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1
COMPOSITIONS COMPRISING
PCSK9-BINDING MOLECULES AND
METHODS OF USE

RELATED APPLICATIONS

This Application is a continuation of U.S. patent appli-
cation Ser. No. 16/578,102, filed on Sep. 20, 2019, which is
a continuation of International Application Serial No. PCT/
US2019/032710, filed May 16, 2019, which claims the
benefit of and priority to U.S. Provisional Application No.
62/672,187 filed May 16, 2018, all of which are hereby
incorporated by reference in their entirety.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Jun. 19, 2019, is named LIB-004-
Sequence_Listing ST25.txt and is 12 KB in size.

FIELD OF THE DISCLOSURE

The disclosure is directed to fibronectin-based scaffold
domain proteins that bind proprotein convertase subtilisin
kexin-9 (PCSK9), as well as pharmaceutical compositions
thereof and methods of use.

BACKGROUND

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is
an enzyme encoded by the PCSK9 gene in humans on
chromosome 1. PCSK9 binds to the receptor for low-density
lipoprotein particles (LDL). The LDL receptor (LDLR), on
liver and other cell membranes, binds and initiates endocy-
tosis of LDL-particles from extracellular fluid into cells,
thus reducing circulating LDL particle concentrations. If
PCSK9 is blocked, more LDLRs are recycled and are
present on the surface of cells to remove LDL-particles from
the extracellular fluid. Therefore, blocking PCSK9 can
lower blood LDL-particle concentrations.

Monoclonal antibody PCSK9 inhibitors, alirocumab and
evolocumab, were approved as once every two week or
monthly subcutaneous injections or infusions for lowering
LDL-particle concentrations when statins and other drugs
were not sufficiently effective or poorly tolerated. For
monthly injections, several milliliters of drug product are
required to reach the desired dose. While formulations
having a higher concentration of active agent could provide
more desirable dosing schedules and volumes, these are
hindered by solubility limitations, increased viscosity and
the instability of biologics, including a propensity for aggre-
gation and particulate formation. Carpenter J F, et al.,
Overlooking subvisible particles in therapeutic protein
products: Gaps that may compromise product quality, Jour-
nal of Pharmaceutical Sciences Vol. 98, Issue 4 (2008).

Pharmaceutical compositions targeting PCSK9 and hav-
ing the potential for more desirable dosing schedules,
smaller volumes and/or improvements in efficacy while
maintaining a generally safe and well-tolerated profile are
needed.

SUMMARY

The present disclosure provides compositions comprising
fibronectin scaffold proteins that bind proprotein convertase
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subtilisin kexin type 9 (PCSK9) with high affinity, and
which can be stably formulated at high concentrations for
maximum biological effect and more convenient dosing
schedules, dosing volumes, and patient-friendly delivery
devices. The PCSK9-binding fusion protein comprises a
PCSK9-binding motif and an amino acid sequence of a
human serum albumin (HSA). The PCSK9-binding motif
and the HSA amino acid sequence can be expressed as a
genetic fusion or chemically conjugated.

The PCSK9-binding motif described herein is based on an
adnectin, a protein family derived from human fibronectin-
10th-type 1II-domain (10Fn3), engineered for high-affinity
target binding. According to this disclosure, the PCSK9-
binding fusion protein is stably formulated at high concen-
trations, to allow for maximum biological activity, and
convenient dosing schedules and volumes. The concentra-
tion of the PCSK9-binding fusion protein in the composition
is at least 100 mg/mL. In some embodiments, the concen-
tration of the PCSK9-binding fusion protein in the compo-
sition is at least about 200 mg/mL. In some embodiments,
the concentration of the PCSK9-binding fusion protein in
the composition is at least about 250 mg/ml., or at least
about 275 mg/mL, or at least about 300 mg/mL, or at least
about 350 mg/L. In some embodiments, the PCSK9-binding
fusion protein is administered at a unit dose of from about
275 mg to about 325 mg (e.g., about 300 mg).

The PCSK9-binding motif comprises or consists of the
amino acid sequence of (SEQ ID NO: 1), or a variant thereof
as described herein. The PCSK9-binding motif binds to
human PCSK9 with sub-nanomolar affinity in a concentra-
tion-dependent manner. The PCSK9-binding motif has a
chemical conjugation to, or a C-terminal fusion of, a human
serum albumin (HSA) amino acid sequence. In various
embodiments, the PCSK9-binding motif has a fusion of the
HSA amino acid sequence at the C-terminus, and may
comprise a linking sequence of amino acids between the
PCSK9-binding motif and the HSA amino acid sequence.

The PCSK9-binding fusion protein can be stably formu-
lated in the form of a solution at high concentration. The
formulation does not exhibit substantial degradation or
particulate formation at conventional long-term storage con-
ditions and short-term storage under accelerated and stressed
conditions. Exemplary formulations comprise or consist
essentially of (in addition to the active agent as described):
L-Histidine, L-Histidine monohydrochloride, Sodium chlo-
ride, and optionally Polysorbate-80.

The pharmaceutical compositions of the disclosure may
be conveniently presented in unit dose forms containing a
predetermined amount of an active agent of the disclosure
per dose. In some embodiments, the unit doses are no more
than about 1.5 mL in volume, or no more than about 1 mL
in volume. In some embodiments, the unit doses are no more
than 0.8 mL in volume, or no more than 0.7 mL in volume.
In still other embodiments, the composition is administered
as a microdose, for example, with a volume of less than 0.5
mL, or less than about 0.25 mL, or less than about 0.15 mL.
In various embodiments, the composition is delivered at a
unit dose comprising about 20 to about 450 mg of the
PCSK9-binding fusion protein. For example, in some
embodiments, a dose of from 20 to about 75 mg is admin-
istered as a weekly microdose (e.g., in a volume less than
about 0.25 mL or less than about 0.15 ml). In other
embodiments, a dose of from about 200 to about 450 mg is
administered about every two weeks, monthly, or every
other month, with a volume in the range of about 0.7 to 1.5
mL.
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The composition or formulation is suitable for adminis-
tration by subcutaneous, intramuscular, intradermal, or
intravenous administration. The high concentration of the
formulation allows for less frequent dosing schedules and
lower dosing volumes suitable for subcutaneous adminis-
tration. As demonstrated herein, maximum PCSK9 suppres-
sion is achieved at a relatively low concentration of PCSK9-
binding fusion protein, and higher concentrations allow for
a longer duration of suppression. In some embodiments, the
subject receives a unit dose of the composition about once
every week, once every 2 weeks, or about once every 3
weeks, or about once every 4 weeks (e.g., about once per
month), or about once every 6 weeks, or about once every
8 weeks (about once every 2 months).

In some embodiments, the subject receives a micro dose
of the composition, such as a volume of from about 50 to
about 250 ul, about every week or about every two weeks.

The composition may be administered for treating a
PCSK9-related disorder in a human subject. In some
embodiments, the patient is in need of a reduction in LDL
(e.g., LDL-C). In some embodiments, the subject may
exhibit a cholesterol-related disease such as hypercholester-
olemia and/or atherosclerosis. In some embodiments, the
subject has familial hypercholesterolemia. In some embodi-
ments, the subject has or is at high risk of cardiovascular
disease (e.g., atherosclerotic coronary heart disease).

In some embodiments, the composition is administered
alongside statin therapy or another oral lipid lowering
therapy, or in some embodiments, the composition is pro-
vided as the sole therapy for hypercholesterolemia, that is,
without oral lipid lowering therapy (e.g., statin therapy).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the structure of the PCSK9-binding
fusion protein.

FIG. 2A illustrates the PCSK9 pharmacokinetics and
pharmacodynamics (PK-PD) model in non-human primates
(NHP) and humans. LIB-003 refers to the PCSK9-binding
fusion protein.

FIG. 2B illustrates the Gadkar model for predicting the
effect of PCSK9 targeting on LDLC. Gadkar K et al., 4
Mechanistic Systems Pharmacology Model for Prediction of
LDL Cholesterol Lowering by PCSK9 Antagonism in
Human Dyslipidemic Populations, CPT Pharmacometrics
Syst. Pharmacol. 2014; 3(11).

DETAILED DESCRIPTION

The present disclosure provides compositions comprising
fibronectin scaffold fusion proteins that bind proprotein
convertase subtilisin kexin-9 (PCSK9) with high affinity,
and which can be stably formulated at high concentration for
maximum biological effect and more convenient dosing
schedules and dosing volumes, and delivery using patient-
friendly delivery devices such as a syringe or autoinjector.
The PCSK9-binding fusion protein comprises a PCSK9-
binding motif and an amino acid sequence encoding a
human serum albumin (HSA) at the C-terminus.

Proprotein convertase subtilisin/kexin type 9 is a circu-
lating protein secreted mainly by the liver that plays a
significant role in the recycling of hepatic LDLRs and has
been identified as a validated drug target for reduction of
LDL-C. The LDLR is the primary pathway for LDL-
Cholesterol (LDL-C) clearance from circulation. Plasma
PCSK9 binds to the hepatic LDLR along with LDL-C,
which targets the receptor for endocytosis and degradation,
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thus reducing the availability of LDLRs to clear LDL-C
from circulation. By inhibiting PCSK9 binding to LDLR,
LDLR degradation is prevented, LDLR recycling is
increased, LDL-C clearance is enhanced and circulating
LDL-C levels are reduced.

The PCSK9-binding motif described herein is based on an
“adnectin,” a protein family derived from human fibronec-
tin-10th-type I1I-domain, engineered for high-affinity target
binding. “Adnectins” are small (<12 kDa), compact proteins
without sequence homology to immunoglobulins but pos-
sessing a -sheet fold structure with diversified loops analo-
gous to antibody variable regions. Adnectins have no dis-
ulfides and are not glycosylated, exhibit high thermal
stability and monomeric solution behavior, and are effi-
ciently produced using bacterial, yeast, or mammalian
expression systems. By modifying variable loop sequence
and length while holding scaffold residues substantially
constant, sub-nanomolar target binding affinity can be
achieved while structural stability is maintained. Given their
size, adnectins are rapidly filtered by the kidney and there-
fore require pharmacokinetic (PK) enhancement modifica-
tion for in vivo applications. Exemplary PCSK9-binding
motifs (adnectins) are disclosed in U.S. Pat. Nos. 8,420,098;
9,234,027; and 9,856,309, each of which is hereby incor-
porated by reference in its entirety.

According to this disclosure, the PCSK9-binding fusion
protein is stably formulated at high concentration, to allow
for maximum biological activity, and convenient dosing
schedules and volumes. The concentration of the PCSK9-
binding fusion protein in the composition is at least 100
mg/mL. In some embodiments, the concentration of the
PCSK9-binding fusion protein in the composition is at least
about 150 mg/ml., or in some embodiments, at least about
175 mg/mL, or at least about 200 mg/ml., or at least about
225 mg/ml.. In some embodiments, the concentration of the
PCSK9-binding fusion protein in the composition is at least
about 250 mg/mL, or at least about 275 mg/mL, or at least
about 300 mg/mL, or at least about 350 mg/mL. In some
embodiments, the concentration of the PCSK9-binding
fusion protein in the composition is from about 250 mg/mL
to about 350 mg/m[.. In some embodiments, the concentra-
tion of the PCSK9-binding fusion protein in the composition
is about 250 mg/mL or about 300 mg/mlL..

The PCSK9-binding motif comprises or consists of the
amino acid sequence of (SEQ ID NO: 1):

VSDVPRDLEVVAATPTSLLISWDAPAEGYGYYRITYGETGGNSPVQEFT
VPVSKGTATISGLKPGVDYTITVYAVEFDEPGAGYYHRPISINYRTE .

PCSK9 binding loops are shown underlined. In some
embodiments, the PCSK9-binding motif is a variant of SEQ
ID NO:1, having from one to five amino acid substitutions,
deletions, or insertions with respect to SEQ ID NO:1. In
some embodiments, amino acid alterations are made outside
the binding loops. In some embodiments, 1, 2, or 3 amino
acid alterations are made within binding loops.

The PCSK9-binding motif is designed to specifically
target PCSK9 while substantially maintaining the wild-type
(WT) *°Fn3 sequence to minimize inherent immunogenicity.
See, U.S. Pat. No. 8,420,098, which is hereby incorporated
by reference in its entirety. The PCSK9-binding motif binds
to human PCSK9 with sub-nanomolar affinity in a concen-
tration dependent manner.

In various embodiments, the PCSK9-binding motif has a
C-terminal fusion of a human serum albumin (HSA) amino
acid sequence. In some embodiments, the HSA comprises a
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sequence having at least 80% identity, or at least 85%
identity, or at least 90% identity, or at least 95% identity, or
at least 98% identity, or at least 99% identity to the amino
acid sequence of SEQ ID NO: 2. For example, the HSA
amino acid sequence may comprise from one to ten, or from
one to five, modifications independently selected from
amino acid substitutions, deletions, and insertions with
respect to SEQ ID NO:2. In some embodiments, the HSA
amino acid sequence comprises an alanine residue at the
position corresponding to position 34 of SEQ ID NO: 2, as
illustrated in SEQ ID NO: 2. In various embodiments, the
HSA amino acid sequence is at least 500 amino acids in
length.

In some embodiments, the PCSK9-binding motif and the
HSA amino acid sequence are chemically conjugated using
any known chemical conjugation approach.

HSA is a multi-domain protein consisting of helix clusters
and contains 17 pairs of disulfide bridges; only one cysteine
residue, Cys34, exists as a free sulthydryl group in the native
HSA. In some embodiments, this Cys is substituted with an
alanine residue in the PCSK9-binding fusion protein. The
HSA moiety serves to enhance the circulating half-life of the
PCSK9-binding fusion protein. In various embodiments, the
PCSK9-binding fusion protein, comprising the PCSK9-
binding motif and HSA amino acid sequence, has a molecu-
lar weight of about 77 kDa.

In some embodiments, the HSA amino acid sequence is a
variant described in U.S. Pat. Nos. 9,493,545, 9,821,039,
9,944,691, or US 2014/0315817, each of which is hereby
incorporated by reference in its entirety.

In some embodiments, the PCSK9-binding motif and the
HSA amino acid sequence are linked by genetic fusion, e.g.,
with the HSA amino acid sequence at the C-terminus of the
molecule. A short amino acid linker may join the PCSK9-
binding domain and HSA amino acid sequence. For
example, the linker may comprise from 2 to 20 amino acids,
or in some embodiments, from 4 to 10 amino acids. In some
embodiments, the PCSK9-binding motif and the HSA amino
acid sequence are linked via a 6 amino acid linker. The linker
may be composed predominately of serine, glycine, threo-
nine, and alanine amino acids. For example, the linker may
be a serine/glycine linker. In some embodiments, the linker
comprises or consists of the amino acid sequence GSGSGS.

The PCSK9-binding fusion protein can be stably formu-
lated in the form of a solution, at high concentration. For
example, the formulation does not exhibit substantial deg-
radation or particulate formation under long term storage
conditions, such as a temperature of about 5° C. (e.g. from
2 to 8° C.) or short-term storage conditions at ambient
conditions (e.g. from 1 to 6 months at 25+3° C.). The
PCSK9-binding fusion protein is suspended in an appropri-
ate physiological solution, e.g., saline or other pharmaco-
logically acceptable solvent or a buffered solution, and may
optionally comprise a surfactant (e.g., a non-ionic surfac-
tant). In some embodiments, the formulation comprises a
buffering agent, an isotonicity agent, optionally a surfactant,
and a solvent.

Pharmaceutically acceptable carriers include water,
saline, glycerol. In some embodiments, the formulation may
comprise fixed oils, polyethylene glycol, propylene glycol or
other solvents. In some embodiments, the solvent is water.

The formulation is generally a buffered solution. As used
herein, a “buffer” refers to a chemical agent that is able to
absorb a certain quantity of acid or base without undergoing
a strong variation in pH. Exemplary buffers include citrate
buffer, phosphate buffer, acetate buffer, succinate buffer, and
bicarbonate buffer. In some embodiments, the buffering
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agent may comprise L-Histidine/L.-Histidine, monohydro-
chloride. For example, when using the L-Histidine/I.-Histi-
dine, monohydrochloride buffering system, L-Histidine/L-
Histidine, monohydrochloride may be present at from about
1 mg/mL to about 10 mg/mL, such as from about 2 mg/mL
to about 5 mg/ml.. In some embodiments, the buffer main-
tains the pH of the formulation in the range of about pH 5.5
to about pH 7.2, such as about pH 6.8 (e.g., pH 6.6 to 7.0).
In some embodiments, the formulation is pH adjusted, e.g.,
with hydrochloric acid and/or sodium hydroxide. In some
embodiments, the ratio of L-Histidine/L-Histidine, mono-
hydrochloride is such as to not require pH adjustment.

In various embodiments, isotonicity agents, which can be
used singly or in combination, include dextrose, sucrose,
glycerin, trehalose, mannitol, sorbitol, arginine, sodium
chloride, or potassium chloride. In some embodiments, the
isotonicity agent comprises or consists of sodium chloride.
For example, the formulation may comprise from about 2 to
about 20 mg/mL of sodium chloride (e.g., from 6 to 12
mg/mL sodium chloride), or one or more isotonicity agents
in an amount equivalent to the osmolality of 2 to 20 mg/mL
of sodium chloride (or 6 to 12 mg/ml sodium chloride).

In some embodiments, the formulation comprises a sur-
factant, which can act as a solubilizing agent. In some
embodiments, the surfactant is a non-ionic surfactant. Exem-
plary non-ionic surfactants include polysorbate surfactants,
such as polysorbate 20, 40, 60, or 80. For example, the
formulation may comprise polysorbate 80. Other pharma-
ceutically-acceptable non-ionic surfactants may also be
employed, singly or in combination. In some embodiments,
the formulation does not comprise a surfactant.

Exemplary formulations include citrate buffer (e.g., 10-50
mM, pH 5.6 to 6.0), histidine buffer (e.g., 10 mM to 50 mM,
pH 6.0 to 7.0), or succinate buffer (e.g., 10 to 50 mM, pH 5.5
to 6.0). In some embodiments, the formulation comprises an
excipient selected from arginine (e.g., 100 to 200 mM),
NaCl (e.g., 100 to 200 mM), sorbitol (e.g., 100 to 300 mM),
or sucrose (e.g., 100 to 300 mM). In some embodiments, the
formulation comprises a surfactant such as polysorbate 80
(e.g., 0.01 to 0.5 mg/mL). In some embodiments, the for-
mulation does not contain a surfactant.

In some embodiments, the formulation further comprises
a preservative, such as phenol, meta-cresol, or sodium
benzoate.

In some embodiments, the PCSK9-binding fusion protein
formulation consists essentially of (in addition to the active
agent as described): L-Histidine, L-Histidine monohydro-
chloride, Sodium chloride, and Polysorbate-80. Exemplary
embodiments are shown in the following Table 1:

Exemplary
embodiments
Component Range (x10%) Function
PCSK9-binding 100 to 300 250 mg/mL Active
fusion protein mg/mL 300 mg/mL ingredient
L-Histidine 1to5 2.6 mg/mL Buffering
mg/mL agent
L-Histidine 0.5t02 0.7 mg/mL Buffering
monohydrochloride mg/mL agent
Sodium chloride 2 to 20 8.8 mg/mL Isotonicity
mg/mL agent
Polysorbate-80 0.0 to 0.5 0.2 mg/mL Surfactant
mg/mL

The pharmaceutical compositions of the disclosure may
be conveniently presented in unit dose forms containing a
predetermined amount of an active agent of the disclosure
per dose.
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In some embodiments, the composition is contained in an
injection pen. Auto-injectors such as an “injection pen” are
spring-loaded syringes designed to deliver a dose of a
particular drug. By design, injection pens are easy to use and
are intended for self-administration by patients, or admin-
istration by untrained personnel. Injection pens are designed
to overcome the hesitation associated with self-administra-
tion of the needle-based drug delivery device. The injection
pen keeps the needle tip shielded prior to injection and also
has a passive safety mechanism to prevent accidental firing
(injection). Injection depth can be adjustable or fixed and a
function for needle shield removal may be incorporated. By
pressing a button, the syringe needle is automatically
inserted into the subcutaneous tissue and the drug is deliv-
ered. Once the injection is completed some injection pens
have a visual or audible indication to confirm that the full
dose has been delivered.

In some embodiments, the injection pen contains from 1
to 10 unit doses or from 1 to 5 unit doses. In some
embodiments, the unit doses are no more than about 1.5 mLs
or about 1 ml in volume (whether or not contained or
delivered by an injection pen). In some embodiments, the
unit doses are no more than 0.8 mL in volume, or no more
than 0.7 mL in volume. In some embodiments, the injection
pen delivers a microdose, e.g., having a volume in the range
of about 50 uL to about 500 pL or a volume in the range of
from about 75 pL to about 250 pl.. In some embodiments,
the microdose has a volume of from 100 to 200 uL. In
various embodiments, the injection pen or other device for
subcutaneous delivery provides a dose having from 30 to
about 450 mg of the PCSK9-binding fusion protein. In
various embodiments, the unit dose is from about 50 to
about 400 mg, or from about 50 to about 300 mg. In some
embodiments, the unit dose is at least 200 mg, or at least 250
mg, or at least 300 mg. In some embodiments, the unit dose
is from about 250 mg to about 350 mg (e.g., about 300 mg).
The amount of active agent delivered per unit dose can be
adjusted based on the desired frequency of administration.
For example, in some embodiments, a dose of from 20 to
about 75 mg is administered as a weekly microdose (e.g., in
a volume less than about 0.25 mL or less than about 0.15
mL). In other embodiments, a dose of from about 200 to
about 450 mg is administered about every two weeks,
monthly, or every other month, with a volume in the range
of about 0.7 to 1.5 mL. In some embodiments, a dose of from
about 275 mg to about 350 mg (e.g., about 300 mg) is
administered every four weeks by subcutaneous injection,
with a volume of about 1.5 mL or less or about 1 mL or less.

The composition or formulation is suitable for adminis-
tration by subcutaneous, intramuscular, intradermal, or
intravenous administration. The high concentration, rela-
tively low viscosity and appropriate osmolality of the for-
mulation allows for patient tolerability, less frequent dosing
schedules and smaller volumes. As demonstrated herein,
maximum PCSK9 suppression is achieved at a relatively
low concentration of PCSK9-binding fusion protein, and
higher concentrations allow for a longer duration of sup-
pression. In some embodiments, the subject receives a unit
dose of the composition about once every 1 week (e.g., by
weekly administration of a microdose), or about once every
2 weeks, or about once every 3 weeks, or about once every
4 weeks (e.g., about once per month), or about once every
6 weeks, or about once every 8 weeks (about once every 2
months).

The composition may be administered for treating a
PCSKO9-related disorder in a human subject. PCSK9-related
disorders are described in U.S. Pat. Nos. 8,420,098, 9,238,
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027, and 9,856,306, which are hereby incorporated by
reference in their entireties. In some embodiments, the
patient is in need of a reduction in LDL (e.g., LDL-
Cholesterol). In some embodiments, the subject may exhibit
a cholesterol-related disease such as hypercholesterolemia
and/or atherosclerosis. In various embodiments, the subject
exhibits a condition selected from a lipid disorder, hyper-
cholesterolemia, hyperlipoproteinemia, hyperlipidemia,
dyslipidemia, coronary heart disease, atherosclerosis, and
diabetes mellitus. In some embodiments, the subject has
familial hypercholesterolemia. In some embodiments, the
subject has or is at high risk of cardiovascular disease (e.g.,
atherosclerotic coronary heart disease).

Hypercholesterolemia is a condition characterized by
elevated serum cholesterol. Elevated serum cholesterol lev-
els affect a substantial fraction of the population and are an
important risk factor for atherosclerosis and myocardial
infarction. Cholesterol-lowering drugs such as HMG-CoA
reductase inhibitors (“statins) are conventionally adminis-
tered to hypercholesterolemia patients. “Familial hypercho-
lesterolemia” (FH) is a genetic disorder characterized by
high cholesterol levels, specifically very high levels of
low-density lipoprotein (e.g., LDL-Cholesterol), in the
blood and early cardiovascular disease. For individuals with
FH high cholesterol levels are less responsive to conven-
tional cholesterol control methods (such as statin therapy).

FH is an autosomal dominant metabolic disorder charac-
terized by a mutation or mutations in the LDL-receptor
(LDL-R) gene or other genes involved in lipid regulation,
markedly elevated LDL-C and premature onset of athero-
sclerosis. In some embodiments, the hypercholesterolemia is
Homozygous familial hypercholesterolemia or HoFH which
is a condition characterized by a mutation in both maternal
and paternal LDL-R genes.

In some embodiments, the subject has heterozygous FH.
Heterozygous FH is conventionally treated with statins, bile
acid sequestrants, or other lipid lowering agents that lower
cholesterol levels.

In some embodiments, the hypercholesterolemia is poly-
genic hypercholesterolemia which is a condition character-
ized by elevated cholesterol that results from the influence of
a variety of genetic factors. In certain embodiments, poly-
genic hypercholesterolemia may be exacerbated by dietary
intake of lipids.

In some embodiments, the composition is administered
alongside statin therapy or other oral lipid-lowering therapy.
The composition in such embodiments will provide for
additive lowering of LDL-C. In some embodiments, the
composition is provided as the sole therapy for hypercho-
lesterolemia, that is, without statin therapy or other oral lipid
lowering therapy. For example, in such embodiments, the
subject may have a statin intolerance. “Statin intolerance”
occurs when a patient is unable to continue the use of a statin
due to the development of a side effect or abnormalities
indicating liver function or muscle function (creatine kinase)
following a blood test. In some embodiments, statin intol-
erance can be either partial (i.e., only some statins at some
doses) or complete (i.e., all statins at any dose). In some
embodiments, statin intolerance leads to muscle aches,
pains, weakness, or cramps, (i.e., myalgias); occurring in up
to 15% of treated patients.

Unless stated otherwise, the term “about” as used herein
means+10% of the associated numerical value.

Embodiments of the invention will now be described by
the following examples.
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EXAMPLES

Example 1: PCSK9-Binding Fusion Protein and
PK-PD Behavior

The PCSK9-binding fusion protein comprises a modified
fibronectin domain (adnectin) targeted against Proprotein
Convertase Subtilisin/Kexin type 9 (PCSK9) and human
serum albumin (FIG. 1). The fusion protein has a total
molecular mass of approximately 77,000 Daltons. The
PCSK9-binding fusion protein has high binding affinity for
human PCSK9 and >100-fold weaker affinity for cynomol-
gus monkey PCSK9. Despite this difference in binding
affinity the non-human primate (NHP) is considered an
appropriate species for testing the safety and pharmacology
of the PCSK9-binding fusion protein since maximum sup-
pression of free PCSK9 and maximal LDL-C lowering is
achieved in the NHP.

The PCSK9-binding fusion protein is being developed for
subcutaneous (SC) administration for the treatment of, for
example, hypercholesterolemia, including in patients with
familial hypercholesterolemia or hypercholesterolemia and
atherosclerotic coronary heart disease (CHD). The two main
determinants of PCSK9-binding fusion protein PK are inter-
action with its target, PCSK9, and the ability to recycle via
the neonatal Fc receptor (FcRn) and minimize renal filtra-
tion, thereby reducing PCSK9-binding fusion protein clear-
ance and increasing half-life. Studies in wild-type mice
cannot address the influence of either of these determinants
on PCSK9-binding fusion protein PK, because the PCSK9-
binding fusion protein does not effectively bind to mouse
PCSK9, and HSA does not interact with mouse FcRn. Thus,
the cynomolgus monkey provides the most suitable in vivo
model for assessing PCSK9-binding fusion protein PK-PD,
since binding to PCSK9 in this model results in a decrease
in both free PCSK9 and LDL-C; in addition, HSA can
efficiently recycle via the NHP FcRn receptor.

A hPCSKO9 transgenic mouse was used to investigate the
in vivo binding affinity of the PCSK9-binding fusion protein
to hPCSK9 and the ability to recycle the PCSK9-binding
fusion protein via hFcRn was also assessed in a hFcRn
mouse. This human FcRn mouse model carries a null
mutation for the mouse FcRn gene and a transgene express-
ing human FcRn a-chain under the control of its natural
human promoter. Consequently, these mice serve as a model
for evaluating pharmacokinetics of monoclonal antibodies
and human serum albumin.

There is a considerable dataset supporting the relationship
between suppression of systemic free PCSK9 levels and the
reduction of serum LDL-C for anti-PCSK?9 antibodies. Gad-
kar K etal., 4 Mechanistic Systems Pharmacology Model for
Prediction of LDL Cholesterol Lowering by PCSK9 Antago-
nism in Human Dyslipidemic Populations, CPT Pharmaco-
metrics Syst. Pharmacol. 2014; 3(11):1-9; Squizzato A, et
al., PCSKO9 inhibitors for treating dyslipidemia in patients at
different cardiovascular risk: a systematic review and meta-
analysis. Intern. Emerg. Med. 2017; July: el-11. See FIG.
2B. To estimate the human dose of the PCSK9-binding
fusion protein (LIB003, SEQ ID NO:3) required for achiev-
ing the desired target level of LDL-C reduction, allometric
scaling of data from the above studies was incorporated into
a translational semi-mechanistic model which included the
known relationship between PCSK9 and LDL-C. FIG. 2A.
The anticipated dose-effect relationship for LIB0O03 and
serum LDL-C was constructed using this model.

TK-PD in Non-Human Primates

The TK-PD behaviour of LIB003 was characterized after
intravenous (IV) and subcutaneous (SC) administration in a
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10
single dose non-GLP dose range finding (DRF) study (IV
doses 10, 30, 100, 200 mg/kg; SC dose 200 mg/kg) and after
repeated administration in GLP toxicity studies of 4-weeks
(IV dose 100 mg/kg; SC doses 30 and 100 mg/kg) 12-weeks
(SC doses 30 and 100 mg/kg), or 26-weeks (SC doses 30 and
100 mg/kg) duration.

The TK assay for LIB003 is constructed as a target-
capture electrochemical luminescence assay, with hPCSK9
as the capture reagent and a ruthenium-labeled rabbit anti-
HSA polyclonal antibody as the detection reagent. In NHP,
the assay measures total LIB003 (due to the stronger affinity
for the capture reagent, hPCSK9, compared with NHP
PCSKD9). Alternatively, the TK assay used a LIB003-specific
mAb as the capture reagent and a ruthenium-labeled rabbit
anti-HSA polyclonal antibody as the detection reagent. This
assay format also measures total LIB003. Results from these
studies indicate that in this dose range, after both intrave-
nous and subcutaneous administration, the kinetics of total
PCSK9-binding fusion protein are approximately linear and
dose proportional.

In the DRF study, a persistent anti-drug antibody (ADA)
response was present at all dose levels above 10 mg/kg.
After a single dose of LIB003, the presence of ADAs in this
study associated in most cases with a rapid loss of exposure
to LIBO03 and was preceded by a loss of target capture
(reduced free PCSK9). Although ADAs were detected in
most animals after weekly administration of the PCSK9-
binding fusion protein (4-week, 12-week and 26-week GLP
toxicity studies), exposure to the PCSK9-binding fusion
protein was maintained throughout the dosing interval and
the impact of ADAs on TK/PD was only apparent in two
animals (4-week study), one animal (12-week study) and
one animal (26-week study).

In the absence of an impact from ADAs, LIB0O03 is
cleared slowly, and serum terminal half-life ranged from
8.3-10.4 days (mean 9 days) in the DRF study and 7.6-9.2
days (mean 8.3 days) in the recovery animals from the
4-week GLP tox study; consistent with the behaviour of an
albumin-like molecule in non-human primates. Similar
results were observed in the 12-week and 26-week GLP
toxicity studies. In the DRF study, after single IV adminis-
tration, clearance (CL) ranged from 5.63-7.65 ml./day/kg
(mean 6.64 ml./day/kg) and volume of distribution (Vz)
ranged from 67.6-103.8 ml./kg (mean 86.4 ml./kg) in ani-
mals in which this could be determined.

Total PCSK9 concentration (bound and unbound to
LIB003) increased slowly with a peak occurring at about 7
days post-dose and at this time point total PCSK9 concen-
tration is <10% of the circulating L.IBOO3 concentration.
Target-capture, as measured by free PCSK9 and L.DL reduc-
tion, is maximal at all doses in the DRF study, indicating
maximum target suppression at the lowest dose tested (10
mg/kg). Results indicate that in the absence of ADAs,
increasing the dose of LIB0O03 increased the duration of
maximal target capture.

Irrespective of either the dose or the route of administra-
tion, serum LDL was suppressed by about 60%, consistent
with a maximal pharmacodynamic effect at all dose levels.
As expected, the loss of LDL suppression and return to
baseline levels was consistent with the loss of maximal
PCSKO9 capture. Overall, these studies demonstrate that the
maximum pharmacodynamic effect has been achieved and
higher doses would not give rise to greater suppression of
either free PCSK9 or LDL.

After a subcutaneous dose C,,,. was lower and T,,,.
occurred later compared with a slow IV bolus at the same
dose level, indicative of absorption from the injection site
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into the systemic circulation. Absolute bioavailability for the
subcutaneous route is estimated to be about 76% in the DRF
study and 66.5-89.7% in the 4-week GLP toxicity study
although both estimates are compromised by the presence of
ADAs and an inability to characterize the total area under
the curve (AUC) after subcutaneous administration. A com-
bined analysis of both studies using a population PK model
estimates bioavailability after subcutaneous administration
to be 92% and is likely to be a more reliable estimate since
the model generates an estimate of total AUC for both routes
of administration.

Predicted PK-PD Behavior in Human

Data from multiple studies were combined to predict the
expected PK-PD behaviour of LIB003 in human. Namely, a
population 2-compartment PK-PD binding model describing
the exposure to LIB003 and suppression of PCSK9 was
constructed from NHP data (DRF study and 4 wk GLP tox
study). In scaling these parameters to human, the in vivo
binding affinity to hPCSK9 was derived from PK-PD studies
in hPCSK9 transgenic mouse. These data were adequately
described by a one-compartment PK model since only data
after subcutaneous administration are available; the model
was otherwise equivalent to that used for the NHP data. The
observed difference in LIB003 binding affinity for NHP
PCSK9 and hPCSK9 was consistent for both the in vitro and
in vivo derived data and the in vivo derived K, value from
the hPCSKO9 transgenic mouse was used for the prediction to

human.
TABLE 2
Binding affinity Binding affinity
to PCSK9 to PCSK9
Species in vitro (nM) in vivo (nM)
NHP 8.1 56.4
Human 0.06 0.15

The clearance of LIB003 in both NHP and hFcRn mouse
was consistent with the expected clearance of HSA in these
animals and the clearance of LIB003 was therefore predicted
to mimic the clearance of HSA in human (half-life 19 days;
allometric exponent 0.74). Other parameters were scaled
allometrically using the expected coefficients for a thera-
peutic albumin-fusion protein of approximately 77 kDa in
size.

The overall structure of the NHP and human PK-PD
binding model describing the capture and suppression of
free PCSK9 is shown in FIGS. 2A and 2B. A quantitative
systems pharmacology model has previously been estab-
lished to describe the mechanism of action of statins and an
anti-PCSK9 antibody in human. Gadkar K et al., 4 Mecha-
nistic Systems Pharmacology Model for Prediction of LDL
Cholesterol Lowering by PCSK9 Antagonism in Human
Dyslipidemic Populations, CPT Pharmacometrics Syst.
Pharmacol. 2014; 3(11). This model was employed to
provide a link between the predicted suppression of PCSK9
in human and the reduction in LDL-C over time after single
subcutaneous and intravenous doses of LIB003 in the First
in Human (FIH) study.

Example 2: Formulation and Stability Evaluation

The performance of various buffers and excipients in the
formulation of the PCSK9-binding fusion protein was
assessed.
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To ascertain the appropriate buffer and pH to use in the
formulation, 18 different buffer and pH conditions using 6
different buffers at 2 mg/ml. LIBO03 were analyzed by DSC
to assess thermal stability and DLS to assess aggregate
formation. From these experiments, pHs lower than 5 and
greater than 7 were eliminated due protein unfolding initi-
ating at a temperature of <50° C. (Tonset) for those pH
values.

The buffer/pH combinations analyzed are shown in Table
3 below. Combinations selected for further screening are
shown by the pH value being bolded and underlined.

TABLE 3

Buffer/pH Screen

Buffer pH
Acetate 4.2
pKa =4.76 4.5
5.0

55

Succinate 4.2
pKa = 5.64 4.5
5.0

5.5

6.5

Citrate 5.0
pKa = 6.4 6.0
7.0

Histidine 6.0
pKa = 6.04 7.0
Phosphate 6.5
pKa =72 7.5
Tris 7.5
pKa = 8.1 8.0

Following identification of an acceptable pH range and
appropriate buffer, excipients were investigated in combi-
nation with the defined buffers and pHs. In total, 15 different
buffer/excipient combinations at 2 mg/ml. LIB003 were
prepared and analyzed by DSC to assess thermal stability
and DLS to assess aggregate formation. Three of the buffer/
excipient combinations were eliminated due to a Tonset of
less than 55° C. Further, the DLS data suggested that the use
of sucrose, sorbitol and low concentrations of NaCl led to
aggregation and therefore their use was limited in subse-
quent formulations.

The buffer/excipient combinations analyzed are shown in
Table 4 below. Combinations selected for further screening
are shown by the excipient being bolded and underlined.

TABLE 4

Buffer/Excipient Screen

Buffer/pH Excipient
20 mM Succinate, pH 5.5 50 mM NaCl
150 mM NaCl

150 mM Arginine
250 mM Sorbitol

250 mM Sucrose
50 mM NaCl
150 mM NaCl
150 mM Arginine
250 mM Sorbitol
250 mM Sucrose
50 mM NaCl
150 mM NaCl
150 mM Arginine
250 mM Sorbitol
250 mM Sucrose

20 mM Citrate, pH 6.0

20 mM Histidine, pH 7.0
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To determine suitable buffer and excipient combinations
for maintaining stability of LIB003 formulated at high
concentrations, solubility screening was performed on the
12 different formulations identified in Table 4 above. Theses

14

low molecular weight (LMW) species were observed after 3
weeks of storage at 50° C. Formulations containing citrate
were narrowed to the excipients arginine and sorbitol based
on the low percentage of HMW species in these formula-

formulations were concentrated to target concentrations of 5 tions. Of the histidine formulations, 150 mM NaCl was
200 mg/mL, 250 .mg/mL, 300 mg/mL, and 340 .mg/ mL. chosen for additional experiments based on the highest
Turbidity was equivalent across all of the formulations and percentage of main peak species. Lastly, succinate was
no aggregation was observed when assesse.d by SEC'HPI{C eliminated from further consideration based on the increased
Based on these parameters, these formulations were consid- levels of HMW and LMW species observed in most succi-
ered equivalent. 10 pate formulations stored at 50° C. relative to the 2-8° C.
To evaluate the potential benefit of adding a surfactant to comparator control sample.
the LIB0O03 candidate formulations, eight buffer/excipient The results of these analysis are shown in Table 6 below;
combinations from Table 4 were evaluated either with or  the preferred formulations are illustrated by bold and under-
without polysorbate 80 (PS80) for a total of 16 formulations lined font.
at 250 mg/mL LIB0O03 (Table 5). Since PS80 can be effective 15
at preventing aggregation and particulate formation, candi- TABLE 6
date formulations were evaluated for their ability to with-
stand repeated freeze-thaw and agitation stresses. No differ- SEC-HPLC Evaluation of High Concentration
ences were observed based on recovery, turbidity, or LIBOO3 Stored at 50° C. for 3 weeks.
aggregation propensities (evaluated by DLS and SEC). All 20 Buffer/pH Excipient o HMW % Main % LMW
formulations containing PS80 were progressed due to the
anticipated benefit of PS80 upon long term storage and s 20 HlM - 1501;1(1)1\/[ g{aa i; gg-% g-g
: ucciate, p. m . . .
product handling. 55 Arginine
250 mM Sorbitol 3.9 95.4 0.7
TABLE 5 25 250 mM Sucrose 3.3 96.1 0.6
20 mM 50 mM NaCl 1.8 97.9  Below LOQ
Buffer/Excipient and Surfactant Screen Citrate, pH 150 mM NaCl 2.0 97.6 Below LOQ
6.0 150 mM 1.1 98.3  Below LOQ
Buffer/pH Excipient Surfactant (PS80) Arginine
250 mM 1.1 98.6  Below LOQ
20 mM Succinate, pH 5.5 150 mM NaCl - 30 Sorbitol
+ 250 mM Sucrose 1.2 98.5 Below LOQ
250 mM Sorbitol - 20 mM 50 mM NaCl 2.6 97.0 Below LOQ
+ Histidine, 150 mM NaCl 1.0 98.6  Below LOQ
250 mM Sucrose - pH7.0 150 mM 1.0 98.3 0.8
+ Arginine
20 mM Citrate, pH 6.0 150 mM Arginine - 35
20 mM Citrate, pH 6.0 + BMW = high molecular weight;
250 mM Sorbitol - LMW = low molecular weight;
+ LOQ = limit of quantitation;
250 mM Sucrose - mM = millimolar;
+ NaCl = sodium chloride.
150 mM NaCl -
+ 40 To further explore candidate formulations, LIBO03 was
20 mM Histidine, pH 7.0 150 mM NaCl - formulated at 250 mg/mL in the three buffer/excipient
* combination with PS80 at 3 different pHs (Table 7). The
samples were stored at stored at 2-8° C. or 50° C. for three
The stability of LIB0O03 and lack of differentiation weeks to induce degradation and analyzed for LIB003
between formulations under normal storage conditions and 45 concentration/recovery (A280), particulates (DLS), aggre-
shear stresses, even at high [LIBOO3 concentrations, sug- gation (SEC-HPLC), charge profile (icIEF), clipping (CE-
gested that an alternative approach was required to identify SDS), potency, turbidity and thermal stability (DSC). Com-
a formulation for LIBO03 that would withstand long-term parison of the charge profiles, propensity for aggregation/
storage conditions. The formulations identified from the particulate formation, and relative potency after storage at
buffer/excipient screen (Table 4) at target concentrations of 30 50° C. for 3 weeks demonstrated some differentiation
340 mg/ml. were spiked with 0.02% PS80, stored at 2-8° C. between the formulations (Tables 8, 9, 10 and 11). The
or 50° C. for three weeks and analyzed by SEC-HPLC. In CE-SDS profiles, recovery, turbidity and thermal stability
general, low levels of high molecular weight (HMW) and were comparable across formulations.
TABLE 7
Candidate Formulations Prior to Storage
Target Actual Concentration SEC-HPLC icIEF
Formulation pH pH (mg/mL) % HMW/% Main/% LMW % Acidic/% Main/% Basic
20 mM 5.5 5.6 274.4 0.8 99.2 ND 30.1 683 1.6
Citrate, 5.7 259.0 0.6 99.3 ND 30.2 681 1.7
150 mM 6.0 6.1 271.6 0.9 99.2 ND 30.8 674 1.8
Arginine, 6.1 254.1 0.8 99.2 ND 31.6 663 2.1
0.02% PS80 6.5 6.5 260.2 0.9 99.1 ND 30.8 674 1.8
6.5 267.9 1.0 99 ND 31.1 671 1.8
20 mM 5.5 5.6 259.6 0.8 99.2 ND 30.7 677 16
Citrate, 5.6 258.9 0.6 99.3 ND 32.7 655 1.8
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TABLE 7-continued
Candidate Formulations Prior to Storage
Target Actual Concentration SEC-HPLC icIEF

Formulation pH pH (mg/mL) % HMW/% Main/% LMW % Acidic/% Main/% Basic
250 mM 6.0 6.0 268.3 1.1 98.9 ND 31.1 67.3 1.6
Sorbitol, 6.0 271.0 0.8 99.2 ND 30.6 67.8 1.7
0.02% PS80 6.5 6.5 266.8 1.0 99 ND 33.3 65.6 1.1

6.5 261.4 0.7 99.3 ND 30.7 67.7 1.6
20 mM 6.0 6.0 248.7 0.7 99.3 ND 30.1 68.1 1.8
Histidine, 6.0 263.9 0.9 99.1 ND 31.3 66.3 2.4
150 mM 6.5 6.5 260.4 0.7 99.3 ND 31.6 66.1 2.4
NaCl, 6.5 260.5 0.9 99.2 ND 29.7 68.5 1.8
0.02% PS80 7.0 6.9 267.3 0.9 99.1 ND 29.8 68.0 2.1

7.0 267.2 0.8 99.3 ND 30.1 68.1 1.9
ND = none detected

TABLE 8 TABLE 10

icIEF Change in Charge Distribution
after Storage at 50° C. for 3 Weeks

Change in Charge Species
(50° C. storage relative

to 2-8° C.)
Formulation pH Acidic Main Basic
20 mM Citrate, 150 5.6 0.8 -22.0 21.2
mM 5.7 3.2 -23.3 20.1
Arginine, 0.02% 6.1 4.6 -8.3 3.7
PS80 6.1 5.1 -7.2 2.1
6.5 6.9 -11.1 4.3
6.5 44 -9.7 5.3
20 mM Citrate, 250 5.6 -1.5 -31.2 32.7
mM 5.6 2.4 -30.3 27.9
Sorbitol, 0.02% 6.0 5.5 -12.8 7.3
PS80 6.0 6.0 -12.8 6.8
6.5 4.3 -85 44
6.5 6.8 -9.1 2.3
20 mM Histidine, 6.0 2.6 -19.5 16.7
150 mM NaCl, 6.0 49 -15.5 10.5
0.02% PS80 6.5 9.2 -10.7 14
6.5 10.4 -13.3 2.8
6.9 10.3 -11.6 14
7.0 12.4 -15.0 2.5

TABLE 9

SEC-HPLC Change in HMW and LMW Species
after Storage at 50° C. for 3 Weeks

50° C. change from 2-8° C.

Formulation pH HMW Main LMW
20 mM Citrate, 150 5.6 255 -26.4 1.0
mM 5.7 20.7 -21.7 1.0
Arginine, 0.02% 6.1 5.2 -6.2 1.0
PS80 6.1 4.8 -5.8 1.0
6.5 2.6 -3.8 1.1
6.5 2.5 -3.2 0.7
20 mM Citrate, 250 5.6 42.0 -42.5 0.5
mM 5.6 38.2 -38.9 0.7
Sorbitol, 0.02% 6.0 12.3 -13.1 0.8
PS80 6.0 11.6 -12.5 0.9
6.5 4.2 -5.0 0.8
6.5 3.6 -4.7 1.0
20 mM Histidine, 6.0 20.9 -22.1 1.2
150 mM NaCl, 6.0 16.5 -17.4 0.9
0.02% PS80 6.5 5.7 -6.9 1.2
6.5 6.4 =15 1.1
6.9 2.4 -3.5 1.0
7.0 3.9 =52 1.3
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Potency as a Function of Storage Temperature

Change in
% Relative Potency % Relative
Formulation 2-8° C. 50° C. Potency
20 mM Citrate, 150 mM 113.7 97.8 -15.9
Arginine, 0.02% PS80, pH 93.5 80.2 -13.3
6.0
20 mM Citrate, 250 mM 106 70.5 -35.6
Sorbitol, 0.02% PS80 pH 103.4 75.1 -28.3
6.0
20 mM Histidine, 150 98.9 78.5 -20.5
mM NaCl, 0.02% PS80 pH 100 82.1 -17.9
6.5

Given the goal to deliver LIB003 in an 0.25-1.5 mL SC
injection using an autoinjector with a 27 G or smaller bore
needle, additional experiments were performed in order to
determine whether L.IBO03 formulated at 250 mg/ml. would
have properties suitable for SC injection via an autoinjector.
The top three formulations at 250 mg/ml. with the respective
center point pH were evaluated for viscosity, osmolality and
particulates. The targets were <15 cP for viscosity, 250-350
mOsm for osmolality, and particulate levels well below
regulatory limits. Results are shown in Table 11 below.
Particulate levels were comparably low across all formula-
tions.

TABLE 11

Results of Viscosity and Osmolality Analysis

Osmolality  Viscosity Concentration

Formulation Prep (mOsm) (cP) (mg/mL)
20 mM Citrate 1 355 1.5 250.2
150 mM 2 365 14.4 266.0
Arginine pH 6.0
20 mM Citrate 1 415 17.5 2545
250 mM 2 420 16.9 267.8
Sorbitol pH 6.0
20 mM Histidine 1 335 10.2 242.8
150 mM NaCl 2 329 1.3 269.0
pH 6.5

The PCSK9-binding fusion protein was formulated as a
sterile solution for injection (subcutaneous) in 20 mM
histidine, 150 mM NaCl, 0.02% (w/v) polysorbate-80, pH
6.8 for additional stability studies. These stability studies
included evaluations under long-term storage conditions,
accelerated conditions as well as stressed conditions. The
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intended long-term storage temperature of PCSK9-binding
fusion protein product is 5+3° C., and short-term storage
(=1-6 months) at 25° C.+3° C.

Stability data for 1 month was obtained at the intended
storage temperature (5° C.+£3° C.) as well as at the acceler-
ated (25£2° C./60+5% RH) and stressed (40+2° C./75£5%
RH) storage conditions.

For an exemplary PCSK9-binding fusion protein product
lot, data for all evaluated parameters including stability
indicating parameters (iclEF, potency, CE-SDS, and SEC-
HPLC) in the stability protocol were within the acceptance
criteria at the examined time point (1 month) and at each
storage condition. Further, no major increase in aggregate or
degradant species, or decrease in potency was observed for
long-term storage condition. A slight increase in aggregates
(~1%), was observed by SEC-HPLC for the accelerated and
stress conditions, however, the results are well within the
acceptance criteria for main peak by SEC-HPLC and no
change in potency was observed. Also, a slight increase in
fragments (~2%) was observed by reduced CE-SDS at the
stress condition but again, concomitant change in potency
was not observed. A small increase (~1-4%) in acidic charge
variant species with a concomitant decrease in main peak
species was observed by icIEF at each storage condition, (of
note, an opposite trend was observed for drug substance
indicating that perhaps, the changes observed are within the
variability of the method). No changes in appearance, phys-
icochemical parameters or potency were observed. Taken
together, the stability data demonstrate that the PCSK9-
binding fusion protein product is stable for 1 month at the
long-term, accelerated and stressed storage conditions
evaluated.

Additionally, long-term stability data for 18 months was
obtained at the intended storage temperature (5° C.£3° C.) as
well as for 9 months at the accelerated storage condition
(25+2° C./60£5% RH) and for three months at the stressed
(40+2° C./75+£5% RH) storage condition.

For an exemplary PCSK9-binding fusion protein product
lot, data for all evaluated parameters including stability
indicating parameters (iclEF, potency, CE-SDS, and SEC-
HPLC) in the stability protocol were within the acceptance
criteria at the examined time points and at each storage
condition. Further, no major increase in aggregate or degrad-
ant species, nor decrease in potency was observed for
long-term storage condition. A slight increase in aggregates
(~1%), was observed by SEC-HPLC at all storage condi-
tions, however, the results were well within the acceptance
criteria for main peak by SEC-HPLC and no change in
potency was observed (within assay variability). Also, a
slight increase in fragments (up to ~2%) was observed by
reduced CE-SDS at the long-term storage condition but
again, a corresponding change in potency was not observed
and may be considered to be within the variability of the
method. The increase in fragments by reduced and non-
reduced CE-SDS correlated with increased time and tem-
perature (up to ~5% change at the stressed condition). A
fluctuation (up to ~8%) of acidic and main peak species by
iclEF was observed at the long-term storage condition,
however, the fluctuations are within the variability of the
method. icIEF results at the accelerated and stressed condi-
tions initially appeared to indicate a potential positive trend
for acidic species (up to ~7%) and a corresponding negative
trend for main peak species, though a concomitant change in
potency was not observed. However, additional time points
indicate that the observed small changes may also have been
fluctuations related to method variability. Sub-visible par-
ticles appear to fluctuate slightly over time but are well
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within the acceptable limits (of note, an atypical result was
observed for particles =2 pm and =5 um at 9 months at both
the long-term and accelerated condition; however, the par-
ticles counts returned to an expected level at the 12 month
and 18 month time points). No changes in appearance,
physicochemical parameters, or potency were observed.

Further, long-term stability data for 12 months was
obtained at the intended storage temperature (5° C.£3° C.) as
well as for 12 months at the accelerated storage condition
(25+2° C./60+5% RH).

For an exemplary PCSK9-binding fusion protein product
lot, data for all evaluated parameters including stability
indicating parameters (iclEF, potency, CE-SDS, and SEC-
HPLC) in the stability protocol were within the acceptance
criteria at the examined time points and at each storage
condition. Further, no major increase in aggregate or degrad-
ant species, nor decrease in potency were observed for
long-term storage condition. A slight increase in aggregates
(up to ~1%) was observed by SEC-HPLC at both storage
conditions, however, the results were well within the accep-
tance criteria for main peak by SEC-HPLC and no change in
potency was observed (within assay variability). Also, a
slight increase in fragments at the long-term storage (up to
~2%) and at the stressed storage condition (~3%) was
observed by reduced CE-SDS condition and by non-reduced
CE-SDS at the stressed storage condition (~3%) but again,
a corresponding change in potency (within the assay vari-
ability) was not observed. An increase in acidic charge
variant species (up to ~5%) with a concomitant decrease in
main peak species was observed by icIEF at both storage
conditions (which may be attributed to assay variability
since later time points had lower percent acidic species). No
changes in appearance, physicochemical parameters, or
potency were observed.

Example 3: First in Human Study

LIB003 has been studied in a Phase 1 SAD study of 63
subjects aged =18 and <70 years of age, 24 females and 39
males, 45 on LIB003 and 18 placebo, monitored post dose
for at least 43 days. The study was placebo controlled and
double-blind. In each of the 9 cohorts there were 7 subjects:
5 LIB-003 and 2 placebo-treated patients resulting in 43
subjects treated with LIB003 and 18 with placebo. Subcu-
taneous doses of LIB003 25 mg, 75 mg, 150 mg, 300 mg,
and 600 mg were administered to healthy subjects on stable
diet with no lipid-lowering therapy and baseline
LDL-C =100 and =190 mg/dLl.. The 150 mg and 300 mg
doses were also administered SC to patients on stable statin
therapy with baseline LDL-C =100 mg/dL. All subjects had
TG =250 mg/dL. Two additional cohorts of healthy subjects
not on lipid-lowering therapy with the same lipid entry
criteria as their SC cohorts received LIB003 300 mg and 600
mg IV.

Overview of Safety Results

All 63 subjects completed the study with no patients
dropping out or terminating prior to Day 43. Overall,
LIB003 was safe and well tolerated following both single
SC and 1V dosing in healthy subjects and in patients with
hypercholesterolemia on statin therapy.

Overview of Pharmacodynamic (Efficacy) Results

Mean reductions in free PCSK9 were rapid with all doses,
and reached more than 99% within 12 hours and were
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sustained in virtually all subjects for at least 3 weeks (Day
22) in the cohorts not on lipid-lowering therapy receiving
150 mg of LIB003. While the LIBOO3 300 mg dose main-
tained 99% suppression of free PCSK9 for 29 days, in the
150 mg dose subjects not on lipid-lowering therapy, free
PCSK9 had decreased to 12% and in those on statins to 54%
of baseline. The lower reductions in free PCSK9 were
reflected in the decreases of LDL-C and apo B where larger
reductions were maintained in subjects not on lipid-lowering
therapy. However, these were not sustained through 4 weeks
(Day 29) in patients on statins. The single 300 mg dose, in
both non-statin and statin-treated subjects, provided more
stable and maximal reductions in free PCSK9, LDL-C, and
apo B. In addition, based on prior data from studies with
mAbs, it is anticipated that multiple dosing will result in
longer duration of both free PCSK9 suppression and LDL-C
reduction. Furthermore, extensive prior data shows that
patients on high intensity statins and those with FH have
higher baseline PCSK9 levels and likely increased synthesis
of PCSK9, and will require 300 mg or higher doses in order
to suppress both free PCSK9 and LDL-C fully for 4 weeks.

Overview of Pharmacokinetic Results

The C,,,., AUC,_,, and AUC,,for total LIB003 from an
SC dose increased in a dose-proportional manner between
75 mg and 300 mg of LIBOO3 and exhibited minor supra-
dose proportionality between 25 mg-75 mg (4- to 5-fold
increase) and 300 mg-600 mg (3-fold increase). Similarly,
statin-treated subjects exhibited dose-proportional increases
in total LIB003 over the 150 mg to 300 mg dose range,
although the exposure of total LIB003 (AUC,, , and AUC,, )
were in general lower than exposures in the non-statin-
treated subjects. The C,,,, AUC,, and AUC,, for total
LIB003 administered IV increased dose proportionally.

The median T,,,, of total LIB0O03 ranged from 72 to 168
hours (range was variable: 36 to 220 hours) across all SC
dose levels. The T-HALF, CL/F, and Vz/F were also all
similar across the SC doses tested as well as when LIB003
was administered with statins. The median T, of total
LIB003 ranged from 0.33 to 1.08 hours across both IV dose
levels. T-HALF, CL, and Vz were all similar across both IV
doses tested.

Absolute bioavailability of total LIB003 ranged from 67%
to 111% following single SC doses of 300 mg and 600 mg
of LIB003, respectively.
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Rationale for Phase 2 Study Dose Levels

Based on the free PCSK9 and LDL-C data from Phase 1
and objective of obtaining dosing at least Q4W in a volume
that is consistent with a single SC injection with an auto-
injector (=1.5 mL), a Phase 2 dose-finding study in approxi-
mately 80 patients with ASCVD, or at high risk for ASCVD,
or HeFH without CVD, on stable statin and/or ezetimibe is
planned. The doses selected for Q4W dosing in this Phase 2,
dose-finding study include 150 mg, 300 mg, and 350 mg. All
3 doses are anticipated to be safe based on the lack of
findings at both human LIB003 exposure in Phase 1 up to
600 mg both SC and IV and levels achieved in the 12-week
non-human primate GLP toxicology study.

Example 4: Randomized Double-Bind,
Placebo-Controlled, Phase 2, Dose-Finding to
Evaluate the Efficacy and Safety of LIB003 in

Patients on Stable Lipid-Lowering Therapy

Requiring Additional LDL-C Reduction

LIB003 was studied in a 12 week randomized, double-
blind, placebo-controlled, dose-finding Phase 2 study, which
was followed by a four-week follow-up assessment period,
to assess the percent change from baseline in LDL-C level
as the mean of weeks 10 and 12 and at week 12, as calculated
by the Friedewald formula, with monthly (Q4W) dosing of
various doses of LIB003. The study involved a total of 81
men and women aged =18 years of age with either athero-
sclerotic cardiovascular disease (ASCVD) or at high
ASCVD risk (210% 5-year or 27.5% 10-year risk) and for
subjects with ASCVD or CVD risk a calculated LDL-C
of =80 mg/dL, or for subjects with heterozygous familial
hypercholerstolemia and no CVD a calculated LDL-C
of =100 mg/dL.. All of the subjects had a TG of =400 mg/dL.
on stable lipid-lowering oral drug therapy, such as a statin
with or without ezetimibe. These subjects were grouped into
3 active and 1 matching placebo treatment groups. In each
group there were three LIBO03 subjects that were random-
ized for every one placebo subject, i.e. 20 LIB003 subjects
per treatment group and 20 placebo). Subcutaneous doses of
150 mg, 300 mg, or 350 mg LIB003 or placebo were
administered subcutaneously monthly (Q4W) to subjects
with hypercholesterolemia on a stable diet and oral LDL-C
lowering drug therapy.

A summary of the demographics of the subjects enrolled
in this study is shown in Table 11 below.

TABLE 11

Demographics of Subject Cohorts

Treatment LIB003 150 LIB0O3 300 LIB003 350 mg
Group Placebo mg Q4W mg Q4W Q4w
Number of N =20 N=21 N=19 N=21
patients
Age: mean (SD)  66.6 (7.4) 65 (13) 61.9 (10) 65.5 (7.1)
years
Gender: 10/10 12/9 10/9 6/15
male/female
Ethnicity: 14/6 15/6 12/7 1972
Caucasian/Africa
n-American
BMI (kg/m2) 29.6 (4.6) 31.1 (4.6) 29.6 (3.3) 29.4 (5.4)
mean (SD)
Cardiovascular 9 (45%) 10 (48%) 7 (37%) 10 (48%)
disease N (%)
Diabetes Mellitus 8 (40%) 11 (52%) 10 (53%) 10 (48%)

N(%)
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Demographics of Subject Cohorts

Treatment LIB003 150 LIB0OO3 300 LIB003 350 mg
Group Placebo mg Q4W mg Q4W Q4w
Current statin use 16 (80%) 18 (86%) 12 (63%) 19 (91%)
N(%)
Baseline LDL-C* 119.2 (34) 119.5 (37.5) 128.9 (39.3) 115.7 (30.5)
(mean = SD)
mg/dL

*Calculated Friedewald formula

Overview of Safety Results

Overall, LIB003 was safe and generally well tolerated as
a subcutaneous dose up to 350 mg Q4W in this study. All
LIB003 doses, 150 mg, 300 mg, and 350 mg, were well
tolerated and did not reveal any safety concerns. Of the 81
subjects, 79 subjects completed the study and two subjects
discontinued. The discontinuations were not due to adverse
events. Additionally, no adverse events led to a death in this
study.

A summary of the treatment emergent adverse events
(TEAEs) experienced by the subjects during the study is
shown in Table 12 below.

TABLE 12

Subject TEAEs During Study

Treatment LIB003 150 LIB003 300 LIB003 350 mg
Group Placebo mg Q4W mg Q4W Q4w

Treatment 10 (50%) 9 (42.9%) 11 (58%) 13 (62%)

Emergent

Adverse Events
(TEAEs)
Drug-related 2 (10%) 1 (4.3%) 1 (5.2%) 2 (9.5%)

TEAEs

A total of 43 out of 81 (53%) subjects had a TEAE, with
10 out of 20 (50%) on placebo and 33 out of 61 (54%) in the
combined LLIBO03-treated groups. The majority of TEAEs
were mild to moderate in severity. The most commonly
reported TEAKEs were fatigue, injection site bruising, upper
respiratory tract infection, and dyspnea. All other TEAEs
were reported by =3 subjects.

Only six out of 81 (7%) subjects had a study drug-related
TEAE, with two out of 20 (10%) on placebo and four out of
61 (7%) in the combined LIB0O3-treated groups. The major-
ity of study drug-related TEAEs were mild in severity; none
were considered severe. The most commonly reported study
drug-related TEAE was injection site erythema. All other
study drug-related TEAEs were reported by =1 subject.

Six out of 81 (7%) subjects had an SAE, one (5%) on
placebo and five (8%) in the combined LIBO0O3-treated
groups; none of which were considered related to the study
drug. Five SAEs, one (5%) on placebo and four (7%) in the
combined LIBOO3-treated groups were severe and one (2%)
in the LIB003-treated group was moderate in intensity.

There were no TEAEs related to abnormal laboratory
values. There were no clinically meaningful increases or
trends in liver function tests (ALT, AST, or bilirubin) in any
treatment group or differences between placebo or LIB003-
treated groups. Specifically, no subject experienced an
increase in ALT or AST>3xXULN and none had a
bilirubin >2xULN. A number of subjects in all treatment
groups experienced non-sustained increases in CK, which
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were exercise- or activity-related and none exceeded
SXULN. There were no clinically significant increases or
differences between treatment groups in renal function,
glucose, other chemistry or hematology parameters.

There were no clinically meaningful findings in the vital
sign, ECG, and physical examination results. In total, there
were five recorded incidents of injection site erythema at a
15-minute post-dose time point following study drug admin-
istration. One subject in the placebo group also reported
injection site itching 15 minutes post-dose on day one. All
injection site reactions that occurred 15 minutes post-dose
were mild in severity with one in the placebo group and 4 in
the combined LIB003-treated groups.

Overview of Efficacy Results

All tested LIB003 doses, 150 mg, 300 mg, and 350 mg,
induced rapid, sustained, and significant mean decreases in
LDL-C and free PCSKO9 levels. The greatest mean decreases
in LDL-C were observed in the 300 mg LIB003 dose cohort.
Consistent with previous studies, the higher 350 mg 1.IB0O03
dose did not produce further LDL-C reduction. The 150 mg
dose was found to be insufficient to obtain maximal LDL-C
reduction for the full four weeks between doses.

A summary of the efficacy data from the study is shown
in Table 13 below.

TABLE 13

Efficacy Data

LIB0OO3
150
Placebo mg Q4W

LIB003
300
mg Q4W

LIB003
350 mg
Q4W

Treatment
Group

LDL-C
mean
(SD) %
change
at week 12%
LDL-C
mean
(SD) %
change
at week 127
Apolipo-
protein B
% change
at week 12
Week 10/
Week
12 LOCF*

7.3 (21.3) -26.4 (24.1) -71 (17.7)  —62.8 (19.5)

5.7 (20.3) —24.7 (25) -66.2 (16.8)  —62.2 (16.7)

5.2 (13.2) 224 (22.7)  -540 (160)  -53.0 (11.7)

LIB0O3 vs.

Placebo LS

Mean (SE)
95% CI
Week 12

—48.0 (5.37) -76.1 (5.51)  -67.0 (5.37)2

(-58.7,-373) (-87.1,-65.1) (-77.7,-563)
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TABLE 13-continued

Efficacy Data

LIB003 LIB003 LIB003
Treatment 150 300 350 mg
Group Placebo mg Q4W mg Q4W Q4w
LOCF¥
LIB0O3 vs. -33.5 (6.80)%  -77.3 (6.9 -67.1 (6.80)%
Placebo LS
Mean (SE)
95% CI (-47.0,-19.9) (-91.2,-63.5) (-80.6, -33.6)

*Calculated Friedewald formula
“By ultracentrifugation
¥C0-primary endpoint (ANOVA)
Ap-value < 0.0001

There was a large, sustained mean decrease in LDL-C
levels from baseline to the average of weeks 10 and 12
LOCF and to week 12 LOCE, as calculated by the Friede-
wald formulate, following dosing within L.IBO03. The maxi-
mal LS mean percent change difference (95% CI) between
LIB0O03 cohorts and the placebo group in LDL-C from
baseline to the average of weeks 10 and 12 LOCF and to
week 12 LOCF occurred in the 300 mg L.IB003 dose cohort
and was -76.1% ([-86.0%, -66.2%], p<0.0001) and
-773% ([-90.5%, -64.1%], p<0.0001), respectively.
Assessment of the mean percent change in LDL-C levels by
preparative ultracentrifugation and the Hopkins formula
yielded similar findings.

Consistent with previous studies showing that once maxi-
mal suppression of PCSK9 is achieved, no additional
LDL-C reduction occurs, the higher dose of 350 mg of
LIB003 did not produce an additional reduction in LDL-C
levels. Although the 150 mg dose achieved similar reduc-
tions as the 300 mg and 350 mg doses every two weeks
post-dose, it was insufficient to maintain maximal LDL-C
reductions for the full four weeks between doses.

There was a large, sustained mean decrease in the free
PCSKO level from baseline to the average of weeks 10 and
12 LOCF and to week 12 LOCF following L.IB003 doses.
The LS mean percent change difference (95% CI) between
LIB003 cohorts and the placebo group in the free PCSK9
level from baseline to the average of weeks 10 and 12 LOCF
and to week 12 LOCF occurred in the 300 and 350 mg
cohorts, which was —=89.7% ([-100.0%, —79.4%], p<0.0001)
and -92.8% ([-102.9%, -82.6%], p<0.0001), respectively.
The LS mean percent change difference (95% CI) between
LIB003 cohorts and the placebo group in the free PCSK9
level from baseline to Week 12 LOCF was -84.1%
([-99.5%, —68.7%], p<0.0001) and -90.2% ([-105.4%,
-75.0%], p<0.0001) for the 300 and 350 mg cohorts, respec-
tively. Although the 350 mg LIB0O003 dose suppressed
slightly more PCSK9 than the 300 mg dose at week 12
(90.2% versus 84.1%, respectively), this did not result in a
greater LDL-C efficacy.

Additionally, there was a large and sustained mean
increase in the total PCSK9 level from baseline to the
average of weeks 10 and 12 LOCF and to week 12 LOCF
following L.IB003 doses. The mean percent change from
baseline to the average of weeks 10 and 12 LOCF was
95.555%, 90.273%, and 90.080% for the LIB003 150 mg,
300 mg, and 350 mg cohorts, respectively. The mean percent
change from baseline to week 12 LOCF was 75.165%,
78.188%, and 86.811% for the LIB003 150 mg, 300 mg, and
350 mg cohorts, respectively. In contrast, the placebo
showed a minimal mean percent change (<3.044%) at the
same time points.
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Further, there was a large, sustained mean decease in
non-HDL-C levels, and a moderate and sustained mean
decrease in TC levels from baseline to the average of weeks
10 and 12 LOCF and to week 12 LOCF. However, in both
the LIB0O03 cohorts and the placebo group, there were only
minimal mean changes in the HDL-C levels from baseline to
the average of weeks 10 and 12 LOCF and to week 12.
Additionally, a comparison of the percent change in
VLDL-C and TG levels between each L.IBO03 cohort and
the placebo group using an ANOVA model showed a small
mean decrease in VLDL-C and TG levels from baseline to
the average of weeks 10 and 12 LOCF and to week 12
LOCF.

Also, there was a large and sustained mean decrease in
apo B levels from baseline to week 12 LOCF following
LIB003 doses. The maximal .S mean percent change dif-
ference (95% CI) between LIB003 cohorts and the placebo
group in apo B occurred for the 300 mg cohort and was
-58.4% ([-68.9%, -48.0%], p<0.0001).

Moreover, there was a moderate and sustained decrease in
the Lp(a) level from baseline to week 12 LOCF following all
LIB003 doses. The maximal .S mean percent change dif-
ference (95% CI) between LIB003 cohorts and the placebo
group in Lp(a) occurred for the 300 mg cohort and was
-28.7% ([-42.6%, -14.8%], p<0.0001). This reduction is
consistent with that achieved by PCSK9 monoclonal anti-
bodies at equivalent doses and dosing frequency, which
suppressed free PCSK9 and LDL-C similarly to LIB003 300
mg Q4W.

The apo Al levels showed minimal mean change from
baseline to week 12 LOCF for the LIB003 cohorts and the
placebo group.

Based on the data from the Phase 2 study discuss above,
the LIB003 300 mg subcutaneous Q4W dose was selected
for open-label extension and Phase 3 studies.

SEQUENCES
PCSK9-BINDING MOTIF

(SEQ ID NO:
VSDVPRDLEVVAATPTSLLISWDAPAEGYGYYRITYGETGGNSPVQEFT

1)

VPVSKGTATISGLKPGVDYTITVYAVEFDFPGAGYYHRPISINYRTE

HSA AMINO ACID SEQUENCE
(SEQ ID NO:
DAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQAPFEDHVKLVNEVTEF

2)

AKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPER

NECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHP

YFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKASSAKQ

RLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHTEC

CHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAEVE

NDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSV

VLLLRLAKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNC

ELFEQLGEYKFONALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHP

EAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSA

LEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKA

TKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGL



US 11,692,021 B2

25
-continued

PCSK9-BINDING FUSION PROTEIN

26

-continued

HTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCI

(SEQ ID NO: 3)
VSDVPRDLEVVAATPTSLLISWDAPAEGYGYYRITYGETGGNSPVQEFT AEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHP
5
VPVSKGTATISGLKPGVDYTITVYAVEFDFPGAGYYHRPISINYRTEGS DYSVVLLLRLAKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLI
GSGSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQAPFEDHVKLVNE KONCELFEQLGEYKFONALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKC
VTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQ CKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRP
10
EPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIA CFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKH
RRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKAS KPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALG
SAKQRLKCASLOQKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKV L.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 3
<210> SEQ ID NO 1
<211> LENGTH: 96
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCSK9-binding motif
<400> SEQUENCE: 1
Val Ser Asp Val Pro Arg Asp Leu Glu Val Val Ala Ala Thr Pro Thr
1 5 10 15
Ser Leu Leu Ile Ser Trp Asp Ala Pro Ala Glu Gly Tyr Gly Tyr Tyr
20 25 30
Arg Ile Thr Tyr Gly Glu Thr Gly Gly Asn Ser Pro Val Gln Glu Phe
35 40 45
Thr Val Pro Val Ser Lys Gly Thr Ala Thr Ile Ser Gly Leu Lys Pro
50 55 60
Gly Val Asp Tyr Thr Ile Thr Val Tyr Ala Val Glu Phe Asp Phe Pro
65 70 75 80
Gly Ala Gly Tyr Tyr His Arg Pro Ile Ser Ile Asn Tyr Arg Thr Glu
85 90 95
<210> SEQ ID NO 2
<211> LENGTH: 585
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
Asp Ala His Lys Ser Glu Val Ala His Arg Phe Lys Asp Leu Gly Glu
1 5 10 15
Glu Asn Phe Lys Ala Leu Val Leu Ile Ala Phe Ala Gln Tyr Leu Gln
20 25 30
Gln Ala Pro Phe Glu Asp His Val Lys Leu Val Asn Glu Val Thr Glu
35 40 45
Phe Ala Lys Thr Cys Val Ala Asp Glu Ser Ala Glu Asn Cys Asp Lys
50 55 60
Ser Leu His Thr Leu Phe Gly Asp Lys Leu Cys Thr Val Ala Thr Leu
65 70 75 80
Arg Glu Thr Tyr Gly Glu Met Ala Asp Cys Cys Ala Lys Gln Glu Pro
85 90 95
Glu Arg Asn Glu Cys Phe Leu Gln His Lys Asp Asp Asn Pro Asn Leu
100 105 110
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-continued

Pro Arg Leu Val Arg Pro Glu Val Asp Val Met Cys Thr Ala Phe His
115 120 125

Asp Asn Glu Glu Thr Phe Leu Lys Lys Tyr Leu Tyr Glu Ile Ala Arg
130 135 140

Arg His Pro Tyr Phe Tyr Ala Pro Glu Leu Leu Phe Phe Ala Lys Arg
145 150 155 160

Tyr Lys Ala Ala Phe Thr Glu Cys Cys Gln Ala Ala Asp Lys Ala Ala
165 170 175

Cys Leu Leu Pro Lys Leu Asp Glu Leu Arg Asp Glu Gly Lys Ala Ser
180 185 190

Ser Ala Lys Gln Arg Leu Lys Cys Ala Ser Leu Gln Lys Phe Gly Glu
195 200 205

Arg Ala Phe Lys Ala Trp Ala Val Ala Arg Leu Ser Gln Arg Phe Pro
210 215 220

Lys Ala Glu Phe Ala Glu Val Ser Lys Leu Val Thr Asp Leu Thr Lys
225 230 235 240

Val His Thr Glu Cys Cys His Gly Asp Leu Leu Glu Cys Ala Asp Asp
245 250 255

Arg Ala Asp Leu Ala Lys Tyr Ile Cys Glu Asn Gln Asp Ser Ile Ser
260 265 270

Ser Lys Leu Lys Glu Cys Cys Glu Lys Pro Leu Leu Glu Lys Ser His
275 280 285

Cys Ile Ala Glu Val Glu Asn Asp Glu Met Pro Ala Asp Leu Pro Ser
290 295 300

Leu Ala Ala Asp Phe Val Glu Ser Lys Asp Val Cys Lys Asn Tyr Ala
305 310 315 320

Glu Ala Lys Asp Val Phe Leu Gly Met Phe Leu Tyr Glu Tyr Ala Arg
325 330 335

Arg His Pro Asp Tyr Ser Val Val Leu Leu Leu Arg Leu Ala Lys Thr
340 345 350

Tyr Glu Thr Thr Leu Glu Lys Cys Cys Ala Ala Ala Asp Pro His Glu
355 360 365

Cys Tyr Ala Lys Val Phe Asp Glu Phe Lys Pro Leu Val Glu Glu Pro
370 375 380

Gln Asn Leu Ile Lys Gln Asn Cys Glu Leu Phe Glu Gln Leu Gly Glu
385 390 395 400

Tyr Lys Phe Gln Asn Ala Leu Leu Val Arg Tyr Thr Lys Lys Val Pro
405 410 415

Gln Val Ser Thr Pro Thr Leu Val Glu Val Ser Arg Asn Leu Gly Lys
420 425 430

Val Gly Ser Lys Cys Cys Lys His Pro Glu Ala Lys Arg Met Pro Cys
435 440 445

Ala Glu Asp Tyr Leu Ser Val Val Leu Asn Gln Leu Cys Val Leu His
450 455 460

Glu Lys Thr Pro Val Ser Asp Arg Val Thr Lys Cys Cys Thr Glu Ser
465 470 475 480

Leu Val Asn Arg Arg Pro Cys Phe Ser Ala Leu Glu Val Asp Glu Thr
485 490 495

Tyr Val Pro Lys Glu Phe Asn Ala Glu Thr Phe Thr Phe His Ala Asp
500 505 510

Ile Cys Thr Leu Ser Glu Lys Glu Arg Gln Ile Lys Lys Gln Thr Ala
515 520 525

Leu Val Glu Leu Val Lys His Lys Pro Lys Ala Thr Lys Glu Gln Leu
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-continued

30

530 535

Lys Ala Val Met Asp Asp Phe Ala Ala

545 550

Ala Asp Asp Lys Glu Thr Cys Phe Ala

565

Ala Ala Ser Gln Ala Ala Leu Gly Leu
580 585

<210> SEQ ID NO 3

<211> LENGTH: 687

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223>

<400> SEQUENCE:

Val

1

Ser

Arg

Thr

Gly

65

Gly

Gly

Phe

Phe

145

Ala

Cys

Cys

Asp

Met

225

Leu

Leu

Ala

Asp

Leu

Ser

Leu

Ile

Val

50

Val

Ala

Ser

Lys

Ala

130

Asn

Glu

Thr

Ala

Asp

210

Cys

Tyr

Phe

Ala

Glu
290

Gln

Asp

Leu

Thr

35

Pro

Asp

Gly

Gly

Asp

115

Gln

Glu

Asn

Val

Lys

195

Asn

Thr

Glu

Phe

Asp
275

Gly

Lys

Val

Ile

Tyr

Val

Tyr

Tyr

Ser

100

Leu

Tyr

Val

Cys

Ala

180

Gln

Pro

Ala

Ile

Ala

260

Lys

Lys

Phe

3

Pro

5

Ser

Gly

Ser

Thr

Tyr

85

Gly

Gly

Leu

Thr

Asp

165

Thr

Glu

Asn

Phe

Ala

245

Lys

Ala

Ala

Gly

Arg

Trp

Glu

Lys

Ile

70

His

Ser

Glu

Gln

Glu

150

Lys

Leu

Pro

Leu

His

230

Arg

Arg

Ala

Ser

Glu

Asp

Asp

Thr

Gly

55

Thr

Arg

Asp

Glu

Gln

135

Phe

Ser

Arg

Glu

Pro

215

Asp

Arg

Tyr

Cys

Ser
295

Arg

Leu

Ala

Gly

40

Thr

Val

Pro

Ala

Asn

120

Ala

Ala

Leu

Glu

Arg

200

Arg

Asn

His

Lys

Leu
280

Ala

Ala

Glu

Pro

25

Gly

Ala

Tyr

Ile

His

105

Phe

Pro

Lys

His

Thr

185

Asn

Leu

Glu

Pro

Ala
265
Leu

Lys

Phe

540

Phe Val Glu Lys Cys Cys Lys

555

560

Glu Glu Gly Lys Lys Leu Val

570

Val

10

Ala

Asn

Thr

Ala

Ser

90

Lys

Lys

Phe

Thr

Thr

170

Tyr

Glu

Val

Glu

Tyr

250

Ala

Pro

Gln

Lys

Val

Glu

Ser

Ile

Val

75

Ile

Ser

Ala

Glu

Cys

155

Leu

Gly

Cys

Arg

Thr

235

Phe

Phe

Lys

Arg

Ala

Ala

Gly

Pro

Ser

60

Glu

Asn

Glu

Leu

Asp

140

Val

Phe

Glu

Phe

Pro

220

Phe

Tyr

Thr

Leu

Leu
300

Trp

OTHER INFORMATION: PCSK9-binding polypeptide

Ala

Tyr

Val

45

Gly

Phe

Tyr

Val

Val

125

His

Ala

Gly

Met

Leu

205

Glu

Leu

Ala

Glu

Asp
285

Lys

Ala

Thr

Gly

Gln

Leu

Asp

Arg

Ala

110

Leu

Val

Asp

Asp

Ala

190

Gln

Val

Lys

Pro

Cys
270
Glu

Cys

Val

575

Pro

15

Tyr

Glu

Lys

Phe

Thr

95

His

Ile

Lys

Glu

Lys

175

Asp

His

Asp

Lys

Glu

255

Cys

Leu

Ala

Ala

Thr

Tyr

Phe

Pro

Pro

80

Glu

Arg

Ala

Leu

Ser

160

Leu

Cys

Lys

Val

Tyr

240

Leu

Gln

Arg

Ser

Arg
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305

Leu

Leu

Asn

Leu

385

Pro

Leu

Leu

Ala

465

Pro

Phe

Tyr

Ser

Ala

545

Gln

Lys

Leu

Phe

Ile

625

Ala

Glu

Ser

Thr

Glu

Gln

370

Leu

Ala

Cys

Tyr

Arg

450

Ala

Leu

Glu

Thr

Arg

530

Lys

Leu

Cys

Glu

Thr

610

Lys

Thr

Glu

Gly

Gln

Asp

Cys

355

Asp

Glu

Asp

Lys

Glu

435

Leu

Asp

Val

Gln

Lys

515

Asn

Arg

Cys

Cys

Val

595

Phe

Lys

Lys

Lys

Lys
675

Arg

Leu

340

Ala

Ser

Lys

Leu

Asn

420

Tyr

Ala

Pro

Glu

Leu

500

Lys

Leu

Met

Val

Thr

580

Asp

His

Gln

Glu

Cys

660

Lys

Phe

325

Thr

Asp

Ile

Ser

Pro

405

Tyr

Ala

Lys

His

Glu

485

Gly

Val

Gly

Pro

Leu

565

Glu

Glu

Ala

Thr

Gln

645

Cys

Leu

310

Pro

Lys

Asp

Ser

His

390

Ser

Ala

Arg

Thr

Glu

470

Pro

Glu

Pro

Lys

Cys

550

His

Ser

Thr

Asp

Ala

630

Leu

Lys

Val

Lys

Val

Arg

Ser

375

Cys

Leu

Glu

Arg

Tyr

455

Cys

Gln

Tyr

Gln

Val

535

Ala

Glu

Leu

Tyr

Ile

615

Leu

Lys

Ala

Ala

Ala

His

Ala

360

Lys

Ile

Ala

Ala

His

440

Glu

Tyr

Asn

Lys

Val

520

Gly

Glu

Lys

Val

Val

600

Cys

Val

Ala

Asp

Ala
680

Glu

Thr

345

Asp

Leu

Ala

Ala

Lys

425

Pro

Thr

Ala

Leu

Phe

505

Ser

Ser

Asp

Thr

Asn

585

Pro

Thr

Glu

Val

Asp

665

Ser

Phe

330

Glu

Leu

Lys

Glu

Asp

410

Asp

Asp

Thr

Lys

Ile

490

Gln

Thr

Lys

Tyr

Pro

570

Arg

Lys

Leu

Leu

Met

650

Lys

Gln

315

Ala

Cys

Ala

Glu

Val

395

Phe

Val

Tyr

Leu

Val

475

Lys

Asn

Pro

Cys

Leu

555

Val

Arg

Glu

Ser

Val

635

Asp

Glu

Ala

Glu

Cys

Lys

Cys

380

Glu

Val

Phe

Ser

Glu

460

Phe

Gln

Ala

Thr

Cys

540

Ser

Ser

Pro

Phe

Glu

620

Lys

Asp

Thr

Ala

Val

His

Tyr

365

Cys

Asn

Glu

Leu

Val

445

Lys

Asp

Asn

Leu

Leu

525

Lys

Val

Asp

Cys

Asn

605

Lys

His

Phe

Cys

Leu
685

Ser

Gly

350

Ile

Glu

Asp

Ser

Gly

430

Val

Cys

Glu

Cys

Leu

510

Val

His

Val

Arg

Phe

590

Ala

Glu

Lys

Ala

Phe

670

Gly

Lys

335

Asp

Cys

Lys

Glu

Lys

415

Met

Leu

Cys

Phe

Glu

495

Val

Glu

Pro

Leu

Val

575

Ser

Glu

Arg

Pro

Ala

655

Ala

Leu

320

Leu

Leu

Glu

Pro

Met

400

Asp

Phe

Leu

Ala

Lys

480

Leu

Arg

Val

Glu

Asn

560

Thr

Ala

Thr

Gln

Lys

640

Phe

Glu
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What is claimed:

1. A composition comprising at least one unit dose of a
PCSK9-binding fusion protein having the amino acid
sequence of SEQ ID NO:3, the unit dose containing from
about 250 mg to about 350 mg of the PCSK9-binding fusion
protein formulated at a concentration of at least 200 mg/mlL.,
and a pharmaceutically-acceptable carrier comprising from
about 1 mg/mL to about 10 mg/ml. L-Histidine/L-Histidine
monohydrochloride maintaining a pH of about 6.8, and from
about 6 mg/mL to about 12 mg/ml. sodium chloride.

2. The composition of claim 1, wherein the unit dose has
a concentration of at least about 250 mg/ml. of the PCSK9-
binding fusion protein.

3. The composition of claim 1, wherein the unit dose has
a concentration of at least about 300 mg/ml. of the PCSK9-
binding fusion protein.

4. The composition of claim 1, wherein the pharmaceu-
tically-acceptable carrier comprises polysorbate-80.

5. The composition of claim 1, wherein the composition
does not comprise a surfactant.

6. The composition of claim 1, wherein the pharmaceu-
tically-acceptable carrier comprises water.

7. The composition of claim 1, wherein the composition
is an injection pen, syringe, or autoinjector comprising the at
least one unit dose.

8. The composition of claim 7, wherein the injection pen,
syringe, or autoinjector contains from 1 to 10 unit doses.

9. The composition of claim 8, wherein the unit doses are
no more than about 1.5 mL in volume.

10. The composition of claim 9, wherein the unit doses are
no more than about 1 mL in volume.

11. A method for treating a PCSK9-related disorder,
comprising: administering to a subject in need, a unit dose

10

15

20

25

30

34

of a PCSK9-binding fusion protein having the amino acid
sequence of SEQ ID NO:3, the unit dose containing from
about 250 mg to about 350 mg of the PCSK9-binding fusion
protein formulated at a concentration of at least 200 mg/mlL.
in a pharmaceutically-acceptable carrier comprising from
about 1 mg/mL to about 10 mg/ml. [-Histidine/L-Histidine
monohydrochloride maintaining a pH of about 6.8, and from
about 6 mg/ml to about 12 mg/ml. sodium chloride;
wherein a unit dose is administered subcutaneously about
every 4 weeks.

12. The method of claim 11, wherein the unit dose has a
concentration of at least about 250 mg/ml. of the PCSK9-
binding fusion protein.

13. The composition of claim 1, wherein the pharmaceu-
tically-acceptable carrier consists of about 1 mg/mL to about
10 mg/ml, L-Histidine/L-Histidine monohydrochloride
maintaining a pH of about 6.8, about 2 mg/mlL to about 20
mg/mL sodium chloride, about 0.01 mg/mL to about 0.5
mg/mL polysorbate-80, and water.

14. The method of claim 11, wherein the pharmaceuti-
cally-acceptable carrier consists of about 1 mg/ml. to about
10 mg/ml, L-Histidine/L-Histidine monohydrochloride
maintaining a pH of about 6.8, about 2 mg/mlL to about 20
mg/mL sodium chloride, about 0.01 mg/mL to about 0.5
mg/mL polysorbate-80, and water.

15. The method of claim 11, wherein the PCSK9-related
disorder is hypercholesterolemia.

16. The method of claim 15, wherein the hypercholester-
olemia is familial hypercholesterolemia.

17. The method of claim 11, wherein the PCSK9-related
disorder is atherosclerosis or atherosclerotic coronary heart
disease (CHD).



