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CRYSTALLINE ANTIBODY FORMULATIONS

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No. 62/024,393
filed July 14, 2014, which 1s incorporated 1n 1ts entirety by reference herein.

INCORPORATION BY REFERENCE OF MATERIAL SUBMITTED
ELECTRONICALLY

This application contains, as a separate part of disclosure, a Sequence Listing 1n
computer-readable form (filename: Seq List10-07-13 ST25.txt, created June 26, 2014 which

1s 42 KB 1n size), which 1s incorporated by reference 1n its entirety.

BACKGROUND

Monoclonal antibodies are extensively used as biotherapeutics with an increasing
demand to meet high concentrations of over a 100mg/ml for delivery. This presents a
challenge for solubility limited proteins via a subcutaneous route, since the preferred
subcutaneous administration limit 1s 1.2ml (Yang, M.X., Shenoy, B., Disttler, M., Patel, R.,
McGrath, M., Pechenov, S., Margolin, A.L. (2003) Crystalline monoclonal antibodies for
subcutancous delivery, PNAS 100, 6934-6939). Development of high concentration
formulation poses a lot of challenges from a formulation, analytical, stability, manufacturing
and drug delivery point of view (Shire, S.J., Zahra, S., Liu, J. (2004) Challenges 1n the
development of high concentration formulations, J. Pharm. Sci. 93, 1390-1402). So far, high
concentration formulation demands have been met by addition of excipients like amino acids,
sugars and salts that increase stability, reduce aggregation and viscosity (Shire, supra and
Jenkins, T. W. (1998) Three solutions of the protein solubility problem, Protein Science 7:
376-382).

Protein crystals are often viewed as only the intermediates to a protein structure but
they also have an important role from a formulation perspective. Protein molecules 1n the
crystalline form have the lowest entropy thus making them 3-6kcal/ml more stable than 1n the
liquid state (Dreuth, J., Haas, C. (1992) Protein crystals and their stability, J. Crystal Growth
122, 107-109). The main advantages of crystalline formulation include high protein
concentration, lower viscosity, stability, elimination of frequent dosage due to high

concentration and controlled release properties (Yang, supra, and Basu, S. K., Govardhan, C.
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P., Jung, C. W., Margolin, A. L. (2004) Protein crystals for the delivery of
biopharmaceuticals, Expert Opin. Biol. Thera. 4, 301-317).

Crystallization conditions can be manipulated to achieve different morphologies for
desired controlled release properties (Pechenov, S., Shenoy, B., Yang, M. X., Basu, S.,
Margolin, A. L. (2004) Injectable controlled release formulations incorporating protein
crystals, Journal of Controlled Release 96, 149-158). Insulin crystalline formulations were
first reported 1n 1920°s and today, it 1s not only the first recombinant protein therapeutic
approved by the FDA, 1t 1s also the first approved crystalline protein therapeutic (Hagedorn
H. C.; Jensen, B. N.; Krarup, N. B.; Wodstrup, I. Protamine isulinate, (1936) J. Am. Med.
Assn. 106, 177-180; Johnson, I. S. (2003) The trials and tribulations of producing the first
genetically engineered drug. Nat. Rev. Drug. Discovery 2, 747-751; and Basu, S. K.,
Govardhan, C. P., Jung, C. W., Margolin, A. L. (2004) Protein crystals for the delivery of
biopharmaceuticals, Expert Opin. Biol. Thera. 4, 301-317). Macromolecules are challenging
to crystallize due to their inherent flexibility, but, once crystallized, often pose challenges
from a formulation and regulatory perspective (Basu, supra, and Jen, A., Merkle, H.P. (2001)

Diamonds 1n the rough: Protein crystals from a formulation perspective, Pharm. Res. 18,

1483-1488.).
SUMMARY OF THE INVENTION

The mnvention relates to crystals of anti-PCSK9 immunoglobulin type G (IgG)
antibodies (more specifically, antibody 21B12) that are suitable for use in crystalline
formulations for parenteral administration; solutions, salts and methods for producing such
crystals; methods of using such crystals to prepare crystalline formulations for use as
medicaments, and methods of using such crystalline formulations for treating mammals,

specifically humans.

In the crystals or formulations described herein, the anti-PCSK9 1gG can comprise the
heavy and light chain complementary determining regions (CDRSs) of antibody, 21B12.
Thus, 1n some embodiments, the antibody 1s an IgG comprising a light chain
complementarity region (CDR) of the CDRLI sequence in SEQ ID NO:9, a CDRL?2 of the
CDRL?2 sequence in SEQ ID NO:9, and a CDRL3 of the CDRL3 sequence in SEQ ID NO:9,
and a heavy chain complementarity determining region (CDR) of the CDRHI1 sequence 1n
SEQ ID NO:5, a CDRH2 of the CDRH2 sequence in SEQ ID NO:5, and a CDRH3 of the
CDRH3 sequence in SEQ ID NO:5. In some other embodiments, the antibody 1s an 1gG
comprising a light chain complementarity region (CDR) of the CDRL1 sequence in SEQ ID
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NO:11, a CDRL2 of the CDRL2 sequence in SEQ ID NO:11, and a CDRL3 of the CDRL3
sequence 1n SEQ ID NO:11, and a heavy chain complementarity determining region (CDR)
of the CDRH1 sequence in SEQ ID NO:7, a CDRH2 of the CDRH2 sequence in SEQ ID
NO:7, and a CDRH3 of the CDRH3 sequence in SEQ ID NO:7. In some embodiments, the
antibody 1s an IgG comprising the amino acid sequences of: SEQ ID NO:20 or SEQ ID
NO:21 (21B12 CDRHI1), and SEQ ID NO:22 (21B12 CDRH2), and SEQ ID NO:23 (21B12
CDRH3), and SEQ ID NO:24 (21B12 CDRL1), and SEQ ID NO:25 (21B12 CDRL2), and
SEQ ID NO:26 (21B12 CDRL3).

In the crystals or formulations described herein, the anti-PCSK9 IgG antibody can
comprise the heavy and light chain variable regions of an antibody having at least 70%, at
least 80%, at least 90%, at least 95%, at least 98%, at least 99% sequence 1dentity to
antibody, 21B12. Thus, in some embodiments, the antibody 1s an IgG comprising a light
chain variable region comprising an amino acid sequence that 1s at least 70% 1dentical to that
of SEQ ID NO:9 or SEQ ID NO:11 and a heavy chain variable region that comprises an
amino acid sequence that 1s at least 70% 1dentical to that of SEQ ID NO:5 or SEQ ID NO:7.
In some embodiments, the antibody 1s an IgG comprising a light chain variable region
comprising an amino acid sequence that 18 at least 80% 1dentical to that of SEQ ID NO:9 or
SEQ ID NO:11 and a heavy chain variable region that comprises an amino acid sequence that
1s at least 80% 1dentical to that of SEQ ID NO:5 or SEQ ID NO:7. In some embodiments,
the antibody 1s an IgG comprising a light chain variable region comprising an amino acid
sequence that 1s at least 90% 1dentical to that of SEQ ID NO:9 or SEQ ID NO:11 and a heavy
chain variable region that comprises an amino acid sequence that 1s at least 90% 1dentical to
that of SEQ ID NO:5 or SEQ ID NO:7. In some embodiments, the antibody 1s an IgG
comprising a light chain variable region comprising an amino acid sequence that 1s at least
95% 1dentical to that of SEQ ID NO:9 or SEQ ID NO:11 and a heavy chain variable region
that comprises an amino acid sequence that 1s at least 95% 1dentical to that of SEQ ID NO:5
or SEQ ID NO:7. In some embodiments, the antibody 1s an IgG comprising a light chain
variable region comprising an amino acid sequence that 1s at least 98% 1dentical to that of
SEQ ID NO:9 or SEQ ID NO:11 and a heavy chain variable region that comprises an amino
acid sequence that 1s at least 98% 1dentical to that of SEQ ID NO:5 or SEQ ID NO:7. In
some embodiments, the antibody 1s an IgG comprising a light chain variable region
comprising an amino acid sequence that 1s at least 99% 1dentical to that of SEQ ID NO:9 or

SEQ ID NO:11 and a heavy chain variable region that comprises an amino acid sequence that

1s at least 99% 1dentical to that of SEQ ID NO:5 or SEQ ID NO:7. In some embodiments,
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the antibody 1s an IgG comprising a light chain variable region comprising the amino acid
sequence of SEQ ID NO:9 or SEQ ID NO:11 and a heavy chain variable region that
comprises an amino acid sequence of SEQ ID NO:5 or SEQ ID NO:7. In some
embodiments, the antibody comprises a light chain variable region comprising the amino acid
sequence of SEQ ID NO:9 and a heavy chain variable region that comprises an amino acid
sequence of SEQ ID NO:5. In some embodiments, the antibody comprises a light chain
variable region comprising the amino acid sequence of SEQ ID NO:11 and a heavy chain

variable region that comprises an amino acid sequence of SEQ ID NO:7.

In the crystals or formulations described herein, the anti-PCSK9 IgG antibody can
comprise the heavy and light chain variable regions described above that are each fused to a
suitable constant region. In some embodiments, the antibody comprises the mature heavy
and light chains of antibody 21B12, (SEQ ID NOS:16 or 17, 21B12 mature light chain and
SEQ ID NOS:18 or 19, 21B12 mature heavy chain). In some embodiments, the antibody
comprises SEQ ID NO:16 and SEQ ID NO:18. In some embodiments, the antibody
comprises SEQ ID NO:17 and SEQ ID NO:19. In some embodiments, the antibody
comprises amino acid sequences obtainable by expressing in mammalian host cells the cDNA
encoding the heavy and/or light chain, or alternatively the heavy and/or light chain variable
regions, cach fused to a suitable constant region, of antibody, 21B12, as described herein. In
some embodiments, the antibody binds to PCSK9 of SEQ ID NO: 1 with a KD binding

affinity of 10 or less (lower numbers meaning higher binding affinity.

The antibody crystals described herein can be characterized, for example, by size,
shape, morphology, salt content, crystal packing, and other properties. In some
embodiments, the crystal length ranges from about 5 uM to about 50 uM, optionally with a
morphology that 1s needle shaped, hexagonal rod shaped, plate-shaped, football shaped
(almond shaped), or mixtures thercof. Optionally, the crystals are in clusters. The crystals
are also characterized by x-ray diffraction. For example, antibody 21B12 crystals may
exhibit a needle shape, hexagonal rod shape, plate-shape, football shape (almond shape), or a
mixture thereof, or other shapes. In some embodiments, antibody 21B12 crystals exhibited

hexagonal rod shapes.

In some or any embodiments, the antibody crystals described herein are characterized
by the type of salt. Suitable salts for the production of antibody 21B12 crystals include, but
are not limited to, one or more of the following: sodium di-hydrogen phosphate, di-
potassium hydrogen phosphate, sodium chloride, ammonium sulfate, potassium sodium

tartrate tetrahydrate, sodium citrate dihydrate, sodium acetate trihydrate, di-ammonium
4
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hydrogen phosphate, potassium sodium tartrate, calcium acetate, cacodylate, CHES, CAPS,
Tr1s, lithium sulfate, sodium phosphate, potassium phosphate, sodium sulfate . For example,
other salts (including hydrates) for the production of antibody 21B12 crystals can include
other dihydrogen phosphate salts, hydrogen phosphate salts, phosphate salts, chloride salts,
sulfate salts, tartrate salts, citrate salts, acetate salts, cacodylate salts, and; with, for example,
monovalent (e.g. sodium, potassium, ammonium) or divalent cations (e.g. including but not
limited to zinc, magnesium, calcium). In some or any embodiments, antibody 21B12 crystals

are produced with dihydrogen phosphate salts, hydrogen phosphate salts and/or tartrate.

In some or any embodiments, the antibody crystals are characterized by crystallization
additives, which can influence the crystal growth and/or shape. Suitable crystallization
additives include, but are not limited to, precipitants such as PEG having a molecular weight
of about 400kD to about 20,000 kD, or about 1000 kD to about 5000 kD (e.g., PEG3350) In
some or any embodiments, the crystals are also characterized by the process by which they
arc produced, including remaining impurities. In some embodiments, the additives (e.g.,
PEG, glycerol) are at 0.1% to about 75% w/v or v/v, or about 0.1-50%, or about 0.1-10%, or
about 10% to about 50%, or about 20%-50%, or at least 10%, or at least 20%. Another
aspect of the invention provides methods of making the crystals described herein. In some
embodiments, the method comprises combining a solution of antibody 21B12 with a
crystallization reagent comprising an appropriate salt, including any of the previously
described salts, and/or a crystallization additive, including any of the previously described
additives. In any of the embodiments described herein, the salt in the crystallization reagent
1S present at a concentration of about 0.1M to about 30M, optionally 0.1M to about 10M, or
about 0.1 to about 2M, or about 1M to about 10M. In any of the embodiments described
herein, the additives (e.g., PEG, glycerol) are present at a concentration of about 0.1% to
about 75% w/v or v/v, or about 0.1% to about 50%, or about 0.1% to about 10%, or about
10% to about 50%, or about 20%-50%, or at least 10%, or at least 20%.

Methods of making antibody crystals optionally further comprise removing at least a

portion of the crystallization buffer (e.g., by centrifugation) after the crystals are formed.

The methods of making the antibody crystals optionally further comprise the step of
drying the crystals that have formed (e.g., by air drying the crystals or exposing the crystals

to a vacuum or nitrogen gas).

Exemplary methods for producing the antibody crystals described herein include

vapor diffusion and batch crystallization, which are known 1n the art.
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Another aspect described herein are crystalline formulations (e.g., powder crystalline
and liquid crystalline formulations) and methods of using antibody crystals described herein
to prepare medicaments, such as crystalline formulations, for therapy of mammals including
humans. Therapy of any of the conditions described herein 1s contemplated, optionally using
any of the dosing and timing regimens described herein. The crystalline formulations
comprise antibody crystals, e.g. antibody, 21B12 having one or more of the properties
described herein (e.g. size, length, shape, salt content, additive content, crystal packing or

other properties).

The crystalline formulations are suitable for parenteral administration, e¢.g. are sterile,
have endotoxin levels acceptable for parenteral administration, e.g. <0.25 EU/mL or 0.008
EU/mg, and comprise pharmaceutically acceptable excipients. The crystalline formulations
ar¢ also pretferably of high protein concentrations, ¢.g. at least 100 mg/ml, 120 mg/ml 140
mg/mL, 150 mg/mL, 160 mg/mL, 170 mg/mL, 180 mg/mL, 190 mg/mL, 200 mg/mL, 210
mg/mL, 220 mg/mL, 230 mg/mL, 240 mg/mL, 250 mg/mL, 260 mg/mL, 270 mg/mL, 280
mg/mL, 290 mg/mL, 300 mg/mL, 310 mg/mL, 320 mg/mL, 330 mg/mL, 340 mg/mL, 350
mg/mL, 360 mg/mL, 370 mg/mL, 380 mg/mL, 390 mg/mL, 400 mg/mL, 410 mg/mL, 420
mg/mL, 430 mg/mL, 440 mg/mL, 450 mg/mL, 460 mg/mL, 480 mg/mL, 500 mg/mL or
higher.

In some or any embodiments, the crystal formulation comprises excipients including,

but not limited to amino acids, sucrose, trehalose and sorbitol, or other sugars or polyols.

In some or any embodiments, the crystalline formulations have a pH ranging from
about 2 to about 12, or about 6 to about 9, or about 6 to 8.5, or about 7 to about 7.5 and an
osmolality ranging from about 180 to about 420 mOsm/kg, or about 200 to about 400
mOsm/kg, or about 250 to about 350 mOsm/kg. While 1sotonic (250-350 mOsm/kg) and
physiologic pH (about 7-7.5) 1s preferred, formulations may be prepared outside of these

ranges as long as the crystals are formulated 1n physiological relevant conditions.

Optionally, the crystalline formulation suitable for parenteral administration (e.g.,
subcutaneous or intramuscular) 1s presented 1n a container, such as a single dose vial,
multidose vial, syringe, pre-filled syringe or injection device. In some or any embodiments,
the container comprises a single dose of an anti-PCSK9 antibody (e.g., about 100 mg to about
500 mg of ant1-PCSK9 antibody). In one exemplary embodiment, a container may contain
about 100 mg or 110 mg or 120 mg 130 mg or 140 mg or 150 mg 160 mg or 170 mg or 180
mg or 190 mg or 200 mg or 210 mg or 220 mg 230 mg or 240 mg or 250 mg 260 mg or 270

0
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mg or 280 mg or 290 mg or 300 mg of the crystalline formulation of anti-PCSK9 antibody
and would be suitable for administering a single dose of about 2, 3, 4, 5 or 6 up to about 16
mg/kg body weight. In other embodiments, a container may contain about 150 mg, or about
160 mg, or about 170 mg, or about 180 mg, or about 190 mg, or about 200 mg, or about 210
mg or about 220 mg or about 230 mg; or about 240 mg, or at about 250 mg; or about 250-450
mg; or about 280 mg, or about 290 mg or about 300 mg, or about 350 mg or about 360 mg; or
about 420 mg or about 430 mg or about 440 mg or about 450 mg; or about 500mg to about
1200 mg; or about 550 mg, or about 600 mg, or about 700 mg, or about 800 mg, or about 900
mg, or about 1000 mg, or about 1100 mg, or about 1200 mg of the crystalline formulation of
ant1-PCSK9 antibody. In any of such embodiments, the container may be suitable for
administering a single dose of about 2, 3, 4, 5 or 6 up to about 16 mg/kg body weight. In any
of these embodiments, the container may comprise the antibody at a high protein
concentration such as those described herein. In any of these embodiments, the container

may comprise a powdered formulation and be for reconstitution 1in a volume of about 0.5-2

mlL.

Also disclosed are methods of reconstituting any of the foregoing powdered
formulations comprising adding a sterile diluent to achieve a high protein constitution such as

those described herein.

Also disclosed herein 1s a kit comprising such a container and a label comprising
instructions to use the appropriate volume or amount of the crystalline formulation necessary
to achieve a dose of from about 100 mg to about 1200 mg of ant1-PCSK?9 antibody, or from
about 2-16 mg/kg of patient body weight.

Also disclosed herein are crystalline formulations (e.g., powder crystalline and/or
liquid crystalline formulations) that are stable at room temperature for at least 1 month, 3
months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 1 year, 18 months,
2 years, 3 years, 4 years, 5 years, 6 years, 7 years, 8 years, 9 years, 10 years or longer. In
some embodiments, the crystalline formulation comprises antibody 21B12 crystals and the
formulation 1s stable at room temperature for at least 1 month, 3 months, 6 months, 7 months,
& months, 9 months, 10 months, 11 months, 1 year, 18 months, 2 years, 3 years, 4 years, 5

years, 6 years, 7 years, 8 years, 9 years, 10 years or more.

Also described herein are methods of using the formulations described herein to treat
and/or prevent cholesterol related disorders. In some embodiments, a “cholesterol related

disorder” (which includes “serum cholesterol related disorders”) includes any one or more of
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the following: familial hypercholesterolemia, non-familial hypercholesterolemia,
hyperlipidemia, heart disease, metabolic syndrome, diabetes, coronary heart disease, stroke,
cardiovascular diseases, Alzheimer’s disease and generally dyslipidemias, which can be
manifested, for example, by an elevated total serum cholesterol, elevated LDL, elevated
triglycerides, elevated VLDL, and/or low HDL. Some non-limiting examples of primary and
secondary dyslipidemias that can be treated using the formulations describe herein, either
alone, or in combination with one or more other agents include the metabolic syndrome,
diabetes mellitus, familial combined hyperlipidemia, familial hypertriglyceridemia, familial
hypercholesterolemia, including heterozygous hypercholesterolemia, homozygous
hypercholesterolemia, familial defective apoplipoprotein B-100; polygenic
hypercholesterolemia; remnant removal disease, hepatic lipase deficiency;

dyslipidemia secondary to any of the following: dietary indiscretion, hypothyroidism, drugs
including estrogen and progestin therapy, beta-blockers, and thiazide diuretics; nephrotic
syndrome, chronic renal failure, Cushing's syndrome, primary biliary cirrhosis, glycogen
storage diseases, hepatoma, cholestasis, acromegaly, insulinoma, 1solated growth hormone
deficiency, and alcohol-induced hypertriglyceridemia. The formulations described herein can
also be useful 1n preventing or treating atherosclerotic diseases, such as, for example,
cardiovascular death, non-cardiovascular or all-cause death, coronary heart disease, coronary
artery disease, peripheral arterial disease, stroke (ischaecmic and hemorrhagic), angina
pectoris, or cerebrovascular disease and acute coronary syndrome, myocardial infarction and
unstable angina. In some embodiments, the formulations described here are useful 1n
reducing the risk of: fatal and nonfatal heart attacks, fatal and non-fatal strokes, certain types
of heart surgery, hospitalization for heart failure, chest pain in patients with heart disease,
and/or cardiovascular events because of established heart disease such as prior heart attack,
prior heart surgery, and/or chest pain with evidence of clogged arteries and/or transplant-
related vascular disease. In some embodiments, the formulations described herein are useful
in preventing or reducing the cardiovascular risk due to elevated CRP or hsCRP. In some
embodiments, the formulations described herein can be used to reduce the risk of recurrent
cardiovascular events. Exemplary doses of anti-PCSK9 antibody to treat or prevent
cholesterol related disorders range from about 100 mg to about 1200 mg, or about 220 mg to
about 450 mg, or about 280 mg to about 450 mg of ant1-PCSK9 antibody or 1 mg/kg to about
16 mg/kg, or about 3 mg/kg to 10 mg/k, or about 5-7 mg/kg body weight of ant1-PCSK9
antibody.
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As will be appreciated by one of skill in the art, diseases or disorders that are
ogenerally addressable (either treatable or preventable) through the use of statins can also
benefit from the application of the formulations described herein. In addition, in some
embodiments, disorders or disease that can benefit from the prevention of cholesterol
synthesis or increased LDLR expression can also be treated by the formulations described
herein. In addition, as will be appreciated by one of skill in the art, the use of the
formulations described herein can be especially useful in the treatment of diabetes. Not only
1s diabetes a risk factor for coronary heart disease, but insulin increases the expression of
PCSK9. That 1s, people with diabetes have elevated plasma lipid levels (which can be related
to high PCSK9 levels) and can benefit from lowering those levels. This 1s generally
discussed 1n more detail in Costet et al. (“Hepatic PCSK9 Expression 1s Regulated by
Nutritional Status via Insulin and Sterol Regulatory Element-binding Protein 1C”, J. Biol.
Chem., 281: 6211-6218, 2006), the entirety of which 1s incorporated herein by reference.

In another aspect, described herein are methods of lowering the serum LDL
cholesterol level in a mammalian subject comprising administering a crystalline formulation
described herein to the mammalian subject in an amount effective to lower serum LDL
cholesterol level, as compared to a predose serum LDL cholesterol level. In some
embodiments, the serum LDL cholesterol level in the mammalian subject 1s reduced by at
least about 15%, 20%, 25%, 30%, 35%. 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%.,
85%, 90% or more, as compared to a predose serum LDL cholesterol level . In some
embodiments the serum LDL cholesterol level 1s reduced and the reduction 1s sustained for a
period of at least about 7 days, 2 weeks, 3 weeks, 4 weeks, 1 month, 5 weeks, 6 weeks, 7

weeks, 8 weeks, 2 months, 3 months or longer.

In another aspect, described herein are methods of lowering the PCSK9 values 1n a
mammalian subject comprising administering a crystalline formulation described herein to
the mammalian subject 1n an amount effective to lower PCSK9 values, as compared to a
predose PCSK9 value. In some embodiments, the PCSK9 value in the mammalian subject 1s
reduced by at least about 60%, 65%, 70%., 75%, 80%, 85%, 90% or more, as compared to a
predose PCSK9 value . In some embodiments the PCSK9 value 1s reduced and the reduction
1s sustamed for a period of at least about 7 days, 2 weeks, 3 weeks, 4 weeks, 1 month, 5

weeks, 6 weeks, 7 weeks, 8 weeks, 2 months, 3 months or longer.

In another aspect, described herein are methods of lowering the total cholesterol level
1n a mammalian subject comprising administering a crystalline formulation described herein

to the mammalian subject in an amount effective to lower total cholesterol level, as compared
9
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to a predose total cholesterol level. In some embodiments, the total cholesterol level 1n the
mammalian subject 1s reduced by at least about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60% or more, as compared to a predose total cholesterol level . In some embodiments the
total cholesterol level 1s reduced and the reduction 1s sustained for a period of at least about 7
days, 2 weeks, 3 weeks, 4 weeks, 1 month, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 2 months, 3

months or longer.

In another aspect, described herein are methods of lowering the non-HDL cholesterol
level 1n a mammalian subject comprising administering a crystalline formulation described
herein to the mammalian subject in an amount effective to lower non-HDL cholesterol level,
as compared to a predose non-HDL cholesterol level. In some embodiments, the total
cholesterol level in the mammalian subject 18 reduced by at least about 30%, 35%, 40%, 45%.,
50%, 55%, 60%, 65%, 70%, 75%., 80%, 85% or more, as compared to a predose non-HDL
cholesterol level. In some embodiments the non-HDL cholesterol level 1s reduced and the
reduction 1s sustained for a period of at least about 7 days, 2 weeks, 3 weeks, 4 weeks, 1

month, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 2 months, 3 months or longer.

In another aspect, described herein are methods of lowering the ApoB level 1n a
mammalian subject comprising administering a crystalline formulation described herein to
the mammalian subject in an amount effective to lower the ApoB level, as compared to a
predose ApoB level. In some embodiments, the ApoB level in the mammalian subject 18
reduced by at least about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%.,
75%, or more, as compared to a predose ApoB level . In some embodiments the ApoB level
1s reduced and the reduction 1s sustained for a period of at least about 7 days, 2 weeks, 3

weeks, 4 weeks, 1 month, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 2 months, 3 months or longer.

In another aspect, described herein are methods of lowering the Lipoprotein A
(“Lp(a)” level in a mammalian subject comprising administering a crystalline formulation
described herein to the mammalian subject in an amount effective to lower the Lp(a) level, as
compared to a predose Lp(a) level. In some embodiments, the Lp(a) level in the mammalian
subject 18 reduced by at least about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%.,
or more, as compared to a predose Lp(a) level . In some embodiments the Lp(a) level 18
reduced and the reduction 1s sustained for a period of at least about 7 days, 2 weeks, 3 weeks,

4 weeks, 1 month, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 2 months, 3 months or longer.

It should be understood that while various embodiments 1n the specification are

presented using “comprising”’ language, under various circumstances, a related embodiment
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may also be described using “consisting of” or “consisting essentially of” language. It 1s to
be noted that the term ““a” or “an”, refers to one or more, for example, “an immunoglobulin
molecule,” 1s understood to represent one or more immunoglobulin molecules. As such, the

terms “a” (or “an”), “one or more,” and “‘at least one” can be used interchangeably herein.

It should also be understood that when describing a range of values, the characteristic
being described could be an individual value found within the range. For example, “a pH
from about pH 4 to about pH 6,” could be, but 1s not limited to, pH 4, 4.2, 4.6, 5.1, 5.5, etc.
and any value 1n between such values. Additionally, “a pH from about pH 4 to about pH 6,”
should not be construed to mean that the pH of a formulation 1n question varies 2 pH units 1n
the range from pH 4 to pH 6 during storage, but rather a value may be picked in that range for
the pH of the solution, and the pH remains buffered at about that pH. In some embodiments,
when the term “about™ 18 used, 1t means the recited number plus or minus 5%, 10%, 15% or

more of that recited number. The actual variation intended 1s determinable trom the context.

In any of the ranges described herein, the endpoints of the range are included 1n the
range. However, the description also contemplates the same ranges 1n which the lower and/or
the higher endpoint 1s excluded. Additional features and variations of the invention will be
apparent to those skilled 1n the art from the entirety of this application, including the drawing
and detailed description, and all such features are intended as aspects of the invention.
Likewise, features of the invention described herein can be re-combined 1nto additional
embodiments that also are intended as aspects of the invention, irrespective of whether the
combination of features 1s specifically mentioned above as an aspect or embodiment of the
invention. Also, only such limitations which are described herein as critical to the invention
should be viewed as such; variations of the mmvention lacking limitations which have not been

described herein as critical are intended as aspects of the invention.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1A depicts an amino acid sequence of the mature form of the PCSK9 with the pro-
domain underlined.

Figures 1B;-1B4 depict amino acid and nucleic acid sequences of PCSK9 with the pro-
domain underlined and the signal sequence 1n bold.

Figures 2A and 2B depict the amino acid and nucleic acid sequences for the variable domains

of antibody, 21B12, CDRs are underlined and/or boxed.
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Figure 3 depicts the amino acid sequences for various constant domains.

Figures 4A and 4B depict the amino acid sequences for mature heavy chains and mature light

chains of antibody, 21B12.

DETAILED DESCRIPTION OF THE INVENTION

Described herein are crystals of anti-PCSK9 immunoglobulin type G (IgG)
antibodies. In some embodiments, the crystals of anti-PCSK9 immunoglobulin type G (IgG)
antibodies are suitable for use in crystalline formulations for parenteral administration. In
some embodiments, the crystals of anti-PCSK9 immunoglobulin type G (IgG) antibodies are
suitable for purification and drug substance storage. Also described herein are methods of
using such crystals of anti-PCSK9 immunoglobulin type G (IgG) antibodies to prepare
crystalline formulations for use as medicaments; formulations comprising high
concentrations of a crystalline anti-PCSK9 antibodies, methods of using these formulations
for treatment, methods of administering these formulations, e.g. subcutaneously or

intramuscularly, and containers or kits comprising these formulations.

I. Antibodies 1in the formulation

In some embodiments, the anti-PCSK9 antibody 1n the formulation 1s present at a
concentration (a “high protein concentration™) of at least about 100 mg/ml, about 101 mg/ml,
about 102 mg/ml, about 103 mg/ml, about 104 mg/ml, about 105 mg/ml, about 106 mg/ml,
about 107 mg/ml, about 108 mg/ml, about 109 mg/ml, about 110 mg/ml, about 111 mg/ml,
about 112 mg/ml, about 113 mg/ml, about 114 mg/ml, about 115 mg/ml, about 116 mg/ml,
about 117 mg/ml, about 118 mg/ml, about 119 mg/ml, about 120 mg/ml, about 121 mg/ml,
about 122 mg/ml, about 123 mg/ml, about 124 mg/ml, about 125 mg/ml, about 126 mg/ml,
about 127 mg/ml, about 128 mg/ml, about 129 mg/ml, about 130 mg/ml, about 131 mg/ml,
about 132 mg/ml, about 132 mg/ml, about 133 mg/ml, about 134 mg/ml, about 135 mg/ml,
about 136 mg/ml, about 137 mg/ml, about 138 mg/ml, about 139 mg/ml, about 140 mg/ml,
about 141 mg/ml, about 142 mg/ml, about 143 mg/ml, about 144 mg/ml, about 145 mg/ml,
about 146 mg/ml, about 147 mg/ml, about 148 mg/ml, about 149 mg/ml, about 150 mg/ml,
about 151 mg/ml, about 152 mg/ml, about 153 mg/ml, about 154 mg/ml, about 155 mg/ml,
about 156 mg/ml, about 157 mg/ml, about 158 mg/ml, about 159 mg/ml, about 160 mg/ml,
about 161 mg/ml, about 162 mg/ml, about 163 mg/ml, about 164 mg/ml, about 165 mg/ml,
about 166 mg/ml, about 167 mg/ml, about 168 mg/ml, about 169 mg/ml, about 170 mg/ml,
about 171 mg/ml, about 172 mg/ml, about 173 mg/ml, about 174 mg/ml, about 175 mg/ml,
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about 176 mg/ml, about 177 mg/ml, about 178 mg/ml, about 179 mg/ml, about 180 mg/ml,
about 181 mg/ml, about 182 mg/ml, about 183 mg/ml, about 184 mg/ml, about 185 mg/ml,
about 186 mg/ml, about 187 mg/ml, about 188 mg/ml, about 189 mg/ml, about 190 mg/ml,
about 191 mg/ml, about 192 mg/ml, about 193 mg/ml, about 194 mg/ml, about 195 mg/ml,
about 196 mg/ml, about 197 mg/ml, about 198 mg/ml, about 199 mg/ml, about 200 mg/ml,
about 201 mg/ml, about 202 mg/ml, about 203 mg/ml, about 204 mg/ml, about 205 mg/ml,
about 206 mg/ml, about 207 mg/ml, about 208 mg/ml, about 209 mg/ml, about 210 mg/ml,
about 211 mg/ml, about 212 mg/ml, about 213 mg/ml, about 214 mg/ml, about 215 mg/ml,
about 216 mg/ml, about 217 mg/ml, about 218 mg/ml, about 219 mg/ml, about 220 mg/ml,
about 221 mg/ml, about 222 mg/ml, about 223 mg/ml, about 224 mg/ml, about 225 mg/ml,
about 226 mg/ml, about 227 mg/ml, about 228 mg/ml, about 229 mg/ml, about 230 mg/ml,
about 231 mg/ml, about 232 mg/ml, about 232 mg/ml, about 233 mg/ml, about 234 mg/ml,
about 235 mg/ml, about 236 mg/ml, about 237 mg/ml, about 238 mg/ml, about 239 mg/ml,
about 240 mg/ml, about 241 mg/ml, about 242 mg/ml, about 243 mg/ml, about 244 mg/ml,
about 245 mg/ml, about 246 mg/ml, about 247 mg/ml, about 248 mg/ml, about 249 mg/ml,
about 250 mg/ml, and may range up to ¢.g., about 450 mg/ml, about 440 mg/ml, 430 mg/ml,
420 mg/ml, 410 mg/ml, 400 mg/ml, about 390 mg/ml, about 380 mg/ml, about 370 mg/ml,
about 360 mg/ml, about 350 mg/ml, about 340 mg/ml, about 330 mg/ml, about 320 mg/ml,
about 310 mg/ml, about 300 mg/ml, about 290 mg/ml, about 280 mg/ml, about 270 mg/ml, or
about 260 mg/ml. Any range featuring a combination of the foregoing endponts 1s
contemplated, including but not limited to: about 70 mg/ml to about 250 mg/ml, about 100
mg/ml to about 250 mg/ml, about 150 mg/ml to about 250 mg/ml, about 150 mg/ml to about
300 mg/ml, about 150 mg/ml to about 320 mg/ml or about 150 mg/ml to about 350 mg/ml.

In some embodiments, the anti-PCSK9 antibody 1s antibody 21B12. Antibody 21B12
was previously described in U.S. Patent No.: US 8.030,457, the disclosure of which including

sequence listing 1s incorporated herein by reference 1n 1ts entirety.

The anti-PCSK9 antibody described herein binds to PCSK9 of SEQ ID NO: 1 with a
KD of 10° or less, or 10" or less, or 10™° or less, or 10™ or less (lower numbers meaning
higher binding affinity). Affinity can be determined by any means known 1n the art,

including via Biacore technology.

The term “21B12 antibody™ as used herein refers to an IgG immunoglobulin
composed of two light chains and two heavy chains, wherein the light chain comprises a light
chain complementarity region (CDR) of the CDRLI1 sequence in SQ ID NO:9, a CDRL2 of

the CDRL2 sequence 1n SQ ID NO:9, and a CDRL3 of the CDRL3 sequence 1n SQ ID NO:9,
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and the heavy chain comprises a heavy chain complementarity determining region (CDR) of
the CDRHI1 sequence in SEQ ID NO:5, a CDRH?2 of the CDRH2 sequence in SEQ ID NO:5,
and a CDRH3 of the CDRH3 sequence in SEQ ID NO:5. In some other embodiments, the
antibody 18 an IgG comprising a light chain complementarity region (CDR) of the CDRLI1
sequence 1n SEQ ID NO:11, a CDRL2 of the CDRL2 sequence in SEQ ID NO:11, and a
CDRL3 of the CDRL3 sequence in SEQ ID NO:11, and a heavy chain complementarity
determining region (CDR) of the CDRHI1 sequence in SEQ ID NO:7, a CDRH2 of the
CDRH2 sequence 1n SEQ ID NO:7, and a CDRH3 of the CDRH3 sequence in SEQ ID NO:7.
In some embodiments, the 21B12 antibody comprises the amino acid sequences of: SEQ ID
NO:24 (21B12 CDRL1), and SEQ ID NO:25 (21B12 CDRL2), and SEQ ID NO:26 (21B12
CDRL3) and SEQ ID NO:20 or SEQ ID NO:21 (21B12 CDRH1), and SEQ ID NO:22
(21B12 CDRH2), and SEQ ID NO:23 (21B12 CDRH23).

In some embodiments, the anti-PCSK9 1gG antibody comprises the heavy and light
chain variable regions of an antibody having at least 70%, at least 80%, at least 90%, at least
95%, at least 98%, at least 99% sequence 1dentity to antibody, 21B12. Thus, in some
embodiments, the antibody 1s an IgG comprising a light chain variable region comprising an
amino acid sequence that 1s at least 70% 1dentical to that of SEQ ID NO:9 or SEQ ID NO:11
and a heavy chain variable region that comprises an amino acid sequence that 1s at least 70%
1identical to that of SEQ ID NO:5 or SEQ ID NO:7. In some embodiments, the antibody 18 an
IgG comprising a light chain variable region comprising an amino acid sequence that 1s at
least 80% 1dentical to that of SEQ ID NO:9 or SEQ ID NO:11 and a heavy chain variable
region that comprises an amino acid sequence that 1s at least 80% 1dentical to that of SEQ ID
NO:5 or SEQ ID NO:7. In some embodiments, the antibody 1s an IgG comprising a light
chain variable region comprising an amino acid sequence that 1s at least 90% 1dentical to that
of SEQ ID NO:9 or SEQ ID NO:11 and a heavy chain variable region that comprises an
amino acid sequence that 1s at least 90% 1dentical to that of SEQ ID NO:5 or SEQ ID NO:7.
In some embodiments, the antibody 1s an IgG comprising a light chain variable region
comprising an amino acid sequence that 1s at least 95% 1dentical to that of SEQ ID NO:9 or
SEQ ID NO:11 and a heavy chain variable region that comprises an amino acid sequence that
1s at least 95% 1dentical to that of SEQ ID NO:5 or SEQ ID NO:7. In some embodiments,
the antibody 1s an IgG comprising a light chain variable region comprising an amino acid
sequence that 18 at least 98% 1dentical to that of SEQ ID NO:9 or SEQ ID NO:11 and a heavy
chain variable region that comprises an amino acid sequence that 1s at least 98% 1dentical to

that of SEQ ID NO:5 or SEQ ID NO:7. Iin some embodiments, the antibody 1s an IgG
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comprising a light chain variable region comprising an amino acid sequence that 1s at least
99% 1dentical to that of SEQ ID NO:9 or SEQ ID NO:11 and a heavy chain variable region
that comprises an amino acid sequence that 1s at least 99% 1dentical to that of SEQ ID NO:5
or SEQ ID NO:7.

In some embodiments, the light chain of the 21B12 antibody comprises the amino
acid sequence of SEQ ID NO:9 or SEQ ID NO:11 (21B12 light chain variable region) and the
heavy chain of the 21B12 antibody comprises the amino acid sequence of SEQ ID NO:S5 or
SEQ ID NO:7 (21B12 heavy chain variable domain). In some embodiments, the light chain
of the 21B12 antibody comprises the amino acid sequence of SEQ ID NO:9 (21B12 light
chain variable region) and heavy chain of the 21B12 antibody comprises the amino acid
sequence of SEQ ID NO:5 (21B12 heavy chain variable region). In some embodiments, the
light chain of the 21B12 antibody comprises the amino acid sequence of SEQ ID NO:11
(21B12 light chain variable region) and heavy chain of the 21B12 antibody comprises the
amino acid sequence of SEQ ID NO:7 (21B12 heavy chain variable region). In some
embodiments, the light chain variable region 1s fused to a light chain constant region, and the
heavy chain variable region 18 fused to an IgG constant region. In some embodiments, the
21B12 antibody comprises the heavy and/or light chain variable region of antibody 21B12,
SEQ ID NO:5 (21B12 heavy chain variable region) fused to a human heavy chain constant
region of 1sotype IgGl1, 2, 3 or 4 (e.g., native, consensus or modified, and a number of
modifications that are known not to affect binding are known 1n the art), and/or SEQ 1D
NO:9 (21B12 light chain variable region) fused to a human light chain constant region (e.g.,
native, consensus or modified and a number of moditications that are known not to aftect
binding are known 1n the art), or SEQ ID NO:7 (21B12 heavy chain variable region) fused to
a human heavy chain constant region of 1sotype 1gGl1, 2, 3 or 4, and/or SEQ ID NO:11
(21B12 light chain variable region) fused to a human light chain constant region. In some
embodiments, the antibody comprises the mature heavy and light chains of antibody 21B12,
(SEQ ID NO:16 or 17, 21B12 mature light chain and SEQ ID NO:18 or 19, 21B12 mature
heavy chain). In some embodiments, the antibody comprises SEQ ID NO:16 and SEQ ID
NO:18. In some embodiments, the antibody comprises SEQ ID NO:17 and SEQ ID NO:19.

In some embodiments, the antibody comprises amino acid sequences obtainable by
expressing 1n mammalian host cells the cDNA encoding the heavy and/or light chain, or
alternatively the heavy and/or light chain variable region, of antibody 21B12. The term
“antibody” refers to an intact immunoglobulin, e.g. 1n the case of IgG a tetrameric

immunoglobulin composed of two heavy chains and two light chains. (e.g., chimeric,
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humanized, or human versions preferably having full length heavy and/or light chains,
optionally with mutations within the framework or constant regions that retain the anti-

PCSK9 binding properties).

An “1solated” antibody refers to an antibody, as that term 1s defined herein, that has
been 1dentified and separated from a component of its natural environment. Contaminant
components of 1ts natural environment are materials that would interfere with diagnostic or
therapeutic uses for the antibody, and may include enzymes, hormones, and other
proteinaceous or nonproteinaceous solutes. In certain embodiments, the antibody will be
purified (1) to greater than 95% by weight of antibody, and most preferably more than 99%
by weight, (2) to a degree sufficient to obtain at least 15 residues of N-terminal or internal
amino acid sequence, or (3) to homogeneity by SDS-PAGE under reducing or nonreducing
conditions using Coomassie blue or, preferably, silver stain. Isolated naturally occurring
antibody includes the antibody 1n situ within recombinant cells since at least one component
of the antibody's natural environment will not be present. Ordinarily, however, 1solated

antibody will be prepared by at least one purification step.

A “monoclonal” antibody refers to an antibody obtained from a population of
substantially homogenecous antibodies, 1.¢., the individual antibodies comprising the
population are 1dentical except for possible naturally occurring mutations that may be present
in minor amounts, compared to a “polyclonal” antibody which refers to a mixed population
of antibodies of diverse sequence that bind diverse epitopes. The phrase “humanized
antibody” refers to an antibody derived from a sequence of a non-human antibody, typically a
rodent monoclonal antibody, which comprises modifications that render the sequence more
human-like. Alternatively, a humanized antibody may be derived from a chimeric antibody.
The phrase “human” antibody refers to an antibody derived from human sequences, ¢.g.
through screening libraries of human antibody genes through known techniques such as
phage display, or produced using transgenic animals that have no endogenous

immunoglobulin production and are engineered to contain human immunoglobulin loci.

An “immunoglobulin G” or “native IgG antibody” 1s a tetrameric glycoprotein. In a
naturally-occurring immunoglobulin, each tetramer 1s composed of two 1dentical pairs of
polypeptide chains, each pair having one "light" (about 25 kDa) and one "heavy" chain (about
50-70 kDa). The amino-terminal portion of each chain includes a “variable” (*V”’) region of
about 100 to 110 or more amino acids primarily responsible for antigen recognition. The
carboxy-terminal portion of each chain defines a constant region primarily responsible for

effector function. Immunoglobulins can be assigned to different classes depending on the
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amino acid sequence of the constant domain of their heavy chains. Heavy chains are
classified as mu (), delta (A), gamma (), alpha (a), and epsilon (g), and define the
antibody's 1sotype as IgM, IgD, IgG, IgA, and IgE, respectively. Several of these may be
further divided into subclasses or 1sotypes, e.g. IgG1, 1gG2, 1gG3, 1gG4, IgA1 and IgA2.
Different 1sotypes have different etfector functions; for example, IgG1 and IgG3 1sotypes
have antibody-dependent cellular cytotoxicity (ADCC) activity. Human light chains are
classified as kappa (k) and lambda (A) light chains. Within light and heavy chains, the
variable and constant regions are joined by a "J" region of about 12 or more amino acids,
with the heavy chain also including a "D" region of about 10 more amino acids. See
generally, Fundamental Immunology, Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, N.Y.
(1989)).

The term “hypervariable” region refers to amino acid residues from a
complementarity determining region or CDR (1.e., residues 24-34 (L1), 50-56 (L2) and 89-97
(L3) 1n the light chain variable domain and 31-35 (H1), 50-65 (H2) and 95-102 (H3) 1n the
heavy chain variable domain as described by Kabat et al., Sequences of Proteins of
Immunological Interest, Sth Ed. Public Health Service, National Institutes of Health,
Bethesda, Md. (1991)). “Framework” or FR residues are those variable region residues other

than the hypervariable region residues.

The term “variant” when used 1n connection with antibodies refers to a polypeptide
sequence of an antibody that contains at least one amino acid substitution, deletion, or
insertion 1n the variable region or the portion equivalent to the variable region, provided that
the variant retains the desired binding affinity or biological activity. In addition, the
antibodies as described herein may have amino acid modifications in the constant region to
moditfy effector function of the antibody, including half-life or clearance, ADCC and/or CDC
activity. Such modifications can enhance pharmacokinetics or enhance the effectiveness of
the antibody 1n treating cancer, for example. See Shields et al., J. Biol. Chem., 276(9):6591-
6604 (2001), incorporated by reference herein 1n 1ts entirety. In the case of IgG1,
modifications to the constant region, particularly the hinge or CH2 region, may increase or
decrease effector function, including ADCC and/or CDC activity. In other embodiments, an
IgG2 constant region 1s modified to decrease antibody-antigen aggregate formation. In the
case of 1gG4, modifications to the constant region, particularly the hinge region, may reduce

the tformation of half-antibodies.

The term “modification” when used 1n connection with antibodies or polypeptides

described herein, includes but 1s not limited to, one or more amino acid change (including
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substitutions, msertions or deletions); chemical modifications that do not interfere with
PCSK9-binding activity; covalent modification by conjugation to therapeutic or diagnostic
agents; labeling (e.g., with radionuclides or various enzymes); covalent polymer attachment
such as pegylation (derivatization with polyethylene glycol) and insertion or substitution by
chemical synthesis of non-natural amino acids. In some embodiments, modified polypeptides
(including antibodies) of the invention will retain the binding properties of unmodified

molecules of the invention.

The term “derivative” when used 1n connection with antibodies or polypeptides of the
invention refers to antibodies or polypeptides that are covalently modified by conjugation to
therapeutic or diagnostic agents, labeling (e.g., with radionuclides or various enzymes),
covalent polymer attachment such as pegylation (derivatization with polyethylene glycol) and
insertion or substitution by chemical synthesis of non-natural amino acids. In some
embodiments, derivatives of the invention will retain the binding properties of underivatized

molecules of the invention.

Proteins and non-protein agents may be conjugated to the antibodies by methods that
arc known 1n the art. Conjugation methods include direct linkage, linkage via covalently
attached linkers, and specific binding pair members (e.g., avidin-biotin). Such methods
include, for example, that described by Greenfield et al., Cancer Research 50, 6600-6607
(1990) for the conjugation of doxorubicin and those described by Arnon et al., Adv. Exp.
Med. Biol. 303, 79-90 (1991) and by Kiseleva et al., Mol. Biol. (USSR) 25, 508-514 (1991)

for the conjugation of platinum compounds.

I1. Production of Crystals, Crystal Formulations and Compositions

Polypeptide crystals are grown by controlled crystallization of polypeptides from
aqueous solutions or from aqueous solutions containing organic solvents or additives.
Solution conditions that may be controlled include, for example, the rate of evaporation of
solvent, organic solvents or additives, the presence of appropriate co-solutes and butters, pH,
and temperature. A comprehensive review of the various factors affecting the crystallization
of proteins has been published by McPherson (1985, Methods Enzymol 114: 112-120). In
addition, McPherson and Gilliland (1988, J Crystal Growth, 90: 51-59) have compiled
comprehensive lists of polypeptides that have been crystallized, as well as the conditions
under which they were crystallized. A compendium of crystals and crystallization recipes, as
well as a repository of coordinates of solved protein structures, 18 maintained by the Protein

Data Bank at the Brookhaven National Laboratory (www.rcsb.org/pdb/; Bernstein et al.,

13



10

15

20

25

30

CA 029b47767 2017-01-10

WO 2016/010927 PCT/US2015/040217

1977, J Mol Biol 112: 535-542). It should be noted, however, that the conditions reported 1n
most of the above-cited references have been optimized to yield, in most instances, a few
large, diffraction quality crystals. Accordingly, 1t will be appreciated by those of skill in the
art that these conditions vary from protein to protein, and do not provide a high yielding

process for the large scale production of crystals of any given polypeptide.

In general, crystals are produced by combining the polypeptide (1.e., antibody) to be
crystallized with an appropriate aqueous solvent or aqueous solvent containing appropriate
crystallization agents, such as salts or organic solvents or additives (collectively the
“crystallization reagent™). The solvent 1s combined with the polypeptide and may be
subjected to agitation at a temperature determined experimentally to be appropriate for the
induction of crystallization and acceptable for the maintenance of polypeptide activity and
stability. Laboratory-scale methods for crystallization include hanging drop vapor diffusion,
sitting drop vapor diffusion, microdialysis, microbatch, under oil, in gel and sandwich drop
methods. The solvent can optionally include co-crystallization additives, such as precipitants,
fatty acids, reducing agents, glycerol, sulfobetaine, surfactants, polyols, divalent cations, co-

factors, or chaotropes, and amino acids as well as buffer species to control pH.

“Co-crystallization additives” include compounds that facilitate crystallization of a
polypeptide and/or compounds that stabilize the protein and protect against denaturation.
Examples of co-solutes include ammonium acetate, ammonium chloride, ammonium
fluoride, ammonium formate, ammonium nitrate, ammonium phosphate, ammonium sulfate,
cadmium chloride, cadmium sulfate, calcium acetate, calctum chloride, cesium chloride,
cobaltous chloride, CH3(CH,) ;sN(CH3); Br.” (CTAB), di-ammonium citrate, di-ammonium
hydrogen phosphate, di-ammonium phosphate, di-ammonium tartrate, di-potassium
phosphate, di-sodium phosphate, di-sodium tartrate, DL-malic acid, ferric chloride, L-proline,
lithium acetate, lithium chloride, lithium nitrate, lithtum sulfate, magnesium acetate,
magnesium chloride, magnesium formate, magnesium nitrate, magnesium sulfate, nickel
chloride, potassium acetate, potassium bromide, potassium chloride, potassium citrate,
potassium fluoride, potasstum formate, potasstum nitrate, potassium phosphate, potassium
sodium tartrate, potassium sulfate, potassium thiocyanate, sodium acetate, sodium bromide,
sodium chloride, sodium citrate, sodium fluoride, sodium formate, sodium malonate, sodium
nitrate, sodium phosphate, sodium sulfate, sodium thiocyanate, succinic acid, tacsimate, tri-
ammonium citrate, tri-lithtum citrate, trimethylamine N-oxide, tri-potassium citrate, tri-
sodium citrate, zinc acetate, zinc sulfate, and other compounds that function to supply co-

solutes. "Crystallization " include compounds that maintain the pH of a solution 1n a desired
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range to facilitate crystallization of a polypeptide. Examples include ACES (N-(2-
acetamido)-2-aminoethanesulfonic acid), BES (N,N-bis(2-hydroxyethyl)-2-
aminocthanesulfonic acid), Bicine (N,N-Bis(2-hydroxyethyl)glycine), BIS-TRIS (2,2-bis-
(hydroxymethyl)-2,2',2"-nitrilotriecthanol), boric acid, CAPS (3-[cyclohexylamino]-1-
propancsulfonic acid), citric acid, EPPS (HEPPS, 4-(2-Hydroxyethyl)piperazine-1-
propanecsulfonic acid), Gly-Gly (NH.sub.2CH.sub.2CONHCH.sub.2COOH, glycyl-glycine),
HEPES (4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid), imidazole, MES (2-
morpholinoethanesulfonic acid), MOPS (3-(N-morpholino)-propanesulfonic acid), PIPES
(piperazine-1,4-bis(2-cthanesulfonic acid)), potassium chloride, sodium acetate, sodium
bicarbonate, sodium phosphate monobasic (sodium dihydrogen phosphate), sodium
phosphate dibasic, TAPS(N-[tris-(hydroxymethyl)methyl]-3-aminopropanesulfonic acid),
TAPSO(N-[tris(hydroxymethyl)methyl]-3-amino-2-hydroxypropanesulfonic acid), TES (N-
[tris(hydroxymethyl)methyl]-2-aminoethanesulfonic acid), Tricine (N-
[tris(hydroxymethyl)methyl]glycine), Tris-HCI, TRIZMA (2-amino-2-(hydroxymethyl)-1,3-
propanediol), and other compounds that function to maintain a solution at or near a specified

pH.

The selection of precipitants are one factor affecting crystallization. For example,
PEG products, e.g. of molecular weight 200 to 20,000 kD, can be used. PEG3350 1s a long
polymer precipitant or dehydrant which works by volume exclusion effect. Lyotropic salts,
such as ammonium sulfate, promote precipitation processes, as do short-chain fatty acids,

such as caprylic acid. Polyionic species also are useful precipitants.

Antibodies for use in formulations for subcutaneous 1njection, for example, preferably
arc precipitated at a physiologic pH range and 1n a crystallization reagent that provides

1sotonic osmolality.

The need for additives, co-solutes, bufters, etc. and their concentrations are
determined experimentally to facilitate crystallization. Some examples of suitable

crystallization conditions for a polypeptide are described in the Examples below.

Antibody 21B12 1s crystallized under a variety of conditions. Various morphologies
of Antibody 21B12 crystals can be grown under scale-up conditions whereby the antibody 1n
a liquid formulation 1s added to a volume of known crystallization reagent and stored 1n a
sealed container. Antibody 21B12 crystals can be grown under these conditions in less than

24 hours, at room temperature and have been shown to produce between about 30% to about

99%% vield.
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In an industrial-scale process, the controlled precipitation leading to crystallization
can best be carried out by the simple combination of polypeptide, precipitant, co-solutes and,
optionally, buffers 1 a batch process. As another option, polypeptides may be crystallized by
using polypeptide precipitates as the starting material ("seeding"). In this case, polypeptide
precipitates are added to a crystallization solution and incubated until crystals form.
Alternative laboratory crystallization methods, such as dialysis or vapor diffusion, can also be
adopted. McPherson, supra and Gilliland, supra, include a comprehensive list of suitable
conditions 1n their reviews of the crystallization literature. Occasionally, 1n cases 1n which
the crystallized polypeptide 1s to be crosslinked, incompatibility between an intended
crosslinking agent and the crystallization medium might require exchanging the crystals into

a more suitable solvent system.

According to some embodiments, polypeptide crystals, crystal formulations and
compositions are prepared by the following process: first, the polypeptide 1s crystallized.
Next, excipients or ingredients as described herein are added directly to the mother liquor.
Alternatively, the crystals are suspended 1n a solution of excipient or other formulary
ingredients, after the mother liquor 1s removed, for a minimum of 1 hour to a maximum of 24
hours. The excipient concentration 1s typically between about 0.01 to 30% w/w, which
corresponds to a polypeptide crystal concentration of 99.99 to 70% w/w, respectively. In one
embodiment, the excipient concentration 1s between about 0.1 to 10%, which corresponds to
a crystal concentration of 99.9 to 90% w/w, respectively. The mother liquor can be removed
from the crystal slurry either by filtration, buffer exchange, or by centrifugation.
Subsequently, the crystals are washed with any 1sotonic injectable vehicle as long as the these
vehicles do not dissolve the crystals, optionally with solutions of 50 to 100% of one or more
organic solvents or additives such as, for example, ethanol, methanol, 1sopropanol or ethyl
acetate, or polyethelene glycol (PEG), either at room temperature or at temperatures between
-20°C to 25°C. In addition, water can be used to wash the crystals. The crystals are the
dried either by passing a stream of nitrogen, air, or inert gas over the crystals. Finally,
micronizing of the crystals can be performed if necessary. The drying of polypeptide crystals
1s the removal of water, organic solvent or additive, or liquid polymer by means including
drying with N, air, or inert gases; vacuum oven drying; lyophilization; washing with a
volatile organic solvent or additive followed by evaporation of the solvent; or evaporation in
a fume hood. Typically, drying 1s achieved when the crystals become a free-tlowing powder.
Drying may be carried out by passing a stream of gas over wet crystals. The gas may be

selected from the group consisting of: nitrogen, argon, helium, carbon dioxide, air or
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combinations thercof. The diameter of the particles achieved can be 1n the range 0f 0.1 to
100 micrometers, or 1n the range of 0.2 to 10 micrometers, or 1n the range of 10 to 50
micrometers, or 1n the range of 0.5 to 2 micrometers. For formulations to be administered by
inhalation, in one embodiment the particles formed from the polypeptide crystals are in the

range of 0.5 to 1 micrometers.

According to some embodiments, when preparing protein crystals, protein crystal
formulations or compositions, enhancers, such as surfactants are not added during
crystallization. According to some other embodiments, when preparing protein crystals,
protein crystal formulations or compositions, enhancers, such as surfactants are added during
crystallization. Excipients or ingredients are added to the mother liquor after crystallization,
at a concentration of between about 1-10% w/w, alternatively at a concentration of between
about 0.1-25% w/w, alternatively at a concentration of between about 0.1-50% w/w. These
concentrations correspond to crystal concentrations of 99-90% w/w, 99.9-75% w/w and 99.9-
50% w/w, respectively. The excipient or ingredient 1s incubated with the crystals in the
mother liquor for about 0.1-3 hrs, alternatively the incubation 1s carried out for 0.1-12 hrs,

alternatively the incubation 1s carried out for 0.1-24 hrs.

In some or any embodiments, the ingredient or excipient 1s dissolved 1n a solution
other than the mother liquor, and the protein crystals are removed from the mother liquor and
suspended 1n the excipient or ingredient solution. In some embodiments, the excipient or
ingredient solution (or resuspension vehicle) 1s a mixture of excipients or ingredients or
surfactants that 1s 1sotonic and injectable. In some embodiments, the excipient or ingredient
solution (or resuspension vehicle) 1s not a mixture of excipients or ingredients or surfactants
that 1s 1sotonic and 1njectable. The ingredient or excipient concentrations and the incubation

times are the same as those described above.

Polypeptide Crystals

As used herein, “crystal” or “crystalline” refers to one form of the solid state of
matter, which 1s distinct from a second form--the amorphous solid state. Crystals display
characteristic features including a lattice structure, characteristic shapes, and optical
properties such as refractive index and birefringence. A crystal consists of atoms arranged 1n
a pattern that repeats periodically 1n three dimensions (C. S. Barrett, Structure of Metals, 2nd
ed., McGraw-Hill, New York, 1952, p.1). In contrast, amorphous material 1s a non-
crystalline solid form of matter, sometimes referred to as an amorphous precipitate. Such

precipitates have no molecular lattice structure characteristic of the crystalline solid state and
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do not display birefringence or other spectroscopic characteristics typical of the crystalline

forms of matter.

Polypeptide crystals are polypeptide molecules arranged 1n a crystal lattice.
Polypeptide crystals contain a pattern of specific polypeptide-polypeptide interactions that are
repeated periodically 1n three dimensions. The polypeptide crystals of this invention are to be
distinguished from amorphous solid forms or precipitates of polypeptides, such as those

obtained by lyophilizing a polypeptide solution.

In polypeptide crystals, the polypeptide molecules form asymmetric units which are
arranged together to form symmetric units. The geometric structure of the symmetric units of
polypeptide crystals can be, for example, cubic, hexagonal, monoclinic, orthorhombic,
tetragonal, triclinic, or trigonal. The overall structure of the crystals 1n their entirety can be,
for example, 1n the form of bipyramids, cubes, needles, plates, prisms, rhomboids, rods, or
spheres, or combinations thercof. Other observed forms include block-shaped, UFO shaped,
football shaped, leat shaped, wheat shaped, singlet shaped, feather-shaped, straw-shaped,
chrysanthemum-shaped, spherical or mixtures therecof. In some embodiments, the crystals are
observed 1n clusters. Crystals that are of the “cubic” structural class can more specifically
have octadecahedral or dodecahedral crystal forms. The diameter of the crystals 1s defined as
the Martin's diameter. It 1s measured as the length of the line, parallel to the ocular scale, that
divides the randomly oriented crystals into two equal projected arcas. Crystals in forms such
as needles or rods will also have a maximal dimension that 1s referred to herein as the length

of the crystal. The crystals are also characterized by x-ray diffraction.

Testing Properties of Crystalline Polypeptides

After polypeptide crystals are formed, they can be subjected to various analyses to
confirm their polypeptide content and to further examine their physical structure. For
example, 1f necessary individual crystals can be removed from the crystallization solution and
washed with aqueous or organic solvents or additives, then dried (for example, by air drying,
by passing a strecam of 1nert gas over the crystal, by lyophilization, or by vacuum). Crystals
can be 1solated, removed from the crystal growth drop, and then mounted for X-ray

diffraction.

Crystals can also be characterized by a variety of means described 1n the art. See,
¢.g., Basu et al., Expert Opin. Biol. Thera. 4, 301-317 (2004), incorporated herein by
reference 1n 1ts entirety for 1ts disclosure of protein crystal production and formulation

procedures, and analytical tools for characterizing crystals and their component protein.
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While powder X-ray diffraction 1s commonly used to identify crystalline material, 1t requires
very large and perfect protein crystals and 1s not commonly applied to the protein
microcrystals typically used in crystalline formulations. Electron diffraction and solid state
nuclear magnetic resonance (SSNMR) can be applied to characterize crystals. Crystal size,
shape and morphology (e.g. surtace morphology) can be ispected, for example, by light
mICroscopy, transmission electron microscopy, scanning electron microscopy, atomic force
microscopy, and/or light scattering (e.g. photon correlation spectroscopy or DLS, low angle
laser light scattering or LAALS). Total surface area and porosity of crystals can also be
characterized. Mass spectrometry, micro-attenuated total reflectance Fourier transform
infrared spectroscopy (FTIR) and/or differential scanning calorimetry (DSC) can provide

information about protein primary and secondary structure.

As another example, polypeptide crystals can be removed from crystallization
solution and washed or rinsed, or the majority of crystallization solution can be removed
from the crystals and replaced with a different solution. In this way, the particular salt that
was using in the crystallization procedure can be replaced 1n the crystal lattice with a
different salt. In one embodiment of the invention, crystallized Antibody 21B12 1s separated
from the crystallization buffer and placed 1n a solution containing a salt of sodium,
potassium, or magnesium (for example, sodium acetate, sodium chloride, sodium citrate,
sodium phosphate, sodium sulfate, potassium chloride, potassium citrate, or magnesium
sulfate). For X-ray diffraction, the replacement solution can contain heavy atoms useful in

determining the atomic coordinates of the crystallized polypeptide.

In a further example, polypeptide crystals can be removed from crystallization
solution and solubilized 1n an appropriate buffer for further testing, such as an SDS-
containing buffer for analysis of the polypeptide that had been crystallized by gel
clectrophoresis. Methods for analysis of proteins by gel electrophoresis are well known and
include staining a gel with silver or Coomassie blue dye, and comparing the electrophoretic
migration of the polypeptide that had been crystallized with the migration of polypeptide
markers of known molecular weight. In another method, the polypeptide 1s visualized 1n the
ocl by use of a labeled antibody that specifically binds to the polypeptide. Polypeptides that
have been crystallized can also be solubilized in buffers appropriate for amino acid
sequencing by Edman degradation, for mass spectrometry, for other spectrographic
scattering, refraction, diffraction, or absorption studies, or for labeling of the polypeptide by

attachment of a label molecule to the polypeptide.

III.  Formulations for Therapeutic Administration
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As used herein, the term “composition” as used herein means a mixture comprising at
least two components. In particular, described herein are compositions comprising a
crystalline anti-PCSK9 antibody, or prepared using a crystalline anti-PCSK9 antibody. In
some embodiments, the composition or formulation comprising or prepared using a
crystalline ant1-PCSK9 antibody 1s prepared such that 1t 1s suitable for injection and/or
administration to a patient in need thereof. Compositions to be administered for
pharmaceutical purposes to patients are substantially sterile and do not contain any agents

that are unduly toxic or infectious to the recipient.

In some embodiments, crystalline ant1-PCSK9 antibodies, such as crystalline antibody
21B12, are administered 1n the form of a physiologically acceptable composition (also
referred to herein as a pharmaceutical composition or as a pharmaceutical formulation)
comprising a crystalline anti-PCSK9 antibody that 1s formulated with one or more of the
following: physiologically acceptable carriers, excipients, or diluents. Such carriers,
excipients, or diluents are nontoxic to recipients at the dosages and concentrations employed.
Ordinarily, the preparation of such compositions entails combining the crystalline anti-
PCSK9 antibody with one or more of the following: buffers, antioxidants such as ascorbic
acid, low molecular weight polypeptides (such as those having fewer than 10 amino acids),
proteins, amino acids such as Leucine, Proline, Alanine, Valine, Glycine, Serine, Asparagine,
Glutamine, Aspartic acid, Glutamic acid, Methionine, Tryptophan, Phenylalanine, Isoleucine,
Threonine, Cysteine, Tyrosine, Histidine, Lysine and Arginine, carbohydrates such as
olucose, sucrose or dextrins, chelating agents such as EDTA, glutathione and other stabilizers
and excipients. In liquid formulations, neutral buffered saline or saline mixed with
nonspecific serum albumin are exemplary appropriate diluents. In accordance with
appropriate industry standards, preservatives may also be added, such as benzyl alcohol.
Further examples of components that may be employed in pharmaceutical formulations are
presented in Remington's Pharmaceutical Sciences, 16™ Ed., Mack Publishing Company,
Easton, Pa., 1980, and in the Handbook of Pharmaceutical Excipients, published jointly by

the American Pharmaceutical Association and the Pharmaceutical Society of Great Britain.

In one embodiment, 1t 18 contemplated that the formulation described herein 1s
prepared 1 a bulk formulation and as such, the components of the pharmaceutical
composition are adjusted so that they are higher than would be required for administration,

and are diluted appropriately prior to administration.

The antibody crystals described herein can be formulated as a solid crystalline or

powder formulation in forms suitable for storage and handling, and in forms suitable for
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inhalation or pulmonary administration, for example 1n the form of powders for the
preparation of acrosol formulations. In an further embodiment, the antibody crystals can be
formulated 1n a liquid solution of such crystals, or 1n a slurry of such crystals. In another
embodiment, the antibody crystals are used to prepare a liquid formulation, such as an

aqueous formulation, for therapeutic administration.

A. Solid Crystalline Formulations

Solid formulations of antibody crystals include crystals that have been substantially
1solated from liquid solution or dried, and are present as free crystals or as particles 1n for
example powder form. In the present context the expression “powder” refers to a collection
of essentially dry particles, 1.e. the moisture content being below about 10% by weight, or
below 6% by weight, or below 4% by weight. Polypeptide crystals or powders can be
optionally combined with carriers or surfactants. Suitable carrier agents include 1)
carbohydrates, ¢.g. monosaccharides such as fructose, galactose, glucose, sorbose, and the
like; 2) disaccharides, such as lactose, trehalose and the like; 3) polysaccharides, such as
raffmose, maltodextrins, dextrans, and the like; 4) alditols, such as mannitol, xylitol, and the
like; 5) mnorganic salts, such as sodium chloride, and the like; and 6) organic salts, such as
sodium citrate, sodium ascorbate and the like. In certain embodiments, the carrier 1s selected
from the group consisting of trehalose, raffinose, mannitol, sorbitol, xylitol, inositol, sucrose,
sodium chloride, and sodium citrate. Surfactants can be selected from the group consisting of
salts of fatty acids, bile salts, phospholipids or polysorbates. Fatty acids salts include salts of
Cio.14 fatty acids, such as sodium caprate, sodium laurate, and sodium myristate. Bile salts
include salts of ursodeoxycholate, taurocholate, glycocholate, and taurodihydrofusidate.
Polysorbates include polysorbate 20 and polysorbate 80. In one embodiment, the surfactant
1s a salt of taurocholate such as sodium taurocholate. Phospholipids that can be used as
surfactants include lysophosphatidylcholine. In one embodiment, the surfactant 1s

polysorbate 20, and 1n another embodiment, the surfactant 1s polysorbate 0.

B. Crystals 1n Solution or Slurries

Also described herein 1s a method for rendering polypeptide crystals suitable for
storage 1n suspensions comprising replacing the crystallization buffer (the mother liquor)
with a non-aqueous solvent. In yet another embodiment, the crystalline slurry can be
rendered solid by spinning out the first solvent and washing the remaining crystalline solid

using a second organic solvent or additive to remove water, followed by evaporation of the
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non-aqueous solvent. Non-aqueous slurries of crystalline therapeutic proteins are especially

useful for subcutaneous delivery.

In one such embodiment, the polypeptide crystals described herein are combined with
liquid organic additives with the object of stabilizing the polypeptide crystals. Such a mixture
can be characterized as an aqueous-organic mixture that comprises n% organic additive,
where n 18 between 1 and 99 and m% aqueous solution, where m 1s 100-n. Examples of
organic additives include phenolic compounds, such as m-cresol or phenol or a mixture
thereof, and acetone, methyl alcohol, methyl 1sobutyl ketone, chloroform, 1-propanol,
1sopropanol, 2-propanol, acetonitrile, 1-butanol, 2-butanol, ethyl alcohol, cyclohexane,
dioxane, ethyl acetate, dimethylformamide, dichloroethane, hexane, 1sooctane, methylene

chloride, tert-butyl alchohol, toluene, carbon tetrachloride, or combinations thereof.

C. Liquid Formulations

Another embodiment provided herein 1s an aqueous formulation that allows for stable
long-term storage of a pharmaceutical composition wherein a crystalline anti-PCSK9
antibody 1s the active ingredient used in the preparation of the pharmaceutical composition.
This formulation 1s useful, 1in part, because 1t 1s more convenient to use for the patient, as this
formulation does not require any extra steps such as rehydrating. As used herein, a
“solution” or “liquid formulation” 1s meant to mean a liquid preparation that contains one or
more chemical substances dissolved 1n a suitable solvent or mixture of mutually miscible
solvents. Reconstitution 1s the dissolution of polypeptide crystals or crystal formulations or

compositions in an appropriate buffer or pharmaceutical formulation.

D. Components of Pharmaceutical Formulations

The present pharmaceutical composition 1s prepared by combining, 1n addition to a
crystalline anti-PCSK9 antibody as described above, one or more of the following types of
ingredients or excipients listed 1n the paragraphs below, many or all of which are available
from commercial suppliers. It will be understood by one of ordinary skill 1n the art that the
combining of the various components to be included in the composition can be done in any
appropriate order, namely, the buffer can be added first, middle or last and the tonicity
modifier can also be added first, middle or last. It 1s also to be understood by one of ordinary
skill 1n the art that some of these chemicals can be incompatible 1n certain combinations, and
accordingly, are easily substituted with different chemicals that have similar properties but
arc compatible 1n the relevant mixture. There 1s knowledge 1n the art regarding the suitability

of various combinations of excipients and other ingredients or materials present 1n, for
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example, the containers used for storage of the pharmaceutical composition and/or the

devices used for therapeutic administration (see, for example, Akers, 2002, J Pharm Sci1 91:

2283-2300).

Non-limiting examples of additional agents that can be included 1n the formulations
described herein include acidifying agents (including, but not limited to, acetic acid, glacial
acetic acid, citric acid, fumaric acid, hydrochloric acid, diluted hydrochloric acid, malic acid,
nitric acid, phosphoric acid, diluted phosphoric acid, sulfuric acid, tartaric acid, and other
suitable acids); active imngredients (including, but not limited to, additional active ingredients
to reduce 1njection site discomfort, and non-steroidal anti-inflammatory drugs such as, for
example, tromethamine, 1n an appropriate dosage); acrosol propellants (including, but not
limited to, butane, dichlorodifluoromethane, dichlorotetratluoroethane, 1sobutane, propane
and trichloromonofluoromethane); alcohol denaturants (including, but not limited to,
denatonium benzoate, methyl 1sobutyl ketone, sucrose octacetate); alkalizing agents
(including, but not limited to, strong ammonia solution, ammonium carbonate,
dicthanolamine, diisopropanolamine, potassium hydroxide, sodium bicarbonate, sodium
borate, sodium carbonate, sodium hydroxide, trolamine); anticaking agents (including, but
not limited to, calcium silicate, magnesium silicate, colloidal silicon dioxide and talc);
antifoaming agents (including, but not limited to, dimethicone and simethicone); chelating
agents (also called sequestering agents) (including, but not limited to, edetate disodium,
cthylenediaminetetraacetic acid and salts and edetic acid); coating agents (including, but not
limited to, sodium carboxymethylcellulose, cellulose acetate, cellulose acetate phthalate,
cthylcellulose, gelatin, pharmaceutical glaze, hydroxypropyl cellulose, hydroxypropyl
methylcellulose, hydroxypropyl methylcellulose phthalate, methacrylic acid copolymer,
methylcellulose, polyethylene glycol, polyvinyl acetate phthalate, shellac, sucrose, titanium
dioxide, carnauba wax, microcystalline wax and zein); colors (including, but not limited to,
caramel, erythrosine (FD&C Red No. 3); FD&C Red No. 40; FD&C Yellow No. 5; FD&C
Yellow No. 6; FD&C Blue No. 1; red, yellow, black, blue or blends and ferric oxide);
complexing agents (including, but not limited to, ethylenediaminetetraacetic acid (EDTA )and
salts thercof, edetic acid, gentisic acid ethanolmaide and oxyquinoline sulfate); desiccants
(including, but not limited to. calcium chloride, calcium sulfate and silicon dioxide); filtering
alds (including, but not Iimited to, powdered cellulose and purified siliceous earth); flavors
and perfumes (including, but not limited to, anethole, anise o1l, benzaldehyde, cinnamon o1l,
cocoa, cthyl vanillin, menthol, methyl salicylate, monosodium glutamate, orange flower oil,

orange oil, peppermint, peppermint o1l, peppermint spirit, rose oil, stronger rose water,

23



10

15

20

25

30

CA 029b47767 2017-01-10

WO 2016/010927 PCT/US2015/040217

thymol, tolu balsam tincture, vanilla, vanilla tincture and vanillin); humectants (including, but
not limited to, glycerin, hexylene glycol, propylene glycol and sorbitol); ointment bases
(including, but not limited to, lanolin, anhydrous lanolin, hydrophilic ointment, white
ointment, yellow ointment, polyethylene glycol ointment, petrolatum, hydrophilic petrolatum,
white petrolatum, rose water oimntment and squalane); plasticizers (including, but not limited
to, castor o1l, diacetylated monoglycerides, diethyl phthalate, glycerin, mono- and di-
acetylated monoglycerides, polyethylene glycol, propylene glycol, triacetin and triethyl
citrate); polymer membranes (including, but not limited to, cellulose acetate); solvents
(including, but not limited to, acetone, alcohol, diluted alcohol, amylene hydrate, benzyl
benzoate, butyl alcohol, carbon tetrachloride, chloroform, corn o1l, cottonseed o1l, ethyl
acetate, glycerin, hexylene glycol, 1sopropyl alcohol, methyl alcohol, methylene chloride,
methyl 1sobutyl ketone, mineral o1l, peanut o1l, polyethylene glycol, propylene carbonate,
propylene glycol, sesame o1l, water for injection, sterile water for injection, sterile water for
irrigation and purified water); sorbents (including, but not limited to powdered cellulose,
charcoal, purified siliceous earth; and carbon dioxide sorbents: barium hydroxide lime and
soda lime); stiffening agents (including, but not limited to, hydrogenated castor oil,
cetostearyl alcohol, cetyl alcohol, cetyl esters wax, hard fat, paraffin, polyethylene excipient,
stearyl alcohol, emulsifying wax, white wax and yellow wax); suppository bases (including,
but not limited to, cocoa butter, hard fat and polyethylene glycol);Suspending and/or
viscosity-increasing agents (including, but not limited to, acacia, agar, alginic acid, aluminum
monostearate, bentonite, purified bentonite, magma bentonite, carbomer 934p,
carboxymethylcellulose calcium, carboxymethylcellulose sodium, carboxymethycellulose
sodium 12, carrageenan, microcrystalline and carboxymethylcellulose sodium cellulose,
dextrin, gelatin, guar gum, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxypropyl
methylcellulose, magnesium aluminum silicate, methylcellulose, pectin, polyethylene oxide,
polyvinyl alcohol, povidone, propylene glycol alginate, silicon dioxide, colloidal silicon
dioxide, sodium alginate, tragacanth and xanthan gum); sweetening agents (including, but not
Iimited to, aspartame, dextrates, dextrose, excipient dextrose, fructose, mannitol, saccharin,
calcium saccharin, sodium saccharin, sorbitol, solution sorbitol, sucrose, compressible sugar,
confectioner's sugar and syrup); tablet binders (including, but not limited to, acacia, alginic
acid, sodium carboxymethylcellulose, microcrystalline cellulose, dextrin, ethylcellulose,
oelatin, liquid glucose, guar gum, hydroxypropyl methylcellulose, methycellulose,
polyethylene oxide, povidone, pregelatinized starch and syrup); tablet and/or capsule diluents

(including, but not limited to, calcium carbonate, dibasic calcium phosphate, tribasic calcium

29



10

15

20

25

30

CA 029b47767 2017-01-10

WO 2016/010927 PCT/US2015/040217

phosphate, calcium sulfate, microcrystalline cellulose, powdered cellulose, dextrates, dextrin,
dextrose excipient, fructose, kaolin, lactose, mannitol, sorbitol, starch, pregelatinized starch,
sucrose, compressible sugar and confectioner's sugar); tablet disintegrants (including, but not
limited to, alginic acid, microcrystalline cellulose, croscarmellose sodium, corspovidone,
polacrilin potassium, sodium starch glycolate, starch and pregelatinized starch); tablet and/or
capsule lubricants (including, but not limited to, calcium stearate, glyceryl behenate,
magnesium stearate, light mineral oil, polyethylene glycol, sodium stearyl fumarate, stearic
acid, purified stearic acid, talc, hydrogenated vegetable o1l and zinc stearate); vehicles
(include, but are not limited to flavored and/or sweetened (aromatic elixir, compound
benzaldehyde elixir, 1s0-alcoholic elixir, peppermint water, sorbitol solution, syrup, tolu
balsam syrup); oleaginous (almond o1l, corn o1l, cottonseed o1l, ethyl oleate, 1sopropyl
myristate, 1sopropyl palmitate, mineral o1l, light mineral o1l, myristyl alcohol,
octyldodecanol, olive o1l, peanut o1l, persic oi1l, sesame o1l, soybean o1l, squalane); solid
carriers such as sugar spheres; and sterile vehicles (bacteriostatic water for injection,
bacteriostatic sodium chloride 1njection); and water-repelling agents (including, but not

limited to, cyclomethicone, dimethicone and simethicone);

Aggregation 1nhibitors, reduce a polypeptide's tendency to associate in inappropriate
or unwanted ternary or quaternary complexes, can also be included 1n the formulations
described herein. Suitable aggregation inhibitors include the amino acids L-arginine and/or,
L-cysteme, which can act to reduce aggregation of polypeptides containing an Fc domain
over long periods, e.g., two years or more. The concentration of the aggregation inhibitor 1n
the formulation can be between about 1 mM to 1M, or about 10 mM to about 200 mM, or
about 10 mM to about 100 mM, or about 15 MM to about 75 mM, or about 150 mM to about
250 mM, or about 25 mM.

Antioxidants may also be included in the formulations described herein. Antioxidants
contemplated for use in the preparation of the formulations include amino acids such as
olycine and lysine, chelating agents such as EDTA and DTPA, and free-radical scavengers
such as sorbitol and mannitol. Additional antioxidants include ascorbic acid, ascorbyl
palmitate, butylated hydroxyanisole, butylated hydroxytoluene, hypophosphorous acid,
monothioglycerol, propyl gallate, sodium bisulfite, sodium formaldehyde sulfoxylate, sodium
metabisulfite, sodium thiosulfate, sulfur dioxide, tocopherol, and tocopherols excipient. Also
contemplated for use 1n inhibiting oxidation 18 nitrogen or carbon dioxide overlay. Nitrogen
or carbon dioxide overlay can be introduced to the headspace of a vial or prefilled syringe

during the filling process.
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Buffering agents, which maintain the pH of the pharmaceutical formulation 1n a
desired range, can also be included 1n the formulations described herein. When the pH of the
pharmaceutical composition 1s set at or near physiological levels, comfort of the patient upon
administration 1s maximized. In particular, in certain embodiments the pH of a
pharmaceutical composition 1s within a pH range of about 4.0 to 8.4, or a pH range of about
5.0 to 8.0, or a pH range of about 5.8 to 7.4, or about 6.2 to 7.0. It 1s to be understood that the
pH can be adjusted as necessary to maximize stability and solubility of the polypeptide 1n a
particular formulation and as such, a pH outside of physiological ranges, yet tolerable to the
patient, 1s within the scope of the invention. Various buffers suitable for use 1n the
pharmaceutical composition of the invention include histidine, alkali salts (sodium or
potassium phosphate or their hydrogen or dihydrogen salts), sodium citrate/citric acid,
sodium acetate/acetic acid, potassium citrate, maleic acid, ammonium acetate, tris-
(hydroxymethyl)-aminomethane (tris), various forms of acetate and diethanolamine,
ammonium carbonate, ammonium phosphate, boric acid, lactic acid, phosphoric acid,
potasstum metaphosphate, potassium phosphate monobasic, sodium lactate solution, and any
other pharmaceutically acceptable pH buftering agent known 1n the art. pH-adjusting agents
such as hydrochloric acid, sodium hydroxide, or a salt thereof, may also be included 1n order
to obtain the desired pH. One suitable buffer 1s sodium phosphate for maintaining
pharmaceutical compositions at or near pH 6.2. In another example, acetate 1s a more
efficient buffer at pH 5 than pH 6 so less acetate may be used 1n a solution at pH 5 than at pH

6. The concentration of the bufter in the formulation can be between about 1 mM to about

IM, or about 10 mM to about 300 mM.

Polymeric carriers can also be included in the formulations described herein.
Polymeric carriers are polymers used for encapsulation of polypeptide crystals for delivery of
polypeptide, including biological delivery. Such polymers include biocompatible and
biodegradable polymers. The polymeric carrier may be a single polymer type or it may be
composed of a mixture of polymer types. Polymers useful as the polymeric carrier, include
for example, poly(acrylic acid), poly(cyanoacrylates), poly(amino acids), poly(anhydrides),
poly(depsipeptide), poly(esters) such as poly(lactic acid) or PLA, poly(lactic-co-glycolic
acid) or PLGA, poly(B-hydroxybutryate), poly(caprolactone) and poly(dioxanone);
poly(ethylene glycol), poly((hydroxypropyl)methacrylamide, poly [(organo)phosphazene],
poly(ortho esters), poly(vinyl alcohol), poly(vinylpyrrolidone), maleic anhydride-alkyl vinyl
cther copolymers, pluronic polyols, albumin, natural and synthetic polypeptides, alginate,

cellulose and cellulose derivatives, collagen, fibrin, gelatin, hyaluronic acid,
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oligosaccharides, glycaminoglycans, sultated polysaccharides, or any conventional material

that will encapsulate polypeptide crystals.

Preservatives, such as antimicrobial preservatives, are also contemplated for use 1n the
formulations described herein. Suitable preservatives include, but are not limited to,
benzalkonium chloride, benzalkonium chloride solution, benzelthontum chloride, benzoic
acid, benzyl alcohol, butylparaben, cetylpyridinium chloride, chlorobutanol, chlorocresol,
cresol, dehydroacetic acid, ethylparaben, methylparaben, methylparaben sodium, phenol,
phenylethyl alcohol, phenylmercuric acetate, phenylmercuric nitrate, potasstum benzoate,
potassium sorbate, propylparaben, propylparaben sodium, sodium benzoate, sodium
dehydroacetate, sodium propionate, sorbic acid, thimerosal, and thymol. The amount of

preservative included will be 1n the range of 0% to 2% (w/v) or about 1% (w/v).

Solubilizing agents and stabilizers (also referred to as emulsifying agents, co-solutes,
or co-solvents) that increase the solubility of the polypeptide and/or stabilize the polypeptide
while 1 solution (or 1n dried or frozen forms) can also be added to a pharmaceutical
composition. Examples of solubilizing and stabilizing agents include but are not limited to
sugars/polyols such as: sucrose, lactose, glycerol, xylitol, sorbitol, mannitol, maltose, 1nositol,
trehalose, glucose; polymers such as: serum albumin (bovine serum albumin (BSA), human
SA (HSA), or recombinant HA), dextran, PVA, hydroxypropyl methylcellulose (HPMC),
polyethyleneimine, gelatin, polyvinylpyrrolidone (PVP), hydroxyethylcellulose (HEC); non-
aqueous solvents such as: polyhydric alcohols (e.g., PEG, ethylene glycol and glycerol),
dimethysulfoxide (DMSO), and dimethylformamide (DMF); amino acids such as: proline, L-
methionine, L-serine, sodium glutamic acid, alanine, glycine, lysine hydrochloride, sarcosine,
and gamma-aminobutyric acid; surfactants such as: Tween-80, Tween-20, SDS, polysorbate,
polyoxyethylene copolymer; and miscellancous stabilizing excipients such as: potassium
phosphate, sodium acetate, ammonium sulfate, magnesium sulfate, sodium sulfate,
trimethylamine N-oxide, betaine, metal 10ns (e.g., zinc, copper, calcium, manganese, and
magnesium), CHAPS, monolaurate, 2-O-beta-mannoglycerate; or any of the following:
acacia, cholesterol, diethanolamine (adjunct), glyceryl monostearate, lanolin alcohols,
lecithin, mono- and di-glycerides, monoethanolamine (adjunct), oleic acid (adjunct), oleyl
alcohol (stabilizer), poloxamer, polyoxyethylene 50 stearate, polyoxyl 35 caster o1l, polyoxyl
40 hydrogenated castor o1l, polyoxyl 10 oleyl ether, polyoxyl 20 cetostearyl ether, polyoxyl
40 stearate, polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 80, polysorbate 100,
Triton X-100, propylene glycol diacetate, propylene glycol monostearate, sodium lauryl

sulfate, sodium stearate, sorbitan monolaurate, sorbitan monooleate, sorbitan monopalmitate,
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sorbitan monostearate, stearic acid, trolamine, emulsifying wax; wetting and/or solubilizing
agents such as benzalkonium chloride, benzethonium chloride, cetylpyridinium chloride,
docusate sodium, nonoxynol 9, nonoxynol 10, octoxynol 9, polyoxyl 50 stearate, tyloxapol;
or any combination of the above. The concentration of solubilizers/stabilizers in the
formulation can be between about 0.001 to 5 weight percent, or about 0.1 to 2 weight percent.
In one embodiment, the stabilizer 1s selected from sorbitan mono-9-octadecenoate poly(oxy-
1,2-ethanediyl) derivatives, including but not limited to, polysorbate 80 or polysorbate 20.
The amount of polysorbate 20 or 80 to be used 1n this embodiment 18 1n the range o1 0.001%
to 1.0% (w/v), such as 0.005% (w/v), 1n single use or in multi-dose formulations. In another
embodiment, free L-methionine 1n the range of 0.05 mM to 50 mM 1s included 1n the
formulation: the amount of free L-methionine 1s 0.05 mM to 5 mM for single use

formulations, and 1 mM to 10 mM for multi-dose formulations.

Tonicity modifiers can also be included 1n the formulations described herein.
Tonicity modifiers are understood to be molecules that contribute to the osmolality of a
solution. The osmolality of a pharmaceutical composition 1s preferably regulated in order to
maximize the active mgredient's stability and also to minimize discomfort to the patient upon
administration. Serum 1s approximately 300+/-50 milliosmolals per kilogram. It 1s generally
preferred that a pharmaceutical composition be 1sotonic with serum, 1.¢., having the same or
stmilar osmolality, which 1s achieved by addition of a tonicity modifier, thus 1t 1s
contemplated that the osmolality will be from about 180 to about 420 milliosmolals,
however, 1t 1s to be understood that the osmolality can be either higher or lower as specific
conditions require. Examples of tonicity modifiers suitable for modifying osmolality include,
but are not limited to amino acids (e.g., arginine, cysteine, histidine and glycine), salts (e.g.,
sodium chloride, potassium chloride and sodium citrate) and/or saccharides (e.g., sucrose,
olucose, dextrose, glycerin, and mannitol). The concentration of the tonicity modifier in the
formulation can be between about 1 mM to 1M, or about 10 mM to about 200 mM. In one
embodiment, the tonicity modifier 1s sodium chloride within a concentration range of 0 mM
to 200 mM. In another embodiment, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>