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ADENO-ASSOCIATED VIRUS FORMULATIONS
RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/417,750 filed November 4, 2016, which is hereby incorporated by reference in its

entirety.
BACKGROUND

[0002] Adeno-associated virus (AAV) is a small, non-enveloped virus that packages a
linear single-stranded DNA genome. AAV belongs to the family Parvoviridae and the
genus Dependovirus, since productive infection by AAV occurs only in the presence of a
helper virus, such as, for example, adenovirus or herpes virus. Even in the absence of a
helper virus, AAV (serotype 2) can achieve latency by integrating into chromosome
19913.4 of a host human genome. lt is the only mammalian DNA virus known to be
capable of site-specific integration (Daya and Berns, Clinical Microbiology Reviews,
pages 583-593 (2008)).

[0003] For AAV to be safely used in the clinic, AAV has been genetically modified at
several locations within its genome. For example, the Rep gene, which is required for
viral replication, and the element required for site-specific integration have been
eliminated from the AAV genome in many viral vectors. This recombinant AAV (rAAV),
exists in an extrachromosomal state and have very low integration efficiency into the
genomic DNA. The possibility of rAAV inducing random mutagenesis in a host cell is
thus reduced, if not eliminated altogether. Because of these properties and the lack of
pathogenicity, rAAV has shown great promise as a gene therapy vector in multiple
aspects of pre-clinical and clinical applications. New serotypes and self-complementary
vectors are being tested in the clinic. Alongside these ongoing vector developments,
continued effort has focused on scalable manufacturing processes that can efficiently

generate high titer quantities of rAAV vectors with high purity and potency.

[0004] AAV research also has focused on AAV formulations intended for human
administration. It is understood that such AAV formulations should be not only safe,

sterile, and of good manufacturing practice (GMP) grade, these formulations should
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also exhibit and promote the long-term stability of the AAV, minimizing loss of AAV
potency during the manufacture, packaging, and storage processes. The formulations
should furthermore prevent adsorption to the surfaces of the containers in which the
AAV are packaged and stored and of the machinery used during manufacture. Though
the efforts to design such AAV formulations have been great, there still remains a need

for improved AAV formulations.
SUMMARY

[0005] The present disclosure provides formulations compatible for human
administration which address the unmet needs described above. Advantageously, in
some embodiments, the formulations are suitable for long-term storage of AAV,
minimizing loss of AAV potency, and advantageously prevent visible particle formation
and prevent adsorption to the surfaces of the containers in which the AAV are packaged
and stored and of the machinery used during manufacture. In exemplary aspects, the
pharmaceutical composition of the present disclosure comprises: adeno-associated
virus (AAV) and about 5 mM to about 25 mM of a buffering agent, about 0 mM to about
150 mM of a pharmaceutically acceptable salt, about 0.001% (w/v) to about 0.01% (w/v)
of a non-ionic surfactant, and about 1% (w/v) to about 10% (w/v) of a sugar or sugar
alcohol. In certain embodiments, the formulation comprises about 50 mM to about 150
mM of a pharmaceutically acceptable salt. In certain embodiments, the formulation
comprises about 0 mM to less than about 100 mM of a pharmaceutically acceptable
salt. In certain embodiments, the formulation comprises about 30 mM to less than
about 100 mM of a pharmaceutically acceptable salt. In certain embodiments, the
formulation comprises about 20 mM to about 40 mM of a pharmaceutically acceptable

salt.

[0006] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises: AAV (e.g., AAV8), about 5 mM to about 25 mM L-histidine, about
0 mM to about 150 mM sodium chloride, about 0.001% (w/v) to about 0.01% (w/v)
polysorbate 80 (PS80), and about 1% to about 10% (w/v) sucrose, trehalose, mannitol,
or a combination thereof. In certain embodiments, the formulation comprises about 50

mM to about 150 mM sodium chloride. In certain embodiments, the formulation
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comprises about 0 mM to less than about 100 mM sodium chloride. In certain
embodiments, the formulation comprises about 30 mM to less than about 100 mM
sodium chloride. In certain embodiments, the formulation comprises about 20 mM to

about 40 mM sodium chloride.

[0007] In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0008] In certain aspects, the lyophilized pharmaceutical composition of the present
disclosure is lyophilized from a liquid formulation comprising: AAV (e.g., AAVS8), about 5
mM to about 25 mM L-histidine, about 0 mM to about 150 mM sodium chloride, about
0.001% (w/v) to about 0.01% (w/v) polysorbate 80 (PS80), about 30 mM to about 70
mM glycine, and about 1% to about 10% (w/v) sucrose, trehalose, mannitol, or a
combination thereof. In certain embodiments, the formulation comprises about 50 mM
to about 150 mM sodium chloride. In certain embodiments, the formulation comprises
about 0 mM to less than about 100 mM sodium chloride. In certain embodiments, the
formulation comprises about 30 mM to less than about 100 mM sodium chloride. In
certain embodiments, the formulation comprises about 20 mM to about 40 mM sodium

chloride.

[0009] Methods of preparing a pharmaceutical composition comprising AAV are
further provided herein. In exemplary aspects, the method comprises combining about
5 mM to about 25 mM L-histidine, about 0 mM to about 150 mM sodium chloride, about
0.001% (w/v) to about 0.01% (w/v) polysorbate 80 (PS80), about 1% (w/v) to about 10%
(w/v) sucrose, trehalose, mannitol, or a combination thereof and AAV, thereby obtaining
a pharmaceutical composition comprising AAV. In certain embodiments, the
formulation comprises about 50 mM to about 150 mM sodium chloride. In certain
embodiments, the formulation comprises about 0 mM to less than about 100 mM
sodium chloride. In certain embodiments, the formulation comprises about 30 mM to
less than about 100 mM sodium chloride. In certain embodiments, the formulation

comprises about 20 mM to about 40 mM sodium chloride.

[0010] Methods of treating a subject for a disorder treatable by gene therapy are

provided by the present disclosure. In exemplary aspects, the method comprises
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administering to the subject a pharmaceutical composition as described herein in an

amount effective to treat the disorder.

[0011] Methods of storing a composition comprising AAV are moreover provided
herein. In exemplary aspects, the method comprises combining about 5 mM to about
25 mM L-histidine, about 0 mM to about 150 mM sodium chloride, about 0.001% (w/v)
to about 0.01% (w/v) polysorbate 80 (PS80), about 1% (w/v) to about 10% (w/v)
sucrose, trehalose, mannitol, or a combination thereof and AAV. In certain
embodiments, the formulation comprises about 50 mM to about 150 mM sodium
chloride. In certain embodiments, the formulation comprises about 0 mM to less than
about 100 mM sodium chloride. In certain embodiments, the formulation comprises
about 30 mM to less than about 100 mM sodium chloride. In certain embodiments, the

formulation comprises about 20 mM to about 40 mM sodium chloride.

[0012] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 20 mM L-histidine, about 70 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), and about 5% (w/v) sucrose. In some
embodiments, the invention provides a liquid formulation. In certain embodiments, the

formulation is lyophilized from a liquid formulation.

[0013] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 20 mM L-histidine, about 60 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 35 mM trehalose, and about 110 mM
mannitol. In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0014] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 10 mM L-histidine, about 100 mM sodium
chloride, about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and
about 50 mM glycine. In some embodiments, the invention provides a liquid
formulation. In certain embodiments, the formulation is lyophilized from a liquid

formulation.

[0015] In certain embodiments, the pharmaceutical composition of the present

disclosure comprises: AAV and about 10 mM L-histidine, about 80 mM sodium chloride,
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about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0016] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 10 mM L-histidine, about 70 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0017] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 10 mM L-histidine, about 60 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0018] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 10 mM L-histidine, about 50 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0019] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 10 mM L-histidine, about 40 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0020] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 10 mM L-histidine, about 30 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.
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[0021] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 10 mM L-histidine, about 20 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0022] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 10 mM L-histidine, about 10 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0023] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises: AAV and about 10 mM L-histidine, about 0 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0024] Generally, the AAV formulations provided herein are suitable for
pharmaceutical administration. In certain embodiments, the AAV is AAV1, AAV2, AAV3,
AAV4, AAV5, AAVE, AAV7, AAVS8, AAVY, or AAV10. In certain embodiments, the AAV
is AAV 2, AAV 5, AAV 8, or AAV 9. In certain embodiments, the AAV is AAVS.

DETAILED DESCRIPTION

[0025] The present disclosure provides formulations, e.g., pharmaceutical
compositions, compatible for human or veterinarian administration which also are
suitable for long-term storage of AAV and minimizing loss of AAV potency. The
formulations provided herein are advantageous, because the formulations prevent
visible particle formation and also prevent adsorption to the surfaces of the containers in
which the AAV are packaged and stored, and prevent adsorption to the machinery used
during manufacture. In certain embodiments, the pharmaceutical compositions
provided herein retain significant AAV activity when stored for extended periods of time.
In certain embodiments, the pharmaceutical compositions provided herein reduce or

retard degradation and/or aggregation.
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[0026] In certain embodiments, the present invention provides formulations of AAV
comprising a therapeutically effective amount or dose of an AAV, a sub-physiological to
physiological concentration of a pharmaceutically acceptable salt, a stabilizing
concentration of one or more sugars and/or sugar alcohols, a non-ionic surfactant, one
or more buffering agents providing a neutral pH to the formulation, and optionally an
amino acid to aid in stability and recovery of the AAV during purification and/or
processing. Generally, the AAV formulations provided herein are suitable for

pharmaceutical administration. In certain embodiments, the AAV is AAVS.

[0027] In certain embodiments, the composition that contains the AAV is a
dehydrated composition. As used herein, a dehydrated composition is a composition
that includes water in a low amount, such as 25% or less, or 20% or less, or 15% or
less, or 10% or less, or 9% or less, or 8% or less, or 7% or less, or 6% or less, or 5% or
less, or 4% or less, or 3% or less, or 2% or less, or 1% or less water as measured by
Karl Fischer (KF) titration. In certain embodiments, a dehydrated composition has 3%
or less water as measured by Karl Fischer titration. In certain embodiments, a
dehydrated composition has 2% or less water as measured by Karl Fischer titration. In
certain embodiments, a dehydrated composition has 1% or less water as measured by
Karl Fischer titration. In certain embodiments, a dehydrated composition has 0.9% or
less water as measured by Karl Fischer titration. In certain embodiments, a dehydrated
composition has 0.8% or less water as measured by Karl Fischer titration. In certain
embodiments, a dehydrated composition has 0.7% or less water as measured by Karl
Fischer titration. In certain embodiments, a dehydrated composition has 0.6% or less
water as measured by Karl Fischer titration. In certain embodiments, a dehydrated
composition has 0.5% or less water as measured by Karl Fischer titration. In certain
embodiments, a dehydrated composition has 0.4% or less water as measured by Karl
Fischer titration. In certain embodiments, a dehydrated composition has 0.3% or less
water as measured by Karl Fischer titration. In certain embodiments, a dehydrated
composition has 0.2% or less water as measured by Karl Fischer titration. Any
convenient protocol may be used to produce a dehydrated composition, such as
increasing the temperature of the composition (e.g., heating), reducing the pressure,

lyophilization (also known as freeze-drying), and the like, and combinations thereof.
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Other methods for determining the moisture content of the composition includes, but is
not limited to, loss of drying (LOD) (measures the amount of water and volatile matters
in a sample when the sample is dried under specific conditions), electrolytic sensors
(e.g., using a P205 sensor), Piezoelectric sorption, oxide sensors, aluminum oxide

sensors, absorption spectroscopy, and near infrared (NIR).

[0028] Further, it was found that reducing the salt concentration in the lyophilized
formulation reduced the residual moisture in the lyocake and assists in the formation of

an improved lyocake.

[0029] Due to the low water content of a lyophilized composition as described above,
the lyophilized composition may be in the form of a solid. In some cases, the solid
lyophilized composition is a powder. In some cases, a lyophilized composition may
facilitate storage of the composition for an extended period of time (e.g., as compared to
a liquid formulation of the same composition). For instance, a lyophilized composition
may be a storage stable composition (e.g., a lyophilized storage stable composition),
where the composition is substantially stable for an extended period of time. By “stable”
or “storage stable” or “substantially stable” is meant a composition that does not
significantly degrade and/or lose activity over an extended period of time. For example,
a storage stable composition may not have significant impurities due to degradation of
the composition over an extended period of time, such as 10% or less impurities, or 9%
or less, or 8% or less, or 7% or less, or 6% or less, or 5% or less, or 4% or less, or 3%
or less, or 2% or less, or 1% or less degradation products over an extended period of
time. In certain instances, a storage stable composition has 5% or less impurities over
an extended period of time. In some cases, a storage stable composition substantially
retains its activity over an extended period of time, such as retains 100% of its activity,
or 99% or more, or 98% or more, or 97% or more, or 96% or more, or 95% or more, or
94% or more, or 93% or more, or 92% or more, or 91% or more, or 90% or more, or
85% or more, or 80% or more, or 75% or more of its activity over an extended period of
time. For example, a storage stable composition may retain 90% or more of its activity
over an extended period of time. In some cases, a storage stable composition retains
95% or more of its activity over an extended period of time. An extended period of time

is a period of time such as 1 week or more, or 2 weeks or more, or 3 weeks or more, or
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1 month or more, or 2 months or more, or 3 months or more, or 4 months or more, or 6
months or more, or 9 months or more, or 1 year or more, or 1.5 years (e.g., 18 months)
or more, or 2 years or more, or 2.5 years (e.g., 30 months) or more, or 3 years or more,
or 3.5 years (e.g., 42 months) or more, or 4 years or more, or 4.5 years (e.g., 54
months) or more, or 5 years or more. For instance, an extended period of time may be
6 months or more. In some cases, an extended period of time is 9 months or more. In
some cases, an extended period of time is 1 year (e.g., 12 months) or more. In some
cases, an extended period of time is 1.5 years (e.g., 18 months) or more. In some
cases, an extended period of time is 2 years (e.g., 24 months) or more. In some
embodiments, a storage stable composition is substantially stable for an extended
period of time at ambient temperature, such as a temperature of 20 to 40 °C, or 25 to 35
°C, or 25t0 30 °C. In some instances, a storage stable composition is substantially
stable for an extended period of time at a temperature less than ambient temperature,
such as a temperature of 0 to 20 °C, or0to 15 °C, or 0to 10 °C, or2to 8 °C.

[0030] Definitions

[0031] As used herein, the term “AAV” refers to adeno-associated virus in both
naturally occurring and recombinant forms (rAAV), and encompasses mutant forms of
AAV. The term AAV further includes, but is not limited to, AAV type 1, AAV type 2, AAV
type 3, AAV type 4, AAV type 5, AAV type 6, AAV type 7, AAV type 8, AAV type 9, AAV
type 10, avian AAV, bovine AAV, canine AAV, equine AAV, ovine AAV, primate AAV,
and non-primate AAV. In certain embodiments, the AAV is AAVS.

[0032] The phrase “pharmaceutically acceptable,” as used in connection with
compositions described herein, refers to molecular entities and other ingredients of such
compositions that are physiologically tolerable and do not typically produce untoward
reactions when administered to a subject. Preferably, the term “pharmaceutically
acceptable” means approved by a regulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopeia or other generally recognized
pharmacopeia for use in mammals, and more particularly in humans. A
"pharmaceutically acceptable salt" is a salt that can be formulated into a compound or

conjugate for pharmaceutical use including, e.g., metal salts (sodium, potassium,
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magnesium, calcium, etc.) and salts of ammonia or organic amines that is safe for
administration to a subject (e.g., a human) in a drug formulation (see, for example,
Berge, et al. “Pharmaceutical Salts,” J. Pharm. Sci. 1977; 66:1, which is incorporated
herein by reference in its entirety and for all purposes.). Suitable “pharmaceutically
acceptable salts” include, but are not limited to, metal salts such as sodium, potassium
and cesium salts; alkaline earth metal salts such as calcium and magnesium salts;
organic amine salts such as triethylamine, guanidine and N-substituted guanidine salts,
acetamidine and N-substituted acetamidine, pyridine, picoline, ethanolamine,
triethanolamine, dicyclohexylamine, and N,N'-dibenzylethylenediamine salts.
“Pharmaceutically acceptable salts” (of basic nitrogen centers) include, but are not
limited to inorganic acid salts such as the hydrochloride, hydrobromide, sulfate,
phosphate; organic acid salts such as trifluoroacetate and maleate salts; sulfonates
such as methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate,
camphor sulfonate and naphthalenesulfonate; amino acid salts such as arginate,
alaninate, asparginate and glutamate; and carbohydrate salts such as gluconate and
galacturonate. The selection and use of pharmaceutically acceptable salts is well
known in the art, for example, see Stahl and Wermuth, Pharmaceutical Salts:
Properties, Selection, and Use, 2nd Revised edition, Wiley, Hoboken, N.J., which is
incorporated herein by reference in its entirety and for all purposes. Non-limiting
examples of pharmaceutically acceptable salts include, without limitation, sodium salts,
ammonium salts, potassium salts (e.g, sodium, ammonium, and potassium chloride;
sodium, ammonium, and potassium acetate; sodium, ammonium, and potassium citrate;
sodium, ammonium, and potassium phosphate; sodium, ammonium, and potassium
fluoride; sodium, ammonium, and potassium bromide; and sodium, ammonium, and

potassium iodide).

[0033] As used herein, a “physiological concentration” of salt refers to a salt
concentration of between about 100 mM and about 200 mM of a pharmaceutically

acceptable salt.

[0034] As used herein, a “sub-physiological concentration” of salt refers to a salt
concentration of less than about 100 mM of a pharmaceutically acceptable salt. In

certain embodiments, a sub-physiological concentration of salt is less than about 80 mM

10
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of a pharmaceutically acceptable salt. In another embodiment, a sub-physiological
concentration of salt is less than about 70 mM, less than about 60 mM, less than about
50 mM, less than about 40 mM, less than about 30 mM, less than about 20 mM, or less

than about 10 mM of a pharmaceutically acceptable salt.

[0035] As used herein, the terms “treat” or “treatment” of a state, disorder or condition
include: (1) preventing, delaying, or reducing the incidence and/or likelihood of the
appearance of at least one clinical or sub-clinical symptom of the state, disorder or
condition developing in a subject that may be afflicted with or predisposed to the state,
disorder or condition, but does not yet experience or display clinical or subclinical
symptoms of the state, disorder or condition; or (2) inhibiting the state, disorder or
condition, i.e., arresting, reducing or slowing the development/progression of the
disease or a relapse thereof or at least one clinical or sub-clinical symptom thereof; or
(3) relieving the disease, i.e., causing regression of the state, disorder or condition or at
least one of its clinical or sub-clinical symptoms. As used these terms, do not
necessarily imply 100% or complete treatment. Rather, there are varying degrees of
treatment of which one of ordinary sKkill in the art recognizes as having a potential
benefit or therapeutic effect. The benefit to a subject to be treated is either statistically
significant or at least perceptible to the patient or to the physician. In this respect, the
methods of treating a disorder, e.g., a bleeding disorder, of the present disclosure can
provide any amount or any level of treatment. Furthermore, the treatment provided by
the method of the present disclosure may include treatment of one or more conditions

or symptoms or signs of the disorder, being treated.

[0036] As used herein, a “therapeutically effective amount or dose” or “sufficient
amount or dose” refers to a dose that produces effects for which it is administered. The
exact dose will depend on the purpose of the treatment, and will be ascertainable by
one skilled in the art using known techniques (see, e.g., Lieberman, Pharmaceutical
Dosage Forms (vols. 1-3, 1992); Lloyd, The Art, Science and Technology of
Pharmaceutical Compounding (1999); Pickar, Dosage Calculations (1999); and
Remington: The Science and Practice of Pharmacy, 20th Edition, 2003, Gennaro, Ed.,
Lippincott, Williams & Wilkins).

11
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[0037] The terms “patient” and “subject” are used interchangeably and are used in
their conventional sense to refer to a living organism suffering from or prone to a
condition that can be prevented or treated by administration of a composition of the
present disclosure, and includes both humans and non-human animals. Examples of
subjects include, but are not limited to, humans, chimpanzees and other apes and
monkey species; farm animals such as cattle, sheep, pigs, goats and horses; domestic
mammals such as dogs and cats; laboratory animals including rodents such as mice,
rats and guinea pigs; birds, including domestic, wild and game birds such as chickens,
turkeys and other gallinaceous birds, ducks, geese, and the like. The term does not

denote a particular age. Thus, adult, juvenile and newborn individuals are of interest.

[0038] As used herein, “storage” means that a formulation is not immediately
administered to a subject once prepared, but is kept for a period of time under particular
conditions (e.g. particular temperature, etc.) prior to use. For example, a liquid or
lyophilized formulation can be kept for days, weeks, months or years, prior to
administration to a subject under varied temperatures such as refrigerated (0° to 10°C)

or room temperature (e.g., temperature up to 32° C).

[0039] As used herein, the term “about” denotes an approximate range of plus or
minus 10% from a specified value. For instance, the language “about 20%”
encompasses a range of 18-22%. As used herein, about also includes the exact

amount. Hence “about 20%” means “about 20%” and also “20%.

[0040] As used herein, the term “and/or” refers to and encompasses any and all
possible combinations of one or more of the associated listed items, as well as the lack

of combinations when interpreted in the alternative (“or”).

[0041] As used herein, the term “or” refers to any one member of a particular list and

also includes any combination of members of that list.

[0042] As used herein, the terms “a@” and “an” and “the” and similar referents in the
context of describing the disclosure (especially in the context of the following claims) are
to be construed to cover both the singular and the plural, unless otherwise indicated

[T

herein or clearly contradicted by context. The terms “comprising,” “having,” “including,”

12
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and “containing” are to be construed as open-ended terms (i.e., meaning “including, but

not limited to,”) unless otherwise noted.

[0043] Recitation of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range
and each endpoint, unless otherwise indicated herein, and each separate value and

endpoint is incorporated into the specification as if it were individually recited herein.
[0044] AAV Compositions and Formulations

[0045] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM of
a buffering agent, about 0 mM to about 150 mM of a pharmaceutically acceptable salt,
about 0.001% (w/v) to about 0.01% (w/v) of a non-ionic surfactant, and about 1% (w/v)

to about 10% (w/v) of a sugar or sugar alcohol.

[0046] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM of
a buffering agent, about 50 mM to about 150 mM of a pharmaceutically acceptable salt,
about 0.001% (w/v) to about 0.01% (w/v) of a non-ionic surfactant, and about 1% (w/v)

to about 10% (w/v) of a sugar or sugar alcohol.

[0047] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM of
a buffering agent, about 0 mM to less than 100 mM of a pharmaceutically acceptable
salt, about 0.001% (w/v) to about 0.01% (w/v) of a non-ionic surfactant, and about 1%

(w/v) to about 10% (w/v) of a sugar or sugar alcohol.

[0048] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM of
a buffering agent, about 30 mM to less than 100 mM of a pharmaceutically acceptable
salt, about 0.001% (w/v) to about 0.01% (w/v) of a non-ionic surfactant, and about 1%

(w/v) to about 10% (w/v) of a sugar or sugar alcohol.

[0049] In certain instances, the composition is a sterile composition. By “sterile” is

meant that there are substantially no immunogenic components in the composition,

13
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such as for example substantially no microbes (e.g., fungi, bacteria, viruses, spore
forms, etc.).

[0050] In some embodiments, the invention provides a liquid formulation. In certain

embodiments, the formulation is lyophilized from a liquid formulation.

[0051] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises about 5 mM to about 25 mM, about 5 mM to about 15 mM, about
10 mM to about 20 mM, or about 15 mM to about 25 mM of a buffering agent. In
exemplary aspects, the pharmaceutical composition comprises about 5 mM, about 6
mM, about 7 mM, about 8 mM, about 9 mM, about 10 mM, about 11 mM, about 12 mM,
about 13 mM, about 14 mM, about 15 mM, about 16 mM, about 17 mM, about 18 mM,
about 19 mM, about 20 mM, about 21 mM, about 22 mM, about 23 mM, about 24 mM,
or about 25 mM of a buffering agent.

[0052] Pharmaceutically acceptable buffering agents are well known in the art, and
include without limitation, phosphate buffers, histidine, sodium citrate, HEPES, Tris,
Bicine, glycine, N-glycylglycine, sodium acetate, sodium carbonate, glycyl glycine,
lysine, arginine, sodium phosphate, and mixtures thereof. In certain embodiments, the
buffer is histidine (e.g., L-histidine).

[0053] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises about 5 mM to about 25 mM, about 5 mM to about 15 mM, about
10 mM to about 20 mM, or about 15 mM to about 25 mM L-histidine. In exemplary
aspects, the pharmaceutical composition comprises about 5 mM, about 6 mM, about 7
mM, about 8 mM, about 9 mM, about 10 mM, about 11 mM, about 12 mM, about 13
mM, about 14 mM, about 15 mM, about 16 mM, about 17 mM, about 18 mM, about 19
mM, about 20 mM, about 21 mM, about 22 mM, about 23 mM, about 24 mM, or about
25 mM L-histidine. In certain embodiments, the pharmaceutical composition comprises
about 10 mM L-histidine. In certain embodiments, the pharmaceutical composition

comprises about 20 mM L-histidine.

[0054] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises about 0 mM to about 150 mM, about 5 mM to about 150 mM,
about 5 mM to about 100 mM, about 5 mM to about 90 mM, about 5 mM to about 80
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mM, about 5 mM to about 70 mM, about 5 mM to about 60 mM, about 5 mM to about 50
mM, about 5 mM to about 40 mM, 5mM to about 30 mM, about 30 mM to about 100
mM, about 30 mM to about 90 mM, about 30 mM to about 80 mM, about 30 mM to
about 70 mM, about 30 mM to about 60 mM, about 30 mM to about 50 mM, about 30
mM to about 40 mM, about 50 mM to about 150 mM, 50 mM to about 120 mM, about 55
mM to about 100 mM, about 60 mM to about 100 mM, about 60 mM to about 80 mM,
about 70 mM to about 100 mM, or about 70 mM to about 80 mM of a pharmaceutically
acceptable salt (as defined above). In certain embodiments, the pharmaceutical
composition of the present disclosure comprises about 80 mM to about 120 mM, about
70 mM to about 90 mM, about 50 mM to about 70 mM, or about 20 mM to about 40 mM
of a pharmaceutically acceptable salt. In exemplary aspects, the pharmaceutical
composition of the present disclosure comprises about 0 mM to about 100 mM, about 0
mM to about 80 mM, about 0 mM to about 70 mM, about 0 mM to about 60 mM, about O
mM to about 50 mM, about 0 mM to about 40 mM, about 0 mM to about 30 mM, about O
mM to about 20 mM, about 0 mM to about 10 mM, about 0 mM to about 5 mM of a
pharmaceutically acceptable salt. In exemplary aspects, the pharmaceutical
composition comprises about 0 mM, about 5 mM, about 10 mM, about 15 mM, about 20
mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about 50
mM, about 55 mM, about 60 mM, about 65 mM, about 70 mM, about 75 mM, about 80
mM, about 85 mM, about 90 mM, about 95 mM, about 100 mM, about 105 mM, about
110 mM, about 115 mM, about 120 mM, about 125 mM, about 130 mM, about 135 mM,
about 140 mM, about 145 mM, or about 150 mM of a pharmaceutically acceptable salt.
In other embodiments, the pharmaceutical composition comprises about 0 mM to less
than about 100 mM, about 5 mM to less than about 100 mM, about 10 mM to less than
about 100 mM, about 20 mM to less than about 100 mM, about 30 mM to less than
about 100 mM, about 40 mM to less than about 100 mM, about 50 mM to less than
about 100 mM, about 60 mM to less than about 100 mM, or about 70 mM to less than
about 100 mM of a pharmaceutically acceptable salt. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises about 0 mM of a
pharmaceutically acceptable salt. In certain embodiments, the pharmaceutical

composition of the present disclosure comprises about 30 mM of a pharmaceutically
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acceptable salt. In certain embodiments, the pharmaceutical composition of the present
disclosure comprises about 40 mM of a pharmaceutically acceptable salt. In certain
embodiments, the pharmaceutical composition of the present disclosure comprises
about 50 mM of a pharmaceutically acceptable salt. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises about 60 mM of a
pharmaceutically acceptable salt. In certain embodiments, the pharmaceutical
composition of the present disclosure comprises about 70 mM of a pharmaceutically
acceptable salt. In certain embodiments, the pharmaceutical composition of the present
disclosure comprises about 80 mM of a pharmaceutically acceptable salt. In certain
embodiments, the pharmaceutical composition of the present disclosure comprises
about 100 mM of a pharmaceutically acceptable salt. In certain embodiments, the

pharmaceutically acceptable salt is a sodium salt (e.g., sodium chloride).

[0055] Advantageously, it has been found that pharmaceutical compositions
containing a sub-physiological concentration of a pharmaceutically acceptable salt
forms compact lyocakes with lower moisture content and assists in the formation of an
improved lyocake. In certain embodiments, the sub-physiological concentration of the
pharmaceutically acceptable salt results in white, compact and homogenous lyocakes.
Accordingly, in certain embodiments, the present disclosure provides low salt
pharmaceutical compositions containing a sub-physiological concentration of a
pharmaceutically acceptable salt, for example, less than about 100 mM of a
pharmaceutically acceptable salt. In one embodiment, a low salt formulation provided
herein contains less than about 100 mM of a pharmaceutical salt. In certain
embodiments, a low salt pharmaceutical composition provided herein contains less than
about 80 mM of a pharmaceutical salt. In certain embodiments, a low salt
pharmaceutical composition provided herein contains less than about 70 mM of a
pharmaceutical salt. In another embodiment, a low salt pharmaceutical composition
provided herein contains less than about 60 mM of a pharmaceutical salt. In another
embodiment, a low salt pharmaceutical composition provided herein contains less than
about 50 mM of a pharmaceutical salt. In another embodiment, a low salt
pharmaceutical composition provided herein contains less than about 40 mM of a

pharmaceutical salt. In another embodiment, a low salt pharmaceutical composition
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provided herein contains less than about 30 mM of a pharmaceutical salt. In another
embodiment, a low salt pharmaceutical composition provided herein contains less than
about 20 mM of a pharmaceutical salt. In another embodiment, a low salt
pharmaceutical composition provided herein contains less than about 10 mM of a
pharmaceutical salt. In another embodiment, a low salt pharmaceutical composition
contains between about 30 mM and about 60 mM of a pharmaceutically acceptable salt.
In yet other embodiments, a low salt pharmaceutical composition contains about 0 mM,
about 5 mM, about 10 mM, about 15 mM, about 20 mM, about 25 mM, about 30 mM,
about 35 mM, about 40 mM, about 45 mM, about 50 mM, about 55 mM, about 60 mM,
about 65 mM, about 70 mM, about 75 mM, about 80 mM, about 85 mM, about 90 mM,
about 95 mM, or about 100 mM of a pharmaceutically acceptable salt. In certain
embodiments, the pharmaceutical composition of the present disclosure comprises
about 0 mM of a pharmaceutically acceptable salt. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises about 30 mM of a
pharmaceutically acceptable salt. In certain embodiments, the pharmaceutical
composition of the present disclosure comprises about 40 mM of a pharmaceutically
acceptable salt. In certain embodiments, the pharmaceutical composition of the present
disclosure comprises about 50 mM of a pharmaceutically acceptable salt. In certain
embodiments, the pharmaceutical composition of the present disclosure comprises
about 60 mM of a pharmaceutically acceptable salt. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises about 70 mM of a
pharmaceutically acceptable salt. In certain embodiments, the pharmaceutical
composition of the present disclosure comprises about 80 mM of a pharmaceutically
acceptable salt. In a preferred embodiment, a low salt pharmaceutical composition is a
lyophilized formulation. In a preferred embodiment, the salt is a sodium salt (e.g.,

sodium chloride).

[0056] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises about 0 mM to about 150 mM, about 5 mM to about 150 mM,
about 5 mM to about 100 mM, about 5 mM to about 90 mM, about 5 mM to about 80
mM, about 5 mM to about 70 mM, about 5 mM to about 60 mM, about 5 mM to about 50
mM, about 5 mM to about 40 mM, 5mM to about 30 mM, about 30 mM to about 100
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mM, about 30 mM to about 90 mM, about 30 mM to about 80 mM, about 30 mM to
about 70 mM, about 30 mM to about 60 mM, about 30 mM to about 50 mM, about 30
mM to about 40 mM, about 50 mM to about 150 mM, 50 mM to about 120 mM, about 55
mM to about 100 mM, about 60 mM to about 100 mM, about 60 mM to about 80 mM,
about 70 mM to about 100 mM, or about 70 mM to about 80 mM sodium chloride. In
certain embodiments, the pharmaceutical composition of the present disclosure
comprises about 80 mM to about 120 mM, about 70 mM to about 90 mM, about 50 mM
to about 70 mM, or about 20 mM to about 40 mM sodium chloride. In exemplary
aspects, the pharmaceutical composition of the present disclosure comprises about 0
mM to about 100 mM, about 0 mM to about 80 mM, about O mM to about 70 mM, about
0 mM to about 60 mM, about 0 mM to about 50 mM, about 0 mM to about 40 mM, about
0 mM to about 30 mM, about 0 mM to about 20 mM, about 0 mM to about 10 mM, about
0 mM to about 5 mM sodium chloride. In certain embodiments, the pharmaceutical
composition comprises less than about 100 mM, less than about 80 mM, less than
about 70 mM, or less than about 60 mM sodium chloride. In other embodiments, the
pharmaceutical composition comprises about 0 mM to less than about 100 mM, about 5
mM to less than about 100 mM, about 10 mM to less than about 100 mM, about 20 mM
to less than about 100 mM, about 30 mM to less than about 100 mM, about 40 mM to
less than about 100 mM, about 50 mM to less than about 100 mM, about 60 mM to less
than about 100 mM, or about 70 mM to less than about 100 mM sodium chloride. In
exemplary aspects, the pharmaceutical composition comprises about 0 mM, about 5
mM, about 10 mM, about 15 mM, about 20 mM, about 25 mM, about 30 mM, about 35
mM, about 40 mM, about 45 mM, about 50 mM, about 55 mM, about 60 mM, about 65
mM, about 70 mM, about 75 mM, about 80 mM, about 85 mM, about 90 mM, about 95
mM, about 100 mM, about 105 mM, about 110 mM, about 115 mM, about 120 mM,
about 125 mM, about 130 mM, about 135 mM, about 140 mM, about 145 mM, or about
150 mM sodium chloride. In certain embodiments, the pharmaceutical composition of
the present disclosure comprises about 0 mM sodium chloride. In certain embodiments,
the pharmaceutical composition of the present disclosure comprises about 10 mM
sodium chloride. In certain embodiments, the pharmaceutical composition of the present

disclosure comprises about 20 mM sodium chloride. In certain embodiments, the
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pharmaceutical composition of the present disclosure comprises about 30 mM sodium
chloride. In certain embodiments, the pharmaceutical composition of the present
disclosure comprises about 40 mM sodium chloride. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises about 50 mM sodium
chloride. In certain embodiments, the pharmaceutical composition of the present
disclosure comprises about 60 mM sodium chloride. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises about 70 mM sodium
chloride. In certain embodiments, the pharmaceutical composition of the present
disclosure comprises about 80 mM sodium chloride. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises about 100 mM sodium

chloride.

[0057] Advantageously, it was also found that the inclusion of a non-ionic surfactant
substantially reduces the loss of AAV on surfaces and prevents formation of visible
particles of the pharmaceutical compositions. Accordingly, in certain embodiments,
pharmaceutical compositions containing a stabilizing concentration of a non-ionic
detergent are provided. Pharmaceutically acceptable non-ionic surfactants that may be
used in the formulations disclosed herein are known in the art of pharmaceutical
science, and include, without limitation, Polysorbate 80 (Tween 80; PS80), Polysorbate
20 (Tween 20; PS20), and various poloxamers or pluronics, including Pluronic F-68,
and BRIJ 35, or mixtures thereof. In a preferred embodiment, the non-ionic surfactant
used in the present pharmaceutical compositions is Polysorbate 80. In exemplary
aspects, the pharmaceutical composition of the present disclosure comprises Super
Refined™ PS80 commercially available from Croda Health Care (Snaith, UK).

[0058] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises about 0.001% (w/v) to about 0.01% (w/v) or about 0.0025% (w/v)
to about 0.0075% (w/v) non-ionic surfactant. In exemplary aspects, the pharmaceutical
composition comprises about 0.001% (w/v), about 0.0015% (w/v), about 0.002% (w/v),
about 0.0025% (w/v), about 0.003% (w/v), about 0.0035% (w/v), about 0.004% (w/v),
about 0.0045% (w/v), about 0.005% (w/v), about 0.0055% (w/v), about 0.006% (w/v),
about 0.0065% (w/v), about 0.007% (w/v), about 0.0075% (w/v), about 0.008% (w/v),
about 0.0085% (w/v), about 0.009% (w/v), about 0.0095% (w/v), about 0.001% (w/v)
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non-ionic surfactant. In certain embodiments, the pharmaceutical composition of the

present disclosure comprises about 0.005% (w/v) non-ionic surfactant.

[0059] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises about 0.001% (w/v) to about 0.01% (w/v) or about 0.0025% (w/v)
to about 0.0075% (w/v) polysorbate 80 (e.g., Super Refined™ PS80). In exemplary
aspects, the pharmaceutical composition comprises about 0.001% (w/v), about
0.0015% (w/v), about 0.002% (w/v), about 0.0025% (w/v), about 0.003% (w/v), about
0.0035% (wl/v), about 0.004% (w/v), about 0.0045% (w/v), about 0.005% (w/v), about
0.0055% (w/v), about 0.006% (w/v), about 0.0065% (w/v), about 0.007% (w/v), about
0.0075% (w/v), about 0.008% (w/v), about 0.0085% (w/v), about 0.009% (w/v), about
0.0095% (w/v), about 0.001% (w/v) PS80. In certain embodiments, the pharmaceutical

composition of the present disclosure comprises about 0.005% (w/v) PS80.

[0060] It was found that the inclusion of moderate levels (i.e., between about 1% to
about 10 %) of one or more sugar and/or sugar alcohol assists in the stability of the
liquid and/or lyophilized formulations. For example, the sugar and/or sugar alcohol
allows for better properties during freeze/thawing cycles. Accordingly, in certain
embodiments, the present invention provides pharmaceutical compositions containing
between about 2% and about 10% of one or more sugars and/or sugar alcohols. Any
sugar such as mono-, di-, or polysaccharides, or water-soluble glucans, including for
example fructose, glucose, mannose, sorbose, xylose, maltose, lactose, sucrose,
dextran, trehalose, pullulan, dextrin, cyclodextrin, soluble starch, hydroxyethyl starch,
and carboxymethylcellulose may be used. In a particular embodiment, the sugar is
sucrose, trehalose, or a combination thereof. In certain embodiments, the trehalose is
trehalose dihydrate. Sugar alcohols are defined as a hydrocarbon having between
about 4 and about 8 carbon atoms and a hydroxyl group. Non-limiting examples of
sugar alcohols that may be used in the pharmaceutical compositions provided herein
include, mannitol, sorbitol, inositol, galactitol, dulcitol, xylitol, and arabitol. In certain
embodiments, mannitol is used as a sugar alcohol additive. In certain embodiments, a

pharmaceutical composition contains both a sugar and a sugar alcohol additive.
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[0061] The sugars and sugar alcohols may be used individually or in combination. In
some embodiments, the sugar, sugar alcohol, or combination thereof will be present in
the formulation at a concentration of about 1% to about 10% (w/v), about 1% (w/v) to
about 1.5% (w/v), about 2.5% to about 7.5% (w/v), or about 1% to about 5% (w/v). In
exemplary aspects, the pharmaceutical composition of the present disclosure comprises
about 1.0% (w/v), about 1.1% (w/v), about 1.2% (w/v), about 1.3% (w/v), about 1.4%
(w/v), about 1.5% (w/v), about 1.6% (w/v), about 1.7% (w/v), about 1.8% (w/v), about
1.9% (w/v), about 2.0% (w/v), about 2.5% (w/v), about 3.0% (w/v), about 3.5% (w/v),
about 4.0% (w/v), about 4.5% (w/v), about 5.0% (w/v), about 5.5% (w/v), about 6.0%
(w/v), about 6.5% (w/v), about 7.0% (w/v), about 7.5% (w/v), about 8.0% (w/v), about
8.5% (wlv), about 9.0% (w/v), about 9.5% (w/v), or about 10% (w/v) sugar, sugar
alcohol, or combination thereof. In certain embodiments, the sugar is sucrose,
trehalose, or a combination thereof. In certain embodiments, the trehalose is trehalose
dihydrate.

[0062] In certain embodiments, the pharmaceutical composition of the present
disclosure comprises about 1% to about 10% (w/v), about 1% (w/v) to about 1.5% (w/v),
about 2.5% to about 7.5% (w/v), or about 1% to about 5% (w/v) sucrose, trehalose, or a
combination thereof. In exemplary aspects, the pharmaceutical composition of the
present disclosure comprises about 1.0% (w/v), about 1.1% (w/v), about 1.2% (w/v),
about 1.3% (w/v), about 1.4% (w/v), about 1.5% (w/v), about 1.6% (w/v), about 1.7%
(w/v), about 1.8% (w/v), about 1.9% (w/v), about 2.0% (w/v), about 2.5% (w/v), about
3.0% (w/v), about 3.5% (w/v), about 4.0% (w/v), about 4.5% (w/v), about 5.0% (w/v),
about 5.5% (w/v), about 6.0% (w/v), about 6.5% (w/v), about 7.0% (w/v), about 7.5%
(w/v), about 8.0% (w/v), about 8.5% (w/v), about 9.0% (w/v), about 9.5% (w/v), or about
10% (w/v) sucrose, trehalose, or a combination thereof. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises about 1.3% (w/v)
sucrose, trehalose, or a combination thereof. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises about 5% (w/v)
sucrose, trehalose, or a combination thereof. In exemplary aspects, the pharmaceutical
composition of the present disclosure comprises 10 mM to about 150 mM, about 30 mM

to about 40 mM, or about 35 mM to about 132 mM sucrose, trehalose, or a combination
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thereof. In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises about 10 mM, about 15 mM, about 20 mM, about 25 mM, about
30 mM, about 35 mM, about 40 mM, about 45 mM, about 50 mM, about 55 mM, about
60 mM, about 65 mM, about 70 mM, about 75 mM, about 80 mM, about 85 mM, about
90 mM, about 95 mM, about 100 mM, about 110 mM, about 120 mM, about 130 mM,
about 140 mM, or about 150 mM sucrose, trehalose, or a combination thereof. In
certain embodiments, the pharmaceutical composition of the present disclosure
comprises about 35 mM sucrose, trehalose, or a combination thereof. In certain
embodiments, the pharmaceutical composition of the present disclosure comprises
about 132 mM sucrose, trehalose, or a combination thereof. In exemplary aspects, the

trehalose is trehalose dihydrate.

[0063] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM
L-histidine, about 0 mM to about 150 mM pharmaceutically acceptable salt, about
0.001% (w/v) to about 0.01% (w/v) non-ionic surfactant, and about 1% (w/v) to about
10% (w/v) sugar and/or sugar alcohol. In certain embodiments, the pharmaceutically
acceptable salt is about 0 nM to about 100 mM. In certain embodiments, the
pharmaceutically acceptable salt is about 30 nM to about 100 mM. In certain
embodiments, the pharmaceutically acceptable salt is about 5 nM to about 150 mM. In
certain embodiments, the pharmaceutically acceptable salt is about 50 nM to about 150

mM. In certain embodiments, the pharmaceutically acceptable salt is sodium chloride.

[0064] In exemplary aspects, the pharmaceutical composition of the present
disclosure further comprises glycine. In exemplary aspects, the pharmaceutical
composition of the present disclosure comprises about 30 mM to about 70 mM, about
35 mM to about 65 mM glycine, about 40 mM to about 60 mM, or about 45 mM to about
55 mM glycine. In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises about 30 mM, about 35 mM, about 40 mM, about 45 mM, about
50 mM, about 55 mM, about 60 mM, about 65 mM, or about 70 mM glycine. In certain
embodiments, the pharmaceutical composition of the present disclosure further

comprises about 50 mM glycine.
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[0065] In exemplary aspects, the pharmaceutical composition of the present
disclosure further comprises mannitol. In exemplary aspects, the pharmaceutical
composition of the present disclosure comprises about 50 mM to about 150 mM, about
60 mM to about 140 mM, about 70 mM to about 130 mM, about 80 mM to about 120
mM, or about 90 mM to about 110 mM mannitol. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises about 110 mM
mannitol. In exemplary aspects, the pharmaceutical composition of the present

disclosure comprises glycine or mannitol, but not both glycine and mannitol.

[0066] In other embodiments, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM
L-histidine, about 0 mM to about 150 mM pharmaceutically acceptable salt, about
0.001% (w/v) to about 0.01% (w/v) non-ionic surfactant, and about 1% (w/v) to about
10% (w/v) sugar and/or sugar alcohol. In certain embodiments, the pharmaceutically
acceptable salt is about 0 nM to about 100 mM. In certain embodiments, the
pharmaceutically acceptable salt is about 30 nM to about 100 mM. In certain
embodiments, the pharmaceutically acceptable salt is about 5 nM to about 150 mM. In
certain embodiments, the pharmaceutically acceptable salt is about 50 nM to about 150
mM. certain embodiments, the sugar and/or sugar alcohol is sucrose, trehalose,
mannitol, and a combination thereof. In certain embodiments, the pharmaceutically

acceptable salt is sodium chloride.

[0067] In other embodiments, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM
L-histidine, about O mM to about 150 mM pharmaceutically acceptable salt, about
0.001% (w/v) to about 0.01% (w/v) non-ionic surfactant, and about 1% (w/v) to about
10% (w/v) sugar and/or sugar alcohol. In certain embodiments, the pharmaceutically
acceptable salt is about 0 nM to about 100 mM. In certain embodiments, the
pharmaceutically acceptable salt is about 30 nM to about 100 mM. In certain
embodiments, the pharmaceutically acceptable salt is about 5 nM to about 150 mM. In
certain embodiments, the pharmaceutically acceptable salt is about 50 nM to about 150
mM. In certain embodiments, the non-ionic surfactant is Polysorbate 20, Polysorbate

80, Pluronic F-68, BRIJ 35, and a combination thereof. In certain embodiments, the
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sugar and/or sugar alcohol is sucrose, trehalose, mannitol, and a combination thereof.
In certain embodiments, the non-ionic surfactant is PS80. In certain embodiments, the

pharmaceutically acceptable salt is sodium chloride.

[0068] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM
L-histidine, less than about 100 mM pharmaceutically acceptable salt, about 0.001%
(w/v) to about 0.01% (w/v) non-ionic surfactant, and about 1% (w/v) to about 10% (w/v)
sugar and/or sugar alcohol. In certain embodiments, the pharmaceutically acceptable
salt is about O nM to less than about 100 mM. In certain embodiments, the
pharmaceutically acceptable salt is about 0 nM to about 80 mM, about 0 nM to about 70
mM, about 0 mM to about 60 mM, about 0 mM to about 50 mM, about 0 mM to about 40
mM, O mM to about 30 mM, about 0 mM to about 20 mM, or 0 mM to about 10 mM. In
certain embodiments, the pharmaceutically acceptable salt is about 30 nM to less than
about 100 mM. In certain embodiments, the pharmaceutically acceptable salt is about
30 nM to about 80 mM, about 30 nM to about 70 mM, about 30 mM to about 60 mM,
about 30 mM to about 50 mM, or about 30 mM to about 40 mM. In certain
embodiments, the pharmaceutically acceptable salt is sodium chloride. In certain
embodiments, the pharmaceutical composition of the present disclosure comprises
glycine or mannitol, but not both glycine and/or mannitol. In certain embodiments, the
pharmaceutical composition of the present disclosure comprises glycine or mannitol, but
not both glycine and mannitol. In certain embodiments, the formulation is a liquid
formulation. In certain embodiments, the formulation is a lyophilized formulation. In
certain embodiments, the lower salt pharmaceutical composition is a lyophilized

formulation.

[0069] In other embodiments, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM
L-histidine, less than about 100 mM pharmaceutically acceptable salt, about 0.001%
(w/v) to about 0.01% (w/v) non-ionic surfactant, and about 1% (w/v) to about 10% (w/v)
sugar and/or sugar alcohol. In certain embodiments, the pharmaceutically acceptable
salt is about 0 nM to less than about 100 mM. In certain embodiments, the

pharmaceutically acceptable salt is about 0 nM to about 80 mM, about O nM to about 70
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mM, about 0 mM to about 60 mM, about 0 mM to about 50 mM, about 0 mM to about 40
mM, 0 mM to about 30 mM, about 0 mM to about 20 mM, or 0 mM to about 10 mM. In
certain embodiments, the pharmaceutically acceptable salt is about 30 nM to less than
about 100 mM. In certain embodiments, the pharmaceutically acceptable salt is about
30 nM to about 80 mM, about 30 nM to about 70 mM, about 30 mM to about 60 mM,
about 30 mM to about 50 mM, or about 30 mM to about 40 mM. In certain
embodiments, the sugar and/or sugar alcohol is sucrose, trehalose, mannitol, and a
combination thereof. In certain embodiments, the pharmaceutically acceptable salt is
sodium chloride. In certain embodiments, the formulation is a liquid formulation. In
certain embodiments, the formulation is a lyophilized formulation. In certain

embodiments, the lower salt pharmaceutical composition is a lyophilized formulation.

[0070] In other embodiments, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM
L-histidine, less than about 100 mM pharmaceutically acceptable salt, about 0.001%
(w/v) to about 0.01% (w/v) non-ionic surfactant, and about 1% (w/v) to about 10% (w/v)
sugar and/or sugar alcohol. In certain embodiments, the pharmaceutically acceptable
salt is about 0 nM to less than about 100 mM. In certain embodiments, the
pharmaceutically acceptable salt is about 0 nM to about 80 mM, about 0 nM to about 70
mM, about 0 mM to about 60 mM, about 0 mM to about 50 mM, about 0 mM to about 40
mM, O mM to about 30 mM, about 0 mM to about 20 mM, or 0 mM to about 10 mM. In
certain embodiments, the pharmaceutically acceptable salt is about 30 nM to less than
about 100 mM. In certain embodiments, the pharmaceutically acceptable salt is about
30 nM to about 80 mM, about 30 nM to about 70 mM, about 30 mM to about 60 mM,
about 30 mM to about 50 mM, or about 30 mM to about 40 mM. In certain
embodiments, the non-ionic surfactant is Polysorbate 20, Polysorbate 80, Pluronic F-68,
BRIJ 35, and a combination thereof. In certain embodiments, the sugar and/or sugar
alcohol is sucrose, trehalose, mannitol, and a combination thereof. In certain
embodiments, the non-ionic surfactant is PS80. In certain embodiments, the
pharmaceutically acceptable salt is sodium chloride. In certain embodiments, the

formulation is a liquid formulation. In certain embodiments, the formulation is a
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lyophilized formulation. In certain embodiments, the lower salt pharmaceutical

composition is a lyophilized formulation.

[0071] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM
L-histidine, about 50 mM to about 150 mM sodium chloride, about 0.001% (w/v) to
about 0.01% (w/v) polysorbate 80 (PS80), and about 1% (w/v) to about 10% (w/v)

sucrose or trehalose.

[0072] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM
L-histidine, about O mM to less than about 100 mM sodium chloride, about 0.001% (w/v)
to about 0.01% (w/v) polysorbate 80 (PS80), and about 1% (w/v) to about 10% (w/v)
sucrose or trehalose. In certain embodiments, the formulation is a liquid formulation. In
certain embodiments, the formulation is a lyophilized formulation. In certain

embodiments, the lower salt pharmaceutical composition is a lyophilized formulation.

[0073] In exemplary aspects, the pharmaceutical composition of the present
disclosure comprises: adeno-associated virus (AAV) and about 5 mM to about 25 mM
L-histidine, about 30 mM to about 80 mM sodium chloride, about 0.001% (w/v) to about
0.01% (w/v) polysorbate 80 (PS80), and about 1% (w/v) to about 10% (w/v) sucrose or
trehalose. In certain embodiments, the formulation is a liquid formulation. In certain
embodiments, the formulation is a lyophilized formulation. In certain embodiments, the

lower salt pharmaceutical composition is a lyophilized formulation.

[0074] In certain embodiments, lower salt pharmaceutical compositions are provided
comprising adeno-associated virus (AAV) and about 5 mM to about 25 mM L-histidine,
about 50 mM to about 150 mM sodium chloride, about 0.001% (w/v) to about 0.01%
(w/v) polysorbate 80 (PS80), and about 1% (w/v) to about 10% (w/v) sucrose or
trehalose. In certain embodiments, the pharmaceutical composition of the present
disclosure further comprises about 30 mM to about 70 mM glycine. In certain
embodiments, the formulation is a liquid formulation. In certain embodiments, the
formulation is a lyophilized formulation. In certain embodiments, the lower salt

pharmaceutical composition is a lyophilized formulation.
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[0075] In certain embodiments, lower salt pharmaceutical compositions are provided
comprising adeno-associated virus (AAV) and about 5 mM to about 25 mM L-histidine,
about 0 mM to less than about 100 mM sodium chloride, about 0.001% (w/v) to about
0.01% (w/v) polysorbate 80 (PS80), and about 1% (w/v) to about 10% (w/v) sucrose or
trehalose. In certain embodiments, the pharmaceutical composition of the present
disclosure further comprises about 30 mM to about 70 mM glycine. In certain
embodiments, the pharmaceutical composition comprises less than about 80 mM
sodium chloride. In certain embodiments, the pharmaceutical composition comprises
less than about 70 mM sodium chloride. In certain embodiments, the pharmaceutical
composition comprises less than about 60 mM sodium chloride. In certain
embodiments, the pharmaceutical composition comprises less than about 50 mM
sodium chloride. In certain embodiments, the pharmaceutical composition comprises
less than about 40 mM sodium chloride. In certain embodiments, the pharmaceutical
composition comprises less than about 30 mM sodium chloride. In certain
embodiments, the pharmaceutical composition comprises about 0 mM to about 80 mM
sodium chloride. In certain embodiments, the pharmaceutical composition comprises
about 0 mM to about 70 mM sodium chloride. In certain embodiments, the
pharmaceutical composition comprises about 0 mM to about 60 mM sodium chloride. In
certain embodiments, the pharmaceutical composition comprises about 0 mM to about
50 mM sodium chloride. In certain embodiments, the pharmaceutical composition
comprises about 0 mM to about 40 mM sodium chloride. In certain embodiments, the
pharmaceutical composition comprises about 0 mM to about 30 mM sodium chloride. In
certain embodiments, the pharmaceutical composition comprises about 30 mM to about
80 mM sodium chloride. In certain embodiments, the pharmaceutical composition
comprises about 30 mM to about 70 mM sodium chloride. In certain embodiments, the
pharmaceutical composition comprises about 30 mM to about 60 mM sodium chloride.
In certain embodiments, the pharmaceutical composition comprises about 30 mM to
about 50 mM sodium chloride. In certain embodiments, the pharmaceutical composition
comprises about 30 mM to about 40 mM sodium chloride. In certain embodiments, the

formulation is a liquid formulation. In certain embodiments, the formulation is a
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lyophilized formulation. In certain embodiments, the lower salt pharmaceutical

composition is a lyophilized formulation.

[0076] The present disclosure also provides a pharmaceutical composition
comprising adeno-associated virus (AAV) and about 20 mM L-histidine, about 70 mM
sodium chloride, about 0.005% (w/v) polysorbate 80 (PS80), and about 5% (w/v)
sucrose. In certain embodiments, the pH of the pharmaceutical composition is about
7.520.2 and/or the osmolality is about 300+10 mOsmol/kg.

[0077] The present disclosure further provides a pharmaceutical composition
comprising adeno-associated virus (AAV) and about 20 mM L-histidine, about 60 mM
sodium chloride, about 0.005% (w/v) polysorbate 80 (PS80), about 35 mM trehalose,
and about 110 mM mannitol. In certain embodiments, the pH of the pharmaceutical
composition is about 7.0+0.2 and/or the osmolality is about 390+10 mOsmol/kg. In
certain embodiments, the pH of the pharmaceutical composition is about 7.0+£0.2 and/or

the osmolality is about 29010 mOsmol/kg.

[0078] The present disclosure further provides a pharmaceutical composition
comprising adeno-associated virus (AAV) and about 10 mM L-histidine, about 100 mM
sodium chloride, about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose,
and about 50 mM glycine. In certain embodiments, the pH of the pharmaceutical

composition is about 7.0+£0.2 and/or the osmolality is about 400+10 mOsmol/kg.

[0079] The present disclosure further provides a pharmaceutical composition that can
be liquid or lyophilized (e.g., lyophilized from a liquid formulation) comprising adeno-
associated virus (AAV) and about 10 mM L-histidine, about 80 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In certain embodiments, the pH of the pharmaceutical composition is about
7.0+0.2.

[0080] The present disclosure further provides a pharmaceutical composition that can
be liquid or lyophilized (e.g., lyophilized from a liquid formulation) comprising adeno-
associated virus (AAV) and about 10 mM L-histidine, about 70 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
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glycine. In certain embodiments, the pH of the pharmaceutical composition is about
7.0£0.2.

[0081] The present disclosure further provides a pharmaceutical composition that can
be liquid or lyophilized (e.g., lyophilized from a liquid formulation) comprising adeno-
associated virus (AAV) and about 10 mM L-histidine, about 60 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In certain embodiments, the pH of the pharmaceutical composition is about
7.0+0.2.

[0082] The present disclosure further provides a pharmaceutical composition that can
be liquid or lyophilized (e.g., lyophilized from a liquid formulation) comprising adeno-
associated virus (AAV) and about 10 mM L-histidine, about 50 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In certain embodiments, the pH of the pharmaceutical composition is about
7.0+0.2.

[0083] The present disclosure further provides a pharmaceutical composition that can
be liquid or lyophilized (e.g., lyophilized from a liquid formulation) comprising adeno-
associated virus (AAV) and about 10 mM L-histidine, about 40 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In certain embodiments, the pH of the pharmaceutical composition is about
7.0+0.2.

[0084] The present disclosure further provides a pharmaceutical composition that can
be liquid or lyophilized (e.g., lyophilized from a liquid formulation) comprising adeno-
associated virus (AAV) and about 10 mM L-histidine, about 30 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In certain embodiments, the pH of the pharmaceutical composition is about
7.0+0.2.

[0085] The present disclosure further provides a pharmaceutical composition that can
be liquid or lyophilized (e.g., lyophilized from a liquid formulation) comprising adeno-
associated virus (AAV) and about 10 mM L-histidine, about 20 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
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glycine. In certain embodiments, the pH of the pharmaceutical composition is about
7.0£0.2.

[0086] The present disclosure further provides a pharmaceutical composition that can
be liquid or lyophilized (e.g., lyophilized from a liquid formulation) comprising adeno-
associated virus (AAV) and about 10 mM L-histidine, about 10 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In certain embodiments, the pH of the pharmaceutical composition is about
7.0+0.2.

[0087] The present disclosure further provides a pharmaceutical composition that can
be liquid or lyophilized (e.g., lyophilized from a liquid formulation) comprising adeno-
associated virus (AAV) and about 10 mM L-histidine, about 0 mM sodium chloride,
about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM
glycine. In certain embodiments, the pH of the pharmaceutical composition is about
7.0+0.2.

[0088] Additional components

[0089] In exemplary embodiments, the formulations or pharmaceutical compositions
of the present disclosure comprise additional pharmaceutically acceptable ingredients.
In exemplary aspects, the formulations or pharmaceutical compositions comprise any
one or a combination of the following: acidifying agents, additives, adsorbents, aerosol
propellants, air displacement agents, alkalizing agents, anticaking agents,
anticoagulants, antimicrobial preservatives, antioxidants, antiseptics, bases, binders,
buffering agents, chelating agents, coating agents, coloring agents, desiccants,
detergents, diluents, disinfectants, disintegrants, dispersing agents, dissolution
enhancing agents, dyes, emollients, emulsifying agents, emulsion stabilizers, fillers, film
forming agents, flavor enhancers, flavoring agents, flow enhancers, gelling agents,
granulating agents, humectants, lubricants, mucoadhesives, ointment bases, ointments,
oleaginous vehicles, organic bases, pastille bases, pigments, plasticizers, polishing
agents, preservatives, sequestering agents, skin penetrants, solubilizing agents,
solvents, stabilizing agents, suppository bases, surface active agents, surfactants,

suspending agents, sweetening agents, therapeutic agents, thickening agents, tonicity

30



WO 2018/128689 PCT/US2017/059971

agents, toxicity agents, viscosity-increasing agents, water-absorbing agents, water-
miscible cosolvents, water softeners, or wetting agents. In some embodiments, the
formulations or pharmaceutical compositions of the present disclosure comprise any
one or a combination of the following components: acacia, acesulfame potassium,
acetyltributyl citrate, acetyltriethyl citrate, agar, albumin, alcohol, dehydrated alcohol,
denatured alcohol, dilute alcohol, aleuritic acid, alginic acid, aliphatic polyesters,
alumina, aluminum hydroxide, aluminum stearate, amylopectin, a-amylose, ascorbic
acid, ascorbyl palmitate, aspartame, bacteriostatic water for injection, bentonite,
bentonite magma, benzalkonium chloride, benzethonium chloride, benzoic acid, benzyl
alcohol, benzyl benzoate, bronopol, butylated hydroxyanisole, butylated hydroxytoluene,
butylparaben, butylparaben sodium, calcium alginate, calcium ascorbate, calcium
carbonate, calcium cyclamate, dibasic anhydrous calcium phosphate, dibasic dehydrate
calcium phosphate, tribasic calcium phosphate, calcium propionate, calcium silicate,
calcium sorbate, calcium stearate, calcium sulfate, calcium sulfate hemihydrate, canola
oil, carbomer, carbon dioxide, carboxymethyl cellulose calcium, carboxymethyl cellulose
sodium, B-carotene, carrageenan, castor oil, hydrogenated castor oil, cationic
emulsifying wax, cellulose acetate, cellulose acetate phthalate, ethyl cellulose,
microcrystalline cellulose, powdered cellulose, silicified microcrystalline cellulose,
sodium carboxymethyl cellulose, cetostearyl alcohol, cetrimide, cetyl alcohol,
chlorhexidine, chlorobutanol, chlorocresol, cholesterol, chlorhexidine acetate,
chlorhexidine gluconate, chlorhexidine hydrochloride, chlorodifluoroethane (HCFC),
chlorodifluoromethane, chlorofluorocarbons (CFC)chlorophenoxyethanol, chloroxylenol,
corn syrup solids, anhydrous citric acid, citric acid monohydrate, cocoa butter, coloring
agents, corn oil, cottonseed oil, cresol, m-cresol, o-cresol, p-cresol, croscarmellose
sodium, crospovidone, cyclamic acid, cyclodextrins, dextrates, dextrin, dextrose,
dextrose anhydrous, diazolidinyl urea, dibutyl phthalate, dibutyl sebacate,
diethanolamine, diethyl phthalate, difluoroethane (HFC), dimethyl-B-cyclodextrin,
cyclodextrin-type compounds such as Captisol®, dimethyl ether, dimethyl phthalate,
dipotassium edentate, disodium edentate, disodium hydrogen phosphate, docusate
calcium, docusate potassium, docusate sodium, dodecyl gallate,

dodecyltrimethylammonium bromide, edentate calcium disodium, edtic acid, eglumine,
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ethyl alcohol, ethylcellulose, ethyl gallate, ethyl laurate, ethyl maltol, ethyl oleate,
ethylparaben, ethylparaben potassium, ethylparaben sodium, ethyl vanillin, fructose,
fructose liquid, fructose milled, fructose pyrogen-free, powdered fructose, fumaric acid,
gelatin, glucose, liquid glucose, glyceride mixtures of saturated vegetable fatty acids,
glycerin, glyceryl behenate, glyceryl monooleate, glyceryl monostearate, self-
emulsifying glyceryl monostearate, glyceryl palmitostearate, glycine, glycols, glycofurol,
guar gum, heptafluoropropane (HFC), hexadecyltrimethylammonium bromide, high
fructose syrup, human serum albumin, hydrocarbons (HC), dilute hydrochloric acid,
hydrogenated vegetable oil type Il, hydroxyethyl cellulose, 2-hydroxyethyl-3-
cyclodextrin, hydroxypropyl cellulose, low-substituted hydroxypropyl cellulose, 2-
hydroxypropyl-B-cyclodextrin, hydroxypropyl methylcellulose, hydroxypropyl
methylcellulose phthalate, imidurea, indigo carmine, ion exchangers, iron oxides,
isopropyl alcohol, isopropyl myristate, isopropyl palmitate, isotonic saline, kaolin, lactic
acid, lactitol, lactose, lanolin, lanolin alcohols, anhydrous lanolin, lecithin, magnesium
aluminum silicate, magnesium carbonate, normal magnesium carbonate, magnesium
carbonate anhydrous, magnesium carbonate hydroxide, magnesium hydroxide,
magnesium lauryl sulfate, magnesium oxide, magnesium silicate, magnesium stearate,
magnesium trisilicate, magnesium trisilicate anhydrous, malic acid, malt, maltitol,
maltitol solution, maltodextrin, maltol, maltose, mannitol, medium chain triglycerides,
meglumine, menthol, methylcellulose, methyl methacrylate, methyl oleate,
methylparaben, methylparaben potassium, methylparaben sodium, microcrystalline
cellulose and carboxymethylcellulose sodium, mineral oil, light mineral oil, mineral oil
and lanolin alcohols, oil, olive oil, monoethanolamine, montmorillonite, octyl gallate,
oleic acid, palmitic acid, paraffin, peanut oil, petrolatum, petrolatum and lanolin alcohols,
pharmaceutical glaze, phenol, liquified phenol, phenoxyethanol, phenoxypropanol,
phenylethyl alcohol, phenylmercuric acetate, phenylmercuric borate, phenylmercuric
nitrate, polacrilin, polacrilin potassium, poloxamer, polydextrose, polyethylene glycol,
polyethylene oxide, polyacrylates, polyethylene-polyoxypropylene-block polymers,
polymethacrylates, polyoxyethylene alkyl ethers, polyoxyethylene castor oil derivatives,
polyoxyethylene sorbitol fatty acid esters, polyoxyethylene stearates, polyvinyl alcohol,

polyvinyl pyrrolidone, potassium alginate, potassium benzoate, potassium bicarbonate,
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potassium bisulfite, potassium chloride, postassium citrate, potassium citrate
anhydrous, potassium hydrogen phosphate, potassium metabisulfite, monobasic
potassium phosphate, potassium propionate, potassium sorbate, povidone, propanol,
propionic acid, propylene carbonate, propylene glycol, propylene glycol alginate, propyl|
gallate, propylparaben, propylparaben potassium, propylparaben sodium, protamine
sulfate, rapeseed oil, Ringer's solution, saccharin, saccharin ammonium, saccharin
calcium, saccharin sodium, safflower oil, saponite, serum proteins, sesame oil, colloidal
silica, colloidal silicon dioxide, sodium alginate, sodium ascorbate, sodium benzoate,
sodium bicarbonate, sodium bisulfite, sodium chloride, anhydrous sodium citrate,
sodium citrate dehydrate, sodium chloride, sodium cyclamate, sodium edentate, sodium
dodecyl sulfate, sodium lauryl sulfate, sodium metabisulfite, sodium phosphate, dibasic,
sodium phosphate, monobasic, sodium phosphate, tribasic, anhydrous sodium
propionate, sodium propionate, sodium sorbate, sodium starch glycolate, sodium stearyl
fumarate, sodium sulfite, sorbic acid, sorbitan esters (sorbitan fatty esters), sorbitol,
sorbitol solution 70%, soybean oil, spermaceti wax, starch, corn starch, potato starch,
pregelatinized starch, sterilizable maize starch, stearic acid, purified stearic acid, stearyl
alcohol, sucrose, sugars, compressible sugar, confectioner’s sugar, sugar spheres,
invert sugar, Sugartab, Sunset Yellow FCF, synthetic paraffin, talc, tartaric acid,
tartrazine, tetrafluoroethane (HFC), theobroma oil, thimerosal, titanium dioxide, alpha
tocopherol, tocopheryl acetate, alpha tocopheryl acid succinate, beta-tocopherol, delta-
tocopherol, gamma-tocopherol, tragacanth, triacetin, tributyl citrate, triethanolamine,
triethyl citrate, trimethyl-B-cyclodextrin, trimethyltetradecylammonium bromide, tris
buffer, trisodium edentate, vanillin, type | hydrogenated vegetable oil, water, soft water,
hard water, carbon dioxide-free water, pyrogen-free water, water for injection, sterile
water for inhalation, sterile water for injection, sterile water for irrigation, waxes, anionic
emulsifying wax, carnauba wax, cationic emulsifying wax, cetyl ester wax,
microcrystalline wax, nonionic emulsifying wax, suppository wax, white wax, yellow wax,
white petrolatum, wool fat, xanthan gum, xylitol, zein, zinc propionate, zinc salts, zinc
stearate, or any excipient in the Handbook of Pharmaceutical Excipients, Third Edition,
A. H. Kibbe (Pharmaceutical Press, London, UK, 2000), which is incorporated by

reference in its entirety. Remington’s Pharmaceutical Sciences, Sixteenth Edition, E. W.
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Martin (Mack Publishing Co., Easton, Pa., 1980), which is incorporated by reference in
its entirety for all intended purposes, discloses various components used in formulating
pharmaceutically acceptable compositions and known techniques for the preparation
thereof. Except insofar as any conventional agent is incompatible with the
pharmaceutical compositions, its use in pharmaceutical compositions is contemplated.
In exemplary embodiments, the formulations or pharmaceutical compositions of the
present disclosure do not comprise one or a combination of the above ingredients. In
exemplary embodiments, the formulations or pharmaceutical compositions of the
present disclosure comprises none of these ingredients. In exemplary aspects, the
pharmaceutical composition of the present disclosure does not comprise dextran. In
exemplary aspects, the pharmaceutical composition of the present disclosure does not

comprise calcium chloride.
[0090] pH

[0091] In exemplary embodiments, the pharmaceutical composition of the present
disclosure has a physiologically compatible pH. Accordingly, in certain embodiments,
the AAV formulations are provided that contain a buffering agent suitable to maintain

the formulation at a neutral pH.

[0092] In exemplary aspects, the pH of the pharmaceutical composition is about 6.5
to about 9.0, about 6.5 to about 8.0, about 6.9 to about 7.7, or about 7.0 to about 7.5. In
certain embodiments, the pH of the formulation is about 6.5 or about 6.6, about 6.7,
about 6.8, about 6.9, about 7.0, about 7.1, about 7.2, about 7.3, about 7.4, about 7.5,
about 7.6, about 7.7, about 7.8, about 7.9, about 8.0, about 8.1, about 8.2, about 8.3,
about 8.4, about 8.5, about 8.6, about 8.7, about 8.8, about 8.9, or about 9.0. In
exemplary aspects, the pH of the pharmaceutical composition is about 7.0 or about 7.5.
In certain embodiments, the pH of the pharmaceutical composition is about 7.0. In

certain embodiments, the pH of the pharmaceutical composition is about 7.5.
[0093] Osmolality

[0094] In exemplary embodiments, the pharmaceutical composition of the present
disclosure has an osmolality of about 200 to about 400 mOsmol/kg, about 250 to about

400 mOsmol/kg, or about 290 to about 390 mOsmol/kg. In certain embodiments, an
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AAYV formulation provided herein will have an osmolality, for example, of about 200
mOsmol/L, about 210 mOsmol/L, about 220 mOsmol/L, about 230 mOsmol/L, about
240 mOsmol/L, about 250 mOsmol/L, about 260 mOsmol/L, about 270 mOsmol/L,
about 280 mOsmol/L, about 290 mOsmol/L, about 300 mOsmol/L, about 310
mOsmol/L, about 320 mOsmol/L, about 330 mOsmol/L, about 340 mOsmol/L, about
350 mOsmol/L, about 360 mOsmol/L, about 370 mOsmol/L, about 380 mOsmol/L,
about 390 mOsmol/L, or about 400 mOsmol/L. In exemplary aspects, the
pharmaceutical composition of the present disclosure has an osmolality of about 250
mOsmol/kg to about 400 mOsmol/kg. In exemplary aspects, the pharmaceutical
composition of the present disclosure has an osmolality of about 30010 mOsmol/kg or
about 38010 mOsmol/kg. In certain embodiments, the pharmaceutical composition of
the present disclosure has an osmolality of about 300+10 mOsmol/kg. In certain
embodiments, the pharmaceutical composition of the present disclosure has an

osmolality of about 380+10 mOsmol/kg.

[0095] Examples of tonocity agents that may be used in the formulations provided
herein include, without limitation, sodium chloride, dextrose, sucrose, xylitol, fructose,
glycerol, sorbitol, mannitol, trehalose, potassium chloride, mannose, calcium chloride,
magnesium chloride, other inorganic salts, other sugars, other sugar alcohols, and
combinations thereof. In certain embodiments, an AAV formulation may comprise at

least one tonocity agent, or at least two, three, four, five, or more tonocity agents.
[0096] AAV

[0097] In exemplary embodiments, the pharmaceutical composition of the present
disclosure comprises AAV. The AAV may be of any AAV serotype. In exemplary
aspects, the AAV is of AAV1 serotype, AAV2 serotype, AAV3 serotype, AAV4 serotype,
AAVS5 serotype, AAVG6 serotype, AAV7 serotype, AAV8 serotype, AAVO serotype, or
AAV10 serotype. In exemplary aspects, the AAV is of AAV8 serotype.

[0098] In certain embodiments of the formulations provided herein, the AAV is an
rAAV as described in U.S. Patent Application Publication No. 2017/0233455 and
provisional application No. 62/509,616, which are both incorporated herein by reference

in their entirety and for all purposes.
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[0099] In exemplary aspects, the pharmaceutical composition comprises a high titer
AAV product. In exemplary aspects, the pharmaceutical composition comprises at least
about 100 virus particles (vp) or at least about 10" virus particles (vp) or at least about
102 virus particles (vp) or at least about 10'® virus particles (vp). In exemplary aspects,
the pharmaceutical composition comprises at least about 10" virus particles (vp) or at
least about 10'° virus particles (vp), e.g., at least about 2 x 10'5 virus particles (vp), at
least about 5 x 10'® virus particles (vp). The pharmaceutical composition comprises also
about 10" vector genomes (vg) or at least about 10" vector genomes (vg) or at least
about 102 vector genomes (vg) or at least about 10'® vector genomes (vg). In
exemplary aspects, the pharmaceutical composition comprises at least about 104
vector genomes (vg) or at least about 10'® vector genomes (vg), e.g., at least about 2 x

10"5 vector genomes (vg), at least about 5 x 10'® vector genomes (vg).
[00100] Manufacture Methods and Uses

[00101] Methods of preparing a pharmaceutical composition comprising AAV are
further provided herein. In exemplary aspects, the method comprises combining about
5 mM to about 25 mM buffering agent, about 50 mM to about 150 mM or less than
about 100 mM pharmaceutically acceptable salt, about 0.001% (w/v) to about 0.01%
(w/v) non-ionic surfactant, about 1% (w/v) to about 10% (w/v) sugar and/or sugar
alcohol and AAV, thereby obtaining a pharmaceutical composition comprising AAV. In
exemplary aspects, the method comprises preparing a composition, e.g., an aqueous
solution, comprising about 5 mM to about 25 mM buffering agent, about 50 mM to about
150 mM or less than about 100 mM pharmaceutically acceptable salt, about 0.001%
(w/v) to about 0.01% (w/v) non-ionic surfactant, about 1% (w/v) to about 10% (w/v)
sugar and/or sugar alcohol and adding AAV to the composition. In exemplary aspects,
the method comprises preparing a composition, €.g., an aqueous solution, comprising
about 20 mM buffering agent, about 70 mM pharmaceutically acceptable salt, about
0.005% (w/v) non-ionic surfactant, and about 5% (w/v) sugar and/or sugar alcohol and
adding AAV to the composition. In exemplary aspects, the method comprises
preparing a composition, e.g., an aqgueous solution, comprising about 10 mM buffering
agent about 100 mM pharmaceutically acceptable salt, about 0.005% (w/v) non-ionic

surfactant, about 5% (w/v) sugar and/or sugar alcohol, and about 50 mM glycine and
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adding AAV to the composition. In exemplary aspects, the method comprises preparing
a composition, e.g., an aqueous solution, comprising about 10 mM buffering agent
about 80 mM pharmaceutically acceptable salt, about 0.005% (w/v) non-ionic
surfactant, about 5% (w/v) sugar and/or sugar alcohol, and about 50 mM glycine and
adding AAV to the composition. In exemplary aspects, the method comprises preparing
a composition, e.g., an aqueous solution, comprising about 10 mM buffering agent
about 70 mM pharmaceutically acceptable salt, about 0.005% (w/v) non-ionic
surfactant, about 5% (w/v) sugar and/or sugar alcohol, and about 50 mM glycine and
adding AAV to the composition. In exemplary aspects, the method comprises preparing
a composition, e.g., an aqueous solution, comprising about 10 mM buffering agent
about 60 mM pharmacedutically acceptable salt, about 0.005% (w/v) non-ionic
surfactant, about 5% (w/v) sugar and/or sugar alcohol, and about 50 mM glycine and
adding AAV to the composition. In exemplary aspects, the method comprises preparing
a composition, e.g., an agueous solution, comprising about 10 mM buffering agent
about 50 mM pharmaceutically acceptable salt, about 0.005% (w/v) non-ionic
surfactant, about 5% (w/v) sugar and/or sugar alcohol, and about 50 mM glycine and
adding AAV to the composition. In exemplary aspects, the method comprises preparing
a composition, e.g., an aqueous solution, comprising about 10 mM buffering agent
about 40 mM pharmaceutically acceptable salt, about 0.005% (w/v) non-ionic
surfactant, about 5% (w/v) sugar and/or sugar alcohol, and about 50 mM glycine and
adding AAV to the composition. In exemplary aspects, the method comprises preparing
a composition, e.g., an aqueous solution, comprising about 10 mM buffering agent
about 30 mM pharmaceutically acceptable salt, about 0.005% (w/v) non-ionic
surfactant, about 5% (w/v) sugar and/or sugar alcohol, and about 50 mM glycine and
adding AAV to the composition. In exemplary aspects, the method comprises
preparing a composition, e.g., an agueous solution, comprising about 10 mM buffering
agent about 20 mM pharmaceutically acceptable salt, about 0.005% (w/v) non-ionic
surfactant, about 5% (w/v) sugar and/or sugar alcohol, and about 50 mM glycine and
adding AAV to the composition. In exemplary aspects, the method comprises
preparing a composition, e.g., an aqueous solution, comprising about 10 mM buffering

agent about 10 mM pharmaceutically acceptable salt, about 0.005% (w/v) non-ionic
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surfactant, about 5% (w/v) sugar and/or sugar alcohol, and about 50 mM glycine and
adding AAV to the composition. In exemplary aspects, the method comprises
preparing a composition, e.g., an aqueous solution, comprising about 10 mM buffering
agent about 0 mM pharmaceutically acceptable salt, about 0.005% (w/v) non-ionic
surfactant, about 5% (w/v) sugar and/or sugar alcohol, and about 50 mM glycine and
adding AAV to the composition. In exemplary aspects, the method comprises
preparing a composition, e.g., an aqueous solution, comprising about 20 mM buffering
agent, about 60 mM pharmaceutically acceptable salt, about 0.005% (w/v) non-ionic
surfactant, about 35 mM sugar and/or sugar alcohol, and about 110 mM mannitol and
adding AAV to the composition. In certain embodiments, the aqueous solution is

lyophilized.

[00102] Methods of preparing a pharmaceutical composition comprising AAV are
further provided herein. In exemplary aspects, the method comprises combining about
5 mM to about 25 mM L-histidine, about 50 mM to about 150 mM sodium chloride,
about 0.001% (w/v) to about 0.01% (w/v) polysorbate 80 (PS80), about 1% (w/v) to
about 10% (w/v) sucrose or trehalose and AAV, thereby obtaining a pharmaceutical
composition comprising AAV. In exemplary aspects, the method comprises preparing a
composition, e.g., an aqueous solution, comprising about 5 mM to about 25 mM L-
histidine, about 50 mM to about 150 mM sodium chloride, about 0.001% (w/v) to about
0.01% (w/v) polysorbate 80 (PS80), and about 1% (w/v) to about 10% (w/v) sucrose or
trehalose and adding AAV to the composition. In exemplary aspects, the method
comprises preparing a composition, e.g., an aqueous solution, comprising about 20 mM
L-histidine, about 70 mM sodium chloride, about 0.005% (w/v) polysorbate 80 (PS80),
and about 5% (w/v) sucrose and adding AAV to the composition. In exemplary
aspects, the method comprises preparing a composition, e.g., an aqueous solution,
comprising about 10 mM L-histidine, about 100 mM sodium chloride, about 0.005%
(w/v) polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM glycine and
adding AAV to the composition. In exemplary aspects, the method comprises preparing
a composition, e.g., an agueous solution, comprising about 10 mM L-histidine, about 80
mM sodium chloride, about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v)

trehalose, and about 50 mM glycine and adding AAV to the composition. In exemplary
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aspects, the method comprises preparing a composition, e.g., an aqueous solution,
comprising about 10 mM L-histidine, about 70 mM sodium chloride, about 0.005% (w/v)
polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM glycine and adding
AAV to the composition. In exemplary aspects, the method comprises preparing a
composition, e.g., an aqueous solution, comprising about 10 mM L-histidine, about 60
mM sodium chloride, about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v)
trehalose, and about 50 mM glycine and adding AAV to the composition. In exemplary
aspects, the method comprises preparing a composition, e.g., an aqueous solution,
comprising about 10 mM L-histidine, about 50 mM sodium chloride, about 0.005% (w/v)
polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM glycine and adding
AAV to the composition. In exemplary aspects, the method comprises preparing a
composition, e.g., an aqueous solution, comprising about 10 mM L-histidine, about 40
mM sodium chloride, about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v)
trehalose, and about 50 mM glycine and adding AAV to the composition. In exemplary
aspects, the method comprises preparing a composition, e.g., an aqueous solution,
comprising about 10 mM L-histidine, about 30 mM sodium chloride, about 0.005% (w/v)
polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM glycine and adding
AAV to the composition. In exemplary aspects, the method comprises preparing a
composition, e.g., an aqueous solution, comprising about 10 mM L-histidine, about 20
mM sodium chloride, about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v)
trehalose, and about 50 mM glycine and adding AAV to the composition. In exemplary
aspects, the method comprises preparing a composition, e.g., an aqueous solution,
comprising about 10 mM L-histidine, about 10 mM sodium chloride, about 0.005% (w/v)
polysorbate 80 (PS80), about 5% (w/v) trehalose, and about 50 mM glycine and adding
AAV to the composition. In exemplary aspects, the method comprises preparing a
composition, e.g., an aqueous solution, comprising about 10 mM L-histidine, about 0
mM sodium chloride, about 0.005% (w/v) polysorbate 80 (PS80), about 5% (w/v)
trehalose, and about 50 mM glycine and adding AAV to the composition. In exemplary
aspects, the method comprises preparing a composition, e.g., an aqueous solution,

comprising about 20 mM L-histidine, about 60 mM sodium chloride, about 0.005% (w/v)
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polysorbate 80 (PS80), about 35 mM trehalose, and about 110 mM mannitol and adding

AAYV to the composition. In certain embodiments, the aqueous solution is lyophilized.

[00103] In certain embodiments, lyophilization is used to produce a dehydrated
composition, and thus the composition (e.g., the composition that contains the AAV) is a
lyophilized composition. In some instances, a lyophilized composition is a composition
where water has been removed from the composition by sublimation, where the water in
the composition undergoes a phase transition from a solid to a gas. For example, a
lyophilized composition may be a composition where water has been removed from the
composition by freezing the composition (e.g., freezing the water in the composition)
and then reducing the pressure surrounding the composition such that the water in the
composition undergoes sublimation. As described above, a lyophilized composition
may include water in a low amount, such as 25% or less, or 20% or less, or 15% or
less, or 10% or less, or 9% or less, or 8% or less, or 7% or less, or 6% or less, or 5% or
less, or 4% or less, or 3% or less, or 2% or less, or 1% or less, or 0.5% or less, or
0.25% or less, or 0.1% or less water as measured by Karl Fischer (KF) titration. In
certain embodiments, a lyophilized composition has 3% or less water as measured by
Karl Fischer titration. In certain embodiments, a lyophilized composition has 2% or less
water as measured by Karl Fischer titration. In certain embodiments, a lyophilized
composition has 1% or less water as measured by Karl Fischer titration. In certain
embodiments, a lyophilized composition has 0.5% or less water as measured by Karl

Fischer titration.

[00104] During lyophilization, the temperature of the composition may be reduced, for
example to a temperature below the freezing point of water in the composition. For
example, the temperature of the composition may be reduced to 0 °C or less, or -5 °C or
less, or -10 °C or less, or -15 °C or less, or -20 °C or less, or -25 °C or less, or 30 °C or
less, or -35 °C or less, or -40 °C or less, or -45 °C or less, or -50 °C or less, or 55 °C or
less, or -60 °C or less, or -65 °C or less, or -75 °C or less. In some cases, the
temperature of the composition is reduced to -20 °C. In some cases, the temperature of

the composition is reduced to < -60 °C (set point -80 °C).
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[00105] In certain embodiments, the pressure surrounding the composition is
reduced below standard atmospheric pressure. For example, the pressure surrounding
the composition may be reduced to 500 Torr or less, such as 250 Torr or less, or 100
Torr or less, or 50 Torr or less, or 10 Torr or less, or 1 Torr or less, or 500 mTorr or less,
or 400 mTorr or less, or 300 mTorr or less, or 200 mTorr or less, or 100 mTorr or less,
or 90 mTorr or less, or 80 mTorr or less, or 70 mTorr or less, or 60 mTorr or less, or 50
mTorr or less, or 40 mTorr or less, or 30 mTorr or less, or 20 mTorr or less, or 10 mTorr
or less, or 5 mTorr or less, or 1 mTorr or less. In some cases, the pressure surrounding

the composition is reduced to 40 to 50 mTorr or less, and such as 1.5t0 2 mTorr.

[00106] In some embodiments, lyophilizing may also include increasing the
temperature of the composition while the pressure surrounding the composition is
reduced. For example, the temperature of the composition may be increased from a
minimum temperature as described above to a temperature greater than the minimum
temperature. In some cases, the temperature is increased to facilitate sublimation of

the water in the composition at the reduced surrounding pressure.

[00107] Embodiments of the method of making the lyophilized AAV composition may
also include producing the aqueous concentrate composition, which is subsequently

lyophilized.

[00108] In exemplary aspects, the method comprises placing the composition
comprising AAV in a glass or plastic container, e.g., a glass vial, or a plastic tube. In
exemplary aspects, the glass or plastic container is any one of those known in the art,
commercially available, and/or described herein (see, e.g., Example 3). In exemplary
aspects, the method comprises placing about 0.1 mL to about 10 ml of the composition
comprising AAV into the glass or plastic container. In exemplary aspects, the method
comprises placing about 0.2 mL to about 6 ml (e.g., about 0.2 ml, about 0.3 ml, about
0.5 mol, about 5.6 ml) of the composition comprising AAV into the glass or plastic
container. Methods of preparing pharmaceutical compositions are described herein

(see, e.g., Examples 1 and 2).

[00109] Providing the composition in a container may facilitate maintaining the

composition as a sterile composition. For instance, the container may be configured to
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maintain the composition enclosed in the container in a sterile environment. As such,
the container may be a sealed container, for example the container may include a seal,
such as a water-tight and/or an air-tight seal. The seal may be removable from the
container to allow a user access to the contents of the container. In some instances,
the seal may be a frangible seal, or in other instances, the seal may be configured to
allow insertion of a needle, cannula or syringe into the interior of the container without
removing the seal from the container. In some cases, a seal configured to allow access
to the interior of the container without removing the seal from the container may
facilitate maintaining the contents of the container (e.g., the composition in the
container) in a sterile environment prior to administration of the composition to a
subject. Suitable materials for the seal include, for example, rubber or polymer seals,
such as, but not limited to, silicone rubber, natural rubber, styrene butadiene rubber,
ethylene-propylene copolymers, polychloroprene, polyacrylate, polybutadiene,
polyurethane, styrene butadiene, and the like, and combinations thereof. For example,
in certain embodiments, the seal is a septum pierceable by a needle, syringe, or
cannula. The seal may also provide convenient access to a sample in the container, as
well as a protective barrier that overlies the opening of the container. In some
instances, the seal is a removable seal, such as a threaded or snap-on cap or other
suitable sealing element that can be applied to the opening of the container. For
instance, a threaded cap can be screwed over the opening before or after a sample has

been added to the container.

[00110] In some cases, the container is a unit dosage container. A unit dosage
container refers to a container that contains one or more unitary dosages for
administration to a subject. In some embodiments, a unit dosage container includes a
predetermined quantity of a subject composition calculated in an amount sufficient to
produce a desired effect in a subject. Certain embodiments of the compositions may be
provided in a unit dosage container suitable for individual administration of precise
dosages. The amount of active composition administered to a subject may depend on
the subject being treated, the severity of the affliction, and the manner of administration.
For example, the unit dosage container may contain a quantity of the composition to be

administered as disclosed herein in an amount effective to achieve the desired effect in
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the subject being treated. In certain instances, a unit dosage container includes a
composition having a AAV in a therapeutically effective amount. In certain
embodiments, the unit dosage container is a vial. In some cases, the vial is a sealed

vial (e.g., as described above regarding a sealed container).

[00111] The container may be composed of any convenient material that is
compatible with the AAV and other components of the composition. For example, the
container can be a solid-compatible container configured to contain a solid (e.g., a
lyophilized composition). In some instances, the container is a liquid-compatible
container configured to contain a liquid. Containers may also be solid and liquid
compatible, where the container is configured to contain solids and liquids. In some
cases, a liquid in the container may be an aqueous liquid, and in these cases, the
container may be compatible with aqueous compositions. By “compatible” is meant that
the container is substantially inert (e.g., does not significantly react with) the liquid
and/or compositions or other components in contact with the container. Examples of
suitable container materials include, but are not limited to, glass and plastic. For
example, the container may be composed of glass, such as, but not limited to, silicate
glass, borosilicate glass, sodium borosilicate glass (e.g., PYREXTM), fused quartz
glass, fused silica glass, and the like. Other examples of suitable container materials
for the container include plastics, such as, but not limited to, polypropylene,
polymethylpentene, polytetrafluoroethylene (PTFE), perfluoroethers (PFE), fluorinated
ethylene propylene (FEP), perfluoroalkoxy alkanes (PFA), polyethylene terephthalate
(PET), polyethylene (PE), polyetheretherketone (PEEK), polystyrene, and the like. In
certain instances, as described above, the container is a vial, and as such may be a
glass vial. As described above, the container may be a sealed container, and as such

may be a sealed glass vial.

[00112] In exemplary aspects, the volume of the composition comprising AAV placed
into the glass or plastic container is about 0.1 ml to about 10 ml, about 0.1 ml to about 5
ml, about 0.2 ml to about 6 ml, about 0.2 ml to about 5 ml, about 0.25 ml to about 5 ml,
about 2 ml to about 5 ml, about 2.5 ml to about 5 ml, about 3 ml to about 5 ml, about 4
ml to about 5 ml, about 5 ml to about 10 ml, about 6 ml about 9 ml or about 7 ml to

about 8 ml. In exemplary aspects, the volume about 0.1 ml about 0.2 ml, about 0.25 ml,
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about 0.3 ml, about 0.4 about 0.5 ml, about 0.6 ml, about 0.7 ml. about 0.75 ml, about
0.8 ml, about 0.9 ml, about 1 ml, about 2 ml, about 2.5 ml, about 3 ml, about 4 ml, about
5 ml, about 5.5 ml, about 5.6 ml, about 6 ml, about 7 ml, about 7.5 ml, about 8 ml, about

9 ml, or about 10 ml.

[00113] In exemplary aspects, the composition comprising AAV is stored at a
temperature of about -80 °C to about -10 °C for at least 1 month (e.g., at least 2 months,
at least 3 months, at least 4 months, at least 5 months, at least 6 months). In
exemplary aspects, the composition comprising AAV is stored at a temperature of about
-60 °C to about -20 °C for at least 1 month (e.g., at least 2 months, at least 3 months, at
least 4 months, at least 5 months, at least 6 months). In exemplary aspects, the
composition comprising AAV is stored for 3, 4, 5, or 6 months or longer. Methods of
storing the composition are described herein (see, e.g., Examples 1 to 3). In exemplary
aspects, greater than 80% of the initial amount of AAV (e.g., the amount of AAV in the
composition prior to storage) is potent after the storage period (e.g., a storage period of
about 3 months, about 4 months, about 5 months, or about 6 months or longer). In
exemplary aspects, greater than 90% of the initial amount of AAV is potent after the
storage period (e.g., a storage period of about 3 months, about 4 months, about 5
months, or about 6 months or longer). In exemplary aspects, greater than 95% of the
initial amount of AAV is potent after the storage period (e.g., a storage period of about 3
months, about 4 months, about 5 months, or about 6 months or longer). In exemplary
aspects, the biopotency of the AAV at the end of the storage period is substantially the
same as the biopotency of the AAV at the beginning of the storage period. In
exemplary aspects, the biopotency of the AAV at the end of the storage period is
increased relative to the biopotency of the AAV at the beginning of the storage period.
In exemplary aspects, the appearance of the composition at the end of the storage
period is substantially the same as the composition at the beginning of the storage
period. In exemplary aspects, the appearance of the composition at the end of the
storage period is characterized by having no visible particles. In exemplary aspects, the
particle concentration of the composition at the end of the storage period is substantially

the same as the particle concentration of the composition at the beginning of the
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storage period. In exemplary aspects, the particle concentration of the composition at

the end of the storage period is determined by microflow imaging (MFI).

[00114] Methods of treating a subject for a disorder treatable by gene therapy are
provided by the present disclosure. In exemplary aspects, the method comprises
administering to the subject a pharmaceutical composition as described herein in an
amount effective to treat the disorder. In exemplary aspects, the disorder is a bleeding
disorder (e.g., hemophilia A or B) and the method comprises administering to the
subject a pharmaceutical composition of the present disclosure in an amount effective

to treat the bleeding disorder.

[00115] In exemplary aspects, the methods comprise administering the
pharmaceutical composition by parenteral administration. The term, “parenteral” means
not through the alimentary canal but by some other route. For example, the
formulations disclosed herein may be formulated for administration via known methods,
such as intravenous administration (e.g., as a bolus or by continuous infusion over a
period of time), by intramuscular, intraperitoneal, intracerobrospinal, subcutaneous,
intra-articular, intrasynovial, intrathecal, oral, topical, or inhalation routes. In certain
embodiments, the AAV formulations provided herein can be administered either
systemically or locally. Systemic administration includes, without limitation: oral,
subdermal, intraperitioneal, subcutaneous, transnasal, sublingual, or rectal routes of
administration. Local administration includes, without limitation: topical, subcutaneous,

intramuscular, and intraperitoneal routes of administration

[00116] Methods of administering AAV for gene therapy of a subject are known in
the art. See, e.g., Monahan, Gene therapy in an era of emerging treatment options for
hemophilia B, J Thromb Haemost. 2015 Jun; 13(0 1): $S151-S160.

[00117] Reconstituted compositions of the present disclosure may be administered to
a subject, for example by injection or intravenously. In these embodiments, prior to
administration of the reconstituted composition to a subject, a solid composition, e.g., as
described above, may be combined with a liquid to provide a liquid composition suitable
for administration, for example by injection or intravenously. In some cases, prior to

administration of the composition to a subject, a solid composition may be combined
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with water (e.g., water for injection, WFI) or buffer/buffering agent (e.g., as described
above) to provide an aqueous composition suitable for administration, for example by
injection or intravenously. For instance, a lyophilized composition may be reconstituted
with water (e.g., water for injection, WFI) or buffer/buffering agent (e.g., as described
above) to produce a reconstituted dosage unit suitable for administration to a subject,

for example by injection or intravenously.

[00118] In certain embodiments, the reconstituted dosage unit has a pH compatible
with physiological conditions. In some cases, the pH of the reconstituted dosage unit
ranges from 6 to 8. In some cases, the pH of the reconstituted dosage unit ranges from
7 to 8. For example, the pH of the reconstituted dosage unit may range from 7 to 7.5.
In some cases, the pH of the reconstituted dosage unit is 7.0. In some cases, the pH of
the reconstituted dosage unitis 7.1. In some cases, the pH of the reconstituted dosage
unitis 7.2. In some cases, the pH of the reconstituted dosage unitis 7.3. In some

cases, the pH of the reconstituted dosage unit is 7.4.

[00119] The reconstituted dosage unit may include a predetermined quantity of the
composition of the present disclosure calculated in an amount sufficient to produce a
desired therapeutic effect in a subject. The amount of the composition in a
reconstituted dosage unit that is administered to a subject may depend on the subject
being treated, the severity of the affliction, and the manner of administration. For
example, the reconstituted dosage unit may include a quantity of the composition to be

administered as disclosed herein in a therapeutically effective amount.

[00120] When administered to a subject, the liquid or reconstituted dosage unit may
include a therapeutically effective amount of the AAV such that the reconstituted dosage

unit delivers from 1E+10 vp/ml to 5SE+15 vp/ml or 1E+10 cp/ml to SE+15 cp/ml.

[00121] In certain embodiments, the method includes administering the liquid or
reconstituted dosage unit to the subject according to a treatment regimen. For
example, in some cases, a subject to be treated may have been prescribed a treatment
regimen from a health care provider. In some cases, a treatment regimen includes, but
is not necessarily limited to, administration five times per day, four times per day, three

times per day, twice per day, once per day, three times per week, twice per week, once

46



WO 2018/128689 PCT/US2017/059971

per week, once every two weeks, once every three weeks, once per month, once every
5 weeks, once every 6 weeks, once every 7 weeks, once every other month, and any

combination thereof.

[00122] In some embodiments, the treatment regimen includes administering one or
more doses over an extended period of time. In certain cases, a single dose (e.g., a
single dosage unit) is administered to the subject, and the initial dose may be followed
by one or more doses administered to the subject at a subsequent time. In some
instances, more than one dose (e.g., more than one dosage unit) is administered to the
subject, and the initial doses may be followed by one or more doses administered to the
subject at a subsequent time. For example, a single dose (e.g., a single dosage unit)
may be administered to the subject, and the single dose may be followed by a single
dose administered to the subject at a subsequent time. Additional single doses may be
administered at subsequent points in time. In other cases, a single dose (e.g., a single
dosage unit) may be administered to the subject, and the single dose may be followed
by two doses administered to the subject at a subsequent time. Additional single or

multiple doses may be administered at subsequent points in time.

[00123] In certain embodiments, reconstituted dosage units of the present disclosure
can be administered prior to, concurrent with, or subsequent to other active agents for
treating related or unrelated conditions, e.g., in combination therapy. Examples of such
additional therapies include radiation therapies, surgical therapies and
chemotherapeutic therapies. If provided at the same time as other active agents,
reconstituted dosage units of the present disclosure can be provided in the same orin a
different formulation. For example, concurrent therapy may be achieved by
administering a reconstituted dosage unit and a pharmaceutical composition having at
least one other active agent, such as a chemotherapeutic agent, which in combination
provide a therapeutically effective dose, according to a particular treatment regimen.
Administration of separate pharmaceutical compositions can be performed
simultaneously or at different times (e.g., sequentially, in either order, on the same day,
or on different days), as long as a therapeutically effective effect of the combination of

these substances is caused in the subject undergoing therapy.
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[00124] Accordingly, aspects of the present disclosure further include combination
therapies. In certain embodiments, the subject method includes administering a
therapeutically effective amount of one or more additional active agents. By combination
therapy is meant that a AAV composition (e.g., as described herein) can be used in a
combination with another therapeutic agent to treat a single disease or condition. In
certain embodiments, a compound of the present disclosure is administered
concurrently with the administration of another therapeutic agent, which can be
administered as a component of a composition including the compound of the present
disclosure or as a component of a different composition. In certain embodiments, a
composition including a compound of the present disclosure is administered prior or

subsequent to administration of another therapeutic agent.

[00125] The following examples are given merely to illustrate the present invention

and not in any way to limit its scope.

EXAMPLES
EXAMPLE 1

[00126] This example demonstrates initial studies that led to the selection of three

formulations for further development.

[00127] Six different formulations were manufactured. Briefly, a single lot comprising
mostly empty capsid material was diluted with PBS/NaCl/Sorbitol buffer to generate
180.8 g. The solution was spiked with 0.005 % Croda super refined Tween 80 to
prevent excessive material loss via adsorption. This solution was divided into 6 parts,
each containing 30 g material. The buffer solution was then changed into one of the six
buffers using Slide-A-Lyzer dialysis cassettes and this step was performed three times
with 100-fold volume. After the three dialysis steps, each of the dialyzed solutions were
filled into 2-ml SiOz2 vials (filling volume =0.25 ml) and then stored at -20+2 °C and < -60
°C (set point: -80 °C) for up to 6 months and at 53 °C for up to 4 months. Tables 1-6
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describe Formulations 1-6 (also referred to as Buffers 1-6, and Samples 1-6),

respectively.
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TABLE 1: Formulation 1: PBS/NaCl/Sorbitol buffer with Polysorbate 80 (PS80)

Excipient Concentration [mM] Concentration g/kg buffer
Sodium chloride 350 20.45
Potassium chloride 2.68 0.20
Disodiumhydrogenphosphate- 8.09 1.44
Dihydrate
Monopotassium phosphate 1.47 0.20
D-Sorbitol 5% 50.00
Croda super refined Tween 80 (PS80) 0.005% 0.05
25 % HC pH adjustment
1 M NaOH
Purified water addto 1 kg
pH value 7.4403
TABLE 2: Formulation 2
Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 20 3.103
NaCl 70 4.091
Sucrose 5% 50.00
Croda super refined Tween 80 0.005% 0.050
(PS80)
Purified water addto 1 kg

pH value

7.5
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TABLE 3: Formulation 3
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Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 20 3.103
NaCl 60 3.506
Mannitol 110 20.039
Trehalose Dihydrate 35 13.24
Croda super refined Tween 80 (PS80) 0.005% 0.05
Purified water add to 1 kg

pH value

7.0+0.1

TABLE 4: Formulation 4

Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 10 1.552
NaCl 100 5.844
Glycine 50 3.754
Trehalose Dihydrate 5% 50.00
Croda super refined Tween 80 0.005% 0.05
Purified water add to 1 kg

pH value

7.0+0.1

TABLE 5: Formulation 5

Excipient Concentration [mM] Concentration g/kg buffer
Tri-Sodium Citrate-di-Hydrate 15 4.41
Glycine 15 1.13
Mannitol 2% 20.00
Trehalose Dihydrate 1% 10.00
Croda super refined Tween 80 (PS80) 0.005% 0.05
Purified water addto 1 kg

pH value

7.340.1
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TABLE 6: Formulation 6

Excipient Concentration [mM] Concentration g/kg buffer

TRIS 80 9.691

Dextran T40 1.77% 17.70

Dextran T10 0.53% 5.30

Sucrose 6.9% 69.00

Croda super refined Tween 80 (PS80) 0.005% 0.05

Purified water addto 1 kg

pH value 71

[00128] The total particle titer (empty + full) was tested by a total rAAV particle
ELISA. AAV purity and chemical degradation was tested by SDS-PAGE (fluorescence
staining, 4-12% BisTris gel with Flamingo Stain). Physical degradation (damaged
capsids or fragments) were tested by SEC and MFI. The appearance and pH were also

tested.

[00129] The formulations stored at -20+2 °C and < -60 °C (set point: -80 °C) were
tested for MFI, appearance, pH, total rAAV8 particle ELISA, SDS-PAGE, and SEC at

the test time points indicated in Table 7. An “-* indicates no samples were taken.

TABLE 7: Study outline for samples stored at -20+2 °C and <-60 °C (*set point -80 °C)

Test Time Point (months) TOTAL
Test Sample Volume 0 1 2 3 6 N; nIlI:)elr of
(8 weeks) ampies
MFI 3ml x | - - - x 50
Appearance X X X X X
pH value I'ml X < < < < 10
Total rAAVS particle 2%
ELISA 0.3 ml X X X X X 100
SDS-PAGE 0.3 ml X X X X X 50

52




WO 2018/128689 PCT/US2017/059971

(fluorescence staining, 4-
12 % BisTris gel with
Flamingo Stain)

SEC 0.3 ml X X X X X 50

[00130] The formulations stored at 5+3 °C were tested for MFI, appearance, pH, total
rAAVS8 particle ELISA, SDS-PAGE, and SEC at the test time points indicated in Table 8.

An “-* indicates no samples were taken.

TABLE 8: Study outline for samples stored at +5+3 °C

Test time point (months) Total
Test Sample 0 1 2 4 N;;?nbire:f
Volume (8 weeks) P
MFI1 3 ml X - - - S
Appearance X X X X
pH value tml X X X X 20
Total rAAVS particle 2%
ELISA 03 ml X X X X 40
SDS-PAGE (fluorescence
staining, 4-12 % BisTris 03 ml < < < < 20
gel with Flamingo Stain) '
SEC 0.3 ml X X X X 20

[00131] Results of the appearance test are shown in Table 9, wherein the
classification of particles inspection with an unaided eye were as follows: Level A=no
particles visible; Level B=small single particles, barely visible; Level C=small single
particles, easily visible; Level D many small particles, easily visible; and Level

E=particles visible greater than or equal to 1 mm.

TABLE 9: Appearance with storage at +5£3 °C, -20£2 °C, and <-60 °C
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tesding Hime point ! buffor a1 4823 °C | 8 mondhs 1 mornth 8§ waeks 4 months

bsffer 1 &t 4523 °C & A-B A-B <

buffer Sat +5:3°C A A A &

bulfer Ial +823°C & A A &

huffer 4 at +533°0 A A A A

buffer S at +523°0 A A A A

buffer B at #5023 °C A {yellow) | Afvellow) | A fyellow) | &fyeliowd I

testing time point { buffer at <2022 0| § months 1 month 8 weeks I months B months
buffer 1 al ~8022°C A AB A-B AR AB
buffer 2 at <2022 °C A A & & A
huffer Jat-2082 °C A A& A A A
buffer 4 gt 2082 C A & A A A
buffer & &t 2022 0 A & & A A
buffer 8 at 2022 70 & fvellow) | Afyelow) | Afvellow) | Alveliowy | A {yellow
testing time polnt { buffer st 2 .80°C | 8 months 1 month 8 woshs 3 months & months
bulfer 1als-808°0 & AR A-B & A
ity 2813 -60°0 A A A A A
buffer Jat 280 °C A & A A A
bufferd sl 2 BO°C & A & & &
uffer Sat s B0 °C & A & A A
huffer 8als 800 Afvallow) | Alyellowd | Advallow) | A {vellow) | A {vellow)

[00132] Results of the pH assays are shown in Table 10. No significant shifts can be
seen for the pH values after being stored at 543 °C for up to 4 months and at -20+2 °C

and < -60 °C for up to 6 months after thawing them.
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TABLE 10: Total pH values with storage at +5+3 °C, -20+2 °C, and <-60 °C

testing ime point f buffer at 523 °C %ﬁ%ﬁ . | Omonths | Tmonts | Bweeks | 4 months

buffer 1 at +5237°C 74 724 T.328 7.3 7.8%

buffar 2 at +5£3 °C TE Fo37 7.38 740 747

buffer 3 at +533°C 70 888 £.95 700 7.0%

buffar § af +Re3 °C 74 £.83 B84 .01 .08

baffer § af +53 “C 7.3 722 708 T3 7.23

buffer 8 at +523 °C 7.4 712 7.1 7.8 7.08

tosting time point f buffor at 2052 °C pﬁﬁi o | Omonths | 1month | 8weoks | 3months | & mooths
buffer 1 at 2082 °C T4 7.24 7.32 733 7.34 7.33
husffar 2 at 2082 ¥C 75 F37 F.37 742 7.48 7.38
buffar 3 at 2022 °0 T4 £.88 7 702 7.0 T.O0
huffer & 8 2022 °C 7.0 £.83 8487 .59 8.87 8.99
buffer 8 af 3022 °C T3 7.22 8.9 8483 .82 8.83
buffer § af 23042 °C 7.4 7az &.88 .88 .28 85.88
tasting time point f buffer at £ 88 °C p:-iazi?:}e g months . T month | 8 wesks | 3 months | 6§ months
buffer 1 at 280 °C 74 7.2 7.3 734 T.34 FRcx!
biuffer 2 at £ -6 °C 7S 737 748 7.42 7.41 7.38
buffar 3 at 2 -840 °C TS £.86 B.58 7.04 7.0 700
buffer d al £ 80 °0 ERY £.83 884 T.00 7.00 00
huffer Sal s GO0 T3 T.22 888 6,83 .84 8.82
buffer at s 80 °C 74 7.42 .86 8.88 .98 8.897

[00133] Results of the AAVS titration ELISA are shown in Table 11. All results during
storage at 513 °C, -20£2 °C, and =-60 °C do not show any significant differences among

the six formulations investigated. Harmonized results (calculated with 0.44) are shown.
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TABLE 11: Calculated AAV8 Titration ELISA with storage at +5+3 °C, -20£2 °C, and <-

[00134]

Percent aggregates were measured as shown in Table 12. Higher

60 °C

teating e polnt § bulfer at #5223 °C 8§ months { month 8 weeks 4 months

buffer 1 gt +8£3°C 148E+13 1.74E+13 SA3E+IZ 1 LITER3

buffer 3 gt +523°C 145E+13 1.8TE+13 1.83E+13 LBCE+13

buffer 3 at +8£3°C 1.31E+13 1ABE+13 1.84E+13 1R4E+13
buffer 4 at +8£3°C T48E+13 1.E5FEHS 200E+13 1.92E+13

bulffer & gt +8£3°C THIEAS 1.82E+13 202E+13 1F3EF3

buffer 8 &t +8£3°C 1. 74E+13 1.88E+13 2AZE+13 2.08E+13

tosting ime podnd § buffer 2t -2082°C |  § months 1 manth 8 weouks 3 months & months
buffer 1 &l 3022 °C 145E+13 1.H8E+13 TREHS 1E8E3 1.83E+143
buffer £ 913022 © T45E+13 1.58E+13 1.REEH3 1.8FE+13 188E+13
buffer 3 a1 32 °C 131E+13 1.48E+13 1. F0E+13 1 F4E3 1L HIE+13
buffer 4 8l 202 °C 1 4G6E+13 1LOTE S 1.8ZE+13 1.88E+13 1.85E+13
buffer S a1 2043 °C 141E+13 TATESS 1.78E+13 1.7RE+13 1.81E+13
bitfer 8 a1 203 °C 1 FEERTE 1.88E+13 2ZIEHB 2. 2BE+1Y 2A48E+13
testing tme point / balfer at £ 88 °C & months + enth 8 weaks 3 months & months
buffer 18t £-B3°C 1 40E+13 185413 JO03EH3 1.80E+13 1.72E+13
huffer 2818070 1A8E+13 1ATE+13 SASEHR 1.88E+13 1.72E+13
buffer 3at S-80°C {.3{E+13 T AEHI] 1IGE+13 1.78E+13 113
buffer4 st S-83°C 148E+13 1.865E+13 184E+13 1L.I8E+13 1.43E+13
buffer S8t S-BR °C 1 41E213 1 EIE+TY T B3EHTE 1.80E+13 184E+13
buffer § st 250 °C 1.74E+13 1.08E+13 2A4E+1 SAZE13 1.84E+13

aggregate values were seed for Formulation 3 at 0 months and after storage at 5+3 °C

and at < -60 °C. All other buffers show fluctuating values.

TABLE 12: Aggregates [%] with storage at +513 °C, -2042 °C, and <-60 °C

testing Hims point { bulfer 5t +822°C | ¥ moniths 1 manth B weaks 4 manihs

buffer 18t +5823°C 1.58 1.50 1.80 154

buffer 2 sl +83 °C 1.58 1.50 1.57 1LBE

buffer Jat +523°C 2.34 1.78 208 1.88

buffer 4 st +823°0 1.5¢ 1.57 1,50 1.8¢

buffer Sat +643°0 1.78 1.81 1.49 1.8

buffer S at +8a 3 0 1.84 1.76 1.88 1.8&

testing Hme point { buffer st 2023 °C|  § months 1 month B wooks 3 menths & months
taffer 1 8t 2082 °0 1.58 147 £.23 1.3 141
buffer 2 at 2088 °C 1.58 1.52 224 1.43 1.42
buffer 3 at 2082 °C 2.34 1.48 .34 1.37 1.44
buffer 4 at 2082 °C 1.56 1.58 1.58 1.38 1.50
buffer & st S0 °0 132 1.70 143 1.80 1.54
buffer § at S0x2 °C 1.54 1.68 238 241 1.8%
testing Hime point ! Bulfar s <80 °C | O months 1 manth 8 weeks 3 manths § sionths
buffer 1at s -80°C 1.55 154 236 1.38 1.47
bulfer Zat £ -80°C 1.58 123 1,76 1.48 1.81
buffer Jatx-80°C 2.34 225 1.85 1.81 227
buffer 4 et s 8070 1.88 52 1.83 1.48 1.48
buffer S at 280 °C 1.72 281 2407 28 1.85
buffer Eat 280 °C 1.584 1.58 1.83 147 1.58
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The results of the SDS-PAGE assays are shown in Tables 13-18, showing

measurements at 0, 1, 2, 3, 4, and 6 months. All samples show stability during storage

time for all temperatures except Buffer 1, that shows an additional band at 163 kDa after

4 months’ storage at 5+3 °C.

TABLE 13: Purity and summary with storage time = 0 months

Band Sample 1 Sampls 2 Bample 3 Eanyls 4 Sample 5§ Samiple §
Band % Band % Band % Band % Band % Band %
Y Sy 1585 15.33 18,11 10.58 1882 16543
VP2 2258 2283 2208 2588 234 24.51
VI3 81.8 §1.75 81,82 58.84 R 58.08
SUR WP RP 2R3 WG fIEIRE 180.0 1004 W0 FIEIRY

TABLE 14A: Purity and summary with storage time = 1 month at +5£3 °C

Sample ¥ | Sample 2 | Sampled | Soawpiled | Samplef | Sample
Band fane 3 lang 4 ans 5 lane 8 lane ¥ lane B

Band % Band % Band % Band % Bond % Band %
WY 1588 87 8.5 8.8 8.8 173
WR2 271 271 28.3 287 282 287
VR 572 88.2 573 8.6 572 88.0
SUM VR +UR26WPY 0 1000 fIGERE 1005 TG 1D0.0

TABLE 14B: Purity and summary with storage time = 1 month at -20+2 °C

Sample ¥ Bemple 3 | Sample 3 | Sampled | Somple § Sample §
Band fane & fane 10 fans 11 ians 13 ine 12 e 4

Band % Band % Band % Band % Band % Hand %
Rl 18.8 8.7 163 7.3 188 178
VRS 28.1 28.8 382 28.2 254 2683
W3 57.2 &4 57.5 28.8 SR.E 567
SLUM VRIVYRICVPS LG 130.0 o0 HWHLG 1000 1E.0

TABLE 14C: Purity and summary with storage time = 1 month at < -60 °C

Ssnpled | Sample 2] Saewphe ? | Sampled | Sampled | Sample §
Barnd fane 15 fans 18 lane 17 fans 18 lane 18 fans 20

Band % Band % Boand % Band % Hand % Band %
W 188 .5 8.3 1848 184 17.7
W 26.3 288 281 8.2 285 F2
VE3 572 a8:¥ 518 587 55’ 1 £5.1
SUMVPTSPZARE oG RIGERY 1000 HELO 100 FLEIRY
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TABLE 15A: Purity and summary with storage time = 2 months at +5+3 °C

Bample 1 Sample & | Sample 3 Sampls 4 Sample § Sample 8
Baand Lane 3 Lane 4 Lans B Llans & Lans 7 Lans 8§

Barwd % Band % Band % Band % Sand %% Bamd %
R 183 8.2 18,3 18.3 8.8 18.9
W2 B8 X8 B4 3B 4 28.5 B4
W3 881 57,3 5.3 8¥.4 RS S8.¥
SUM VP VPZHRE 1004 WG 108.0 ERERRY FLEIRY 1000

TABLE 15B: Purity and summary with storage time = 2 months at -20+2 °C

Sampie ! | Somple 2 | Sample3 | Ssnpled | Sample 5 | Sample 6
Band Lane B Lang 10 Lans 1 Lang 12 Lans 13 Lane 14

Band % Band % Sand % Band % Band % Band %
WY 8.1 185 8.1 182 8.2 18.8
VP2 288 A2 285 87 28.1 288
VE3 574 58.3 5 8% 3 577 8.8
QU VR YR24YRS 100.8 LG 006 1000 L0 D80

TABLE 15C: Purity and summary with storage time = 2 months at < -60 °C

Sample 1 | Sample 2 | Sewmpled | Sampled | Somple§ | Sample §
Sand Lane 18 Lo 16 Lane 17 Lans 18 Lang 19 Lave 23

Band % Band %% Sl % Band % Band 3% Band %
WEY 18,4 8.5 16.4 8.7 16.9 7.7
Y2 8.5 2.8 204 285 287 23
V3 57.1 SR8 §¥.3 &Y 565 S50
SUM WP VR24YPR 100.8 jLEARY 1000 FLEERY 100.0 10048

TABLE 16A: Purity and summary with storage time = 3 months at -20£2 °C

Sample § | Sample 2 | Semple3 | Sompled | Sampie § | Shmple 8
Barnd Lane § Lane g Lang 7 Lane B Lang @ Lans 10

Band % Band % Band % Band % Bard S5 Band %
W 18.58 18.85 1878 18.6 1888 1845
YRR 278 233 2785 2732 PESCH 27 2%
V3 53.82 53yz2 53.587 53,08 53.98 84.35
SLUM VPP 2+WRS 100 150 100 160 1400 100
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TABLE 16B: Purity and summary with storage time = 3 months at <-60 °C

Bample 1 Sample & | Sample 3 | Sample 4 Sample § | Somphe 8
Band Lang 123 Laneg 13 Lans 14 Lans 1% Lane 18 Lans 17
Band % Band % Hand % Band % Band % Band %
ATise 185 18.48 18.5% 1814 18.08 1607
WRE 708 6.8 R 2704 3.8 2857
WY 54.38 54.82 534 5382 £3.142 8338
SUM VP TRVP2HPY 0 HI 0 D 100 100
TABLE 17: Purity and summary with storage time = 4 months at +5+3 °C
Sample 1 | Sample? | Sompled | Sampled | Sompled | Samples
Band Lans & Lgne & Lans 7 Lare 8 Lane 9 Lans 10
Barwd % Band % Band % Band % Band % Band %%
I - T i
WY 1875 17.88 18.63 1842 17.88 1788
YE3 8112 54.21 8142 8334 §2.84 54,14
SLUIM VYPTHREZRPS 4.8 1 jite 300 108 104

TABLE 18A: Purity and summary with storage time = 6 months at -20£2 °C

Sample ¥ | Sample 2 | Somplsd | Sampled | Sample d | Sample g
Band lane 8 fane S lans ¥ fane 8 ane § farss 0

Band % Band % Band % Band % Sand % Band 3%
W 18.36 18.27 8.0 18.81 ‘8’3‘3 1872
W 27.79 Va4 28.85 2728 2883 26883
Y3 82 85 53.08 54 14 5334, 1 5448 54 .45
SUMYP1VEZHVRS 1800 FIRIRE RIEARY RREERE ; LG 160.0

TABLE 18B: Purity and summary with storage time = 6 months at < -60 °C

Ssmple | Sample? | Saowpke 3 Sampled | Sample 5 | Sample 8
Bansd fane 12 fans 13 lane 14 fane 18 lane 18 lane 17

Band % Band % Band % Band % Band % Band %
Wi 18.83 .33 1848 1873 188 18.84
Y 2 28.83 ;BB 2T 285 2653 6
Y83 54.54 8847 54.3% 54.37 &4.87 HRRY
SUM VP VR2+VRS 100.0 E R L G FEER) ERY 1600
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The results of the subvisible particle concentration of material using MFI are

shown in Tables 19-23. This assay was performed to observe subvisible particle

generation during storage of AAV material at 5+3 °C for 4 months and at -204+2 °C and
<-60 °C for 6 months.

TABLE 19: Comparison of particles = 10 um (number/ml)

sample 8 moaths 4 months +583 °C & yaartis 2042 "0 & months £ 6§ °C
Sample 1 515,88 s S¥8.03 S8.05
Sample & 548,85 82368.43 T4E.80 888.68
Sanyde 3 550.08 1178.54 T8FRZ2 » 14580014
Sanple 4 57850 583.53 . . 088.88
Sample 8 B3 81 5088.30 4575 .58
Sample § 101425 437 .85 s
TABLE 20: Comparison of particles = 25 ym (number/ml)
sample g months 4 months #5233 <T & months 2022 °C 6 manths £ -85 °C
Sampds { 10017 117.83 \EIRE
Sampig 2 8518 12732 175,30 HETs
Sample 3 W7.an 38313 25343 185,32
Sampds 4 13021 107 .88 15278
Sampln & 137.72 83384 54845 .
Sample & Ir287 BI00 - e
TABLE 21: Particle concentration at 0 months
Measurament & pm 2 2w B e # 38 g 228 ey | 250 | 2FO pew
Saunvphe YT RS BA08 . ¥T YREAYE 51682 BEAT 2000 7.51
Sample 2 3412.88 1085343 BFE.25 58845 45 1252 258
Sarnple 3 KSR TRR HEEHR.23 ¥8ane 58028 2504 HLG2
Sarapste 4 FNE0B .48 GRE3.58 180 STE.50 1753 501
Sarnpde & SRERT.TG 13286.538 23re.8 g13.81 230% 258
Sanple § 3ETIRER 11710358 Z784.82 HHE28 §F.82 3508
TABLE 22: Particle concentration after 4 months at +5+3 °C
Measuremernd 2 o =2 e = & pon =10 e S em [RS8 gm | 2 T am
Sampls 2 +823 70 2200078 11468.84 35514 838.43 12773 2354 .50
Sampls 3 +823 °C 1180480 SU84.80 3033.82 117R.54 TIHE 4407
Sampde § 4523 °C JEHBED HI98.63 180818 §83.83 2755 WA
Sawple § #5213 °C 1951826 1184318 FIREAR SORG.3Y HXKRS 7813 22,54
Haople § +533 °C 2071038 §235.25 145638 G3TEH 8389 2284 .85
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TABLE 23: Particle concentration after 6 months at -20+2 °C and < -60 °C

Measurament =4 2 & e 2B (250 pm |2 T8 um
Sample 1 -307C 2HILER 156187 3 A5.05
Seople 128070 F4144.25 : 18 3808

Remple 2 -234°C S4358.72 1¥5.2 4257

Sampde 22 -80°C S2438 81 18§2.78 307

Samphs 3 200 SR0E.TE TETE.22 I59.43 ¥H1E

Sample 3 5 -G 4304 1.85 13500 185.32 I508

Hawiple 4 £ B0 SHIN1AS RER.HE 52,78 3288

Hamphe § -34°C BITHE3 1FE25. 3 4399 .94 G58.47 50.0%

Sampde § £ 80°C FT2I8 08 TEHTR ST 8‘%’&: fui AETE B 548.48 5308

[00137] Results of osmolality measurements are shown in Table 24.

TABLE 24: Osmolality measurements

Kame and Formulation mUsmoiikg
Buffey 17 Chatharm hufler's L.008 % R&&G ]
Saffar 27 20mid His, Toms! NaCl 5% Sueross, OGS %% PGS 308
Suffer 37 30mid His, 00 k8 Mol 110 eodd Maneit, 35 oM Trehsloss U8R
Difwdrate, 0.000% PSSL i
Suffer é 0B His, 100G, S0mM Glyadne, 5% Traholoss Ditwdrals, 188
1L Q08 % PEAS
Suffer ;’: Pomid Na30E buffer, 15mM Glyoine, 20 Mannil, 10g Trehsloss 243
ﬁihy{im* E‘ 05 % PS80
Buffer & 80mid TRIZ, Desxtran T and T48, 5.8% Sucrosa. 0.005 % PE&D 447

[00138] In conclusion, there were no significant differences among the six
formulations for AAVS titration ELISA after 4 months at 513 °C and after 6 months at -
20x2 °C and = -60 °C. Appearance complies for Formulations 2-5, while a few particles
formed for Formulation 1 and a slight yellow color was observed for Formulation 6. All
formulations, except Formulation 6 and the control, showed stability during storage time
for all temperatures as tested by SDS-PAGE (densiometric method). Based on
appearance, sub-visible particle assay (MFI) data, and osmolality values, Formulations

2, 3, and 4 were selected for further development.
EXAMPLE 2

[00139] This example demonstrates the additional testing and further development of

three formulations.
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[00140] Formulations 2, 3, and 4 (Buffers 2, 3, and 4, Samples 2, 3, and 4) were
manufactured as essentially described in Example 1. Briefly, a single lot was diluted
with PBS/NaCl/Sorbitol buffer to general 90 ml. The solution was spiked with 0.005%
Croda super refined PS80 and aliquoted into 3 parts. The buffer was changed to one of
the three different buffers or control buffer via Slide-A-Lyzer dialysis cassettes and this
step was repeated for a total of 3 times with 100 fold volume of the sample. The 3
different solutions were filled into 2 mL Schott Type | glass vials with a SiO2 layer and

stored at the temperatures described below.

[00141] In this example, “Buffer 1” refers to Formulation/Buffer/Sample 2 of Example
1, “Buffer 2” refers to Formulation/Buffer/Sample 4 of Example 1, “Buffer 3” refers to

Formulation/Buffer/Sample 3 of Example 1, and “Buffer 4” refers to a PBS/NaCl/Sorbitol
buffer control. For clarity, Tables 25-28 describe Buffers 1-3 and the PBS/NaCl/Sorbitol

buffer control of this example.

TABLE 25: Buffer 1 (Formulation 2)

Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 20 3.103
NaCl 70 4.09
Sucrose 5% 50.00
Croda super refined Tween 80 0.005% 0.05
(PS80)
Purified water addto 1 kg
pH value 7.5
TABLE 26: Buffer 2 (Formulation 4)
Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 10 1.552
NaCl 100 5.844
Glycine 50 3.754
Trehalose Dihydrate 5% 50
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Croda super refined Tween 80 0.005% 0.05
Purified water addto 1 kg

7.0+£0.1

pH value

TABLE 27: Buffer 3 (Formulation 3)

Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 20 3.103
NaCl 60 3.506
Mannitol 110 20.039
Trehalose Dihydrate 35 13.24
Croda super refined Tween 80 (PS80) 0.005% 0.05
Purified water add to 1 kg

pH value

7.0+0.1

TABLE 28: PBS/NaCl/Sorbitol Buffer Control

Excipient Concentration [mM] Concentration g/kg buffer
Sodium chloride 350 20.45
Potassium chloride 2.68 02
Disodiumhydrogenphosphate- 8.09 1.44
Dihydrate
Monopotassium phosphate 1.47 02
D-Sorbitol 5% 50.00
Croda super refined Tween 80 (PS80) 0.005% 0.05
25 % HC pH adjustment
1 M NaOH
Purified water addto 1 kg

pH value

74403
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Medium- to long-term stability studies at <-60 °C (set point: -80 °C) and at -

2042 °C for up to 5 months (0, 1, 2, 3, and 5 months) and at 5+3 °C for up to 4 months

(0, 1, 2, and 4 months) were performed. The formulations were stored in 2 ml Schott

Type | glass vials with a SiO2 layer. Each vial was filled with 0.3 mL of a formulation.

The analytical tests listed in Table 29 were performed and the test time points for each

assay at the indicated storage temperatures are shown in Tables 30 and 31. A“-*in

Table 30 or 31 means no samples were taken.

TABLE 29: Analytical assays

Quality Attribute Detection by analytical method/principle
Polysorbate 80
General Appearance
pH values
In vitro Biopotency
Activity In vivo Biopotency

FIX-qPCR

Total particle titer (empty + full)

Total rAAVS particle ELISA

AAYV purity

SDS-PAGE (fluorescence staining,

Chemical degradation

4-12 % BisTris gel with Flamingo Stain)

Physical degradation
(damaged capsids or fragments)

WAX [Weak Anion Exchange HPLC]

SEC[Size exclusion HPLC]

TABLE 30: Study outline with storage at -20+2 °C and < -60 °C (set point: -80 °C)

Test Time Point [months] Total
Sample
Test N Number of
Volume | 0 1 2 3 5
Samples
SDS-PAGE (fluorescence
staining, 4-12 % BisTris gel with { 0.3 ml X X X X X 36
Flamingo Stain)
WAX
[Weak Anion Exchange HPLC] 0.3 ml X X X X X 36
SEC [Size exclusion HPLC] 0.3 ml X X X 36
In vitro Biopotency 0.3 ml X X X 36
In vivo Biopotency 0.3 ml X X - - X 20
FIX-qPCR 0.3 ml X X X X X 36
Total rAAVS particle ELISA 2x X X X X X 72
0.3 ml
Appearance 1 ml X X - - - 136
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pH value X X - - - 12
Polysorbate 80 0.3 ml - - - - X 3

TABLE 31: Study outline with storage at +5+3 °C

Test Time Point [months] Total

Test Sample Number
Volume 0 1 2 4 of

Samples
SDS-PAGE (fluorescence staining, 4-12 % 03 ml 16

BisTris gel with Flamingo Stain) ) X X X X
WAX 0.3ml X X X X 16
[Weak Anion Exchange HPLC] )
SEC [Size exclusion HPLC] 0.3 ml X X X X 16
In vitro Biopotency 0.3 ml X X X X 16
In vivo Biopotency 0.3 ml X X - X 12
FIX-qPCR 0.3 ml X X X X 16
Total rAAVS particle ELISA Zx ol x x| ox 32
0.3 ml

Appearance L ml X X X X 56
pH value X X - - 8

[00143] Results of the ELISA are shown in Table 32. AAVS titration ELISA showed a
massive amount of material loss for Buffer 4 (control) during storage at 5+3 °C.
Compare 5.61 x 10'?2 [cp/ml] at 0 months to 2.71 x 102 after 4 months. No additional

losses were observed for the same material stored at -20+2 °C and <60 °C. Buffers

and 1 and 2 did not exhibit any material loss. Buffer 3 showed a lower starting material

amount that does not decrease during storage time.

TABLE 32: AAVS titration ELISA

1 month 2 monthsi 4 months

AAYVS Titration ELISA [cp/ml] at +5+3 °C {0 monthsi at +5+3 | at +5+£3 | at +5+3
°C °C °C

BUFFER 1 9.39E+12!7.46E+12{9.33E+12{8.56E+12
BUFFER 2 1.01E+13:7.46E+12{9.17E+12{9.90E+12
BUFFER 3 8.05E+12i6.69E+12{7.55E+12/8.03E+12|
BUFFER 4 5.61E+124. 80E+12i3 82E+122 71E+12}/

1 month 2 months;3 months {S months
AAVS Titration ELISA [cp/ml] at -20+2 °C|0 months at at at at

-20+2 °Ci-2042 °C; -20+2 °C |-20+2 °C
BUFFER 1 9.39E+12:7.59E+12:8.73E+12:8.67E+12{9.83E+12
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1 month 2 monthsi4 months

AAVS Titration ELISA [cp/ml] at +54+3 °C |0 months; at +5+3 | at +5£3 | at +5+£3
OC OC OC L g

BUFFER 2 1.01E+13:7 81E+12:8 78E+12:9.17E+12{1.00E+13
BUFFER 3 8.05E+12:6.60E+12{7 55E+12{7 52E+12{8. 17E+12
BUFFER 4 5.61E+12:535E+12i5.68E+12:5. 17E+126.79E+12

1 month {2 months{3 months S months
AAVS Titration ELISA [cp/ml] at <-60 °C {0 months at at<-60 ; at<-60 | at<-60

<-60 °C °C °C °C
BUFFER 1 9.39E+12{7.35E+12i9.13E+12{8 58E+129.62E+12
BUFFER 2 1.01E+13!7.35E+12i9 46E+12i8 82E+12{9 98E+12
BUFFER 3 8.05E+12i6.14E+12i7 77E+12{7 22E+12{8 59E+12
BUFFER 4 5.61E+12i4 91E+12i6.45E+12{5 26E+12{6.00E+12
[00144] The results of the gPCR are shown in Table 33. All data generated with this

assay confirm the ELISA and in vitro biopotency assay. Buffer 4 shows a high amount

of test variation.

TABLE 33: FIX-gPCR [vg/ml]

FIX-qPCR [vg/ml] at +5£3°C | Omonths || "on0 0 2Mmonthe 4 monfhe at
BUFFER 1 6.11E+12 i 434E+12 | 1.74E+12 | 4.65E+12
BUFFER 2 434E+12 | 4 60E+12 | 516E+12 | 4. 14E+12
BUFFER 3 3.66E+12 { 3.53E+12 { 3.86E+12 | 3.49E+12
BUFFER 4 1.62E+12 i 1.63E+12 | 192E+12 | 4 98E+12 i,
2 months S months
FIX-qPCR [vg/ml] at-2062°C  Omonths ' JOnB 2t = g SMonheat =7,
-20+2 °C -20+2 °C
BUFFER 1 6.11E+12 i 342E+12 | 442E+12 { 4.10E+12 | 407E+12
BUFFER 2 434E+12 : 3.57E+12 { 4 12E+12 | 4.01E+12 | 420E+12
BUFFER 3 3.66E+12 i 223E+12 i 344E+12 | 3.51E+12 { 3.79E+12
BUFFER 4 1.62E+12 { 433E+12 | 2.70E+12 | 3.29E+12 | 2.06E+12
FIX-qPCR [vg/ml] at<-60°C | 0 months S‘“‘;'(‘)t?gt 2 g";‘;‘c‘,z 3 ‘S“f’;‘oﬂc‘,zat > ‘S“";‘ch‘,z
BUFFER 1 6.11E+12 { 459E+12 | 467E+12 { 4.06E+12 | 435E+12
BUFFER 2 434E+12 : 3.78E+12 | 477E+12 | 278E+12 | 437E+12
BUFFER 3 366E+12 { 2.57E+12 i 3.68E+12 | 3.48E+12 i 3.37E+12
BUFFER 4 1.62E+12 i 147E+12 | 197E+12 1.60E+12 | 1.86E+12
[00145] The results of the % aggregate measurements are shown in Table 34.

Decreasing aggregate values were seen after storage for 4 months at 53 °C. Buffer 4
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showed an increase from 1.55% to 3.39% after 3 months and no aggregates after 4
months. Buffer 3 reached a high of 6.64% after 2 months at < -60 °C that dropped to
3.25% after 3 months and 3.94% after 5 months.

TABLE 34: Aggregates [%]

1 month at|2 months at 4 months at
Aggregates [%] at +5+3 °C 0 months +543°C | 453 °C 1543 °C
BUFFER 1 239 234 226 1.40
BUFFER 2 246 2.13 2.55 1.36
BUFFER 3 2.65 249 2.79 1.39
BUFFER 4 1.55 3.39 3.39 0.00
S months
1 month at;2 months at 3 months at
) _ o
Aggregates [%] at -20+2 °C 0 months 20£2°C  20£2°C | -20+2 °C at
-20+2 °C
BUFFER 1 239 235 249 246 2.81
BUFFER 2 246 230 248 242 247
BUFFER 3 2.65 2.62 291 2.79 2.85
BUFFER 4 1.55 3.06 3.24 3.73 3.66
S months
1 month at;2 months at 3 months at
) 60 °
Aggregates [%] at <-60 °C 0 months <60°C = <-60°C <-60 °C <_6a(:oc
BUFFER 1 239 224 226 2.12 2.56
BUFFER 2 246 2.20 2.50 2.57 239
BUFFER 3 2.65 3.39 6.64 325 3.94
BUFFER 4 1.55 2.28 2.01 2.90
[00146] The results of the weak anion exchange (WAX) assay which measures full

capsids did not exhibit any meaningful differences for all testing time points and storage

temperatures (Table 35).

TABLE 35: Full Capsids [%]

1 month 2 months | 4 months
M 1) o

Full Capsids [%] at +5+3 °C 0 months | at :(S:iS at +5+3 OC | at +543 °C

BUFFER 1 61 62 67 62

BUFFER 2 62 64 65 61

BUFFER 3 63 62 64 63

BUFFER 4 62 62 66 58
1 month | 2 months | 3 months ;| 5 months

Full Capsids [%] at -20+2 °C 0 months at at at at
-20£2°C | -20+£2°C | -20+£2°C | -20+£2°C
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1 month
. 2 months | 4 months
[ o P
Full Capsids [%] at +5+3 °C 0 months = at ;rgﬂ at +5£3°C at +5:3°C,
BUFFER 1 61 64 68 63 62
BUFFER 2 62 63 66 61 61
BUFFER 3 63 62 66 63 61
BUFFER 4 62 62 64 63 60
1 month
2 months | 3 months | 5 months
ids [© <-60° <-
Full Capsids [%] at <-60 °C 0 months ato_C60 at < -60 °C | at < -60 °C | at < -60 °C
BUFFER 1 61 64 64 61 60
BUFFER 2 62 62 65 63 63
BUFFER 3 63 63 65 62 61
BUFFER 4 62 63 66 62 61
[00147] The results of the in vitro biopotency assay are shown in Table 36. Similar

fluctuating values are shown for Buffer 1, Buffer 2, and Buffer 3 in the range of test

variation. Buffer 4 shows a high decrease after storage at 5+3 °C for 4 months.

Comparable results were detected for all other buffers, testing time points and

temperatures.

TABLE 36: In vitro Biopotency [BPU]

1 month | 2 months | 4 months
In vitro Biopotency [BPU] at +5+3 °C | 0 months | at+5+£3 | at+5+3 | at +543
°C °C °C
BUFFER 1 1.05 0.87 1.05 1.22
BUFFER 2 0.85 1.02 1.02 1.07
BUFFER 3 0.78 0.90 1.14 1.20
BUFFER 4 0.67 0.65 0.57 013 &
1 month | 2 months | 3 months | S months
In vitro Biopotency [BPU] at -20+2 °C: 0 months at at at at
-20£2 °C | -20+2 °C | -20+2 °C | -20+2 °C
BUFFER 1 1.05 0.83 1.23 1.09 1.24
BUFFER 2 0.85 0.84 1.11 0.97 1.35
BUFFER 3 0.78 0.68 0.94 1.13 1.25
BUFFER 4 0.67 1.93 1.76 0.79 1.18
1 month | 2 months | 3 months | S months
In vitro Biopotency [BPU] at <-60 °C | 0 months | at<-60 | at<-60 | at<-60 | at<-60
°C °C °C °C
BUFFER 1 1.05 1.15 1.10 1.01 134
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1 month | 2 months | 4 months
In vitro Biopotency [BPU] at +5+3 °C { 0 months ; at+5+3 | at+5+£3 | at +5+3
°C °C °C
BUFFER 2 0.85 1.09 0.80 0.96 1.21
BUFFER 3 0.78 0.83 0.96 0.94 1.12
BUFFER 4 0.67 0.80 0.98 0.68 1.08
[00148] The results of the in vivo biopotency assay are shown in Table 37. Results

for Buffers 1-3 show fluctuating results in the range of test variation. Buffer 4 decreases
from 3.70 [IU/ml] at 0 months to 1.33 [IU/ml] after 4 months at 5+3 °C and increases
from 3.79 [IU/ml] at 0 months to 6.73 [IU/ml] after 4 months at < -60 °C. Day 7 results

were similar to Day 14 results. The results after 1 month storage at <-60 °C are taken

as a reference value representing the 0 month for all storage temperatures.

TABLE 37: In vivo Biopotency [IU/ml] day 14 results

In vivo Biopotency 0 months 1 month at | 2 months at | 3 months at | 4 months at
[TU/ml] at +5£3 °C day 14 +5£3°C, +5£3°C, +5£3°C, +5£3°C,
day 14 day 14 day 14 day 14
BUFFER 1 3.48+1.28 591+133 ¢ 4.82+0.63 4.76+0.55
BUFFER 2 4.99+0.74 549+0.64 | 5.27+0.84 5.36+1.80
BUFFER 3 4.43+1.15 6.42+0.89 | 4.64+]1.42 1 5.58+0.68
BUFFER 4 3.79+0.70 343+061 { 2.77+044 | 1.33+£0.26 |
In vivo Biopotency 0 months 1 month at { 2 months at | 3 months at | 4 months at | S months at
[IU/ml] at -20£2 °C day 14 -20%2 °C, -20+2 °C, -20+2 °C, -20%2 °C, -20+2 °C,
Y day 14 day 14 day 14 day 14 day 14
BUFFER 1 3.48+1.28 T e 5094225 1 4974130 | 5.28+0.55
BUFFER 2 4.99+0.74 T 1 5854074 | 488+1.44 | 5044070
BUFFER 3 4.43+1.15 4.34+1.62 | 5.16+£0.79 i 5.03£1.00
BUFFER 4 3.79+0.70 3.42+1.46 | 420+1.74 | 4.39+0.76
In vivo Biopotency 1 month at | 2 months at | 3 months at | 4 months at | S months at
[IU/ml] at < -60 °C 0 months day 14 | <-60 °C, <-60 °C, <-60 °C, <-60 °C, <-60 °C,
day 14 day 14 day 14 day 14 day 14
BUFFER 1 3.48+1.28 348+£128 ¢ T 59941 .58
BUFFER 2 4.99+0.74 4.99+0.74 | 5.68+1.02
BUFFER 3 4.43+1.15 443+1.15 4.63+1.33
BUFFER 4 3.79+0.70 3.79+£0.70 - - B 6.73+£0.90

TABLE 38: In vivo Biopotency [IU/ml] day 7 results

In vivo Biopotency 0 months 1 month at | 2 months at | 3 months at | 4 months at
[TU/ml] at 543 90 day 7 TSE30C, 1 A53°C, | +583°C, 1 4583°C,
y day 7 day 7 day 7 day 7
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In vivo Biopotency 0 months 1 :2;;1? Cat 2_:‘;1??2 at | 3 :;(:;tll(sjat 4_':;1?22“

[IU/ml] at +5+3 °C day 7 day 7 ’ day 7 ’ day 7 > day 7 ’

BUFFER 1 2.35+0.79 | 3.86+093 | 3.15+0.29 T 2704032

BUFFER 2 3.41+0.55 | 3.31+0.68 | 3.81+0.74 3.46+0.23

BUFFER 3 3.29+0.25 | 3.58+0.59 | 3.09+0.76 3.12+0.36

BUFFER 4 2304048 | 2.00+040 : 1.68+030 : - 0.80+0.04

In vivo Biopotency 0 months 1 month at | 2 months at | 3 months at | 4 months at | 5 months at

[TU/ml] at 2042 °C day 7 -20+2 °C, 22042 °C, -20+2 °C, -20+2 °C, -20+2 °C,
day7 day7 day 7 day 7 day 7

BUFFER 1 2.35+0.79 T 3204140 0 2.9140.81 1 3.2940.56

BUFFER 2 3.41+£0.55 - B 3.60+£0.55 { 3.01£0.80 | 3.01+0.64

BUFFER 3 3.294+0.25 ) 3.04+1.11 ¢ 3.12+0.56 @ 3.18+0.69

BUFFER 4 230048 | - . 1.84+0.80 i 0.80+0.04 @ 2.46+045

In vivo Biopotency 0 months day 1 month at | 2 months at ;| 3 months at ;| 4 months at | S months at

[TU/ml] at < -60 °C 7 <-60 °C, <-60 °C, <-60°C, <-60 °C, <-60 °C,
day 7 day 7 day 7 day 7 day 7

BUFFER 1 2354079 | 235£079 . o L 4024111

BUFFER 2 3.41+0.55 | 3.41+0.55 . T 358+1.07

BUFFER 3 3294025 | 3294097 | _ 2.67+0.74

BUFFER 4 2.30+£0.48 | 2.30+0.48 i ) 3.53+0.46

[00149] The results of the SDS PAGE densiotometric assay are shown in Tables 39-

44. No additional bands were observed during storage at 53 °C for up to 4 months and

for storage at -20£2 °C and <-60 °C for up to 5 months.

TABLE 39: Purity and summary at 0 months storage

HTG?(:;O g(;gl(Ref) Sample 1 Sample 2 Sample 3 Sample 4
Vector protein Lane 3 Mean Value Mean Value Mean Value Mean Value

L5-L7 L9-L11 L13-L15 L17-L19

Band % Band % Band % Band % Band %
VP1 114 17.5 17.5 17.2 15.6
VP2 10.9 19.9 20.9 20.4 18.8
VP3 777 62.6 61.6 62.4 65.6
SUM VP1+VP2+VP3 (Purity) 100 100 100 100 100
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TABLE 40: Purity and summary at 1 month storage

Reference +543 °C 1 month -20£2 °C 1 month -60£2 °C 1 month
HT6AR00G| Buffer | Buffer | Buffer | Buffer | Buffer{Buffer|Buffer| Buffer {Buffer:Buffer Buffer| Buffer
. 10ug/ml 1 2 3 4 1 2 3 4 1 2 3 4
Vector protein Lane Lane { Lane | Lane | Lane | Lane | Lane | Lane | Lane { Lane { Lane | Lane | Lane
3 5 6 7 8 10 11 12 13 15 16 17 18
Band Band | Band | Band | Band | Band | Band | Band | Band | Band { Band | Band | Band
% % % % % % % % % % % % %
VP1 7.49 1563 | 1595 | 1582 | 14.06 | 1491 {1534 {1572 | 14.22 { 15311527 {1499 | 1435
VP2 10.96 18.16 | 18.18 | 18.56 | 16.12 | 17.05 {1833 | 18.14 | 17.65 { 19.18 { 19.48 | 18.33 | 17.36
VP3 81.54 66.21 | 6588 | 6562 | 69.82 | 68.04 06632 {66.14 | 68.13 | 6551 ;6525 :66.69 | 6829
SUM
VP1+VP2+VP3 100 100 100 100 100 100 100 100 100 100 100 100 100
(Purity)
TABLE 41: Purity and summary at 2 months storage
Reference +543 °C 2 month -20+2 °C 2 month -60+2 °C 2 month
HT6AR00G| Buffer | Buffer | Buffer | Buffer \Buffer|Buffer|Buffer| Buffer .BufferBuffer Buffer| Buffer
. 10pg/ml 1 2 3 4 1 2 3 4 1 2 3 4
Vector protein Lane Lane | Lane Lane | Lane | Lane | Lane | Lane | Lane { Lane | Lane | Lane Lane 18
3 5 6 7 8 10 11 12 13 15 16 17
Band Band | Band | Band | Band | Band | Band | Band | Band | Band { Band | Band | Band
% % % % % % % % % % % % %
VP1 6.33 12,14 §{ 1292 | 12.1 87 112281409 11.8 | 10.82 {1228 :12.61{12.25} 10.96
VP2 7.46 1979 + 1924 | 1778 | 14.62 | 1884 {18.26 {1697 | 1528 { 18.77:119.45 1787 16.08
VP3 86.21 68.07 | 6784 | 70.12 | 76.68 | 68.87 | 67.65]71.24 | 739 1689567956988 7296
SUM
VP1+VP2+VP3 100 100 100 100 100 100 100 100 100 100 100 100 100
(Purity)
TABLE 42: Purity and summary at 3 months storage
Reference -20+2 °C 3 month -60+2 °C 3 month
I{TgAgl}g?G Buffer 1 | Buffer 2 | Buffer 3 | Buffer4 | Buffer 1 | Buffer 2 | Buffer 3 | Buffer 4
Vector protein M
Lane 3 Lane 5 Lane 6 Lane 7 Lane 8 Lane 10 { Lane 11 | Lane 12 Lane 13
Band Band Band Band Band Band Band Band Band
% % % % % % % % %
VP1 7.1 16.73 16.75 16.63 14.98 15.93 16 16.05 13.3
VP2 6.56 20.94 219 21.02 17.77 21.07 21.89 1995 16.14
VP3 86.34 62.32 61.35 62.36 67.25 63 62.11 64.01 70.55
SUM
VP1+VP2+VP3 100 100 100 100 100 100 100 100 100
(Purity)
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TABLE 43: Purity and summary at 3 months storage

Reference +5+3 °C 4 month
i HTG6AR00G Buffer 1 Buffer 2 Buffer 3 Buffer 4
Vector protein 10pg/ml
Lane 3 Lane 5 Lane 6 Lane 7 Lane 8
Band % Band % Band % Band % Band %
VP1 12.13 16.16 17.45 16.44 11.35
VP2 14.66 242 22.36 21.25 10.1
VP3 73.2 59.65 60.19 62.3 78.55
SUM VP1+VP2+VP3 100 100 100 100 100
(Purity)
TABLE 44: Purity and summary at 5 months storage
Reference -20+2 °C 5 month -60+2 °C 5 month
HT&?;SSG Buffer 1 | Buffer2 | Buffer 3 | Buffer4 | Buffer 1 | Buffer 2 | Buffer 3 | Buffer 4
Lane 3 Lane 5 Lane 6 Lane 7 Lane 8 Lane 10 | Lane 11 | Lane 12 | Lane 13
Band % Band % { Band % | Band % | Band % | Band % | Band % | Band % | Band %
VP1 11.51 17.45 17.52 172 14.68 16.65 16.91 16.83 15.24
VP2 16.44 22.43 23.27 22.5 19.7 22.46 22.69 22.38 20.38
VP3 72.05 60.12 592 60.3 65.62 60.89 60.4 60.79 64.37
SUM
VP1+VP2+VP3 100 100 100 100 100 100 100 100 100
(Purity)

[00150] Results of the appearance test are shown in Table 45-48, wherein the
classification of particles inspection with an unaided eye were as follows: Level A=no
particles visible; Level B=small single particles, barely visible; Level C=small single
particles, easily visible; Level D many small particles, easily visible; and Level
E=particles visible greater than or equal to 1 mm. The appearance of all samples after 1
month at 513 °C, -20£2 °C, and <-60 °C (set point: -80 °C) exhibited clear, colorless
solutions without visible particles (denoted below and throughout the specification as

“‘complies”).
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TABLE 45: Appearance during 48 hours at +25+2 °C

starting 1.5 3 4.5 6 24 48
Appearance at +25£2 °C material hours ; hours | hours | hours | hours : hours
Concentration of AAVS particles: 8.8E+12 [cp/ml
BUFFER 1 A A A A A A A
BUFFER 2 A A A A A A A
BUFFER 3 A A A A A A A
BUFFER 4 A A A A-B A-B A A-B
Concentration of AAVS particles: 17.6E+12 [cp/ml]
BUFFER 1 A A A A A A A
BUFFER 2 A A A A A A A
BUFFER 3 A A A A A A A
BUFFER 4 A A B A-B A-B A-B A-B
TABLE 46: Appearance during 4 months at +5+3 °C
starting
material starting material 1 2 4 4
Appearance at +5+3 °C| short time after 6 days at
after sterile +543 °C month| months | months | months
filtration
Concentration of AAVS particles: 8.8E+12 [cp/ml]
BUFFER 1 A . A A A icomplies
BUFFER 2 A Com.f;he.s to ATTTA A complies
BUFFER 3 A criteria A A A icomplies
clear, colorless, A-B A-B .
BUFFER 4 A with visible particless 3 (2 fibers) (2 fibers) P!
Concentration of AAVS particles: 17.6E+12 [cp/ml]
BUFFER 1 A . A A A complies
BUFFER 2 A complies to ATTTTA A complies
BUFFER 3 A criteria A A A complies
AB@ o
clear, colorless, A-B fibers, P
BUFFER 4 A yithvisible particles. P (4 fibers)  >5 hite
. particles
particles) ~10
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TABLE 47: Appearance during 6 months at -20+2 °C

starting | starting :
material \material
short after | starting material 2 3 4 6 6
o 0 . . .
Appearance at -20+2 °C '?fltti frezlngi age_rzf(’)l;:egzol(l;g month; months | months | months | months | months
sterile | -20+2
filtration; °C
Concentration of AAVS particles: 8.8E+12 [cp/ml]
BUFFER 1 A A complies A A complies; A complies
BUFFER 2 A A-B complies A A complies; A icomplies
BUFFER 3 A A complies A A-B icomplies|] A-B icomplies
doesn’t clear,
comply, colorless
B white C solution
BUFFER 4 A all?ti(clle) wifﬁejféig?elorﬁii’les AB 3 /E{Ers) (>5  jparticles) (>6 | with
P p particles)] >5 fibers) | visible
particles
; > 10
Concentration of AAVS particles: 17.6E+12 [cp/ml]
BUFFER 1 A A-B complies A A-B icomplies{ A-B icomplies
BUFFER 2 A A-B complies A A complies; A icomplies
BUFFER 3 A A-B complies A A-B complies| A-B icomplics
doesn’t clear,
comply, , |colorless
clear, colorless A-B ﬁ?)e(r:;s white ﬁ(‘;e(;s solution
BUFFER 4 A B withvisible particles) A |2 fibers)  >5 PAUISS Sap | Wi
particles) particles particles
> 10
TABLE 48: Appearance during 6 months at < -60 °C
startil.lg starting
material material
_cno¢| Shorttime . 1 2 3 6 6
Appearance at <-60 °C after after f:teezmg month months months months months
sterile
filtration =-60°C
Concentration of AAVS particles: 8.8E+12 [cp/ml]
BUFFER 1 A A A A A A complies
BUFFER 2 A A A A A A complies
BUFFER 3 A A A A A A complies
A-B A-B .
BUFFER 4 A A-B A-B (3 fibers) | (4 fibers) A-B complies
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Concentration of AAVS particles: 17.6E+12 [cp/ml]
BUFFER 1 A A A A A A complies
BUFFER 2 A A A A A A complies
BUFFER 3 A A A A A A complies
clear,
colorless
B-C solution
BUFFER 4 A AB AB ‘gl')Br | ?Il_)Br s with
ors ) fibers) | visible
particles >
10
[00151] pH values for the buffers/formulations at 0 months and after 1 month storage

at the indicated temperatures are shown in Table 49.

Table 49: pH values at 1 month

pH values at +5+3 °C target pH value 0 months 1 month at +5+3 °C
BUFFER 1 7.5 7.45 7.46
BUFFER 2 7.0 6.95 6.94
BUFFER 3 7.0 7.00 6.98
BUFFER 4 74 7.34 7.31
pH values at -20+2 °C target pH value 0 months 1 month at -20£2 °C
BUFFER 1 7.5 7.45 7.44
BUFFER 2 7.0 6.95 6.96
BUFFER 3 7.0 7.00 6.99
BUFFER 4 7.4 7.34 7.33
pH values at < -60 °C target pH value 0 months 1 month at <-60 °C
BUFFER 1 7.5 7.45 7.43
BUFFER 2 7.0 6.95 6.95
BUFFER 3 7.0 7.00 6.98
BUFFER 4 7.4 7.34 7.33
[00152] Polysorbate 80 (PS80) measurements were performed after storage for 5

months at < -60 °C. The results (shown in Table 50) confirm the amount of PS80 was

not reduced after storage for 5 months at < -60 °C.
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TABLE 50: Polysorbate 80 (HPLC method)

Samples ng/ml recovery [%]
target concentration 50 100%
sample 1 (Buffer 1 — Formulation 2) 62.6 125%
sample 2 (Buffer 2 — Formulation 4) 65.7 131%
sample 3 (Buffer 3 — Formulation 3) 478 96%

[00153] Based on the data in this study, no significant different was seen in the
stability profile of AAV8 when formulated in any one of the three buffers/formulations
tested. Therefore, all three may be considered suitable for the storage of AAV8 gene

therapy products.
EXAMPLE 3

[00154] This example demonstrates an additional investigation of two formulations

for their adsorption to the inner surfaces of different vials and tubes.

[001565] Buffers 1 (Formulation 2) and 2 (Formulation 4) described in Example 2 were
tested for adsorption to the inner surfaces of different vials and tubes. Buffer 1 (1717.37
x 10" cp/ml) and Buffer 2 (1431.94 x 10" cp/ml) were diluted to a target concentration
of 1.1 x 103 cp/ml and sterile filtered with a PALL EKV filter. The samples were loaded
into 2 ml glass vials and frozen, for future reference. The materials were then filled into

vials and tubes as described in Table 51.

TABLE 51
Sample container Filing volume
2 ml SiO; glass vial item number 3000375 0.3 ml
10 ml SiO; glass vial item number 3000727 5.6 ml
1.8 ml Nunc® Cryo Tubes (PP) 0.5 ml
0.5 ml Eppendorf safe lock tubes® (PP) 0.2 ml
1.5 ml Eppendorf safe lock tubes® (PP) 0.5ml
0.5 ml Eppendorf Protein LoBind tubes® (PP) 0.2 ml
1.5 ml Eppendorf Protein LoBind tubes® (PP) 0.5 ml

[00156] The samples were stored at 25+2 °C for 8 hours and then tested via
PDTS/AAVS titration ELISA. The results of the assay are shown in Table 52.
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TABLE 52
Buffer 1 Buffer2
storage container [cp/ml] | Recovery [%] [ecp/ml] | Recovery [%]

2 ml SiQO; vial, starting material 1.61E+13 100 1.04E+13 100
after 8 hours at +25+2 °C

2 ml SiO; vial 1.53E+13 95 1.05E+13 101
10 ml SiO» vial 1.61E+13 100 1.03E+13 99
1.8 ml Nunc 1.56E+13 97 1.03E+13 99
0.5 ml safe lock tube 1.60E+13 99 1.01E+13 97
1.5 ml safe lock tube 1.69E+13 105 1.06E+13 102
0.5 ml LowBind tube 1.57E+13 97 9.85E+12 95
1.5 ml LowBind tube 1.62E+13 100 1.05E+13 101

[00157] These results demonstrate that greater than 90% of the starting gene
therapy material is recoverable from the 2 ml SiOz vials. No adsorption was seen, and

no significant difference was seen among the two test buffers.

EXAMPLE 4

[00158] This example demonstrates the stability of various AAV subtypes in

Formulation 4.

[00159] AAV subtypes AAV 2, AAV 5, AAV 8, and AAV 9 were produced (University
of Massachusetts at Worcester Medical School Vector Core Facility) and stored in
Formulation 4 (as described in Examples 1-3), then tested for appearance to confirm no
visible particles are generated and by ITR-gPCR to quantify vector genome for dosing in
in vitro biopotency assay. These AAV subtypes each comprised an eGFP package
insert that encoded Green Fluorescence Protein (CB6-Pl-eGFP). Testing was

conducted at time point 0 and again at 6 weeks after storage at +5+3 °C.

[00160] Two milliliter samples provided in a PBS based buffer (1x PBS + 0.001 %
Pluoronic F+68) with concentration of > SE+12 vg/ml AAV particles were thawed at
ambient temperature and diluted to 4 ml (approximately >2.5E+12 vg/ml) with
Formulation 4. The approximately 0.0025 % Polysorbate 80 from Formulation 4
prevented excessive material loss via adsorption (e.g., on the inner surfaces of the

equipment). Total buffer of each of the samples were changed to Formulation 4 using
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Slide-A-Lyzer® 10K dialysis cassettes, and this step was performed three times with
100-fold volume, with dialysis taking place for a minimum of 4 hours for each step. After
the buffer was changed to Formulation 4, the samples were taken for the initial O weeks

testing time point and then storage at +5+3 °C for 6 weeks.

[00161] There were no visible particles observed for the different AAV subtypes
stored in Formulation 4, even after storage for 6 weeks (Table 53). Thus, it is possible

that the excipients observed at time O were resolved by 6 weeks.

TABLE 53: Appearance during storage in Formulation 4 at +5+3 °C

Testing Time Points
Subtype
0 weeks 6 weeks
Colorless solution without
AAV2 particles, cloudy
Colorless solution without Clear colorless solution without
AAVS5 | particles, very slightly cloudy particles
AAVS Colorless solution without Clear colorless solution without
particles, slightly cloudy particles
Clear colorless solution without | Clear colorless solution without
AAVY . ,
particles particles

[00162] While the recovery of AAV2 was low, which could be due to the variability of
the ITR-gPCR assay (ITR-gPCR assay has test variations of £0.5 log), the other AAV
subtypes are stable for the 6 weeks tested. Use of Formulation 4 resulted in surprising

stability of the AAV8 subtype.

TABLE 54: ITR-gPCR [vg/ml] during storage in Formulation 4 at +51£3 °C

Subtype ITR-gPCR [vg/ml], ITR-gPCR [vg/ml], Recovery [%] After
0 weeks 6 weeks 6 weeks
AAV2 6.45E+10 2.65E+10 41
AAVS 1.64E+12 1.44E+12 88
AAVS 1.85E+10 2.11E+10 114
AAVE 6.38E+11 5.24E+11 82
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EXAMPLE 5

[00163] This example demonstrates the feasibility of lyophilizing AAV formulations, in

particular lyophilization of AAV in Formulation 4.

[00164] The AAV Formulation 4 was lyophilized and stored for up to 10 months at
+5+3 °C. Briefly, AAV8 containing gene therapy material was produced and lyophilized
before storing vials containing the lyophilized material at +5+3 °C (controlled with the
Eurotherm System linked to the S1Z). At each testing time point (1, 2, 3, 6 and 10) one
vial was reconstituted with 5.5 ml purified water and the liquid was aliquoted according
to Table 55. Lyophilization was performed two times with the buffer “Formulation 4”
only and after those experiments the lyophilization was performed with active gene
therapy material in Formulation 4. The vials with active gene therapy material were
placed in front, middle or rear on the shelf. The gaps were closed with the same SiO2

glass vials filled with Formulation 4 without the AAV.

TABLE 55: Study outline with storage at +5+3 °C

Test time point [months] Total
T Sample number | Acceptance
est S
volume 1 2 3 6 10 of criteria
samples
SDS-PAGE (fluorescence staining,
4-12 % BisTris gel with Flamingo 0.2 ml X X X X X 5
Stain)
WAX
[Weak Anion Exchange HPLC] 0.2 ml X X X X X >
SEC [Size exclusion HPLC] 0.2 ml X X X X X 5
In vitro Biopotency 0.5 ml X X X X X 5
report result
Appearance X X X X X
2ml 5
pH value X X X X X
In vivo Biopotency 0.5 ml X X - X X 5
FIX-gPCR 0.2 ml X X X X X 5
. 2x
Total rAAVS particle ELISA 02 ml X X X X X 10

[00165] Measurements were taken of different parameters before and after
lyophilization. For each measurement, an average of three measurements (front,
middle, and rear sample) was reported in Table 56. No significant differences were

found for the parameters tested, except for the residual moisture. The residual moisture
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was 0.7% for the sample in the front, where drying occurs faster than rear where 3.6%

was detected. The vial in the middle had 3.7% residual moisture.

TABLE 56A: Different parameters for gene therapy material after lyophilization

Stability of g . In vivo WAX,
Lyophilized i . . FIX- In vitro . .
Gene Titration PCR Biopotenc Biopotency, Appearance. pH res'ldual Aggregates ful'l
q p Yy PP p
ELISA 14 days moisture [%o] capsids
Therapy [cp/ml] [vg/ml] [BPU] (IU/ml] (%]
Product
Clear
Starting colorless
Material 1.30E+13i4.99E+12 1.27 2.64 solution 3.1 55
Before Lyo without
particles
Clear
colorless
FRONT 1.21E+13i2.73E+12 1.24 291 solution {7.02; 0.7 42 50
without
particles
clear
colorless
solution with
MIDDLE 1.29E+13i4.02E+12 1.31 2.24 1 visible {7.02; 3.7 3.8 57
particle
(fiber with 2-
3 mm)
Clear
colorless
REAR 1.16E+13i3.99E+12 1.45 2.34 solution {7.02i 3.6 42 56
without
particles

TABLE 56B: Different parameters for gene therapy material after lyophilization, recovery

[%]
Recovery [%] AAVS Titration FIX- .In vitro In vivo Biopotency,
ELISA gPCR Biopotency 14 days
Starting Material Before Lyo 100 100 100 100
FRONT 93 55 98 110
MIDDLE 99 81 103 85
REAR 89 80 114 89
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TABLE 57: Different parameters for gene therapy material after storage as lyocakes for
up to 10 months at +5+£3 °C

In | Invivo
H Tﬁ?a\t/i?m recover FIX- recove In vitro recovery Aggregate “tl‘:li(’ vivo, BP,
Formulation 4 Appearance r ¥ qPCR y Biopotency yiAggreg . BP, | 14 days,
value! ELISA | [%] [%] [%] [%] |capsids
[ep/mi] [ve/ml] [BPU] [%] 14 recovery
days, [%]
Starting
Material Complies 7 11.30E+130 100 {4.99E+12{ 100 1.27 100 3.1 55 {2641 100
Place on Before Lyo. )
Front: Clear colotless solution without
the shelf :
during Middle: clear optorl - lution with 1
> iddle: clear colotless solution wit!
- 2
lyophilisation| After Lyo. visible particle (fiber with 2-3 mm), 7.02 i1.22E+13; 94 [358E+12{ 72 133 105 4.1 54 {250 95
Rear: Clear colorless solution without
particles
front left 1 month (Clear colorless solution without patticles: 7.03 {1.16E+13 89 1.64E+12 33 0.89 70 39 55 1176 67
frontright | 2months | Cicarcolorless solutionwithmany i 54y 14py3t gy {371E+12] 74 0.95 75 41 50 214 81
visible particles
middle 3 months (Clear colorless solution without particles; 7.03 {1.15E+13: 89  {3.07E+12{ 62 0.89 70 4.0 59 {2.02 77
front right 6 months Clear colorless solution without particlesi 7.09 i{1.20E+13! 92  [3.97E+12{ 80 0.81 64 4.6 55 {172 65
Rear right 10 months |Clear colorless solution without particles;: 7.07 {1.07E+13; 83  |4.22E+12{ 85 0.89 70 39 52 -

[00166] In conclusion, a recovery of 85% was obtained at the 10 month time point.
The in vitro biopotency (recovery of 70% after 10 months) as well as the in vivo
biopotency (recovery of 65% after 6 months) did not show losses directly after

lyophilization, but after 1 month of storage there was a slight decrease. However, no

further decrease in activity was seen by the 10 month time point. The percentages of full

capsids as well as the results for the aggregates were stable.

EXAMPLE 6

[00167] This example demonstrates additional testing and further development of the

lyophilized formulations.

[00168] Four different formulations with different NaCl concentrations were examined
with two different speeds of lyophilization (Tables 58-61). Briefly, the lyophilization
programs differed in their temperature ramp for -55 °C to + 2 °C during primary drying.
In one cycle, the temperature increased over a period of 1.5 hours (Program 1), while in

the other cycle the temperature increased over 12 hours (Program 2).
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TABLE 58: Formulation 4
Excipient Concentration [mM] Concentration g/kg buffer

L-histidine 10 1.552

NaCl 100 5.844

Glycine 50 3.754

Trehalose Dihydrate 5% 50

Croda super refined Tween 80 0.005% 0.05

Purified water add to 1 kg

pH value

7.0+0.1

TABLE 59: Formulation 7

Excipient Concentration [mM] Concentration/kg buffer
L-histidine 10 1.552
NaCl 80 4.675
Glycine 50 3.754
Trehalose Dihydrate 5% 50
Croda super refined Tween 80 0.005% 0.05
Purified water add to 1 kg

pH value

7.0+0.1

TABLE 60: Formulation 8

Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 10 1.552
NaCl 70 4.091
Glycine 50 3.754
Trehalose Dihydrate 5% 50
Croda super refined Tween 80 0.005% 0.05
Purified water addto 1 kg

pH value

7.0+0.1
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TABLE 61: Formulation 9

Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 10 1.552
NaCl 60 3.506
Glycine 50 3.754
Trehalose Dihydrate 5% 50
Croda super refined Tween 80 0.005% 0.05
Purified water add to 1 kg
pH value 7.0£0.1

[00169] The gene therapy material was thawed and pooled, and 29.2 ml of the
pooled material was filled into Slide-A-Lyzer® 10K dialysis cassettes. The buffer was
changed to either Formulation 4, 7, 8, or 9 as disclosed above. All samples were
dialyzed three times in a 100-fold volume for a minimum of three hours. After dialysis,
5.5 ml of each of the material were filed into 10 ml SiO2 vials. Before lyophilization,
lyophilization stoppers were set on the glass vials without closing them. The lyophilized
products were stored at +5+3 °C for up to 12 months.

[00170] The lower the NaCl concentrations, the lower the residual moisture was
(Table 62).

TABLE 62: Comparison of residual moisture [%] directly after Iyophilization

Residual Moisture Front : M iddle : Rear
NaCl concentration/ Front Front. 30/2 | Middle Mlddl.e 30/2: Middle i Rear Rear.30/2
30/2 active 30/2 active 30/2a 30/2 active

program buffer | material buffer material buffer | buffer | matenal
100 mM 2.4 3.2 2.1 2.8 3.7 2.7 2.5
80 mM 2.1 1.7 1.6 1.7 2.7 1.8 2.1
70 mM 1.6 1.8 1.5 1.8 2.2 1.8 1.9
60 mM 1.2 1.2 1.3 0.9 14 1.2 13

[00171] The lyophilized products were stored at +5+3 °C for up to twelve months and
tested for activity, total particle titer (empty + full), purity, degradation, and pH (Tables
63 and 64). At each testing time point (0, 1, 3, 6, and 12 months) one vial was
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reconstituted with 5.5 purified water and the liquid was aliquoted according to Table 63.

Samples were frozen at < -60 °C (set point: -80 °C) were tested. After lyophilization, no

meaningful difference of values was detected and all data were found to be within the

assay variation.

TABLE 63: Study outline for samples stored at +5+3 °C

Test time point [months] Total
Test Sample number | Acceptance
volume | O 1 3 6 12 of criteria
samples
SDS-PAGE
(fluorescence staining,
4-12 % BisTris gel with | O2™ | X 0 X x X X 40
Flamingo Stain)
WAX
[Weak Anion Exchange | 0.2 ml X X | X X X 40
HPLC]
SEC [Size exclusion
HPLC] 0.2 ml X X X X X 40
Appearance 2 ml X X X X X 40 report result
pH value
In vitro Biopotency 0.5 ml 40
. . minimum
In vivo Biopotency 0.5 ml X X - X X of 8 (36)
FIX-gPCR 0.2 ml X X X X X 40
Total rAAVS particle 2x < < < < < 20
ELISA 02 ml
Residual moisture 1 vial X X X X X 12
Reconstitution time 1 vial X X X X X 40
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NaCl concentration/
parameter

AAVS
particle
ELISA
[vp/ml]

FIX-
qPCR
[vg/ml]

In vitro
Biopot.,
dosage
FIX-
qPCR
[BPU]

In vitro
Biopot.,
dosage
AAVS-
ELISA
Titer

% of
full
capsids
[“o]

Aggreg.
[%o]

pH

Appearance

Starting Material (100
mM)

1.39E+13

ya

[BPU]

61

23

7.00

Clear
colorless
solution
without
particles

100 mM

1.17E+13

4 80E+12

0.75

0.68

35

7.00

Clear
colorless
solution
without
particles

80 mM

1.08E+13

5.06E+12

0.70

0.75

4.1

7.02

Clear
colorless
solution
without
particles

70 mM

1.20E+13

4.17E+12

0.77

0.74

4.1

7.00

Clear
colorless
solution
without
particles

60 mM

1.32E+13

4.73E+12

0.67

0.68

55

39

7.04

Clear
colorless
solution
without
particles

[00172] In summary, Program 1 was the more aggressive program, but it gave the

more compact and homogenous lyocakes. The lower the NaCl concentration was the

lower the values for the residual moisture. The appearance complied with “clear,

colorless solution without visible particles” for the starting material as well as for each

NaCl concentration after dialysis, lyophilization and reconstitution. pH measurements,

AAVS particle ELISA, FIX-gPCR and the in vitro biopotency assay results showed

similar values for each NaCl concentration. The WAX assay (percentage of full

capsids) showed test variations within 54% to 63% (Table 69). Aggregates showed an

increase from 2.3% for the untreated starting material to 3.5% and 4.1% for the dialyzed
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and lyophilized gene therapy material. Lyocakes for each NaCl concentration are white,

compact and homogenous.

EXAMPLE 7
[00173] This example demonstrates additional formulations.
[00174] Formulations 10 and 11 were manufactured as essentially described in
Example 1.
TABLE 65: Formulation 10
Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 10 1.552
NaCl 30 1.753
Glycine 50 3.754
Trehalose Dihydrate 5% 50
Croda super refined Tween 80 0.005% 0.05
Purified water add to 1 kg

pH value

7.0+0.1

TABLE 66: Formulation 11

Excipient Concentration [mM] Concentration/kg buffer
L-histidine 10 1.552
NaCl 0 0
Glycine 50 3.754
Trehalose Dihydrate 5% 50
Croda super refined Tween 80 0.005% 0.05
Purified water addto 1 kg
pH value 7.0£0.1

EXAMPLE 8

[00175] This example demonstrates additional formulations.

[00176]

86
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TABLE 67: Formulation 12
Excipient Concentration [mM] Concentration g/kg buffer

L-histidine 10 1.552

NaCl 50 2.922

Glycine 50 3.754

Trehalose Dihydrate 5% 50

Croda super refined Tween 80 0.005% 0.05

Purified water add to 1 kg

pH value

7.0+0.1

TABLE 68: Formulation 13

Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 10 1.552
NaCl 40 2.338
Glycine 50 3.754
Trehalose Dihydrate 5% 50
Croda super refined Tween 80 0.005% 0.05
Purified water add to 1 kg

pH value

7.0+0.1

TABLE 69: Formulation 14

Excipient Concentration [mM] Concentration g/kg buffer
L-histidine 10 1.552
NaCl 20 1.169
Glycine 50 3.754
Trehalose Dihydrate 5% 50
Croda super refined Tween 80 0.005% 0.05
Purified water addto 1 kg
pH value 7.0£0.1
3
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TABLE 70: Formulation 15

Excipient Concentration [mM] Concentration/kg buffer
L-histidine 10 1.552
NaCl 10 0.584
Glycine 50 3.754
Trehalose Dihydrate 5% 50
Croda super refined Tween 80 0.005% 0.05
Purified water add to 1 kg
pH value 7.0£0.1

[00177] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference
were individually and specifically indicated to be incorporated by reference and were set

forth in its entirety herein.

[00178] All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., “such as”) provided herein, is intended
merely to better illuminate the disclosure and does not pose a limitation on the scope of
the disclosure unless otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential to the practice of the

disclosure.

[00179] Preferred embodiments of this disclosure are described herein, including the
best mode known to the inventors for carrying out the disclosure. Variations of those
preferred embodiments may become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventors expect skilled artisans to employ such
variations as appropriate, and the inventors intend for the disclosure to be practiced
otherwise than as specifically described herein. Accordingly, this disclosure includes all
modifications and equivalents of the subject matter recited in the claims appended

hereto as permitted by applicable law. Moreover, any combination of the above-
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described elements in all possible variations thereof is encompassed by the disclosure

unless otherwise indicated herein or otherwise clearly contradicted by context.
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