvoctacosanvl Hydroxystearate;
Hydroxypropyl Celinlose; Hydroxypropyl Methyleellilose 2906; Hydroxypropyl-Beta-
cvelodextrin, Hypromellose 2208 (15000 Mpa.S); Hypromellose 2910 (15600 Mpa.S);
Hypromelloses: Imidurea; Iodine; fodoxanue Acid: lofetamine Hydrochloride; Irish Moss
Extract; Isobutane; Isoceteth-20; Iscleucing; Isooctyl Acrvlate; Isopropylt Alcobol; Isopropyl
Isostearate; Isopropy] Myristate; Isopropyl Myristate - Myristyl Alcohol; Isopropyi Palmitate;
{sopropyl Stearate; Isostearic Acid; Isostearyl Alcohol; Esotonic Sodium Chloride Solution;
Telene; Kaolin; Kathon Cg; Kathon Cg II; Lactate; Lactic Acid; Lactic Acid, Di-; Lactic
Acid, L-; Lactobiomc Acid; Lactose; Lactose Monchydrate; Lactose, Hydrous; Laneth;
Lanolin; Lanolin Alcohol - Mineral Gil; Lanolin Alcohols; Lanolin Anhydrous; Lanolin
Cholesterols; Lanolin Nonionic Berivatives; Lanolin, Ethoxylated; Lanolin, Hydrogenated;
Lauratkonium Chloride; Lauramine Oxide; Lawrdimonium Hydrolvzed Animal Collagen;
Laureth Sulfate; Laureth-2; Laureth-23; Laureth-4; Lauric Diethanolamide; Lauric Myristic
Dicthanolamide; Lauroy! Sarcosine: Lauryl Lactate; Lauryl Sulfate; Lavandula Angustifolia
Flowering Top; Lecithin; Lecithin Unbleached; Lecithin, Egg; Lecithin, Hyvdrogenated;
Lecithin, Hydrogenated Soy; Lecithin, Soybean; Lemon Oil; Leocine; Levulinic Acid;
Lidofenin; Light Mineral Oil; Light Mineral (il (85 Ssu), Limonene. (+/-)-; Lipocol S¢-15;
Lysine; Lysine Acetate; Lysine Monohydrate; Magnesium Alununum Silicate; Magnesium
Aluminom Silicate Hydrate; Magnestum Chloride; Magnesium Nitrate, Magnestum Stearate;
Maleic Acid; Mannitol, Maprofix, Mebrofenin; Medical Adhesive Modified $-15; Medical
Antiform A-F Emulsion; Medronate Disodium; Medronic Acid; Meglumine; Menthol;
Metacresol; Metaphosphoric Acid; Methanesuifonic Acid; Methiomne; Methyl Alcobol;
Methyl Gluceth-10; Methyl Gluceth-20: Methyl Glaceth-20 Sesquistearate; Methyl Glucose
Sesquistearate; Methyl Laurate; Methyl Pyrrolidone; Methyl Salicviate; Methyl Stearate;
Methylboronic Acid; Methylcellulose (4000 Mpa.S); Methylcelluloses;
Methylchloroisothiazolinone; Methylene Blue; Methylisothiazolinone; Methylparaben;
Microcrystalline Wax; Mineral Oil; Mono And Diglveeride; Monastearyl Citrate;
Monothioglveerol: Multisterol Extract; Myristyl Alcohol; Myristyl Lactate; Myristyl-
Gamma.-Picolnium Chlonde; N-{Carbamovl-Methoxy Peg-40)-1,2-Distearoyvi-Cephalin
Sodivm; N N-Dimethylacetamide; Niacinamide; Nioxime; Nitric Actd: Nitrogen; Nonoxynol
odine; Nonoxynol-15; Nonoxynol-9; Norflurane; Oatmeal; Octadecene-1/Malete Acid
Copolymer; Octanoic Acid; Octisalate; Octoxynol-1; Octoxynol-40; Octoxynol-9;

Octyldodecanol; Octviphenol Polymethylene; Oleic Acid; Gleth-10/0leth-3; Oleth-2; Gleth-
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20; Oley! Alcohol; Oleyt Oleate; Olive Oil; Oxidronate Disodium; Oxyquinoline; Palm
Kemel 81l Pabmitamine Gxade; Parabens; Paraffin; Paraffing White Soft; Parfum Creme
45/3; Peanut Oil; Peanut O1, Refined; Pectin; Peg 6-32 Stearate/Glycol Stearate; Peg
Vegetable (i, Peg-100 Stearate; Peg-12 Glyceryl Laurate; Peg-120 Glyeeryl Stearate; Peg-
120 Methyl Glucose Dioleate; Peg-15 Cocamine; Peg-150 Distearate; Peg-2 Stearate; Peg-20
Sorbitan Isostearate; Peg-22 Methy!l Ethet/Dodecyl Glycol Copolymer; Peg-23 Propylene
Glycol Stearate; Peg-4 Dilaurate; Peg-4 Laurate; Peg-40 Castor Oil; Peg-40 Sorbitan
Diisostearate; Peg-43/Dodecyl Glycol Copolymer; Peg-§ Oleate; Peg-50 Stearate; Peg-54
Hydrogenated Castor Oil; Peg-6 Isostearate; Peg-60 Castor Gil; Peg-60 Hydrogenated Castor
Oil; Peg-7 Methyl Ether; Peg-75 Lanolin; Peg-8 Laurate; Peg-8 Stearate; Pegoxol 7 Stearate;
Pentadecalactone; Pentacryvthnitol Cocoate; Pentasodium Pentetate; Pentetate Calcium
Trisodiom; Pentetic Acid; Peppermint Oil; Perflutren; Perfume 25677, Perfume Bouguet,
Perfume E-1991; Perfume Gd 5604; Perfume Tana 90/42 Scha; Perfume W-1952-1;
Petrolatum; Petrolatum, White; Petroleum Distillates; Phenol; Phenol, Liguefied; Phenonip;
Phenoxyethanol; Phenyvlalanine; Phenylethvl Alcohol;, Phenyimercuric Acetate;
Phenylmercuric Nitrate; Phosphatidyl Glycerol, Egg; Phospholipid; Phospholipid, Egg;
Phospholipon 90g; Phosphoric Acid; Pine Needle Oil (Pinus Sylvestris); Piperazine
Hexahvdrate; Plastibase-50w; Polacrilin; Polidronium Chloride; Poloxamer 124; Poloxamer
181; Poloxamer 182; Poloxamer 188; Poloxamer 237, Poloxamer 407, Poly(Bis(P-
Carboxyphenoxy}Propanc Anhydride}:Sebacic Acid;
Poly(Dimethylsiloxane/Methylvinylsiloxane/Methythydrogensiloxane) Dimethylvinyt Or
Dimethyihvdroxy Or Trimethyl Endblocked; Poly(Dl-Lactic-Co-Glycohe Acid), (50:50;
Poly(Di-Lactic-Co-Glyeolic Acid), Ethyl Ester Terminated, (50:50; Polvacrylic Acid (250000
Mw}; Polybutene (1400 Mw); Polycarbophil; Polvester; Polvester Polyamine Copolyvmer;
Polyester Rayon; Polyethylene Glycol 1000; Polyethylene Glycol 1450; Polyethvlene Glyeol
1500; Polyethvlene Glycol 1540; Polyethyiene Glycol 200; Polyethylene Glycol 300;
Polyethylene Glycol 300-1600; Polyethylene Glycol 3350; Polyethyvlene Glyeol 400,
Polyethylene Glveol 4000; Polvethylene Glyeol 540; Polyethviene Glycol 600; Polyethylene
Glycol 6000; Polvethylene Glycol 8000; Polyethylene Glveol 200; Polyethyvlene High
DBensity Containing Ferrie Oxide Black (<19); Polyethylene Low Density Containing
Barium Sulfate (20-24%); Polyethylene T, Polvethvlene Terephthalates; Polyglactin;
Polyglyeeryi-3 Oleate; Polyslyeeryl-4 Oleate; Polyhydroxyethyl Methacrylate;
Polvisobutylene; Polyiscbutylene (1100000 Mw}); Polyisobutylene (35000 Mw);
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Polyisobutylene 178-236; Polvisobutylene 241-294; Polyisobutylene 35-39; Polyvisobutylene
Low Molecular Weight; Polyisobutyviene Medium Molecular Weight;
Polyisobutviene/Polybutene Adhesive; Polylactide; Polyols; Polyvoxyethylene -
Polvoxypropvlene 1800; Polvoxyethylene Alcohols; Polvoxyethylene Fatty Acid Esters;
Polvoxyethylene Propylene; Polyoxyl 20 Cetostearyl Ether; Polyoxyl 35 Castor Oil; Polyoxyl
40 Hydrogenated Castor Oil; Polyoxyl 40 Stearate; Polvoxyl 400 Stearate; Polyoxyl 6 And
Polvoxyl 32 Palmitostearate; Polvoxyl Distearate; Polyoxvl Glyeervl Stearate; Polyoxyl
Lanolin; Polvoxyl Palmitate; Polvoxyl Stearate; Polypropylene; Polypropyiene Glyeol;
Polyquaternium-10; Polyquaternium-7 {70/30 Acrylamide/Dadmac; Polvsiloxane;
Polysorbate 20; Polysorbate 40; Polysorbate 60; Polysorbate 65; Polysorbate 80,
Polyurethane; Polyvinyl Acetate; Polyvinyl Alcohol; Polyvinyl Chlonide; Polyvinyl Chloride-
Polyvinyl Acetate Copolymer; Polyvinylpyridine; Poppy Seed Gil; Potash; Potassium
Acetate; Potassium Alum; Potassium Bicarbonate; Potassium Bisulfite; Potassium Chloride;
Potassium Citrate; Potassium Hydroxide; Potassium Metabisulfite; Potassium Phosphate,
Dibasic; Potassium Phosphate, Monobasic; Potassium Soap; Potassium Sorbate; Povidone
Acrylate Copolymer; Povidone Hydrogel, Povidone K17; Povidone K25 Povidone K29/32;
Povidone K30; Povidone K90, Povidone K90f, Povidone/Eicosene Copolymer; Povidones;
Ppg-12/Smdi Copolymer; Ppg-15 Stearyl Ether; Ppe-20 Methy! Glucose Ether Distearate;
Ppg-26 Oleate; Product Wat; Proline; Promuelgen D; Promulgen G; Propane; Propeliant A-46;
Propyl Gallate; Propylene Carbonate; Propyiene Glycol; Propylene Glycol Dhacetate;
Propylene Glveol Dicaprylate; Propylene Glyveol Monolaurate; Propviene Glycol
Monopalmitostearate; Propvlene Glycol Palmitostearate; Propylene Glycol Ricinoleate;
Propylene Glyveol/Biazolidinyl; Urea/Methviparaben/Propyliparben; Propyiparaben;
Protamine Sulfate; Protein Hydrolysate; Pvim/Ma Copolymer; Quaternium-15; Quaternium-
15 Cis-Form; Quatcrnium-52; Ra-2397; Ra-3011; Sacchann; Saccharin Sodium; Saccharin
Sodium Anhydrous; Safflower Oil; 8d Alcohol 3a; Sd Alcohol 40; Sd Aleohol 40-2; Sd
Alcohol 40b; Sepineo P 600; Serine; Sesame Oi; Shea Butter; Silastic Brand Medical Grade
Tubing; Silastic Medical Adhesive,Silicone Type A; Silica, Dental; Silicon; Sthicon Dioxide;
Siticon Dioxide, Colloidal; Silicone; Silicone Adhesive 4102; Silicone Adhesive 4502;
Silicone Adhesive Bio-Psa Q7-4201; Silicone Adhesive Bio-Psa Q7-4301; Silicone
Emulsion; Silicone/Polyester Film Strip; Simethicone; Simethicone Emulsion; Sipon Ls
20np; Soda Ash; Sodium Acetate; Sodium Acctate Anhydrous; Sodium Alkyl Sulfate;

Sodium Ascorbate; Sodium Benzoate; Soduumn Bicarbonate; Sodium Bisulfate; Sodium
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Bisulfite; Sodum Borate; Sodium Borate Decahydrate; Sodium Carbonate; Sodium
Carbonate Decahydrate; Sodium Carbonate Monohydrate; Sodium Cetostearyl Sulfate;
Sodium Chlorate; Sodium Chloride; Sodinm Chloride Injection; Sodim Chloride Injection,
Bactenostatic; Sodium Cholesteryl Sulfate: Sodium Citrate; Sodium Cocoyl Sarcosinate;
Sodium Desoxycholate; Sodivm Dithionite; Sodium Dodecyibenzencsulfonate: Sodium
Formaldehyde Sulfoxylate: Sodivm Gluconate; Sodiwm Hydroxide; Sodinm Hypochlorite;
Sodium fodide; Sedium Lactate; Sodium Lactate, L-; Sodium Laureth-2 Sulfate; Sodiwm
Lawreth-3 Sulfate; Sodium Laureth-3 Sulfate; Sodium Lauroyl Sarcosmmate; Sodium Lauryl
Sulfate: Sodium Lauryl Sulfoacetate; Sodiom Metabisolfite; Sodium Nitrate; Sodium
Phosphate; Sodivm Phosphate Dihydrate; Sodium Phosphate, Dibasic; Sodium Phosphate,
Dibasie, Anhydrous; Sodium Phosphate, Dibasic, Dilwdrate; Sodium Phosphate, Dibasic,
Diodecahydrate; Sodium Phosphate, Bibasic, Heptahvdrate, Sodium Phosphate, Monobasic,
Sodium Phosphate, Monobasic, Anhydrous; Sodium Phosphate, Monobasic, Dihydrate,
Sodium Phosphate, Monobasic, Monohvdrate; Sodium Polyacrylate (2300000 Mw); Sodium
Pyrophosphate; Sodium Pyrrohidone Carboxylate; Sodiam Starch Glyeolate; Sodium
Succinate Hexahydrate, Sodium Sulfate; Sodium Sulfate Anhvdrous; Sodium Salfate
Decahydrate; Sodium Sulfite; Sodium Sulfosuccinated Undecvelenic Monoalkylolamide;
Sodium Tartrate, Sodium Thioglycolate; Sodium Thiomalate; Sodium Thiosulfate; Sodium
Thiosulfate Anhydrous; Sodium Trimetaphosphate; Sodium Xylenesulfonate; Somay 44;
Sorbic Acid; Sorbitan; Sorbitan Isostearate; Sorbitan Monolaurate; Sorbitan Monooleate;
Sorbitan Monopalmitate; Sorbitan Monostearate; Sorbitan Sesquioleate; Sorbitan Trioleate;
Sorbitan Trstearate; Sorbitol; Sorbitol Solution; Sovbean Flour; Soybean Oil; Spearmint Oil;
Spermaceti; Squalane; Stabilized Oxychlore Complex; Stannous 2-Ethylhexanoate; Stannous
Chioride; Stannous Chlonde Anhydrous; Stannous Fluoride; Stannous Tartrate; Starch;
Starch 1500, Pregelatinized; Starch, Com; Stearalkonium Chloride; Stearalkonium
Hectorite/Propyiene Carbonate; Stearamidoethyl Diethvliamine; Steareth-10; Steareth-100;
Steareth-2; Stearcth-20; Stearcth-21; Steareth-40; Stearic Acid; Stearic Diethanolamide;
Stearoxytrimethyisifane; Steartrimonium Hydrolyzed Animal Collagen; Stearyi Alcohol;
Sterile Water For Inhalation; Styrene/Isoprene/Styrene Block Copolymer: Succumer; Succinic
Acid; Sucralose; Sucrose; Sucrose Distearate; Sucrose Polvesters; Sulfacetamide Sodium;
Sulfsbutylether Beta.-Cyclodextrin; Sulfur Dioxide; Sulfuric Acid; Sulfurcus Acid; Surfactol
(Js; Tagatose, D-; Tale; Tall Gil; Tallow Glycerides; Tartaric Acid; Tartaric Acid, Dl-;

Tenox; Tenox-2; Tert-Butyl Alcohol; Tert-Butyl Hydroperoxide; Tert-Butyihydroguinone;
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Tetrakis(2-Methoxvisobutylisocvanide}Copper(l} Tetrafluoroborate; Tetrapropyl
Orthosilicate; Tetrofosmin; Theophylline; Thimerosal; Threonine; Thymol;, Tin; Titanium
Dioxide; Tocopherol; Tocophersolan; Total parenteral nutrition, lipid emulsion; Triacetin;
Tricapryiin; Trichloromonofluoromethane: Trideceth-10; Trethanolamine Lauryl Sulfate;
Trifluorcacetic Acid; Triglycerides, Medium Chain; Trihydroxystearin; Trilaneth-4
Phosphate; Trilaureth-4 Phosphate; Trisodium Citrate Dihvdrate; Trisodium Hedta; Triton
720; Triton X-200; Trolanune; Tromantadine; Tromethamine {TRIS); Tryptophan,
Tyloxapol; Tyvrosine; Undecylenic Acid; Union 76 Amsco-Res 6038; Urea; Valing;
Vegetable Gil; Vegetable Oil Glveeride, Hydrogenated; Vegetable Gil, Hydrogenated:
Versetamide, Viscarin, Viscose/Cotton; Vitamin E; Wax, Emulsifying; Wecobee Fs; White
Ceresin Wax; White Wax, Xanthan Gum; Zing; Zinc Acetate; Zinc Carbonate;, Zme Chlonde;
and Zinc Oxde.

{0638}  Pharmaceutical formulations of AAV particles disclosed herein may comprise
cations or anions. In certain embodiments, the formulations comprise metal cations such as,
but not limited to, Zn™", Ca®>*, Cu®", Mn?*, Mg~ and combinations thereof As a non-limiting
example, formulations may comprise polymers and complexes with a metal cation {(See e.g.,
U.S. Pat. Nos. 6.265.389 and 6,555,525, each of which is herein mcorporated by reference in
its entirety).

{#639]  Formulations of the present disclosure may also comprise one or more
pharmaceutically acceptable salts. As used herein, “pharmaceutically acceptable salts™ refers
to derivatives of the disclosed compounds wherein the parent compound is modified by
converting an existing acid or base moiety to its salt form {e.g., by reacting the free base
group with a suitable organic acid).

{8648}  In certain embodiments, additional excipients that may be used in formulating the
pharmaceutical composition may comprise magnesium chloride (MgCl), arginine, sorbitol,
and/or trehalose.

{0641}  Formulations of the present disclosure may comprise at least one excipient and/or
diluent in addition to the AAV particle. The formulation may comprise 1,2, 3.4,5,6,7, %, 9,
10, or more than 10 excipients and/or diluents in addition to the AAV particle.

[8642]  In certain embodiments, the formulation may comprise, but is not limited to,
phosphate-buffered saline (PBS}. As a non-limiting example, the PBS may comprise sodium

chloride, potassium chloride, disodium phosphate, monopotassium phosphate, and distilled
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water. In some instances, the PBS does not contain potassium or magnesium. In other
mstances, the PBS contains calctum and magnesivm.

Sadium Phasphate

[0643]  In certain embodiments, at least one of the components in the formulation is
sodiam phosphate. The formulation may comprise monobasic, dibasic or a combination of
both monobasic and dibasic sodivm phosphate.

{0644]  In certain embodiments, the concentration of sodium phosphate in a formulation
may be, but is not imited to, 0.1 mM, 0.2 mM, 0.3 mM, 0.4 mM, 0.5 mM, 0.6 mM, 0.7 mM,
08EmM, 09mM, 1mM 1.TmM 12mM 13;mM 14dmM, 1.5mM, 1.6 mM, 1.7mM, 1.8
mM, 1.9mM, Z2mM, 2.1 mM, 22mM, 23 mM, 24mM, 25 mM, 26 mM, 27 mM, 2.8
mM, 29 mM, 3mM, 31 mM 32mM, 33 mM, 34 M 35mM, 36mM,3.7mM, 338
mM, 3.9 mM, 4 mM, 41 oM, 42 mM, 43 mM, 44 oM, 45 mM, 46 mM, 47mM, 438
mM, 4.9 mM, SmM, 5T mM, 52 mM, 53 mM, 54 mM 55 mM, S6mM, 5. 7mM, 3.8
mM, 5.9 mM, 6 mM, 6.1 mM, 6.2 mM, 63 mM, 6.4 oM, 6.5 M, 6.6 mM, 6.7 mM, 6.8
mM, 6.9mM, 7TmM, 71 mM, 72 M, 73 oM, 74 mM, 75 mM, 7.6 mM, 7.7 mM, 7.8
mM, 7.9 mM, § mM, 8.1 mM, 8.2 mM, 8.3 mM, 8.4 mM, 835 mM, 8.6 mM, 8.7 mM, 8.8
mM, 89 mM, 9mM, 9.1 mM, 92 mM, 93 mM, 94 mM, 95 mM, 9.6 mM, 9.7 mM, 98
mM, 99 mM, 10 mM, 10.1 mM, 0.2 mM, 103 mM, 104 mM, 10.3 mM, 0.6 mM, 107
mM, 10.8 mM, 109 mM, 1 mM, 111 mM, 112 mM, 113 mM, 114 mM, 11.5mM, 11.6
mM, 11.7mM, 118 mM, 119 mM, 12 mM, 121 mM, 122 mM, 123 mM, 124 mM, 125
mM, 12.6 mM, 12.7 mM, 128 mM, 12.9 mM, 13 mM, 131 oM, 132 oM, 133 mM, 13 4
mM, 135 mM, 13.6 mM, 13.7mM, 13.8 mM, 13.9mM, 14 mM, 141 mM, 142 mM, 143
mM, 14 4 mM, 145 mM, 14.6 mM, 14.7 mM, 14 8 mM, 149 mM or 15 mM.

{8645]  The formulation may comprise sodium phosphate in a range of 0-0.5 mM, 0.1-0.6
mM, 0.2-0.7 mM, 0.3-08 mM, 0.4-09 mM, 0.5-1 mM, 0.6-1.1 mM, 0.7-1.2 mM, 0.8-1.3
mM, 0.9-1.4 mM, 1-1.5mM, L1-1.o mM, 1.2-1.7mM, 1.3-1.8 mM, 1.4-1.9 mM, 1.5-2 mM,
1.6-2.3 mM, 1.7-22 mM, 1.8-23 mM, 1.9-2.4 mM, 2-2.5 mM, 2.1-2.6 mM, 2.2-2.7 mM, 2.3-
28 mM, 2.4-29 mM, 2.5-3 mM, 2.6-3.1 mM, 2.7-3.2 mM, 2.8-3.3 mM, 2.9-3.4 mM, 3-3.5
mM, 3.1-3.6 mM, 3.2-3.7mM, 3.3-3.8 mM, 34-39mM, 35-4 mM, 36-4.1mM,3.7-42
mM, 3.8-4 3 mM, 3.9-4 4 mM, 4-45 mM, 4. 1-4.6 mM, 42-4.7 mM, 43-4.8 mM, 44-4.9
mM, 4.5-5 mM, 4.6-3.1 mM, 4.7-532 mM, 4.8-33 mM, 4.9-54 mM, 3-55 mM, 5.1-5.6 mM,
32-37 mM, 53-5.8 mM, 54-5.9mM, 5.5-6 mM, 5.6-6.1 mM, 5.7-6.2 mM, 5.8-63 mM, 59-
6.4 mM, 6-6.5 mM, 6.1-6.6 mM, 6.2-6.7 mM, 6.3-6.8 mM, 6.4-6.9 oM, 6.5-7 mM, 6.6-7.}
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mM, 6.7-7.2 mM, 6.8-73 mM, 6974 mM, 7-75 mM, 7.1-7.6 mM, 7.2-7.7 mM, 7.3-7.8
mM, 7.4-7.9 mM, 7.5-8 mM, 7.6-8.1 mM, 7.7-8.2 mM, 7.8-8.3 mM, 7.9-8 4 mM, 8-8.5 mM,
8.1-8.6 mM, 8.2-8.7 mM, 8.3-8.8 mM, 8.4-8.9 mM, 8§5-9mM, 8.6-9.1 mM, 8.7-92 mM, 8.8-
93 mbM, §.9-94 mM, 9-95 mM, 9.1-9.6 mM, 9.2-9.7 mM, 9.3-9 8 mM, 9.4-9.9 mM, 9.5-10
mM, 9.6-10.1 mM, 9.7-10.2 mM, 9.8-10.3 mM, 9.9-10.4 mM, 10-10.5 mM, 10.1-10.6 mM,
10.2-10.7 mM, 10.3-10.8 mM, 10.4-10.9 mM, 10.5-11 mM, 10.6-11.1 mM, 10.7-11.2 mM,
10.8-113mM, 109-114mM, 1-115;mM, 11 1-1L6 mM, 112-11.7 aM, 113-11.8 mM,
11.4-11.9mM, 11.5-12mM, 11.6-12.1 mM, 11.7-122 mM, 11.8-12.3 mM, }1.9-12.4 mM,
12-12.5 mM, 12.1-12.6 mM, 12.2-12.7 mM, 12.3-12 8 mM, 12.4-12.9 mM, 12.5-13 mM,
12.6-13 1 mM, 12.7-132 mM, 12.8-133 mM, 12.9-13.4 mM, 13-13.5 mM, 13.1-13.6 mM,
13.2-13.7mM, 13.3-13.8 mM, 13.4-13.9 mM, 13.5-14 mM, 13.6~14.1 mM, 13.7-14.2 mM,
13.8-14 3 mM, 13.9-144 mM, 14-14.5 mM, 14.1-14.6 mM, 14.2-14.7 mM, 14.3-14.8 mM,
14.4-14 9 mM, 14.5-15 mM, 0-1 mM, 1-2 mM, 2-3 mM, 3-4 mM, 4-3 mM, 5-6 mM, 6-7
mM, 7-8 mM, 8-9 mM, 9-10 mM, 10-11 mM, 11-12 mM, 12-13 mM, 13-14 mM, 14-15 mM,
15-16 mM, 0-2 mM, 1-3 mM, 2-4 mM, 3-5 mM, 4-6 mM, 5-7 M, 6-8 mM, 7-9 mM, 8-10
mM, 9-11 mM, 16-12 mM, 11-13 mM, 12-14 mM, 13-15 mM, -3 mM, 1-4 mM, 2-5 mM, 3-
6 mM, 4-7mM, 5-8 mM, 6-9 mM, 7-10 mM, &-11 mM, 9-12 mM, 10-13 mM, 11-14 mM,
12-15 mM, 0-4 mM, 1-5 mM, 2-6 mM, 3-7 mM, 4-8 mM, 5-9 mM, 6-10 mM, 7-11 mM, 8-12
mM, 9-13 mM, 10-14 mM, 11-15 mM, 0-5 mM, 1-6 mM, 2-7 mM, 3-8 mM, 4-9 mM, 5-10
mM, 6-11 mM, 7-12 mM, 8-13 mM, 9-14 mM, 10-15 mM, 0-6 mM, 1-7 mM, 2-8 mM, 3-9
mM, 4-10 mM, 5-11 ;mM, 6-12 aM, 7-13 mM, 8-14 mM, 9-15 mM, 0-7 mM, 1-8 mM, 2-9
mM, 3-10 mM, 4-11 mM, 5-12 mM, 6-13 mM, 7-14 mM, 8-15 mM, 0-8 mM, 1-9 mM, 2-10
mM, 3-11 mM, 4-12 mM, 5-13 mM, 6-14 mM, 7-15 mM, -9 mM, 1-10 mM, 2-11 mM, 3-12
mM, 4-13 mM, 5-14 mM, &-15 mM, 0-10 mM, 1-11 mM, 2-12 mM, 3-13 mM. 4-14 mM, 5-
I3 mM, 0-11 mM, 1-12 mM, 2-13 mM, 3-14 mM, 4-15 mM, 0-12 oM, 1-13 mM, 2-14 mM,
3-15 mM, 0-13 mM, 1-14d mM, 2-15 mM, O0-14 mM, 1-15 oM, or 0-15 mM.

{0646}  In certain embodiments, the formulation may comprise 0-10 mM of sodium
phosphate.

{0647]  In certain embodiments, the formulation may comprise 2-12 mM of sodium
phosphate.

{8648]  In certain embodiments, the formulation may comprise 2-3 mM of sodiom

phosphate.
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{8649}  In certain embodiments, the formulation may compnse 9-10 mM of sodium
phosphate.

{0650}  In certain embodiments, the formulation may comprise 10-11 mM of sodium
phosphate.

{#651]  In certain embodiments, the formulation may comprise 2.7 mM of sodivm
phosphate.

[0652]  In certain embodiments, the formulation may comprise 10 oM of sodiwm
phosphate.

Porassium Phosphate

{8653}  In certain embodiments, at least one of the components in the formulation is
potassium phosphate. The formulation may comprise monobasic, dibasic or a combination of
both monobasic and dibasic potassium phosphate.

{0654]  In certain embodiments, the concentration of potassium phosphate in a formulation
may be, but is not imited to, 0.1 mM, 0.2 mM, 0.3 mM, 0.4 mM, 0.5 mM, 0.6 mM, 0.7 mM,
CEmM,09mM, ITmM, L1mM, 1 2mM, 13mM, 14mM, 15mM, 1 6mM, 1.7mM, 1.8
mM, 1.9mM, 2 mM, 2.1 mM, 2.2 mM, 23 mM, 2.4 mM, 2.5 mM, 2.6 mM, 2.7 mM, 2.8
mM, 29 mM, 3 mM, 3.1 mM 32mM, 33 mM, 34mM, 35 mM, 36mM, 37mM, 38
mM, 3.9 mM, 4 mM, 4.1 mM, 42 mM, 43 mM, 44 mM, 45 M, 46 mM, 47 mM, 48
mM, 4.9 mM, SmM, 5.1 mM, 52 mM, 53 mM, 54 mM 55 mM, 5.6 mM, 3.7 mM, 3.8
mM, 5.9 mM, 6 mM, 6.1 mM, 6.2 mM, 63 mM, 6.4 mM, 65 mM, 6.6 mM, 6.7 mM, 6.8
mM, 6.9mM, 7mM, 7.1 oM, 7.2 mM, 73 mM, 74 oM, 75 oM, 7.6 mM, 7.7 mM, 7.8
mM, 7.9 mM, § mM, 8.1 mM, 82 mM, 83 mM, 8.4 mM, 8.3 mM, 8.6 mM, 87mM, 8.8
mM, 8.9 mM, 9 mM, 8.1 mM, 92 mM, 23 mM, 84 mM, 93 mM, 9.6 mM, 87 mM, 9.8
mM, 9.9 mM, 16 mM, 10.1 mM, 102 mM, 103 mM, 104 mM, 105 mM, 10.6 mM, 10.7
mM, 108 mM, 10.9mM, HimM, 111 M, 11.2mM, H13mM, 114mM, 11.5mM, 116
mM, 11.7mM, HL.8mM, 11 9mM, [2mM, 121 mM, 122 mM, 123 mM, [2.4 mM, 125
mM, 126 mM, 12.7mM, 128 mM, 129 mM, 13 mM, 13.1 mM, 132 mM, 133 mM, 134
mM, 135 mM, 3.6 mM, 137 M, 13.8 mM, 139 mM, 14 mM, 141 mM, 142 mM, 143
mM, 14.4 mM, 145 mM, 14.6 mM, 14.7mM, 148 mM, 149 mMor 15 mM.

{6655}  The fornuldation may comprise potassinm phosphate in a range of 0-0.5 mM, 0.1-
0.6 mM, 0.2-0.7 mM, 0.3-0.& mM, 0.4-0.9 mM, 0.5-1 mM, 0.6-1.1 mM, 0.7-1.2 mM, 0.8-13
mM, 0.9-14mM, 1-15mM, L1-1.6 mM, 1.2-1.7mM, 1.3-1.8 mM, 1.4-1.9mM, 1.5-2 mM,
1.6-2.1 mM, 1.7-2.2 mM, 1.8-2.3 mM, 1.9-2.4 mM, 2-2.5 mM, 2.1-2.6 mM, 2.2-2.7 mM, 2.3~
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2.8 mM, 2.4-2.9 mM, 2.5-3 mM, 2.6-3.1 mM, 2.7-32 mM, 2.8-33 mM, 2.9-34mM, 3-3.5
mb, 3.1-3.6 mM, 3.2-37 mM, 3.3-3.8 mM, 3.4-3.9 mM, 35-4mM, 3.6-4.1 mM,3.7-42
mM, 3.8-43 mM, 39-44mM, 445 mM, 4.1-4.6 mM, 4.2-4.7 mM, 4348 mM, 44-4.9
mM, 4.3-5 mM, 4.6-5.1 mM, 4.7-52 mM, 4.8-53 mM, 4.9-54 mM, 5-5.5 M, 5.1-5.6 mM,
52-57 mM, 5.3-5.8 mM, 5.4-5.9 mM, 5.5-6 mM, 5.6-6.1 mM, 5.7-6.2 mM, 3.8-6.3 mM, 5.9-
64 mM, 6-6.5 mM, 6.1-6.6 mM, 6.2-6.7 mM, 6.3-6.8 mM, 6.4-6.9 mM, 6.5-7mM, 6.6-7.1
mM, 6.7-7.2 mM, 6.8-7.3 mM, 6.9-74 oM, 7-75 mM, 7.1-7.6 mM, 72-77mM, 7.3-7.8
mbM, 7.4-7.9mM, 7.5-8 mM, 7.6-8 1 mM, 7.7-8.2 mM, 7.8-83 mM, 7.9-8.4 mM, 8-8.5 mM,
8.1-8.6 mM, 8.2-8.7 mM, 8.3-8.8 mM, 8.4-8.9 mM, 83-9mM, 8.6-9.1 mM, 8.7-9.2 mM, 8.8-
93 mM, 8.9-94 mM, 9-95 mM, 9.1-9.6 mM, 9.2-9.7 mM, 9.3-9.8 mM, 9.4-9.9 mM, 9.5-1¢
mM, 9.6-10.1 mM, 9.7-10.2 mM, 9.8-10.3 mM, 9.9-10.4 M, 10-10.5 mM, 10.1-10.6 mM,
10.2-10.7 mM, 10.3-10.8 mM, 10.4-10.9 mM, 10.5-11 mM, 10.6-11.1 mM, 10.7-11.2 mM,
10.8-113mM, 10.9-114 mM, 11-11.5 mM, 11.1-11.6 mM, 11.2-11 7 mM, 11.3-11.8 mM,
11.4-11.9 M, 11.5-12 mM, 11.6-12.1 mM, 11.7-122 mM, 11.8-12.3 mM, 119-12.4 mM,
12-12.5 mM, 12.1-12.6 mM, 12.2-12.7mM, 12.3-12.8 mM, 12.4-12.9mM, 12.5-13 mM,
12.6-13.1mM, 12.7-132 mM, 12.8-13.3 mM, 12.9-13.4 mM, 13-13.5 mM, 13.1-13.6 mM,
13.2-13.7 mM, 13.3-13.8 mM, 13.4-13.9 mM, 13.5-14 mM, 13.6-14.1 mM, 13.7-14.2 mM,
13.8-14 3 mM, 13.9-14.4 mM, 14-14 5 mM, 14 1-14.6 mM, 14.2-14.7 mM, 14.3-14.8 mM,
14.4-14.9 mM, 14.5-13 mM, 0-1 mM, 1-2 mM, 2-3 mM, 3-4 mM, 4-3 mM, 5-6 mM, 6-7
mM, 7-8 mM, -9 mM, 9-10 mM, 10-11 M, 11-12 mM, 12-13 mM, 13-14 mM, 14-15 mM,
15-16 mM, 0-2 mM, 1-3 mM, 2-4 mM, 3-5 mM, 4-6 mM, 5-7 mM, 6-8 mM, 7-9 mM, 8-10
mbM, 9-11 mM, 10-12 mM, 11-13 mM, 12-14 mM, 13-15 mM, 0-3 mM, 1-4 mM, 2-5 mM, 3-
6 mM, 4-7 mM, 5-8 mM, 6-9 mM, 7-10 mM, 8-11 mM, 9-12 mM, 10-13 mM, 11-14 mM,
12-15 mM, 0-4 mM, 1-5 mM, 2-6 mM, 3-7 mM, 4-8 mM, 5-9 mM, 6-10 mM, 7-11 mM, 8-12
mM, 9-13 M, 10-14 mM, 11-15 mM, 0-5 mM, 1-6 mM, 2-7 oM, 3-8 mM, 4-9 mM, 5-10
mM, 6-11 mM, 7-12 mM, 8-13 mM, 9-14 mM, 10-15 mM, 0-6 mM, 1-7 mM, 2-§ mM, 3-9
mM, 4-10 mM, 5-11 mM, 6-12 mM, 7-13 mM, 8-14 mM, 9-15 mM, 0-7 mM, 1-8 mM, 2-9
mM, 3-10 mM, 4-11 mM, 5-12 oM, 6-13 mM, 7-14 mM, 8-15 mM, 0-8 mM, 1-9 mM, 2-10
mM, 3-11 mM, 4-12 mM, 5-13 oM, 6-14 mM, 7-15 mM, 0-9 mM, {-10 mM, 2-11 mM, 3-12
mM, 4-13 mM, 5-14 mM, 6-15 mM, 0-10 mM, 1-11 mM, 2-12 mM, 3-13 mM, 4-14 mM, 5~
15 mM, 6-11 mM, 1-12 mM, 2-13 mM, 3-14 mM, 4-15 mM, 0-12 ;mM, 1-13 mM, 2-14 mM,
3-15 mM, 0-13 mM, 1-14 mM, 2-15 mM, 0-14 mM, 1-15 mM, or 0-15 mM.



WO 2020/150556 PCT/US2020/014000

[8656]  In certain embodiments, the formulation may comprise 0-10 mM of potassium
phosphate.

{0657]  Io certain cmbodiments, the formulation may compnse 1-3 aM of potassium
phosphate.

{0658]  In certain embodiments, the formulation may comprise 1-2 mM of potassium
phosphate.

[0655]  In certain embodiments, the formulation may comprise 2-3 oM of potassium
phosphate.

{0668]  In certain embodiments, the formulation may comprise 2-12 mM of potassium
phosphate.

[B661]  In certain embodiments, the formulation may comprise 1.5 mM of potassium
phosphate. As a non-limiting example, the formalation may comprise 1.54 mM of potassium
phosphate.

{0662]  In certain embodiments, the formulation may comprise 2 mM of potassium
phosphate.

Sodium Chioride

{8663}  In certain embodiments, at least one of the components in the formulation is
sodiam chioride.

{#664]  In certain embodiments, the concentration of sodium chlornide in a formulation may
be, but is not limited to, 75 mM, 76 mM, 77 mM, 78 mM, 79 mM, 80 mM. 81 mM, 82 mM,
83 mM, 84 mM, 85 mM, 86 mM, 87 mM, 88 mM, 89 mM, 90 mM, 91 mM, 92 mM, 93 mM,
94 mM, 95 mM, 96 mM, 97 mM, 98 mM, 99 M, 100 mM, 101 mM, 102 mM, 103 mM,
104 mM, 105 mM, 106 mM, 107 mM, 108 mM, 109 mM, 110 mM, 111 mM, 112 mM, 113
mM, 114 mM, 115 oM, 116 mM. 117 mM, 118 mM, 119 mM, 120 mM, 121 mM, 122 mM,
123 mM, 124 oM, 123 mM, 126 mM, 127 mM, 128 oM, 129 mM, 130 mM, 131 mM, 132
mM, 133 mM, {34 mM, 135 mM, 136 mM, 137 mM, 138 mM, 139 mM, 140 mM, 141 mM,
142 mM, 143 mM, 144 mM, 145 mM, 146 mM, 147 mM, 148 mM, 149 mM, 150 mM, 151
mM, 152 mM, 153 mM, 154 mM, 155 mM, 156 mM, 157 mM, 158 mM, 159 mM, 160 mM,
161 mM, 162 mM, 163 mM, 164 mM, 165 mM, 166 mM, 167 mM, 168 mM, 169 mM, 170
mM, 171 mM, 172 mM, 173 mM, 174 mM, 175 mM, 176 mM, 177 mM, 178 mM, 179 mM,
180 mM, 181 mM, 182 mM, 183 mM, 184 mM, 185 mM, 186 mM., 187 mM, 188 mM, 189
mM, 190 mM, 191 miM, 192 mM, 193 mM, 194 oM, 195 mM, 196 mM, 197 mM, 198 M,
199 mM, 200 oM, 201 mM, 202 mM, 203 mM, 204 oM, 205 mM, 206 mM, 207 mM, 208
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mM, 209 mM, 210 mM, 211 mM, 212 mM, 213 mM, 214 mM, 215 mM, 216 mM, 217 mM,
218 mM, 219 mM, or 220 mM.

{08665]  The formulation may comprise sodium chlonde in a range of 75-85 mM, 80-90
mM, 85-95 mM, 90-100 mM, 95-105 mM, 100-110 mM, 105-115 mM, 116-120 mM, 115-
125 mM, 120-130 mM, 125-135 mM, 130-140 mM, 135-145 mM, 140-150 mM, 145-155
mM, 150-160 mM, 155-165 mM, 160-170 mM, 165-175 mM, 170-180 mM, 175-185 mM,
180-190 mM, 185-195 mM, 196-200 mM, 75-95 mM, 80-100 mM, 85-105 mM, 90-110 mM,
95-115 mM, 100-120 mM, 105-125 mM, 116-130 mM, 115-135 mM, 120-140 mM, 125-145
mM, 130-150 mM, 135-155 mM, 140-160 mM, 145-165 mM, 150-170 mM, 155-175 mM,
160-180 mM, 165-185 mM, 170-190 mM, 175-195 mM, 180-200 mM, 75-100 mM, 80-105
mM, 85-110 mM, 90-115 mM, 95-120 mM, 100-125 mM, 105-130 mM, 110-135 mM, 115-
140 mM, 120-145 mM, 125-150 mM, 130-155 mM, 135-160 mM, 140-165 mM, 145-170
mM, 150-175 mM, 155-180 mM, 160-185 mM, 165-190 mM, 170-195 mM, 175-200 mM,
75-105 mM, 80-110 mM, 85-115 mM, 90-120 mM, 95-125 mM, 100-130 mM, 105-135 mM,
110-140 mM, 115345 mM, 120-150 mM, 125-155 mM, 130-160 mM, §35-165 mM, 140-
170 mM, 145-175 mM, 150-180 mM, 155-185 mM, 160-190 mM, 165-195 mM, 170-200
mM, 75-115 mM, 80-120 mM, 85-125 mM, 90-130 mM, 95-135 mM, 100-140 mM, 105-145
mM, 110-150 mM, 115-155 mM, 120-160 mM, 125-165 mM, 130-170 mM, 135-175 mM,
140-180 mM, 145-185 mM, 150-190 mM, 155-195 mM, 160-200 mM, 75-120 mM, 80-123
mM, 85-130 mM, 90-135 mM, 95-140 mM, 100-1435 mM, 105-150 mM, 110-155 mM, 115-
160 mM, 120-165 mM, 125-170 mM, 130-175 mM, 135-180 mM, 140-185 mM, 145190
mM, 150-195 mM, 155-200 mM, 75-125 mM, 0-130 mM, &5-135 mM, 90-140 mM, 95-145
mbM, 100-150 mM, 105-155 mM, 110-160 mM, 115-165 mM, 120-170 mM, 125-175 mM,
130-180 mM, 135-185 mM, 140-190 mM, 145-195 mM, 150-200 mM, 73-125 mM, &0-130
mM, 85-135 mM, 90-140 mM, 95-143 mM, 100-130 mM, 105-155 mM, 110-160 mM, 115-
165 mM, 120-170 mM, 125175 mM, 130-180 mM, 135-185 mM, 140-190 mM, 145-195
mM, 150-200 mM, 75-135 mM, 80-140 mM, 85-145 mM, 90-150 mM, 95-155 mM, 100-160
mM, 105-165 mM, 110-170 mM, [15-175 mM, 120-180 mM, 125-185 mM, 130-190 mM,
135-195 mM, 140-200 mM, 75-145 mM, 80-130 mM, 85-135 mM, 90-160 mM, 95-165 mM,
100-170 mM, 105-175 mM, 110-180 mM, 115-185 mM, 120-190 mM, 125-195 mM, 130-
200 mM, 75-155 mM, 80-160 mM, 85-165 mM, 90-170 mM, 95-175 mM, 100-180 mM,
105-183 mM, 110-190 mM, 115-195 mM, 120-200 mM, 75-165 mM, 80-170 mM, 83-1753
mM, 90-180 mM, 95-185 mM, 100-190 mM, 105-195 mM, 110-200 mM, 75-175 mM, 30-
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180 mM, §5-185 mM, 90-190 mM, 95-195 mM, 100-200 mM, 80-220 mM, 90-220 mM,
100-220 mM, 110-220 mM, 120-220 mM, 130-220 mM, 140-220 mM, 150-220 mM, 160-
220 mM, 170-220 mM, 180-220 mM, 190-220 mM, 200-220 mM, or 210-220 mM.

[B666]  In certain embodiments, the formulation may comprise 80-220 mM of sodium
chlornide.

{0667}  In certain embodiments, the formulation may comprise 80-130 mM of sodium
chloride.

[6668]  In certain embodiments, the formulation may comprise 75 mM of sodium chilonde.

{66691  In certain embodiments, the formulation may comprnise 83 mM of sodium chlonde.
{8673}  In certain embodiments, the formulation may comprise 92 mM of sodium chlonde.
{3671}  In certain embodiments, the formulation may comprise 95 mM of sodium chlonde.
{0672]  In certain embodiments, the formulation may comprise 98 mM of sodivm chloride

{0673} In certain embodiments, the formulation may comprise 100 mM of sodium
chloride.
{06674}  In certain embodiments, the formulation may compnse 107 mM of sodium
chloride.
{8675}  In certain embodiments, the formulation may comprise 109 mM of sodium
chioride.
[#676]  In certain embodiments, the formulation may comprise 118 mM of sodivm
chloride.
{6677} In certain embodiments, the formulation may comprise 125 mM of sodium
chloride.
{8678}  In certain embodiments, the formulation may comprise 127 mM of sodiam
chioride.
{0679}  In certain embodiments, the formulation may comprse 133 M of sodium
chloride.
{0680}  In certain embodiments, the formulation may comprise 142 mM of sodium
chloride.
{0681]  In certain embodiments, the formulation may comprise 150 mM of sodium
chloride
{6682]  In certain embodiments, the formulation may comprnse 135 mM of sodiam

chloride.
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{66831  In certain embodiments, the formulation may comprise 180 mM of sodium
chioride.

{0684]  In certain emboduments, the formulation may comprse 192 mM of sodium
chloride.

{#685]  In certain embodiments, the formulation may comprise 210 mM of sodivm
chloride.

Porassinm Chloride

[6686]  In certain embodiments, at least one of the components in the formulation is
potassium chloride.

{6687}  In certain embodiments, the concentration of potassiom chloride in a formulation
may be, but is not hmited to, 0.1 mM, 0.2 mM, 0.3 mM, 0.4 mM, 0.5 mM, 0.6 mM, 0.7 mM,
G8mM, 0.9 mM, I1mM, 1.1mM, 1 2mM, 1.3mM, 14mM, 15mM, 1.6 mM, 1.7mM, 1.8
mM, 1.9mM, 2mM. 2.1 mM, 22 mM, 23 oM, 24 mM, 25 mM, 2.6 mM, 2.7 mM, 2.8
mM, 2.9 mM, 3 mM, 3.1 mM, 3.2 mM, 33 mM, 3.4 M, 3.5 oM, 3.6 mM, 3.7 mM, 3.8
mM, 39mM, 4mM, 41 mM, 42 mM, 43 mM, 44 o00M, 43 M, 4.6 mM, 4.7mM, 4.8
mM, 49 mM, 5 mM, 5.1 mM, 5.2mM, 53 mM, 5.4mM, 55 mM, S.6mM, 5.7mM, 5.8
mM, 59 mM, 6 mM, 6.1 mM, 62 mM, 63 mM, 64 mM, 65 mM, 66 mM, 6.7 mM, 68
mM, 69 mM, TmM, 7.1 mM, 72 mM, 73 mM, 74 mM, 75 mM, 7.6 mM, 7.7 mM, 7.8
mM, 7.9 mM, 8 mM, 8.1 mM, 82 mM, 83 mM, 84 mM, 85 mM, 86 mM, 87 mM, &8
mM, 8.9 mM, 9 mM, 9.1 mM, 9.2 mM, 93 mM, 9.4 mM, 95 mM, 9.6 mM, 9.7 mM, 9.8
mM, 9.9 mM, 10 mM, 10.1 mM, 16.2 mM, 10.3 mM, 104 mM, 10.5 mM, 10.6 mM, 10.7
mM, 1083 mM, 109 mM, 1 mM, 111 mM, 11 2moM, HH3mM, 114M, 11.5mM, 116
mM, 11.7mM, 118 mM, 119 mM, 12 mM, 12.1 mM, 122 mM, 123 mM, 124 mM, 125
mM, 12.6 mM, 12.7mM, 12.8 mM, 129 M, 3 mM, 13 1 mM, 132 mM, 133 mM, 134
mM, 135 mM, 13.6 mM, 13.7 M, 13.8 mM, 139 mM, 14 mM, 14.1 mM, 142 M, 143
mM, 144 mM, 14.5 mM, 14.6 mM, 4.7 M, 4.8 mM, 149 mM or 15 mM.

{0688}  The formulation may comprise potassium chloride in a range of 0-0.5 mM, 0.1-0.6
mM, 0.2-0.7 mM, 0.3-0.8 mM, 0.4-09 mM, 0.5-1 mM, 0.6-1 1 mM, 0.7-1 2 mM, 0.8-13
mM, 0.9-1.4 mM, 1-1.5mM, 1. 1-1.6 mM, 1.2-1.7 mM, 1.3-1. 8§ mM, 1.4-1 9 mM, 1.5-2 mM,
1.6-2.1 mM, 1.7-22 mM, 1823 mM, 1.9-2.4 mM, 2-25 mM, 2.1-2.6 mM, 2.2-2.7 mM, 2.3-
2.8mM, 2.4-29mM, 2.5-3 mM, 2.6-3.1 mM, 2.7-32 mM, 2.8-3.3 mM, 2.9-3 4 mM, 3-3.5
mM, 3.1-3.6 mM, 3.2-3.7mM, 3.3-38 mM, 3.4-3.9mM, 354 mM, 3.6-4.1mM, 3742
mM, 3.8-43 mM, 3944 mM, 445 mM, 4146 mM, 4247 mM, 43-48 mM, 4449
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mM, 45-5 mM, 4.6-3. 1 mM, 4.7-52 mM, 4.8-3.3 mM, 4.9-3.4 mM, 3-55mM, 5.1-5.6 mM,
52-5.7 mM, 53-5.8 mM, 5.4-5.9 mM, 5.3-6 mM, 5.6-6.1 mM, 5.7-6.2 mM, 58-63 mM, 5.9-
6.4 mM, 6-6.5 mM, 6.1-6.6 mM, 6.2-6.7 mM, 6.3-6.8 mM, 6.4-6.9 mM, 6.5-7 mM, 6.6-7.1
mM, 6.7-7.2 mM, 6.8-73 mM, 6.9-74 oM, 7-7.5 mM, 7.1-7.6 mM, 7.2-7.7mM, 7.3-7.8
mM, 7.4-7.9 mM, 7.5-8 mM, 7.6-8.1 mM, 7.7-8.2 mM, 7.8-83 mM, 7.9-8.4 mM, 8-8.5 mM,
8.1-8.6 mM, 8.2-87 mM, 8.3-88 mM, 8.4-89 mM, 85-9mM, 8.6-9.1 mM, 8.7-92 mM, & 8-
93 mM, 8.9-9.4 mM, 9-9.5 mM, 9.1-9.6 mM, 9.2-9.7mM, 9.3-9.8 mM, 9.4-9.9 mM, 9.5-10
mM, 9.6-10.1 mM, 9.7-10.2 mM, 9.8-10.3 mM, 9.9-10.4 mM, 10-10.5 oM, 10.1-10.6 mM,
10.2-10.7 mM, 10.3-10.8 mM, 10.4-10.9 mM, 10.5-11 mM, 10.6-11.1 mM, 10.7-11.2 mM,
10.8-11 3 mM, 10.9-11 4 mM, 11-115mM, 11 1-11.6 mM, 11.2-11.7mM, 11.3-11.8 mM,
114-119mM, 11.5-12mM, 11.6-12. 1 mM, 11.7-12.2 mM, 11.8-123 mM, 11.9-124 mM,
12-12.5 mM, 12.1-12.6 mM, 12.2-12. 7 mM, 12.3-12.8 mM, 12.4-12. 9 mM, 12.5-13 mM,
12.6-13.1 mM, 12.7-13.2 mM, 12.8-13. 3 mM, 12.9-13.4 mM, 13-13.3 mM, 13.1-13.6 mM,
13.2-13.7mM, 13.3-13.8 mM, 13.4-13.9mM, 13.5-14 mM, 13.6-14.1 mM, 13.7-14.2 mM,
13.8-143 mM, 13.9-144 mM, 14-143 mM, 14.1-14. 6 mM, 14.2-14. T mM, 14.3-14.8 mM,
14.4-14. 9 mM, 14.5-15 mM, 0-1 mM, 1-2 mM, 2-3 mM, 3-4 mM, 4-5 mM, 53-6 mM, 6-7
mM, 7-8 mM, 8-9 mM, 9-10 mM, 10-11 mM, 11-12 mM, 12-13 mM, 13-14 mM, 14-15 mM,
15-16 mM, 0-2 mM, 1-3 mM, 2-4 mM, 3-5 mM, 4-6 mM, 5-7 aM, 6-8 mM, 7-9 mM, 8-10
mM, 9-11 mM, 16-12 mM, 11-13 mM, 12-14 mM, 13-15 mM, 0-3 mM, 1-4 mM, 2-5 mM, 3-
6 mM, 4-7 mM, 5-8 mM, 6-9 mM, 7-10 mM, 8-11 mM, 9-12 M, 10-13 mM, 11-14 mM,
12-15 mM, 0-4 mM, 1-5 mM, 2-6 mM, 3-7 mM, 4-8 mM, 5-9 oM, 6-10 mM, 7-11 mM, 8-12
mbM, 9-13 mM, 10-14 mM, 11-15 mM, 0-5 mM, 1-6 mM, 2-7mM, 3-8 mM, 4-9 mM, 5-10
mbM, 6-11 mM, 7-12 mM, 8-13 mM, 9-14 mM, 10-15 mM, 0-6 mM, 1-7 mM, 2-8 mM, 3-8
mM, 4-16 mM, 5-11 mM, 6-12 mM, 7-13 mM, 8-14 mM, S-15 mM, 0-7 mM, 1-8 mM, 2-9
mM, 3-10 M, 4-11 mM, 3-12 oM, 6-13 mM, 7-14 mM, 8-15 mM, 0-8 mM, 1-9 mM, 2-10
mM, 3-11 mM, 4-12 mM, 5-13 mM, 6-14 mM, 7-15 mM, 0-9 ;mM, 1-10 mM, 2-11 mM, 3-12
mM, 4-13 mM, 5-14 mM, 6-15 mM, 0-10 mM, 1-11 mM, 2-12 mM, 3-13 mM, 4-14 mM, 5-
15 mM, 0-11 mM, 1-12 mM, 2-13 mM, 3-14 mM, 4-15 mM, 0-12 mM, 1-13 mM, 2-14 mM,
3-15 mM, 0-13 mM, 1-14 mM, 2-15 mM, 0-14 mM, 1-15 mM, or §-15 mM.

[868%]  In certain embodiments, the formulation may comprise 0-10 mM of potassium
chioride.

{0690]  Iv certain cmbodiments, the formulation may comprse 1-3 mM of potassium

chloride.
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{8691}  In certain embodiments, the formulation may compnse 1-2 mM of potassium
chioride.

{0692} 1o certain cmbodiments, the formulation may comprse 2-3 M of potassium
chloride.

{#693]  In certain embodiments, the formulation may comprise 1.5 mM of potassium
chloride.

{0694}  In certain embodiments, the formulation may comprise 2.7 mM of potassium
chloride.

Magnesium Chioride

{8695}  In certain embodiments, at least one of the components in the formulation is
magnesium chlonde.

{0696]  In certain embodiments, the concentration of magnestum chloride may be, but is
not limited to, 1 mM, 2 mM, 3 mM, 4 mM, 5 mM, 6 mM, 7 mM, 8 mM, S mM, 10 mM, 11
mM, 12 mM, 13 mM, 14 mM, 15 mM, 16 mM, 17mM, 18§ mM, 19 mM, 20 mM, 21 mM, 22
mM, 23 mM, 24 mM, 25 mM, 26 mM, 27 mM, 28 mM, 29 mM, 30 mM, 31 mM, 32 mM, 33
mM, 34 mM, 35 mM, 36 mM, 37 mM, 38 mM, 39 mM, 40 mM, 41 mM, 42 mM, 43 mM, 44
mM, 45 mM, 46 mM, 47 mM, 48 mM, 49 mM, 50 mM, 51 mM, 52 mM, 533 mM, 54 mM, 55
mM, 56 mM, 57 mM, 58 mM, 59 mM, 60 mM, 61 mM, 62 mM, 63 mM, 64 mM, 65 mM, 66
mM, 67 mM, 68 mM, 69 mM, 70 mM, 71 mM, 72 mM, 73 mM, 74 mM, 75 mM, 76 mM, 77
mM, 78 mM, 79 mM, 80 mM, 81 mM, 82 mM, 83 mM, 84 mM, 85 mM, 86 mM, 87 mM, 88
mM, 89 mM, 90 mM, 91 mM, 92 mM, 93 mM, 94 mM, 95 mM, 96 mM, 97 mM, 98 mM, 99
mM, or 100 mM,

{8697}  The formulation may comprise magnesium chioride in a range of 0-5 mM, 1-3
mM, 2-3 mM, 3-5 mM, 4-5 mM, 0-10 mM, 1-10 mM, 2-10 mM, 3-10 mM, 4-10 mM, 3-10
mM, 6-10 mM, 7-10 mM, 8-10 mM, 9-10 mM, 0-25 mM, 1-25 mM, 2-25 mM, 3-25 oM, 4-
25 mM, 5-25 mM, 6-25 mM, 7-25 mM, 8-25 mM, 9-25 mM, 10-25 mM, 11-25 mM, 12-25
mM, 13-25 mM, 14-25 mM, 15-25 mM, 16-25 mM, 17-25 mM, 18-25 mM, 19-25 mM, 20-
25 mM, 21-25 mM, 22-25 mM, 23-25 mM, 24-25 mM, 0-50 mM, 1-50 mM, 2-30 mM, 3-50
mM, 4-30 mM, 5-50 mM, 6-50 oM, 7-30 mM, 8-50 mM, 9-50 mM, 10-50 mM, 11-50 mM,
12-50 mM, 13-50 mM, 14-50 mM, 15-50 mM, 16-50 mM, 17-50 mM, 18-50 mM, 19-50
mM, 20-30 mM, 21-30 mM, 22-50 mM, 23-50 mM, 24-50 mM, 25-50 mM, 26-50 mM, 27-
30 mM, 28-50 mM, 29-50 mM, 30-50 mM, 31-50 mM, 32-50 mM, 33-50 mM, 34-50 mM,
35-30 mM, 36-50 mM, 37-50 mM, 38-50 mM, 39-3C oM, 40-50 mM, 41-50 mM, 42-50
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mM, 43-50 mM, 44-30 mM, 45-50 mM, 46-50 mM, 47-50 mM, 48-50 mM, 49-50 mM, 0-73
mM, 1-75 mM, 2-75 mM, 3-75 mM, 4-75 mM, 5-75 mM, 6-75 mM, 7-75 mM, 8-75 mM, 9-
75 mM, 10-75 mM, 11-75 mM, 12-75 mM, 13-75 mM, 14-75 mM, 15-75 mM, 16-75 mM,
17-75 mM, 18-75 mM, 19-75 mM, 20-75 mM, 21-75 mM, 22-75 mM, 23-75 mM, 24-75
mM, 25-75 mM, 26-75 mM, 27-75 mM, 28-75 mM, 29-75 mM, 30-75 mM, 31.75 mM, 32-
75 mM, 33-75 mM, 34-75 mM, 35-75 mM, 36-75 mM, 37-75 mM, 38-75 mM, 39-75 mM,
40-75 mM, 41-75 oM, 42-75 mM, 43-75 mM, 44-75 mM, 45-75 mM, 46-75 mM, 47-75
mM, 48-75 mM, 49-75 mM, $56-75 mM, S1-75 mM, 52-75 mM, 53-75 maM, 54-75 mM, 55-
75 mM, 56-75 mM, 57-75 mM, 58-75 mM, 58-75 mM, 60-75 mM, 61-75 mM, 62-75 mM,
63-75 mM, 64-75 mM, 65-75 mM, 66-75 mM, 67-75 mM, 68-75 mM, 69-75 mM, 70-75
mM, 71-75 mM, 72-75 mM, 73-75 mM, 74-75 mM, 50-100 mM, 60-100 mM, 75-100 mM,
80-100 mM, or 90-100 mM.

{0698}  In certain embodiments, the formulation may comprise 0-75 mM of magnesiam
chloride.

{66991  In certain embodiments, the formulation may comprise (-3 mM of magnesium
chloride.

{0706}  In certain embodiments, the formulation may comprise 50-100 mM of magnesium
chloride.

{#701]  In certain embodiments, the formulation may comprise 2 mM of magnesium
chloride.

{0702}  In certain embodiments, the formulation may comprise 75 mM of magoesium
chloride.

Tris

{8703} In certain embodiments, at least one of the components in the formulation is Tris
(also called tnisthydroxymethyllaminomethane, tromethamine or THAM).

[0704]  In certain embodiments, the concentration of Tris in a formulation may be, but is
not limited to, 0.1 mM, 0.2 mM, 0.3 mM, 0.4 mM, 0.3 mM, 0.6 mM, 0.7 mM, 0.8 mM, 09
mM, ImM, 1 ImM 12mM 13 mM, 1L4dmM I5oM 16mM, P 7mM, 18mM, 1.9
mM, 2mM, 2.1 mM, 22mM, 23 mM, 24 mM, 23 oM, 2.6 mM, 2.7 mM, 28 mM, 2.9
mM, 3mM, 3.1 mM, 32mM, 33 mM, 3.4mM, 3.5 mM, 3.6 mM, 3.7mM, 38 mM, 3.8
mM, 4 mM, 41 mM, 42 mM, 43 mM, 44 M, 45 mM, 46 mM, 47 mM, 48 mM, 49
mM, SmM, 5.1 mM, 52 mM, 53 mM, 54 mM, 53 mM, 56 mM, 5.7 mM, 5.8 mM, 39
mM, 6 mM, 6.1 mM, 6.2 mM, 63 mM, 6.4 mM, 6.5 M, 66 mM, 6 7mM, 6.8 mM, 69
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mM, TmM, 71 mM, 72 mM, 73 oM, 74 mM, 75 mM, 7.6 mM, 7.7 mM, 7.8 mM, 7.9
mM, 8 mM, 8.1 mM, 82 mM, 83 mM, 8.4 mM, 85 mM, 8.6 mM, 87 mM, 88 mM, 8¢
mM, 9mM, 9.1 mM, 92 mM, 93 mM, 94 mM, 953 mM, 9.6 mM, 9.7 mM, 9.8 mM, 99
mM, 10 mM, 10.1 mM, 10.2 mM, 103 mM, 104 mM, 10.5 mM, 10.6 mM, 0.7 mM, 10.8
mM, 10.9mM, 11 mM, 11.1mM, 112 mM, 113 mM, 114 mM, 115 mM, 116 mM, 11.7
mM, 118 mM, 11.9mM, 1ZmM, 12.1 mM, 122 mM, 123 mM, 124 oM, 125 mM, 12.6
mM, 127 raM, 12.8 mM, 129 M, 13 oM, 13 1 mM, 132 M, 133 oM, 134 mM, 135
mbM, 3.6 mM, 13.7mM, 138 mM, 13.9mM, 14 mM, 141 mM, 142 mM, 143 mM, 144
mM, 145 mM, 14.6 mM, 147 mM, 148 mM, 149 mM or 15 mM.

{8785}  The formulation may comprise Tris in a range of 0-0.5 mM, 0.1-0.6 mM, 0.2-0.7
mM, 0.3-0.8 mM, 0.4-0.9 mM, 0.5-1 mM, 0.6-1.1 mM, 0.7-1.2 mM, 0.8-1.3 mM, 0.9-14
mM, 1-1.5mM, 1.1-1.6 mM, 1 2-1.7mM, 1.3-1. 8 mM, 1.4-1.9mM, 1.5-2 mM, 1.6-2.1 mM,
1.7-22 mM, 1.8-23 mM, 1.9-2.4 mM, 2-25 oM, 2.1-2.6 mM, 2.2-2.7 mM, 2.3-2 8 mM, 2 4-
29 mM, 2.5-3mM, 2.6-3. 1 mM, 2.7-3.2 mM, 2.8-33 mM, 2.9-3. 4 mM, 3-3.5mM, 3.1-36
mM, 3.2-3.7mM, 33-38mM, 3.4-3.9mM, 3.5-4mM, 3.6-4.1 mM, 3.7-42mM, 3.8-43
mhi, 3.9-4 4 mM, 4-45mM, 4.1-4.6 mM, 42-47 mM, 4.3-4.8 mM, 4.4-49 mM, 45-5mM,
4.6-5.1 mM, 4.7-5.2 mM, 4.8-53 mM, 4.9-54mM, 5-55 mM, 5.1-5.6 mM, 52-57 M, 53-
5.8mM, 54-59mM, 5.5-6 mM, 5.6-6.1 mM, 5.7-6.2 mM, 58-63 mM, 5.9-6.4 mM, 6-6.5
mM, 6.1-6.6 mM, 6.2-6.7 mM, 6.3-6.8 mM, 6.4-6.9 mM, 6.3-7mM, 6.6-7.1 mM, 6.7-7.2
mM, 6.8-7.3 mM, 6.9-74 mM, 7-7.5 mM, 7.1-7.6 mM, 7.2-7.7 mM, 7.3-78 mM, 74-79
mM, 7.5-8 mM, 7.6-8. 1 mM, 7.7-8.2 mM, 7.8-83 mM, 7.9-8 4 mM, 8-8.3 oM, 2.1-8.6 mM,
8.2-8.7 mM, 8.3-8.8 mM, 8.4-8.9 mM, 8.5-9 mM, 8.6-9.1 mM, 8.7-9.2 mM, 8.8-9.3 mM, 8.9-
9.4 mM, 3-95mM, 9.1-9.6 mM, 9.2-97 mM, 9.3-9.8 mM, 6.4-9.9 mM, 9.3-10 mM, 9.6-10.1
mh, 9.7-10.2 mM, 9.8-103 mM, 6.9-10.4 mM, 10-10.5 mM, 10.1-10.6 mM, 10.2-10.7 mM,
10.3-10.8 mM, 16.4-109 mM, 10.5-11 mM, 10.6-11. 1 mM, 10.7-11.2 mM, 10.8-11.3 mM,
10.9-11 4 mM, 11-115mM, 111-116 mM, 11.2-11.7mM, 11.3-11.8 mM, 11.4-11.9mM,
11.5-12 mM, 11.6-12. 1 mM, 11.7-12.2 mM, 11.8-123 mM, 11.9-12.4 mM, 12-12.5 mM,
12.1-12.6 M, 12.2-12.7 mM, 12.3-12.8 mM, 12.4-12.9 mM, 12.5-13 mM, 12.6-13. 1 mM,
12.7-132 mM, 12.8-133 mM, 12.9-13. 4 mM, 13-135 mM, 13.1-13.6 M, [3.2-13.7 mM,
13.3-13.8 mM, 13.4-13.9 mM, 13.5-14 mM, 13.6-14.1 mM, 13.7-14.2 mM, 13.8-14.3 mM,
13.9-14 4 mM, 14-14.5 mM, 14.1-14.6 mM, 14 2-14 7 mM. 14.3-14 8 mM, 14 4-14.9 mM,
14.5-15 mM, 0-1 mM, 1-2 mM, 2-3 mM, 3-4 mM, 4-5 mM, 5-6 mM, 6-7 mM, 7-8 mM, 8-9
mM, 8-10 mM, 10-11 mM, 11-12 mM, 12-13 mM, 13-14 mM, 14-15 mM, 15-16 mM, 0-2
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mM, 1-3 mM, 2-4 mM, 3-5 mM, 4-6 mM, 5-7 mM, 6-8 mM, 7-¢ mM, 8-10 mM, 9-11 mM,
10-12 mM, 11-13 mM, 12-14 mM, 13-15 mM, 6-3 mM, 1-4 mM, 2-5 mM, 3-6 mM, 4-7 mM,
53-8 mM, 6-9 mM, 7-10 mM, 8-11 mM, 9-12 mM, 10-13 mM, 11-14 mM, 12-15 mM, 0-4
mM, 1-5 mM, 2-6 mM, 3-7 mM, 4-8 mM, 5-9 mM, 6-10 mM, 7-11 mM, 8-12 mM, 9-13
mM, 10-14 mM, 11-15 mM, 0-5 mM, 1-6 mM, 2-7 mM, 3-& mM, 4-9 mM, 5-10 mM, 6-11
mM, 7-12 mM, 8-13 mM, 9-14 mM, 10-15 mM, 0-6 mM, 1-7 mM, 2-8 mM, 3-9 mM, 4-10
mM, 5-11 mM, 6-12 mM, 7-13 mM, 8-14 mM, 9-15 mM, 0-7 mM, I-8 mM, 2-9 mM, 3-10
mM, 4-11 mM, 5-12 mM, 6-13 mM, 7-14 mM, 8-15 mM, 0-8 mM, 1-9 mM, 2-10 mM, 3-11
mM, 4-12 mM, 5-13 mM, 6-14 mM, 7-15 mM, 0-9 mM, 1-10 mM, 2-11 mM, 3-12 mM, 4-13
mM, 5-14 mM, 6-15 mM, 0-10 M, 1-11 mM, 2-12 mM, 3-13 mM, 4-14 mM, 5-15 mM, 0~
HmM, {-12 mM, 2-13 mM, 3-14 mM, 4-15 mM, 0-12 mM, 1-13 mM, 2-14 mM, 3-15 mM,
0-13 mM, 1-14 mM, 2-15 mM, 0-14 mM, 1-15 mM, or 0-15 mM.

[0766]  In certain embodiments, the formulation may comprise 0-10 mM of Tris.

{0707} In certain embodiments, the formulation may comprise 2-12 mM of Tris.

{0708]  In certain embodiments, the formulation may comprise 10 mM of Tris.

Histidine

{0709}  In certain embodiments, at least one of the components in the formulation is
Histiding.

{#718]  In certain embodiments, the concentration of Histidine in a formulation may be,
but is not Himited to, 0.1 mM, 0.2 mM, 0.3 mM, 0.4 mM, 0.5 mM, 0.6 mM, 0.7 mM, 0.8 mM,
GOmM, 1M, 11 mM, 1.2mM, 13mM, 14mM, 1.5mM 16mM, 1.7mM, 1.8 mM, 1.9
mM, 2mM, 2 I mM, 22mM, 23 mM, 24 oM, 23 oM, 2.6 mM, 2.7 mM, 28 mM, 2.9
mM, 3mM, 3.1 mM, 32mM 33 mM, 34 mM, 35mM, 3.6 mM, 3.7 mM, 3.8 mM, 3¢
mM, 4 mM, 4.1 mM, 42 mM, 43 mM, 44 mM, 45 mM, 46 mM, 47 mM, 4 8mM, 49
mM, SmM, 51 mM, 52 mM, 33 mM, 54 mM, 55 mM, 56 mM, 57 mM, 58mM, 39
mM, 6 mM, 6.1 mM, 6.2 mM, 6.3 mM, 6.4 mM, 6.5 mM, 6.6 mM, 6.7 M, 6.8 mM, 6.9
mM, 7mM, 71 mM, 72 oM, 73 mM, 74 mM, 75 oM, 7.6 mM, 7.7 mM, 7.8 mM, 7.9
mM, 8 mM, 8.1 mM, 82 mM, 83 mM, 8.4 mM, 8.5 mM, 8.6 mM, 8.7 mM, 88 mM, 8.9
mM, 9mM, 0.1 mM, 02 mM, 93 mM, 3.4 mM, 9.3 oM, .6 mM, 8.7 mM, 8.8 mM, 0.9
mM, 10 mM, 10.1 mM, 102 mM, 103 mM, 104 mM, 105 mM, 10.6 mM, 10.7 mM, 108
mM, 109 mM, 11 mM, 111 mM, 112 mM, 113 mM, 114mM, 115 mM, 11.6 mM, 11.7
mM, 118 M, 11.9mM, 12 mM, 121 oM, 122 M, 123 mM, 124 M, 125 mM, 12.6
mM, 12.7mM, 12.8 mM, 12.9mM, I3 mM, 131 mM, 132 mM, 133 mM, 13.4mM, 133
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mM, 13.6 mM, 13.7mM, 138 oM, 13.9 mM, 14 mM, 41 oM, 142 oM, 143 mM, 144
mM, 145 mM, 146 mM, 147 mM, 14 8 mM, 149 M or 15 mM.

{08711}  The formulation may comprise Histidine in a range of 0-0.5 mM, 0.1-0.6 mM, 0.2-
0.7mM, 0.3-6.8 mM, 0.4-0.9 mM, 0.5-1 mM, 0.6-1.1 mM, 0.7-1.2 mM, 0.8-1.3 mM, 0.9-1 4
mM, I-1.5mM, L1-1.6 mM, 1.2-1.7 mM, 1.3-1.8 mM, 1.4-1 9 mM, 1.5-2 mM, 1.6-2.1 mM,
1.7-22 mM, 1.8-23 mM, 1.9-2.4 mM, 2-25 mM, 2.1-2.6 mM, 2.2-2.7 mM, 2.3-2 8 mM, 2 4~
29 mM, 2.5-3 mM, 2.6-3.1 mM, 2.7-32 mM, 2.8-33 mM, 2.9-3.4 mM, 3-3.5mM, 3.1-36
mbM, 3.2-3.7mM, 3 3-3.8mM, 3.4-3.9mM, 3.5-4mM, 3.6-4.1 mM, 3.7-42mM, 3.8-43
mbh, 3.9-44 mM, 4-45mM, 4. 1-4.6 mM, 42-47 mM, 4.3-4.8 mM, 44-49mM, 45-5mM,
4.6-5.1 mM, 4.7-5.2 mM, 4.8-53 mM, 4.9-54 mM, 5-55 mM, 5.1-5.6 mM, 52-57 mM, 5.3-
5.8 mM, 54-59mM, 5.5-6 mM, 3.6-6.1 mM, 3.7-6.2 mM, 5.8-6.3 mM, 3.9-6.4 mM, 6-6.5
mM, 6.1-6.6 mM, 6.2-6.7 mM, 6.3-6.8 mM, 6.4-6.9 mM, 6.5-7 mM, 6.6-7.1 mM, 6.7-7.2
mM, 6.8-7.3 mM, 6.9-74 mM, 7-7.5 mM, 7.1-7.6 mM, 7.2-77 mM, 73-78 mM, 74-79
mM, 7.5-8§ mM, 7.6-8 1 mM, 7.7-8 2 mM, 78-83 mM, 7.9-8.4 mM, &8-85mM, 8.1-8.6 mM,
8.2-8.7 mM, 83-8.8 mM, 8§ 4-8 9 mM, 8.5-9 mM, 8.6-9.1 mM, 8.7-9.2 mM, 8.8-9.3 mM, 8.9-
94 mM, 3-95mM, 9.1-9.6 mM, 9.2-97mM, 9.3-9.8 mM, 9.4-9.9 mM, 9.5-10 mM, 9.6-10.1
mhM, 9.7-10.2 mM, 9.8-103 mM, 6.9-10.4 mM, 10-10.5 mM, 10.1-10.6 mM, 10.2-10.7 mM,
10.3-10.8 mM, 10.4-109 mM, 10.5-11 mM, 10.6-11. 1 mM, 10.7-11.2 mM, 10.8-11.3 mM,
10.9-11. 4 mM, 11-113 mM, 11.1-11.6 mMM, 11.2-11.7 mM, 11.3-11. 8 mM, 11 4-11.9 mM,
11.5-12mM, 11.6-12.1 M, 11.7-122 mM, 11.8-123 mM, 11.9-12.4 mM, 12-12.5 mM,
12.1-12.6 mM, 12.2-12.7 mM, 12.3-12. 8 mM, 12.4-12.9 mM, 12.5-13 mM, 12.6-13.1 mM,
12.7-13.2 mM, 12.8-133 mM, 12.9-13.4 mM, 13-13.5 mM, 13.1-13.6 mM, [3.2-13.7 mM,
13.3-13.8 mM, 13.4-13.9 mM, 13.5-14 mM, 13.6-14.1 mM, 13.7-14.2 mM, 13.8-14.3 mM,
13.9-14 4 mM, 14-14.5 mM, 14.1-14 6 mM, 14 .2-14.7 mM, 14.3-14 8 mM, 14.4-14. 9 mM,
14.5-15 mM, 0-1 mM, 1-2 oM, 2-3 aM, 3-4 mM, 4-5 mM, 5-6 mM, 6-7 mM, 7-8 mM, §-9
mM, 9-10 mM, 10-11 mM, 11-12 mM, 12-13 mM, 13-14 mM, 14-15 mM, 15-16 mM, 0-2
mM, 1-3 mM, 2-4 mM, 3-5 mM, 4-6 mM, 5-7mM, 6-8 mM, 7-9 mM, 8-10 mM, 9-11 mM,
10-12 mM, 11-13 mM, 12-14 M, 13-15 ;oM 0-3 mM, 1-4 mM, 2-5 mM, 3-6 mM, 4-7 mM,
53-8 mM, 6-9 mM, 7-10 M, &-11 mM, 9-12 mM, 10-13 mM, 11-14 mM, 12-15 mM, 0-4
mM, 1-5 mM, 2-6 mM, 3-7 mM, 4-8 mM, 5-9 mM, 6-10mM, 7-11 mM, &-12 mM, 9-13
mbM, 10-14 mM, 11-15 mM, 0-5 mM, 1-6 mM, 2-7 mM, 3-8 mM, 4-9 mM, 5-10 mM, 6-11
mM, 7-12 mM, 8-13 mM, 9-14 mM, 10-15 mM, 0-6 mM, 1-7 mM, 2-8 mM, 3-9 mM, 4-10
mM, 5-1l mM, 6-12 mM, 7-13 mM, 8-14 mM, 9-15 mM, -7 mM, 1-8 mM, 2-9 mM, 3-10
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mM, 4-11 mM, 5-12 mM, 6-13 mM, 7-14 mM, §-15 mM, 0-8 mM, 1-9 mM, 2-10 mM, 3-11
mM, 4-12 mM, 5-13 mM, 6-14 mM, 7-15 mM, 0-9 mM, 1-10 mM, 2-11 mM, 3-12 mM, 4-13
mM, 5-14 mM, 6-15 mM, 0-10 mM, 1-11 mM, 2-12 mM, 3-13 mM, 4-14 mM, 5-15 aM, 0~
1 mM, 1-12 mM, 2-13 mM, 3-14 mM, 4-15 mM, 0-12 mM, 1-13 oM, 2-14 mM, 3-15 mM,
0-13 mM, 1-14 mM, 2-15 mM, 0-14 mM, 1-15 mM, or 0-15 mM.

{9712}  In certain embodiments, the formulation may comprise 0-10 mM of Histidine.
{0713]  In certain embodiments, the formulation may comprise 2-12 mM of Histidine.
{8714}  In certain embodiments, the formulation may comprnise 10 mM of Histidine.
Arginine

{8715}  In certain embodiments, at least one of the components in the formulation is
arginine.

{0716]  In certain embodiments, the concentration of argining may be, but is not hmited to,
1mM, 2mM, 3 mM, 4 mbM, 5 mM, 6 mM, 7mM, § mM, 9mM, 10mM, 11 mM, 1ZmM, 13
mM, 14 mM, I5mM, 16 mM, 17 mM, 18 mM, 19mM, 20 mM, 21 mM, 22 mM, 23 mM, 24
mM, 25 mM, 26 mM, 27 mM, 28 mM, 29 mM, 30 mM, 31 mM, 32 mM, 33 mM, 34 mM, 35
mM, 36 mM, 37 mM, 38 mM, 39 mM, 40 mM, 41 mM, 42 mM, 43 mM, 44 mM, 45 mM, 46
mM, 47 mM, 48 mM, 49 mM, 50 mM, 51 mM, 52 mM, 53 mM, 54 mM, 55 mM, 56 mM, 57
mM, 58 mM, 39 mM, 60 mM, 61 mM, 62 mM, 63 mM, 64 mM, 65 mM, 66 mM, 67 mM, 68
mM, 69 mM, 70 mM, 71 mM, 72 mM, 73 mM, 74 mM, 75 mM, 76 mM, 77 mM, 78 mM, 79
mM, 80 mM, 81 mM, 82 mM, 83 mM, 84 mM. 85 mM, 86 mM, 87 mM, 88 mM, 89 mM, 90
mM, 91 mM, 92 mM, 93 mM, 94 mM, 95 mM, 06 mM, 97 mM, 98 mM, 99 mM, or 100
mM.

{87177  The formulation may comprise arginine in a range of 0-5 mM, 1-5 mM, 2-3 mM,
3-5 mM, 4-5 mM, 0-10 mM, 1-10 mM, 2-10 mM, 3-10 mM, 4-10 mM, 5-10 M, 6-10 mM,
7-10 M, 8-10 mM, 9-10 mM, 0-25 mM, 1-25 mM, 2-25 mM, 3-25 mM, 4-25 mM, 5-25
mM, 6-25 mM, 7-25 mM, §-25 mM, 9-25 mM, 10-25 mM, 11-25 mM, 12-25 mM, 13-25
mM, 14-25 mM, 15-25 mM, 16-25 mM, 17-25 mM, 18-25 mM, 19-25 mM, 20-25 mM, 21-
25 mM, 22-25 mM, 23-25 mM, 24-25 mM, 0-50 mM, [-50 mM, 2-50 mM, 3-50 mM, 4-50
mM, 5-30 mM, 6-30 mM, 7-50 M, 8-30 mM, 9-50 mM, 10-50 mM, 11-530 mM, 12-50 mM,
13-50 mM, 14-50 mM, 15-50 mM, 16-50 mM, 17-50 mM, 18-50 mM, 19-50 mM, 20-50
mM, 21-30 mM, 22-30 mM, 23-50 mM, 24-50 mM, 25-50 mM, 26-50 mM, 27-50 mM, 2&-
30 mM, 29-50 mM, 306-50 mM, 31-50 mM, 32-50 mM, 33-50 mM, 34-50 mM, 35-50 mM,
36-30 mM, 37-50 mM, 38-50 mM, 39-50 mM, 40-3C oM, 41-50 mM, 42-50 mM, 43-50
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mM, 44-50 mM, 45-50 mM, 46-50 mM, 47-50 mM, 48-50 mM, 49-50 mM, 0-75 mM, 1-75
mM, 2-75 mM, 3-75 mM, 4-75 mM, 3-75 mM, 6-75 mM, 7-75 mM, 8-75 mM, 9-75 mM, 10~
75 mM, 11-75 mM, 12-75 mM, 13-75 mM, 14-75 mM, 15-75 mM, 16-75 mM, 17-75 mM,
18-75 mM, 19-75 mM, 20-75 mM, 21-75 mM, 22-75 mM, 23-75 mM, 24-75 mM, 25-75
mM, 26-75 mM, 27-75 mM, 28-75 mM, 29-75 mM, 30-75 mM, 31-75 mM, 32-75 mM, 33-
75 mM, 34-75 mM, 35-75 mM, 36-75 mM, 37-75 mM, 38-75 mM, 39-75 mM, 40-75 mM,
41-75 mM, 42-75 oM, 43-75 mM, 44-75 mM, 45-75 mM, 46-75 mM, 47-75 mM, 48-75
mM, 49-75 mM, 50-75 mM, $1-75 mM, $2-75 mM, 53-75 mM, 54-75 maM, 55-75 mM, 56-
75 mM, 57-75 mM, 58-75 mM, 59-75 mM, 60-75 mM, 61-75 mM, 62-75 mM, 63-75 mM,
64-75 mM, 63-75 mM, 66-75 mM, 67-75 mM, 68-75 mM, 69-75 mM, 70-75 mM, 71-75
mM, 72-75 mM, 73-75 mM, 74-75 mM, 50-100 mM, 60-100 mM, 75-100 mM, §0-100 mM,
or 90-100 mM.

{0718}  In certain embodiments, the formulation may comprise 0-75 mM of arginine.
{0719}  In certain embodiments, the formulation may comprise 30-100 mM of arginine.
{07281 In certain embodiments, the formulation may compnse 75 mM of arginine.
Hydrochioric Acid

{0721}  In certain embodiments, at least one of the components in the formulation is
hydrochloric acid.

{©#722]  In certain embodiments, the concentration of hvdrochloric acid in a formulation
may be, but is not limited to, 0.1 mM, 0.2 mM, 0.3 mM, 0.4 mM, 0.5 mM, 0.6 mM, 0.7 mM,
08 mM, 09 mM, I mM, L1mM, 1.2mM, 13mM, 1L4mM, 1L3mM, L6 M, 1.7mM, 18
mM, 1L9mM, 2mM, 21 oM, 22 mM, 23 mM, 24 oM, 23 oM, 2.6 mM, 2.7mM, 2.8
mM, 2.9 mM, 3 mM, 3.1 mM, 32 mM, 33 mM, 34 mM, 33 mM, 3.6 mM, 3.7mM, 3.8
mM, 3.9 mM, 4 mM, 4.1 mM, 42 mM, 43 mM, 44 mM, 45 mM, 46 mM, 47 mM, 4.8
mM, 49 mM, SmM, 51 mM, 52 mM, 53 mM, 54 M, 55 mM, 56 mM, 57 mM, 38
mM, 5.9 mM, 6 mM, 6.1 mM, 6.2 mM, 6.3 mM, 6.4 mM, 65 mM, 6.6 mM, 6.7mM, 6.3
mM, 6.9 mM, 7mM, 71 M, 72 mM, 73 mM, 74 oM, 75 oM, 7.6 mM, 7.7 mM, 78
mM, 7.9 mM, § mM, 8.1 mM, 82 mM, 83 mM, 8.4 mM, 8.5 oM, 8.6 mM, 87 mM, 88
mM, 89 mM, 9mM, 9.1 mM, 0.2 mM, 83 mM, 3.4 mM, 85 mM, 9.6 mM, 9.7mM, 9.8
mM, 9.9 mM, 10 mM, 10.1 mM, 10.2 mM, 10.3 mM, 10.4 mM, 10.5 mM, 10.6 mM, 10.7
mM, 108 mM, 109 mM, 11 mM 111 oM 11 2oM, H13mM 114mM, 115mM, 116
mM, 117 oM, 118 mM, 119 mM, 12 M, 121 oM, 122 mM, 123 10M, 124 mM, 12.5
mM, 12.6 mM, 12.7mM, 12.8 mM, 2.9 mM, 13 mM, 131 mM, 132mM, 133 mM, 134
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mM, 135 mM, 13.6 mM, 13.7mM, 3.8 mM, 3.9 mM, 14 mM, 14.1 mM, 14.2 mM, 143
mM, 144 mM, 145 mM, 14.6 mM, 147 mM, 14 8 mM, 149 mM or 15 mM.

{8723}  The formulation may comprise hydrochloric acid in a range of 0-0.5 mM, 0.1-0.6
mM, 0.2-0.7 mM, 0.3-0.8 mM, 0.4-0.9 mM, 0.5-1 mM, 0.6-1.1 mM, 0.7-1.2 mM, 0.8-13
mM, 0.9-1.4mM, 1-1.5mM, 1.1-1.6 mM, 1.2-1.7mM, 1.3-1.8 mM, 1.4-1.9 mM, 1.5-2 mM,
1.6-2.1 mM, 1.7-22 mM, 1.8-23 mM, 1.9-2.4 mM, 2-25 mM, 2.1-2.6 mM, 2.2-2.7 mM, 2 3-
28 mM, 2.4-29 mM, 2.5-3mM, 2.6-3.1 mM, 2.7-3.2 mM, 2.8-3.3 mM, 2.9-34 mM, 3-3.5
mM, 3 1-3.6 mM, 3.2-3.7 mM, 3.3-3.8 mM, 3.4-3.9 mM, 3.5-4 mM, 3.6-4.1 mM, 3.7-42
mM, 3.8-43 mM, 3.9-4.4 mM, 4-435 mM, 4.1-4.6 mM, 4.2-47 mM, 43-4.8 mM, 44-49
mM, 4.5-5 mM, 4.6-5.1 mM, 4.7-52 mM, 4.8-53 mM, 4.9-54 mM, 5-5.5 mM, 5.1-5.6 mM,
5.2-5.7 mM, 53-5.8 mM, 54-5.9 mM, 5.5-6 mM, 5.6-6.1 mM, 5.7-6.2 mM, 5.8-63 mM, 59-
6.4 mM, 6-6.5 mM, 6.1-6.6 mM, 6.2-6.7 mM, 6.3-6.8 mM, 6.4-6.9 mM, 6.5-7mM, 6.6-7.1
mM, 6.7-7.2 mM, 6.8-73 mM, 6.9-74 mM, 7-75 mM, 7.1-76 mM, 7.2-77 mM, 7.3-78
mM, 74-7.9 mM, 7.5-8 mM, 7.6-8.1 mM, 7.7-82 mM, 7.8-83 mM, 7.9-8.4 mM, 8-8.5 mM,
8.1-8.6 mM, 8.2-8.7 mM, 83-8.8§ mM, 84-8. 9 mM, 83-9mM, 8.6-9.1 mM, 8.7-92 mM, 8.8-
9.3 mM, 8.9-9.4 mM, 9-9.5mM, 9.1-9.6 mM, 9.2-8.7 mM, 93-9.8 mM, 9.4-9.9 mM, 9.5-10
mM, 9.6-10.1 mM, 9.7-10.2 mM, 9.8-10.3 mM, 9.9-10.4 mM, 10-10.5 mM, 10.1-10.6 mM,
10.2-10.7 mM, 10.3-108 mM, 10.4-10.9 mM, 105-11 mM, 10.6-11.1 mM, 10.7-11.2 mM,
10.8-11.3 mM, 10.9-11.4 mM, 11-115mM 11.1-11.6 mM, 11.2-11.7mM, 11 3-11.8 mM,
114-119mM, 11.5-12mM, 11.6-12.1 mM, 11.7-122 mM, 11.8-123 mM, 11.9-12.4 mM,
12-125mM, 12.1-12.6 mM, 12.2-12.7 mM, 123-12.8 mM, 12.4-12.9 uM, 12.5-13 mM,
12.6-13.1mM, 12.7-13.2mM, 12.8-13.3 mM, 129-13.4 mM, 13-13.5mM, 13.1-13.6 mM,
13.2-13.7mM, 13.3-13.8 mM, 13.4-13.9 mM, 13.3-14 mM, 13.6-14.1 mM, 13.7-14.2 mM,
13.8-143 mM, 13.9-144 mM, 14-145 mM, 14 1-14.6 mM, 14.2-14.7mM, 143-14 8 mM,
14.4-14 9 oM, 14.5-15 mM, 0-1 mM, 1-2 mM, 2-3 mM, 3-4 mM, 4-5 ;mM, 5-6 oM, 6-7
mM, 7-8 mM, 8-9 mM, 9-10 mM, 10-11 mM, 11-12 mM, 12-13 mM, 13-14 mM, 14-15 mM,
15-16 mM, 0-2 mM, 1-3 mM, 2-4 mM, 3-5 mM, 4-6 mM, 5-7 mM, 6-8 mM, 7-0 mM, &-10
mM, 9-11 mM, 10-52 ;M 11-13 mM, 12-14 M, 13-15 mM, 0-3 mM, 1-4 mM, 2-5 mM, 3-
6 mM, 4-7 mM, 3-8 mM, 6-9 mM, 7-10 mM, 8-11 mM, 9-12 mM, 10-13 mM, 11-14 mM,
12-15 mM, 0-4 mM, 1-5 mM, 2-6 mM, 3-7 mM, 4-8 mM, 5-9 mM, 6-10 mM, 7-11 mM, 8-12
mM, 9-13 mM, 16-14 mM, 11-15 mM, 0-5 mM, 1-6 mM, 2-7 mM, 3-8 mM, 4-9 mM, 5-10
mM, 6-11 mM, 7-12 mM, 8-13 mM, 9-14 mM, 10-15 mM, 0-6 mM, 1-7 mM, 2-8 mM, 3-9
mM, 4-10 mM, 3-11 mM, 6-12 mM, 7-13 mM, &-14 mM, 9-15 mM, 0-7 mM, 1-8 mM, 2-9
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mM, 3-10 mM, 4-11 mM, 5-12 mM, 6-13 mM, 7-14 mM, 8-15 mM, 0-8 mM, 1-9 mM, 2-10
mM, 3-11 mM, 4-12 mM, 5-13 mM, 6-14 mM, 7-15 mM, 0-9 mM, 1-10 mM, 2-11 mM, 3-12
mM, 4-13 mM, 5-14 mM, 6-15 mM, 0-10 mM, 1-11 mM, 2-12 mM, 3-13 mM, 4-14 aM, 3-
15 mM, 0-11 mM, 1-12 mM, 2-13 mM, 3-14 mM, 4-15 mM, 0-12 mM, 1-13 mM, 2-14 mM,
3-15 mM, 0-13 mM, 1-14d mM, 2-15 mM, 0-14 mM, 1-15 mM, or 0-15 mM.

{0724}  In certain embodiments, the formulation may comprise 0-10 mM of hydrochloric
acid.

[6728]  In certain embodiments, the formulation may comprise 6.2-6.3 mM of
hydrochloric acid.

{8726}  In certain embodiments, the formulation may comprise 8.9-9 mM of hydrochloric
acid.

{0727  In certain embodiments, the formulation may comprise 6.2 mM of hydrochloric
actd.

{0728}  In certain embodiments, the formulation may comprise 6.3 mM of hydrochloric
acid.

[8729]  In certain embodiments, the formulation may comprise 8.9 mM of hydrochloric
acid.

{0730} 1o certain ecmbodiments, the formulation may comprise 9 mM of hydrochloric acid.
Sugar

{9731}  In certain embodiments, the formulation may comprise at least one sugar and/or
sugar substitute.

{8732}  In certain embodiments, the formulation may comprise at least one sugar and/or
sugar substitute to increase the stability of the formulation. This increase in stability may
provide longer hold times for in-process pools, provide a longer “shelf-hife”, increase the
concentration of AAV particles in solution {c.g., the formulation is able to have higher
concentrations of AAV particles without rAAV dropping out of the solution) and/or reduce
the generation or formation of aggregation in the formulations.

{0733}  In certain embodiments, the inclusion of at least one sugar and/or sugar substitute
in the formulation may increase the stability of the formulation by 1%, 2%, 3%, 4%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 8%, 85%,
, 5-30%, 5-35%. 5-40%, 5-45%,
3-50%, 5-35%, 5-60%, 5-65%, 5-70%, 5-75%, 5-80%, 5-85%, 5-90%, 5-95%, 10-20%, 10~

25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-50%, 10-55%, 10-60%, 10-65%, 10-70%, 10-

90%., 95%, or more than 93%, 1-5%, 5-15%, 5-20%, 3-25%
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359, 15-40%, 15-45%, 15-
85%, 15-90%, 15-95%, 20-
65%, 20-70%, 20-75%, 20~
25.35%, 25-60%, 25-
0%, 30-45%, 30-50%, 30~
J0%, 30-95%, 35-45%, 35-
5%, 35-90%, 35-95%, 40-
40-90%, 40-95%, 45-

75%, 10-80%, 10-85%, 10-90%, 10-95%, 15-25%, 15-30%, 15-
50%, 15-55%, 15-60%. 15-65%, 15-70%, 15-75%, 15 5
20-40%, 20-43%, 20-50%, 20-55%, 20-60%, 20~

80%, 20-85%, 20-90%, 20-95%, 25-35%, 25-40%, 23 5.5
25-70%, 25-75%, 25-80%, 25-85%, 25-90%, 25-95%, 30-4
e}

55%, 30-60%, 30-65%., 30-70%, 30-73%, 30-80%, 30-83%, 30-C

3 >
50%, 40-55%, 40-60%, 40-65%, 40-70%, 40-75%, 40-80%, 40-85%
55%, 43-60%, 45-65%, 45-70%, 45-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 50-
65%, 50-70%, 50-75%, 56-80%, 50-85%, 50-90%, 50-95%, 55-65%, 55-T0%, 55-75%, 55~
809, 55-85%, 55-90%, 55-95%, 60-70%, 60-75%, 60-80%, 60-85%, 60-90%, 60-95%, 65-
b, 65-80%, 65-85%, 65-90%, 65-95%, T0-80%, T0-85%, T0-90%, 70-95%, 75-85%, 75-

4
9
&
50%, 35-55%, 35-60%, 35-63%, 35-70%, 35-75%, 35-80%, 3:
7
g
9

39/

~3

\0

90%, 75-95%, 80-90%, 80-95%, or 90-95% as compared to the same formulation without the
sugar and/or sugar substitute.

{8734}  In certain embodiments, the sugar and/or sugar substitute is used i combination
with a phosphate baffer for increased stability. The combination of the sugar and/or sagar
substitute with the phosphate butter may increase stability by 1%, 2%, 3%, 4%, 5%, 10%,
15%, 20%. 25%, 30%, 35%., 40%, 45%, 50%, 55%, 60%, 65%. T0%, 75%, 80%. 85%, 90%,
5%, or more than 95°/, 1-5%, 5-15%, 5-20%, 3-25%, 3-30%, 5-35%, 5-40%, 5-43%, S-
(1%, 5-55%, 5-60%, 5-65%, 5-70%, 5-75%, 5-80%. 5-85%. 5-90%, 5-95%, 10-20%, 10-
25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-50%, 10-33%, 10-60%, 10-65%, 10-70%, 10-
75%, 10-80%, 10-85%, 10-90%, 10-95%, 13-25%, 15-30%, ]5~35%, 15-409%, 15-459%;, 13-
50%, 13-55%, 15-60%, 15-65%, 15-70%, 15-73%, 1 15-85%, 15-90%, 15-95%, 20-
30%, 20-35%, 20-40%, 20-45%, 20-50%, 20-55%, 2 20-65%, 20-70%, 20-75%, 20-
80%, 20-83%, 20-90%, 20-95%, 25-35%, 25-40%, 25-45% 25-535%, 25-60%, 25~

65%, 25-70%, 25-75%, 25—80%, 25-85%, 25-90%, 25-95%, 3

N

2

25.50%
0-40%, 30-45%, 30-50%, 30-
55%, 30-60%, 30-65%, 30-70%, 30-75%, 30-80%, 30-85%, 30-90%@ 30-95%, 35-45%, 35-

3
50%, 40-55%. 40~60%, 40-65%, 40-T0%, 40-75%, 40-80%, 40-85%, 40-90%, 40-95%, 45-
55%, 45-60%, 45-65%, 45-T0%, 45-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 50-
65%, 50-70%, 50-75° sowso%, 50-85%, 50-90%, 50-95%, 55-65%, 55-70%, 55-75%, 55-
80%, 53-85%, 55-90%, $3-95%, 60-70%, 60-75%, 60-80%, 60-85%, 60-90%, 60-95%, 65-
75%, 65-80%, 65-85%, 65-90%, 65-93%, T0-80%, 70-83%, 70-90%, 70-95%, 75-85%, 75-

8
7
50%, 35-55%, 35-60%, 35-05%, 35-70%, 35-75%, 35-80%, 35-853%, 35-90%, 35-95%, 40-
7
7
8
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90%, 73-95%, 80-90%, 80-95%, or 90-95% as compared to the same formulation without the
sugar and/or sugar substitute. As a non-limiting example, the sugar is sucrose. As another
non-fimiting example, the sugar is trehalose. As another non-limiting example, the sugar
substitute is sorbitol.
{735]  In certain embodiments, the hold time of the fornnudation may be increased by 1%,
2%, 3%. 4%, 5%, 10%, 15%, 20%. 25%., 30%., 35%., 40%, 45%, 50%. 55%, 60%, 65%. 70%,
75%, 80%, 85%. 90%, 95%, or more than 93%, 1~5%, 5-15%, 5-20%, 5-23%, 5-30%, 5-35%,
5-40%, 5-45%, 3-50%, 5-35%, 5-60%, 5-65%, 5-70%, 5-75%, 5-80%, 5-85%, 3-90%, 3-
95%, 10-20%, 10-25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-50%, 10-55%, 10-60%, 10-
63%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%, 10-95%, 15-25%, 15-30%, 15-35%, 15-
40%, 15-45%, 15-50%, 15-55%, 15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 13-
15-95%, 20-30%, 20-35%, 20-40%, 20-45%, 20-50%, 20-55%, 20-60%, 20-65%, 20~
20-75%, 20-80%, 20-85%, 20-90%, 20-95%, 25-35%, 25-40%. 25-45%, 25-30%, 25~
55%, 25-60%, 25~65%, 25-70%, 25-75%, 25-80%, 25-85%, 25-90%, 25-95%, 30-40%, 30-
45%, 30-50%, 30-55%, 30-60%, 30-65%, 30-70%, 30-75%, 30-80%, 30-85%, 30-90%, 30-
95%. 35-45%, 35-50%. 35-55%, 35-60%, 35-65%, 35-70%, 35-75%, 35-80%, 35-85%, 35~
90%, 33-95%, 40-50%, 40-35%, 40-60%, 40-65%, 40-70%, 40-75%, 40-80%, 40-85%, 40~
90%, 40-95%, 45-35%, 45-60%, 45-65%, 45 45-75%, 45-80%, 45-85%, 45-90%, 45-
3%, $0-60%, 50-63%, 50-70%, 50-75%, S0-80%, 50-85%, 50-90%, 50-95%, 55-65%, 53~
T0%, 55-75%, 55-80%, 55-85%, 55-90%. 55-93%. 60-70%, 60-75%, 60-80%, 60-85%, 60-
90%, 60-95%, 65~75%, 65-80%, 63-85%, 63-90%, 65-95%, 70-80%., 70-85%, 70-90%, 70-

95%, 75-85%, 73-80%, 75-95%, 80-90%, 80-95%, or 90-95% as compared to the same

s

N

2

formulation without the sugar and/or sugar substitute.

{8736}  In certain embodiments, the shelf-life of the formulation may be increased by 1%,
2%, 3%, 4%. 5%, 10%, 153%. 20%, 23%, 30%, 35%, 40%, 45%, 50%, 53%, 60%, 65%, 70%,

75%, 80%, 5%, 90%%, 95%, or more than 95%, 1-5%, 5-15%, 5-20%, 5-25%, 5-30%, 5-35%,

5-40%, 5-43%, 5-50%, 5-35%, 5-60%, 5-65%, 3-70%, 5-75%, 5-80%, 5-8

5-85Y
95%, 10-20%, 10-25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-30%. 10-55%, 10-60%, 10-
65%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%, 10-95%, 15-25%, 15-30%, 15-35%, 15-

40%., 15-45%, 13-50%, 15~55%, 15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15
90%, 15-95%, 20-30%, 20-35%, 20-40%, 20-45%, 20-50%, 20-55%, 20-60%, zomes%, 20-
T0%, 20-75%, 20-80%, 20-85%, 20-90%, 20-95%, 25-35%, 25-40%, 25-45%, 25-50%, 25~
559, 25-60%, 25-65%, 25-70%, 25-75%, 25-80%, 25-85%, 25-90%, 25-93%, 30-40%, 30-
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45%, 30-50%, 30-55%, 30-60%, 30-65%, 30-70%, 30-73%, 30-80%, 30-85%, 30-90%, 30-
95%. 35-45%, 35-50%. 35-55%, 35-60%, 35-63%, 35-70%, 35-75%, 35-80%, 35-85%, 35~
909, 35-93%, 40-30%, 40-33%, 40-60%, 40-65%, 40-70%, 40-75%, 40-80%, 40-85%, 40~
909, 40-95%, 45-55%, 45-60%, 45-65%, 45-70%, 45-75%, 45-80%, 45-85%, 45-90%, 45-
95%, 50-6(%, 50-63%, 50-70%, 50-73%, 50-80%, 50-835%, 50-90%, 50-95%, 55-65%, 53~
T0%, 55-75%, 55-80%, 55-85%, 55-90%, 55-93%, 60-70%, 60-75%, 60-80%, 60-85%, 60-
90%, 60-95%, 65~75%, 65-80%, 65-85%, 65-90%, 65-95%, 70-80%. 70-83%, 70-90%, 70-
95%, 75-85%, 75-80%, 75-95%, 80-90%, 80-95%, or 90-95% as compared to the same
formulation without the sugar and/or sugar substitute. The shelf-life mavbe 1,2, 3,4,5,6,7,
8.9, 10, 11,12, 13, 14,15, 16,17, 18, 19,20, 21,22, 23, 24 hours, or 1, 2, 3, 4 weeks, or 1,
2,3,4,5,6,7,8 9, 10,11, 12, 13, 14, 15,16, 17, 18, 19,20, 21,22, 23, 24 months, or §, 2, 3,
4,3, 6, 7 or more than 7 years.

{08737} In certain embodiments, the concentration of the AAV particles in the formulation

may be increased by 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%., 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or more than 95%, 1-3%, 5-15%,
5-20%, 5-25%, 5-30%, 5-35%, 3-40%, 5-43%, 5-50%, 5- 5-60%, 5-65%, 5-70%, 3-

75%, 35-80%. 5-85%. 5-90%. 5-95%, 10-20%, 10-25%, mao%,, 10-35%, 10-40%. 10-45%,
10-50%, 10-55%, 10-60%, 10-65%, 10-70%, 10-75%, 10-80%, 10-85%, 10-90%, 10-95%,
15-25%, 15-30%. 15-35%. 15-40%, 15-45%. 15-50%. 15-55%, 15-60%, 15-65%, 15-70%,
15-75%. 15-80%, 15-85%, 15-90%, 15-95%, 20-30%, 20-35%, 20-40%, 20-45%, 20-50%,
20-33%, 20-60%, 20-63%, 20-T0%, 20-T3%, 20-80%, 20-85%, 20-90%, 20-95%, 25-35%,
25-40%, 2545%3 25-30%, 25-35%, 25-60%, 23-65%, 23-T0%, 25-75%, 25-80%, 25-85%,
25-90%, 25-95%, 30-40%, 30-45%, 30-50%, 30-55%, 30-60%, 30-65%, 30-70%, 30-75%,
30_30%, 30-85%, 30-90%, 30-95%, 35-45%, 35-50%, 35-55%, 35-60%, 35-63%, 35-70%,
35-75%, 35-80%, 33-85%, 35-00%, 35-95%, 40-50%, 40-35%, 40-60%, 40-65%. 40-70%,
40-75%, 40-80%, 40-85%, 40-90%, 40-95%, 43-55%, 45-60%, 45-65%, 45-70%, 45-75%,
45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 50-65%, 50-70%, 50-75%, 50-80%, 50-85%,
50-90%, 50-93%, 55-63%, 55-70%, 55-75%, 53-80%, 53-85%, 53-00%, 55-05%, 60-70%,
60-75%, 60-80%, 60-85%, 60-90%, 60-95%, 63-75%, 65-80%, 63-83%, 65-90%, 65-95%,
70-80%, 70-85%, 70-90%, 70-95%, 75-85%, 75-90%, 73-95%, 80-90%, 80-95%, or 90-95%

>

as compared to the same formulation without the sugar and/or sugar substitute.
{0738]  Io certain cmbodiments, as a result of the addition of a sugar and/or sugar

substitute, the formulation or generation of aggregates i the formulation may be reduced by
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1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%,

70%, 75%, 809, 85%, 90%, 95%, or more than 95%,

5-40%, 5-45%, 5-50%;, 5-85%, 5-60%, 5-65%, 5-70%. 5

0,

50%, 23-35%.
o, 30-309
6, 35-45%,

40%, 30-459

9%, 30-95%,.

85%, 35-90%,
85%, 40-90%,
90%, 45-95%,
65%, 55-70%,
85%, 60-90%,
%%, 75-85

90%, 70-95

-95%, 10-20%, 1

5%, 10-70%,
o, 15-45%,
85%, 15-90%,

65%, 20-70%,

15-95%,
20-75%,

25-60%,

35-95%,
40-95%,
50-60%,
55-75%,

60-85%,

0-25%, 10-30%,

20-80%, 20-85%, 20-90%, 20-95%, 25-35

PCT/US2020/014000

0, 35%, 40%, 45%, 50%, 55%, 60%, 65%,

1-5%, 5-15%,

-75%, 5-80%, 5-85%, 5-

5-20%, 5-25%, 5-30%,

10-35%, 10-40%, 10-45%, 10-50%, 10-55%, 10-

10-75%, 10-80%, 10-85%, 10-90%, 10-95%, 15-25%, 15-30%, 15-
15-50%, 15-35%, 15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-
20-30%, 20-35%, 20-40%, 20-45%, 20-50%, 20-35%, 20-60%, 20-

25-65%, 25-70%, 25-75%, 25-8(

%, 25-40%, 25-45%, 25-

%%, 25-85%, 25-90%, 25-95%, 30~

5-6
o, 30-55%, 30-60%, 30-65%, 30-70%, 30-75%, 30-80%, 30-85%, 30-
5-5

30%, 35-55%, 35-60%, 35-65%, 35-70%, 35-75%, 35-80%%, 35-

40-50%, 40-35%, 40-60%, 40-65%, 40-70%, 40-75%, 40-80%, 40-
45-53%, 45-60%, 45-65%, 45-70%, 45-75%, 45-80%, 45-85%, 45-

5
50-65%, 50-70%, 50-75%, 50-80%, 50-85%, 50—90%, 50-95%, 55-

8
85 70/063800

55-90%

65-85%, 65-90%, 65-95

same formulation without the sugar and/or sugar substitute.

%, 70-80%, 70-85%, 70-

Yo, 75-90%, 75-95%, 80-90%, 80-95%, or 90-95% as compared to the

{©#73%]  In certain embodiments, as a result of the addition of a sugar and/or sugar

substitute, the formulation or

25 a 3&)0/,

15%, 20%

0,

95%, or more

50%, 5-55%, 5-

25%, 10-30%,
75%, 10-80%
50%, 15-55

30%, 20-35%,
80%, 20-85%,
o 25-75%.

65%, 25-70%

55%, 30-60%,

50%, 35-55%,
0, 40-55%
5%, 45-60%,

than 95%

10-35%

, 10-85%,

%, 15-60%,

20-40%,
20-90%,

30-65%,
33-60% 70,
0, 40-60%,

, 45-65%,

60%, 5-¢

35%, 40%, 45%, 50%,
o 1-3%, 5-13%, 5-

5%, 5-70%, 5-75%, 5-80%

zn/fl L

6, S-3
, 5-859

. 10-40%, 10-45%, 10-50%, 10-35%
. 15-25%, 15-30%, 15-359

10-90%, 10-95%

15-65%, 15-70%, 15-75%, 15-80%, 15-85

0%

generation of aggregates may be 1%, 2%, 3%, 4%, 5%, 10%,

550/0 600/1) 639 /o 709 /0 7! 0/0 809 /o 850/0 9!)0/0

-400/0 5~ 4?/0 5~

90%3 5-95%, 10-20%, 10-

, 10-609

6, 10-65%, 10-70%, 10-
%, 15-40%, 15-45%, 15~

%, 15-90%, 15-95%, 20-

20-45%, 20-50%, 20-53%, 20-60%, 20-63%, 20-70%, 20-75%, 20-
20-95%. 23-35%, 25-40%, 25-45%, 25-50%, 25-35%, 25-60%, 25-

25-80%, 25-85%,

25-90

%, 25-95%,

30-40

%, 30-45%, 30-50%, 30-

30470%,3047« %%, 30-80%, 30-83%, 30-90%, 30-95%, 35-45%, 35-
. 35-80%, 35-85%
40-75%, 40-80%, 40-85%, 40-90%, 40-95%, 45-

35-65%, 35-7

40-65%, 40-70%,

, 45-70%, 45-75%,

o, 35-75%

45-80%

241 -

, 45-85%

o, 45-90%

, 35-90%, 35-95%, 40~

. 45-95%. 50-60%, 50-



WO 2020/150556 PCT/US2020/014000

65%, 50-70%, 50-75%, 50-80%, 50-85%, 50-90%, 30-95%, 55-65%, 55-70%, 55-75%
80%, 53-85%, 55-90%, 55~95%, 60-70%, 60-75%, 60-8(%, 60-85%, 60-90%, 60-95%, 6
73%, 65-80%, 63-85%, 65-20%, 65-95%, 70-80%, 70-85%, 70-90%, 70-95%, 75-85%, 75-
%, 75-95%, 80-90%, 80-95%, or 90-95% as determined by a method known n the art
{e.g., bv DLS measurement) and as compared to the same formulation without the sagar
and/or sugar substitute. As a non-limiting example, the aggregation of a formulation can be
less than 2% by the addition of at least one sugar and/or sugar substitute to the formulation.
Additional aggregates can be removed by methods known in the art.

{0740]  In certain embodiments, the formulation may comprise a sugar and/or sugar
substitute at 0.1%, 0.2%. 0.3%, 0.4%, 0.3%, 0.6%. 0.7%, 0.8%, 0.9%, 1%, 1.1%, 1.2%,
1.3%, 1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2%, 2.1%, 2.2%, 2.3%, 2.4%, 2.5%, 2.6%,
2.7%, 2.8%, 2.9%, 3%, 3.1%, 3.2%, _5.3%, 3.4%, 3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4%, 4.1%,
4.2%, 4.3%, 4.4%, 4 5%, 4.6%, 4.7%, 4.8%, 4.9%, 5%, 3.1%, 5 2%, \
5.6%, 5.7%, 5.8%, 5.9%. 6%, 6.1%, 6.2%. 6.3%, 6.4%, 6.5%, 6.6%. 6.7%, 6.8%, 6.9%, 7%,
7.3%,7.2%, 7.3%, 74%, 7.5%, 7.6%, T.7%, 7.8%, 7.9%, 8%, 8.1%, 8.2%, 8.3%, 8.4%,
8.5%, 8.6%, 8.7%, 8.8%, 8.9%, 9%, 9.1%, 9.2%, 9.3%, 9.4%, 9.5%, 9.6%, 9.7%, 9.8%,

9.9%, or 10% w/v.

4

h

~nos = A0/ K &
3%, 5.4%, 5.5%

{0741} 1o certain embodiments, the formulation may comprise a sugar and/or sugar

substitute in a range of 0-1%, 0.1-1%, 0.2-1%, 0.3-1%, 0.4-1%, 0.5-1%, 0.6-1%, 0.7-1%, 0.8-

%, 0.9-1%. 0-1.5%, 0.1-1.5%, 0.2-1.5%, 0.3-1.5%, 0.4-1.5%, 0.5-1.5%, 0.6-1.5%, 0.7-1.5%,
0.8-1.5%, 0.9-1.5%, 1-1.5%, 1 1-1.5%, 1.24.5%, 1.3-1.5%, 1.4-1.5%, 0-2%, 0.1-2%, 0.2-
2%, 0.3-2%, 0.4-2%, 0.5-2%, 0.6-2%, 0.7-2%, 0.8-2%, 0.9-2%, 1-2%, 1,1-2% 1.2-2%., 13-

2%, 1.4-2%, 1.5-2%, 1.6-2%, 1.7-2%, 1.8-2%, 1.9-2%, 0-2.5%, 0.1-2.5%, 0.2-2.5%, 0.3
2.5%, 0.4-2.5%, 0.5-2.5%, 0.6-2.5%, 0.7-2.5%, 0.8-2.5%, 0.9-2.5%, 1-2.5%, 1.1-2.5%, 1.2
2.5%, 1.3-2.5%, 1.4-2.3%, 1.5-2.5%, 1.6-2.3%, 1.7-2.5%. | 8-2 5%, 1.9-2.3%, 2-2.5%, 2.1-
2.5%, 2.2:2.5%, 2.3-2.5%, 2.4-2.5%, 0-3%, 0.1-3%, 0.2-3%, 0.3-3%, 0.4-3%, 0.5-3%, 0.6-
3%, 0.7-3%, 0.8-3%, 0.9-3%. 1-3%, 1.1-3%, 1.2-3%, 1.3-3%, 1.4-3%, 1.5-3%, 1.6-3%, 1.7-
3%, 1.8-3%, 1.9-3%, :z~3%,2;1~3<?/u,27-~/0 2.3-3%, 2.4-3%, 2.5-3%, 2.6-3%, 2.7-3%, 2.8-
3%, 2.9-3%, 0-3.5%, 0.1-3.5%, 0.2-3.5%, 0.3-3.5%, 0.4-3.5%, 0.5-3.5%, 0.6-3.5%, 0.7-3.5%,
0.8-3.5%, 0.9-3.5%, 1-3.5%, 1.1-3. 3 3-3.5%, 1.4-3.5%, 1.5-3.5%, 1.6-3.
1.7-3.5%, 1.8-3.3%, 1.9-3.5%, 2-3.5%, 2.1-3.5%, 2.2-3.5%, 2.3-3.5%, 2.4-3.5%, 2.5-3.5%
2.6-3.5%, 2.7-3 5%, 2.8-3.5%, 2.9-3.5%, 3-3 3

4%, 0.1-4%, 0.2-4%, 0.3-4%, 0.4-4%, 0.5-4%, 0.6-4%, 0.7-4%, 0.8-4%, 0.9-4%, 1-4%

\H
.»

5%, 3.1-3.5%, 3.2-3.5%, 3.3-3.5%, 3.4-3.
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4%, 1.2-4%, 1.3-4%, 1.4-4%, 1.5-4%, 1.6-4%, 1.7-4%, 1.8-4%, 1.9-4%, 2-4%, 2.1-4%, 2.2-
4%, 2.3-4%, 2.4-4%, 2.5-4%, 2.6-4%, 2.7-4%, 2.8-4%, 2.9-4%, 3-4%, 3.1- %,3‘24‘-?/5,3.:-
4%, 3.4-4%, 3.5-4%, 3.6-4%, 3.7-4%, 3.8-4%, 3.9-4%, 0-4.5%, 0.1-4.5%, 0.2-4.5%, 0.3~
4.5%, 0.4-4.5%, 0.5-4.5%, 0.6-4.5%, 0.7-4.5%, 0.8-4.5%, 0.9-4.5%, 1-4.5%, 1.1-4.5%, 1.2~
4.5%, 1.3+4.5%, 1.4-4.5%, 1.5-4.5%, 1.6-4.5%, 1.7-4.5%, 1.8-4.5%, 1.9-4.5%, 2-4.5%, 2.1~
4.5%, 2.2-4.5%, 2.3-4.5%, 2.4-4.5%, 2.5-4 5%, 2.6-4.5%, 2.7-4.5%, 2.8-4.5%, 2.9-4 5%, 3~
4.5%, 3.1-4.5%, 3.2-4.5%, 3.3-4.5%, 3.4-4.5%, 3.5-4.5%, 3.6-4.5%, 3.7-4.5%, 3.8-4 5%, 3.9-
4.5%, 4-4 5%, 4.1-4.3%, 4.2-4.5%, 4.3-4.5%, 4.4-4.5%, 0-5%, 0.1-5%, 0.2-3%, 0.3-5%, 0.4-
5%, 0.5-3%, 0.6-5%, 0.7-5%, 0.8-3%, 0.9-5%, 1-5%, 1.1-3%, 1.2-5%, 1.3-3%, 1.4-5%, 1.5
5%, 1.6-5%, 1.7-3%, 1.8-5%, 1.9-3%, 2-3%, 2.1 5%, 2.2-5%, 2.3-5%, 2.4-5%, 2.5-5%, 2.6
5%, 2.7-3%, 2.8-5%, 2.9-5%, 3-5%, 3.1-5% 4, 3.3-5%, 3.4-3%, 3.5-5%, 3.6-3%, 3.7-
5%, 3.8-3%, 3.9-5%, 4-5%. 4.1-5%, 4.25%, 4.3-5%, 4.4-5%, 4.5-5%, 4.6-3%, 4.7-5%, 4.8-
%, 4.9-5%, 0-3.5%, 0.1-5.5%, 0.2-5.5%, 0.3-5.5%, 0.4-5.5%, 0.5-5.5%, 0.6-5.5%, 0.7-5.5%,
0.8-5.5%, 0.9-5.5%, 1-5.3%, 1.1-5.5%, 1.2-3.5%, 1.3-5.5%, 1.4-5.5%, 1.5-3.5%, 1.6-5.3%,
5, 1.8-5.5%, 1.9-5.5%, 2-5.5%, 2.1-5.5%, 2.2-5.5%, 243~5‘5i?/é,2.4-5,5°/£>9 2.5-5.5%,
1-5.3

2.7-5.5%, 2.8-5.5%, 2.9-5.5%, 3-5.

3.

0,

(a)
{\l
L.n

v

3
Ui
(Jl
\0

o)

%, 3.

3.5-55%, 3.6-5.5%, 3.7-5.5%, 3.8-5.5%, 3.9-5.5%, 4-5 3%, 41_545%, 4.2_5.5%, 4.3-5.5%,
4.4-5.5%, 4 5-5.5%, 4.6-3 5%, 4.7-5.3%, 4.8-5.5%, 4.9-3 5%, 5-5.5%, 5.1-5.5%, 5.2-5.5%,
5.3-5.5%, 5.4-5 5%, 0-6%, 0.1-6%, 0.2-6%, (1.3-6%, 0.4-6%, 0.5-6%, 0.6-6%, 0.7-6%, 0.8-

6%, 0.9-6%, 1-6%, 1.1-6%, 1.2-6%, 1.3-6%, 1.4-6%, 1.5-6%, 1.6-6%, 1.7-6%, 1.8-6%, 1.9-
6%, 2-6%, 2.1-6%. 2 2-6%, 2.3-6%, 2 4-6%, 2.5-6%, 2.6-6%, 2.7-6%, 2.8-6%. 2.9-6%, 3-
6%, 3.1-6%, 3.2-6%, 3.3-6%, 3.4-6%, 3.5-6%, 3.6-6%, 3.7-6%, 3.8-6%, 3.9-6%, 4-6%, 4.1-
6%, 4.2-6%, 4.3-6%, 4.4-6%, 4.5-6%, 4.6-6%, 4.7-6%, 4.8-6%, 4.9-6%, 5-6%, 5.1-6%, 5.2-
6%, 5.3-6%, 5.4-6%, 5.5-6%, 5.6-6%, 5.7-6%, 5.8-6%, 5.9-6%, 0-6.3%, 0.1-6.5%, 0.2-6.5%,
0.3-6.5%, 0.4-6 5%, 0.5-6 5%, 0.6-6.5%, 0.7-6.5%, 0.8-6.5%, 0.9-6.5%. 1-6.5%, 1.1-6.5%,
1.2-6.5%, 1.3-6.5%, 1.4-6.5%, 1.5-6.5%, 1.6-6.5%, 1.7-6.5%, 1.8-6.5%, 1.9-6.5%, 2-6.5%,
2.1-6.5%, 2.2-6.5%, 2.3-6.5%, 2.4-6.5%, 2.5-6.3%, 2.6-6.5%, 2.7-6.5%, 2.8-6.5%, 2.9-6.5%,
3-6.5%, 3.1-6.5%, 3.2-6.3%, 3.3-6.5%, 3.4-6.5%, 3.5-6.5%, 3.6-6.5%, 3.7-6.5%. 3.8-6.5%,
3.9-6.5%, 4-6.5%, 4.1-6.5%, 4.2-6.5%, 4.3-6.5%, 4.4-6.5%, 4.5-6.5%, 4.6-6.5%, 4.7-6.5%,
4.8-6.3%, 4.9-6.5%, 5-6.5%, 5.1-6.5%, 5.2-6.5%, 5.3-6.5%, 5.4-6.5%, 5.5-6.5%, 5.6-6.5%,
5.7~6.5%, 5.8-6.3%, 5.9-6.5%, 6-6.5%, 6.1-6.5%, 6.2-6 5%, 6.3-6.5%, 6.4-6.3%, 0-7%, 0.1~
%, 0.2-7%, 0.3-7%, 0.4-7%, 0.5-7%, 0.6-7%, 0.7-7%., 0.8-7%, 0.9-7%, 1-7%, 1.1-7%, 1.2~
T%, 1.3-7%, 1.4-7%, 1.5-7%, 1.6-T%, 1.7-1%, 1.8-7%. 1.9-7%, 2-7%, 2.1-7%, 2.2-7%, 2
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7%, 2.4-7%, 2.5-7%, 2.6-7%, 2.7-7%, 2.8-7%

7%, 3.5-7%, 3.6-7%, 3.7-7%,

8%, 3.9-7%, 4-7%. 4.1~

PCT/US2020/014000

. 2.9-7%, 3-7%, 3.1-7%, 3.2-7%, 3.3-7%, 3 4-
%, 4.2-T%, 43-7%, 4.4-T%, 4.5-

7%, 4.6-T%, 4.7-T%, 4.8-7%, 4.9-7%, 5-7%, 5.1-7%, 5.2-71%, 5.3-7%, 5.4-7%, 5.5-7%, 5.6-
7%, 5.7-T%, 5.8-T%, 5.9-7%, 6-7%, 6.1-7%, 6.2-7%, 6.3-T%, 6.4-7%, 6.5-7%, 6.6-7%, 6.7-
7%, 6.8-T%, 6.9-7%, 0-7.5%, 0.1-7.5%, 0.2-7.5%, 0.3-7.5%, 0.4-7.53%, 0.5-7.5%, 0.6-7 5%,
0.7-7.5%, 0.8-7.5%, 0.9-7.5%, 1-7.5%, 1.1-7.5%, 1.2-7.5%, 1.3-7.5%, 1.4-7.5%, 1.5-7.5%,
1.6~7.5%, 1.7-7.5%, 1.8-7.5%, 1.9-7.5%, 2-7.5%, 2.1-7.5%, 2.2-7.5%, 2.3-7.5%, 2.4-7.5%,
2.5-7.5%,2.6-7.5%, 2.7-7.5%, 2.8-7.5%, 2.9-7.5%, 3-7.5%, 3.1-7.5%, 3.2-7 5%, 3.3-7.5%,
3.4-7.5%, 3.5-7.5%, 3.6-7.5%, 3.7-7.5%, 3.8-7.5%, 3.9-7.5%, 4-7.5%, 4.1-7.5%, 4.2-7.5%,
4.3-75%,4.4-7.3%, 4.5-7.5%, 4.6-7.5%, 4.7-7.5%, 4.8-7.5%, 4.9-7.5%, 5-7.5%, 5.1-7.5%,
5.2-7.5%, 5.3-7.5%, 5.4-7.5%, 5.5-7.5%, 5.6-7.5%, 5.7-7.5%, 5.8-7.5%, 5.9-7.5%, 6-7.5%,
6.1-7.5%, 6.2-7.5%, 6.3-7.5%, 6.4-7.5%, 6.5-7.5%, 6.6-7.5%, 6.7-7.5%, 6.8-7. 59’, 6.9-7.5%,

7-7.5%, 7.1-7.5%, 7.2-7.5%, 7.3-7.5%, 7.4-7.5%, 0-8%, 0.1-8%,
0.5-8%, 0.6-8%. 0.7-8%, 0.8-8%. 0.9-8%, 1-8%,

0.2-8%, 0.3-8%, 0.4-8%,
1-8%, 1.2-8%, 1.3-8%, 1.4-8%, 1.5-8%,

3,6-8%7 1.7-8%, 1.8-8%, 1.9-8%, 2-8%, 2.1-8%, 2.2-8%, 2.3-8%, 2.4-8%, 2.5-8%, 2.6-8%,

7-8%, 2.8-8%, 2.9-8%, 3-8%, 3.1-8%,
3.8-8%. 3.9-8%, 4-8%. 4.1-8%, 4.2-8%, 4.3-8%
4.9-8%, 5-8%. 5.1-8%
6-8%, 6.1-8%, 6.2-8%, 6.3-8%, 6.4-8%
7.1-8%,
8.5%, 0.2-8.5%

8.5%, 1.1-8.5%, 1.2-

8.5%, 2-8.5%. 2.1-8.5%, 2.2-8.5%, 2.3-8.5%,
8.5%, 2.9-8.5%, 3-8.5%, 3.1-8.5%, 3.2-8.5%,

8.5%, 3.8-8.5%, 3.9-8.5%, 4-8.5%, 4.1-8.5%,
8.5%, 4.7-8.5%, 4.8-8.5%, 4.9-8.5%, 5-8.5%,
8.5%, 5.6-8.59 5.8-8.5%,
8.5%, 6.5-8.5%, ().6*8.5%, 6.7-8.5%.
8.5%, 7.4-8.5%, 7.5-8.5%, 7.6-8 5%
8.5%, 8.3-8.5%,
0.8-9%. 0.9-9%, 1-9%, 1.1-9%, 1.2-9%
1.9-9%, 2-9%, 2.1-9%, 2.2-9%, 2.3-9%, 2.

6, 5.7-8.5%

0. 7.7-8.5%

3.2-8%, 3.3-8%, 3.4-89%

o, 0.3-8.5%, 0.4-8.5%, 0.5-8.5%, 0.6-8.5%, 0.7-8.39
8.5%, 1.3-8.5%, 1.4-85%, 1.5-8.5

5.9-8.5%,

6.8-8.5%,

8.4-8.5%, 0-9%, 0.1-9%, 0.2~

o, 3.5-8%, 3.6-8%, 3.7-8%,
, 4.4-8%, 4.5-8%, 4.6-8%. 4.7-8%, 4.8-8%.

, 5.2-8%, 5.3-8%, 5.4-8%, 5.5-8%, 5.6-8%, 5.7-8%, 5.8-8%, 5.9-8%,
5-8%, 6.6-8%, 6.7-8%, 6.8-8%, 6.9-8%, 7-8%,
7.2-8%, 7.3-8%, 7.4-8%, 7.5-8%, 7.6~

8%, 7.7-8%, 7.8-8%, 7.9-8%, 0-8.5%, 0.1-

b, 0.8-8.5%, 0.9-8.5%, 1-
%, 1.6-8.5%, 1.7-8.5%, 1.8-8.5%, 1 9-
24-8.5%, 2.5-8.5%, 2.6-8.5%, 2.7-8.5%, 2.8~
3.3-8.5%. 3.4-8.5%, 3.5-8.5%, 3.6-8.5%, 3.7-
4.2-8 5%, 4.3-8.3%, 4.4-8.5%, 4.5-8.5%, 4.6-
5.1-8.5%, 5.2-8.5%, 5.3-8.5%, 5.4-8.5%, 5.5
6-8.5%, 6.1-8.5%, 6.2-8.5%, 6.3-8.5%. 6.4-
6.9-8.5%, 7-8.5%, 7.1-8 5%, 7.2-8.5%, 7.3~

. 7.8-8.5%, 7.9-8.5%, 8-8.5%, 8.1-8.5%, 8.2~

9%, 0.3-9%, 0.4-9%, 0.5-9%, 0.6-9%, 0.7-8%,

, 1.3-9%, 1.4-9%, 1.5-9%, 1.6-9%, 1.7-9%, 1.8-9%,
4-9%, 2.3-9%, 2.6-9%,

)9/0 34 0(/0 3.2 9/0 3.3- 0€/0 34~ 9‘%} §3~Q)/0

2.7-9%, 2.8-9%, 2.9-9%,

3.6-9%, 3.7-8%, 3.8-9%, 3.9-8%, 4-9%,
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4.1-9%, 4.2-9%, 4.3-9%, 4.4-9%, 4.5-9%, 4.6-9%, 4.7-9%, 4.8-9%, 4.9-9%, 5-9%, 5.1-9%,
5.2-9%, 5.3-9%, 5.4-9%, 5.5-9%, 5.6-9%, 5.7-9%, 5.8-9%, 5.9-9%, 6-9%, 6.1-9%, 6.2-9%,
6.3-9%, 6.4-9%, 6.5-9%, 6.6-9%, 6.7-9%, 6.8-9%, 6.9-9%, 7-9%, 7.1-9%, 7.2-9%, 7.3-9%,
7.4-9%, 7.5-9%, 7.6-9%, 7.7-9%, 7.8-9%, 7.8-9%, 8-9%, 8.1-9%, 8.2-9%, 8.3-9%, 8.4-9%,
8.5-9%, 8.6-9%, 8.7-9%, 8.8-9%, 8.9-9%, 0-9.5%, 0.1-9.5%, 0.2-9.5%, 0.3-9.5%, 0.4-9.5%,
0.5-9.5%, 0.6-9.5%, 0.7-9.5%, 0.8-9.5%, 0.9-9.5%, 1-9.5%, 1.1-9.5%, 1.2-9.5%, 1.3-9.5%.
1.4-9.5%, 1.5-9.5%, 1.6-9.5%, 1.7-9.5%, 1.8-9.5%, 1.9-9.39%, 2-9.5%, 2.1-9.5%, 2.2-9.5%,
2.3-9.5%, 2.4-9.3%, 2.5-9.5%, 2.6-9.5%, 2.7-9.53%, 2.8-9.5%, 2.9-9.5%, 3-9.5%, 3.1-9.5%,
3.2-9.5%, 3.3-9.5%, 3.4-9.5%, 3.5-9.5%, 3.6-9.5%, 3.7-9.5%, 3.8-9.5%, 3.9-9.5%, 4-9.5%,
4.1-9.5%, 4 2-9.5%, 4.3-9.5%. 4.4-9.5%, 4.5-9.5%, 4.6-9.5%, 4.7-9.5%, 4 8-9 5%, 4.9-9.5%,
5-9.5%, 5(1-9(5%? 5.2-8.5%, 5.3-9.5%, 5.4-9.5%, 5.5-9.5%, 5.6-9.5%, 5.7-9.5%, 5.8-9.5%,
5.9-9.5%, 6-9.5%, 6.1-9.53%, 6.2-9.5%, 6.3-9.5%, 6.4-9.5%, 6.5-9.5%, 6.6-9.5%, 6.7-9.5%,
6.8-9.5%, 6.9-9.5%, 7-9.3%, 7.1-9.5%, 7.2-9.5%, 7.3-9.5%, 7.4-9.5%, 7.5-9.5%, 7.6-9.5%,
7.7-9.5%, 7.8-9.5%, 7.9-9.5%, 8-9.5%. 8.1-9.5%, 8.2-9.5%, §.3-9.5%, §.4-9.5%. 8.5-9.5%,
8.6-9.3%, 8.7-9.5%, 8.8-9.5%, §.9-9 5%, 9-9.5%, 9.1-9.3%, 9.2-9.5%, 9.3-9 5%, 9.4-2.5%, 0-
10%, 0.1-10%, 0.2-10%, 0.3-10%, 0.4-10%, 0.5-10%, (.6-10%, 0.7-10%, 0.8-10%, 0.9-10%,
1-10%, 1.1-10%, 1.2-10%, 1.3-10%, 1.4-10%, 1.3-10%, 1.6-10%, 1.7-10%, 1.8-10%, 1.9~
10%, 2-10%. 2.1-10%, 2.2-10%, 2.3-10%, 2.4-10%, 2.5-10%, 2.6-10%, 2.7-10%, 2.8-10%,
2.9-10%, 3-10%, 3.1-10%, 3.2-10%, 3.3-10%, 3.4-10%, 3.5-10%, 3.6-10%, 3.7-10%, 3 8-
10%, 3.9-10%, 4-10%, 4.1-10%, 4 2-10%, 4.3-10%, 4.4-10%, 4.53-10%, 4.6-10%, 4.7-10%,
4.8-10%, 4 9-10%, 5-10%, 5.1-10%, 5 2-10%, 5.3-10%, 3.4-10%, 5.5-10%, 5.6-10%, 5.7~
10%, 5.8-10%, 5.9-10%, 6-10%, 6.1-10%, 6.2-10%, 6.3-10%, 6 4-10%, 6.5-10%, 6.6-10%,
6.7-10%, 6.8-10%, 6.9-10%, 7-10%, 7.1-10%, 7.2-10%, 7.3-10%, 7.4-10%, 7.5-10%, 7.6~
10%, 7.7-10%, 7.8-10%, 7.9-10%, 8-10%, 8.1-10%, 8.2-10%, &.3-10%, 8.4-10%, &.5-10%.
8.6-10%, 8.7-10%, 8.8-10%, 8.9-10%, 9-10%, 9.1-10%, ©.2-10%, 9.3-10%, 9.4-10%, 9.5-
10%, 9.6-10%, 9.7-10%, 9.8-10%, or 9.9-10% wiv.
{0742}  In certain embodiments, the formulation may comprise 0-10% w/v of a sugar
and/or sugar substitute.
[8743]  In certain embodiments, the formulation may comprise 0-9% w/v of a sugar and/or
sugar substitute.
{0744}  In certain embodiments, the formulation may comprise 1% w/v of a sugar and/or

sugar substitute,
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[0748]  In certain embodiments, the formulation may comprise 2% w/v of a sugar and/or
sugar substitute.
{0746} 1o certain ecmbodiments, the formulation may comprise 3% w/v of a sugar and/or
sugar substitute.
{06747}  In certain embodiments, the formulation may comprise 4% w/iv of a sugar and/or
sugar substitute.
{06748}  In certain embodiments, the formulation may comprise 396 w/v of a sugar and/or
sugar substitute.
{07491  In certain embodiments, the formulation may comprise 6% w/v of a sugar and/or
sugar substitute.
[6756]  In certain embodiments, the formulation may comprise 7% w/v of a sugar and/or
sugar substitute.

Y

{0751} In certain embodiments, the formulation may comprise 8% w/v of a sugar and/or
sugar substitute.

{67521 In certain embodiments, the formulation may compnse 9% w/v of a sugar and/or
sugar substitute.

{0753}  In certain embodiments, the formulation may comprise 10% w/v of a sugar and/or
sugar substitute.

{#754]  In certain embodiments, formulations of pharmaceutical compositions described
herein may comprise a disaccharide. Suitable disaccharides that may be used in the
formulation described herein mav comprise sucrose, lactulose, lactose, maltose, trehalose,
cellobiose, chitobiose, kojibiose, nigerose, isomaltose, B,B-trehalose, o f-trehalose,
sophorose, laminaribiose, gentiobiose, turanose, maktulose, palatinose, gentiobiulose,
mannobiose, melibiose, melibiulose, rutinose, rutinulose, and xylobiose. The concentration of
disaccharide (w/v}) used in the formulation may be between 19-15%, for example, between
196-5%, between 3%-6%, between 39%-8%, between 7%-10%, or between 109%-15%.

{0755]  In certain embodiments, fornmdations of pharmaceutical compositions described
herern may comprise a sugar alcohol. As a non-limiting example, the sugar alcohol that may
be used 1o the formulation described herein may comprise sorbitel. The concentration of
sugar alcohol {(w/v} used in the formulation may be between 1%-15%, for example, between

1%-5%, between 3%-6%. between 5%-8%, between 7%-10%, or between 10%-15%.
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Sucrose
[0736] o certain emboduments, the formulation may comprise at least one sugar which is

disaccharide such as, but not limited to, sucrose.

{07871 In certain embodiments, the formulation may comprise sucrose at 0. 1‘?/.'54, 0.2%,

0.3%, 0.4%, 0.5%. 0.6%. 0.7%, 0.8%, 0.9%, 1%, 1.1%, 1.2%, 1.3%. 1.4%, 1.5%, 1.6%,
1.7%, 1.8%, 1.9%, 2%, 2.1%, 2.29/5,2,3%, 2.4%, 2.5%, 2.6%, 2.7%. 2.8%, 2.9%, 3%, 3.1%,
3.2%, 3.3%, 3.4%. 3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4%, 4.1%, 4.2%, 4.3%, 4.4%, 4.5%,

4.6%, 4.7%. 4.8%, 4.9% 5.1%, 5.2%, 5.3%, 5.4%, 5.5%, 5.6%, 5.7%, 5.8%, 5.9%, 6%,
6.1%, 6.2%, 6.3%, 6.4%, 6.5%, 6.6%, 6.7%, 6.8%, 6.9%, 7%, 7.1%, 7.2%, 7.3%, 7.4%,
7.5%, 7.6%, 7.7%, 7.8%, 7.9% 8%7 8.1%, 8.2%, 8.3%, 8.4%, 8.5%, 8.6%, 8.7%, 8.8%
8.9%, 9%, 9.1%, 9.2%, 9.3%, ©.4%, 9.5%, 9.6%, 9.7%, 9.8%, 8.9%, or 10% w/iv.

'Jl

[6758] Incertain embodimentsﬁ the formulation may comprise sucrose in a range of 0-1%,
0.1-1%, 0.2-1%, 0.3-1%, 0.4-1%, 0.5-1%, 0.6-1%, 0.7-1%, 0.8-1%, 0.9-1%, 0-1.5%, 0.1~
1.5%, 0.2-1.5%, 0.3-1.5%, 0.4—1,5%, 5-1.5%, 0.6-1.5%, 0.7-1.5%, 0.8-1.5%, $.9-1.5%, 1-
1.5/0, 1.1-13%, 1.2-1.5%, 1.3-1.5%, 1.4-1.5%, 0-2%, 0.1-2%, 0.2-2%, 0.3-2%, 0.4-2%, 0.5~
o, 0.6-2%, 0.7-2%, 0.8-2%, 0.9-2%., 1-2%, 1.1-2%, 1.2—2%, 1.3-2%, 1.4-2%, 1.5-2%, 1.6-
%, 1.7-2%, 1.8-2%, 1.9-2%, -2.5%, 0.1-2.5%, 0.2-2.5%, 0.3-2.5%, 0.4-2 5%, 0.5-2.5%,
0.6-2.5%, 0‘7—2,5%, 0.8-2.5%, 0.9-2.5%, 1-2.5%, 1.1-2.5%, 1.2-2.5%, 1.3-2.3%, 1 4-2 5%,
1.5-2.5%, 1.6-2.5%, 1.7-2.5%, 1 .8-2.5%, 1.9-2.5%, 2-2.5%, 2.3-2‘5%, 2.2-2.5%, 2.3-2.5%,
2.4-2.5%, 0-3%, 0.1-3%, 0.2-3%, 0.3-3%, 0.4-3%, 0.5-3%, 0.6-3%, 0.7-3%, 0.8-3%, 0.9-3%,
1-3%, 1.1-3%, 1.2-3%, 1.3-3%, 1.4-3%, 1.5-3%, 1.6-3%, 1.7-3%, 1.8-3%, 1.9-3%, 2-3%,
2.1-3%, 2.2-3%, 2.3-3%, 2.4-3%, 2.5-3%, 2.6-3%, 2.7-3%, 2.8-3%, 2.9—3%, 0-3.5%, 0.1-
3.5%, 0.2-3.5%, 0.3-3.5%, 0.4-3.5%, 0.5-3.5%, 0.6-3.5%, 0.7-3.5%, 0.8-3.5%, 0.9-3.5%, 1-
3.5%, 1.1-3.5%, 1.2-3.5%, 1.3-3.5%, 1.4-3.5%, 1.5-3.5%, 1.6-3.5%, 1.7-3.5%, 1.8-3.5%, 1.9-
5%, 2-3.5%, 2.1-3.5%, 2.2-3.5%, 2.3-3.5%, 2.4-3.5%, 2.5-3.53%, 2.6-3.3%, 2.7-3.5%, 2.8~
3.5%, 2.9-3.5%, 3-3.5%, 3.1-3.5%, 3.2-3.5%, 3.3- 3.5%, 4-3.5%, 0-4%, 0.1-4%, 0.2-4%,
0.3-4%, 0.4-4%, 0.5-4%, 0.6-4%, 0.7-4%, 0.8-4%, 0.9-4%, 1-4%, 1.1-4%, 1.2-4%, 1.3-4%,
1.4-4%, 1.5-4%, 1.6-4%, 1.7-4%, 1.8-4%, 1.9-4%, 2-4%, 2.1-4%, 2.2-4%, 2.3-4%, 2 4-4%,
2,,5n4‘?/£;, 2.6-4%, 2.7-4%, 2 8-4%, 2.9-4%, 3-4% 3.1—4%, 3.2-4%, 3.3-4%, 3.4-4%, 3.5-4%,

0,

4.5%, 0645%, 0.7-4.5%, 0.8-4.5%, 0.9-4.5%, 1-4.5%, 1.1-4.5%, 1.2-4.5%, 1.3-4.
4.5%, 1.5-4.5%, 1.6-4.5%, 1.7-4.5%, 1.8-4.5%, 1.9-4.5%, 2-4.5%, 2.1-4.5%, 2.2-4 5%, 2.3~
4.5%, 2.4-4.5%, 2.5-4.5%, 2.6-4.5%, 2.7-4.5%, 2.8-4.5%, 2.9-4.5%, 3-4 5%, 3.1-4;
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5%, 3.3-4.5%, 3.4-4.5%, 3.5-4.5%, 3.6-4.5%, 3.7-4.5%, 3.8-4.5%, 3.9-4.5%, 4-4.5%, 4.1~
4.5%, 4.3-4.5%, 4.4-4 5%, 0-5%, 0.1-5%, 0.2-5%, 0.3-5%, 0.4-3%, 0.5-5%, 0.6~

%%, 0.7-5%, 0.8-5%, 0.9-5%, 1-5%, 1.1-53%, 1.2-5%, 1.3-3%

, L1700, Loamt /0, LLD0 0,

5%, 1.8-5%, 1.9-5%, 2-5%. 2.1-3%, 2.2-5%, 2.3-3%, 2.4-5%, 2.5-5%, 2.6-: 2.8
5%, 2.9-3%, 3-3%, 3.1-5%, 3.2-3%, 3.3-3%, 3.4-3%, 3.5-5%, 3.6-5%, 3.7-3%, 3.8-5%, 3.9-
5%, 4-3%, 4.1-5%, 4 2-5%, 4.3-5%, 4 4-5%, 4.5-5%, 7-5%, 4.8-5%,. 4.9-3%, 0-

5.5%, 0.1-3.5%, O?mi,i%, 3-5.3%, 0.4-5 5%, 0.5-3.5%, 0.6-5.5%, 0.7-5.5%, 0.8-3.5%, 0.9-

5.5%, 1-5.5%, 1.1-5.5%, 1.2-5.5%, 1.3-5.5%, 1.4-5.5%, 1.5-5.5%, 1.6-5.3%. 1.7-3.5%, 18-

5.5%, 1.9-5.5%, 2-5.5%, 2.1-3.5%, 2.2-5.5%, 2.3-5.5%, 2.4-5.5% 6-5.5%, 2.7
8-3

5.5%, 0-6%, 0.1-6%, 0.2-6%, 0.3-6%, 0.4-6%, 0.5-6%, 0.6-6%, 0.7-6%, 0.8-6%, 0.9-6%, 1-
6%, 1.1-6%, 1.2-6%, 1.3-6%, 1.4-6%, 1.5-6%, 1.6-6%, 1.7-6%. 1.8-6%, 1.9-6%, 2-6%, 2.1-
6%, 2,2-6%, 2.3-6%, 2.4—6%, 2.5-6%, 2.6_6%, 2.7-6%, 2.8-6%, 2.9-6%, 3-6%, 3.1-6%, 3.2-
6%, 3.3-6%, 3.4-6%, 3.5-6%, 3.6-6%, 3.7-6%, 3.8-6%, 3.9-6%, 4-6%, 4.1-6%, 4.2-6%, 4.3
6%, 4.4-6%, 4.5-6%, 4.6-6%, 4.7-6%, 4.8-6%, 4.9-6%, 5-6%, 5.1-6%, 5.2-6%, 5.3-6%, 5.4-
6%, 5.5-6%, 5.6-6%, 5.7-6%, 5.8-6%., 5.9-6%, 0-6.3%. 0.1-6.3%, 0.2-6.5%, 0.3-6.5%, 0.4-
6.5%, 0.5-6.5%, 0.6-6.5%, 0.7-6.5%, 0.8-6.3%, 0.9-6.5%, 1-6.3%, 1.1-6.5%, 1.2-6.5%, 1.3-
6.5%. 1.4-6.5%, 1.5-6.5%, 1.6-6.5%, 1.7-6.5%. 1.8-6.3%, 1.9-6.3%, 2-6.3%, 2.1-6 3%, 2.2-
6.5%, 2.3-6.5%, 2.4-6.5%, 2.5-6.5%. 2.6-6 5%, 2.7-6.5%, 7.8-6.5%, 2.9-6.5%, 3-6.5%, 3.1-
6.5%, 3.2-6.5%, 3.3-6.5%, 3.4-6.5%. 3.5-6.3%, 3.6-6.3%, 3.7-6.3%, 3 8-6.5%, 3.9-6.5%, 4-
6.5%, 4.1-6.3%, 4.2-6.5%, 4.3-6.5%, 4.4-6.5%, 4.5-6.3%, 4.6-6.5%, 4.7-6.5%, 4.8-6.5%, 4.5-
5.3%, 5-6.3%, 5.1-6.3%, 3.2-6.5%, 3.3-6.3%, 5 4-6 5%, 5.5-6.5%, 5.6-6.5%, 5.7-6.5%, 5.8~
6.5%. 5.9-6.5%, 6-6.5%, 6.1-6.5%, 6.2-6.5%. 6.3-6.5%. 6.4-6.5%, 0-7%. 0.1-7%, 0.2-7%.
0.3-7%, 0.4-7%, 0.5-7%, 0.6-7%, 0.7-7%, 0.8-7%, 0.9-7%, 1-7%, 1.1-7%, 1.2-7%, 1.3-7%,
1.4-7%, 1.5-7%. 1.6-7%, 1.7-7%, 1.8-7%, 1.9-7%, 2-7%, 2.1-7%, 2.2-7%, 2.3-7%, 2.4-7%,
2.57%, 2.6-7%. 2.7-1%, 2.8-T%, 2.9-7%, 3-T%, 3.1-7%, 3.2-7%, 3.3-7%, 3 4-7%, 3.5-7%,
3.6-7%, 3.7-7%, 3.5-7%, 3.9_7%«, 4-7%, 4.1-7%, 4.2-T%, 4.3-7%, 4.4-T%, 4.5-7%, 4.6-7%,
4.7-T%, 4.8-7%, 4.97%, 5<%, 5.1-T%, 5.2-7%, 5.3-T%, 5.4-7%, 5.5-T%, 5.6-7%, 5.7-1%,
5.8-7%, 5.9-7%, 6-7%, 6.1-7%, 6.2-7%. 6.3-7%, 6.4-7%, 6.5-7%, 6.6-T%, 6.7-1%, 6.8-7%,
6.9-7%, 0-7.5%, 0.1-7.5%, 0.2-7.5%, 0.3-7 3%, 0.4-7.5%, 0.5-7.5%, 0.6-7.5%, 0.7-7 5%, 0.§-
7 5%, 0.9-7 5%, 1-7.5%, 1.1-7.5%, 1.2-7 5%, 1.3-7.5%, 14-7.5%, 1.5-7.5%, 1.6-7.5%, 1.7-

G"
\I‘
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7.5%, 1.8-7.5%, 1.9-7.5%, 2-7.5%, 2.1-7.5%, 2.2-7.5%, 2.3-7.5%, 2.4-7.5%, 2.5-7.5%, 2.6~
7.5%, 2.7-7.5%, 2.8-7.5%, 2.9-7.5%, 3-7.59 3.2-7.5%, 3.3-7.5%, 3.4-7.5%, 3.5-
7 5%, 3.6-7.5%, 3.7-7.5%, 3.8-7.5%, 3.9-7.5%, 4-7 3 5%, 4.27.5%, 4.3-7.5%, 4.4-

5
5

7.5%, 4.5-7.5%, 4.6-7.5%, 4.7-7.5%, 4.8-7.5%, 4.9-7.5%, 5-’7.50/6, 5.1-7.5%, 5.2-7.5%, 53-
7

7.5%, 5.4-7.5%, 5.5-7.5%, 5.6-7.5%, 5.7-7.5%, 5.8-7.5%, 5.9-7.5%, 6-7.5%, 6.1-7.5%, 6.2-
7.5%, 6.3-7.5%, 6.4-7.5%, 6.5-7.5%, 6.6-7.5%, 6.7-7.5%, 6.8-7.5%, 6.9-7.5%, 7-7.5%, 7.1-

7.5%, 7.2-7.5%, 7.3-7.5%, 7.4-7.5%, 0-8%, 0.1-8%, 0.2-8%, 0.3-8%, 0.4-8%, 0.5-8%, 0.6-
8%, 0.7-8%, 0.8-8%, 0.9-8%, 1-8%, 1.1-8%, 1.2-8%. 1.3-8%, 1.4-8%, 1.5-8%, 1.6-8%, 1.7~
8%, 1.8-8%, 1.9-8%, 2-8%, 2.1-8%, 2.2-8%, 2.3-8%, 2.4-8%, 2.5-8%, 2.6-8%, 2.7-8%, 2.8~
8%, 2.9-8%, 3-8%, 3.1-8%, 3.2-8%, 3.3-8%, 3.4-8%, 3.5-8%, 3.6-8%, 3.7-8%, 3.8-8%, 3.9-
8%, 4-8%, 4.1-8%, 4.2-8%, 4.3-8%, 4.4-8%, 4.5-5%, 4.6-8%, 4.7-5%, 4.8-8%, 4.9-8%, 5~

. 5.1-8%, 5.2-8%, 5.3-8%, 5.4-8%, 3.5-8%, 5.6-8%, 5.7-8%, 5.8-8%, 5.9-8%, 6-8%, 6.1~
3%, 6.2-8%, 6.3-8%, 6.4-8%, 6.5-8%, 6.6-8%. 6.7-8%, 6.8-8%, 6.9-8%, 7-8%, 7.1-8%, 7.2-
8%, 7.3-8%, 7.4-8%, 7.5-8%, 7.6-8%, 7.7-8%, 7.8-8%, 7.9-8%, 0-8.5%, 0.1-8.5%, 0.2-8.5%.
0.3-8.5%, 0.4-8.5%, o.swgs%, 0.6-8.5%, 0.7-8.5%, 0.8-8.5%, 0.9-8.5%, 1-8.5%, 1.1-8.5%
1.2-8.5%, 1.3-8.5%, 1.4-8.5%, 1.5-8.5%, 1.6-8.5%, 1.7-8.5%, 1.8-8.5%, 1.9-8.5%, 2-35%,
2.1-8.5%, 2.2-8.5%. 2.3-8.5%, 2.4-8.3%, 2.5-8.5%, 2.6-8.5%, 2.7-8.5%, 2.8-8.5%, 2.9-8.5%,
3-8.5%, 3.1-8.5%, 3.2-8.5%, 3.3-8.5%, 3.4-8.5%. 3.5-8.5%. 3.6-8.5%, 3.7-8.3%, 3.8-8.5%,
3.9-8.5%, 4-8.5%, 4.1-8.3%, 4.2-8.5%, 4.3—8‘5%, 4.44@5%, 4.5-8.5%, 4.6-8.5%, 4.7-8.5%,
4.8-8.5%, 4.9-8.5%, 5-8.5%, 5.1-8.5%. 5.2-8.5%, 5.3-8.5%, 5.4-8.5%, 5.5-8.5%, «swn
5.7-8.5%, 5.8-8.5%, 5.9-8.5%, 6-8.5%, 6.1-8.5%, 6.2-8.5%, 6.3-8.5%, 6.4-8.5%, 6.5-8 3%
6.6-8.5%, 6.7-8.5%, 6.8-8.5%, 6.9-8.5%, 7-8.5%, 7.1-8.5%, 7.2-8.5%, 7.3-8.5%., 7 4-8 5%,
7.5-8.5%, 7.6-8.5%, 7.7-8.5%, 7.8-8.5%, 7.9-8.3%, 8-8.5%, 8.1-8.5%, 8.2-8.3%, 8.3-8.5%,
8.4-8.5%, 0-9%, 0.1-9%, 0.2-9%, 0.3-9%, 0.4-9%, 0.5-9%, 0.6-9%, 0.7-9%, 0.8-9%, 0.9-9%,
1-9%, 1.1-9%. 1.2-9%, 1.3-9%, 1.4-9%, 1.5-9%, 1.6-9%, 1.7-9%, 1.8-9%, 1.9-9%, 2-9%
2.1-9%, 2.2-0%, 2.3-9% 2.4-0%, 2.5-9%, 2.6-0%, 2.7-9%, 2.§-0%, 2.9-0%, 3-0%, 3.1-9%,
3.2-9%, 3.3-9%, 3.4-¢ %, 5-9%, 3.6-9%, 3.7-9%. 3.8-9%, 3.9-9%, 4-9%, 4.1-9%, 4.2_9%,
4.3-9%, 4.4-9%, 4.5-9%, 4.6-9%, 4.7-9%, 4.8-9%, 4.9-9%, 5-9%, 5.1-9%, 5.2-9%, 5.3-9%
5.4-9%, 5.5-9%. 5.6-9%, 5.7-9%, 3.5-0%, 5.9-9%_ 6-9%, 6,1-9%, 6.2-9%, 6.3-9%, 6.4~9%,
6.5-9%, 6.6-9%, 6.7-9%, 6.8-9%, 6.9-9%, 7-9%, 7.1-9%, 7.2-9%, 7.3-9%, 7.4-9%, 7.5-9%,
7.6-9%. 7.7-9%, 7.8-9%, 7.9-9%, 8-9%, 8.1-9%, 8.2-9%, 8 3-9%, 8.4-9%, 8.5-9%, 8 .6-0%,
8.7-9%, 8.8-0%, 8.9-9%, 0-9.5%, 0.1-9.5%, 0.2-9.5%. 0.3-9.5%, 0.4-9.5%, 0.5-9.5%, 0.6-
9.5%. 0.7-9.5%, 0.8-9.5%, 0.9-9.5%, 1-9.5%. 1.1-9.5%, 1.2-9.5%, 1.3-9.5%, 14-9.5%, 1.5-
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5%, 1.6-9.5%, 1.7-9.5%, 1.8-9.5%, 1.9-9.5%, 2-9.5%, 2.1-9.5%, 2.2-9.5%, 2.3-9.5%, 2.4~
9.5%, 2.5-9.5%, 2.6-9.5%, 2.7-9.5%, 2.8-9.5%, 2.9-9.5%, 3-9.5%, 3.1-9.5%, 3.2-9.5%, 3.3~
9.5%, 3 4-9.5%, 3.5-9.5%, 3.6-9.5%, 3.7-9.5%, 3.8-9.5%, 3.9-9 5%, 4-9.5%, 4.1-9.5%, 4.2~
9.5%, 4.3-9.5%, 4.4-9.5%, 4.5-9.5%, 4.6-9 5%, 4.7-9.5%, 4.8-9.5%, 4.9-9.5%, 5-9.5%, 5.1~
9.5%, 5.2-9.5%, 5.3-9.5%, 5.4-8.5%, 5.5-9 5%, 5.6-9.5%, 5.7-9.5%, 5.8-9.5%, 5.9-8.5%, 6-
9.5%, 6.1-9.5%, 6.2-9.5%, 6.3-9 5%, 6 4-9 5%, 6.5-9.5%, 6.6-9.5%, 6.7-9.5%, 6.8-9.3%, 6.9-
o, 7-9.5%, 7.1-9.5%, 7.2-9.53%, 7.3-9.5%, 7.4-9.5%, 7.5-9.5%, 7.6-9.5%, 7.7-9.5%, 7.8~

5%, 7.9-9.5%, 8-9.5%, 8.1-9.5%, 8.2-9.5%, 8.3-9.5%, 8.4-9 5%, 8.5-9.5%, 8.6-9.5%, 8.7~
8.5%, 8.8-9.5%, 8.9-9.5%, 9-9.5%, 9.1-8.3%, 9.2-9.5%, 9.3-9.5%, 9.4-9.5%, 0-10%, 0.1~
10%, 0.2-10%, 0.3-10%, 0.4-10%, 0.5-10%, 0.6-10%, 0.7-10%, 0.8-10%, 0.9-10%, 1-10%.
L1-10%, 1.2-10%, 1.3-10%, 1.4-10%, 1.5-10%, 1.6-10%, 1.7-10%, 1.8-10%, 1.9-10%, 2-
10%, 2.1-10%, 2.2-10%, 2.3-10%, 2.4-10%, 2.5-10%, 2.6-10%, 2.7-10%, 2.8-10%, 2.9-10%,
3-10%, 3.1-10%, 3.2-10%, 3.3-10%, 3 4-10%, 3.5-10%. 3.6-10%, 3.7-10%, 3.8-10%, 3 9-
10%, 4-10%, 4.1-10%, 4.2-10%, 4.3-10%, 4.4-10%, 4.5-10%, 4.6-10%, 4.7-10%, 4.8-10%,
4.9-10%, 5-10%, 5.1-10%, 5.2-10%, 5.3-10%, 5.4-10%, 3.5-10%, 5.6-10%, 5.7-10%, 5.8~
10%, 3.9-10%, 6-10%, 6.1-10%, 6.2-10%, 6.3-10%, 6.4-10%, 6.5-10%, 6.6-10%, 6.7-10%,
6.8-10%, 6.9-10%, 7-10%, 7.1-10%, 7.2-10%, 7.3-10%, 7.4-10%, 7.5-10%, 7.6-10%, 7.7-
10%, 7.8~10%, 7.9-10%, 8-10%, 8.1-10%, 8.2~10%, 8.3-10%., 8.4-10%, 8.5-10%, 8.6-10%.
8.7-10%, 8.8-10%, §.9-10%, 9-10%, 9.1-10%, 9.2-10%, 9.3-10%, 9.4-10%, 9.5-10%, 9.6-
10%, 9.7-10%, 9.8-10%, or 9.9-10% wiv.

In certain embodiments, the formulation may comprise 0-10% w/v of sucrose.
In certain embodiments, the formulation may comprise (-9% w/v of sucrose.
In certain embodiments, the formulation may comprise (-8% w/v of sucrose.
In certain embodiments, the formulation may comprise 0-7% w/v of sucrose.
In certain emboduments, the formulation may comprise 0-6% w/v of sucrose.

In certain embodiments, the formulation may comprise 0-5% w/v of sucrose.

|
|
|
|
|
{

{0765}  In certain embodiments, the formulation may comprise 0-4% w/v of sucrose.
1 In certain embodiments, the formulation may comprise 0-3% w/v of sucrose.
1 In certain embodiments, the formulation may comprise (-2% w/v of sucrose.
1 In certain embodiments, the formudation may comprise 0-1% w/v of sucrose.
1 In certain embodiments, the formulation may comprise 1% w/v of sucrose.

i In certain coiboduments, the formulation may comprise 2% w/v of sucrose.
|

In certain embodiments, the formulation may comprise 3% w/v of sucrose.

-250 -



WO 2020/150556 PCT/US2020/014000

In certain embodiments, the formulation may comprise 4% w/v of sucrose.
In certain embodiments, the formudation may comprise 5% w/v of sucrose.

In certain embodiuments, the formulation may cormprise 6% w/v of sucrose.

[0775]  In certain embodiments, the formulation may comprise 7% w/v of sucrose.
}  In certain embodiments, the formulation may comprise 8% w/v of sucrose.
1 In certain embodiments, the formulation may comprise 9% w/v of sucrose.

{0778

Trehalose
{0779}  In certain embodiments, the formulation may comprise at least one sugar which is

In certain embodiments, the formulation may comprise 10% w/v of sucrose.

disaccharide such as, but not limited to, trehalose.
{6788}  In certain embodiments, the formulation may comprise trehalose at 0.1%, 0.2%,
0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%,

1.7%, 1.8%, 1.9%, 2%, 2.1%, 2.2%, 2.3%, 2.4%, 2.5%, 2.6%, 2. 7%, 2.8%, 2.9%, 3%, 3.1%,
3.2%, 3.3%, 3.4%, 3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4%, 4.1%, 4.2%, 4.3%, 4.4%, 4.5%,
4.6%, 4. 7%, 4.8%, 4.9%, 5%, 5.1%, 5.2%, 3.3%, 5 4%, 5.5%, 5.6%, 5.7%, 5.8%, 5.9%, 6%,
6.1%, 6.2%, 6.3%, 6.4%, 6.5%, 6.6%, 6.7%, 6.8%, 6.9%, 7%, 7.1%, 7.2%, 7.3%. 7.4%,
7.5%, 7.6%, 7.7%, 7.8%, 7.9%, 8%, 8.1%, 8.2%, 8.3%, 8.4%, 8.5%, 8.6%, 8.7%, 8.8%,
8.9%, 9%, 9.1%, 9.2%, 9.3%, 9.4%, 9.5%. 9.6%, 9.7%, 9.8%, 9.9%, or 10% w/v.
[0781]  In certain embodiments, the formulation may comprise trehalose n a range of O-
1%, 0.1-1%, 0.2-1%, 0.3-1%, 0.4-1%, 0.5-1%, 0.6-1%, 0.7-1%, 0.8-1%, 0.9-1%, 0-1.5%, 0.1-
1.5%, 0.2-1.5%, 0.3-1.5%, 0.4-1.5%, 0.5-1.5%, 0.6-1.5%, 0.7-1.5%, 0.8-1.5%, 0.9-1.5%, I~
1.5‘,’/, 1.1-1.5%, 1.2-1.5%, 1.3-1.5%, 1.4-1.5%, 0-2%, 0.1-2%, 0.2-2%, 0.3-2%, 0.4-2%, 0.5~
6, 0.6-2%, 0.7-2%, 0.8-2%, 0.9-2%, 1-2%, 1.1-2%, 1.2-2%, 1.3-2%, 1.4-2%, 1.5-2%, 1.6~
2%, 1.7-2%, 1.8-2%, 1.9-2%, 0-2.5%, 0.1-2.5%, 0.2-2.5%, 0.3-2.5%, 0.4-2.5%, 0.5-2.5%,
6-2.5%, 0.7-2.5%, 0.8-2.5%, 0.9-2.5%, 1-2.5%, 1.1-2.5%, 1.2-2.5%, 1.3-2.5%, 1 4-2 5%,
1.5-2.5%, 1.6-2.5%, 1.7-2.5%, 1.8-2.5%, 1.9-2.5%, 2-2.5%, 2.1-2.5%, 2.2-2.5%, 2.3-2.5%,
2.4-2.5%, 0-3%, 0.1-3%, 0.2-3%, 0.3-3%, 0.4-3%, 0.5-3%, 0.6-3%, 0.7-3%, 0.8-3%, 0.9-3%,
1-3%, §.1-3%, 1.2-3%, 1.3-3%, 1.4-3%, 1.5-3%, 1.6-3%, 1.7-3%, 1.8-3%, 1.9-3%, 2-3%,
2.1-3%, 2.2-3%, 2.3-3%, 2.4-3%, 2.5-3%, 2.6-3%, 2.7-3%, 2.8-3%, 2.9-3%, 0-3.5%, 0.1-
3.5%, 0.2-3.5%, 0.3-3.5%, 0.4-3.5%, 0.5-3.5%, 0.6-3.5%, 0.7-3.5%, 0.8-3.5%, 0.9-3.5%, 1-
3.5%,1.1-3.5% 3%, 1.4-3.5%, 1.5-3.5%, 1.6-3.5%, 1.7-3.5%, 1.8-3.5%, 1.9~
4-3.5%,2.5-3.3%, 2.6-3.53%, 2.7-3.5%, 2.8-

1
3 5%, 2.9-3.5%, 3-3 5%, 3.1-3 5%, 3.2-3 5%, ,3n3.5%, 3.4-3.5%, 0-4%, 0.1-4%. 0.2-4%,

a\
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0.3-4%, 0.4-4%, 0.5-4%, 0.6-4%, 0.7-4%, 0.8-4%, 0.9-4%, 1-4%, 1.1-4%, 1.2-4%, 1.3-4%,
1.4-4%, 1.5-4%, 1.6-4%, 1.7-4%, 1.8-4%, 1.9-4%, 2-4%, 2.1-4%, 2.2-4%, 2.3-4%, 2.4-4%,
2.5-4%, 2.6-4%, 2.7-4%, 2.8-4%, 2.9-4%, 3-4%, 3.1-4%, 3.2-4%, 3.3-4%, 3.4-4%, 3.5-4%,
3.6-4%, 3.7-4%, 3.8-4%, 3.9-4%, 0-4 5%, 0.1-4.5%, 0.2-4.5%, 0.3-4.5%, 0.4-4.5%, 0 5~

4.5%, 0.6-4.5%, 0.7-4.5%, 0.8-4.5%, 0.9-4.5%, 1-4.5%, 1.1-4.5%, 1.2-4.5%, 1.3-4.5%, 1.4~
4.5%, 1.5-4.5%, 1.6-4.5%, 1.7-4.5%, 1.8-4.5%, 1.9-4.5%, 2-4.5%, 2.1-4 5%, 2.2-4.5%, 2 3-
4.3%, 2.4-4.5%, 2.5-4.5%, 2.64.5%., 2.7-4.5%. 2.8-4.5%, 2.9-4.5%, 3-4 5%, 3.1-4.5%, 3.2-
4.5%, 3.3-4.5%, 3.4-4.5%, 3 5-4.5%, 3.6-4.5%, 3.7-4.5%, 3.8-4.5%, 3.9-4.5%, 4-4.5%, 4.1~
4.5%, 4.2-4 5%, 4.3-4.5%, 4.4-4.5%, 0-5%, 0.1-5%, 0.2-3%, 0.3-5%, 0.4-5%, 00.5-3%, 0.6~
5%, 0.7-5%, 0.8-3%, 0.9-5%, 1-5%, 1.1-5%, 5%, 1.5-5%, 1.6-3%, 1.7~

1
5%, 1.8-3%, 1.9-5%, 2-5%. 2.1-3%, 2.2-3%, 2.3-3%

, 6-5%, 2.7-5%, 2 8-
5%, 2.9-5%, 3-5%, 3.1-5%, 3.2-5%, 3.3-5%, 3.4-3%, 3.5-5%, 3.6-5%, 3.7-5%, 3.8-5%, 3.9~
5%, 4-5%, 4.1-5%, 4 2-5%, 4.3-5%, 4 4-5%, 4.5-5%, 4.6-5%, 4.7-5%, 4.8-5%, 4.9-5%, 0-
5.5%, 0.1-5.5%, 0.2-5.5%, 0.3-5.53%, 0.4-5 5%, 0.5-5.5%, 0.7-5.5%, 0.8-5.5%, 0.9~

0 :
5.5%, 1-5.5%, 1.1-5.5%, 1.2-5.5%, 1.3-5.3%, 1.4-5.5%, 1.5-5.5%,
6, 2.2-5.5%,2.3-55%, 2.4

2
5.5%, 2.8-3 5%, 2.9-5.5%, 3-3.5%, 3.1-5.5% “\.2_55?/@ 3.3-5.5%, 3.4-5.5%
5%, 4
5

W
(il
=
SN
J—
P
(93]
W
<
\-o\
&
v
i
@
o~
o
)....
(J!
[
N~

5.5%. 3.7-5 5%, 3.8-5.3%, 3.9-5.5%, 4-3.5%, 4.1-5.5%
5.5%, 4.6-3.5%, 4.7-3.5%, 4.8-5.5%, 4.9-5.5%, 5-5.5%, 5
Yo, 0-6%, 0.1-6%, 0.2-6%, 0.3-6%, 0.4-6%, 0.5-6%, 0.6-6%, 0.7-6%, 0.8-6%, 0.9-6%, 1-
6%, 1.1-6%, 1.2-6%, 1.3-6%, 1.4-6%, 1.5-6%, 1.6-6%, 1.7-6%, 1.8-6%, 1.9-6%, 2-6%, 2.1-
6%, 2.2-6%, 2.3-6%, 2.4-6%, 2.5-6%, 2.6-6%, 2.7-6%, 2.8-6%, 2.9-6%, 3-6%, 3.1-6%, 3.2-
6%, 3.3-6%, 3.4-6%, 3.5-6%, 3.6-6%, 3.7-6%, 3.8-6%, 3.9-6%, 4-6%, 4.1-6%, 4.2-6%, 4.3
6%, 4.4-6%, 4.5-6%, 4.6-6%, 4.7-6%, 4.8-6%, 4.9-6%, 5-6%, 5.1-6%, 5.2-6%, 5.3-6%, 5.4-
6%, 5.5-6%, 5.6-6%, 5.7-6%, 5.8-6%, 5.9-6%, 0-6.3%, 0.1-6.5%, 0.2-6.5%, 0.3-6.5%, 0.4~
6.5%. 0.5-6.5%, 0.6-6.3%, 0.7-6.5%, 0.8-6.5%, 0.9-6.5%, 1-6.5%, 1.1-6.3%, 1.2-6.5%, 13-
6.5%, 1.4-6.5%, 1.5-6.5%, 1.6-6.5%, 1.7-6.5%. 1.8-6.5%, 1.9-6.5%, 2-6.5%, 2.1-6.5%, 2.2-
6.5%, 2.3-6.5%, 2.4-6.5%, 2.5-6.5%. 2.6-6.5%, 2.7-6.5%, 2.8-6.5%, 2.9-6.5%, 3-6.5%. 3.1-
6.5%, 3.2-6.5%, 3.3-6.5%, 3.4-6.5%, 3.5-6.5%, 3.6-6.5%, 3.7-6.5%, 3.8-6.5%, 3.9-6.5%, 4-
6.5%, 4.1-6.5%, 4.2-6.5%, 4.3-6.5%, 4.4-6.5%, 4.5-6.5%, 4.6-6.5%, 4.7-6.5%, 4.8-6.5%, 4.5~
5%, 5-6.3%, 5.1-6.5%, 5.2-6.5%, 5.3-6.5%, 5.4-6.5%, 5.5-6.5%, 5.6-6.5%, 5.7-6.5%, 5 8-
6.5%. 5.9-6.5%, 6-6.5%, 6.1-6.5%, 6.2-6.5%, 6.3-6.5%, 6.4-6.5%, 0-7%. 0.1-7%, 0.2-7%,
0.3-7%, 0.4-7%, 0.5-7%, 0.6-7%, 0.7-7%. 0.8-7%, 0.9-7%, 1-7%, 1.1-7%, 1.2-7%, 1.3-7%,

A5 KO/
-5.3%

=
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1.4-7%, 1.5-T%, 1.6-7%, 1.7-7%, 1.8-7%, 1.9-7%, 2-7%, 2.1-7%, 2.2-7%, 2.3-7%, 2.4-7%,
2.5-7%, 2.6-7%, 2.7-7%, 2.8-T%, 2.9-7%, 3-7%, 3.1-T%, 3.2-7%, 3.3-7%, 3.4-7%, 3.5-7%,
3.6-7%, 3.7-7%, 3.8-T%, 3.9-7%, 4-7%, 4.1-7%, 4.2-7%, 4.3-7%, 4.4-7%, 4.5-7%, 4.6-7%,
4.7-T%, 4.8-T%, 4.9-7%. 3-T%, 5.1-7%, 5.2-T%, 5.3-7%, 5.4-7%, 5.5-7%, 5.6-7%, 5.7-1%,
5.8-7%, 5.9-7%, 6-7%, 6.1-T%, 6.2-7%, 6.3-T%, 6.4-7%, 6.5-7%, 6.6-7%, 6.7-T%, 6.8-7%,
6.9-7%, 0-7.3%, 0.1-7.5%, .2-7.5%, 0‘3-7.5%, 0.4-7.5%, 0.5-7.5%. 0.6-7.5%, 0.7-7.5%, 0.8-
7.5%, 0.9-7.5%, 1-7.5%. 1.1-7.5%, 1.2-7.5%, 1.3-7.5%, 1.4-7.5%, 1.5-7.5%, 1.6-7.5%. 1.7

7.5%, 1‘8—7.5%, 1.9-7.5%. 2-7. fi/% 2.1-7.5%, 2.2-7.5%, 2.3-7.

75
/o, 3,6-'7,5‘%:., 3.'7—7.5%, 3.8-7.5%, 3.9-7.5%, 4-7.5%, 4.1-7.

7.59 i 7.5%, 4.2-7.5%, 4.3-7.5%, 4.4~
7.5%, 4.5-7.5%, 4.6-7.5%, 4.7-7.5%, 4.8-7.5%, 4.9-7.5%, 5-7.5%, 5.1-7.5%, 5.2-7.5%, 5.3

7 5%, 5.4-7.5%, 5.5-7.5%, 5.6-7.5%, 5.7-7.5%, 5.8-7.5%. 5 ‘7€%,67"°/ 6.1-7.5%, 6.2-
7.5%, 6.3-7.5%, 6.4-7.5%, 6.5-7.5%, 6.6-7.5%. 6.7-7.5%, 6.8-7.5%, 6.9-7.5%, 7-7.5%. 7.1-
7.5%, 7.2-7.5%, 7.3-7.5%, 7.4-7.5%. 0-8%, 0.1-8%, 0.2-8%, 0.3-8%, 0.4-8%, 0.5-8%, 0.6-
8%, 0.7-8%, 0.8-8%, 0.9-5%, 1-8%, 1.1-8%, 1.2-8%. 1.3-8%, 1.4-8%, 1.5-8%, 1.6-8%, 1.7~
8%, 1.8-8%, 1.9-8%, 2-8%, 2.1-8%, 2.2-8%, 2.3-8%, 2.4-8%, 2.5-8%. 2.6-8%, 2.7-8%, 2.8~
8%, 2.9-8%, 3-8%, 3.1-8%, 3.2-8%, 3.3-8%, 3.4-8%, 3.5-8%, 3.6-8%, 3.7-8%, 3.8-8%, 3.9-
8%, 4-8%, 4.1-8%, 4.2-8%, 4.3-8%, 4.4-8%, 4.5-8%, 4.6-8%, 4 7-8%, 4.8-8%, 4.9-8%, 5-
8%, 5.1-8%, 5.2-8%, 5.3-8%, 5.4-8%, 5.5-8%, 5.6-8%, 3.7-8%, 5.8-8%, 5.9-8%, 6-8%, 6.1~
8%, 6.2-8%, 6.3-8%, 6.4-8%. 6.5-8%, 6.6-8%. 6.7-8%, 6.8-8%, 6.9-8%, 7-8%, 7.1-8%, 7.2-
8%, 7.3-8%, 7.4-8%, 7.5-8%. 7.6-8%, 7.7-8%, 7.8-8%, 7.9-8%, 0-8.5%, 0.1-8.5%, 0.2-8.5%,
0.3-8.5%, 0.4-8.5%, 0.5-8.5%, 0.6-8.5%, 0.7-8.5%, 0.8-8 5%, 0.9-8.5%, 1-8.5%, 1.1-8.3%,
1.2-8.5%, 1.3-8.3%, 1.4-8.5%, 1.5-8.5%, 1.6-8.5%, 1.7-8.5%, 1.8-8.5%, 1.9-8.5%, 2-8.5%,
2.1-8.5%, 2.2-8.5%, 2.3-8.5%. 2.4-8.5%, 2.5-8.5%, 2.6-8.5%, 2.7-8.5%, 2.8-8.5%. 2.9-8.5%,
3-8.5%, 3.1-8.5%, 3.2-8.5%, 3.3-8.5%, 3.4-8.5%, 3.5-8 5%, 3.6-8.5%, 3.7-8.5%, 3.8-8.5%
3.9-8.5%, 4-8.5%, 4.1-8.5%, 4.2-8.5%, 4.3-8.5%, 4.4-8.3%, 4.5-8.5%, 4.6-8.3%, 4.7~8.5?<,,
4.8-8.5%, 4.9-8.5%, 5-8.5%, 5.1-8.5%, 5.2-8.5%, 5.3-8.5%, 5.4-8.5%, 3.5-8.5%, 5.6-8.3%,
5.7-8.5%, 5.8-8.5%, 5.9-8.5%, 6-8.5%, 6.1-8.5%, 6.2-8.5%, 6.3-8.5%, 6.4-8 5%, 6.5-8.5%,
6.6-8.5%, 6.7-8.5%, 6.8-8.5%, 6.9-8.5%, 7-8.5%, 7.1-8.3%, 7.2-8.5%, 7.3-8.5%, 7 4-8 5%,
7.5-8.5%, 7.6-8.5%, 7.7-8.5%, 7.8-8.5%, 7.9-8.5%, 8-8.3%, 8.1-8.5%, 8.2-8.5%, §.3-8.5%,
8.4-8.5%, 0-9%, 0.1-9%, 0.2-9%, 0.3-9%, 0.4-9%, 0.5-9%, 0.6-9%, 0.7-9%, 0.8-9%, 0.9-9%,
1-9%, 1.1-9%, 1.2-9%, 1.3-9%, 1 4-9%, 1.5-9%, 1 6-9%, 1.7-9%, 1.8-9%, 1.9-9%, 2-9%,
2.1-9%, 2.2-0%, 2.3-9%, 2.4-0%, 2.5-9%, 2.6-9%, 2.7-9%. 2 8-9%, 2.9-9%, 3-9%, 3.1-9%,
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3.2-9%, 3.3-9%, 3.4-9%, 3.5-9%, 3.6-9%, 3.7-9%, 3 §-9%, 3.9-0%. 4-9%, 4.1-9%, 4.2-9%,
4.3-9%, 4.4-9%, 4.5-9%, 4.6-9%, 4.7-9%, 4.8-9%, 4.9-9%, 5-9%, 5.1-9%, 5.2-5%, 5.3-9%,
5.4-9%. 5.5-9%, 5.6-9%, 5.7-0%, 5.8-9%, 5.9-9%, 6-9%, 6.1-9%, 6.2-9%, 6.3-9%, 6.4-9%,
6.5-9%, 6.6-9%, 6.7-9%. 6.8-0%, 6.9-9%. 7-9%, 7.1-9%, 7.2-9%, 7.3-9%, 7.4-9%, 7.5-9%,
7.6-9%, 7.7-9%, 7.8-9%, 7.9-9%, 8-9%, 8.1-9%, 8.2-9%, 8.3-0%, 8.4-9%, 8 5-0%, 8.6-9%
8.7-9%, 8.8-9%. 8.9-9%, 0-9.5%, 0.1-9 5%, 0.2-9.5%, 0.3-9.5%, 0.4-9.5%, 0.5-9.5%, 0.6-
9.5%, 0.7-9.5%, 0.8-9.5%, 0.9-9.5%, 1-9.5%, 1.1-9.5%, 1.2-9.5%, 1.3-9.5%, 14-9.5%, 1.5
5%, 1.6-9.5%, 1.7-9.5%, 1.8-9.5%, 1.9-9.5%, 2-9.5%, 2.1-9.5%, 2.2-9.5%, 2.3-9.5%, 2.4-
9.5%, 2.5-0.5%, 2.6-9.5%, 2.7-9.5%, 2.8-9.5%, 2.9-9.5%, 3-9.5%. 3.1-9.5%, 3.2-9.5%, 3 3-
3.4-9.5%, 3.5-9.5%, 3.6-9.5%, 3.7-9.5%, 3.8-9.5%, 3.9-9 5%, 4-9.5%, 4.1-9.5%, 4.2-
9.5%, 4.3-9.5%, 4.4-9.5%, 4.5-9.5%, 4.6-9.5%, 4.7-9.5%, 4 8-9.5%, 4.9-9.5%, 5-9.5%, 5.1-
9.5%, 5.2-9.5%, 5.3-9.5%, 5.4-9.5%, 5.5-9.5%, 5.6-9.5%, 5.7-9.5%, 5.8-9.5%, 5.9-9.5%, 6-
9.5%, 6.1-9.5%, 6.2-9.5%, 6.3-9.5%. 6.4-9.5%. 6.5-9.5%, 6.6-9.5%, 6.7-9.5%, 6.8-9.5%, 6.9-
9.5%, 7-9.5%, 7.1-9.5%, 7.2-9 5%, 7.3-9.5%, 7.4-9.5%, 7.5-9.5%. 7.6-0.3%, 7.7-9.5%, 7
9.5%, 7.9-9.5%, §-9.5%. 8.1-9.5%, 8.2-9.5%, 8.3-9.5%, §.4-9.5%, 8.5-9.5%, 8.6-0.5%, 8.7~
9.5%, 8.8-9.5%, 8.9-9.5%, 9-9.5%, 9.1-9.5%, 9.2-9.5%, 9.3-9.5%, 9.4-9.3%, 0-10%, 0.1-
10%, 0.2-10%, 0.3-10%, 0.4-10%, 0.5-10%, 0.6-10%, 0.7-10%, 0.8-10%, 0.9-10%, 1-10%,
1.1-10%, 1.2-10%, 1.3-10%, 1.4-10%, 1.5-10%, 1.6-10%, 1.7-10%, 1.8-10%, 1.9-10%, 2-
10%, 2.1-10%, 2.2-10%, 2.3-10%, 2.4-10%, 2.5-10%, 2.6-10%, 2.7-10%, 2.8-10%, 2.9-10%,
3-10%, 3.1-10%, 3.2-10%, 3.3-10%, 3.4-10%, 3.5-10%, 3.6-10%, 3.7-10%, 3.8-10%, 3.9-
10%. 4-10%, 4.1-10%, 4.2-10%. 4.3-10%, 4.4-10%, 4.5-10%, 4.6-10%, 4.7-10%. 4.8-10%
4.9-10%, 5-10%, 5.1-10%, 5.2-10%, 5.3-10%, 5.4-10%, 5.5-10%, 5.6-10%, 5.7—10%,5&
10%, 5.9-10%, 6-10%, 6.1-10%, 6.2-10%, 6.3-10%, 6.4-10%, 6.5-10%, 6.6-10%, 6.7-10%,
6.8-10%, 6.9-10%, 7-10%, 7.1-10%, 7.2-10%, 7.3-10%, 7.4-10%, 7.5-10%, 7.6-10%, 7.7-
10%, 7.8-10%. 7.9-10%, 8-10%, 8.1-10%, 8.2-10%, 8.3-10%, 8.4-10%. 8.5-10%, 8.6-10%,
8.7-10%, 8.8-10%, 8.9-10%, 9-10%, 9.1-10%, 9.2-10%, 9.3-10%, 9.4-10%, 9.5-10%, 9.6-
10%, 9.7-10%, 9.8-10%, or 9.9-10% whv.

0,

In certain embodiments, the formulation may comprise 0-10% w/v of trehalose.
In certain embodiments, the formulation may comprise (-9% w/v of trehalose.

In certain embodiments, the formudation may comprise (-8% w/v of trehalose.

]
]
|

{0785}  In certain embodiments, the formulation may comprise 0-7% w/v of trehalose.
}  In certain cmboduments, the formulation may comprise 0-6% w/v of trehalose.
|

In certain embodiments, the formulation may comprise 0-3% w/v of trehalose.
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In certain embodiments, the formulation may comprise $-4% w/v of trehalose.
In certain embodiments, the formudation may comprise (-3% w/v of trehalose.
In certain cmbodiments, the formulation may comprise 0-2% w/v of trehalose.
in certain embodiments, the formulation may comprise 0-1% w/v of trehalose.
In certain embodiments, the formulation may comprise 1% w/v of trehalose.
In certain embodiments, the formulation may comprise 2% w/v of trehalose.

I
|
|
|
]
|
{0794}  In certain embodiments, the formulation may comprise 3% w/v of trehalose.
1 In certain embodiments, the formulation may comprise 4% w/v of trehalose.
|
|
]
]
|

{8796 In certain embodiments, the formulation may comprise 3% w/v of trehalose.
{6797 In certain embodiments, the formudation may comprise 6% w/v of trehalose.
{6798 In certain embodiments, the formulation may comprise 7% w/v of trehalose.
{0799 In certaim embodiments, the formulation may comprise 8% w/v of trehalose.
{0800 In certain embodiments, the formulation may comprise 9% w/v of trehalose.
{0801}  In certain embodiments, the formulation may comprise 10% w/v of trehalos
Sorbitol

{0802}  In certain cmboduments, the formulation may comprise at least one sugar substitute
{e.g., a sugar alcohol} which is sorbitol.

{0803]  In certain embodiments, the formulation may comprise sorbitol at 0.1%, 0.2%,
0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%,
1.7%, 1.8%, 1.9%, 2%, 2.1%, 2.2%, 2.3%, 2.4%, 2.5%, 2.6%, 2.7%, 2.8%, 2.9%, 3%, 3.1%
3.2%, 3.3%, 3.4%, 3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4%, 4.1%, 4.2%, 4.3%, 4.4%, 4.5%,
4.6%, 4. 7%, 4.8%, 4.9%, 5%, 5.1%, 5.2%, 5.3%, 54%. 5.5%, 5.6%, 5.7%, 5.8%, 5.9%, 6%,
6.1%, 6.2%, 6.3%, 6.4%, 6.5%, 6.6%, 6.7%, 6.8%, 6.9%, 7%, 7.1%, 7.2%, 7.3%, 7.4%,
7.5%, 7.6%, 7.7%, 7.8%, 7.9%, 8%, 8.1%, 8.2%, 8.3%, 8.4%, 8.5%, 8.6%, 8.7%, 8.8%,

8.9%, 9%, 9.1%, 9.2%, 9.3%, 9.4%, 9.5%, 9.6%, 9.7%, 9.8%, 9.9%, or 10% w/v.

(5]

{0804}  In certain embodiments, the formulation may comprise sorbitol in a range of 0-1%,

0.1-1%, 0.2-1%, 0.3-1%, 0.4-1%, 0.5-1%, 0.6-1%, 0.7-1%, 0.8-1%, 0.9-1%, 0-1.5%, 0.1~

1.5%, 0.2-1.5%, 0.3-1.5%, 0 4-1. 'ﬁ/o, 0.5-1.5%, 0.6-1.5%, O.7~1‘5%, 0.8-1.59/{;, $4.9-1.5%, I~

1.5%7 F1-15%, 1.2-1.5%, 1.3-1.5%, 1.4-1.5%, 0-2%, 0.1-2%, 0.2-2%, 0.3-2%, 0.4-2%, 0.5~
6, 0.6-2%, 0.7-2%, 0.8-2%, 0.9-2%, 1-2%, 1.1-2%, 1.2-2%, E,3—2%, 1.4-2%, 1.5-2%, 1.6-
6, 1.7-2%, 1.8-2%, 1.9-2%, 0-2.5%, 0.1-2.5%, 0.2-2 3%, 0.3-2.5%, 0.4-2.5%, 0.5-2.5%,

0.6-2.5%, 0.7-2.5%, OA8~2,5%, 0.9-2.5%, 1-2.5%, 1.1-2.5%, 1.2-2.5%, 1.3

1.5-2.5%, 1.6-2.5%, 1.7-2.5%, 1. 8-2.5%, 1.9-2.5%, 2-2.5%, 2.1-2.5%, 2.2-2 5%, 2.3-2 5%,
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2.4-2.5%, 0-3%. 0.1-3%, 0.2-3%, 0.3-3%, 0.4-3%, 0.5-3%, 0.6-3%, 0.7-3%, 0.8-3%, 0.9-3%
1-3%, 1.1-3%, 1.2-3%, 1.3-3%, 1.4-3%. 1.5-3%, 1.6-3%, 1.7-3%, 1.8-3%, 1.9-3 a,z 3%,
2.1-3%, 2.2-3%, 2.3-3%, 2.4-3%, 2.5-3%, 2.6-3%, 2.7-3%. 2.8-3%, 2.9-3%, 0-3.5%, 0.1~
3 5-3.5%, 0.6-3.5%, 0.7-3.5%, 0.8-3.5%, 0.9-3.5%, 1-
3.5%, 1.1-3.5%, 1.2-3.5%, 1.3-3.5%, 1.4-3.5%, 1.5-3.5%, 1.6-3.5%, 1.7-3.5%, 1.8-3.5%, 1.9~
35%, 2-3.5%, 2.1-3 5%, 2.2-3 5%, 2.3-3.5%, 2.4-3.5%, 2.5-3.5%, 2.6-3.5%, 2.7-3.5%. 2.8-
3.5%, 2.9-3.5%, 3-3.5%, 3.1-3.5%, 3.2-3.5%, 3.3-3.5%, 3.4-3.5%, 0-4%, 0.1-4%, 0.2-4%,
0.3-4%, 0.4-4%, 0.5-4%, 0.6-4%, 0.7-4%, 0.8-4%, 0.9-4%, 1-4%, 1.1-4%, 1.2-4% 1.3-4%,
1.4-4%, 1.5-4%, 1.6-4%, 1.7-4%, 1.8-4%, 1.9-4%, 2-4%, 2.1-4%, 2.2-4%, 2.3-4%, 2.4-4%,
2.5-4%, 2.6-4%, 2.7-4%, 2.8-4%, 2.9-4%, 3-4%, 3.1-4%, 3.2-4%, 3.3-4%, 3.4-4%, 3.5-4%,
3.6-4%, 3.7-4%, 3.8-4%, 3.9-4%, 0-4 5%, 0.1-4.5%, 0.2-4.5%, 0.3-4.5%, 0.4-4.5%, 0.5~
4.5%, 0.6-4.5%, 0.7-4.5%, 0.8-4.5%, 0.9-4.5%, 1-4.5%, 1.1-4.5%, 1.2-4.5%, 1.3-4.5%, 1.4~
4.5%, 1.5-4.5%, 1.6-4.5%, 1.7-4.5%, 1.8-4 5%, 1.9-4.5%, 2-4.5%, 2.1-4 5%, 2.2-4.5%, 2.3~
4.5%, 2.4-4.5%, 2.5-4.5%, 2.6-4.5%, 2.7-4.5%, 2.8-4.5%, 2.9-4.5%, 3-4 5%, 3.1-4.5%, 3.2~
4.5%, 3.3-4.5%, 3.4-4.5%, 3.5-4.3%, 3.6-4.5%, 3.7-4.5%, 3.8-4.5%, 3.9-4.5%, 4-4.5%, 4.1~
4.5%, 4.2-4.5%, 4.3-4.5%, 4.4-4.5%, 0-5%, 0.1-3%, 0.2-5%, 0.3-5%, 0.4-5%, 0.5-5%, 0.6~
5%, 0.7-5%, 0.8-3%, 0.9-5%, 1-3%, 1.1-3%, 1.2-5%, 1.3-3%, 1.4-5%. 1.5-5%, 1.6-3%, 1.7~
5%, 1.8-3%, 1.9-5%, 2-5%, 2.1-5 9?25%22%97 5%, 2.5-5%, 2.6-3%, 2.7-5%, 2.8-
59%, 2.9-3%, 3-3%, 3.1-5%, 3.2-3%, 3.3-5%, 3.4-3%, 3.5-5%, 3.6-5%
7

%, 3.
5%, 4-5%, 4.1-5%, 4.2-5%, 5%, 4.4-5%, 4.5—5%, 4.6-5%, 4.

3.5%, 0.2-3.5%, 0.3-3.5%, 0.4-
3

PN

s
i
\».,

Yo, 0-6%, 0.1-6%, 0.2-6%, 0.3-6%, 0.4-6%, 0.5-6%, 0.6-6%, 0.7-6%, 0.8-6%, 0.9-6%, 1-

9%, 1.1-6%, 1.2-6%, 1.3-6%, 1.4-6%, 1.5-6%, 1.6-6%, 1.7-6%, 1.8-6%, 1.9-6%, 2-6%, 2.1~
6%, 2.2-6%, 2.3-6%, 2.4-6%, 2.5-6%, 2.6-6%, 2.7-6%, 2.8-6%, 2.9-6%, 3-6%, 3.1-6%, 3.2-
6%, 3.3-6%, 3.4-6%, 3.5-6%, 3.6-6%, 3.7-6%, 3.8-6%, 3.9-6%, 4-6%%, 4.1-6%, 4 2-6%, 4.3
6%, 4.4-6%, 4.5-6%, 4.6-6%, 4.7-6%, 4.8-6%, 4.9-6%, 5-6%, 5.1-6%, 5.2-6%, 5.3-6%, 5.4
6%, 5.5-6%, 5.6-6%, 5.7-6%, 3.8-6%, 5.9-6%, 0-6.3%, o.1~6~5°/;)ﬁ 0.2-6.5%, 0.36.5%, 0.4-
6.5%. 0.5-6.5%, 0.6-6.5%, 0.7-6.5%, 0.8-6.5%, 0.9-6.5%. 1-6.5%, 1.1-6.3%, 1.2-6.5%, 1.3-

\C
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6.5%, 1.4-6.5%, 1.5-6.5%, 1.6+6.5%, 1.7-6.5%, 1.8-6.5%, 1.9-6.5%, 2-6.5%, 2.1-6.5%, 2.2~
6.5%, 2.3-6.5%, 2.4-6.5%, 2.5-6.5%, 2.6-6.5%, 2.7-6.5%, 2.8-6.5%, 2.9-6.5%, 3-6.5%, 3.1-
6.5%. 3.2-6.5%, 3.3-6.3%, 3.4-6.5%, 3.5-6.5%, 3.6-6.5%, 3.7-6.5%, 3.8-6.5%, 3.9-6.5%, 4-
6.5%., 4.1-6 5%, 4.2-6.3%, 4.3-6.5%, 4.4-6.5%, 4.5-6.5%, 4.6-6.5%, 4.7-6.5%, 4.8-6.3%, 4.9~
6.5%, 5-6.5%, 5.1-6.5%, 5.2-6.5%. 5.3-6.5%, 5.4-6.5%, 5.5-6.5%, 5.66.3%, 5.7-6.5%, 5 8-
6.5%, 5.9-6.5%, 6-6.3%. 6.1-6.5%, 6.2-6. 5;;,, 6.3-6.5%, 6.4-6.5%, 0-7%, 0.1-7%, 0.2-7%,
0.3-7%, 0.4-T%, 0.5-7%, 0.6-7%, 0.7-7%, 0.8-7%, 0.9-7%, 1-7%, 1.1-7%, 1.2-7%. 1.3-7%,
1.4-7%, 1.5-7%, 1.6-7%, 1.7-7%, 1.8-7%, 1.9-7%, 2-%, 2.1-7%, 2.2-T%, 2 3-T%, 2.4-7%,
2.5-7%, 2.6-7%, 2.7-7%, 2.8-7%, 2.9-7%, 3-7%, 3.1-T%, 3.2-7%, 3.3-7%, 3.4-7%, 3.5-7%,
3.6-T%, 3.7-7%, 3.8-T%, 3.9-7%, 4-T%, 4.1-7%, 4.2-T%, 4.3-7%, 4.4-T%, 4.5-7%, 4.6-7%,
4.7-7%, 4.8-T%, 4.9-7%, 5-7%, 5.1-7%, 5.2-T%, 5.3-7%, 5.4-7%, 5.5-7%, 5.6-7%, 5.7-1%,
5.8-7%, 5.9-7%, 6-7%, 6.1-T%, 6.2-7%, 6.3-T%., 6.4-7%, 6.5-7%, 6.6-7%, 6.7-7%, 6.8-7%,
6.97%, 0-7.5%, 0.1-7.5%, 0.2-7.5%, 0.3-7.5%, 0.4-7.5%, 0.5-7.5%, 0.6-7.5%, 0.7-7.5%, 0.8-
7.5%, 0.9-7.5%, 1-7.5%. 1.1-7.5%, 1.2-7.5%, 1.3-7.5%, 1.4-7.5%, 1.5-7.5%, 1.6-7.5%. 1.7-

7.5%, 1.8-7.5%, 1.9-7.5%, 2-7.5%, 2.1-7.5%, 2.2-7.5%, 2.3-7.5 %, 2.4-7.5%, 2.5-7.5%, 2.6~

‘Jn

et

7.5%,2.7-7.5%, 2.8-7.5%, 2.9-7.5%, 3-7.5%, 3.1-7.5%, 3.2-7.5%, 3.3-7.5%, 3.4-7.5%, 3.5~
7.5%, 3.6-7.5%, 3.7-7.5%, 3.8-7.5%, 3.9-7.5%, 4-7.5%, 4.1-7.5%, 4.2-7.5%, 4.3-7.5%, 4 4-

7 5%, 4.5-7 5%, 4.6-7.5%, 4.7-7.5%, 4.8-7.5%, 4.9-7.5%, 5-7.5%, 5.1-7.5%, 5.2-7.5%, 5.3
7.5%, 5.4-7.5%, 5.5-7.5%, 5.6-7.5%, 5.7-7.5%, 5,8-7.5%, 5.9-7.5%, 6-7.5%, 6.1-7.5%, 6.2-

7 5%, 6.37.5%, 6.4-7.5%, 6.5-7.5%, 6.6-7.5%. 6.7-7.5%, 6.8-7.5%, 6.9-7.5%, 7-7.3%, 7.1-
7.5%, 7.2-7.5%, 7.3-7.5%, 7.4-7.5%, 0-8%, 0.1-8%, 0.2-8%, 0.3-8%, 0.4-8%, 0.5-8%, 0.6-
8%, 0.7-8%, 0.8-8%, 0.9-8%, 1-8%. 1.1-8%, 1.2-8%. 1.3-8%, 1.4-8%, 1.5-8%, 1.6-8%, 17-
8%, 1.8-8%, 1.9-8%, 2-8%, 2.1-8%, 2.2-8%, 2.3-8%, 2.4-8%, 2.5-8%, 2.6-8%, 2.7-8%, 2 8-
8%, 2.9-89%, 3~8%, 3.1-8%, 3.2-8%, 3.3-8%, 3.4-8%, 3.5-8%, 3.6-8%, 3.7-8%, 3.8-8%, 3.9-
8%, 4-8%. 4.1-8%, 4.2-8%. 4.3-8%, 4.4-8%, 4.5-8%, 4.6-8%, 4.7-8%, 4.8-8%, 4.9-8%, 5-
8%, 5.1-8%, 5.2-8%, 5.3-8%, 5.4-8%, 5.5-8%, 5.6-8%. 5.7-8%, 5.8-8%. 5.9-8%, 6-5%, 6.1-
8%, 6.2-8%, 6.3-8%, 6.4-8%. 6.5-8%, 6.6-8%, 6.7~8%, 6.8-8%, 6.9-8%, 7-8%, 7.1-8%, 7.2-
8%, 7.3-8%, 7.4-8%, 7.5-8%. 7.6-8%, 7.7-8%. 7.8-8%, 7.9-8%. 0-8.5%, 0.1-8.5%, 0.2-8.5%,
0.3-8.5%, 0.4-8.5%, 0.5-8.5%, 0.6-8.5%, 0.7-8.3%, 0.8-8.3%, 0.9-8.5%, 1-8.5%, 1.1-8 5%
1.2-8.5%, 1.3-8.5%, 1.4-8.5%. 1.5-8.5%, 1.6-8.5%, 1.7-8.5%, 1.8-8.5%, 1.9-8.5%, 2-8.5%,
2.1-8.5%, 2.2-8.5%, 2.3-8.5%. 2.4-8.3%, 2.5-8.5%, 2.6-8.5%, 2.7-8.5%, 2.8-8.5%, 2.9-8 5%,
3-8.5%, 3.1-8.5%, 3.2-8.5%, 3.3-8.5%, 3.4-8 5%, 3.5-8 5%, 3.6-8.5%, 3.7-8.5%, 3.8-8.5%,
3.9-8.5%, 4-8.5%, 4.1-8.3%, 4.2-8 5%, 4 3-8 5%, 4.4-8 3%, 4.5-8 5%, 4.6-8.5%, 4.7-8.5%,

Ji

-257 -



WO 2020/150556 PCT/US2020/014000

4.8-8.3%, 4.9-8.5%, 3-8 5%, 5.1-8.5%, 5.2-8.5%, 5.3-8.5%, 5.4-8.5%, 5.5-8.5%, 5.6-8.5%,
5.7-8.5%, 5.8-8.5%, 5.9-8.5%, 6-8.5%, 6.1-8.5%, 6.2-8.5%, 6.3-8.5%, 6.4-8.5%, 6.5-8.5%,
6.6-8.5%, 6.7-8.5%, 6.8-8 5%, 6.9-8.5%, 7-8.5%, 7.1-8.3%, 7.2-8.5%, 7.3-8.5%, 7.4-8.5%
7.5-8.5%, 7.6-8.5%, 7.7-8.5%, 7.8-8.5%, 7.9-8.5%, 5-8 5%, 8.1-8.5%, 8.2-8.5%, 8.3-8.5%
8.4-8.5%, 0-9%, 0.1-9%, 0.2-9%, 0.3-9%, 0.4-9%, 0.5-9%, 0.6-9%, 0.7-9%, 0.8-9%, 09-9%,
1-9%, 1.1-9%, 1.2-9%, 1.3-9%, 1.4-9%, 1 5-9%, 1.6-9%, 1.7-9%, 1.8-9%, 1.9-9%_ 2-9%,
2.1-9%, 2.2-9%. 2.3-9%, 2.4-9%, 2.5-9%, 2.6-9%, 2.7-9%, 2.8-9%, 2.9-9%, 3-9%, 3.1-9%,
3.2-9%, 3.3-9%, 3.4-9%, 3.5-9%, 3.6-9%, 3.7-0%, 3 §-9%, 3.9-0%, 4-9%, 4.1-9%, 4.2-9%,
4.3-0%, 4 4-9%, 4.5-9%, 4 6-9%, 4.7-9%, 4.8-9%, 4.9-9%, 5-9%, 5.1-90%, 5.2-9%, 5.3-9%,
5.4-9%, 5.5-9%, 5.6-9%, 5.7-9%, 5.8-9%, 5.9-9%, 6-9%. 6.1-9%, 6.2-9% 6.3-9%, 6.4-9%,
6.5-9%, 6.6-9%, 6.7-9%, 6.8-0%, 6.9-9%. 7-9%, 7.1-9%, 7.2-9%, 7.3-9%, 7.4-9%, 7.5-9%,
7.6-9%, 7.7-9%, 7.8-9%, 7.9-9%, 8-9%, 8.1-9%. 8.2-9%, 8.3-9%, 8.4-9%, 8.5-9%, 8.6-5%,
8 7-9%, 8.8-0%. 8.9-9%, 0-9.5%, 0.1-9 5%, 0.2-9.5%, 0.3-9.5%, 0.4-9.5%, 0.5-9.5%, 0.6-
9.5%, 0.7-9.5%, 0.8-9.5%, 0.9-9.5%. 1-9.5%, 1.1-9.5%, 1.2-9.5%, 1.3-9.5%, 14-9.5%. 1.5
5%, 1.6-0.5%, 1.7-9.5%, 1.8-9.5%. 1.9-9.5%, 2-9.5%, 2.1-9.5%, 2.2-9.5%, 2.3-9.5%, 2 4-
9.5%, 2.5-0.5%, 2.6-9.5%, 2.7-9.5%, 2.8-9.5%, 2.9-9.5%, 3-9.5%. 3.1-9.5%, 3.2-9.5%, 3 3-
9.5%, 3.4-9.5%, 3.5-9.5%, 3.6-9.5%, 3.7-9.5%, 3.8-9.5%, 3.9-9.3%, 4-9.5%, 4.1-9.5%, 4.2-
9.5%, 4.3-9 5%, 4.4-9.3%, 4.5-9.5%, 4.6-9.5%, 4.7-9.5%, 4 8-9 5%, 4.9-9 5%, 5-9.5%, 5.1-
9.5%, 5.2-9.5%, 5.3-9.3%, 5.4-9.5%, 5.5-9.5%, 5.6-9.5%, 5.7-9.5%, 5.8-9.5%, 5.9-9.5%, 6-
9.5%. 6.1-9.5%, 6.2-9.5%, 6.3-9.5%, 6.4-9.5%. 6.5-9.3%, 6.6-9.3%, 6.7-9.5%, 6.8-9 5%, 6.9-
9.5%, 7-0.5%, 7.1-9.5%, 7.2-9.5%, 7.3-9.5%, 7.4-9.5%, 7.5-9.5%. 7.6-9.5%, 7.7-9.5%, 7
5%, 7.9-0.5%, 8-9.5%, 8.1-0.5%, 8.2-9.5%, 8.3-9.5%, §.4-9 5%, §.5-9.5%, 8.6-0.5%, 8.7-
9.5%, 8.8-9.5%, 8.9-9.5%. 9-9.5%, 9.1-9.5%, 9.2-9.5%, 9.3-9.5%, 9.4-9.5%, 0-10%, 0.1-
10%, 0.2-10%, 0.3-10%, 0.4-10%, 0.5-10%, 0.6-10%, 0.7-10%, 0.8-10%, 0.9-10%, 1-10%,
1.140%, 1.2-10%, 1.3-10%, 1.4-10%, 1.5-10%, 1.6-10%, 1.7-10%, 1 8-10%, 1.9-10%, 2-
10%, 2.1-10%, 2.2-10%, 2.3-10%, 2.4-10%, 2.5-10%, 2.6-10%, 2.7-10%, 2.8-10%, 2.9-10%,
3-10%, 3.1-10%, 3.2-10%, 3.3-10%, 3.4-10%, 3.5-10%. 3.6-10%, 3.7-10%, 3.8-10%, 3.9-
10%, 4-10%, 4.1-10%, 4.2-10%, 4.3-10%, 4.4-10%, 4.5-10%, 4.6-10%, 4.7-10%, 4.8-10%,
4.9-10%, 5-10%, 5.1-10%, 5.2-10%, 5.3-10%, 5.4-10%, 5.5-10%, 5.6-10%, 5.7-10%, 5.§-
10%, 5.9-10%, 6-10%, 6.1-10%, 6.2-10%, 6.3-10%, 6.4-10%, 6.5-10%, 6.6-10%, 6.7-10%,
6.8-10%, 6.9-10%, 7-10%, 7.1-10%, 7.2-10%, 7.3-10%, 7.4-10%, 7.5-10%, 7.6-10%, 7.7~
10%, 7.8-10%, 7.9-10%, 8-10%, 8.1-10%, 8.2-10%, 8.3-10%, 8.4-10%, 8.5-10%, 8.6-10%,
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R.7-10%, §.8-10%, 8.9-10%, 9-10%, 9.1-10%, 9.2-10%, 9.3-10%, 9.4-10%, 9.5-10%, 9.6~
10%, 9.7-10%, 9.8-10%, or 9.9-10% w/v.

(0805
10806

[0807

10808
{0809
{0810
[0811
10812
0813

} 1o certain coiboduments, the formulation may comprise 0-10% w/v of sorbitol.
|
]
|
|
|
|
|
]
{0814]  In certain embodiments, the formulation may comprise 0-1% w/v of sorbitol.
]
|
|
|
|
|
]
|
|
|

in certain embodiments, the formulation may comprise 0-9% w/v of sorbitol.
In certain embodiments, the formulation may comprise 0-8% w/v of sorbitol.
in certain embodiments, the formulation may comprise 0-7% w/v of sorbitol.
In certain embodiments, the formulation may comprise 0-6% w/v of sorbitol.
In certain embodiments, the formulation may comprise 0-3% w/v of sorbitol.
In certain embodiments, the formulation may comprise 0-4% w/v of sorbitol.
In certain embodiments, the fornmulation may comprise 0-3% w/v of sorbitol.

In certain embodiments, the formulation may comprise 0-2% w/v of sorbitol.

0815
{0816
{0817
{0818
{0819
[0820]
0821
[0822
{0823
[0824]

In certain embodiments, the formulation may comprise 1% w/v of sorbitol.

In certain embodiments, the formulation may comprise 2% w/v of sorbitol.

In certain embodiments, the formulation may comprnise 3% w/v of sorbitol.

In certain embodiments, the formudation may compnse 4% w/v of sorbitol.

in certain embodiments, the formulation may comprise 3% w/v of sorbitol.

in certain embodiments, the formmlation may comprise 6% w/v of sorbitol.

In certain embodiments, the formulation may comprise 7% w/v of sorbitol.

in certain embodiments, the formulation may comprise 8% w/v of sorbitol.

In certain embodiments, the formulation may comprise 9% w/v of sorbitol.

In certain embodiments, the formulation may comprise 10% w/v of sorbitol.
Surfactant

{8825}  In certain embodiments, formulations of pharmaceutical compositions described
herein may comprise a surfactant. Surfactants may help control shear forces in suspension
cultures. Surfactants used herein may be anionic, zwitterionic, or non-ionic surfactants and
may comprise those known in the art that are suitable for use in pharmaceutical formulations.
{0826}  Examples of anionic surfactants comprise, but are not limited to, sulfate, sulfonate,
phosphate esters, and carboxylates.

{88277  Examples of nonionic surfactants comprise, but are not limited to, ethoxvlates,
fatty alcohol ethoxvlates, alkylphenol ethoxylates {(e.g., nonoxynols, Triton X-100}. fatty acid
cthoxylates, cthoxylated amines and/or fatty acid amides {e.g., polvethoxylated tallow amine,

cocamide monoethanolamine, cocamide diethanolamine}, ethylene oxide/propylene oxide
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copolymer {¢.g., Poloxamers such as Pluronic® F-68 or F-127), esters of fatty acids and
polyhydric aleohols, fatty acid alkanolamides, ethoxylated aliphatic acids, ethoxylated
aliphatic alcohols, ethoxylated sorbitol fatty acid esters, ethoxylated glycerides, cthoxylated
block copolymers with EDTA (cthylene diaminetetraacetic acid), ethoxviated cyclic ether
adducts, cthoxylated amide and mmidazoline adducts, cthoxvlated amine adduets, ethoxylated
mercapian adduocts, ethoxylated condensates with alkyl phenols, ethoxylated nitrogen-based
hydrophobes, cthoxvlated polvoxvpropylencs, polymeric silicones, fluorinated surfactants,
and polvmerizable surfactants.

{0828]  Examples of zwitterionic sarfactants comprise, but are not limited to, alkylamido
betaines and amine oxides thereof, alkyl betaines and amine oxides thereof, sulfo betaines,
hvdroxy sulfo betamnes, amphoglvemates, amphopropionates, balanced amphopoly-
carboxyglveinates, and altkyl polyaminoglyeinates. Proteins have the ability of being charged
or uncharged depending on the pH: thus, at the right pH, a protein, preferably with a pl of
about 8 t0 9, such as modified Bovine Serum Albumin or chymotrypsinogen, could function
as a zwitterionic surfactant. Various mixtures of surfactants can be used 1f desired.
Copolymers

{0829}  In certain embodiments, at least one of the components in the formulation is
copolymer.

{08308]  In certain embodiments, the formulation may comprise at least one copolymer at a
concentration of 0.00001%, 0.0001%, 0.001%, 0.01%, 0.1%, or 1% w/v.

{6831}  In certain embodiments, the formulation may comprise at least one copolymerina
range of 0.00001%-0.000G1%, 0.00001%-0.001%, 0.00001%-0.01%, 0.00001%-0.1%,
0.00001%-1%, 0.0001%-0.001%, 0.0001%-0.01%, 0.0001%-0.1%, 0.0001%-1%, 0.001%-
0.01%, 0.001%-0.1%, 0.001%-1%, 0.01%-0.1%, 0.01%-1%. or 0.1-1% w/v.

[0832]  In certain embodiments, the formulation may comprise 0.001% w/v copolymer.
[0833]  In certain embodiments, the copolvmer is an ethylene oxide/propviene oxide
copolymer.

{0834}  In certain embodiments, the formulation may comprise at least one cthylene
oxide/propylene oxide copolvmer at a concentration of 0.06001%, 0.0001%, 0.001%, 0.01%,
0.1%, or 1% w/v.

{8835}  In certain embodiments, the formulation may comprise at least one ethvlene
oxide/propylene oxide copolymer in a range of 0.00001%-0.0001%, 0.00001%-0.001%,

0.00001%-0.01%, 0.00001%-0.1%, 0.00001%-1%, 0.0001%-0.001%, 4.0001%-0.01%,
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0.0001%-0.1%, 0.0001%-1%, 0.001%-0.01%, 0.001%-0.1%, 0.001%-1%, 0.01%-0.1%,
0.01%-1%, or 0.1-1% w/v.

{0836}  In certain embodiments, the formulation may comprise 0.001% w/v ethylene
oxide/propyiene oxide copolymer.

{0837}  In certain embodiments, the formulation may comprise at feast one cthylene
oxide/propylene copolymer which is a Poloxamer. In certain embodiments, the fornuidation
may comprise Poloxamer at a concentration of 0.00001%, 0.0001%, 0.001%, 0.01%, 0.1%

or 1% wiv.

{06838] In certain embodiments, the formulation may comprnse Poloxamer in a range of
0.00001%-0.0001%, 0.00001%-0.001%, 0.00001%-0.01%, 0.00001%-0.1%, 0.00001%-1%,
0.0001%-0.001%, 0.0001%-0.01%, 0.0001%%-0.1%, 0.0001%-1%, 0.001%-0.01%, 0.001%-
0.1%, 0.001%-1%, 0.01%-0.1%, 0.01%-1%, or 0.1-1% w/v.

{0839]  In certain embodiments, the formulation may comprise 0.001% w/v Poloxamer.
{0840}  In certain embodiments, the formulation may comprise at least one cthylene
oxide/propylene copolymer which is Poloxamer 188, In certain embodiments, the formulation
may comprise Poloxamer 188 at a concentration of 0.00001%, 0.0001%, 0.001%, 0.01%,
0.1%, or 1% w/v.

{0841}  In certain ecmbodiments, the formulation may comprise Poloxamer 188 in a range
of 0.00001%-0.0001%, 0.00001%-0.001%, 0.00001%-0.01%, 0.00001%-0.1%, 0.00001%-
1%, 6.0001%-0.001%, 0.0001%-0.01%, 0.0001%-0.1%, 0.0001%-1%, 0.001%-0.01%,
0.001%-0.1%, 0.001%-1%, 0.01%-~0.1%, 0.01%-1%, or 0.1-1% w/iv.

{6842}  In certain embodiments, the formulation may comprise 0.0601%-0.1 w/v Poloxamer
188.

{8843}  In certain embodiments, the formulation may comprise at least one ethviene
oxide/propylenc copolymer which is Pluronic ® F-68. In certain embodiments, the
formulation may comprise Pluronic ® F-68 at a concentration of 3.00001%, 0.0001%

0.001%, 0.01%, 0.1%, or 1% w/v.

{0844}  In certain embodiments, the formulation may comprise Pluronic ® F-6R in a range
of 0.00001%-0.0001%, 0.00001%-0.001%, 0.00001%-0.01%, 0.00001%-0.1%, 0.00001%-
1%, 0.0001%-0.001%, 0.0001%-0.01%, 0.0001%-0.1%, 0.0001%-1%, 0.0601%-0.01%,
0.001%~0.1%, 0.001%-1%., 0.01%-0.1%, 0.01%-1%, or 0.1-1% w/v.
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{68453}  In certain embodiments, the formulation may compnse 0.001%-0.1% w/iv
Pluronic® F-68. In certain embodiments, the formulation may comprise 0.001% wiv
®

Pluronic™ F-68.

Formulation Properties

[0846]  In certain embodiments, the formulation has been optimized to have a specific pH,
osmolality, concentration, concentration of AAY particle, and/or total dose of AAV particie.
pH

{6847}  In certain embodiments, the formulation may be optimized for a specific pH. In
certain embodiments, the formulation may comprise a pH buffering agent {(also referred to
herein as “buffering agent™) which is a weak acid or base that, when used in the formulation,
maintains the pH of the formulation near a chosen value even afier another acid or base is
added to the formulation. The pH of the formulation may be, but 1s not limited, t0 0, 0.1, 8.2,
03,04,0506,07 08,09 1,1.1,12, 13,14, 15 16,1.7,18,19,2,21,22,23,24,
25 26,27.28,29,3,31,32,33,34,35,36,37,38,39,4,41,42,43,44,45,45,
47,48,49,551,52,53,54,55,56,57,58,59,6,61,62,63,64,65,66,67,68,
6.9,7,7.1,72,73,74,75,76,77,78,79,8. 81,82, 83,84, 85 86,87.88,89,9.
01,92,93,94,95,96,97 98 99 10,101, 102,103, 104,105,106, 10.7, 108, 109,
VLI L 112,103, 114, 105, 106, 117, 118, 119,12, 121, 12.2. 123,124, 125, 12.6,
127,128,129, 13, 13,1, 132, 133,134, 135,136,137, 13.8, 13.9, and 14.

{0848}  In certain embodiments, the formulation may be optimized for a specific pH range.
The pH range may be, but is vot limited to, 0-4, 1-3, 2-6, 3-7, 4-8, 5-9, 6-10, 7-11, 8-12, 9-13,
10-14, 0-1.5, 1-2.5, 235, 3-4.5, 4-5.5,5-6.5, 6-7.5, 7-8.5. 8-9.5, 9-10.5, 10-11.5, 11-12.5,
1-2,2-3,3-4, 4-3, 5-6, 6-7, 7-8, &-9, 9-10, 10-11, 11-12, 12-13, 13-14, 0-0.5,

0.5-1, 1-1.5, 1.5-2,2-2.5,2.5-3,3-35,3.5-4,4-45,45-5,5-55,5.5-6, 6-6.5, 6.5-7, 7-7 5,
72-82,7.2-76,73-77,75-8, 78-82,8-8.5,85-9,9-9.5,9.3-10, 10-10.5, 10.5-11, 11-11.5,
11.5-12, 12-12.5, 12.5-13, 13-13.5, or 13.5-14,

In certain embodiments, the pH of the formulation is between 6 and 8.5.

In certain embodiments, the pH of the formulation is between 7 and 8.5

In certain embodiments, the pH of the formulation 1s between 7 and 7.6.

In certain embodiments, the pH of the formulation is 7.1.

|
|
I
{8852}  In certain embodiments, the pH of the formulation is 7.
|
§  In certain cmbodiments, the pH of the formmlation 1s 7.2.
|

in certain embodiments, the pH of the formulation 1s 7.3.
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{8836}  In certain embodiments, the pH of the formulation 15 7.4
{8857}  In certain embodiments, the pH of the formulation 15 7.5.
{0858]  Iu certain cmbodiments, the pH of the formulation 1s 7.6.
{0859 in certain embodiments, the pH of the formulationis 7.7.
{0868 In certain embodiments, the pH of the formulation 15 7.8,
{0861 In certain embodiments, the pH of the formulation is 7.9.
[0862]  In certain embodiments, the pH of the formulation is 8.

{0863 In certain embodiments, the pH of the formulation 15 8.1
{0865
{1866
{867

{0868
6869
{08701  Suitable buffering agents mav comprise, but not limited to, Tris HCI, Tris base,

|
]
|
|
]
{08641  In certain embodiments, the pH of the formulation is 8.2
{  In certain embodiments, the pH of the formulation 1s 8.3.
}  In certain embodiments, the pH of the formulation is § 4.
1 Incertain embodiments, the pH of the formulation is 8.5,
' Incertain embodiments, the pH is determined when the formulation is at 5°C.
|

In certain embodiments, the pH is determined when the formulation is at 25°C.

sodium phosphate {monosodium phosphate and/or disodium phosphate), potassium
phosphate (monopotassium phosphate and/or dipotassium phosphate), histidine, boric acid,
citric acid, glycine, HEPES (4-(2-hydroxyethvl}-1-piperazinecthanesulfonic acid), and MOPS
(3-(N-morphohnopropanesulfonic acid).

{9871}  Concentration of buffering agents in the formulation may be between 1-50 mM,
between 1-25 oM, between 5-30 mM, between 5-20 oM, between 5-153 mM, between 10-40
mM, or between 15-30 mM. Concentration of buffering agents in the formulation may be
about I mM, S mM, 7.5 mM, 10 mM, 123 mM, 15 mM, 20 mM, 25 mM, 30 mM, 35 mM,
40 mM, or 50 mM.

{0872}  In certain embodiments, the formulation may comprise, but is not limited to,
phosphate-butfered saline (PBS). As a non-limiting example, the PBS may comprise sodium
chloride, potassium chloride, disodium phosphate, monopotassium phosphate, and distilled
water. In some instances, the PBS does not contain potasstum or magnestum. In other
instances, the PBS contains calcium and magnesium.

{88731  In certain embodiments, buffering agents used in the formulations of
pharmaceutical compositions described herein may comprise sodium phosphate
{monosodium phosphate and/or disodium phosphate}. As a non-limiting example, sodium

phosphate may be adjusted to a pH {at 5 °C) within the range of 7.4 £ 0.2, Tn certain
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embodiments, buffering agents used in the formulations of pharmaceutical compositions
described herein may comprise Tris base. Tris base may be adjusted with hydrochloric acid to
any pH within the range of 7.1 and 9.1. As a non-limiting example, Tris base used in the
formulations described herein may be adjusted to 8.0 £ 0.2. As a non-limiting example, Trs
base used in the formulations described herein may be adjusted to 7.5 £ 0.2

Osmolality

{0874}  In certain embodiments, the formulation may be optimized for a specific
osmolality. The osmolahity of the formulation may be, but 1s not imited to, 350, 351, 352,
353,354, 355,356, 357,358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370,
371,372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383. 384, 385, 386, 387, 388,
389,390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 403, 406,
407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421, 422_ 423, 424,
475,426,427 428 429 430,431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442,
443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460,
461,462,463, 464, 465, 466, 467, 468, 469, 470, 471, 472,473, 474, 475, 476, 477, 478,
479, 480, 481, 482, 483, 484, 485, 486_ 487, 488, 489, 400, 491, 492, 493, 494_ 495, 496,
497498, 499, or 500 mOsm/kg (milliosmoles/kg).

{0875}  In certain embodiments, the formulation may be optimized for a specific range of
osmolality. The range may be, but 18 not limited to, 350-360, 360-370, 370-380, 380-390,
390-400, 400-410, 410-420, 420-430, 430-440, 440-450, 450-460, 460-470, 470-480, 480-
490, 490-500, 330-370, 360-380, 370-390, 380-400, 390-410, 400-420, 410-430, 420-440,
430-450, 440-460, 450-470, 460480, 470400, 480-500, 350-375, 373-400, 400-425, 425-
450, 450-475, 475-500, 350-380, 360-390, 370-400, 380-410, 390-420, 400-430, 410-440,
420-450, 430-460, 440-470, 450-480, 460490, 470-500, 350-3980, 360-400, 370-410, 380-
420, 390-430, 400-440, 410-450, 420-460, 430-470, 440-480, 450-490, 460-500, 350-400,
360-410, 370-420, 380-430, 390-440, 400-450, 410-460, 420-470, 430-480, 440-490, 450~
300, 350-410, 360-420, 370-430, 380-440, 390-450, 400-460, 410-470, 420-480, 430-490,
440-500, 350-420, 360-430, 370-440, 380~450, 390-460, 400-470, 410-480, 420-490, 430-
530, 350-430, 360-440, 370-450, 380-460, 390-470, 400-480, 410-490, 420-500, 350-440,
360-450, 370-460, 380-470, 390-480, 400-490, 410-300, 350-450, 360-460, 370-470, 380-
480, 390-490, 400-500, 350-460, 360-470, 370-4R0, 380-490, 390-500, 350-470, 360-480,
370-490, 380-500, 350-480, 360-490, 370-500, 350-499, 360-500, or 350-500 mOsmv/kg.
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{8876}  In certain embodiments, the osmolality of the formulation is between 350-500
m{sm/kg.
{0877} In certain cmbodiments, the osmolality of the formulation 1s between 400-500
mOsm/kg
{6878]  In certain embodiments, the osmolality of the formalation is between 400-480
mOsm/kg.

{0879}  In certain embodiments, the osmolality is 395 mOsm/ke.

{6883}  In certain embodiments, the osmolality 1s 413 mOsm/kg.
{0881] In ceriain embodiments, the osmolality is 420 mOsm/kg.
{6882}  In certain embodiments, the osmolality is 432 mOsavkg.
[0883]  In certain embodiments, the osmolality is 447 mOsm/kg,.
{0884]  In certain embodiments, the osmolality is 450 mQOsm/kg.
{0885]  In certain embodiments, the osmolality is 452 mOsm/kg.
[0886]  In certain embodiments, the osmolality is 459 mOsm/kg.
{68871  In certain embodiments, the osmolality 1s 472 mQOsm/ke.
[8888]  In certain embodiments, the osmolality 1s 490 mQOsmv/kg.
{0889}  In certain embodiments, the osmolality is 496 mOsav/kg.

Concentration of AAV particle

{#890]  In certain embodiments, the concentration of AAV particle in the formulation may
be hetween about 1x10° VG/ml and about 1x10°¢ YG/ml. As used herein, “VG/ml”
represents vector genomes (V) per nulliliter (ml). VG/mi also may describe genome copy
per milliliter or DNase resistant particle per mulliliter.

{6891}  In certain embodiments, the formulation may compnse an AAV particle
concentration of about 1x10°, 2x10°, 3x10°, 4x10°, 5x10°, 6x10°, 7x10°, 8x10°, 9x10°, 1x107,
2x107, 3x107, 4x107, 5x107, 6x107, 7x107, 8x107, 9x107, Ix10%, 2x107, 3x10%, 4x108, 5x105,
6x10%, Tx 108 8108, 9x10%, 1x10°, 2x10°, 3x10°, 4x107, 5x10°, 6x10°, 7x10°, 8x10°, 9x10°,
1x10'%, 2x10%°, 3x10', 4x10%0, 5x10° 6x30'°, 7100, &x101°, 9x10', 1x10M, 2x10%,
2.0x101, 2. 2x10%, 2 3x10", 2.4x10%, 2.5x10%, 2.6x10", 2. 7x10Y, 2 8x10M, 2.9x 104,
3x10M, 4x10" 3x10M, 6x101, Tx101, 7.1x10M, 7.2x10Y 7. 3x 101 7.4x10', 7.5x10%,
762101 7 7x10M, 7 8104, 7.9x101, 8x10M, Ox10M Ix101, 1.1 x101, 1.2x102, 1.3x10%2,
1.4x10%% 1.5x10%, 1.6x10%, 1.7x10% 1.8x10%7, 1.9x10%, 2x10%, 2.1x10%%, 2.2x 102,
2.3x1012 2.4x107%, 2.5x101%, 2.6x101, 2.7x10%7, 2 8x10, 2 9x10?, 3x10'2, 4x 107, 4. 1310,

4.2x10' 4.3x10'2, 4 4x101%, 4.5x10'2.4 65102, 4 7x 1012, 4 8x10'2, 4.9x10'2 5x10'2, 6x102,
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710, 7 1x1012, 7.2x10'2, 7.3x10%, 7 4x101, 7.5x10%, 7.6x102, 7.7x1012, 7.8x10'2,
7.9x102, 8x10%, 8.1x10"%, 8.2x10", 8.3x10", 8.4x10", 8.5x10%, 8.6x10" 8.7x10' 8.8
x10'%, 8.9x10", 9x10%2, 1x10%, 11x10Y, 1.2x107, 1.3x10%%, 1.4x10%, 1.5x10", 1.6x10Y,
1.7x10%, 1.8x10%, 1.9x105, 2x101, 2.1x105, 2.2x10%, 2 3x105, 2 4x10%, 2 5x 105,
2.6x101 2. 7x105 2 8x101, 2.9<10%, 3x10%, 3.1x105, 3.2x10, 3.3x10%, 3.4x10%,
3.5x10% 36100, 3.7x108, 3.8x10Y, 3.9x105, 4x105, 5x101, 6x10Y, 6.7x10%, 71108,
8x10%, 9x101, 1x10%, 2x10% 3x10%, 4x10%, 3x10Y, 6x10Y, 7x10M, 8x10™, ox10M,
110, 2x 105, 3x105, 4x10%, 510, 6x 101, Tx10Y, 8x10%°, 9x10% or 1x10'° VG/ml.
{06892]  In certain embodiments, the concentration of AAV particle in the formulation is
between 1x16' and 5x10%%, between 1x10* and 5 x10'%, between 2 x10" and 1 x10%,
between 5 x101 and 1 x10%, between 1 x10% and 2 x10%, between 2 x107 and 3 x105,
between 2 x10 and 2.5 x105, between 2.5 x10" and 3 x105, or no more than 5x106%
VG/ml.

{0893}  In certain embodiments, the concentration of AAV particle in the formulation 15
2.7x10" VG/ml.

{8894}  In certain embodiments, the concentration of AAY particle in the formulation is
9x10" VG/ml.

{0895}  In certain coiboduments, the concentration of AAVY particle in the formulation is
1.2x101 VG/ml.

{0896}  In certain embodiments, the concentration of AAV particle in the formulation is
2.7x10°2 VG/ml.

{8897}  In certain embodiments, the concentration of AAV particle in the formulation is
4x10'2 VG/ml.

{8898} In certain embodiments, the concentration of AAY particle in the formulation is
&x10" VG/ml.

{0899}  In certain embodiments, the concentration of AAV particle in the formulation 18
7.9x10" VG/ml.

{0906}  In certain embodiments, the concentration of AAV particle in the formulation 15
8x10'2 VG/ml.

{8901}  In certain embodiments, the concentration of AAVY particle in the formulation is
1x10" ¥VG/ml.

{0902] In certain cmbodiments, the concentration of AAV particle 1n the formulation is
1.8x10Y VG/ml.
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{8963}  In certain embodiments, the concentration of AAYV particle n the formulation is
2.2x10" VG/ml.

{09504} 1o certain coiboduments, the concentration of AAY particle in the formulation is
2.7x108 VG/ml.

{905]  In certain embodiments, the concentration of AAV particle in the formulation is
3.5x10 VG/ml.

[0966]  In certain embodiments, the concentration of AAV particle in the formulation is
2.7-3.5x10% VG/ml

{0907]  In certain embodiments, the concentration of AAV particle in the formulation is
7.0x10% VG/ml.

{0908]  To certain cmbodiments, the concentration of AAV particle in the formulation is
5.0x10 VG/mL

[0909]  In certain embodiments, the concentration of AAV particle in the formulation may
be between about 1x10° total capsid/mL and about 1x10' total capsid/mi. Tn certain
embaodiments, delivery may comprise a composition concentration of about 1x10°, 2x105,
3100, 4:10°, 5x105, 6x10°, 7x10°, 8x10°, 9x10°, 1x107, 2x107, 3x107, 4x107, 33107, 6x107,
Tx107, 821907, 9x107. Ix10%, 2x108, 3x10%, 4x10°, 5x10%, 6x10%, 7x108, 8x10°%, 9x10%, ix10°,
2x10°, 3x10%, 4x10°, 5x10°, 6x10°, 7x10°, 8x10°, 9x107, Ix10', 2x10%, 3x10', 4x10%°,
3x101° 6x101°, 7x10'°, 8x10' 9x10'% 1x10' 2x 10, 3x10M 4x 10! 5x 101 6x10Y,
7x10', 8101, 9x10M, 1x10%, 1.1x10'2, 1.2x10'2, 13102, 1.4x10'2, 1.5x10'2, 1.6x10'2,
1.7x107% 1.8x101%) 1.9x102, 2x107% 2.1x10Y, 2.2x102, 2.3x10°2, 2.4x10", 2.5x10%2,
2.6x10%%, 2. 7x1012, 2.8x10'2, 2 9x 1012, 3x1012, 3.1x10'2, 3.2x102, 3 3x1012, 3.4x10'2,
3.3x1012, 3 6x10%2, 3.7x10%%, 3.8x10%2, 3.9x10% 4x10%, 4.1x10%2, 4 2x101 4 3x10,
4.4x10'2 4.5x10'% 4651012, 4.7x1012, 4.8x10'2, 4.9x10'2 5x10'2, 6x102, 7x10'2, 8x10'2,
Ox10%, 1x10V, 2x 10, 2.1x10%, 2.2x10%, 2.3x101%, 2.4x10%, 2.3x 1013, 2.6x10', 2.7%107,
28101, 2.9x108, 3x105, 4x 105, 5x105, 6x 10, 6.7x10%, 7x10%, 8x10%, 9x10%, 1x10',
2x10% 3x10™, 4x10M, 5x10%, 6x10M, 7x10M, 8x10', 9x101, 1x10%, 2x10%°, 3x10?,
4x10, 5x10%, 6x10%°, 7x10%, 8x 10, 9x10%, or 1x10" total capsid/ml.

Total Dose of AAV particle

[6918]  In certain embodiments, the total dose of the AAV particle in the formulation may
be between about 1x10° VG and about 1x10'° VG In certain embadiments, the formulation
may comprise a total dose of AAV particle of about 1x10°, 2x10°, 3x105, 4x10°, 5x108,

6x 106, Tx10°, 8x 105, 9x10°, 13107, 2107, 3x107, 45107, 5x107, 6x107, 7107, $x107, 9x 147,
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Ix10%, 2x10%, 3x10%, 4x 105, 5x10%, 6x10°%, 7108, 8x10%, Ox10%, 1x10°, 2x10°, 3x10°, 4x10°,
5x10°%, 6x10°, 7x10°, 8x10%, 9x10°, 1x10'°, 2510, 3x10'°, 4x10"°, 5x10%°, 6x161°, 7x10'°,
8x10% ox10' 1x10Y, 2x10', 2.1x10Y, 2.2x10Y, 2.3x10M, 2.4x10%, 2. 55101, 2.6x10",
27x10M 28101 2 9x 10 3x10M 4x10) 5x10M 6x10t 7x10M 7. 1x10Y, 7.2x10%,
73x10M, 7.4x10%, 7.5x10M, 7.6x10M, 7 7x104, 7.8x10M, 7.9x10", 8x10!, 9x10H 1x10%,
1.1 =109 1.2x10%, 13x10%, 1.4x102, 1.5x10%%, 16210, 1.7x10", 1.8x10%, 1.9x10,
2x10'2, 2.1x10%2, 2.2x10%, 2.3x10%%, 2.4x10, 2.5x1012, 2.6x10°2, 2. 710", 2.8x10%2,
2.9x10%%, 3x104 4x10%, 4.1x10%, 4 2x101%, 4 3x10%2, 4 4x10'2, 4.5x10% 4.6x101, 4.7x10%,
4.8x1012, 4 9x1012, 5x10%2, 6x10'2, 710, 7.1x10%, 72101, 7.3x10'2, 7.4x1012, 755102,
7.6x1012, 7.7x10%, 7.8x10", 7.9x10%, 8x10", 8.1x10", 8.2x10%, 8.3x10"% §.4x10",
8.5x101 8.6x10", 8. 7x10%, 8.8 x10%, 8.9x10%, 9x10%, 1x10%, 1. 1x107, 1.2x10%,
1.3x10%,) 1.4x10%, 1.5x105, 1.6x10%, 173105 1.8x10%, 1.9x10%, 2x10%, 2.1x105,
2.2x10M 23x108, 2.4x108, 2 510", 2.6x10%, 2.7x101, 2. 8x101, 2.9x10%, 3x10%,
30x107, 3 2x109, 33x10%%, 3.4x10Y, 3.5x10%, 3.6x108°, 3. 7x10V, 3.8x10%, 3.9x10%,
4x10Y 3x10%, 6x108, 6 Tx101, 7x10%, 8x10Y, 9x107, Ix10M 2x10M 3x10M, 4x10M,
5x10M, 6x10™, 74101, 8x10%, 9x10M, 1x10%, 2x10°, 3x10%, 4x10%, 5x10%, 61103,
7x10%, 8x10%, 9x101, or 1x10'° VG,

{0911}  In certain cmiboduments, the total dose of AAV particle in the formulation is
between 1x10' and 5x10° VG,

{09912}  In certain embodiments, the total dose of AAYV particle in the formulation is
between 1x10Y and 2x101 VG.

{8913}  In certain embodiments, the total dose of AAV particle in the formulation is
1.4x101 VG,

{8914}  In certain embodiments, the total dose of AAVY particle in the formulation is
4.5x101 VG,

{0915} 1o certain embodiments, the total dose of AAV particle in the formulation is
6.8x10" VG,

{0916}  In certain embodiments, the total dose of AAV particle in the formulation is
141012 VG,

{88177  In certain embodiments, the total dose of AAV particle in the formulation s
2.2x102 VG,

{0918]  In certain cmbodiments, the total dose of AAV particle in the formulation is
463101 VG,
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{6918}  In certain embodiments, the total dose of AAV particle n the formulation is
9.2x10" VG,
{0920} 1o certain coibodiments, the total dose of AAY particle in the formulation is
LOxI0V VG,
{921}  In certain embodiments, the total dose of AAV particle in the formulation is
2.3x10V VG,

Exemplary Formulations

[8922]  Described below are exemplary, non-limiting formulations of the present
disclosure. The formudations may comprise AAV-particle fornndations. Table 7 presents a
summary of the components and propertics of certain exemplary formulations of the present
disclosure. Each formulation may optionally comprise 0.001%-~0.1% (w/v} of Poloxamer 188

{e.g. Pluronic F-68%).

Table 7. Exemplary Formulations

Formulation Sodium Potassimm | Sedivm | Potassium | Sugar Other pH Osmolality
53, phosphate | phosphate | chloride chioride {(wiv) {r Vi) (mOsm/lg)
(M) {mb) {m i) (M)
76,
VYFORM1 10 1.5 95 - N/“ - 7.4 -
(5)
50,
VYFORM?2 2.7 15 153 - k';)) - 72 450
LTYA
VYFORM3 2.7 ] 107 - ;q()) - 6.9 428
7%
VYFORMA4 2.7 L3 92 R (é;’ - 6.9 402
Y
VYFORMS3 2.7 L5 98 - ((’é;‘ - 6.9 428
e - 9% c -
VYFORMSe 2.7 1.5 83 - (S - 6.9 402
VYFORM?7 2.7 15 156 - /\/0 - - -
£3)
99,
VYFORME 2.7 ] 150 - o - - -
{S)
, 1%
VYFORMS 10 2 192 2.7 ( ,\;’) - 7.4 -
Y,
VYFORMI0 10 2 150 2.7 25:; - - -
5%
VYFORMI1 10 2 125 2.7 (T) - - -
VYFORMIZ - 2 125 2.7 5% 10 (His) - -
o
VYFORMI3 - - 142 5 ?S/; 10 (Txis) 7.4 424
)
VYFORM14 - - 127 15 fé;’ 10 (Tris) 7.4 404
10,
VYFORM13 - ~ £33 135 &,S 10 (Tris) 7.4 432
oy,
VYFORMG - - P18 1.3 ;q? 10 (Frigy 74 413
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9% -

VYFPORMI7 - - 127 1.5 (S) 10 (Txis) 7.4 436
‘\‘Q
VYFORMIS - - 109 15 ?:;’ 10 (Tris) 74 410
o . 7% 16 (Tris) N

VYFORMIO - - 100 1.3 (S) 63 (HCl) 8.0 -

- ) . - 7% 10 (Tris);

' FORM?2 - - ¥ N i 7.5 -

VYFORM20 106 1.5 (S) 9 (HCI) 7.5

JYFOR! 75 3% .
VYPORM21 ) ) 5 ) ( {; 10 (Tis) } )
VYFORM22 150 5%

- - - () 10 (Tris) - -
- na 5% 16 (Tris):
VYFORM23 ~ ~ 150 - (s) 10 (MeCla, - -

5% 16 (Tris):

VYFORM?24 - ~ 75 - ! - -
(S) 75 (Arg)
VYFORM2S ) ) 150 ) 3% 10 (Tris) B R
(30} FRHS
VYFPORM26 150 5% .
- - - . 10 (His) - -
(5) (iis)
0
VYFORM27 - 1.5 - - (5’ 10 (Tris) 8.0 -
()
VYFORM228 - - - 75 fg/j 10 (Tris) - -
VYFORM?28 19 - 186 - - -

§ = Sucrose (sugar)

T = Trehalose (sugar)

So = Sobitol (sugar alcohol)

His = Histidine (other)

Tris = tristhydroxymethyDaminomethane (other)
Arg = Arginine (other)

{8923}  In certain embodiments, the formulation may comprise sodium phosphate,
potassium phosphate, sodium chloride, sucrose, and optionally a copolymer such as
Poloxamer 188 (¢.g. Pluronic F-68). In certain embodiments, the formndation may comprise
10 mM sodium phosphate, 1.5 mM potassium phosphate, 100 mM sodium chloride, 5% w/v

Sucrose, and optionally Poloxamer 188 (buffer pH of 7.5). In certain embodiments, the

sodiam chionde, 3% w/v Sucrose, and optionally Poloxamer 188 (buffer pHof 7.5). In
certain embodiments, the formulation may comprise 10 mM sodium phosphate, 1.5 mM
potassium phosphate, 100 mM soduwm chlonide, 7% w/v Sucrose, and optionally Poloxamer
188 (buffer pH of 7.3}

{8924}  In certain embodiments, the formulation may comprise sodium phosphate,
potassium phosphate, sodium chloride, potassium chloride, sucrose or trehalose, and

optionally a copolymer such as Poloxamer 188 {e.g. Pluronic F-68).
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{8925}  In certain embodiments, the formulation may comprnse potassium phosphate,
sodium chioride, potassium chloride, Histidine, a sugar, and optionally a copolymer such as
Poloxamer 188 {¢.g. Pluronic F-68).

[0926]  In certain embodiments, the formulation may compnise sodium chloride, potassium
chloride, sucrose, Tris, and optionally a copolymer such as Poloxamer 188 (e.g. Pluronic F-
6%).

{08927} In certain embodiments, the formulation may comprise sodium chioride, potassium
chloride, sucrose, Tris, hyvdrochloric acid, and optionally a copolymer such as Poloxamer 188
{¢c.g. Pluronic F-68).

{6928}  In certain embodiments, the formulation may comprise sodium chloride, sucrose,
Tris, and optionally a copolymer such as Poloxamer 188 {¢.g. Pluronic F-68).

{0928]  In certain embodiments, the formulation may comprise sodium chloride, sucrose,
Tris, magnesium chloride, and optionally a copolvmer such as Poloxamer 188 (e¢.g. Pluronic
F-68).

{89301  In certain embodiments, the formulation may comprise sodium chlonde, sucrose,
Tris, arginine and optionally a copolymer such as Poloxamer 1388 (e.g. Pluronic F-68}.
{0931}  In certain embodiments, the formulation may comprise sodium chloride, sorbitol,
Tris, and optionally a copolymer such as Poloxamer 188 (¢.g. Pluronic F-68).

{¥932]  In certain embodiments, the formulation may comprise sodium chloride, sucrose,
Histidine and optionally a copolymer such as Poloxamer 188 (¢.g. Pluronic F-68).

[6933]  In certain embodiments, the formulation may comprise sodium chloride, sucrose,
and optionally a copolymer such as Poloxamer 188 (e.g. Pluronic F-68). In certain
embodiments, the formulation may comprise 165 mM sodium chiloride, 5% {(w/v}) sucrose,
and optionally a copolymer such as Poloxamer 188. In certain embodiments, the formulation
may comprise 95 mM sodium chloride, 5% (w/v) sucrose, and optionally a copolymer such
as Poloxamer 188, In certain embodiments, the formulation may cormprise 220 mM sodinm
chloride, 3% (w/v} sucrose, and optionally a copolymer such as Poloxamer 188,

{0934] In certain embodiments, the fornwulation may comprise potassium phosphate,
sucrose, tris and optionally a copolymer such as Poloxamer 188 {¢.g. Pluronic F-68).

{8935}  In certain embodiments, the formulation may comprise potassium chlornide,
sucrose, tris and optionally a copolymer such as Poloxamer 188 (¢.g. Pluronic F-68).

{0936] In certain cmbodiments, the formulation may comprise sodium chloride, Tns, and

optionally a copolymer such as Poloxamer 188 {(¢.g. Pluronic F-68). In certain embodiments,
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the formulation may comprise 100 mM sodium chloride, 20 mM Tris, and optionally a
copolymer such as Poloxamer 188 {mixture pH of 8.0). In certain embodiments, the
formulation may comprise 220 mM sodium chloride, 20 mM Tris, and optionally a
copolymer such as Poloxamer 188 (mixture pH of 7.0-8.0). In certain embodiments, the
formulation may comprise 290 mM sodiam chloride, 20 mM Tris, and optionally a
copolymer such as Poloxamer 188 (mixture pH of 8.0). In certain embodiments, the
formulation may comprise 305 mM sodium chloride, 20 mM Tris, and optionally a
copolymer such as Poloxamer 188 (mixture pH of 8.0). In certain embodiments, the
formulation mayv comprise 2 M sodium chloride, 20 mM Tris, and optionally a copolymer
such as Poloxamer 188 (mixture pH of 8.0}, In certain embodiments, the formudation may
comprise 170 oM sodium chloride, 40 mM Tris, and optionally a copolymer such as
Poloxamer 188 (mixture pH of 8.5}, In certain embodiments, the formulation may comprise 2
M sodium chloride, 1 M Tris, and optionally a copolymer such as Poloxamer 188 (mixture
pHof 7.5}

{89377 In certain embodiments, the formulation may comprise sodium chlonde, Tris-Bis
Propane, and optionally a copolvmer sach as Poloxamer 188 {¢.g. Pluronic F-68). In certain
embodiments, the formulation may comprise 200 mM sodium chloride, 50 mM Tris-Bis
Propane, and optionally a copolyvmer such as Poloxamer 188 (mixture pH of 9.0},

{#938]  In certain embodiments, the formulation may comprise sodium phosphate, sodium
chloride and optionally a copolymer such as Poloxamer 188, In certain embodiments, the
formulation may comprise 10 mM sodium phosphate, 180 oM sodium chloride and
optionally a copolymer such as Poloxamer 188 (mixture pH of 7.3). In certain embodiments,
the formudation may inchide 10 mM sodiam phosphate, 180 mM sodium chloride and
0.001% w/v Poloxamer 188 (mixture pH of 7.3). In certain embodiments, the formulation
may comprise 20 mM sodium phosphate, 350 mM sodium chloride and optionally a
copolymer such as Poloxamer 188 (mixture pH of 7.4). In certain embodiments, the
formulation may comprise 50 mM sodium phosphate, 350 mM sodium chloride and
optionally a copolymer such as Poloxamer 188 (mixture pH of 7.4).

{0939]  In certain embodiments, the formulation may comprise sodium phosphate,
potassium phosphate, potassium chioride, sodium chloride, and optionally a copolymer such
as Poloxamer 188. In certain embodiments, the formulation may comprise 10 mM sodium
phosphate, 2 mM Potassium Phosphate, 2.7 mM Potassium Chloride, 192 mM Sodium

Chlonde, and optionally a copolymer such as Poloxamer 188 {(mixture pH of 7.5).
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[6940]  In certain embodiments, the formulation may comprise sodium cifrate, sodium
chloride and optionally a copolymer such as Poloxamer 188. In certain embodiments, the
formulation may comprise 20 mM sodium citrate. 1 M sodium chlonide and optionally a
copolymer such as Poloxamer 188 (mixture pH of 6.0). In certamm embodiments, the
formulation may comprise 10 mM sodiam citrate, 350 mM sodium chloride and optionally a
copolymer such as Poloxamer 188 (mixture pH of 6.0). In certain embodiments, the
formulation may comprise 20 mM sodium citrate, 350 mM soduwn chlornide and optiovally a
copolymer such as Poloxamer 188 (mixture pH of 3.0},

{0941} In certain embodiments, the formulation may comprise PBS. In certain
embodiments, the formulation may comprise PBS and a sugar and/or a sugar substitute. The
formulation may comprise 3-5% (w/v) of the sugar and/or sugar substitute to mcrease
stability of the formalation. As a non-limiting example, the formulation 1s PBS and 3% {w/v)
sucrose {VYFORM30). As another non-limiting cxampie, the formulation is PBS and 5%
{(w/v) sucrose (VYFORM31). As another non-limiting example, the formulation is PBS and
7% {w/v) sucrose. In certain embodiments, the AAV particles of the disclosure may be
formulated i PBS, in combination with an ethylene oxade/propyiene oxide copolymer (also
known as pluronic or poloxamer).

{0942]  In certain emboduments, the AAV particles of the disclosure may be fornulated in
PBS with 3% (w/v) sucrose and 0.001%-0.1% {(w/v) of Poloxamer 188 {¢.g. Pluronic F-68).
{0943}  In certain embodiments, the AAV particies of the disclosure may be formulated in
PBS with 5% (w/v) sucrose and 0.001%-0.1% (w/v) of Poloxamer 188 {c.g. Pluronic F-68).
[6944]  In certain embodiments, the AAV particles of the disclosure may be formulated in
PBS with 0.001%-0.1% {w/v} of Poloxamer 188 (e.g. Pluronic F-68} at a pH of about 7.0.
{8945}  In certain embodiments, the AAV particles of the disclosure may be formulated in
PBS with 0.001%-0.1% (w/v} of Poloxamer 188 (c.g. Pluronic F-68} at a pH of about 7.3.
[#946]  In certain embodiments, the AAV particles of the disclosure may be formulated in
PBS with 0.001%-0.1% (w/v} of Poloxamer 188 (e.g. Pluronic F-68} at a pH of about 7.4.
{0947}  In certain embodiments, the AAV particles of the disclosure may be formulated in
a solution comprising sodium chioride, sodium phosphate and an ethylene oxide/propylene
oxide copolymer.

{0948]  In certain embodiments, the AAV particles of the disclosure may be formulated in

a solution comprising 95mM sodium chloride, 5mM sodium phosphate dibasic, S mM
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sodium phosphate monobasic, 1.5 mM potassium phosphate, 7% w/v sucrose, and .001%
poloxamer 188 {¢.g. Pluronic F-68).

{0949]  In certain emboduments, the AAV particles of the disclosure may be formulated i
a solution comprising about 180mM sodium chloride, about 10mM sodium phosphate and
about 0.001% poloxamer 188, at a pH of about 7.3. The concentration of sodium chloride in
the final solution may be 150mM-200mM. As non-limiting examples, the concentration of
sodium chioride in the final solution may be 150mM, 160mM, 170mM, 180mM, 190mM or
200mM. The concentration of sodium phosphate in the final solution may be ImM-50mM.
As non-limiting examples, the concentration of sodium phosphate in the final solation may be
lmM, ZmM, 3mM, 4dmM, SmM, 6mM, 7TmM, 8mM, SmM, 16mM, 15mM, Z0mM, 25mM,
30mM, 40mM, or 50mM. The concentration of poloxamer 188 (Pluronic F-68) may be
0.00019%-1% {(w/v}. As non-himiting examples, the concentration of poloxamer 188 (Pluronic
F-68) may be 0.0001%, 0.0005%, 0.001%, 0.005%, 0.01%, 0.05%, 0.1%, 0.5%, or 1% (w/v}).
The final solution may have a pH of 6.8-7.7. Non-limiting examples for the pH of the final
solution compnise apH 0f6.8,69,7.0,7.1,72,73,74,75,76,0r77.

[8953]  In certain embodiments, the AAV particles of the disclosure may be formulated in
a sohution comprising about 1.05% (w/v) sodivm chloride, about 0.212% (w/v}) sodiwm
phosphate dibasic, heptahvdrate, about 0.025% (w/v) sodium phosphate monobasic,
monohvdrate, and 0.001% (w/v} poloxamer 188, at a pH of about 7.4. As a non-hmiting
example, the concentration of AAV particle in this formulated solution may be about $.001%
{(w/v). The concentration of sodium chloride o the final solution may be 0.1-2.0% (w/v), with
non-limiting examples of 0.1%, 0.23%, 0.5%, .75%, 0.95%, 0.96%, 0.97%, 0.98%, (.99%,
1.00%, 1.01%, 1.02%, 1.03%, 1.04%, 1.03%, 1.06%, 1.07%, 1.08%, 1.09%, 1.10%, 1.25%,
1.5%, 1.75%, or 2% (w/v}). The concentration of sodium phosphate dibasic in the final
solution may be 0.100-0.300% (w/v) with non-limiting examples comprising 0.100%,
0.125%, 0.150%, 0.175%, 0.200%, .210%, 0.211%, 0.212%, 0.213%, 0.214%, 0.215%,
0.225%, 0.230%. 0.275%, 0.300% {w/v). The concentration of sodium phosphate monobasic
in the final solution may be 0.010-0.050% (w/v), with non-limiting examples of 0.010%,
0.015%, 0.020%, 0.021%, 0.022%, 0.023%, 0.024%, 0.025%, .026%, 0.027%, $.028%,
0.029%, 0.030%, 0.035%, 0.040%, 0.045%, or 0.050% (w/v). The concentration of
poloxamer 188 (Pluronic F-68) may be 0.0001%-1% (w/v}. As non-limiting examples, the
concentration of poloxamer 188 (Pluronic F-68)} may be 0.0001%, 0.0005%, 0.001%,

0.005%, 0.01%, 0.05%, 0.1%, 0.5%, or 1% {w/v}). The final solution may have a pH of 6. 8-
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7.7. Non-limiting examples for the pH of the final solution comprisc apH of 6.8,6.9, 7.0,
71,72,73,74,75,76,0r7.7.

{0951}  In certain emboduments, the formulation comprises components with the following
CAS (Chemical Abstracts Services) Registry Numbers, 7647-14-15 {sodium chlonde), 7782-
85-6 (sodium phosphate dibasic, heptahydrate), 10049-21-3 (sodium phosphate moncbasic,
monchvdrate), and 9003-11-6 {poloxamer 188).

Injectable formulations

[8952]  Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing agents,
wetting agents, and/or suspending agents. Sterile injectable preparations may be sterile
mjectable solutions, suspensions, and/or emulsions i nontoxic parenterally acceptable
diluents and/or solvents, for example, as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be emploved are water, Ringer's solution, U.S.P., and isotonic
sodium chioride solution. Sterile, fixed otls are conventionally employed as a solvent or
suspending medium. For this purpose, any bland fixed o1l can be employed comprising
synthetic mono- or diglveenides. Fatty acids such as oleic acid can be used in the preparation
of injectables.

{0933}  Injectable formulations may be sterilized, for example, by filtration through a
bactertal-retaining filter, and/or by mcorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium prior to use.

{6954}  In order to prolong the effect of active ingredients, it is ofien desirable to slow the
absorption of active ingredients from subcutaneous or intramuscular injections. This may be
accomplished by the use of liquid suspensions of crystalline or amorphous material with poor
water solubility. The rate of absorption of active ingredients depends upon the rate of
dissolution which, in tum, may depend upon crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally administered drug form is accomplished by dissolving or
suspending the drug in an oil vehicle. Injectable depot forms are made by forming
microencapsulated matrices of the drug m biodegradable polymers such as polylactide-
polyelyeolide. Bepending upon the ratio of drug to polymer and the nature of the particalar
polymer employed, the rate of drug release can be controlied. Examples of other

biodegradable polymers comprise poly{orthoesters) and polv{anhydrides). Depot injectable
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formulations are prepared by entrapping the drug in liposomes or microemulsions which are
compatible with body tissues.

Depot formulations

[0935]  n certain embodiments of the present disclosure, AAV particle formulations of the
present disclosure are formulated in depots for extended release. Generally, specific organs or
tissues (“target tissues”) are targeted for administration.

{0956}  In certain embodiments of the disclosure, pharmaceutical compositions, AAY
particle formulations of the present disclosure are spatially retained within or proximal to
target tissues. Provided are methods of providing pharmaceutical compositions, AAV particle
formulations, to target tissues of mammalian subjects by contacting target tissues {which
comprise one or more target cells) with pharmaceutical compositions, AAV particle
formulations, under conditions such that they are substantially retained in target tissues,
meaning that at least 10, 20, 30, 40, 30, 60, 70, 80, 85, 90, 95, 96, 97, 98,99, 9999999 or
greater than 99 .99% of the composition is retained in the target tissues. Advantageously,
retention 18 determined by measuring the amount of pharmaceutical compositions, AAV
particle formulations, that enter one or more target cells. For example, at least 196, 5%, 10%,
20%. 30%, 40%, 50%, 60%, 70%, 80%, &3%, 90%, 95%., 96%, 97%, 98%, 99%, 94.9%,
99.99% or greater than 99.99% of pharmaceutical conpositions, AAYV particle formulations,
administered to subjects are present intracellularly at a pertod of time following
administration.

{6957} Certain aspects of the disclosure are directed to methods of providing
pharmmaceutical compositions, AAV particle formulations of the present disclosure o a target
tissues of mammalian subjects, by contacting target tissues {(comprising one or more target
cellsy with phammaceutical compositions, AAY particle formulations under conditions such
that thev are substantially retained in such target tissucs. Pharmaceutical compositions, AAV
particles comprise enough active ingredient such that the effect of interest s produced in at
least one target cell.

IV, ADMINISTRATION

Admunistration

{8658}  The present disclosure provides methods of administering AAV particles in
accordance with the present disclosure to a subject in need thereof. In certain embodiments,
the formulated AAV particle may be adnunistered to a subject for the treatment of various

diseases, disorders and/or conditions. In certain embodiments, the AAV particle may be
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administered to a subject n a therapeutically effective amount to reduce the symptoms of
disease of a subject (¢.g., determined using a known evaluation method).

{0959]  The present disclosure provides a method of delivening to a cell or tissue the AAY
particles of the present disclosure, comprising contacting the cell or tissue with said AAV
particle or contacting the cell or tissue with a formulation comprising said AAV particle, or
contacting the cell or tissue with any of the described compositions, comprising
phammaceutical compositions. The method of delivering the AAV particle to a ccll or tissue
can be accomplished in vitro, ex vive, or in vivo.

{0968]  The present disclosure provides a method of delivering to a subject, comprising a
mammaltan subject, an AAY particle of the present disclosure comprising administering to
the subject said AAV particle, or adminstering to the subject a formulation comprising said
AAYV particle, or administering to the subject any of the described compositions, comprising
pharmmaceutical compositions.

{0961}  In certain embodiments, the AAV particles and formulations of the present
disclosure may be administered by any dehvery route which results in a therapeutically
effective outcome. These comprise, but are not limited to, enteral (into the intestine),
gastroenteral, epidural (into the dura mater), oral (by way of the mouth), transdermal,
intracercbral (into the cercbrum), intracerebroventricular (into the cerebral ventricles), sub-
pial {between pia and UNS parenchyma), intracarotid artertal (into the intracarotid artery),
epicutancous (application onto the skin), intradermal, {into the skin ttself), subcutancous
{under the skin), nasal administration {through the nose), mtravenous {(into a vein),
mtravenous bolus, intravenous drip, mtra-artenial (into an artery), systemic, intramuscular
{into a muscle), intracardiac (into the heart), intracsseous infusion {(into the bone marrow),
imtrathecal (into the spinal canal}, intraparenchymal (the body of a tissue or organ, e.g., brain,
spinal cord, etc.), intraperitoneal, (infusion or injection into the peritoneum), intravesical
mfusion, intravitreal, (through the eve), intracavemous injection {into a pathologic cavity)
intracavitary {into the base of the penis). intravaginal administration, intrauterine, extra-
amniotic administration, transdermal (diffusion through the intact skin for systemic
distribution), transmucosal (diffusion through a mucous membrane), transvaginal,
msufflation (snorting}, sublingeal, sublabial, enema, eye drops (onto the conjunctiva), or in
car drops, auricular (in or by way of the ear), buccal (directed toward the cheek),
comjunctival, cutancous, dental (to a tooth or teeth), electro-osmosis, endocervical,

endosinusial, endotracheal, extracorporeal, hemodialvsis, infiltration, interstitial, intra-
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abdonunal, intra-amniotic, intra~articular, mtrabiliary, intrabronchial, intrabursal,
itracartilaginous (within a cartilage), intracaudal (within the canda equine}, mtracisternal
{within the cisterna magna cercbellomedularts), mtracomeal (within the cornea), dental
miracoronal, intracoronary (within the coronary arteries), intracorporus cavemosum {(within
the dilatable spaces of the corporus cavernosa of the penis), intradiscal (within 3 disc),
intraductal (within a duct of a gland}, intraduodenal {within the duodenum}, intradural {within
or beneath the dura), intracpidermal (to the cpidermis), intracsophageal (to the csophagus),
mntragastric (within the stomach), intragingival (within the gingivae), intraileal (within the
distal portion of the small intestine), intralesional {within or introduced directly to a localized
lesion), intraluminal (within a lumen of a tube), intralymphatic {(within the lymph},
mtramedullary (within the marrow cavity of a bone), mtrameningeal (within the meninges),
mtramyocardial {within the myocardiom), intraccolar (within the eve), intraovarian (within
the ovary}, intrapericardial {within the pericardium), intrapleural (within the pleura),
mtraprostatic (within the prostate gland), intrapulmonary (within the lungs or its bronchi),
intrasinal (within the nasal or periorhital sinuses), mntraspinal (within the vertebral column),
mtrasynovial (within the synovial cavity of a joint), intratendinous (within a tendon},
mtratesticudar (within the testicle), intrathecal (within the cerebrospinal fluid at any level of
the cerebrospinal axis), mitrathoracic (within the thorax), intratubular (within the tubules of an
organ), intratumor {within a tumor), intratympanic (within the auras media), intravascular
{within a vessel or vessels), intraventricular {within a ventricle), iontophoresis (by means of
clectric current where ions of soluble salts migrate into the tissucs of the body), irrigation {to
bathe or flush open wounds or body cavities), laryngeal {(directly upon the larynx),
nasogasinc (through the nose and into the stomach), occlusive dressing technique {topical
route administration which is then covered by a dressing which occludes the area),
ophthalmic (to the external eve), oropharyngeal (directly to the mouth and pharyox),
parenteral, percutancous, penarticular, penidural, perineural, periodontal, rectal, respiratory
{(within the respiratory tract by inhaling orally or nasally for local or systemic effect),
retrobulbar (behind the pons or behind the eyeball), soft tissue, subarachnoid,
subconjunctival, submucosal, topical, transplacental (through or across the placenta),
transtracheal (through the wall of the trachea}, transtympanic (across or through the tympanic
cavity), ureteral (to the ureter), urethral {to the urethra}, vaginal, candal block, diagnostic,

nerve block, biliary perfusion, cardiac perfusion, photopheresis and spinal.
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{8962}  In certain embodiments, compositions may be adonunistered in a way which allows
them to cross the blood-brain barrier, vascular barrier, or other epithelial barrier. The AAV
particles of the present disclosure may be administered i any suttable form, either as a liquid
solution or suspenston, as a solid form suitable for liquid solution or suspension in a hiquid
solution. The AAV particles may be formulated with any appropriate and pharmaceutically
acceptable excipient. In certain embodiments, a composition of the present disclosure is
admunistered to a subject in need intravenously, intramuscularly, subcutancousty,
intraperitoneally, intraparenchymally, intrathecally and/or intraventricularly, allowing the
formulated AAV particles to pass through one or both the blood-brain barrier and the blood
spinal cord barrier.

[0963]  The present disclosure provides methods of administering AAV particles in
accordance with the present disclosure to the CNS of a subject in need thereof. In certain
embodiments, the AAV particle may be administered to the CNS of a subjectina
therapeutically cffective amount to reduce the symptoms of a neurological disease of a
subject, as determined using a known evaluation method.

{8964}  In certain embodiments, the composition comprising the formulated AAYV particles
of the present disclosure is administered to the central nervous system of the subject via
systernic administration. In cortain embodiments, the svstemic administration is infravenous
mjection.

{0965]  In certain embodiments, the composition comprising the formulated AAV particles
of the present disclosure 15 administered to the central nervous svstem of the subject via
mmtraparenchymal injection. Non-limiting examples of mtraparenchymal injections comprise
intrathalamic, intrastriatal (¢.g. intraputamenal}, intralippocampal or targeting the entorhinal
cortex.

[0966]  Tn certain embodiments, the adonunistration nto the CNS is via multiple
administrations, ¢.g., more than one, route and/or location. Such administration may be
sequential or simultaneous. In certain embodiments, the administration is into the central
nervous systern of the subject via more than one route, ¢.g., intraparenchymal injection and
intrathecal mjection.

{8967}  In certain embodiments, the administration is via multiple administrations, €.g.,
more than one, route and/or location. Such administration may be sequential or simultaneous.
{0968]  In certain cmbodiments, the formulated AAY particles of the present disclosure

may be delivered into specific types of targeted cells, comprising, but not himtted to,
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hippocampal, cortical, motor or entorhinal neurons; glial cells compnising ohigodendrocyies,
astrocytes and microglia; and/or other cells surrounding neurons such as T cells.

{0969] 1o certain cmbodiments, the formulated AAVY particles or pharmaceutical
compositions of the present disclosure may be admnistered or delivered using the methods
for treatment of disease described in US Patent No. 8,999,94€, or International Pablication
No. W02014178863, the contents of which are herein incorporated by reference in their
entirety.

[8976]  In certain embodiments, the formulated AAV particles or pharmaceutical
compositions of the present disclosure may be administered or delivered using the methods
for delivering gene therapy in Alzheimer’s Discase or other nevrodegenerative conditions as
described in US Application No. 20150126590, the contents of which are herein incorporated
by reference in their entirety.

{0971}  In certain embodiments, the formulated AAY particles or pharmaceutical
compositions of the present disclosure may be administered or delivered using the methods
for delivery of a CNS gene therapy as described in US Patent Nos. 6,436,708, and 8,946,152,
and International Publication No. W(32015168666, the conients of which are hercin
meorporated by reference i their entirety.

{0972} 1o certain cmbodiments, the formulated AAYV particle or pharmaceutical
compositions of the present disclosure may be adnunistered or delivered using the methods
for delivering proteins using AAYV particles described in European Patent Application No.
EP2678433, the contents of which are herein incorporated by reference in their entirety.
[6973]  In certain embodiments, the formulated AAV particle or pharmaceutical
compositions of the present disclosure may be administered or delivered using the methods
for delivering DNA to the bloodstream described in US Patent No. US 6,211,163, the
contents of which are herein incorporated by reference in their entirety.

{0974} 1o certain embodiments, the formulated AAV particle or pharmaceutical
compositions of the present disclosure may be administered or delivered using the methods
for delivering a pavioad to the central nervous system described in US Patent No. US
7,588,757, the contents of which are heremn incorporated by reference n their entirety.
{8975}  In certain embodiments, the formulated AAVY particle or pharmaceutical
compositions of the present disclosure may be administered or delivered using the methods
for delivering a payload described m US Patent No. US 8283151, the contents of which are

herein incorporated by reference n their entirety.
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{8976}  In certain embodiments, the formulated AAV particle or pharmaceutical
compositions of the present disclosure may be administered or delivered using the methods
for delivering a payload using a glutamic acid decarboxylase (GAD) delivery vector
described in International Patent Pubhication No. W0O2001089583, the contents of which are
herein incorporated by reference in their entirety.

{09771 In certain embodiments, the formulated AAY particle or pharmaceutical
compositions of the present disclosure may be administered or delivered using the methods
for delivering a pavload to neural cells described in International Patent Publication No.
WO2012057363, the contents of which arc herein incorporated by reference in their entirety.
{6978}  In certain embodiments, the formulated AAV particle or pharmaceutical
composttions of the present disclosure may be administered or delivered using the methods
for delivering a payload to neural cells described in International Patent Application No.
PCT/US2018/042391, the countents of which are herein incorporated by reference in their
entirety.

{8979]  In certain embodiments, the formulated AAV particle or pharmaceutical
compositions of the present disclosure may be administered or delivered using the methods
for delivering a pavload by intramuscular delivery route described in U, 8. Pat. No.
£,506,379; the content of which is incorporated herein by reference in 1ts entirety. Non-
limiting examples of intramuscuiar administration comprise an intravenous injection or a
subcutancous injection.

[0980]  In certam embodiments, the AAV particle formulations of the present disclosure
may be delivered by oral administration. Non-himiting examples of oral administration
comprise a digestive tract adminstration and a buccal administration.

{0981} In certain embodiments, the AAV particle formulations of the present disclosure
may be delivered by intraocular delivery route. A non-imiting exanple of intraocular
administration comprise an intravitreal injection.

{09821  In certain embodiments, the AAV particles that may be administered to a subject
by peripheral injections. Non-limiting examples of peripheral injections comprise
intraperitoneal, intramuscular, intravenous, conjunctival or joint injection. It was disclosed in
the art that the peripheral administration of AAV particles can be transported to the central
nervous system, for example, to the motor neurons {e.g., U. 8. Patent Publication Nos.
20100240739; and 20100130594, the content of ¢ach of which is incorporated herein by

reference in their entirety).
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{6983}  In certain embodiments, the AAV particle formulations may be delivered by
imjection into the CSF pathway . Non-linuting examples of delivery to the CSF pathway
comprise intrathecal and intracercbroventricular administration.

[0984]  In certain embodiments, the AAV particle formulations may be delivered by
systemic delivery. As a non-limiting example, the systemic delivery may be by intravascular
admuinistration.

{0985}  In certain embodiments, the AAV particle formulations of the present disclosure
may be administered to a subject by mtracranial delivery (See, e.g., U. S. Pat. No. 8,119,611,
the content of which is mcorporated herein by reference in its entirety).

{8986]  In certain embodiments, the AAV particle formulations of the present disclosure
may be administered by injection. As a non-limiting example, the AAYV particles of the
present disclosure may be administered to a subject by injection.

{09871  In certain embodiments, the AAV particle formulations of the present disclosure
may be administered by muscular mjection. As a non-limiting example, the AAV particles of
the present disclosure may be adminstered to a subject by muscular administration.

{6988]  In certain embodiments, the AAV particle formulations of the present disclosure
may be administered by intramuscular administration. As a non-limiting example, the AAY
particles of the present disclosure may be administered to a subject by intramuscular
administration.

{0989]  In certain embodiments, the AAV particles of the present disclosure are
adounistered to a subject and transduce muscle of a subject.

[6993]  In certain embodiments, the AAV particle formulations of the present disclosure
may be administered via intraparenchymal injection. As a non-lintiting example, the AAY
particles of the present disclosure may be administered to a subject by intraparenchymal
administration.

{0991}  In certain embodiments, the AAV particle formulations of the present disclosure
may be adounistered by intravenous administration. In certain embodiments, the AAV
particle formulations of the present disclosure may be administered via a single dose
intravenous delivery. As a non-himiting example, the single dose mtravenous delivery may be
a one-time treatment. In the context of gene therapy, the single dose intravenous delivery can
produce durable relief for subjects. The relief may last for minutes such as, but not limited to,
1.2,3,4,5.6,7,8.9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23. 24, 25, 26, 27, 28,
79,30, 31,32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
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54, 55, 56, 57, 58, 59 minutes or more than 39 nunutes; hours such as, but not imited to, 1, 2,
1,2.3.4,5,

, 2, 6,7,8,9,10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29,30, 31, 32, 33, 34, 35,36, 37, 38,39, 40, 41, 42, 43, 44, 43, 46, 47, 48, or more than 48
hours; days such as, but not imited to, 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 13, 16, 17,
18,19, 20, 21,22, 23,24, 25,26, 27, 28, 29, 30, 31, or more than 31 days; weeks such as, but
not limited to, 1,2.3,4,35,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, or more than 16 weeks;
months such as, but vot louted to, 1,2, 3.4.5,6,7.8,9, 10, 11, 12,13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, or more than 24 mouths; vears such as, but not hmited o, 1, 2, 3, 4, 5,
6,7, 8,9, 10,11, 12, 13, 14, 15, or more than 15 vears.

{8992}  In certain embodiments, the AAV particle formulations of the present disclosure
may be admunistered via mtravenous delivery to the DRG nociceptive neurons. In certain
embodiments, the AAV particle formulations of the present disclosure may be administered
via a single dose intravenous delivery to the DRG nociceptive neurons. As a non-limiting
example, the single dose intravenous delivery may be a one-time treatment. The rehief may
last for minutes such as, but not himited to, 1, 2,3, 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16,

17,18, 19, 20, 21,22 23,24, 25 26,27 28,29, 30, 31,32 33, 34,35, 36,37, 38, 39, 40, 41,
42 43 44 45 46,47 48 49 50,51, 52,533, 34, 55, 36, 57, 58, 59 minutes or more than 39
minutes; hours such as, but not lintted to, 1,2, 1,2, 3.4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19,20, 21, 22, 23,24, 25, 26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43, 44, 45, 46, 47, 48, or more than 48 hours; days such as, but not limited to, 1, 2, 3,
4,5,6,7,8 9,10, 11,12, 13, 14, 13, 165, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, or more than 31 days; weeks such as, but not hmited to, 1,2, 3,4,5,6,7,8,9,10, 11, 12,
13, 14, 13, 16, or more than 16 weeks; months such as, but not limited to, 1, 2, 3,4, 3,6, 7, 8,
0,10, 11, 12,13, 14, 15, 16, 17,18, 19, 20, 21, 22, 23, 24, or more than 24 months; years
such as, but not imited 1o, 1. 2,3,4.5,6,7,8,9,10, i1, 12, 13, 14, 15, or more than 15
years.

{0993} In certain embodiments, the AAV particle formulations of the present disclosure
may be administered intrathecally, such as by intrathecal injection. In cortain embodiments,
the AAV particle formulations may be administered to the cisterna magna m a therapeutically
effective amount to transduce spinal cord motor neurons and/or astrocytes. As a non-limiting
example, the AAV particle formulations may be administered intrathecally. In certain
cmbodiments, the AAY particle formulations of the present disclosure may be adaunistered

via a single dose intrathecal mjection. As a non-limiting example, the single dose intrathecal
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imjection may be a one-time treatment and the single dose mtrathecal injection can produce
durable relief for subjects. The relief may last for minutes such as, but not hmited to, 1, 2, 3,
4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21,22, 23, 24,25, 26,27, 28, 29, 30,
32,33, 34, 35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,52, 33, 54, 33,
56, 57, 58, 39 minutes or more than 59 minutes; hours such as, but not imited to, 1, 2, 1, 2, 3,
4.5,6.7.8,9, 10, 11, 12,13, 14 15, 16, 17, 18, 19, 20, 21, 22, 23, 24. 25,26, 27, 28, 29, 30,
31,32, 33, 34, 35, 36,37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, or more than 48 hours;
days such as, but not limited to, 1, 2. 3,4, 5,6.7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21,22, 23,24, 25, 26,27, 28, 29, 30, 31, or more than 31 days: weeks such as, but not
hmited to, 1,2, 3,4,5.6,7,8,9, 10, 11, 12, 13, 14, 13, 16, or more than 16 weeks; months
such as, but not limited to, 1, 2,3,4,35,6,7, 8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, or more than 24 months; years such as, but not limited to, 1,2, 3,4, 3,6, 7, 8,9,
10, 11,12, 13, 14, 13, or more than 15 years.

{0994}  In certain embodiments, the AAV particle formulations of the present disclosure
may be admimstered via mirathecal injection to the DRG nociceptive neurons. In certain
embodiments, the AAV particle fornmudations of the present disclosure may be admimstered
via a single dose intrathecal injection to the DRG nociceptive neurons. As a non-limiting
example, the single dose intrathecal injection may be a one-time treatment. Tn the context of
gene therapy, the single dose intrathecal injection can produce durable relief for subjects. The
relief may last for minutes such as, but not limited to, 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19,20, 21, 22, 23,24, 25, 26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41,42, 43, 44, 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59 minutes or
more than 39 mimses; hours such as, but not imited to, 1,2, 1,2,3,4,5,6,7, 8, 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20,21, 22, 23, 24 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37.38,39, 40,41, 42, 43, 44, 45, 46, 47, 48, or more than 48 hours; days such as, but not
limited to, 1. 2,3,4,5,6,7. 8.9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21, 22, 23, 24, 25,
26,27, 28,29, 30, 31, or more than 31 days; weeks such as, but not imited to, 1, 2, 3,4, 5, 6,
7.8,9.10, 11,12, 13, 14, 15, 16, or more than 16 wecks; months such as, but not limited to,

1,2,3.4,5,6,7,8,9 10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or more than

b

24 months; years such as, but not limited t0, 1, 2,3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, or

more than 15 years.
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{8993}  In certain embodiments, the formulated AAV particle described herein is
administered via ntrathecal (FT) nfusion at C1. The imfusion may be for 1,2, 3,4, 6,78, 9,
10, 11, 12, 13, 14, 15 or more than 15 hours.

[0996]  In certain embodiments, the AAV particle formulations of the present disclosure
may be administered by intraparenchymal injection. In certain embodiments, the formulated
AAY particle may be administered via intraparenchymal injection to the cisterna magnaina
therapeutically effective amount to transduce spinal cord motor neurons and/or astrocytes.
{69971  In certain embodiments, the AAV particle formulations of the present disclosure
may be administered by intraparenchymal injection and intrathecal injection.

{8998] In certain embodiments, the AAV particle formulations of the present disclosure
may be administered by subcutancous injection,

{3998]  In certain embodiments, the AAVY particle formulations may be delivered by direct
injection into the brain. In certain embodiments, the AAV particle formulations of the present
disclosure may be administered via intrastriatal injoction, comprising mjoction into one or
more putamen. In certain embodiments, the AAY particle formulations of the present
disclosure may be administered via intrastriatal injection and another route of administration
described herein.

{1600}  Tn certain coiboduments, the AAV particle formulations may be delivered by more
than one route of administration. As non-limiting examples of combination adounistrations,
AAY particles may be delivered by mtrathecal and intracerebroventricular, or by intravenous
and intraparenchymal administration.

{1601}  In certain embodiments, the formulated AAV particle may be administered to the
NS 1n a therapeutically effective amount to improve fonction and/or survival for a subject.
As a non-limiting example, the vector may be administered by direct infusion mto the
striatum.

{1602] 1o certain embodiments, the formulated AAY particle may be administered in a
“therapeuatically effective” amount, 1.¢., an amount that is sufficient to alleviate and/or
prevent at least one symptom associated with the disease or provide improvement in the
condition of the subject.

{1603} In certain embodiments, the catheter may be located at more than one site in the
sping for multi-site delivery. The formulated AAV particle may be delivered in a continucus
and/or bolus infusion. Each site of delivery may be a different dosing regimien or the same

dosing regimen may be used for each site of delivery. As a non-luniting example, the sites of
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delivery may be in the cervical and the lumbar region. As another non-limiting example, the
sites of delivery may be in the cervical region. As another non-limiting example, the sites of
delivery may be 1n the lumbar region.

[1604] o certain embodiments, a subject may be analyzed for spinal anatomy and
pathology prior to delivery of the AAV particle described herein. As a non-limiting example,
a subject with scoliosts may have a different dosing regimen and/or catheter location
compared to a subject without scoliosis.

[1603]  In certain embodiments, the orientation of the spine of the subject during delivery
of the formulated AAV particle may be vertical to the ground.

{1606}  In another embodiment, the orientation of the spine of the subject during delivery
of the formulated AAV particle may be horizontal to the ground.

{1007]  In certain embodiments, the spine of the sabject may be at an angle as compared to
the ground during the delivery of the AAV particle formulations. The angle of the spine of
the subject as compared to the ground may be at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
110, 120, 130, 140, 1530 or 180 degrees.

{1608] In certain embodiments, the delivery method and duration are chosen to provide
broad transduction in the spinal cord. As a non-limiting example, intrathecal delivery is used
to provide broad transduction along the rostral-caudal length of the spinal cord. As another
non-himiting example, muolti-site infustons provide a more uniform transduction along the
rostral-caudal fength of the spinal cord. As vet another non-limiting example, prolonged
infusions provide a more uniform transduction along the rostral-caudal length of the spinal
cord.

Dosage and Regimen

{1608}  The pharmaceutical, diagnostic, or prophylactic AAV particles, formulations and
corpositions of the present disclosure may be administered to a subject using any amount
and any route of administration effective for preventing, treating, managing, or diagnosing
diseases, disorders and/or conditions. The exact amount required will vary from subject to
subject, depending on the specics, age, and gencral condition of the subject, the severnty of
the disease, the particular composition, 1ts mode of administration, its mode of activity, and
the like. The subject may be a human, 3 mammal, or an ammal. Compositions in accordance
with the present disclosure are typically formulated in unit dosage form for case of
administration and uniformity of dosage. It will be understood, however, that the total daily

usage of the compositions of the present disclosure may be decided by the attending
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physician within the scope of sound medical judgment. The specific therapeutically effective,
prophviactically effective, or appropriate diagnostic dose level for any particular individual
will depend upon a variety of factors comprising the disorder being treated and the severity of
the disorder; the activity of the specific payload emploved; the specific composition
employed; the age, body weight, gencral health, sex and dict of the patient; the time of
adnunistration, route of administration, and rate of excretion of the specific AAV particle
employed; the duration of the treatment; drugs used in combination or cowncidental with the
specific AAV particle employed: and hike factors well known in the medical arts. In certain
embodiments, delivery of the formulated AAY particles of the present disclosure results in
minimal serious adverse events {SAEs) as a result of the delivery of the formulated AAY
particies,

{1018]  Traditionally, in order to achieve a sufficiently lugh guantity of a standard
therapeutic (ensuring long lasting therapeutic effects), many therapies are delivered by
repeated or extended administration, ¢.g. by multiple injections or long infusions. However,
these extended dosing regimens are not well suited for certain AAV gene therapy modalities,
such as those driven by single dose paradigms. Extended AAV dosing regimens can be
particularly problematic in the treatment of CNS diseases due to limited volumetric space for
formulation fluids, stringent linutations on excipient quantity and potency, impact of ionic
particles on CNS micro-environment, and surgical and clinical complications related to
extended CNS treatments. Novel formulations of gene therapy modalities are necessary to
achieve sufficiently high concentrations of therapeutic agents within the formulation.

{1011}  In certain embodiments, formulated AAV particle pharmaceutical compositions i
accordance with the present disclosure may be adnunistered at dosage levels sufficient to
deliver from about 0.0001 mg/kg to about 100 mg/kg, from about 0.001 mg/ke to about 0.05
mg/kg, from about 0.003 mg/kg to about 0.05 mg/kg, from about 0.001 mg/kg to about 0.005
mg/kg, from about 0.05 mg/kg to about 0.5 mg/kg, from about 0.01 mg/kg to about 50
mg/ke, from about 0.1 mg/kg to about 40 mg/ke, from about 0.5 mg/kg to about 30 mg/ke,
from about 0.01 mg/ke to about 10 mg/kg, from about 0.1 mg/ke to about 10 me/kg, or from
about | mg/kg to about 25 mg/kg, of subject body weight per day, one or more times a day, to
obtain the desired therapeutic, diagnostic, or prophylactic, effect. It will be understood that
the above dosing concentrations may be converted to vg or viral genomes per kg or into total

viral genomes administered by one of skill in the art.
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{3612}  In certain embodiments, formulated AAV particle pharmaceutical compositions in
accordance with the present disclosure may be adnunistered at about 10 to about 600 pl/site,
50 to about 300 pl/site, 100 to about 400 pl/site, 120 to about 300 ul/site, 140 to about 200
pl/site, about 160 pl/site. As non-limiting examples, AAV particles may be administered at
50 ul/stte and/or 150 plsite.

{1613}  In certain embodiments, delivery of the compositions in accordance with the
present disclosure to cells comprises a rate of delivery defined by [VG/hour = mi/hour *
VG/mL] wherein VG s viral genomes, VG/mL is composition concentration, and mE/hour is
rate of prolonged delivery.

{1614} In certain embodiments, delivery of compositions in accordance with the present
disclosure to cells may comprise a total concentration per subject between about 1x10° VG
and about 1210 VG, In certain ernbodiments, delivery may comprise a composition
concentration of about 1x10° 2x10°, 3x10°, 4x10°, 5x10°, 6x10°, 7x10°, 8x106, Ox10°, 1x1¢7,
Ix107, 3x107, 4x 107, %107, 65107, 7x107. 8x107, 9% 107, 1x10%, 2x 105, 3x10%, dx10°, 5% 108,
6x10%, 7x10%, §x10°8, 9x10%, Ix10% 2x10°, 3x190°, 4x10°, 5x10°, 6x10°, 7x10%, 8x10°, 9x10°,
1100 2510'°, 32101, 4x 10 5x101°, 6x101°, Tx 101, 8x10% 0k 100 1101, 2¢101,
2.1x101 2.2x101 2 3x101, 2.4x10%, 2,510, 2 6x101, 2 7x10Y, 2.8x10", 2.9x101,
Ix10M, 4x10M Sx10M, 6x10M, 7x10M, 7.1k 10, 72510, 7.3x10", 7.4x10Y, 7.5x10M,
7.6x10M 7 7x10M, 7 8x 101, 7.9x10" 8x10' ox10M, 1x10'2, 1.1 <102, 1 2x10%, 1.3x10%%,
141012, 1.5x102 1.6x1012, 1.7x10%2, 1.8x10'2 1.9x10'2, 2x10'2, 3x10%2, 4x10'%, 4.1x10%2,
4.2x10"% 4.3x10%, 4.4x10'2, 4 5107 4 6x10°°, 4.7x107, 4 8x10"%, 4.9x10Y, 3x1012, 6x10'%,
Tx10'2, 8x10'2, 8.1x10%, 8.2x10'2, 8.3x 101, §.4x10'%, 8.5x10'%, 8.6x107, 8.7x10'2, 8.8
21012, 8.9x1012, 6x1012, 1x10Y, 2x10% 3x10% 45105, 52101, 6x1013, 6. 7x10%, 7x108,
8101, 0x 100, 1x10%, 2x101, 3x10%. 4x10™ 3x10'*, 6x10™, 7x10M 8x10™ 0x10™,
%105, 2x10%, 3x10%, 4x10%, 3x10%3, 6x10'5, 7x10'%, 8x10%5, 9x10'5, or 1x10' VG/subject
or V(i/dose.

{1615}  In certain embodiments, delivery of compositions in accordance with the present
disciosure to cells may comprise a total concentration per subject between about 1x10°
V(/kg and about 1x10' VG/kg. In certain embodiments, delivery may comprise a
composition concentration of about 1x10°%, 2x10°, 3x10°, 4x10°, 5x10°, 6x10°, 7x10°, 8x10°,
9x10°, 1x1907, 2x107. 3x107, 4x107, 5x107, 6x107, 7x1¢7, 8x107, 9x107, 1x10°, 2x10%, 3x105,
4x10%, 5x10%, 6x10%, 7x10%, 8x10%, 9105, 1x10°, 2x10°, 3x10°, 4x10°, 5x10°, 6x10°, 7x10°,

8x10%, 9x10%, 1x10'0, 2x10'0. 3x10'. 4x10'0, 5x101°, 6x101°, 7x101°, 8x10'°, Ox101 110!,
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210 2 1x10H, 2. 2510 2.3x104, 2 4x 101, 2 5510 2.6x10%, 2.7x 101, 2. 8x10,
2.9x10', 3x101 dx10'! Sx10M, 6x10', 7x10%, 7.1x101 725101, 7.3x10% 7 4x101L,
7.5x10, 7.6x10%, 7. 7x10Y, 7.8x101, 7.9x10°, 8x10%, 9x10Y 1x10Y 1.1 x10%, 1.2x10%,
1.3x10'2, 1.4x10'2, 1 5x1012 1.6x10'2 1.7x1012, 1.8x10'2, 1.9x10'2, 2x10'2, 3% 1012, 4x 1012,
4. 1x10 422102, 4 3x1012, 4.4x10%, 4.5x10%2 4.6x10%2, 4.7x10'%, 4.8x10'2, 4 9x101,
51012, 6x10'2, 7x10'2, 8x10'%, 8.1x10'2, 8.2x10'2, 8 3x102, 8 4x10'2, 8.5x10'2, 8 6x10'2,
8.7x10%2, 8.8 x10", 8.9x10%, 9x10V, 1x10Y, 2x10V°, 3x10%, 4x10%, 5x10", 6x10%7,
6,710, 71013, 8x1013, 9x 101, Ix10M, 2x16™, 3x10™ 4x10™, 5310, 6101 7101,
8x10%, 9x10M 1x10%, 2x10%, 3x10%, 4x101°, 5x10%5, 6x10%°, 7x10%, 8x10%° 9x10°, or
1x10% VG/ke.

{1016]  To certain ecmbodiments, delivery of formulated AAY particles fo cells of the
central nervous system {e.g., parenchyma) may comprise a total dose between about 1x10°
VG and about 1x10'® VG. In certain embodiments, delivery may comprise a total dose of
about 1x10°, 2106, 3x10°, 4x10°, 5x10°, 6x10°, 7x 106, §x10°, 9x10° 1x107. 2x107, 3x107,
4x107, 3x107, 6x107, Tx107, 8x107, 9x107, 1x10%, 2x10%, 3x10% 4x10%, 5x10°, 6x10%, 7x 107,
8x10° 9x10°%, 1x10°, 2x10°, 3x10°, 4x10°, 5210, 6x10°, 7x10°, 8x10°, 9107, 1210,
1.9x10'° 2x10'° 3x101° 3.73x101, 4x10%°, 5x10'% 6x10'°, 7x101°, 8x10Y 9x10%°, 1x10',
2104, 2.5x10%, 3x10M, 4x10", 5101, 6x 101, 7x 10, 8x10H, ox 10, 1x10Y, 2x10%
3x10% 4x101 5x101, 6x10%, 710, 8x10', Ox10', 1x108, 2x 105 3x 108, 4x105,
5x10%, 6x10%, Tx10%, 8x10%, 0x10%7) 1x10™ 2x10M, 3x10M 4x10', 5x10™, 6x10',
=101 8x10M, 9x107%, 1x10%°, 2x10%°, 3x10%, 4x10V, 5x10%, 6x10%, 7x10%7, 8x107,
9x10%, or 1x10% VG, As a non-limiting example, the total dose is 1x105 VG, As another
non-limiting example, the total dose is 2. 1x102 VG,

{1017}  In certain embodiments, about 10° to 10° viral genome (unit) may be administered
per dose.

{1018} 1o certain embodiments, delivery of the compositions in accordance with the
present disclosure to cells may comprise a total concentration between about 1x10° VG/mL
and about 1x10'° VG/mL. In certain embodiments, delivery may cormprise a composition
concentration of about 1x10°, 2x10°, 3x10° 4x10%, Sx10°, 6x10°, 7x10°, 8x10%, Ox10°, 1x107,
2:107, 33107, 4x107, 3x107, 6x107, 7x107, 8107, 9x107, Ix10%, 2x10°%, 3x10%, 4x10°, 5x10%,
6x10%, Tx10%, 8x10%, Ox10%, 1x10°, 2x10°, 3x10°, 4x10°, Sx10°, 6x10°, 7x10°, 8x10°, 9x10°.
1x10% 2x10% 3x10%Y, 4x10%, 5x10'°, 6x10'°, 7x10'°, 8x10%°, 9x10%, 1x10M, 2x10Y,

Ix10H, 4x101, 3x10M, 6x10M 7x10Y, 8x10, ox10M 1x10%, 1Ix10'%, 1.2x10%, 1.3x104,
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2

1.4x10%2, 1.5x10%, 1.6:10'2 1. 7x10%, 1.8x10%, 1.9x102 2x10%2, 2. 1x101%, 2.2x10'2,
2.3x102, 2.4x10'%, 2.5x10'2, 2.6x10'2, 2.7x10'2, 2.8x10'2, 2.9x10'2, 3x10'%, 3.1x10'2,
3.2x10%, 3.3x10%%, 3.4x10%, 3.5x10%, 3.6x10°%, 3.7x10, 3.8x10", 3.9x10%, 4x10Y,
4.1x10'2, 42x10'2, 4 3x10'2, 4 4x10™2, 4.5%102, 4.6x10'2, 4. 7x10'2, 4 5x1012, 4.9x10'2,
5x10%2, 6x101, 7x1012, 8x102, 9x10'2, 1x10%, 2x10%, 3x10%, 42105, 5x10%, 6x10Y,
6.7x107%, 7103, 8x10%, 9x 101, 1x10M, 2x10M, 3x10M 4x10, 3x10', 6x10™ 7x10M,
8x10™, 9x10M 1x10%, 2x10%°, 3x10%5, 4x10%°, 3x10Y, 6x10%°, 7x10%, 8x10%°, 9x10%, or
1x10' VG/mL. As used herein, “VG/mL” represents vector genomes (VG) per milliliter
{mL}. VG/mL also may describe genome copy per nulliliter or DNase resistant particle per
oulliliter.

[1818]  In certain embodiments, delivery of the compositions in accordance with the
present disclosuare to cells may comprise a total concentration between about 1x10° total
capsid/mL and about 1x10'® total capsid/mL. In certain embodiments, delivery may comprise
a composition concentration of about 1x10°, 2x10°, 3x10°, 4x10°, 5x10°, 6x10°, 7x10°, 8x10°,
9x108, 1x107, 2x107, 3x107, 4x 107, 5x107, 6x1907, Tx107, 8x107, 9x107, 1x10% 2x108, 3x10%,
4x10°% 5310%, 6108, Tx10%, 8x10° 0x10%, 1107, 2x10°, 3x10°, 4x10°, 5x10°, 6x10°, 7x10°,
8x10°, 9x10°, 1x10%°, 2x161. 3x10'°, 4x10'°, 5x10%°, 6x10'C, 7x10'¢, 8x10"°, 9x10Y, 1x10%,
2x10M, 3x10Y 4x 101 $x10M, 6x10M, 7Tx10', 8x10M, ox10Y, ix101%, 1.1x10" 1.2x10",
1.3x1012 1 4x10%, 1 5x10% 1.6x10 1.7x102, 1.8x101% 1.9x102 2x1012 2 1x10Y,
2.2x10'%, 2351012, 2.4x10' 2.5¢10%2, 2.6x1012, 2.7x10'%, 2 8x 102, 2.9x10"2, 3x10"2,
30x102, 3 2x10', 33x10%2, 3.4x10%, 3.5x10%, 3.6x10'7, 3. 7x10Y, 3.8x10%2, 3.9x10%%,
4x10%2 4.1x1017, 4.2x10'2, 43101, 4 4x102, 4.5x10%2, 4.6x102, 4 7x10'2, 4.8x10'2,
4.9x1012, 5x10%2, 6x1012, 7x101, 8x1012, 0x10% 1x10Y, 2x10% 3x101°, 4x10%°, 5x10%,
63101, 671013, 7x101, 8x10%, 9x101%, 1x10™, 2x10 3x10™ 4x101 5x10M 6x10%,
Tx10M, 8x10M, 0x10%, 1x10%, 2x10'%, 3x10'%, 4x10'5, 5x10%3, 6x 1015, 7x 105, 8x1015,
9%x10%, or 1x10' total capsid/mL.

{1628}  In certain embodiments, delivery of formulated AAY particles to cells of the
central nervous system {(e.g., parenchyma) may comprise a composition concentration
between about 1x10° VG/mL and about 1x10'® VG/mL. In certain embodiments, delivery
may comprise a composition concentration of about 1x10%, 2x10°, 3x10°, 4x10°, 5x10°,
6x10°, 7x105, 8x105, Ox10°, 1x107, 2x107, 3x107, 4x107. Sx107, 6x107, 7107, 8x107, 9x107.
1x10%, 2x 105, 3x108, 4x10%, 5x10%, 6x10%, 7x108, 8x10%, ox10%, 1x10°, 2x10°, 3x197, 4x10°,

3x10°%, 6x10°, 7x10°, 8107, 9x10°, Ix10%°, 2x101°, 3x10' 4x10'0 5x10%, 6x1010, 7x10',

-290 -



WO 2020/150556 PCT/US2020/014000

8x101 Ox10' 1x10M, 2x10M, 3x 10, 4x 10, Sx10M, 6x10M, 7x10, 8x10 910,
110'2 2x10'2, 331012, 4x10™2, 5x10'2, 6x10'2, Tx10'2, 8x10'2 0k 102, 1x10%%, 24101,
3x10%, 4x30Y) 5x10, 6x10%, 7x10%, 8x101, 9x10%°, 1x10%, 2x10%, 3x10™, 4x10%,
Sx10M 6x10™, 7101, 8x10™, 9x 10 1x10'%, 2x10'5, 3x10%5, 41015, 5% 105, 6x 1013,
7x10%, 8x30% 9x10%, or 1x10'® VG/mL. In certain embodiments, the delivery comprises a
composition concentration of 1x10" VG/mL. In certain embodiments, the delivery comprises
a composition concentration of 2. 1x10% VG/mL.

{1021}  The desired dosage of the formulated AAYV particles of the present disclosure may
be delivered only once, three times a day, two times a day, once a day or more than once in a
single administration protocol. In certain embodiments, the desired dosage may be delivered
using multiple administrations {e.g., two, three, four, five, six, seven, eight, nine, ten, cleven,
twelve, thirteen, fourteen, or more admimstrations}. When multiple administrations are
emploved, split dosing regimens such as those described herein may be used. As used herein,
a “‘split dose” 1s the division of “single unit dose™ or total daily dose into two or more doses,
e.g., two or more administrations of the “single unit dose”. As used herein, a “single wut
dose” is a dose of any therapeutic administered in one dose/at one time/single route/single
point of contact, i.¢.. single administration event.

{1022} The desired dosage of the formulated AAY particles of the present disclosure may
be admimstered as a “pulse dose” or as a “continuous flow”. As used herein, a “pulse dose” is
a series of single unit doses of any therapeutic administered with a set frequency over a
period of time. As used herein, a “continuous tlow” is a dose of therapeutic administered
continuously for a period of time 1n a single route/single point of contact, i.¢., continuous
administration event. A total daily dose, an amount given or prescribed in 24-hour period,
may be administered by any of these methods, or as a combination of these methods, or by
any other methods suttable for a pharmaceutical admunistration.

{1023]  In certain embodiments, delivery of the formulated AAV particles of the present
disclosure to a subject provides regulating activity of a gene of interest in a subject. The
regulating activity may be an increase in the production of a gene of interest in a subject or
the decrease of the production of a gene of interest in a subject. The regulating activity can be
for at least 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, & months,
9 months, 10 months, 11 months, | vear, 13 months, 14 months, 15 months, 16 months, 17

months, 18 months, 19 months, 20 months, 20 months, 21 months, 22 months, 23 months, 2
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vears, 3 vears, 4 vears, 5 years, 6 years, 7 vears, 8 vears, 9 vears, 10 vears or more than 10
years.

{1624} 1o certain embodiments, the formulated AAV particle of the present disclosure
may be administered to a subject using a single dose, one-time treatment. The dose of the
one-time treatment may be administered by any methods known in the art and/or described
herein. As used herein, a “one-time treatment” refers to a composition which is only
adnunistered one time. If needed, a booster dose may be administered to the subject to cosure
the appropriate efficacy is reached. A booster may be administered 1 month, 2 months, 3
months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11
months, 12 months, 1 year, 13 months, 14 months, 15 months, 16 months, 17 months, 18
months, 19 months, 20 months, 21 months, 22 months, 23 months, 24 months, 2 vears, 3
vears, 4 years, 5 years, 6 vears, 7 vears, § vears, 9 years, 10 years, or more than 10 vears after
the one-time treatment.

{1625}  In certain embodiments, the AAV particle formulations of the present disclosure
may be delivered to a subject via a single route of admimstration.

{1626] In certain embodiments, the AAV particle formulations of the present disclosure
may be delivered to a subject via a multi-site route of admuinistration. A subject may be
admunstered at 2, 3, 4, 5 or more than 5 sites.

{1027}  In certain embodiments, a subject may be administered the AAV particle
formulations of the present disclosure using a bolus infusion.

[1628]  Incertain embodiments, a subject may be administered the AAV particle
formulations of the present disclosure using sustained delivery over a period of minutes,
hours or days. The infusion rate may be changed depending on the subject, distribution,
formulation or another delivery parameter.

{1029} 1o certain embodiments, the AAV particle described herein 1s admuustered via
putamen and caudate infusion. As a non-limuting example, the dual infusion provides a broad
striatal distribution as well as a frontal and temporal cortical distribution.

{1638}  In certain embodiments, the selection of subjects for administration of the AAV
particle described herein and/or the effectiveness of the dose, route of admmnistration and/or
volume of administration may be evaluated using imaging of the penvascular spaces (PVS)
which are also known as Virchow-Robin spaces. PVS surround the arterioles and venules as
they perforate brain parenchvma and are filled with cerebrospinal fluid (CSF)/interstitial

fluid. PVS are common in the nudbrain, basal ganglia, and centrum semiovale. While not
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wishing to be bound by theory, PVS may play a role in the normal clearance of metabolites
and have been associated with worse cognition and several disease states comprising
Parkinson’s discase. PVS are usually are normal n size but they can increase insize ina
number of disease states. Potter et al. (Cerebrovase Dis. 2015 Jan; 39(4): 224-231: the
contents of which are herein incorporated by reference in its entirety) developed a grading
method where they studied a full range of PVS and rated basal ganglia, centrum semiovale
and midbrain PVS. They used the frequency and range of PVS used by Mac and Lullich et al.
(J Newrol Neurosurg Psychiatry. 2004 Nov:75(11):1519-23; the contents of which are herein
imcorporated by reference in its entirety) and Potter et al. gave 3 ratings to basal ganglia and
centrum semiovale PVS: O (none), 1 (1-10), 2 (11-20}, 3 (21-40} and 4 (>40) and 2 ratings to
midbram PVS: 0 (non-vigible) or 1 {(visible}. The user guide for the rating system by Potter ¢t
al. can be found at: www.sbirc.ed ac.uk/documents/epvs-rating-scale-user-guide pdf.
Combinations

{1631}  In certain embodiments, the AAV particle formulations of the present disclosure
may be used in combination with one or more other therapeutic, prophylactic, research or
diagnostic agents. By “in combination with,” it is not intended to imply that the agents must
be administered at the same time and/or formulated for delivery together, although these
methods of delivery are within the scope of the present disclosure. Compostitions can be
administered concurrently with, prior to, or sabscquent to, one or more other desired
therapeutics or medical procedures. In general, each agent will be administered at a dose
and/or on a time schedule determined for that agent. fo certain embodiments, the present
disclosure encompasses the delivery of pharmaceutical, prophylactic, research, or diagnostic
compositions in combmation with agents that may improve their bicavailability, reduce
and/or modify their metabolism, inhibit their excretion, and/or modify their distribution
within the body.

{1032]  Therapeutic agents that may be used in combination with the formulated AAY
particles of the present disclosure can be small molecule compounds which are antioxidants,
anti-inflammatory agents, anti-apoptosis agents, calcium regulators, antiglutamatergic agents,
structural protein mhibttors, compounds involved m muscle function, and compounds
mvolved in metal 1on regulation.

{1633}  In certain embodiments, compounds tested for treating disease which may be used
in combination with the formulated AAV particles described herein comprise, but are not

timited to, cholinesterase intubitors (donepezil, nvastigmine, galantamine), NMDA receptor
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antagonists such as memantine, anti~psychotics, anti-depressants, anti~convulsants {¢.g.,
sodivm valproate and levetiracetam for myvoclonus), secretase mhibitors, amyloid aggregation
inhibitors, copper or zinc modulators, BACE inhibitors, such as Methylene blue.
phenothiazines, anthraguinones, n-phenylamines or rhodamines. microtubule stabilizers such
as NAP, taxol or paclitaxel, kinase or phosphatase inhibitors such as those targeting GSK3p
(lithium) or PP2A, immunization with AP peptides or dopamine-depleting agents {¢.g.,
tetrabenazine for chorea), benzodiazepines {e.g., clonazepam for myoclonus, chorea,
dystonia, rigidity, and/or spasticity), , amino acid precursors of dopamine {(e.g., levodopa for
rigidity}, skeletal muscle relaxants {¢.g., baclofen, tizanidine for rigidity and/or spasticity},
imhibitors for acetycholine release at the neuromuscular junction to cause muscle paralysis
(¢.g., botulinum toxin for bruxism and/or dystonia), atypical neuroleptics {(¢.g., olanzapine
and quetiapine for psychosis and/or irritability, risperidone, sulpiride and haloperidol for
psychosis, chorea and/or irritability, clozapine for treatment-resistant psychosis, aripiprazole
for psychosis with prominent negative svmptoms), sclective serctonin reuptake mhibitors
{SSRIs) {e.g., citalopram, fluoxetine, paroxeting, sertraling, mirtazapine, venlafaxine for
depression, anxiety, obsessive compulsive behavior and/or irritability ), hvpnotics {e.g.,
xopiclone and/or zolpidem for altered sleep-wake cvele), anticonvulsants (e.g., sodium
valproate and carbamazepine for mama or hypomania) and mood stabilizers {¢.g., lithium for
mania or hypomania).

{1634}  In certain embodiments, neurotrophic factors may be used in combination therapy
with the formulated AAVY particles of the present disclosure. Generally, a neurotrophic factor
is defined as a substance that promotes survival, growth, differentiation, proliferation and/or
maturation of a neuron, or stimulates increased activity of a neuron. In certain embodiments,
the present methods further comprise delivery of one or more trophic factors into the subject
in need of treatment. Trophic factors may comprise, but are not luntted to, IGF-I, GDNF,
BDNF, CTNF, VEGF, Colivelin, Xaliproden, Thyrotrophin-releasing hormone and ADNF,
and variants thereof.

{1635}  In one aspect, the formulated AAY particle described herein mayv be co-
adonunistered with AAV particles (whether or not formulated} expressing neurotrophic factors

such as AAV-IGF-I (Seeeg.

p=2b]

Vincent et al., Newromolecular medicine, 2004, 6, 79-85; the
content of which is incorporated herein by reference in its entirety) and AAV-GDNF (See
c.g., Wang ctal., .J Neurosci., 2002, 22, 6920-6928; the content of which is incorporated

herein by reference in its entirety).
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Measurement and Analvsis

{1636]  Expression of pavloads or the downregulating effect of such payloads from viral
genomes may be determined using various methods known in the art such as, but not limited
to immunochemistry (e.g., THC), in sifu hybridization (ISH), enzyme-linked immunosorbent
assay (ELISA), affinity ELISA, ELISPOT, flow cytometry, immunocytology, surface
plasmon resonance analysis, kinetic exclusion assay, fiquid chromatography-mass
spectrometry (LCMS), high-performance hquid chromatography (HPLC), BCA assay,
immunoelectrophoresis, Western blot, SDS-PAGE, protein immunoprecipitation, and/or
PCR.

Bioavailability

{1837}  In certain embodiments, AAVY particles formulated mnto a composition with a
delivery agent as described herein can exhibit an increase in bicavailability as compared to a
composition lacking a delivery agent as described herein. As used herein, the term
“bivavailability” refers to the systemic availability of a given amount of AAV particle or
expressed pavioad administered to a mammal, Bicavailability can be assessed bv measuring
the area under the curve (AUC) or the maximum serum or plasma concentration (Cwax) of the
composition following. AUC is a deternunation of the area under the curve plotting the serum
or plasma concentration of a compound {¢.g., AAVY particles or expressed payloads) along the
ordinate (Y-axis} against time along the abscissa {X-axis). Generally, the AUC fora
particular compound can be calculated vsing methods known to those of ordimary skill in the
art and as described in G. 8. Banker, Modem Pharmaceutics, Drugs and the Pharmaceutical
Sciences, v. 72, Marcel Dekker, New York, Inc., 1996, the contents of which are herein
mcorporated by reference in its entirety.

{1638}  The Cmax value is the maximum concentration of the AAV particle or expressed
payload achieved in the serum or plasma ot a manumal following administration of the AAV
particle to the mammal. The Caax value of can be measured using methods known to those of
ordinary skill in the art. The phrases “increasing bioavailability” or “improving the
pharmacokinetics,” as used herein mean that the systemic availability of a first AAV particle
or expressed payload, measured as AUC, Cuax, or Cumin in a mammal is greater, when co-
administered with a delivery agent as described herein, than when such co-administration
does not take place. In certain embodiments, the bioavailability can increase by at least about
2%, at least about 5%, at least about 10%, at least about 1596, at least about 20%, at least

about 25%, at least about 309, at least about 359%, at least about 409, at least about 45%, at
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least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, at least about 8596, at least about 90%, at least
about 95%. or about 100%.

Therapeuric Window

{103%]  As used herein “therapeutic window” refers to the range of plasma concentrations,
or the range of levels of therapeutically active substance at the site of action, with a high
probability of cliciting a therapeutic cffect. In certain cmbodunents, the therapeutic window
of the AAV particle formulations as described herein can increase by at least about 2%, at
least about 5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%,
at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about
509, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least
about 75%, at feast about 809, at least about 859, at least about 90%, at least about 93%, or
about 100%.

Volume of Distribution

{10401  As used herem, the term “volume of distribution” refers to the fluid volume that
would be required to contain the total amoont of the drag in the body at the same
concentration as in the blood or plasma: Vais equals the amount of drug in the
bodv/concentration of drug in blood or plasma. For example, fora 10 mg dose and a plasma
concentration of 10 mg/L, the volume of distribution would be 1 liter. The volume of
distribution reflects the extent to which the drug is present in the extravascular tissue. A large
volume of distribution reflects the tendency of a compound to bind to the tissue components
compared with plasma protein binding. In a chinical setting, Vaist can be used to determine a
lvading dose to achieve a steady state concentration. In certamn embodiments, the volume of
distribution of the AAV particle formulations as described herein can decrease at least about
2%, at least about 5%, at least about 10%, at least about 15%, at least about 20%, at least
about 25%, at teast about 309, at least about 339, at least about 409, at least about 45%, at
least about 50%

70%.

, at least about 55%, at least about 60%, at least about 63%, at least about
Biological Effect

{1841} In certain embodiments, the biological effect of the AAV particle formulations
delivered to the animals may be categorized by analyzing the payload expression in the
animals. The payload expression may be determined from analyzing a biological sample

collected from a mammal admuustered the AAV particle formulations of the present
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disclosure. For example, a protein expression of 50-200 pg/m] for the protein encoded by the
AAY particles delivered to the mammal may be seen as a therapeutically effective amount of
protein in the manuval.

Y. TREATMENTS

General

{1642}  The present disclosure provides a method for treating a disease, disorder and/or
condition in @ mammalian subject, comprising a buman subject, comprising adiinistering to
the subject any of the viral particles or formulations described herein or administering to the
subject any of the described compositions, comprising pharmaceutical compositions or
formulations, described herein.

{1043] 1o certain cmbodiments, administration of the formulated AAV particles to a
subject with not change the course of the underlving disease b will ameliorate svmptoms in
a subject.

{1044}  In certain embodiments, the viral particles of the present disclosure are
administered to a subject prophylactically.

{1645}  In certain embodiments, the viral particles of the present disclosure are
administered to a subject having at least one of the discases described herein.

{1046}  In certain cmboduments, the viral particles of the present disclosure are
administered to a subject to treat a disease or disorder described herein. The subject may have
the discase or disorder or may be at-risk to developing the disease or disorder.

{1647}  The present disclosure provides a method for administering to a subject in need
thercof, comprising a human subject, a therapeutically effective amount of the AAV particles
of the present disclosure to slow, stop or reverse disease progression. As a non-limiting
example, discase progression may be measured by tests or diagnostic tool{s) kanown to those
skilled in the art. As another non-limiting example, disease progression may be measured by
change in the pathological features of the bram, CSF or other tissues of the subject.

{1048}  In certain embodiments, various non-mfectious diseases, comprising neurological
discases, may be treated with pharmaceutical compositions of the present disclosure, AAV
particles, especially blood brain barrier crossing AAV particles of the present disclosure, are
particelarly useful in treating various neurological discases. As a non-limiting example, the
neurological disease may be Absence of the Septum Pelluctdum, Acid Lipase Disease, Acid
Maltase Deficiency, Acquired Epileptiform Aphasia, Acute Disseminated Encephalomyelitis,

Attention Deficit-Hyperactivity Disorder (ADHD), Adie's Pupil, Adie's Syndrome,
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Adrenoleukodystrophy, Agencsis of the Corpus Callosum, Agnosia, Aicardi Syndrome,
Aicardi-Goutieres Syndrome Bisorder, AIDS - Neurological Complications, Alexander
Disease, Alpers' Discase, Alternating Hemiplegia, Alzhcimer's Disease, Amyotrophic Lateral
Sclerosis (ALS), Anencephaly, Ancurysm, Angelman Syndrome, Angiomatosis, Anoxia,
Antiphospholipid Syndrome, Aphasia, Apraxia, Arachnoid Cysts, Arachnoiditis, Arnold-
Chiari Malformation, Arteriovenous Malformation, Asperger Syndrome, Ataxia, Ataxia
Telangiectasia, Ataxias and Cercbellar or Spinocerebellar Dlogeneration, Atrial Fibullation
and Stroke, Attention Deficit-Hyperactivity Disorder, Autism Spectrum Disorder, Autonomic
Dysfunction, Back Pain, Barth Syndrome, Batten Discase, Becker's Myotonia, Behcet's
Disease, Bell's Palsv, Benign Essential Blepharospasm, Benign Focal Amyotrophy, Benign
Intracranial Hypertension, Bemhardt-Roth Svndrome, Binswanger's Disease, Blepharospasm,
Bloch-Sulzberger Syndrome, Brachial Plexus Birth Injuries, Brachial Plexus Injuries,
Bradbury-Eggleston Syndrome, Brain and Spinal Tumors, Brain Aneurysm, Brain Injury,
Brown-Sequard Syndrome, Bulbospinal Muscular Atrophy, Cerebral Autosomal Dominant
Arteriopathy with Sub-~cortical Tnfarcts and Leukoencephalopathy (CADASIL), Canavan
Disease, Carpal Tunnel Syndrome, Causalgia, Cavernomas, Cavernous Angioma, Cavernous
Malformation, Central Cervical Cord Syndrome, Central Cord Syndrome, Central Pain
Syndrome, Central Pontine Myelinolysis, Cephalic Disorders, Ceranudase Deficiency,
Cerebellar Degeneration, Cerebellar Hypoplasia, Cercbral Anearysms, Cercbral
Arteriosclerosis, Cerebral Atrophy, Cerebral Beriberi, Cerebral Cavernous Malformation,
Cerebral Gigantism, Cerebral Hypoxia, Cerebral Palsy, Cerebro-Oculo-Facio-Skeletal
Syndrome {COFS), Charcot-Marie-Tooth Dhsease, Chiart Malformation, Cholesterol Ester
Storage Discase, Chorea, Choreocacanthocytosis, Chronic Inflammatory Demyelinating
Polyneuropathy (CIDP), Chronic Orthostatic Intolerance, Chronic Pain, Cockayne Syndrome
Type I, Coffin Lowry Syndrome, Colpocephaly, Coma, Complex Regional Pain Syndrome,
Congenital Facial Diplegia, Congenital Myasthenia, Congenital Myopathy, Congenital
Yascular Cavernous Malformations, Corticobasal Degeneration, Cranial Arteritis,
Craniosynostosis, Cree encephalitis, Creutzfeldt-Jakob Discase, Cumulative Trauma
Disorders, Cushing's Syndrome, Cyviomegalic Inclusion Body Dhsease, Cytomegalovirus
Infection, Dancing Eyes-Dancing Feet Syndrome, Bandy-Walker Syndrome, Dawson
Discase, De Morsier's Syndrome, Dejerine-Klumpke Palsy, Dementia, Dementia -Multi-
Infarct, Dementia - Semantic, Dementia -Subcortical, Dementia With Lewy Bodies, Dentate

Cerebellar Ataxia, Dentatorubral Atrophy, Dermatomyositis, Developmental Dyspraxia,
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Devic's Syndrome, Diabetic Neuropathy, Diffuse Sclerosis, Dravet Syndrome,
Dysautonomia, Dysgraphia, Dyslexia, Dysphagia, Dyspraxia, Dyssynergia Cerebellaris
Myoclonica, Dyssynergia Cerebellaris Progressiva, Dystonias, Farly Infantile Epileptic
Encephalopathy, Empty Sclia Syndrome, Encephalitis, Encephalitis Lethargica,
Encephaloceles, Encephalopathy, Encephalopathy {familial infantile}, Encephalotrigeminal
Angiomatosis, Epilepsy, Epileptic Hemiplegia, Erb's Palsy, Erb-Duchenne and Dejerine-
Klumpke Palsies, Essential Tremor, Extrapontine Myelinolysis, Fabry Discase, Fahr's
Syndrome, Fainting, Familial Dysautonomia, Familial Hemangioma, Familial Idiopathic
Basal Ganghia Calcification, Familial Periodic Paralyses, Familial Spastic Paralysis, Farber's
Disease, Febrile Seizures, Fibromuscular Dysplasia, Fisher Syndrome, Floppy Infant
Syndrome, Foot Drop, Friedreich's Ataxia, Frontotemporal Dementia, Gaucher Disease,
Generalized Gangliosidoses, Gerstrann's Syndrome, Gerstmann-Straussler-Scheinker
Disease, Giant Axonal Neuropathy, Giant Celf Arteritis, Giant Cell Inclusion Discase,
Globoid Cell Leukodystrophy, Glossopharyngeal Neuralgia, Glycogen Storage Disease,
Guillain-Barré Syndrome, Hallervorden-Spatz Dhisease, Head Injury, Headache, Hemicrania
Continua, Hemifacial Spasm, Hemiplegia Alterans, Hereditary Newropathies, Hereditary
Spastic Paraplegia, Heredopathia Atactica Polyneuritiformis, Herpes Zoster, Herpes Zoster
Oticus, Hirayama Syndrome, Holmes-Adie syndrome, Holoprosencephaly, HTLV-1
Assoctated Myelopathy, Hughes Syndrome, Huntington's Disease, Hydranencephaly,
Hydrocephalus, Hydrocephalus - Normal Pressure, Hydromyelia, Hypercortisolism,
Hypersomma, Hypertonia, Hypotonia, Hypoxia, Immune-Mediated Encephalomvelitis,
Inclusion Body Myostitis, Incontinentia Pigments, Infantile Hypotonia, Infantile Neuroaxonal
Dystrophy, Infantile Phytanic Acid Storage Disease, Infantile Refsum Disease, Infantile
Spasms, Inflammatory Myopathies, Iniencephaly, Intestinal Lipodystrophy, Intracranial
Cysts, Intracranial Hvpertension, Isaacs’ Syndrome, Joubert Syndrome, Kearns-Sayre
Syndrome, Kennedy's Disease, Kinsbourme syndrome, Kleine-Levin Syndrome, Klippel-Feil
Syndrome, Klippel-Trenaunay Syadrome (KT8), Klaver-Bucy Syndrome, Korsakoff's
Ammesic Syndrome, Krabbe Disease, Kugelberg-Welander Disease, Kurm, Lambert-Eaton
Myasthenic Syndrome, Landau-Kleffuer Svadrome, Lateral Femoral Cutaneous Nerve
Entrapment, Lateral Medullary Syndrome, Learning Disabilities, Leigh's Disease, Lennox-
Gastaut Syndrome, Lesch-Nyhan Syndrome, Leukodystrophy, Levine-Critchley Syndrome,
Lewy Body Dementia, Lipid Storage Diseases, Lipoid Proteinosis, Lissencephaly, Locked-In

Syndrome, Lou Gehrig's Discase, Lupus - Neurological Sequelae, Lyme Disease -
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Neurological Complications, Machado-~Joseph Disease, Macrencephaly, Megalencephaly,
Melkersson-Rosenthal Svadrome, Meningitis, Meningitis and Encephalitis, Menkes Disease,
Meralgia Paresthetica, Metachromatic Leukodystrophy, Microcephaly, Migraine, Miller
Fisher Svndrome, Mini Stroke, Mitochondrial Myopathy, Moebius Syndrome, Monomelic
Amyotrophy, Motor Nearon Discases, Moyamoya Disease, Mucolipidoses,
Mucopolysaccharidoses, Multi-Infarct Dementia, Muhtifocal Motor Newropathy, Mualtiple
Sclerosis, Multiple Systern Atrophy, Multiple System Atrophy with Orthostatic Hypotension,
Muscular Dystrophy, Myasthema - Congenital, Myasthenia Gravis, Myelinoclastic Diffuse
Sclerosis, Myoclonic Encephalopathy of Infants, Myoclonus, Myopathy, Myopathy-
Congenital, Myopathy -Thyrotoxic, Myotonia, Myotonia Congenita, Narcolepsy,
Neuroacanthocytosis, Neurodegeneration with Brain fron Accumulation, Neurofibromatosis,
Neuwroleptic Malignant Syndrome, Neurclogical Complications of AIDS, Neurological
Compilications of Lyme Disease, Neurological Consequences of Cytomegalovirus Infection,
Meurological Manifestations of Pompe Disease, Neurological Sequelae Of Lupus,
Neuromyelitis Optica, Neuromyvotonia, Neuronal Ceroid Lipofuscinosis, Neuronal Migration
Disorders, Neuropathy- Hereditary, Neurosarcoidosis, Nearosyphilis, Neurotoxieity, Nevus
Cavemnosus, Niemann-Pick Disease, (VSullivan-MclLeod Syndrome, Occipital Neuralgia,
Ohtahara Syndrome, Olivopontocerebellar Atrophy, Opsoclonus Myoclonus, Orthostatic
Hypotension, Overase Syndrome, Pain -Chronic, Pantothenate Kinase-Associated
Newrodegeneration, Parancoplastic Syndromes, Paresthesia, Parkinson's Disease, Paroxysmal
Choreoathetosis, Paroxysmal Hemicrania, Parry-Romberg, Pelizacus-Merzbacher Disease,
Pena Shokeir If Syndrome, Perineural Cysts, Penodic Paralyses, Peripheral Neuropathy,
Periventricular Leukomalacia, Persistent Vegetative State, Pervasive Developmental
Disorders, Phytanic Acid Storage Disease, Pick’s Disease, Pinched Nerve, Piriformis
Syndrome, Pruitary Tumors, Polymyositis, Pompe Discase, Porencephaly, Post-Polio
Syndrome, Postherpetic Neuralgia, Postinfectious Encephalomyelitis, Postural Hypotension,
Postural Orthostatic Tachvcardia Syndrome. Postural Tachycardia Syndrome, Primary
Dentatum Atrophy, Primary Lateral Sclerosis, Primary Progressive Aphasia, Prion Diseascs,
Progressive Hemifacial Atrophy, Progressive Locomotor Ataxia, Progressive Multifocal
Leokoencephalopathy, Progressive Sclerosing Poliodystrophy, Progressive Sopranuclear
Palsy, Prosopagnosia, Pseudo-Torch syndrome, Pseudotoxoplasmosis syndrome,
Pscudotumor Cerebri, Psychogenic Movement, Ramsay Hunt Syndrome {, Ramsay Hunt

Syndrome 11, Rasmussen's Encephalitis, Reflex Sympathetic Dvstrophy Syndrome, Refsum
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Discase, Refsum Discase ~ Infantile, Repetitive Motion Bisorders, Repetitive Stress Inguries,
Restless Legs Syndrome, Retroviras-Associated Myelopathy, Rett Syndrome, Reye's
Syndrome, Rhcumatic Encephalitis, Riley-Day Syndrome, Sacral Nerve Root Cysts, Saint
Vitus Dance, Salivary Gland Disease, Sandboft Disease, Schilder’s Discase, Schizencephaly,
Seitelberger Disease, Seizure Disorder, Semantic Dementia, Septo-Optic Drysplasia, Severe
Myoclonic Epilepsy of Infancy (SMET), Shaken Baby Svndrome. Shingles, Shy-Drager
Syndrome, Sjégren's Svndrome, Sleep Apnea, Sleeping Sickness, Sotos Syndrome,
Spasticity, Spina Bifida, Spinal Cord Infarction, Spinal Cord Injury, Spinal Cord Tomors,
Spinal Muscular Atrophy, Spinocerebellar Atrophy, Spinocerebellar Degeneration, Steele-
Richardson-Olszewski Svandrome, Stiff-Person Syndrome, Strnatonigral Degeneration, Stroke,
Sturge-Weber Syndrome, Subacute Sclerosing Pancncephalitis, Subcortical Artenioselerotic
Encephalopathy, Short-lasting, Umlateral, Neuralgiform (SUNCT) Headache, Swallowing
Disorders, Sydenham Chorea, Syncope, Syphilitic Spinal Sclerosis, Syringohydromyelia,
Syringomyelia, Systemic Lupus Ervthematosus, Tabes Dorsalis, Tardive Dyskinesia, Tarlov
Cysts, Tay-Sachs Discase, Temporal Arteritis, Tethered Spinal Cord Syndrome, Thomsen's
Myotonia, Thoracic Qutlet Syndrome, Thyrotoxic Myopathy, Tic Dousloureux, Todd's
Paralysis, Tourette Syndrome, Transient Ischemic Attack, Transmissible Spongiform
Encephalopathies, Transverse Myelitis, Traumatic Bramn Injury, Tremor, Trigeminal
Neuralgia, Tropical Spastic Paraparesis, Troyer Syndrome, Tuberous Sclerosis, Vaseular
Erectile Tumor, Vasculitis Syndromes of the Central and Peripheral Nervous Systems, Von
Economo’s Disease, Von Hippel-Lindau Discase (VHL), Von Recklinghausen's Discase,
Wallenberg's Syvndrome, Werdnig-Hoffman Disease, Wemicke-Korsakoff Syndrome, West
Syndrome, Whiplash, Whipple's Dhsease, Williams Syndrome, Wilson Discase, Wolman’s
Disease, X-Linked Spinal and Bulbar Muscular Atrophy.

{1049}  The present disclosure additionally provides a method for treating neurological
disorders in a mammalian subject, comprising a human subject, comprising administering to
the subject any of the AAV particles or pharmaceutical compositions of the present
disclosure. In certain erabodiments, the AAV particle is a blood brain barrier crossing
particle. In certain embodiments, neurclogical disorders treated according to the methods
described herein comprige, but are not limited to Amyotrophic lateral sclerosis (ALS),

Huntington’s Disease (HD), Parkinson’s Discase (PD), and/or Friedreich’s Ataxia (FA).
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Kits and Devices

Kits
{1638}  In some embodiments, the disclosure provides a variety of kits for conveniently

and/or effectively carrying out methods of the present disclosure. Typically, kits will
comprise sufficient amounts and/or murnbers of components to allow a user to perform
muliiple treatments of a subject(s) and/or to perform multiple experiments.

{1851}  Anvofthe AAV particles of the present disclosure may be comprised ina kit In
some embodiments, kits may further comprise reagents and/or instructions for creating and/or
synthesizing compounds and/or compositions of the present disclosure. In some
embodiments, kits may also comprise one or more buffers. In some embodiments, kits of the
disclosure may comprise components for making protein or nucleic acid arrays or libraries
and thus, may comprise, for example, solid supports.

{1652}  Insome embodiments, kit components may be packaged either in agueous media
or in lyophilized form. The container means of the kits will generally comprise at least one
vial, tost tube, flask, bottle, syringe or other container means, into which a component may be
placed, and preferably, suttably aliquoted. Where there is more than one kit component,
(labeling reagent and label may be packaged together), kits may also generally contain
second, third or other additional containers into which additional components may be
separately placed. In some embodiments, kits may also comprise second container means for
containing sterile, pharmaceutically acceptable buffers and/or other diluents. Tn some
embodiments, various combinations of components may be comprised in one or more vial.
Kits of the present disclosure may also typically comprise means for contaming compounds
and/or compositions of the present disclosure, ¢.g., proteins, nucleic acids, and any other
reagent containers in close confinement for commercial sale. Such containers may comprise
mnjection or blow-molded plastic containers into which desired vials are retained.

{1653}  In some embodiments, kit components are provided in one and/or more liquid
solutions. In some embodiments, higuid solutions are agueous solutions, with sterile aqueous
solutions being particularly preferred. In some embodiments, kit components may be
provided as dried powder(s). When reagents and/or components are provided as dry powders,
such powders may be reconstituted by the addition of suitable volumes of solvent. In some
embodiments, it is envisioned that solvents may also be provided in another container means.
In some embodiments, labeling dves are provided as dried powders. In some embodiments, it

is contemplated that 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 120, 130, 140, 150, 160, 170,
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180, 190, 200, 300, 400, 5060, 600, 700, 300, 900, 1000 micrograms or at least or at most
those amounts of dried dye are provided in kits of the disclosure. In such embodiments, dye
may then be resuspended in any suitable solvent, such as DMSO.

{18654] o some embodiments, kits may comprise instructions for employimg kit
components as well the use of any other reagent not comprised in the kit. Instructions may
comprise variations that may be implemented.

Devices
{1655}  In some embodiments, the AAV particles may delivered to a subject using a device

to deliver the AAY particles and a head fixation assembly. The head fixation assembly may
be, but 1s not limited to, any of the head fixation assemblies sold by MRI interventions. As a
non-limiting example, the head fixation assembly may be any of the assemblies described in
US Patent Nos. 8,099,130, 8,548,369 and 9.031.636 and Intemational Patent Publication Nos.
WO201108495 and WO2014014585, the contents of each of which are incorporated by
reference in their entiretics. A head fixation assembly may be vsed in combination with an
MRI compatible drill such as, but not limited to, the MRI compatible drills described in
International Patent Publication No. WO2613181008 and US Patent Publication No.
UB20130325012, the contents of which are herein incorporated by reference in ils entirety.
{1056]  In some embodiments, the AAVY particles may be delivered using a method, system
and/or computer program for positioning apparatus to a target pout on a subject to deliver the
AAY particles. As a non-limiting example, the method, system and/or computer program
may be the methods, systems and/or computer programs described in US Patent No. 8,
340,743, the contents of which are herein incorporated by reference in its entirety. The
method may comprise: determining a target pomnt in the body and a reference point, wherein
the target point and the reference point define a planned trajectory line {PTL) extending
through cach; determining a visualization plane, wherein the PTL intersects the visualization
plane at a sighting point; mounting the guide device relative to the body to move with respect
to the PTL, wherein the guide device does not intersect the visuahization plane; deternuning a
point of intersection {GPP) between the guide axis and the visualization plane; and aligning
the GPP with the sighting point in the visualization plane.

{1657}  In some embodiments, the AAY particles may be delivered to a subject using a
convention-enhanced delivery device. Non-Himiting examples of targeted delivery of drugs
using convection are described in US Patent Poblication Nos. US20100217228,

US20130035574 and US20130035660 and International Patent Publication No.
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WO2013019830 and WO2008144585, the contents of each of which are herein incorporated
by reference in their entiretics.

{1658}  In some embodiments, a subject may be imaged prior to, during and/or after
delivery of the AAV particies. The imaging method mayv be a method known in the art and/or
described herein, such as but not limited to, magnetic resonance imaging (MRI). Asanon-
limiting example, imaging may be used to assess therapeutic effect. As anocther non-limiting
exarople, imaging may be used for assisted delivery of AAY particles.

{1659}  In some embodiments, the AAV particles may be delivered using an MRI-guided
device. Non-limiting examples of MRI-guided devices are described in US Patent Nos.
0,035,884, 9,042,958, 8,886,288, 8,768,433, 8.396.332. 8,369,930, 8,374,677 and 8,175,677
and UJS Patent Application No. US20140024927 the contents of cach of which are herein
mcorporated by reference in their entireties. As a non-Hmiting example, the MRI-guided
device may be able to provide data in real time such as those described m US Patent Nos.
8,886,288 and 8,768,433, the contents of cach of which is herein incorporated by reference in
its entirety. Ag another non-hinuting example, the MRI-gmded device or system may be used
with a targeting cannuola such as the svstems described in US Patent Nos. 8,175,677 and
8,374,677, the contents of each of which are herein incorporated by reference in their
entiretics. As vet another non-limiting example, the MRI-guided device comprises a
trajectory gnde frame for guiding an interventional device as described, for example, in US
Patent No. 9,055,884 and US Patent Application No. US20140024927, the contents of each
of which are herein incorporated by reference in their entireties.

[106G]  In some embodiments, the AAV particles may be delivered using an MRI-
compatible tip assembly. Non-limiting examples of MRI-compatible tip assemblies are
described in US Patent Pablication No. US20140275980, the contents of which is herein
meorporated by reference in s endirety.

{1861}  In some embodiments, the AAVY particles may be delivered using a cannula which
is MRI-compatible. Non-limiting examples of MRI-compatible cannulas comprise those
tanght in International Patent Publication No. WG2011130107, the contents of which are
herein incorporated by reference in its entirety. In some emboduments, the canmulaora
portion thereof or the tubing associated with the cannula is attached, mounted, ghied, affixed
or otherwise makes reversible contact with the tissue surrounding the surgical site/field. Such
contact may be localized and/or stabilized in onc position during all or a portion of the

procedure.

-304 -



WO 2020/150556 PCT/US2020/014000

[1062]  In some embodiments, the AAV particles may be delivered using a catheter which
is MRI-compatible. Non-hnuting examples of MRI-compatible catheters comprise those
taught in International Patent Publication No. W(02012116265, US Patent Publication No.
8,825,133 and US Patent Pubhication No. US2(:140024909, the contents of each of which are
herein incorporated by reference in their entircties.

{1063]  In some embodiments, the AAV particles may be delivered using a device with an
clongated tubular body and a diaphragm as described 1n US Patent Publication Nos.
US20140276582 and US206140276614, the contents of each of which are herein incorporated
by reference in their entiretics.

{1864} In some embodiments, the AAV particles may be delivered using an MRI
compatible localization and/or guidance system such as, but not limited to, those described
US Patent Publication Nos. US20150223905 and US20150230871, the contents of each of
which are herein incorporated by reference in their entiretics. As a non-limiting example, the
MRI compatible localization and/or guidance systems may comprise a mount adapted for
fixation {o a patient, a targeting cannula with a lumen configured to attach to the mount so as
to be able to controliably transiate in at least three dimensions, and an clongate probe
configured to snugly advance via slide and retract in the targeting cannula umen, the
clongate probe comprising at least one of a stimulation or recording electrode.

{1065]  Insome embodiments, the AAV particles may be delivered to a subject using a
trajectory frame as described in US Patent Publication Nos. US20150031982 and
US20140066750 and International Patent Publication Nos. W0O2015057807 and
W2014039481, the contents of each of which are herein incorporated by reference in their
entireties.

{1866} In some embodiments, the AAY particles may be delivered to a subject using a
gene gun.

Use of AAY particles encoding protein pavicads

{1667}  Provided in the present disclosure are methods for introducing into cells the AAV
particles manufactured according to the methods and systemas of the present disclosure, the
methods comprising introducing into said cells any of the vectors in an amount sufficient for
an increase in the production of target mRNA and protein to occur. In some aspects, the cells
may be muscle cells, stem cells, neurons such as but not limited to, motor, hippocampal,

entorhinal, thalamic or cortical neurons, and ghal cells such as astrocyies or microglia.
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[1068]  Disclosed in the present disclosure are methods for treating neurelogical discase
associated with insufficient function/presence of a target protein in a subject in need of
treatment. The method optionally comprises adnunistering to the subject a therapeutically
effective amount of a compostition comprising AAV particles of the present disclosure. Asa
non-hmiting example, the AAV particles can increase target gene expression, increase target
protein production, and thus reduce one or more symptoms of neurclogical disease in the
subject such that the subjoct is therapeutically treated.

{1665}  In certain embodiments, the AAV particle of the present disclosure comprising a
nucleic acid encoding a protein payload comprises an AAV capsid that allows for
transmission across the blood brain barrier after intravenous administration.

[1878]  In certain embodiments, the composition comprising the AAV particles of the
present disclosure is administered to the central nervous system of the subject via systemic
admuinistration. In certain embodiments, the systemic administration is intravenous injection.
{1071}  In certain embodiments, the composition comprising the AAV particles of the
present disclosure is adnunistered to the central nervous system of the subject. In certain
embodiments, the composition comprising the AAV particles of the present disclosure is
administered to a tissue of a subject {c.g., brain of the subject).

{1672}  In certain cmboduments, the composition comprising the AAV particles of the
present disclosure is administered to the contral nervous system of the subject via
intraparenchymal injection. Non-limiting examples of intraparenchymal injections comprise
intrathalamic, intrastriatal, intrabippocampal or targeting the entorhinal cortex.

[1673]  In certain embodiments, the composition comprising the AAV particles of the
present disclosure 1s administered to the central nervous system of the subject via
mtraparenchymal injection and intrathecal injection.

{1074}  In certain embodiments, the AAV particles of the present disclosure may be
delivered nto specific types of targeted cells, comprising, but not limited to, hippocampal,
cortical, motor or entorhinal neurons; glial cells comprising oligodendrocyies, astrocytes and
microglia; and/or other cells surrounding neurons such as T cells.

{1075]  In certain embodiments, the AAV particles of the present disclosure may be
delivered to nearons in the stratum (e.g. patamen} and/or cortex.

{1676}  In certain embodiments, the AAVY particles of the present disclosure may be used

as a therapy for neurological discase.
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{10777 In certain embodiments, the AAV particles of the present disclosure may be used
to increase target protein and redace symptoms of neurological disease in a subject. The
mcrease of target protein and/or the reduction of symptoms of neurological discase may be,
mdependently, altered (increased for the production of target protein and reduced for the
symptoms of nearclogical disease) by 5%, 10%, 13%, 20%, 25%, 30%, 35%, 40%, 45%,
509, 55%, 60%. 65%, 70%, 75%. 80%, 85%, 90%. 95%, or more than 93%, 5-15%, 5-20%,
3-25%., 5-30%, 5-35%, 3-40%, 53-45%, 5-30%, 3-535%, 5-60%, 5-65%, 5-70%, 5-75%, 5~
80%. 5-85%, 5-00%, 5-95%, 10-20%, 10-25%, 10-30%, 10-35%, 10-40%, 10-45%. 10-50%,
10-55%, 10-60%, 10-63%, 10-70%, 10-73%, 10-80%, 10-83%, 10-90%, 10-93%, 15-25%,
15-30%, 15-35%, 15-40%, 15-45%, 15-50%, 15-55%, 15-60%, 15-63%, 15-70%, 15-75%,
15-80%, 15-85%, 15-90%, 15-95%, 20-30%, 20-35%, 20-40%, 20-45%, 20-50%, 20-55%,
20-60%, 20-65%, 20-T0%, 20-75%, 20-80%, 20-85%, 20-90%, 20-95%, 25-35%, 25~ 4(}/0,
25-45%, 25-50%, 25-35%, 25-60%, 23-65%, 25-70%, 25-73%, 25-80%, 25-85%, 25-90°
25-959%, 30-409%, 30-45%, 30-50%, 30-55%, 30-60%, 30-65%, 30-70%, 30-75%, 30-80%
30-859%, 30-90%, 30-95%, 35-45%, 35-50%, 35-559%, 35-60%, 35-65%, 35-70%, 35-75%,
35-80%, 35-85%, 35-G0%, 35-95%, 40-50%, 40-35%, 40-60%, 40-65%, 40-70%, 40-75%,
40-800%, 40-85%, 40-90%, 40-95%, 45-55%, 45-60%, 45-65%, 45-70%, 45-75%, 45-80%,
45-85%, 45-90%, 45-95%, 50~60%, 50-65%, 50-70%, 50-75%, 50-80%, 50-83%, 50-90%,
30-95%, 55-65%, 55-70%, 53-75%, 55-80%, 35-85%, 53-90%, 55-95%, 60-70%, 60-75%,
6(-80%. 60-85%, 60-90%, 60-95%, 65-75%, 635-80%, 65-85%, 63-90%, 65-05%, 70-80%,
70-85%, 70-90%, 70-95%, 75-85%, 75-90%, 73-95%, 80-90%, 80-93%, or 90-95%

OC/ u;

Use of AAY particles comprising RNA1 Polvnucleotides

{1678}  Provided in the present disclosure are methods for introducing the AAV particles,
comprising a nucleic acid sequence encoding the siRNA molecules of the present disclosure
into cells, the method comprising introducing into said cells any of the vectors in an amount
sufficient for degradation of a target mRNA to occur, thereby activating target-specific RNA1
in the cells. In some aspects, the cells may be muscle cells, stem cells, neurons such as but
not limited to, motor, hippocampal, entorhinal, thalamic or cortical neurons, and ghial cells
such as astrocytes or microgha.

{1879} Disclosed in the present disclosure are methods for treating neurological discases
associated with dysfunction of a target protein in a subject in need of treatment. The method
optionally comprises administering to the subject a therapeutically effective amount of a

composition comprising AAV particles comprising a nucleic acid sequence encoding the
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siRNA molecules of the present disclosure. As a non-luniting example, the siRNA molecules
can silence target gene expression, inhibit target protein production, and reduce one or more
symptoms of neurological discase in the subject such that the subject is therapeutically
treated.

{1080]  In certain embodiments, the composition comprising the AAY particles of the
present disclosure comprising a nucleic acid sequence encoding siRNA molecules comprise
an AAY capsid that allows for transnussion across the blood brain barrier after intravenous
administration.

{10811  In certain embodiments, the composition comprising the AAV particles comprising
anucleic acid sequence encoding the siRNA molecules of the present disclosure is
administered to the central nervous system of the subject. In certain embodiments, the
composition comprising the AAV particles comprising a nucleic acid sequence encoding the
siRNA molecules of the present disclosure 1s administered to a tissue of a subject {¢.g., brain
of the subject).

{1082}  In certain embodiments, the composition comprising the AAV particles comprising
anucleic acid sequence encoding the siIRNA molecules of the present disclosure is
administered to the central nervous system of the subject via systemic administration. In
certain cmbodiments, the systemic admintstration is intravenous injection.

{1083]  In certain embodiments, the composition comprising the AAV particles comprising
a nucleic acid sequence encoding the siRNA molecules of the present disclosure is
adounistered to the central nervous system of the subject via intraparenchymal injection.
Non-limiting examples of intraparenchymal injections comprise mtrathalamic, mtrastriatal,
imtrahippocampal or targeting the entorhunal cortex.

{1084] In certain embodiments, the composition comprsing the AAV particles comprising
a nucleic acid sequence encoding the siRNA molecules of the present disclosure is
administered to the central nervous system of the subject via intraparenchymal injection and
intrathecal mjection.

{1685}  In certain embodiments, the AAV particles comprising a nucleic acid sequence
encoding the siRNA molecules of the present disclosure may be delivered into specific types
of targeted cells, comprising, but not limited to, hippocampal, cortical, motor or entorhinal
neurons; glial cells comprising oligodendrocytes, astrocytes and microglia; and/or other cells

surrounding neurons such as T cells.
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[1086]  In certain embodiments, the AAV particles comprnising a nucleic acid sequence
encoding the siRNA molecules of the present disclosure may be delivered to neurons in the
striatum and/or cortex.
{1887}  In certain embodiments, the AAV particles comprising a nucleic acid sequence
encoding the sitRNA molecules of the present disclosure may be used as a therapy for
neurological disease.
{1088}  In certain embodiments, the AAV particles comprising a nucleic acid sequence
encoding the siRNA molecules of the present disclosure may be used as a therapy for
Amvotrophic Lateral Sclerosis.
{1689}  In certain embodiments, the AAV particles comprising a nucleic acid sequence
encoding the siRNA molecules of the present disclosure may be used as a therapy for
Huntington’s Disease.
{1690}  In certain embodiments, the AAV particles comprising a nucleic acid sequence
encoding the siRNA molecules of the present disclosure may be used as a therapy for
Parlanson’s Disease.
{1691} In certain embodiments, the AAV particles comprising a nucleic acid sequence
encoding the siRNA molecules of the present disclosure may be used as a therapy for
Friedreich’s Ataxia.
{1092]  In certain embodiments, the AAV particles comprising a nucleic acid sequence
encoding the siRNA molecules of the present disclosure may be used to suppress a target in
order to treat neurological disease. Target protein in astrocytes may be suppressed by 5%,
10%, 13%, 20%, 25%. 30%, 35%, 40%, 43%, 50%, 53%, 60%, 65%, 70%. 75%, $0%, 85%.
90%, 93%, or more than 959@,5-1596;5u2096,5—2596,5- ( "596,5-40@6,5-45%6,5~509ﬁ
-65%%, 5-70%, 5-75%, 5-80%, 5-85%, 5-90%, 5-95%, 10-20%, 10-23%, 10-
30%, 10-35%, 10-40%, 10-45%, 10-50%, 10-55%, 10-60%, 10-65%, 10-70%, 10-75%, 10-
(0%, 10-85%, 10-909%, 10-93%, 15-23%, 15-30%, 15-35%, 15-40%, 15-45%, 15-30%, 15~
35%, 15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15-90%, 15-95%, 20-30%, 20-
35%, 20-40%, 20-45%, 20-50%, 20-55%, 20-60%, 20-65%, 20-70%., 20-73%. 20-80%, 20-
&5%, 20-90%, 20-95%, 25-35%, 25-40%, 23-45%, 25-50%, 25-35%, 25-60%, 25-65%, 25-
70%, 25-75%, 25-80%, 25-85%, 23-90%, 25-95%, 30-40%, 30-45%, 30-50%, 30-55%, 30-
60%, 3( 0, 30-70%, 30-75%, 30-80%, 30-85%, 30-9G%, 30-95%, 35-45%, 35-50%, 35~
5596ﬁ3< -60%, 35-65%, 35-70%, 35-75%, 35-80%, 35~-85%, 35-90%, 35-95%, 40-50%, 40-
559, 40-609%, 40-65%, 40-70%, 40-75%, 40-80%, 40~83%, 40-90%, 40-95%, 45-35%, 45-

%]
fan
52
N
[
]

[
1}
[ex)
<
N
SN
(¥

j99]

-309 -



WO 2020/150556 PCT/US2020/014000

60%, 45-65%, 45-70%, 45-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 50-65%, 50~
70%, 30-75%, 50-80%, 50-85%, 50-90%, 50-95%, 55-65%, 55-70%, 55-75%, 55-80%, 55-
83%, 55-90%, 53-95%, 60-70%, 60-75%, 60-80%, 68-85%, 60-90%, 60~95%, 65-75%, 63-
809, 65-85%, 65-90%, 65-95%, 70-80%, 70-85%, 70-90%, 70~95%, 75-85%, 75-90%, 75-
95%, 80-90%, 80-95%, or 90-95%. Target protein in astrocytes may be reduced may be 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, or more than 95%, 5-15%, 5-20%, 5-25%, 5-30%, 5-35%, 5-40%, 5-45%, 5-50%,
5-55%, 5-60%, 5-65%, 5-70%, 5-75%, 5-80%, S-85%, 5-90%, 5-95%, 10-20%, 10-25%, 10-
30%, 10-35%, 10-40%, 10-45%, 10-50%, 10-35%, 10-60%, 10-65%, 10-70%, 10-75%, 10-
80%, 10-83%, 10-90%, 10-95%, 15-25%, 15-30%, 13-35%, 15-40%, 15-45%, 15-50%, 15-
55%, 15-60%, 15-65%, 15-70%, 15-75%, 15-80%, 15-85%, 15-90%, 15-95%, 20~30%, 20~
35%, 20-40%, 20-45%, 20-50%, 20-55%, 20-60%, 20-65%, 20-70%, 20-75%, 20-80%, 20~
85%, 20-90%, 20-93%, 25-35%, 25-40%, 25-45%, 25-50%, 25-35%. 25-60%, 25-65%, 25~
70%, 25~75%, 25-80%, 25-85%, 25-90%, 25-95%, 30-40%, 30-45%. 30-50%, 30-35%, 30-
60%, 30-65%, 30-70%, 30-75%, 30-80%, 30-85%, 30-90%, 30-95%, 35-45%, 35-50%, 35-
55%, 35-60%, 35-65%, 35-70%, 35-75%, 35-80%, 35-85%, 35-90%, 35-95%, 40-50%, 40-
55%, 40-60%, 40-63%, 40-70%, 40-75%, 40-80%, 40-85%, 40-90%, 40-95%, 45-55%, 45-
60%, 45-65%, 45-70%, 45-75%, 45-80%, 45-85%, 45-90%, 45-95%, 50-60%, 50-65%, 50~
T0%, 50-75%, 50-80%, 50-85%, 50-90%, 50-95%, 55-65%, 55-70%, 55-75%, 55-80%, 55-
85%, 55-90%, 55-93%, 60-70%, 60-75%, 60-80%, 60-85%. 60-90%, 60-95%, 65-75%, 65-
80%, 65-85%, 63-90%, 65-95%, T0-80%, 70-85%, 70-90%, 70-95%, 75-85%, 75-90%, 75-
95%, 80-90%, 80-93%, or $0-95%.

{16931 In certain embodiments, administration of the AAV particles encoding a siRNA of
the present disclosure, 1o a subject may lower target protein levels in a subject. The target
protein levels may be lowered by about 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 93%
and 100%, or at least 20-30%, 20-40%, 20*5()‘}69 20-60%, 20-70%, 20-80%, 20-90%, 20~
95%, 20-100%, 30-40%, 30-30%. 30-60%., 30-70%, 30-80%, 30-90%, 30-95%, 30-100%,
40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-100%, 50-60%, 50-70%, 50-80%,
50-90%, 30-95%, 50-100%, 60-70%, 60-§0%, 6G-90%, 60-95%, 60-100%, 70-80%, 70-90%,
70-95%, 70-100%, 80-90%, 80-95%, 80-100%, 90-95%, 90-100% or 95-100% in a subject
such as. but not limited to, the CNS, a region of the UNS, or a specific cell of the CNS of a

subject. As a non-limiting example, the AAV particles may lower the protein levels of a
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target protein by at least 50%. As a non-limiting example, the AAV particles may lower the
proteins levels of a target protein by at least 40%.

Therapeutic Indications

Parkinson s Disease

{1094]  Parkunson’s Discase (PD} is a progressive disorder of the nervous system affecting
especially the substantia nigra of the brain. PD develops are a result of the loss of dopamine
producing brain cells. Typical carly syraptoms of PD comprise shaking or trembling of a
limb, e.g. hands, arms, legs, feet and face. Additional characteristic symptoms are stiffness of
the limbs and torso, slow movement or an inability to move, impaired balance and
coordination, cognitional changes, and psychiatric conditions ¢.g. depression and visual
hallucmations. PD has both fanulial and 1diopathuc forms and it is suggestion to be mvolved
with genetic and environmental causes. PD affects more than 4 million people worldwide. In
the US, approximately 60, 000 cases are identified annually. Generally, PD begins at the age
of 50 or older. An carly-onset form of the condition begins at age younger than 50, and
juvenile-onset PD begins before age of 20

{1695}  Death of dopamine producing brain cells related to PD has been associated with
aggregation, deposition and dysfunction of alpha-synuclein protein {see, ¢.g. Marques and
Outeiro, 2012, Cell Death Dis. 3:¢350, Jenner, 1989, J Neurol Neurosurg Psychiatry. Special
Supplement, 22-28, and references therein). Studies have suggested that alpha-synuclein has
arole in presynaptic signaling, membrane trafficking and regulation of dopamine release and
transport. Alpha-synuclein aggregates, ¢.g. in forms of oligomers, have been suggested to be
species responsible for neuronal dysfunction and death. Mutations of the alpha-synuclein
gene (SNCA) have been identified in the familial forms of PD, but also environmental
factors, e.g. neurotoxin affect alpha-synuclein aggregation. Other suggested causes of brain
cell death in PD are dysfunction of proteosomal and lysosomal systems, reduced
mitochondrial activity.

{1096}  PD is related to other diseases related to alpha-syouclein aggregation, referred to as
“synucleinopathies.” Such discases comprise, but are not limited to, Parkinson's Disease
Dementia (PDD), multiple system atrophy (MSA), dementia with Lewy bodies, juvenile-
onset generalized neurcaxonal dystrophy (Hallervorden-Spatz discase}, pure autonomic
failure (PAF), neurodegencration with brain iron accumulation type-1 (NBIA-1) and

combined Alzheimer’s and Parkinson’s discase.
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{1697}  Asoftoday, no cure or prevention therapy for PD has been identified. A varicty of
drug therapies avatlable provide relief to the symptoms. Non-limiting examples of
symptomatic medical treatments comprise carbidopa and levodopa combination reducing
stiffness and slow movement, and anticholinergics to reduce trembling and stiffness. Other
optional therapies comprise ¢.g. deep brain stimulation and surgery. There remains a need for
therapy affecting the underlying pathophysiclogy. For example, antibodies targeting alpha-
synuclem protein, or other proteins relevant for brain cell death in PD, may be used to
prevent and/or treat PD.

{1098] In certain embodiments, methods of the present disclosure may be used to treat
subjects suffering from PD and other synucleinopathies. In certain embodiments, methods of
the present disclosure mayv be used to treat subjects suspected of developing PD and other
synucleinopathies.

[1099]  AAV particles, pharmaceutical formulations and methods of using the viral
particies described in the present disclosure may be used to prevent, manage and/or treat PD.
Spinal musculor atrophy

{1100]  Spinal muscular atrophy (SMA) 15 a hereditary disease-causing weakness and
wasting of the voluntary muscles in the arms and legs of infants and children. SMA is
associated with abuormalitics n the protein production of the survival motor neuron gene 1
{(SMNT). Lack of the protein affects degeneration and death of lower motor neurons. Typical
symptoms comprise fHoppy limbs and trunk, feeble movement of the arms and legs,
difficulties in swallowing and cating, and impaired breathing. SMA is the most common
genetic disorder feading to death of children under 2 years of age. SMA affects one 1 6,000
to 10,000 people.

{1101}  Asoftoday, there 13 no cure for SMA. Therapies available are aimed at
management of the symptoms and prevention of additional complications. Such therapics are
associated e.g. with cardiology, movement management, respiratory care and mental health.
There remains a need for therapy affecting the underlying pathophvsiology of SMA and
related discases and atlments.

{1162]  In certain embodiments, the AAV particles and methods of the present disclosure
may be used to treat subjects suffering from SMA and related discases and ailments. In
certain embodiments, methods of the present disclosure may be used to treat subjects

suspected of developing SMA or related discases and atlments,
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[1163]  AAV particles, phammaceutical formulations and methods of using the viral
particles described in the present disclosure may be used to prevent, manage and/or treat
SMA and related diseases and ailments.

Alzheimer’s Disease

{1184]  Alzheimer’s Discase (AD) s a debilitating neurcdegencrative discase and the most
common form of dementia affecting the memory, thinking and behavior. Typical caily
symptor is difficulty of remembering newly learned information. As the disease advances,
symptoms comprise disorientation, changes in sleep, changes in mood and behavior,
confusion, unfound suspicions and eventaally difficulty to speak, swallow and walk. AD
currently afflicts more than 35 million people worldwide, with that number expected to
double m coming decades.

{11085]  As of today, no cure or prevention therapy for AD has been identified. Drug
therapy to treat memory loss, behavioral changes and sleep changes, and to slow down the
progression of AD arc available. However, these symptomatic treatments do not address the
underlying pathophysiology.

[1106]  In certain embodiments, methods of the present disclosure may be used to treat
subjects suffering from AD and related diseases and ailments. In certain embodiments,
methods of the present disclosure mayv be used as a therapy for to treat subjects suspected of
developing AD or related discases and ailments.

{1107}  AAV particles, pharmaceutical formulations and methods of using the viral
particies described in the present disclosure may be used to prevent, manage and/or treat AD
and related diseases and ailments.

Amvotrophic Lateral Sclerosis

{1108]  Amyotrophic Lateral Sclerosis (ALS), also known as Lou Gehrig’s disease or
classical motor neuron disease, is a rapidly progressive and fatal neurological discase. ALS is
associated with cell degeneration and death of the upper and lower motor neurons, leading to
enablement of muscle movement, weakening, wasting and loss of control over voluntary
muscle movement. Early symptons comprise muscle weakaess of hands, legs and
swallowing muscles, eventually progressing to mability to breathe due to diaphragm faiture.
According to Centers for Dnsease Control and Prevention (CBC), ALS affects an estimated
12, G00-15, 000 individuals in the US. About 5-10% of cases are familial.

{1109] ALK, as other non-infectious neurodegencrative discases, has been characterized

by presence of nusfolded proteins. Famiblial ALS has been associated with mutations of TAR
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DNA-binding protein 43 (TDP-43) and RNA-binding protein FUS/TLS. Some proteins have
been identified to slow down progression of ALS, such as, but not Hmited, to growth factors,
¢.g. insulin-like growth factor | (IGF-1)}, ghal cell line-dertved growth factor, brain-derived
growth factor, vascular endothelial growth factor and ciliary neurotrophic factor, or growth
factors promoting muscle growth, e.g. myostatin.

{1118}  Asoftoday, there is no prevention or cure for ALS. FDA approved drug niluzole
has been approved to prolong the life but does not have an effect on symptoms. Additionally,
drugs and medical devices are available to tolerate pain and attacks associated with ALS.
There remains a need for therapy affecting the uaderlying pathophysiology.

{1111}  In certain embodiments, methods of the present disclosure may be used to treat
subjects suffering from ALS and related discases and alments. In certain embodiments,
methods of the present disclosure may be used to treat subjects saspected of developing ALS
or related diseases and atlments.

{1112}  AAV particles, phammaceutical formulations and methods of using the viral
particles deseribed in the present disclosure may be used to prevent, manage and/or treat ALS
and related diseases and ailments.

Huntington’s disease

{1113} Huntington's discase (HD) is a rare, mherited disorder causing degeneration of
neurons in the motor control region of the brain, as well as other areas. Typical symptoms of
the disease comprise uncontrolied movements {chorea), abnormal postures, impaired
coordination, slurred specch and difticulty of feeding and swallowing accompanied by
changes in behavior, judgment and cognttion. HD is caused by mutations in the gene
associated with the huntingtin (HTT) protein. The mutation causes the ({CAG) blocks of DNA
to repeat abnormally many times. HD affects approximately 30, 000 individuals in the US.
{1114]  HD s characterized by mutations of the huntingtin (HTT) protein with abnormal
expansions of polyglutamine tracts, e.g. expansion of the length of glutamine residues
encoded by CAG repeats. The expansion threshold for occurrence of the disease is considered
1o be approximately 35-40 residues. HID 15 also associated with beta sheet rich aggregates in
striatal neurons formed by N-terminal region of HTT. The expansions and aggregates lead to
gradual loss of neurons as HD progresses. Additionally, the cell death in HD 1s associated
with death receptor 6 (DR6} which is known to mduce apoptosis.

{1115]  As oftoday, there is no therapy to cure, or prevent the progression of the disease.

Drug therapies available are aimed at management of the symptoms. For example, FDA has
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approved tetrabenezine to be prescribed for prevention of chorea. Additionally, e g.
antipsychotic drugs may help to control delusions, haltucinations and violent outbursts. There
reraains a need for therapy aftecting the underlying pathophysiology, such as antibody
therapies targeting the HTT protein, DR6 protein, and/or other HD associated proteins.
{1116]  In certain embodiments, methods of the present disclosure may be used to treat
subjects suffering from HD and related discases and atlments. In certain embodiments,
mcthods of the present disclosure may be used to treat subjects suspected of developing HD
or related diseases and ailments.

{11177  AAV particles, pharmaceutical formulations and methods of using the viral
particles described in the present disclosure may be used to prevent, manage and/or treat HD
and related discases and ailments.

Vi BEFINITIONS

{1118}  Atvartous places in the present disclosure, substituents or properties of compounds
of the present disclosure are disclosed in groups or in ranges. It is specifically intended that
the present disclosure comprise each and every individual or sub-combination of the
members of such groups and ranges.

{1119} Unless stated otherwise, the following terms and phrases have the meanings
described below. The definitions are not meant to be limiting in nature and serve to provide a
clearer understanding of certain aspects of the present disclosure.

{1128}  Adenoc-associated virus: The term “adenc-associated vinus™ or “AAV™ as used
herein refers to members of the dependovirus genus comprising any particle, sequence, gene,
protein, or component derived therefrom.

{1121}  AAV Pariicle: As vsed herein, an “AAYV particle” 1s a viras which comprises a
capsid and a viral genome with at least one pavload region and at least one TR region. AAY
particies of the present disclosure mav be produced recombinantly and may be based on
adeno-associated virus (AAV) parent or reference sequences. AAV particle may be derived
from any serotvpe, described herein or known in the art, comprising combinations of
serotypes (i.c., “pseudotyped” AAV) or from various genomes (6.9, single stranded or sclf-
complementary). In addition, the AAV particle may be replication defective and/or targeted.
{1122} Acrivitv: As used herein, the term “activity” refers to the condition tn which things
are happening or being done. Compositions of the present disclosure may have activity and

this activity may involve one or more biological events.
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[1123]  Administering: As used herein, the term "admimstering” refers to providing a
pharmaceutical agent or composition to a subject.

{1124}  Administered in combination: As used herein, the term “adnunistered in
combination” or “combined administration” means that two or more agents are administered
to a subject at the same time or within an interval such that there may be an overlap of an
effect of cach agent on the patient. In certain embodiments, they are administered within
about 60, 30, 13, 10, 3, or | minute of onc another. In certain embodiments, the
adounistrations of the agents are spaced sufficiently closely together such that a
combinatorial {e.g., a svaergistic) effect is achieved.

{11258}  Amelioration: As used herein, the term "amelioration” or “ameliorating” refers to a
lessening of severity of at least one indicator of a condition or disease. For example, i the
context of neurodegeneration disorder, amelioration comprises the reduction of newron loss.
{1126}  Animal: Asused herein, the torm “animal” refers to any member of the animal
kingdom. In certain embodiments, “animal” refers to humans at any stage of development. In
certain embodiments, “ammal” refers to non-human animals at any stage of development. In
certaim embodiments, the non-human animal 1s a mammal {(e.g., a rodent, amouse, arat, a
rabbit, a monkey, a dog, a cat, a sheep, cattle, a primate, or a pig). In certain embodiments,
animals comprise, but are not limited to, mammals, birds, reptiles, amphibians, fish, and
worms. In certain embodiments, the animal is a transgenic animal, genctically-engineered
animal, or a clone.

[V127}  Anrisense strand. As used herein, the term “the antisense strand” or “the first
strand” or “the guide strand” of a siRNA molecule refers to a strand that 1s substantially
complementary to a section of about 10-30 nucleotides, e.g., about 15-30, 16-25, 18-23 or 19-
22 nucleotides of the mRNA of the gene targeted for silencing. The antisense strand or first
strand has sequence sufficiently complementary to the desired target mRNA sequence to
direct target-specific silencing, ¢.g., complementarity sufficient to trigger the destruction of
the desired target mRNA by the RNA1 machinery or process.

{1128}  Approximately: As used herein, the term “approximately” or “about.” as applied to
one or more values of interest, refers to a value that is sumilar to a stated reforence value. As
used herein, the term “about” means +/- 10% of the recited value. In certain embodiments,
the term “approximately” refers to a range of values that fall within 25%, 20%, 19%. 18%,
17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%. 7%, 6%, 5%, 4%. 3%, 2%, 1%, ot

less in either direction {greater than or less than) of the stated reference value unless
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otherwise stated or otherwise evident from the context {except where such number would
exceed 100% of a possible value).

{1129} Associated with: As used herein, the terms “associated with,” “conjugated,”
“linked,” “attached,” and “tethered,” when used with respect to two or more moicties, means
that the moicties are physically associated or connected with one another, either directly or
via one or more additional moieties that serves as a linking agent, to form a structure that is
sufficiently stable so that the moicties remain physically associated under the conditions int
which the structure is used, e.g., physiological conditions. An “association” need not be
strictly through direct covalent chemical bonding. it may also suggest ionic or hydrogen
bonding or a hybridization-based connectivity sufficiently stable such that the “associated”
entities reruain physically associated.

{1138]  Baculoviral expression vecior (BEV): As used herein a BEV is a baculoviral
expression vector, i.¢., a polynucleotide vector of baculoviral origin. Systems using BEVs are
known as baculoviral expression vector systems {BEVSs).

{1131}  mBEV or modified BEV: As used herein, a modified BEV is an expression vector
of baculoviral origin which has been altered from a starting BEV (whether wild type or
artificial) by the addition and/or deletion and/or duplication and/or inversion of ane or more:
genes; gene fragments; cleavage sties; restriction sites; sequence regions; sequence(s)
encoding a payload or gene of interest; or combinations of the foregoing.

{1132}  Bifuncrional: As used herein, the term “bifunctional” refers to any substance,
molecule or moiety which is capable of or maintains at least two functions. The functions
may affect the same outcome or a different outcome. The structure that produces the function
may be the same or different.

{1133}  BIC: As used herein a BHC is a baculoviral infected insect cell.

{1134]  Biocompatible: As used herein, the toom “biocompatibie” means compatible with
living cells, tissues, organs or systems posing little to no risk of injury, toxieity or rejection
by the imnume system.

{1138}  Biodegradable: As used herein, the term “biodegradable™ means capable of being
broken down into innocuous products by the action of hving things.

[1136]  Bivlogically active: As used herein, the phrase “biclogically active” refersto a
characteristic of any substance that has activity in a biological system and/or organism. For
mstance, a substance that, when adounistered to an organism, has a biological effect on that

organism, 18 considered to be biologically active. In particular embodiments, an AAV particle
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of the present disclosure may be considered biologically active if even a portion of the
encoded payload is biologically active or mimics an activity considered biclogically relevant.
{1137} Capsid. Asused herein, the torm “capsid” refers to the protein shell of a virus
particle.

{1138}  Codon optimized. As used herein, the terms “codon optimized™ or “codon
optimization” refers to a modified nucleic acid sequence which encodes the same amino acid
sequence as a parent/reference sequence, but which has been altered such that the codons of
the modified nucleic acid sequence are optimized or improved for expression in a particular
system (such as a particular species or group of species). As a non-limiting example, a
nucleic acid sequence which comprises an AAV capsid protein can be codon optimized for
expression in insect cells or in a particular insect cell such Spodoptera frugiperda cells.
Codon optimization can be completed using methods and databases known to those i the art.
11139  Complementary and subsiantially complementary. As used herein, the term
“complementary” refers to the ability of polvnucleotides to form base pairs with one another.
Base pairs are typically formed by hydrogen bonds between nucleotide units in antiparallel
polynuclestide strands. Complementary polynucieotide strands can form base pair in the
Watson-Crick manner{e.g., Ato T, A to U, C to G}, or in any other manner that allows for
the formation of duplexes. As persons skilied in the art are aware, when using RNA as
opposed to DNA, vracil rather than thymine is the base that i3 considered to be
complementary to adenosing. However, when a U is denoted in the context of the present
disclosure, the ability to substitute a T is implied, unless otherwise stated. Perfect
complementarity or 100% complementarity refers to the sitvation in which each nucleotide
unit of one polynucleotide strand can form hydrogen bond with a nucleotide unit of a second
polynuclectide strand. Less than perfect complementarity refers to the situation in which
some, but not all, nucleotide units of two strands can form hydrogen bond with each other.
For example, for two 20-mers, if only two base pairs on each strand can form hydrogen bond
with each other, the polynuclectide strands exhibit 10% complementarity. In the same
example, if I8 base pairs on cach strand can form hydrogen bonds with each other, the
polynucleotide strands exhibit 90% complementarity. As used herein, the teom “substantially
complementary” means that the siIRNA has a sequence (e.g., in the antisense strand) which is
sufficient to bind the desired target mRNA, and to trigger the RNA silencing of the target
mRNA.

-318 -



WO 2020/150556 PCT/US2020/014000

(11408}  Compound: Compounds of the present disclosure comprise all of the isotopes of
the atoms occcurring in the intermediate or final compounds. “Isotopes™ refers to atoms having
the same atomic number but different mass numbers resulting from a different number of
neutrons m the nuclei. For example, isotopes of hydrogen comprise tritium and deuterium,
{1141}  The compounds and salts of the present disclosure can be prepared in combination
with solvent or water molecules to form solvates and hydrates by routine methods.

{1142}  Conditionally acfive: As used herein, the term “conditionally active” refers to a
mutant or variant of a wild-type polypeptide, wherein the mutant or variant is more or less
active at physiological conditions than the parent polypeptide. Further, the conditionally
active polvpeptide may have increased or decreased activity at aberrant conditions as
compared to the parent polypeptide. A conditionally active polypeptide may be reversibly or
trreversibly inactivated at normal physiological conditions or aberrant conditions.

{1143}  Conserved: As used herein, the term “conserved” refers to nucleotides or amino
acid residues of a polynuclentide sequence or polypeptide sequence, respectively, that are
those that occur unaltered i the same position of two or more sequences being compared.
Nucleotides or amino acids that are relatively conserved are those that are conserved amongst
more related sequences than nucleotides or amino acids appearing elsewhere in the
SCqUEnces.

{1144]  In certain embodiments, two or more sequences are said to be “completely
conserved” if they are 100% identical to one another. In certain embodiments, two or more
sequences are said to be “highly conserved” if they are at least 70% identical, at least 80%
wdentical, at least 90% identical, or at least 95% identical to one another. In certain
embodiments, two or more sequences are said to be “highly conserved” if they are about 70%
identical, about 80% 1dentical, about 90% identical, about 95%, about 98%, or about 99%
identical to one another. In certain embodiments, two or more sequences are said to be
“conserved” if thev are at least 30% identical, at least 40% identical, at least 50% identical, at
least 60% identical, at least 70% identical, at least #0% identical, at least 90% identical, or at
least 95% identical to onc another. Tn certain embodiments, two or more sequences are said to
be “conserved” if they are about 30% identical, about 40% identical, about 50% identical,
about 60% identical, about 70% identical, about 80% identical, about 90% identical, about
95% identical, about 98% identical, or about 99% identical to one another. Conservation of
sequence may apply to the entire length of an polynucleotide or polypeptide or may apply to

a portion, region or feature thereof,
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{11458}  Control Elements: As used herein, “control elements”, “regulatory control
clements” or “regulatory sequences” refers to promoter regions, polyadenviation signals,
transcription termination sequences, upstream regulatory domains, origins of replication,
miternal ribosome entry sites (“IRES”), enhancers, and the like, which provide for the
replication, franscription and translation of a coding sequence in a recipient cell. Not all of
these control elements need always be present as long as the selected coding sequence is
capable of being replicated, transcribed and/or travsiated in an appropniate bost cell.

[1146]  Controlled Release: As used herein, the term “controlled release” refersto a
pharmaceutical composition or compound release profile that conforms to a pasticular pattern
of release to affect a therapewutic ouicome.

[1147] Cytostatic: As used herein, “cytostatic” refers to inlubiting, reducing, suppressing
the growth, division, or multiplication of a cell {e.g., a mammalian cell {e.g., a human cell}),
bacterium, virus, fungus, protozoan, parastte, prion, or a combination thereof.

{1148] Cyroroxic: As used herein, “cyvtotoxic” refers to killing or causing injurious, toxic,
or deadly effect on a cell {e.g., a mammalian cell (2.2, a human cell)), bacterium, virus,
fungus, protozoan, parasite, priog, or a combination thereof.

{1149} Delivery: Asused herein, “delivery” refers to the act or manner of delivering an
AAV particle, a compound, substance, entity, moiety, cargo or payload.

{1150]  Delivery Agent: As used herein, “delivery agent” refers to any substance which
facilitates, at least in part, the i vive delivery of an AAY particle to targeted cells.

>

{11581}  Destabilized: As used herein, the term “destabilize,” or “destabilizing region”
means a region or molecule that is less stable than a starting, wild-type or native form of the
same region or molecule.

{1152}  Defectable label: Asused herein, “detectable label” refers to one or more markers,
signals, or moictics which are attached, incorporated or associated with another entity that is
readily detected by methods known in the art comprnising radiography, fluorescence,
chemiluminescence, enzymatic activity, absorbance and the like. Detectable labels comprise
radioisotopes, fluorophores, chromophores, enzymes, dyes, metal ions, ligands such as biotin,
avidin, streptavidin and haptens, quantum dots, and the like. Detectable Iabels may be located
at any position in the peptides or proteins disclosed herein. They may be within the amino

acids, the peptides, or proteins, or located at the N- or C- termini,
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[1183]  Digest: As used herein, the term “digest” means to break apart into smaller pieces
or components. When referring to polyvpeptides or proteins, digestion results in the production
of peptides.

{1154}  Distal: As used herein, the term “distal” means situated away from the center or
away from a point or region of interest.

{11558}  Dosing regimen: As vused herein, a “dosing regimen” s a schedule of
admunistration or physician determined regimen of treatment, prophyvlaxis, or palliative care.
[1156]  Encapsuiater Asused herein, the term “encapsulate™ means to enclose, surround or
enCase.

{1187} Engineered: As used herein, embodiments of the present disclosure are
“engineered” when they are designed to have a featuse or property, whether structural or
chemical, that varies from a starting point, wild type or native molecule.

{1158]  Effective Amount: As used herein, the term “effective amount” of an agent is that
amount sufficient to cffect beneficial or desired results, for example, clinical results, and, as
such, an “effective amount” depends upon the context i which it is being applied. For
example, in the context of administering an agent that treats cancer, an effective amount of an
agent is, for example, an amount sufficient to achieve treatment, as defined herein, of cancer,
as compared to the response obtained without admunistration of the agent.

{1159]  Expression: As used herein, “expression” of a nucleic acid sequence refers to one
or more of the following events: (1) production of an RNA template from a DNA sequence
{e.g., by transcription}; (2) processing of an RNA transcript {e.g., bv splicing, editing, 5 cap
formation, and/or 3° end processing); (3) translation of an RNA into a polypeptide or protein;
and {4) post-translational modification of a polvpeptide or protein.

{1168}  Fearure: Asused herein, a “feature” refers to a characteristic, a property, or a
distinctive clement.

{1161}  Formmudation. As used herein, a “formulation” comprises at least one AAV particle
and a delivery agent or excipient.

{1162}  Fragment: A “fragment,” as used herein, refers o a portion. For example,
fragments of proteins may comprise polypeptides obtained by digesting fuli-length protemn
isolated from cultured cells.

{1163}  Functional: As used herein, a “functional” biological molecule is a biological

malecule in a form 1n which it exhibits a property and/or activity by which 1t is characterized.
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{1164}  Gene expression: The term "gene expression” refers to the process by which a
nucleic acid sequence undergoes successful transeription and in most instances translation to
produce a protein or peptide. For clarity, when reference is made to measurement of “gene
expression”, this should be understood to mean that measurements may be of the nucleic acid
product of transcription, e.g., RNA or mRNA or of the amino acid product of translation, e.g.,
polypeptides or peptides. Methods of measuring the amount or levels of RNA, mRNA,
polypeptides and peptides are well known in the art.

[1168] FHomology: As used herein, the term “homology™ refers to the overall relatedness
between polymeric molecules, e.g. between polynucleotide molecules {e.g. DNA molecules
and/or RNA molecules} and/or between polypeptide molecules. In certain embodiments,
polymeric molecules are considered to be “homologous™ to oue another if their sequences are
at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or 99% identical or similar. The term “homologous™ necessarily refers to a comparison
between at least two sequences (polynucleotide or polvpeptide sequences). In accordance
with the present disclosure, two polynucleotide sequences are considered to be homologous if
the polypeptides they encode are at least about 50%, 60%, 70%, 80%, 90%, 95%, or even
999% for at feast one stretch of at least about 20 amino acids. In certain embodiments,
homologous polynucleotide sequences are characterized bv the ability to encode a stretch of
at least 4--5 aniquely specified amino acids. For polvnuciectide sequences less than 60
nucleotides in length, homology is determined by the ability to encode a stretch of at least 4
5 uniquely specified anmino acids. In accordance with the present disclosure, two protein
sequences are considered to be homologous if the proteins are at least about 50%, 60%, 70%,
80%, or 90% identical for at least one stretch of at least about 20 amino acids.

{1166}  Heferologous Region: Asused herein the term “heterologous region” refers to a
region which would not be considered a homologous region.

{1167}  Homologous Region: Asused herein the term “homologous region” refersto a
region which is similar in position, structure, evolution origin, character, form or function.
{1168}  Jdenriry: As used herein, the term “identity” refers to the overall relatedness
between polymeric molecules, e.g., between polynucleotide molecules {e.g. DNA molecules
and/or RNA molecules) and/or between polypeptide molecules. Caleulation of the percent
identity of two polynucleotide sequences, for example, can be performed by aligning the two
sequences for optimal comparison purposes {(e.£., gaps can be mtroduced in one or both of a

first and a second nucleic acid sequences for optimal alignment and non-identical sequences
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can be disregarded for companson purposes). In certain embodiments, the length of a
sequence aligned for comparison purposes is at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at feast 90%, at least 95%, or 100% of the length ot the
reference sequence. The nucleotides at corresponding nucleotide positions are then compared.
When a position in the first sequence is occupied by the same nucleotide as the corresponding
posttion in the second sequence, then the molecules are identical at that position. The percent
identity between the two sequences ts a function of the number of identical positions shared
by the sequences, taking into account the number of gaps, and the length of each gap, which
needs to be introduced for optimal alignment of the two sequences. The comparison of
sequences and determination of percent identity between two sequences can be accomplished
using a mathematical algorithm. For example, the percent identity between two nucleotide
sequences can be determined using methods such as those described in Computational
Muolecular Biology, Lesk, A. M, ed., Oxford University Press, New York, 1988
Biocomputing: Informatics and Genome Projects, Smith, D, W, ed.. Academic Press, Noew
York, 1993; Sequence Analvsis in Molecular Biology, von Hemje, G, Academic Press, 1987,
Computer Analysis of Sequence Data, Part I, Griffin, A. M., and Griffin, H. G, eds., Humana
Press, New Jersey, 1994; and Sequence Analysis Primer, Gribskov, M. and Devereux, I,
eds., M Stockton Press, New York, 1991; the contents of which are cach incorporated herein
by reference in their entireties, insofar as they do not conflict with the present disclosure. For
example, the percent identity between two nucleotide sequences can be determined using the
algorithm of Mevers and Miller (CABIOS, 1989, 4:11-17), which bas been incorporated into
the ALIGN program {version 2.0} using a PAM120 weight residue tabie, a gap length penalty
of 12 and a gap penalty of 4. The percent identity between two nucleotide sequences can,
alternatively, be determined using the GAP program in the GCG software package using an
NWSgapdna. CMP matrix. Methods commonly employed to determine percent identity
between sequences comprise, but are not limited to those disclosed in Carillo, H., and
Lipman, D., SIAM I Applied Math., 48:1073 (1988); the contents of which are each
mncorporated herein by reference in their entireties, insofar as they does not contlict with the
present disclosure. Technigues for determining identity are codified in publicly available
computer programs. Exemplary computer software to determine homology between two
sequences comprise, but are not limited to, GCG program package, Devereux, 1., ef @i,
Nucleic Acids Research, 12(1), 387 (1984)), BLASTP, BLASTN, and FASTA Alschul, 8. F.
etal., J Molec. Biol., 215, 403 (1990}).
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[8165]  Inhibit expression of a gerne: As used herein, the phrase “inhibit expression of a
gene” means to cause a reduction in the amount of an expression product of the gene. The
expression product can be an KNA transcribed from the gene {e.g., an mRNAjora
polypeptide translated from an mBNA transcribed from the gene. Typically, a reduction in
the level of an mRNA results in a reduction in the level of a polypeptide translated therefrom.
The level of expression may be determined using standard techniques for measaring mRNA
or protein.

{1178}  Invitro: As used herem, the term “in vifro” refers to events that occur in an
artificial environment, e.g., in a test tube or reaction vessel, in cell caltore, in a Petrd dish,
efc., rather than within an organism {(¢.g., animal, plant, or microbe).

{1171} Znvive: As used herein, the term “in vive” refers to events that occur within an
orgamsm (e.g., amimal, plant, or microbe or cell or tissue thereof).

{1172} Isolated: As used herein, the term “isolated” refers to a substance or entity that has
been separated from at least some of the components with which it was associated (whether
in nature or in an experimental setting). Isolated substances may have varving levels of purity
in reference to the substances from which they have been associated. Isolated substances
and/or entitics may be separated from at least about 10%. about 20%, about 30%., about 40%,
about 50%. about 60%, about 70%, about 80%, about 90%, or more of the other components
with which they were initially associated. In certain embodiments, isclated agents are more
than about 80%, about 83%, about 90%, about 91%, about 92%, about 93%. about 94%,
about 95%, about 96%, about 97%, about 98%, about 99%, or more than about 99% purc. As
used herein, a substance 1s “pure” if it is substantially free of other components. As used
herein, the term “substantially isolated” is meant that a substance 1s substantially separated
from the environment in which it was formed or detected. Partial separation can comprise, for
example, a composition enriched in the substance or AAV particles of the present disclosure.
Substantial separation can comprise compositions containing at least about 30%, at least

about 60%, at least about 70%, at lcast about 80%, at least about 90%, at least about 95%, at

,
least about 97%, or at least about 99% by weight of the compound of the present disclosure,
or salt thereof. Methods for isolating compounds and their salts are routine in the art.

{11731  ZLinker: Asused heremn “linker” refers to a molecule or group of molecules which
connects two molecules. A linker may be a nucleic acid sequence connecting two nucleic
acid scquences encoding two different polypeptides. The linker may or may not be translated.

The linker may be a cleavable linker.
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{1174}  MicroRNA (miRNA) binding site: As used herein, a microRNA (miRNA) binding
site represents a nucleotide location or region of a nucleic acid transcript {o which at least the
“seed” regton of a nuRNA binds.

[1175] Modified: As used herein “modified” refers to a changed state or structure of a
molecule of the present disclosure. Molecules may be modified in many ways comprising
chemically, structurally, and functionally. As used herein, embodiments of the disclosure are
“modificd” when they have or possess a feature or property, whether structural or chemical,
that varies from a starting point, wild tvpe or native molecule.

{1176]  Muiation: As used herein, the term “mutation” refers to any changing of the
structure of a gene, resulting in a variant (also called “mutant™) form that may be transmitted
to subsequent generations. Mutations in a gene may be caused by the alternation of single
base in DNA, or the deletion, insertion, or rearrangement of larger sections of genes or
chromosomes.

1177} Naturally Occurring. As used herein, “naturallv occurring” or “wild-type” means
existing m nature without artificial aid, or involvement of the hand of man.

[1178]  Non-hmman vertebrate: As used herein, a “non-homan vertebrate” comprises all
vertebrates except Homo sapiens, comprising wild and domesticated species. Examples of
non-human vertebrates comprise, but are not limited to, mammals, such as alpaca, banteng,
bison, camel, cat, cattle, deer, dog, donkey, gaval, goat, guinea pig, horse, Hama, mule, pig,
rabbit, reindecr, sheep water buffalo, and yak.

{1179} Nucleic Acid: As used herein, the term “pucleic acid”, “polynucleotide” and
‘oligonucleotide” refer to any nucleic acid polyvmers composed of either
polydeoxyribonucieotides {contaiming 2-deoxy-D-ribose), or polyribonucleotides (containing
D-ribose), or any other tvpe of polynucleotide which is an N glycoside of a purine or
pvrimidine base, or modificd purine or pyrimidine bases. There is no intended distinction in
length between the term “nucleic acid”, “polynuclectide” and “oligonucieotide™, and these
terms will be used interchangeably. These terms refer only to the primary structure of the
molecule. Thus, these terms comprise double- and single-stranded DNA, as well as double-
and single stranded RNA.

[118G]  Off-targer: As used herein, “off target” refers to any unintended effect on any one

or more target, gene, or cellular transcript.
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{1181}  Open reading frame: As used herein, “open reading frame” or “ORF  refersto a
sequence which does not contain a stop codon within the given reading frame, other than at
the end of the reading frame.

[1182]  Operably linked: As used heren, the phrase “operably linked” refersto a
functional connection between two or more molecules, constructs, transcripts, entitics,
moictics or the like. As a non-fimiting example, a promoter is "operably linked" to a
nucleotide sequence when the prometer sequence controls and/or regulates the transcription
of the nucleotide sequence.

{1183]  Pariens: Asused herein, “patient” refers to a subject who may seck or need
treatment, requires treatment, is receiving treatment, will receive treatment, or a subject who
1s under care by a trained professional for a particular discase or condition.

[1184] Pavioad: Asused herein, “payload” or “payvload region” refers to one or more
polynucleotides or polynucleotide regions encoded by or within a viral genome or an
expression product of such polynucleotide or polynucleotide region, ¢.g., a transgene, a
polynucleotide encoding a polvpeptide or multi-polypeptide, or a modulatory nucleic acid or
regulatory mucleic acid.

{1185 Pavload construct: As used herein, “payload construct” is one or more vector
construct which comprises a polynucleotide region encoding or comprising a pavload that is
flanked on one or both sides by an inverted terminal repeat (FTR) sequence. The payload
construct presents a template that is replicated in a viral production cell to produce a
therapeutic viral genome.

[1186]  Payload construct vector: As used herein, “pavioad construct vector” 1s a vector
encoding or comprising a paylcad construct, and regolatory regions for replication and
expression of the payload construct in bacterial cells.

{1187}  Pavload construct expression vector: As used herein, a “payload construct
expression vector” 1s a vector encoding or comprising a payload construct and which further
comprises one or more polvnucleotide regions encoding or comprising components for viral
expression in a viral replication cell.

{1188]  Peptide: As used beren, “peptide” is less than or equal to 50 amno acids tong,
e.g., about 3, 10, 15, 20, 25, 30, 35, 40, 45, or 50 amino acids long.

{1189}  Pharmaceutically acceptable: The phrase “pharmaceutically acceptable™ is
craployed herein to refer to those compounds, materials, compositions, and/or dosage forms

which are, within the scope of sound medical judgment, suitable for use in contact with the
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tissues of human beings and animals without excessive toxicity, irritation, aliergic response,
or other problem or complication, commensurate with a reasonable benefit/risk ratio.

(1196}  Pharmaceutically accepiable excipients: The phrase “pharmaceutically acceptable
excipient,” as used herein, refers any ingredient other than the compounds described heremn
(for example, a vehicle capable of suspending or dissolving the active compound) and having
the properties of being substantially nontoxic and non-inflammatory in a patient. Excipients
may comprise, for example: antiadherents, antioxidants, binders, coatings, compression aids,
disintegrants, dves (colors), emollients, emulsifiers, fillers (diluents), film formers or
coatings, flavors, fragrances, glidants (flow enhancers), lubricants, preservatives, printing
inks, sorbents, suspensing or dispersing agents, sweeteners, and waters of hvdration.
Exemplary excipients comprise, but are not limited to: butylated hvdroxvioluene (BHT),
calcium carbonate, calcium phosphate (dibasic), calcium stearate, croscarmellose, crosshinked
polyvinyl pyrrolidone, citric acid, crospovidone, cysteine, ethylceliulose, gelatin,
hydroxypropyl celiulose, hvdroxypropyl methvlcellulose, lactose, magnesium stearate,
maltitol, mannitol, methiomne, methylecllulose, methyl paraben, microcrvstalline cellulose,
polyethylene glveol, polyvvinyl pyrrolidone, povidone, pregelatinized starch, propy! paraben,
retinyl palmitate, shellac, silicon dioxide, sodium carboxymethyl cellulose, sodnm citrate,
sodium starch glycolate, sorbitol, starch (com), stearic acid, sucrose, tale, titanivm dioxide,
vitanun A, vitamin E, vitamin C, and xylitol.

{1191}  FPharmaceutically acceptable salts: The present disclosure also comprises
phammaceutically acceptable salts of the compounds described herein. As used berein,
“pharmaceutically acceptable salts™ refers to derivatives of the disclosed compounds wherein
the parent compound is modified by converting an existing acid or base moiety to its salt
form {e.g.. by reacting the free base group with a suitable organic acid). Examples of
pharmaceutically acceptable salts comprise. but are not limited to, mineral or organic acid
salts of basic residues such as amines; alkali or organic salts of acidic residues such as
carboxvlic acids; and the hke. Representative acid addition salts comprise acetate, acetic acid,
adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzene sulfonic acid, benzoate,
bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate,
digluconate, dodecvisulfate, ethanesulfonate, fumarate, glucoheptonate, glycerophosphate,
hemisulfate. heptonate, hexanoate, hyvdrobromide, hydrochloride, hydrotodide, 2-hvdroxy-
cthanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate,

methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate,
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pamoate, pectinate, persulfate, 3-phenvipropionate, phosphate, picrate, pivalate, propionate,
stearate, succinate, sulfate, tartrate, thiocvanate, toluenesulfonate, undecanoate, valerate salts,
and the like. Representative alkali or alkaline earth metal salts comprise sodium, lithinm,
potassium, calcium, magnesium, and the like, as well as nontoxic ammonium, guaternary
ammonium, and amine cations, comprising, but not imited to ammonium,
tetramethylammonium, tetracthylammoniom, methviamine, dimethvlamine, trimethylamine,
tricthylamine, cthvlamine, and the like. The pharmaceutically acceptable salts of the present
disclosure comprise the conventional non-toxic salts of the parent compound formed, for
example, from non-toxic inorganic or organic acids. The pharmaceutically acceptable salts of
the present disclosure can be synthesized from the parent compound which contains a basic
or acidic moiety by conventional chemical methods. Generally, such salts can be prepared by
reacting the frec acid or base forms of these compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic solvent, or in a mixture of the two;
generally, nonaguecus media like ether, cthyl acetate, ethanol, isopropancl, or acetonitrile can
be used. Lists of suitable salts are found in Remington s Pharmaceutical Sciences, 17% ed.,
Mack Publishing Company, Easton, Pa., 1985, p. 1418, Pharmaceutical Sults: Properties,
Selection, and Use, P H. Stahl and C.G. Wermuth {eds ), Wiley-VCH, 2008, and Berge et al |
Journal of Pharmaceutical Science, 66, 1-19 (1977), the contents of which are cach
mcorporated herein by reference in their entireties, insofar as thev do not conflict with the
present disclosure.

{1192}  Pharmaceutically acceprable solvare: The term “pharmaceutically acceptable
solvate,” as used herein, means a compound of the present disclosure wherein molecules of a
suitable solvent are incorporated in the crystal lattice. A suitable solvent is physiologically
tolerable at the dosage administered. For example, solvates may be prepared by
crystallization, recrystallization, or precipitation from a solution that comprises organic
solvents, water, or a mixture thercof. Examples of suitable solvents are ¢thanol, water (for
example, mono-, di-, and tri-hydrates), N-methylpyreohidinone (NMP), dimethyl sulfoxide
(DMSO), NN -dimethylformamide (DMF), NN -dimethylacetamide (DMAC), 1,3-dimethyl-
2~imidazolidinone (DMEU), 1,3-dimethyl-3,4.5,6-tetrahydro-2-(1 H}-pyvrimidinone (BMPU),
acetonitrile (AUN]), propviene glyeol, ethyl acetate, benzyl alcohol, 2-pyrrolidone, benzyvl
benzoate, and the like. When water is the solvent, the solvate s referred to as a “hydrate.”
{1193}  Pharmacokinetic: As used herein, “pharmacokinetic” refers to any one or more

properties of a molecule or compound as it relates to the determination of the fate of
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substances adnunistered to a living orgamism. Phammacokinetics 1s divided into several arcas
comprising the extent and rate of absorption, distribution, metabolism and excretion. This is
commonly referred to as ADME where: {A} Absorption is the process of a substance entering
the blood circulation; (D)} Distribution is the dispersion or dissemination of substances
throughout the fluids and tissucs of the body; (M} Metabolism (or Biotransformation) is the
irreversible transformation of parent compounds into daughter metabolites; and (E) Excretion
{or Elimination} refers to the elimination of the substances from the body. In rare cases, some
drugs irreversibly accumulate in body tissue.

{11941  Physicochemical: As used herein, “physicochemical” means of or relating to a
physical and/or chemical property.

[1195]  Preventing: As used herein, the term “preventing” or “prevention” refers to
partially or completely delaying onset of an infection, disease, disorder and/or condition;
partially or completely delaying onset of one or more symptoms, features, or clinical
manifestations of a particular infoction, discase, disorder, and/or condition; partially or
compictely delaving onsct of one or more symptoms, features, or manifestations of a
particular infection, disease, disorder, and/or condition; partially or completely delaying
progression from an infection, a particular disease, disorder and/or condition; and/or
decreasing the risk of developing pathology associated with the infoction, the disease,
disorder, and/or condition.

{1196}  Frofiferate: Asused herein, the term “proliferate” means to grow, expand or
increase or cause to grow, expand or increase rapidly. “Proliferative” means having the
ability to proliferate. “Anti-proliferative” means having properties counter {o Or inapposite to
proliferative propertics.

{1197}  Prophyiactic. As used herein, “prophylactic” refers to a therapeutic or course of
action used to prevent the spread of discase.

[1198]  Prophviaxis: As used herein, a “prophyiaxis™ refers to a measure taken to maintain
health and prevent the spread of discase.

{1199]  Protein of intferest: As used herein, the terms “proteins of interest” or “desired
proteins” comprise those provided herein and fragments, mutants, vanants, and alterations
thereof.

{1200}  Proximal. Asused herein, the term “proximal” means situated nearer to the center

or to a point or region of interest.
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{1261}  Purified: As used herein, “purify,” “purified,” “purification” means to make
substantially pure or clear from unwanted components, material defilement, admixbire or
imperfection. “Purnified” refers to the state of being pure. “Purtfication” refers to the process
of making pure.

{1202]  Region: As used herein, the term “region” refers to a zone or general area. In
certain embodiments, when referring to a protein or protein module, a region may comprise a
hmear sequence of amino acids along the protein or protein wodule or may comprise a three-
dimensional area, an epitope and/or a cluster of epitopes. In certain embodiments, regions
comprise terminal regions. As used herein, the term “terminal region” refers to regions
located at the ends or termini of a given agent. When referring to proteins, terminal regions
may comprise N- and/or C-termint. N-termini refer to the end of a protein comprising an
amino acid with a free amine group. C-termint refer to the end of a protein comprising an
amino acid with a free carboxyl group. N- and/or C-terminal regions may there for comprise
the N- and/or C-termint as well as surrounding amino acids. In certain embodiments, N-
and/or C~terminal regions comprise from about 3 amino acid to about 30 anuno acids, from
about 5 amino acids to about 40 amino acids, from about 10 amino acids to about 50 amino
acids, from about 20 amino acids to about 100 amino acids and/or at least 100 amino acids. In
certain crmbodiments, N-ternunal regions may comprise any length of amino acids that
comprises the N-terminus but does not comprise the C-terminus. In certain embodiments, C-
terminal regions may compiise any length of amino acids, which comprise the C-terminus,
but do not comprise the N-terminus.

[1203]  In certain embodiments, when referring to a polvnucleotide, a region may comprise
a lincar sequence of nucleic acids along the polynucleotide or may comprise a three-
dimensional area, secondary structure, or tertiary structure. In certain embodiments, regions
comprise terminal regions. As used heremn, the term “terminal region” refers to regions
located at the ends or termint of a given agent. When referring to polynucleotides, terminal
regions may comprise 5° and 3° termini. 57 ternunt refer to the end of a polynucleotide
comprising a nucleic acid with a frec phosphate group. 3™ termini refer to the end of a
polynucleotide comprising a nucleic acid with a free hyvdroxyl group. 57 and 3° regions may
there for comprnse the 5” and 3 termini as well as surrounding nucleic acids. In certain
embodiments, 5 and 3” terminal regions comprise from about 9 nucleic acids to about 90
nucleic acids, from about 15 nucleic acids to about 120 nucleic acids, from about 30 nucleic

actds to about 150 nucleic acids, from about 60 nucleic acids to about 300 nucleic acids
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and/or at least 300 nucleic acids. In certain embodiments, 57 regions may comprise any length
of nucletc acids that comprises the 57 terminus but does not comprise the 37 terminus. In
certain crebodiments, 37 regions may comprise any length of mucieic acids, which comprise
the 37 ternunus, but does not comprise the 37 terminus.

{1204] RNA or RNA molecule: As used herein, the term “RNA” or “RNA molecule”™ or
“ribonucleic acid molecule” refers to a polymer of ribonuclestides; the term “DNA” or
“DNA molecule” or “deoxyribonucleic acid molecule” refers to a polymer of
deoxyribonucleotides. DNA and RNA can be svnthesized naturally, e.g., bv DNA replication
and transcription of DNA, respectively; or be chemically synthesized. DNA and RNA can be
single-stranded (i.e., ssRNA or ssDNA, respectively) or multi-stranded (e.g., double stranded,
1.¢., dsRNA and dsDNA, respectively). The term “mRNA” or “messenger RNA”, as used
herein, refers to a single stranded RNA that encodes the amino acid sequence of one or more
polypeptide chains.

{1203}  RNA interfering or RNAi: Asused herein, the term “RNA interfering” or “RNA
refers to a sequence specific regulatory mechamsm mediated by RNA molecules which
results i the inhibition or interfering or “silencing” of the expression of a corresponding
protein-coding gene. RNA{ has been observed in many types of organisms, comprising
plants, animals and fungi. RNAI1 occurs in cells naturally to remove foreign RNAs (e g., viral
RINAs}. Natural RNAI proceeds via fragments cleaved from free dsRNA which direet the
degradative mechanism to other similar RNA sequences. RNA! is controlled by the RNA-
induced silencing complex (RISC) and 15 initiated by short/small dsRNA molecules in cell
cvtoplasm, where they interact with the catalvtic RISC component argonaute. The dsRNA
molecules can be introduced into celis exogenously. Exogenous dsRNA imitiates RNAi by
activating the ribonuclease protein Dicer, which binds and cleaves dsRNAs to produce
double-stranded fragments of 21-23 base pairs with a few unpaired overhang bases on cach
end. These short double stranded fragments are called small interfering RNAs (siRNAs).
{1206]  Sample: As used herein, the term “sample” or “biclogical sample” refers to a
subset of its tissues, cells or component parts {e.g. body fluids, comprising but not limited to
blood, mucus, lymphatic fluid, synovial fluid, cerebrospinal fluid, saliva, amniotic fluid,
amniotic cord blood, urine, vaginal fluid and semen). A sample further may comprise a
homogenate, lvsate or extract prepared from a whole organism or a subset of its tissues, cells
or component parts, or a fraction or portion thereof, comprising but not lunited to, for

example, plasma, serum, spinal fluid, lymph fluid, the external sections of the skin,
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respiratory, intestinal, and genitourinary tracts, tears, saliva, milk, blood cells, tumors, organs.
A sample further refers to a medium, such as a nutrient broth or gel, which may contain
cellutar components, such as proteins or nucleic acid molecule.

{1207} Self~complementary viral particle: As used herein, a “self-complementary viral
particle” is a particle comprised of at least two components, a protein capsid and a
polynucleotide sequence encoding a self-complementary genome enclosed within the capsid.
[1208]  Sense Strand. As used herein, the term “the sense strand” or “the second strand” or
“the passenger strand” of a siRNA molecule refers to a strand that is complementary to the
antisense strand or first strand. The antisense and sense strands of a siRNA molecule are
hybridized to form a duplex structure. As used herein, a “siRNA duplex” comprises a siRNA
strand having sufficient complementarity to a section of about 10-30 nucleotides of the
mRNA of the gene targeted for silencing and a siRNA strand having sufficient
complementarity to form a duplex with the other siRNA strand.

[1209)  Short inferfering RNA or 5iRNA: As used herein, the terms “short interfering
RNA,” “small interfering RNA” or “siRNA” refer to an RNA molecule {or RNA analog)
comprising between about 5-60 nucleotides {or naclectide analogs) which is capable of
directing or mediating RNAI. In certain embodiments, a siRNA molecule comprises between
about 15-30 nucleotides or nucleotide analogs, such as between about 16-25 nucleotides {or
nucleotide analogs), between about 18-23 nucleotides {or nucleotide analogs), between about
19-22 nucleotides {or nucleotide analogs) (e.g., 19, 20, 21 or 22 nucleotides or nucleotide
analogs). between about 19-25 nucleotides {or nucleotide analogs), and between about 19-24
nucleotides {or nucleotide analogs). The term “short” stRNA refers to a siRNA comprising 5-
23 nuclestides, such as 21 nacleotides (or nucleotide analogs), for example, 19, 20, 21 or 22
nucleotides. The term “long™ siRNA refers to a siRNA comprising 24-60 nucleotides, such ag
about 24-25 nucleotides, for example, 23, 24, 25 or 26 nucleotides. Short siRNAs may, in
some instances, comprise fewer than 19 nucleotides, ¢.g., 16, 17 or 18 nucleotides, or as foew
as 5 nucleotides, provided that the shorter siRNA retains the ability to mediate RNAIL
Likewise, long siRNAs may, in some instances, comprise more than 26 nucleotides, ¢.g., 27,
28, 29, 30, 35, 40, 45, 530, 535, or even 60 nucleotides, provided that the longer siRNA retains
the ability to mediate RNA1 or translational repression absent further processing, €.g.,
enzymatic processing, to a short siRNA. siRNAs can be single stranded RNA molecufes (ss-
sikMNAs) or double stranded RNA molecules (ds-stRNAs) comprising a sense strand and an

antisense strand which hvbndized to form a duplex structure called siRNA duplex.
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{12106} Signal Sequences: As used herein, the phrase “signal sequences” refers to a
sequence which can direct the transport or localization of a protein.

{1211} Single umir dose: As used herem, a “single unit dose™ 1s a dose of any therapeutic
admnistered in one dose/at one time/single route/single point of contact, 1.e., single
administration event. In certain embodiments, a single unit dose is provided as a discrete
dosage form {e.g., a tablet, capsule, paich, loaded syringe, vial, etc ).

{1212} Similarity: As used herein, the term “simianty” refers to the overall relatedness
between polymeric molecules, e.g. between polynucleotide molecules {e.g. DNA molecules
and/or RNA molecules} and/or between polypeptide molecuoles. Caleulation of percent
similarity of polymeric molecules to one ancther can be performed in the same manner as a
calculation of percent wlentity, except that calculation of percent similanity takes mto account
conservative sabstitutions as is understood in the art.

11213}  Split dose: As used herein, a “split dose™ is the division of single unit dose or total
datly dose into two or morc doses.

{1214}  Swble: Asused herein “stable” refers to a compound that is sufficiently robust to
survive isolation to a useful degree of purity from a reaction mixture, and in certain
embodiments, capable of formulation into an efficacious therapeutic agent.

{1215}  Srabilized: As used herein, the term “stabilize”, “stabilized,” “stabilized region”
means to make or become stable.

{1216}  Subject: As used herein, the term “subject” or “patient” refers to any organism {0
which a composition in accordance with the present disclosure may be administered, e.g., for
experimental, diagnostic, prophylactic, and/or therapeutic purposes. Typical subjects
comprise animals {e.g., mammals such as mice, rats, rabbits, non-human primates, and
humans} and/or plants. The subject or patient may seek or need treatment, require treatment,
is receiving treatment, will receive treatment, or is under care by a trained professional for a
particular disease or condition.

{1217} Substaniiolly: As used herein, the term “substantially™ refers to the qualitative
condition of exhibiting total or near-total extent or degree of a characteristic or property of
interest. One of ordinary skill in the biological arts will understand that biclogical and
chemical phenomena rarely, if ever, go to completion and/or proceed to completeness or
achieve or avoid an absolute result. The term “substantially” is therefore used herein to
capture the potential lack of completencss inherent in many biological and chemical

phenomena.
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{1218}  Substantially equal: As used herein as 1t relates to time differences between doses,
the term means plus/minus 2%.

{1218} Substantially simultaneously: As used herein and as it relates to phurality of doses,
the term means within 2 seconds.

[1228]  Suffering from: An individual who is “suffering from™ a disease, disorder, and/or
condition has been diagnosed with or displays one or more symptoms of a disease, disorder,
and/or condition.

{12231 Susceptible ro: An individual who is “susceptible to” a discase, disorder, and/or
condition has not been diagnosed with and/or may not exhubit symptoms of the disease,
disorder, and/or condition but harbors a propensity to develop a disease or its symptoms. In
certain embodiments, an individual who is susceptible to a disease, disorder, and/or condition
(for example, cancer) may be characterized by one or more of the following: {1} a genetic
mutation associated with development of the disease, disorder, and/or condition; {2} a genctic
polymorphism associated with development of the disease, disorder, and/or condition; (3)
imcreased and/or decreased expression and/or activity of a protein and/or nucleic acid
associated with the disease, disorder, and/or condition; (4) habits and/or lifestyvles associated
with development of the discase, disorder, and/or condition; (5} a family history of the
disease, disorder, and/or condition; and {6) exposure to and/or infection with a microbe
associated with development of the disease, disorder, and/or condition. In certain
embodiments, an individeal who is susceptible to a disease, disorder, and/or condition wiil
develop the disease, disorder, and/or condition. In certain embodiments, an individual who is
susceptible to a disease, disorder, and/or condition will not develop the disease, disorder,
and/or condition.

{1222}  Sustained release: As used herein, the term “sustained release™ refersto a
pharmaceutical composition or compound relcase profile that conforms to a release rate over
a spectfic period of time.

{1223}  Synthetic: The term “synthetic” means produced, prepared, and/or manufactured by
the hand of man. Synthesis of polyvnucleotides or polypeptides or other molecules of the
present disclosure may be chemical or enzymatic.

{1224}  Tuorgeting: As used herein, “targeting” means the process of design and selection
of nucleic acid sequence that will hybridize to a target nucleic acid and induce a desired

cffect.

-334 -



WO 2020/150556 PCT/US2020/014000

{1228}  Targeted Cells: As used herein, “targeted cells” refers to anv one or more cells of
interest. The cells may be found i vitro, in vive, in sifu or n the tissue or organ of an
organism. The organism may be an animal, such as a mammal, a human, or a human patient.
{1226}  Terminal region: Asused herem, the term “ferminal region” refers to a region on
the 57 or 37 end of a region of linked nucleosides or amino acids (polynucleotide or
polypeptide, respectively).

{1227} Terminally oprimized: The term “terminally optimized” when referring to nucleic
acids means the terminal regions of the nucleic acid are improved in some way, e.g., codon
optimized, over the native or wild type ternmiinal regions.

{1228}  Therapeutic Agens: The term “therapeutic agent” refers to any agent that, when
administered to a subject, has a therapeutic, diagnostic, and/or prophylactic effect and/or
elicits a desired biological and/or pharmacological effect.

11229} Therapeuticaily effective amount: As used herein, the term “therapeutically
effective amount” means an amount of an agent to be delivered (e.g., nucleic acid, drug,
therapeutic agent, diagnostic agent, prophvlactic agent, efc.) that 1s sufficient, when
administered to a subject suffering from or susceptible to an infection, disease, disorder,
and/or condition, to treat, improve symptoms of, diagnose. prevent, and/or delay the onset of
the infection, disease, disorder, and/or condition. In certain cmboduments, a therapeutically
effective amount is provided in a single dose. In certain embodiments, a therapeutically
effective amount is administered in a dosage regimen comprising a phurality of doses. Those
skilled in the art will appreciate that in certain embodiments, a unit dosage form mayv be
considered to comprise a therapeutically effective amount of a particular agent or entity if it
comprises an amount that is effective when administered as part of such a dosage regimen.
{1230}  Therapeutically effective outcome. As used herein, the term “therapeuotically
cffective outcome™ means an outcome that is sufficient in a subject suftering from or
susceptible to an infection, disease, disorder, and/or condition, to treat, improve symptoms of,
diagnose, prevent, and/or delay the onset of the infection, disease, disorder, and/or condition.
{1231} Total daily dose: As used herein, a “total daily dose” is an amount given or
prescribed in 24-hour period. It may be adnumistered as a single unit dose.

{1232}  Tramsfection: As used herein, the term “transfection” refers to methods to
introduce exogenous nucleic acids mto a cell. Methods of transfection comprise, but are not

limited to, chemical methods, physical treatments and cationic lipids or mixtures.
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{12331  Treating: As used herein, the term “treating” refers to partially or completelv
alleviating, amecliorating, improving, relieving, delaying onset of, inhibiting progression of,
reducing severity of, and/or reducing incidence of one or more symptoms or features of a
particular infection, disease, disorder, and/or condition. For example, “treating” cancer may
refer to inhibiting survival, growth, and/or spread of a tumor. Treatment may be administered
to a subject who does not exhibit signs of a disease, disorder, and/or condition and/orto a
subjoct who exhibits only carly signs of a disease, disorder, and/or condition for the purpose
of decreasing the risk of developing pathology associated with the disease, disorder, and/or
condition.

{1234}  Unmodified: As used herein, “unmodified” refers to any substance, compound or
molecule prior to being changed in any way. Unmodified may, but does not always, refer to
the wild type or native form of a biomolecule. Molecules may undergo a series of
modifications whereby each modified molecule may serve as the “unmodified” starting
molecule for a subsequent modification.

{1238]  Vecror: As used herein, a “vector” is any molecule or moiety which transports,
transdaces or otherwise acts as a carrier of a heterologous molecule. Vectors of the present
disclosure may be produced recombinantly and may be based on and/or may comprise adenoc-
associated virus (AAV) parent or reference sequence. Such parent or reference AAY
sequences may serve as an original, second, third or subscquent sequence for engineering
vectors. In non-limiting examples, such parent or reference AAV sequences may comprise
any one or more of the following sequences: a polvaucleotide sequence encoding a
polypeptide or multi-polypeptide, which sequence may be wild-tvpe or modified from wild-
type and which sequence may encode full-length or partial sequence of a protein, protein
domain, or one or more subunits of a protein; a polynucleotide comprising a modulatory or
regulatory nucleic acid which sequence may be wild-type or modified from wild-tvpe; and a
transgene that may or may not be modified tfrom wild-tvpe sequence . These AAV sequences
may serve as either the “donor” sequence of one or more codons {at the nucleic acid level) or
amino acids (at the polypeptide level} or “acceptor” sequences of one or more codons (at the
nucleic acid level) or amino acids (at the polypeptide level}.

[1236]  Viral genome: As used herein, a “viral genome” or “vector genome” refers to the

nucleic acid sequence(s) encapsulated in an AAV particle.
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{1237}  Those skilled in the art will recognize or be able to ascertan using no more than
routine experimentation, many equivalents to the specific embodiments in accordance with
the present disclosure described herein. The scope of the present disclosure 1s not intended to
be limited to the above Description, but rather is as set forth in the appended claims.

{1238}  Inthe claims, articles such as “a,” “an,” and “the” may mean one or more than one
unless indicated to the contrary or otherwise evident from the context. Claims or descriptions
that comprise “or” between one or more members of a group are considered satisfied if one,
more than one, or all of the group members are present in, emploved in, or otherwise relevant
to a given product or process unless indicated to the contrary or otherwise evident from the
context. The present disclosure comprises embodiments in which exactly one member of the
group is present in, employed in, or otherwise relevant to a given product or process. The
present disclosure comprises embodiments in which more than one, or the entire group
members are present in, employed in, or otherwise relevant to a given product or process.
{12391 It s also noted that the term “compnising” 1s intended to be open and permits but
does not require the inclusion of additional elements or steps. When the term “comprising” 1s
used herein, the term “consisting of” is thus also encompassed and disclosed.

{1240]  Where ranges are given, endpoints are comprised. Furthermore, it 15 to be
wunderstood that unless otherwise indicated or otherwise evident from the context and
understanding of one of ordinary skill in the art, values that are expressed as ranges can
assume any specific value or subrange within the stated ranges in different embodiments of
the present disclosure, to the tenth of the unit of the lower limit of the range, unless the
context clearly dictates otherwise.

{1241} In addition, it is to be understood that any particular embodiment of the present
disclosure that falls within the prior art may be explicitly excluded from any one or more of
the claims. Since such embodiments are deemed to be known to one of ordinary skill in the
art, they may be excluded even if the exclusion is not set forth explicitly herein. Any
particular crabodiment of the compositions of the present disclosure {¢.g., anv antibiotic,
therapeutic or active ingredient; any method of production; any method of use; etc.) can be
excluded from any one or more claims, for any reason, whether or not related to the existence
of prior art.

{1242] It 1s to be understood that the words which have been used are words of description

rather than hmitation, and that changes may be made within the purview of the appended
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claims without departing from the true scope and spirit of the present disclosure in its broader
aspects.

{1243]  While the present disclosure has been described at some length and with some
particulanty with respect to the several described embodiments, it 1s not mitended that it
should be imited to any such particulars or embodiments or any particular embodiment, but
it is to be construed with references to the appended claims so as to provide the broadest
possible interpretation of such claims in view of the prior art and, therefore, to effectively
encompass the intended scope of the present disclosure.

{12441  All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. In case of conflict, the present
specification, comprising definitions, will control. In addition, section headings, the

matenals, methods, and examples are illustrative only and not intended to be limiting.
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VHL EXAMPLES

Example 1. Production of Source Rep/Cap BHCs (A

CP BEV Pool

{1245]  One vial of the S CB was thawed in a 125 mL shaker flask (37 °C using
waterbath, 1-5 munutes until ice crystals dissipate), and then diduted into 19-20 mL working
volume of Hyclone SFX Tasect Cell Culture Media. The shaker tlask was incubated at 27 °C
(135 rpm shaking, 0% v/v of CO2) in a first expansion (P0, 3-4 days) untdl the cell density of
the SY cell mixture was expanded 1o 4.0x10° cells/mL.

{1246]  The ccll mixture was then sceded and expanded through multiple additional
expansion steps using larger shaker flasks, with a target cutput density of 4.0x10° celis/mL
for cach expansion step to allow for a consistent seeding density of 0.5-1.5x10° cells/mL in
subsequent expansion steps. Expansions were completed at 27 °C for 3-5 days (0% v/iv of
CO) with 135 rpm shaking (< 2 L working vohurae) or 90 rpm shaking (> 2 L working
volume). The following additional expansions were completed: (1) expansion up to 200 mL
working volume m a 1.0 L flask; and (i1} expansion up to 1000 mL working volumena 3 L
flask.

{1247} A Rep/Cap Transfection Mixture was prepared by combining 5 ug of Rep/Cap
Bacmid material with 375 pLb of WFI water. The diluted Bacmid mixture was combined with
30 uL of Promega FeGENE HD (Transfection Agent) and an additional 345 pL of WF1
water, and then incubated at 27 °C for 15 minutes to provide a Transfection Cocktail.

[1248] 25 mL of expanded SO cell mixture was seeded into a 125 mL flask (1.0x10°
cells/mL seeding concentration) and expanded fo a target infection density of 2.5-4.0x10°
celis/mL. The Transfection Cocktail was added to the 125 mL flask and mcubated at 27 °C
for 5-7 days {0% v/v of COa, 135 rpm agitation). The resulting mixture was centrifuged in 50
mkL conical tubes for 5 minutes, and the supematant containing P1 BEVs was collected and
pooled with other P1 BEV supematants. The P1 BEV pool was stored at 5 °C,

{1249 Expanded 19 cell mixture was seeded into a Cellstar 6-well Cell Polystyrene
Culture Plate (2 mL per well, 0.5-1.0x10° celis/ml seeding concentration) with gentle
rocking to evenly distribute cells, followed by incubation at 27 °C for 90 minutes (0% v/v of
C0s, 0 rpm agitation}. P1 BEVs were serial diluted with Hyelone SFX Insect Cell Culture
Media to a target dilution of 1.0x107 BEVs/mL, and then 1 mL of diluted P1 BEV mixtare
was added to cach well with gentle rocking to evenly distribute P1 BEVs. The infection

mixture was incubated at 27 °C for 90 mmutes (0% v/v of CO:z, O rpm agitation).
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[1286]  Agarose gel was prepared by combining 4% w/v agarose 113 with Life
Technologies S£-900 Medium overlay (melt agarose at 70 °C, cool to 37 °C for combination).
2 L of Agarose Overlay was then added to cach well, and the plates were maintained at
room temperature for 15-20 minutes for the agarose gel o harden. Overlaid plates were then
incubated at 27 °C for 5-14 days (0% v/v of CO2, 0 rpm agitation} until plaque formation was
cbserved. Plagues in cach well were processed through testing and Plague Picking to provide
a single Plaque for Clonal Plaque Purification (i.¢. Single Plaque Expansion). The Single
Plaque was expanded using SO cell mixture and incubated at 27 °C for 3-3 days (0% v/v of
COn, 0 rpm agitation). The resulting CP1 BEVs were harvested using centrifugation in 50 mL
conical tubes for 5 minutes and collection of supernatant containing CP1 BEVs into a CP1
BEV pool.

BEY Infection/BIIC Production

{1251} 519 cell mixture was seeded and expanded through multiple expansion steps using
larger shaker flasks, with a target output density of 4.0x10° cells/mL for cach ¢xpansion step
to allow for a consistent seeding density of 0.5-1.0x10° cells/mL in subsequent expansion
steps. Expansions were completed at 27 °C for 3-5 days (0% v/v of €02} with 135 rpm
shaking (<2 L working vohume} or 90 rpm shaking > 2 L working volume). The following
cxpansions were completed: (i) cxpansion up to 200 mL working volume in a 1.0 L flask; (1)
expansion up to 1000 mL working volume in a 3 L flask; and (111} expansion up to 2500 mL
working volume in a 5 L flask, with a final output density of 2.0x10° cells/mL.

[1252] 200 mL of expanded S9 cell mixture was sceded into a 1.0 L flask (1.0x10°
cells/mL seeding density) and expanded to a viable infection cell density of = 2.0x10°
cells/mL, and then infected with .01 MOI of CP1 BEV. Infected cells were then incubated
and expanded at 27 °C for 48-80 hours (0% v/v of CO», 135 rpm) until cells reach >2.0x10°
cells/mL (VCD), > 16.5 um cell diameter and 2 75% cell viability. The infected cells were
harvested by spinning down (polypropylene centrifuge tubes, 5 min) and resuspending the
cell pellet at 4.0x107 cells/mL in Hyclone SFX Insect Cell Culture Media, followed by the
addition of 300 oM Trehalose, 14% v/v of DMSO, and additional SFX Culture Media to
provide target VCD of 2.0x10° cells/mL. Rep/Cap Source BIICs were aliquoted into 2 mL or
5 mE crvovials and frozen down to <-65 °C using control rate freezer, and then stored at -80

°C or in LNz vapor.
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Example 2. Production of Source Transgene BIICs {A)

{1253]  Transgene Source BICs were produced according to Example 1, with Transgene
Bacoid material used for P1 BEV production instead of Rep/Cap Bacmid material.
Example 3. Production Source Rep/Cap BICs (B)

CP BEV Pool

{1254}  One vial of the 59 B was thawed in a 125mb shaker flask (37 °C using

waterbath, 1-3 minutes until ice crystals dissipate), and then diluted into 40 mb working
volume of Hyclone SFX Tnsect Cell Culture Media. The shaker tlask was incubated for a first
expansion (PO, 3-4 days} until the cell density of the 59 cell mixture was expanded to
4.0x10° cells/mL.

{1255}  The culture was then seeded and expanded through multiple additional expansion
steps using larger shaker flasks, with a target output density of 4.0x10° cells/mL for each
expansion step to allow for a consistent seeding density of 0.5-1.0x10° cells/mL in
subseguent expansion steps. Expansions were completed at 27°C for 3-5 days and conprised:
{1} expansion up to 200 mL working volume in a 1.0L flask {(P1}; and (it} expansion up to
1000 mL working volume in a 3L flask (P2).

{1256} A Rep/Cap Transfection Mixture was prepared by combining 30 ug of Rep/Cap
Bacoud material with 0.6 mL of ThermoFisher Grace’s Insect Media (Transfection Media).
The diluted Bacmid mixture was combined with 30 pl of ThermoFisher Cellfectin T
Reagent (Transfection Agent} and an additional 0.6 mL of Transfection Media, followed by
incubation at 18-23 °C for 25-35 minutes, and then turther ditution with 4.8 mL of
Transfection Media to provide a Transfection Cocktail,

{12577 60 mL of expanded Sf9 cell muxture was seeded into a 125 mL flask and expanded
up to 1.0x10° cells/mL seeding concentration. The S£9 cell mixture was then seeded into a 6-
well Cell Culture Plate (2 mL per well, 1.0x10° cells/mL seeding concentration). 1 ml of
Transfection Cocktail was added to each well, and the plate was mcubated at 27 °C for 4-5
hours. 2 mL of Hyclone SFX Insect Cell Culture Media was added to each well, and the
plates were then incubated at 27 °C for 3-4 days. The resulting mixtures were centrifuged in
50 mL conical tubes for 5 minutes, and supernatant contaimng P1 BEVs was collected and
pooled with other P1 BEV supematants. The P1 BEV pool was stored at 4-8 °C.

{1258] Expanded 519 cell mixture was seeded into a 6~well Cell Culture Plate (2 mL per
well, 0.5-1.0 cells/ml seeding concentration) with gentle rocking to evenly distribute cells,

followed by incubation at 27 °C for 90 minutes. P1 BEVs were serial diluted with Hyclone
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SFX Insect Cell Culture Media to a target dilution of 1.0-3.0x10” BEVs, and then 1 mL of
diluted P1 BEV mixture was added to each well with gentle rocking to evenly distribute P1
BEVs. The mfection mixture was incubated at 27 °C for 90 minutes.

[1253]  Agarose gel was prepared by combining 4% w/v agarose 1:3 with Life
Technologies S£-900 Medium overlay. Agarose Overlay was added to each well, and the
plates were maintained at room temperature for 15-20 minutes for the agarose gel to harden.
Overlaid plates were then incubated at 27 °C for 10 days umtil plague formation was
observed. Plagues in each well were processed through testing and Plague Picking to provide
a single Plaque for Clonal Plaque Purification (i.e. Single Plague Expansion). The Single
Plague was expanded using S9 cell mixture of 120 mL pools in 500 mL flask, with
meubation at 27 °C for 4 davs. The resulting CP2 BEVs were harvested using centrifugation
in 50 mL conical tubes for 5 minutes and collection of supernatant containing CP2 BEVs into
a CP2 BEV pool.

BEV Infecrion/BIC Production

{1260  SI9 cell mixture was sceded and expanded through multiple expansion steps up to
3000 mL working volume in a 5L flask, with a final infection density of 1.0x10° cells/mL.
The expanded S9 cell mixture was then infected with 0.01 MOL of CP2 BEV . Infected cells
were incubated and expanded at 27 °C for 48-36 hours, then harvested by spinning down
{(polypropylene centrifuge tubes, 5 min) and resuspending the cell pellet at 2.0x107 cells/mL
in Hyelone SFX Insect Cell Culture Media, followed by the addition of 300 mM Trehalose,
14% v/v of DMSQ, and additional SFX Culture Media to provide target VCI of 2.0x10°
cells/mL. Rep/Cap Source BIHCs were aliquoted into 2 mL or 3 mL crvovials and frozen

down to < -65 °C using control rate freczer, and then stored at -80 °C or in LN2 vapor.

Example 4. Production of Source Transegene BUCs (B

{1261}  Transgene Source BHCs were produced according to Example 3, with Transgene
Bacmid material used for P1 BEV production instead of Rep/Cap Bacoud material.
Example 3. Production of Infection BUCs from Source BUCs

{1262}  One vial of SO 984 CB was thawed in a 125mL shaker flask (37 °C using

waterbath, 1-3 minutes until ice crystals dissipate), and then diluted into 20 mL working
volume of ESF-AF culture mediom. The shaker flask was incubated at 27 °C (100 rpm

shaking, 2-inch orbital diameter) in a non-humidified, ambient air, temperature regulated
incubator in a first expansion until the cell density was expanded to between 5.0-8.0x10°

cells/ml.

342 -



WO 2020/150556 PCT/US2020/014000

{1263}  The culture was then seeded and expanded through multiple additional expansion
steps using larger shaker flasks, with a target output density of 5.0-8 0x10° cells/mL for each
expansion step to allow for a consistent seeding density of 1.0-1.5x10° cells/mL in
subsequent expansion steps. Expansions were completed at 27°C for 3-5 days with 100 rpm
shaking (<2 L working volume} or 80 rpm shaking (> 2 L working volume).

{1264]  The following additional expansions were completed: (i) expansion up to 100 mL
waorking volume in a 500mb flask; (i) expansion up to 400 ml working volume ina 1.0L
flask; {111} expansion up to 1500 mL working volume in a 3L flask; and (iv) expansion up to
2500 ml. working volume in each of two 3L Production Flasks (Rep/Cap Production Flask
and Transgene Production Flask}.

{1265]  The Rep/Cap Production Flask was incubated until cell concentration was
expanded to 1.8-2.5x10° cells/mE. and was then infected with Rep/Cap Scurce BIC
(S£9:BHIC Infection Ratio of 1.0 x10* celi-to-cell (o/e), equivalent to 1.0x10° (vA) infoction
ratio). The mfected cells were incubated for 72 hours (target cell diameter of > 19.0 pm, cell
culture density target of > 3 0x10° celis/mL), and then harvested by spinning down
{polypropylene centrifuge tubes, 5 min at 4.0 °C) and resuspending the cell pellet at 2.0x107
cells/mL in 50% 2x Freezing media (858 mL/L of ESF-AF Media, 140 mi/L of Dimethyl
Sulfoxide, 113 mL/L of Trehalose, dihydrate) and 50% ESF-AF Media. The resuspended
culture of Rep/Cap Infection BHCs was aliquoted into 2 mL or § mL eryovials and stored in
LN vapor.

[1266]  The Transgene Production Flask was incubated until cell concentration was
expanded to 1.8-2.5x10° cells/mL and was then infected with Transgene Source BIIC
(S£9:BHC Infection Ratio of 1.0 x10* celi-to-cell {c/c), equivalent to 1.0x10° v/v infection
ratio}. The mfected cells were incubated for 96-1060 hours (target cell diameter of > 19.0 pm,
cell culture density target of > 3.0x10° cells/mL), and then harvested by spinning down
(polypropylene centrifuge tubes, 5 min at 4.0 °C) and resuspending the cell pellet at 2.0x107
cells/mL in 50% 2x Freezing media (858 mL/L of ESF-AF Media, 140 mbL/L of Dimethyl
Sulfoxide, 113 mL/L of Trehalose, dihvdrate) and 50% ESF-AF Media. The resuspended
culture of Transgene Infection BIICs was aliquoted into 2 mL or 5 mL cryovials and stored in
LNz vapor.

Example 6 Upstream — Production of Bulk Particle Pool (A}

{1267}  Onc vial of the St9 94 CB was thawed in a 125m1 shaker flask (37 °C using

waterbath, 1-3 minutes until ice crystals dissipate), and then diluted into 20 mL working
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volume of ESF-AF culture medium. The shaker flask was mncubated at 27 °C (130-150 rpm
shaking, 25mm orbital diameter) for about 48 hours in a non-hamidified, ambient air,
temperature regulated meubator in a first expansion untd the cell density was expanded to
between 5.0-8 0x10° cells/mL.

{1268]  The culture was then sceded and expanded through multiple additional expansion
steps using larger shaker flasks, with a target output density of 5.0x10°%1.0x107 cells/mL for
each expansion step to allow for a consistent target seeding density of 1.0-1.5x10° cells/mL in
subseqguent expansion steps. Expansions were completed at 27 °C for 3-5 days with 130-
150rpm shaking (< 400 mL working volume} or 100-120 rpm shaking (> 400 mL working
volume).

{1269]  The following additional expansions were completed: (1) expansion up to 100 mL
working volume in a 250 or 500 mL flask; (i1) expansion up to 400 mL working volume in a
1.0 L flask; (111} expansion up to 1500 mL working volume m a 3 L flask; and (iv) expansion
up to 2500 mL working volume in each of two 5 L flasks (5000 mL total working volume).
{1278} The expanded culture mixture was transferred to a 50 L GE WAVE bioreactor
{0.25 mE/min fixed air sparge, oxvgen on demand up to 40% dissolved Oz, 20 rpm rocking,
9% rocking angle, 230 mEL/min air inlet) for an additional expansion (3-5 days at 27 °C) up to
a 25 L working volume with a target output density of 5.0-8.0x10° cefls/mL. The culture
mediam was then seeded into a stirred-tank GE Xeelerax Bioreactor (68 rpm agitation,
0.5mi/min fixed air sparge, cascading oxvgen on demand up to 40% dissolved Ga,
0.5mL/min headspace flow rate), and expanded (N-1 Bioreactor step, 2-3 days at 27 °C)up to
a 123 L working volume with a target output density of 1.5-2.0x10° cells/mL.

{1271}  The culture mixture was seeded into a single-use Production Bioreactor with a
seeding density of 0.8-1.5x10° cells/mL and 200 L working volume. The culture medium was
further cxpanded in the Bioreactor (6 W/m® impefler, 0.8mL/min fixed air sparge, cascading
oxyvgen on demand up to 40% dissolved (2, 0.8mL/min headspace flow rate) up to 3.0~
3.2x10° cells/mL in a 200 L working volume.

{1272}  The cells in the Bioreactor were then co-infected with Rep/Cap Infection BHCs
{1:250k v/v) and Transgene Infection BIICs (1:80k v/v). Infected cells were incubated for
144 hours (6 days) and the bulk harvest was collected for lysis and processing throngh
Downstream processing.

{1273}  Samples were taken through each of the expansion and bioreaction steps to

momitor cell density and viability throughout the upstream process.
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[1274]  In one alternative, the expansion Bioreactor was a Pall 200 L Allegro Bioreactor
maintained as 35 rpm agitation, 1.3 mL/min fixed air sparge, cascading oxygen on demand
up to 40% dissolved Oz, and 0.8m{/min headspace flow rate.

{1275]  n one altermmative, the processing parameters for the Production Bioreactor were 41
agitation rpm {pre-infection), 51 agitation rpm {post-infection), 2.5 mL/min fixed air sparge,
cascading oxygen on demand up to 40% dissolved Oq, and 1.2 mL/min headspace flow rate,
with a target expansion up o 3.2-3.4x10° cells/mL in a 200L working volume.

{1276} In one alterative, the expanded culture mixture was transferred to a Pall Allegro
XRS 251 Bioreactor for an additional expansion (25 ¢pm agitation, cascading oxygen on
demand up to 40% dissolved O, 0.3 mL/min fixed air sparge, 0.5mL/min headspace flow rate
3-5 days at 27 °C) up to a 10 L working volume with a target output density of 5.0x10°-
1.0x107 cells/mL.

{1277} Inone alternative, the N-1 bicreactor was a Pall 1251 Allegro Bioreactor (45 rpm
agitation, cascading oxygen on demand up to 40% dissolved Oz, 0.8 L/min air overlay, 27 °C
vessel temp, 1.3 L/min Oz flow rate) with a target output density of 3.0x10%-1.0x107
celis/mL.

{1278}  In one alternative, the N production bisreactor was a PD 200L Allegro Bioreactor
{60 rpm agitation, cascading oxygen on demand up to 40% dissolved Oo, 1.2 L/min air
overiay, 27+1 °C vessel temp, 2.5 L/min (s flow rate}. The culture mixture was seeded into
the Production Bioreactor with a target seeding density of about 1.0x10° cells/mL and 200 L
working volume. The culture medium was further expanded in the Bioreactor up to about
3.2x10% cells/mL in a 200 L working volume. The cells in the Bioreactor were then co-
infected with Rep/Cap Infection BIICs (1:300k v/v} and Transgene Infection BHCs {1:100k
v/vy. Infected cells were incubated for 168 hours (7 days). Post-infection, the bioreactor
conditions were adjusted as follows: 70 rpm agitation, cascading oxygen on demand up 1o
40% dissolved Oz, 1.2 L/man aiv overlay, 27 °C vessel temp, 3.0 L/min O2 flow rate. The bulk
harvest was collected for lysis and processing through Downstream processing.

{12731  One vial of the $9 94 CB was thawed in a 125mL shaker flask (37 °C using
waterbath, 1-5 minutes ontil ice crystals dissipate), and then diluted into 20 mE working
volume of ESF-AF culture mediom. The shaker flask was incubated at 27 °C (100 rpm

shaking, 2-inch orbital diameter) in a non-humidificd, ambient air, temperature regulated
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incubator in a first expansion until the cell density was expanded to between 5.0-8 0x10°
cells/mL.

{1280}  The culture was then seeded and expanded through multiple additional cxpansion
steps using larger shaker flasks, with a target output density of 4.0-5.0x10° cells/mL. for each
expansion step to allow for a consistent seeding density of 0.5x10° cells/mL in subsequent
expansion steps. Expansions were completed at 27 °C for 3-5 days with 100 rpm shaking (<2
L working volume) or 80 rpro shaking (> 2 L working volume).

{1281}  The following additional expansions were completed: (1) expansion up to 200 mL
working volume m a 1 L flask; (i) expansion up to 1000 mL working volume mn a 3 L flask;
and (i1t} expansion up to 3000 mL working volume in 5 L flasks.

[1282] 5 L of expanded culture mixture was spiked with 10% w/v Pluronic F-68 {2.045
v/v spike), which was then transferred to a 50 L GE WAVE bioreactor {0.25 mL/min fixed
air sparge, oxvegen on demand up to 40% dissolved O, 20 rpma rocking up to 9° angle) foran
additional expansion (3-5 days at 27 °C) up to a 25 L working volume with a target output
density of 3.0x10° cells/mL.

{1283}  The culture medium was spiked again with 10% w/v Phuronic F-68 {2.045 v/v
spike) and then seeded into a GE 250 L Xcellerax Bioreactor with a seeding density of
0.8x10° cells/mL and 125 L working volume (Hyclone SFX Insect Cefl Culture Media). The
culture medivm was expanded in the Bioreactor for 2-4 days (cascading oxygen on demand
up to 40% dissolved Oo, T L/min air overday, 27 °C vessel temp, 60 °C vent heater terap,
downward mixer direction of 80 rpm) up to 3.0x10° cells/mL n a 200L working volume.
[1284]  The cells in the Bioreactor were then co-infected with Rep/Cap Infection BHCs
and Transgene Infection BHCs (1:1 BIIC ratio, 5.0 x10% SFO:BIC ratio). Infected cells were
meubated for 5-7 davs and the bulk harvest was collected for lyvsis and processing through
Downstream processing.

{1285}  Samples were taken through each of the expansion and biorcaction steps to
monitor cell density and viability throughout the upstream process.

{1286]  One vial of the 89 94 CB was thawed in a 125mL shaker flask (37 °C using
waterbath, 1-5 minutes ontil ice crystals dissipate), and then diluted into 20 mE working
volume of ESF-AF culture mediom. The shaker flask was incubated at 27 °C (100 rpm

shaking, 2-inch orbital diameter) in a non-humidificd, ambient air, temperature regulated
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incubator in a first expansion until the cell density was expanded to between 5.0-8 0x10°
cells/mL.

{1287} The culture was then seeded and expanded through multiple additional cxpansion
steps using larger shaker flasks, with a target output density of 4.0-5.0x10° cells/mL for each
expansion step to allow for a consistent seeding density of 0.5x10° cells/mL in subsequent
expansion steps. Expansions were completed at 27 °C for 3-5 days with 100 rpm shaking (<2
L working volume) or 80 rpro shaking (> 2 L working volume).

[1288]  The following additional expansions were completed: (1) expansion up to 200 mL
working volume m a 1 L flask; (i) expansion up to 1000 mL working volume mn a 3 L flask;
and (i1t} expansion up to 3000 mL working volume in 5E flasks.

[1289] 5 L of expanded culture mixture was spiked with 10% w/v Pluronic F-68 {2.045
v/v spike), which was then transferred to a 50 L GE WAVE bioreactor {0.25 mL/min fixed
air sparge, oxvegen on demand up to 40% dissolved O, 20 rpma rocking up to 9° angle) foran
additional expansion (3-5 days at 27 °C) up to a 25 L working volume with a target output
density of 3.0x10° cells/mL.

{1293}  The culture mediom was spiked again with 10% w/v Pluronic F-68 (2.5 v/v spike)
and then seeded into a Thermofisher 250 L HyPerforma Bioreactor with a seeding density of
1.0-2.0x10° cells/mL and 125 L working volume (Hyclone SFX Insect Cell Calture Media).
The culture medium was expanded in the Bioreactor for 2-3 days (cascading oxvgen on
demand up to 40% dissolved 82, .25 L/min air sparge, 7 L/min air overlay, 27 °C vessel
temp, 65 °C vent heater temp, 60 rpm mixer) up to 2.5-2.75x10° celis/ml in a 200 L working
volume.

{1291}  The cells in the Bioreactor were then co-infected with Rep/Cap Infection BHCs
{1:250k v/v) and Transgene Infection BUCs (1:50k v/v). Infected cells were incubated for 1-2
days and the bulk harvest was collected for lysis and processing through Downstream
processing,

{1292}  Samples were taken through cach of the expansion and bioreaction steps to
monitor cell density and viability throughout the upstream process.

Example 9. Downstream — Cell Lysis

{1293}  Chemical Lysis was initiated on the bulk harvest in the Production Bioreacior by
adding 0.2 M Arginine HCl (pH 7.5, 11.43% v/v), followed by 10% Triton X-100C surfactant
(2.86% viv, for 0.25% w/v Triton X-100 in final lysis mixture), followed by Benzonase

nuclease {Grade 1, 99% pure, 10 U/mL), and finally 2 M Tris Base to provide a byvsis pH of

-347 -



WO 2020/150556 PCT/US2020/014000

6.9-7.1 The lysis mixture was held at 37 °C for 4.0-6.0 hours at 6 W/m® agitation, wntil a
crude lysate pool was generated. The crude lysate pool was be brought to room temperature
and aseptically sampled prior to further processing.

{1294]  n one altemmative, Chemical Lysis wags mitiated on the 200 L bulk harvest in the
Production Bioreactor by adding 0.2 M Arginine HCI (pH 7.5, 11.43% v/v), followed by 10%
Triton X-~100 surfactant (5.3% v/v, for 0.5% w/v Triton X-100 in final bysis mixture) to
provide a lvsis pH of 6.8-7.3. The lysis mixture was held at 27°C for 4.0-6.0 hours at 6 W/m®
agitation, until a crude lysate pool was generated.

{1295]  In one alternative, chemical lysis was mitiated on the bulk harvest in the
Production Bioreactor {225 L working volume) by adding 2M Tris Base to provide a lysis pH
of 6.9-7.1, followed bv adding 0.2M Arginime HCH (pH 7.5, 30 kg of 1.18 kg/L), then
Sartorius Denarase nuclease (3 U/mL), and finally 20% Triton X-100 sarfactant in PBS
backeround {3.25% kg of 1.00kg/L). The lysis mixture was held at 37 °C for 3-4 hours at 60
rpm agitation, until a crude lvsate pool was generated.

{12961  In one altemative, chemical lvsis was imtiated on the bulk harvest in the
Production Bioreactor by adding 10% Triton X-100 sarfactant (2.57% v/v spike), followed by
Benzonase nuclease (Grade 1, 99% pure, 10 U/mL). The lysis nixture was held at 37 °C for
6-12 hours with agitation, until a crude lysate pool was generated.

{1297}  Inone alternative, 0.5M Arginine or Arginine HCl is used in place of 0.2M
Arginine HCL

Example 10. Downstream — Depth Filiration

[1298] A crude lvsate pool from Chemical Lysis was processed through Depth Filtration
asing an EMD Millipore Millistak™ POD filter (DOHC media series) (< 250 L/m” load
challenge, 150-200 LMH load flux) with a differential pressure of less than 30 psid and an
mlet pressure of less than 50 psig. A filter recovery flush using 20mM soduum phosphate, 350
mM sodium chlornde and 0.001% w/v Pluronic F-68 (mixture pH of 7.4) was passed through
the depth filter, with the flushed recovery being added to the depth filterad pool.

{1299}  Inone altemative, the crude lvsate pool from Chemical Lysis was processed
through Depth Filtration using an EMD Millipore Millistak™ POD filter (COSP media series)
(< 250 L/m” load challenge).

{1308] 1o one alternative, the recovery flush (10-20 L/m? load challenge, 150-200 LMH

load flux) used 50 mM sodium phosphate, 350 mM sodium chioride and 0.001% w/v
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Pluronic F-68 {mixture pH of 7.4). In one altemative, the recovery flush (9-12 L/m? load
challenge)} used PBS.

Exanmple 11, Downstream — 0.2 um Filtration

[1301] A depth filtered pool from Depth Filtration was processed through 0.2 jum
Filtration using an EMD Millipore Express SHC X110 0.5/0.2 um filter (<250 L/m? load
challenge, 300 LMH load flux) with a differential pressure of less than 72.5 psid, an inlet
pressure of fess than 80 psig and a back pressure of less than 29 psig. A filter recovery flush
using 20mM sodium phosphate, 350mM sodium chloride and 0.001% w/v Pluronic F-68
{mixture pH of 7.4} was passed through the 0.2 um filter, with the flashed recovery being
added to the 0.2pum filtered pool. The resulting 0.2 pum filtered pool is spiked with 5 M Na(l
{7.0-7.5% viv) and held for 1-2 davs to form a clarified lysate pool. The clarified ysate pool
was stored at 2-8 °C.

{1362}  Inone altemnative, the 9.2 pm Filtration used a Sartorius Sartopore 2XLG, (0.8/0.2
un filter with a 300 L/m” ioad challenge. In another alternative, the 0.2pm Filtration
comprised a recovery flush using 50 mM sodium phosphate, 350 mM sodium chlonde and

0.001% w/v Pluronic F-68 (muxture pH of 7.4},

Example 12 Downstream — Affinitv Chromatography

{1303} A claritied lysate pool from Depth Filtration and 0.2 pm Filtration was processed
through Affinity Chromatography (AFC) using a GE AVB Sepharose HP column resin (3.0-
3.5 L colomn volume). The column resin was equilibrated (3-7 column volumes (CV), 150
cm/br) with a mixture of 20 mM sodium phosphate, 350 mM sodium chloride and 0.001%
w/v Phuronic F-68 (mixture pH of 7.4}. The colurnn resin was then loaded with the clarified
bysate pool (< 5.0x10"° VG/mL-r load chalienge) at 18-25 °C, and then flushed (1-3 CV, 150
cm/hr) with a mixture of 20 mM sodium phosphate, 350 mM sodium chioride and 0.001%
wiv Pluronic F-68 (mixture pH of 7.4). This was followed by a first wash of the columu resin
(5 CV, 150 cm/hr} with a mixture of 20 mM sodium citrate, 1M sodium chloride and 0.001%
wiv Pluronic F-68 (mixture pH of 6.0); and a second wash of the column resin (5 CV, 150
cm/br) with a mixture of 10mM sodium citrate, 350 mM sodium chloride and 0.001% wiv
Pluronic F-68 {mixture pH of 6.0}. The filtered product was then eluted from the column
resin (2-3 CV, 150 co/hr) using a mixture of 20 mM sodium citrate, 350 mM sodiom
chioride and 0.001% w/v Pluronic F-68 {mixture pH of 3.0}, with a target elution pool of 2.5-

3.0CV.
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[1364]  The resulting clution pool was neutralized with 0.5 M Tris Base and 0.001% w/iv
Pluronic F-68 (8-12% v/v, target final pH of 8.0}. The neutralized elution pool was then
processed through 0.2 um Filtration using an EMD Millipore Express SHC XL6000 0.5/0.2
wm filter (< 1600 L/m? load challenge, < 30 psi, <400 L/m*/hr flow rate}, resulting in an
AFC pool (also referred to as an AVB pool} with a working pool vohume 0f 8.5-8.0 L.
{1305]  Inone altemative, the clarified lysate pool was spiked with 5 M Na{l (7.53% v/v})
before being processed through Affuuty Chromatography.

[1306] Inone aliemative, the column resin was equilibrated (5-7 CV, 150 cm/hr) and
flushed (2 CV, 130 cm/hr) with a mixture of 50 mM sodium phosphate, 350 mM sodium
chloride and 0.001% w/v Pluronic F-68 {nuxturc pH of 74}

{1307} 1o one alternative, the column resin was not flushed before the first and second
wash steps.

{1308}  In one altemnative, the resulting clution pool was neutralized with 2 M Tris Base
and 0.001% w/v Pluronic F-68 (3.0% v/v spike, target final pH of 8.0-8.5).

{13091  In one altemative, the clarificd lvsate pool was processed through AFC using
Poros AAVX or Poros AAVY resing, with glycine used for elution in place of citrate. In one
akternative, the wash solution comprised 150 mM sodium chloride mstead of 350 mM sodium
chloride. In one altemative, the wash solution comprised 0 M sodium chloride instead of
350 mM sodium chloride.

{1318}  In one altemative, the clarified lysate pool was processed through AFC using
Poras AAVY resins (< 5.0x10Y YG/mL-r load challenge, 4-mimute residence), with a first
wash as disclosed above and a second wash which comprised a mixtore of 50 mM sodium
citrate, 350 mM sodium chloride and 0.001% w/v Plaronic F-68 (mixture pH of 5.5),
followed by an elution mixture which comprised 200mM glycine (pH 2}.

{1311}  Tn one alternative, glycine was used for elution in place of citrate. In one
alternative, the wash solution comprised 150 mM sodium chlonde instead of 350 mM sodium
chloride. In one alternative, the wash solution comprised 0 mM sodium chloride instead of
350 mM sodium chloride.

{1312]  In one altemative, the clarified lvsate pool was processed through hyvdrophobic
mteraction chromatography (HIC) under the following conditions: Target Run Load of 5%
bulk AAV drug product in 2M Ammonium Sulfate, 0.001% Fé8, pH 7; Target Load
Challenge of about 2.5-10.0 x 10** vg/mL-r; Equilibration with 2M Armmonium Sulfate, 50

mM Tris, .001% F68, pH 7.75; and Elution with 250 mM Ammonium Sulfate, 50 mM Tos,
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D01% Fo68, pH 7.75. In one alternative, the clarified lysate pool was processed through
hydrophobic interaction chromatography (HIC) under the following conditions: Target Run
Load of 5% bulk AAVY drug product in 1M Amunonium Sulfate, 0.001% F68, pH 7; Target
Load Challenge of about 2.5-10.0 x 10" vg/mL-r, Equilibration with 1M Ammoniam
Sulfate, 50 mM Tris, .001% F68, pH 7.75; and Elution with 250 mM Ammonium Sulfate, 50
mM Tris, .001% Fo68, pH 7.75. The HIC resins used were Tosoh PPG 600M, Tosoh Phenyl
650M, Tosch Butyl 650M, or Poros Benzyl HIC,

Example 13. Downstream — fon-Exchange Chromatography

{13131 A neutralized AFC/AVB pool was processed through Anion-Exchange
Chromatography (AEX) using a Sartorius Sartobind Q Membrane (130 mL membrane
volume, bind-and-~clute mode}. The AEX membrane was equilibrated (20 membrane volumes
MV}, 5-7 MV/min) with a first mixture of 20 mM Tns, 2 M sodium chloride and 0.001%
wiv Pluronic F-68 (mixture pH of 8.0}, and then a second mixture of 20 mM Tris, 100 mM
sodium chioride and 0.001% w/v Pluronic F-68 (mixture pH of 8.0). The AFC pool was load
adjusted by 114 dilution with 300-320% v/v of 20 mM Tris and 0.001% w/v Pluronic F-68
{mixture pH of 8.0}, with a target pool conductivity of 10 mS/cm and a target pool pH of 8.0
The AEX membrane system was then loaded with the diluted AFC pool (4.0x10V VG/mbL-r
load challenge) at 18-25 °C and 5 MV/min. The system was flushed (20 MV, 5 MV/min)
with a nuxture of 20 mM Tris, 100 mM sodium chlonde and 0.001% w/v Phuronic F-68
(mixture pH of 8.0). The product was then cluted from the AEX membrane system (20 MV, 5
MV/min) with a mixture of 20 mM Tris, 220 mM sodium chioride and 0.001% w/v Pluronic
F-68 (mixture pH of 8.0}, with the entire elution being collected. The AEX elution pool was
then processed through 0.2 pm Filtration using an EMD Milhipore Express SHCXL 150 filter
volume of 1 5-2.0L.

[1314]  In one alternative, the neutralized AFC/AVE pool was processed through AEX
using a Millipore Fractogel TMAE HiCap{m) Flow-Through membrane resin. The AEX
membrane was charged and equilibrated (5 CV, 150 cavhr) with a first mixture of 20 ;M
Tris, 2 M sodium chloride and 0.001% w/v Pluronic F-68 {mixture pH of 8.0}, and then a
second mixture of 40 mM Tris, 170 mM sodium chloride and 0.001% w/v Pharonic F-68
{mixture pH of 8.5}. The AFC pool was load adjusted by 100-110% v/v spike of 10 mM Tris
and 0.001% w/v Pluronic F-68 (nuxture pH of 8.0-8.5), with a target pool conductivity of 17
mS/em (adjusted with 5 M NaCl) and a target pool pH of 8.5 (adjust with 2 M Tris Base).
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The AEX membrane system was then loaded with the adjusted AFC pool (1.0-3.0x10%
VG/mL-r load challenge) at 18-25 °C. The system was flushed and eluted (2 CV, 150 cm/hr)
with a mixture of 40 mM Tris, 170 mM sodium chloride and 0.001% w/v Pluronic F-68
(mixture pH of 8.5), with the entire elution being coliected. The AEX clution pool was then
processed through 0.2 pm Filtration using an EMD Millipore Express SHCXL150 filter (<
{1315}  Inone altemative, the neutralized AFC/AVB pool was processed through AEX
using a GE Q Sepharose HP membrane resin. The AEX membrane was equilibrated (5-20
MV, 150 cov/hr) with a mixture of 50 mM Bis-Tris Propane, 200 mM sodiom chlonde and
0.001% w/v Pluronic F-68 (mixture pH of 9.0}. The AFC pool was load adjusted up to a pH
of 9.0 with 0.5 mM Bis-Tris Propane and 0.001% w/v Pluronic F-68, followed by 1:1 dilution
with 100 mM Bis-Tris Propane, 20 mM sodium chioride and 0.001% w/v Pluronic F-68
{mixture pH of 9.0). The AEX membrane system was then loaded with the dituted AFC pool
(<< 1.0x10" VG/mLr load challenge) at 18-25 °C and 150 cnv/hr. The system was flushed and
cluted (3 CV, 150 cm/hr) with a mixture of 30 mM Bis-Tris Propane, 200 mM sodium
chioride and 0.001% w/v Pluronic F-68 {mixture pH of 9.0}. The AEX clution pool was
neutralized with a 10% v/v spike of 1 M Tris, 2 M Na(l, and 0.001% {(w/v) Pluronic F-68
{oixture pH of pH 7.5). The AEX elution pool was then processed through 0.2 um Filtration
using an EMD Millipore Express SH CXL150 filter (< 1000 L/m” load challenge, < 30 pst),
resulting in an AEX pool.

[1316]  Inone altemative, the neutralized AFC/AVB pool was processed through AEX
using a Sartorius Sartobind STIC Membrane (<2.5L membrane volume per 250L batch, bind-
and-elute mode, < 1.0x10" VG/mLr load chalienge). The system was flushed and eluted with
a mixture of 26 mM sodium phosphate, 50 mM sodium chloride, and 0.001% (w/v} Pluronic
F-68 {(mixture pH of 6.8). In one alternative, the clarified lysate pool from Depth Filtration
(Example 10} and 0.2 pm Filiration (Example 11) is processed through AEX prior to being
processes through Affinity Chromatography (AFC) (Example 12}

{1317}  Inone altemative, the neutralized AFC/AVE pool was processed through Cation-
Exchange Chromatography (CEX) using a Poros XS membrane resin. The CEX membrane
was charged (6-10 CV, 500 caw/hr) with 1 M Nall, then equilibrated with 20 mM Tns, 100
mM NaCl, and ¢.001% (w/v) Pluronic F-68 (mixture pH of pH 8.5). The AFC pool was load
adjusted up to a pH of 8.5 with 2 M Tris Base, followed by dilution with WFI water to target

pool conductivity of 15 mS/cm, and then followed by the addition of 0.001% wiv of 1%
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Pluronic F-68. The CEX membrane system was then loaded with the diluted AFC pool (<
1.0x10" VG/mL-r load challenge, 3.3-minute residence). The system was washed (6 CV, 33
nunute residence) with 20 ;M Tris and 0.001% (w/v) Pluronic F-68 {mixture pH of 8.3);
followed by a first elution (10 CV, <5060 co/hry with 20 mM Tris, 290 mM NaCl, and
0.001% (w/v) Pluronic F-68 (mixture pH of pH 8.5); and then a second clution (16 OV, <500
co/hrd with 20 mM Tris, 305 mM NaCl, and 0.001% {(w/v) Pluronic F-68 (mixtare pH of pH
8.5). The CEX clution pool was neutralized with ¥ M acetic acid to a mixture pH 7.0, The
AEX elution pool was then processed through 0.2 pm Filtration using an EMD Millipore
Express SHC XL 150 filter (50 L/m” load challenge), resulting in a CEX pool as an AEX pool
equivalent.

{1318]  TIn one alternative, the neutralized AFC/AVE pool was processed through AEX
using a Poros HQ membrane resin (3 4mL CV), with a target pool conduetivity of 16-20
mS/cm at pH 7.8-8.2. In one alternative, the neutralized AFC/AVB pool was processed
through AEX using the following parameters: Targeted Load Chalienge of about | x 10"
ves/ml-r, Target Load Conductivity of <5-6 mS/em, Load pH of 8-10, Elution pH of §-10
with Sodium Chloride and Sodium Acetate salts. In one alternative, the neutralized
AFC/AVB pool was processed through Multimodal Chromatography (MMC) using a Nuvia
aPrime 4A membrane using the following parameters: Targeted Load Challenge of about 1 x
10Y vgs/ml-r, Target Load Conductivity of <5-6 mS/em, Load pH of 8-10, Elution pH of 8-
10 with Sodium Chloride and Sodium Acetate salts. In one altemative, the neutralized
AFC/AVB pool was processed through AEX or MMC using a pH of 9.5 or higher.

Example 14. Downstream — TFF Filtration

{1319} A neutralized AEX pool was processed through Tangential Flow Filtration (TFF)
using a Spectrum mPES Hollow Fiber TFF system (0.5 mum fiber 1D, 100 kDA MWCO, 20-
30 L/m? load challenge. 4-5 psi TMP, 2000 sec™ shear). The TFF system was first rinsed (20
L/m?) with WFI water, then sanitized (20 L/m?, 45 min hold) with 0.1 M NaOH, then
equilibrated (20 L/m?) with an AEX Elution Buffer (pH 8.0) comprising 20 mM Tris, 220
mM sodium chloride, and 0.001% (w/v) Pluronic F-68, with cquilibration continuing unti
both permeate and retentate effluents are at pH 8.0. The AEX pool was processed through
Pre-TFF Nanofiltration using an Asahi Kasei Planova 35N filter as a single load, continuoas
flow process with constant pressure (12.5 L/m” load challenge, 10 psi) to produce a TFF
Load pool. The TFF Load pool was spiked (11% v/v) with a 50% sucrose mixture, then

processed through a first diafiltration (DF} step (5-6 diafiltration volumes (DV), low shear)
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using a first diafiltration buffer (high salt, low sucrose) which comprises 10 mM sodium
phosphate, 1.5 mM potassium phosphate, 220 mM sodium chloride, 5% w/v Sucrose, and
0.001% (wiv) Poloxamer 188 (buffer pH of 7.5). Diafiltration of the product pool was
followed by concentration through ultrafiltration to a target congentration of 7.0x10"° VG/mL
{confirmed by ddPCR), and then a second diafiltration step {7-8 DV, low shear) using a final
formulation buffer (Jow salt, high sucrose) which comprises 10 mM sodim phosphate
(dibasic), 1.5 mM potassium phosphate (monobasic), 100 mM sodium chlonide, 7% w/v
Sucrose, and 0.001% (w/v) Poloxamer 188 (buffer pH of 7.5). Retentate comprising the
product and final formulation buffer was collected into a Final TFF Pool. Viral titer of the
Final TFF Pool was analvzed overnight using ddPCR.

{1328]  The TFF system was subjected to a Recovery Flush (110% v/v of system holdup,
10 min rectrenlation) using final formolation buffer (low salt, high sucrose) which comprises
10 mM sodium phosphate (dibasic), 1.5 mM potassium phosphate {monobasic}, 100 mM
sodium chloride, 7% w/v Sucrose, and 0.001% (w/v) Poloxamer 188 (buffer pHof 7.5). The
Final TFF Recovery Flush is collected separately from the Final TFF Pool. Viral titer of the
Final TFF Recovery Flush was analyzed overnight using ddPCR. Final TFF Recovery Flush
was added to Final TFF Pool to provide VRF Load Pool with viral concentration of 3.5x10"
VG/mL. Additional final formulation buffer (low salt, high sucrose) was added as necessary
to achicve target viral concentration for VRF Load Pool.

{1321}  Inone alternative, the neutralized AEX pool was processed through TFF using a
Millipore Pellicon-3 Ultracel PLCTK system (30 kDA MWCO, 2-3 L/m? load challenge).
The TFF system was equilibrated (20 L/m?, 5-minute contact) with 20 mM Tris, 290 mM
sodium chioride, and 0.001% (w/v} Pluronic F-68, with equilibration continuing until both
permeate and retentate efftuents are at pH 7.0. The TFF Load pool was diluted with 20 mM
Tris, 290 mM sodium chlonde, and 0.001% (w/v) Pluronic F-68 to a viral concentration of
2.0-3.0x10" VG/mL. The TFF Load pool was not processed through Pre-TFF Nanofiltration,
but was instead processed directly mto a diafiltration step (6 DV, 5-10 psi TMP, 10-20 psi
mnlet, 80 LMH) using a diafiltration butfer which comprises 10 M Sodium Phosphate, 180
mM Sodivm Chioride, and 0.001% (w/v) Pluronic F-68 (mixture pH of 7.3). The pool was
then concentrated through ultrafiltration (10-20 pai inlet, 80LMH]) to a target concentration of
5.0x10'? VG/mL. Retentate comprising the product and formulation buffer was collected into
a Final TFF Pool. The process did not comprise a second diafiltration step or a Recovery
Flush.
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[1322]  Inone altemative, the neutralized AEX pool was processed through TFF using a
Millipore Ultracel PLCTK system with Pellicon-3 cassette (0.57 m®, 30 kDA MW{O, 2-3
L/m?load challenge, 6 psi TMP, 5-10 psi inlet foed). The TFF system was first rinsed (25
L/m?) with WFI water, then sanitized (25 L/m”, 43 min hold) with 0.25 M NaOH, then
equilibrated (25 L/m*) with an equilibration buffer (pH 8.3) comprising 40 mM Tris, 170 mM
sodivm chioride, and 0.001% (w/v} Pluronic F-68, with equilibration continuing until both
permeate and retentate efflucots arc at pH 8.5, The TFF Load pool was not processed through
Pre-TFF Nanofiltration or a first diafiltration step, but was instead concentrated through
ultrafiltration {2.6 L/min) to a target concentration of 5.0x10'2 VG/mL {confirmed by
ddPCR), and then a diafiltration step (8 DV, 2.6 L/min) using a diafiltration buffer which
comprises 10 mM Sodium Phosphate, 180 mM Sodiwn Chloride, and 0.001% {(w/v) Pluromc
F-68 (mixture pH of 7.3). The TFF system was subjected to a Recovery Flush {(110% v/v of
system holdup. 5-10 min recirculation} using the same diafiltration buffer. The Final TFF
Recovery Flush is collected separately from the Final TFF Pool, and each pool is processed
separately through 0.2 jum Filtration using an EMD Millipore Express SHCXL 150 filter (<
1000 L/m? load challenge, < 400 L/m?/hr flow rate, < 30 psi). Filtered TFF Recovery Flush
was added to Filtered TFF Pool, and then diluted as necded with diafiltration buffer, to
provide VRF Load Pool with viral concentration of 2.0-6.0x10" ¥G/mL.

{1323]  In one alternative, the system uses Millipore Ultracel PLCTK system with
Peilicon-3 cassetie (0.57 m%, 30 kDA MWCO, 2-3 L/m? load challenge, 25 psig at feed TMP,
350 LMH, 7 diafiltration volumes, <6.0x10'° VG/m? load).

{1324}  In one alternative, the TFF systemn was equilibrated (10-15 L/m?) with a mixture of
10 mM sodium phosphate, 2 mM potassium phosphate, 2.7 mM potassium chloride, 192 mM
sodium chioride, and 0.001% (w/v) Pluronic F-68 {(mixture pH of 7.5). The TFF Load pool
was not processed through Pre-TFF Nanofiltration or a first diafiltration step, but was instead
concentrated through ultrafiltration (0.5 mm fiber ID, 100 kDA MWCO, 60 L/m’ load
challenge, 4-3 psi TMP, 4000 sec™ shear) to a target concentration of 3.0x10'? VG/mL
{confirmed by gPCR), and then a diafiltration step (3 DV, 4-5 psi TMP, 4000 sec™ shear)
using a diafiltration buffer which comprises 10 mM Sodium Phosphate, 2 mM Potassium
Phosphate, 2.7 mM Potassiem Chloride, 192 mM Sodium Chloride, 0.001% (w/v} Pluronie
F-68 (mixture pH of 7.3). The TFF system was subjected to a Recovery Flash (110% v/v of
systern holdup, 5 min recirculation) using a buffer which comprises 10 mM Sodium

Phosphate, 2 mM Potassium Phosphate, 2.7 mM Potassium Chlonide, 192 mM Sodium
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Chlonide, and 0.001% (w/v) Pluronic F-68. Final TFF Recovery Flush was added to Final
TFF Pool to provide VRF Load Pool with viral concentration of 3.0-5.0x10" VG/mL.

Example 15, Downstream — Virus Retentive Filtration

{1325] A VRF Load Pool was processed through Virus Retentive Filtration (VRF) using
an Asahi Kasei Planova 35N filter (50.0-100.0 L/m? load challenge, 10 psi) which had been
processed through a pre-use flush (10.0 L/m? load challenge, 10 psi) with a formulation
buffer of 10 mM sodium phosphate {(dibasic), 1.5 mM potassium phosphate (monobasic), 100
mM sodium chloride, 7% w/v Sucrose, and 6.001% (w/v) Poloxamer 188 (buffer pH of 7.5).
The VRF filtration was followed by processing through 0.2 um Filtration asing an EMD
Millipore Express SHCXL 130 filter (< 1000 L/m? load challenge, < 30 psi), resulting in an
VRF pool with a working viral concentration of 3.5-5.0x 10 VG/mL.

{1326]  The VRF pool was then processed through Millipore Final Filtration (FF) using an
EMD Millipore Sterile Millipak 0.22 pm (Pre-vse flush with formulation buffer, 210.0 L/m?
load challenge: FF process with < 1000 L/m? load challenge, 200 LMH load flux, <60 psi
differential pressure, <75 psi nlet pressure) to provide a Drug Substance pool with a
working viral concentration of 3.5-5 0x10'2 VG/mL. A portion of the Drug Substance pool
was stored for < 1 month at 2-8 °C in aseptic bioprocess bag closed to atmosphere. A portion
of the Drug Substance pool was stored for > 1 month at <-60 °C in aseptic Polypropyiene
container closed to atmosphere.

{1327}  In one altemative, the VRF filter and FF filters are both pre-use-flushed (10 L/m”,
240-300 LMH, 14 psi} with WFT water, followed by a second pre-use-flush with 10 mM
sodium phosphate, 180 mM sodium chloride, and 0.0601% Pluronic F68 (mixture pH of 7.3).
[1328]  In one alternative, the VRF filter is pre-use-flushed (10-20 L/m?®) with a mixture of
10 mM sodium phosphate, 2 mM Potassiom Phosphate, 2.7 mM Potassinm Chloride, 192
mM Sodium Chloride, and 0.001% Pluronic F68 (mixture pH of 7.5},

{1329}  In one alternative, the VRF filter is a Millipore NFR filter.

Example 16. Downstream —Fill and Finish

{1336} A Pooled Drug Substance was transterred to a Biosafety Cabinet (BSC) and
filtered through a EMD Millipore Millipak Gamma Gold 0.22 pm filter {(dual-in-hine
sterilizing grade filters, < 1000 L/m”? load challenge, 200 LMH load flux, < 60 psi differential
pressure, <75 psi inlet pressure). The filtered Dirug Substance pool comprised 10 mM sodium
phosphate, 180 mM sodumm chloride, and 0.001% Pluronic F68 (mixture pH of 7.3), with a
target AAV concentration of 3.0-5.0x10' VG/mL. The filtered Dirug Substance pool was
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then aseptically filled into 2 mi Cryovials (1.8 mi fill volume, 1.6 ml extractable) utilizing a
programmable Peristaltic dispensing pump within the BSC. Product vials were stoppered,
seal capped, 100% visually mspected and labeled (at 25 °C), and then stored at <65 °C.
{1331] n one alternative, the Pooled Drug Substance was filtered through a Pall Supor

EKV, 0.2 um sterilizing-grade filter.
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CLAIMS
We claim:
1. A mcthod for producing a recombinant adeno-associated virus (rAAV), comprising:

{a) introducing at Ieast one viral production cell (VPC) into a bioreactor and
expanding the number of VPCs in the bioreactor to a target VPC cell density;

{b) introducing into the bioreactor at least one expression baculovirus infected msect
cell (BHC) which comprises an AAV viral expression construct and at least one payload
BHC which comprises an AAV payload construct;

(¢} incubating the mixture of VPCs, expression BIICs and payload BHCs in the
bioreactor under conditions which result in the production of one or more rAAVs within
one or more of the VPCs;

{dy harvesting a viral production pool from the bioreactor, wherein the viral
production pool comprises a liquid media and the one or more VPCs containing the one
or more tAAVs;

{e) exposing the one or more VPCs within the viral production pool to chemical
lysis using a chemical Iysis solation under chemical lysis conditions, wherein the
chemical lysis releases the one or more tAAVs from the VPCs into the liguid media of
the viral production pool;

{f) processing the viral production pool through one or more clarification filtration
steps in which the viral production pool is processed through one or more clarnfication
filtration systems;

(g) processing the viral production pool through one or more aftinmty
chromatography steps in which the viral production pool is processed through one or
more affinity chromatography svstems;

{h) processing the viral production pool through one or more ion exchange
chromatography steps in which the viral production pool is processed through one or
more ion exchange chromatography systems;

(1} processing the viral production pool through one or more tangential flow
filtration (TFF) steps in which the viral production pool 1s processed through one or
more tangential flow filtration (TFF) systems; and

(3} processing the viral production pool through one or more virus retentive filtration
(VRY) steps m which the viral production pool is processed through one or nore virus

retentive filtration (VRF) systems.
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3

4

6.

~

10.

The method of claim I, wherein the VPCs comprise Sf9 insect cells, and wherem the

rAAVs are prodaced using a bacolovirus production system.

The method of any one of claims 1-2, wherein the vohume of the bioreactor is at least

SL,10L, 20L, 50 L. 100 L, or 200 L.

The method of any one of claims 1-3, wherein the target VPC cell density at BIIC
introduction is 2.0-4.0 x 10° cells/mL, 2.5-3.5 x 10° cells/mL, or about 3.0 x 10°

cells/ml..

The method of any one of claims 1-4, wherein the ratio of VPC cells at BHC
introduction relative to the number of expression BHCs introduced into the bioreactor
is between 1:2.0x10°-1:4.0x10° v/v, between 1:2.5x10%-1:3 5x10° v/v, about 1:2.5x10°

viv, about 1:3.0x10° v/v, about 1:3.5x10° v/iv, or about 1:4.0x10° v/v.

The method of any one of claims 1-5, wherein the ratio of VPC celis at BHC
miroduction relative to the number of payload BHCs mtroduced into the bioreactor is
between 1:5.0x10%-2.0x10° viv, between 1:8.0x10*1:1.5x10° v/v, about 1:8.0x10*

viv, about 1:1.0x10° v/v, or about 1:1.5x10° v/v.

The method of any one of claims 1-6, wherein the ratio of expression BI{Cs
introduced imto the bioreactor relative pavicad BHCs introduced into the bioreactor is

between 1:1-3:1, between 2:1-4:1, between 2.5:1-3.5:1, or about 3:1.

The method of any one of claims 1-7, wherein the one or more clanification filtration
steps comprises processing the viral production poot through a depth filtration system,

a 0.2um microfiltration system, or a combination thereof.

The method of any one of claims 1-7, wherein the one or more clartfication filtration
steps comprises processing the viral production pootl through a depth filtration system

and then a 0.2pm microfiltration system.

The method of any one of elaims 1-7, wherein the one or more clarification filtration

steps comprises processing the viral production pool through a first depth filtration
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system, then a second depth filtration system, and then a 0.2pm microfiltration

system.

The method of any one of clamms 1-10, wherein the one or more affinity
chromatography steps comprises processing the viral production pool through one or
more immunoaffinity chromatography systeras in bind-clute mode; wherein the
immunoaffinity chromatography system comprises one or more recombinant single-

chain antibodies which are capable of binding to one or more AAV capsid variants.

The method of claim 11, wherein the affinity chromatography system comprises an

AVE colunin resin, AAVY column resin or AAVX column resin.

The method of any one of claims 1-12, wherein the one or more ion exchange
chromatography steps comprises processing the viral production pool through one or
more anion exchange chromatography systems in flow-through mode; wherein the
anion exchange chromatography system comprises a stationary phase which binds
non-virgl impurities, non-AAY viral particles, or a combination thereof, and wherein
the stationary phase of the anion exchange chromatographv system does not bind to

the one or more rAAVs 1n the viral production pool.

The method of claim 13, wherein the stationary phase of the anion exchange
chromatography system comprises a quaternary amine functional group or a

trimethylammonium ethyl (TMAE) functional group.

The method of any one of claims 1-14, wherein a 50% sucrose mixture is added to the
viral production pool at a centration between 9-13% v/v prior to the one or more TFF

steps.

The method of any one of claims 1-15, wherein the one or more TFF steps comprises
a first diafiltration step in which at least a portion of the Hguid media of the viral
production pool is replaced with a low-sucrose diafiltration butfer, wherein the low-
sucrose diafiltration buffer comprises between 4-6% w/v of a sugar or sugar substitute

and between 150-250 mM of an alkali chloride salt, preferably between 4.5-55% wiv
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of sucrose and between 210-230 mM sodium chlonde, and more preferably 5% wiv of

sucrose and 220 mM sodium chloride.

17. The method of any one of claims 1-16, wherein the one or more TFF steps comprises
an ultrafiltration concentration step, wherein the AAY particles in the viral production
pool are concentrated to between 1.0x10% - 5.0x10" vg/mL, between 1.0-5.0x10%

vg/mL, between 2.0-3.0x10% vg/mL, or about 2.7x10 vg/mL.

18. The method of any one of claims 1-17, wherein the one or more TFF steps comprises
a formulation diafiltration step in which at least a portion of the liquid media of the
viral production pool is replaced with a high-sucrose formulation buffer, wherein the
high-sucrose formulation buffer comprises between 6-8% w/iv of a sugar or sugar
substitute and between 90-100 mM of an alkali chloride salt, preferably 7% wiv of
sucrose and between 90-100 mM sodium chloride, and more preferably 7% w/v of
sucrose, 10 mM sodium phosphate, between 95-100 mM sodium chloride, and

0.001% (w/v) Poloxamer 188,

19, The method of any one of claims 1-18, wherein the VRF svstem comprises a filter
medim that retains particles that are 35 mm or larger, or a filter medium that retains

particles that are 20 nm or larger.

20. A method of producing a pharmaceutical formulation, comprising: (1) providing one
or more tAAVs produced by the method of any one of claims 1-19; and (1)

combining the one or more rAAVs with one or more one pharmaceutical excipient.

21, A pharmaceutical formulation produced by the method of claim 20,

22. A method of producing a gene therapy product, comprising: (i) providing the
pharmaceutical formudation of claim 21; and (11} suitably aliguoting the

pharmaceutical formulation into a formulation container.



