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FIG. 2C

(57) Abréegée/Abstract:

Methods and compositions for reducing one or more of triglyceride levels, total cholesterol levels and LDL cholesterol levels In a
subject are provided. The methods Include administering a fragment of ANGPTLS8 to a subject having or at risk of developing
elevated triglyceride levels, elevated total cholesterol levels and/or elevated LDL cholesterol levels.
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(57) Abstract: Methods and compositions for reducing one or more of triglyceride levels, total cholesterol levels and LDL cholester -
ol levels in a subject are provided. The methods include administering a fragment of ANGPTLS to a subject having or at risk of de-

o veloping elevated triglyceride levels, elevated total cholesterol levels and/or elevated LDL cholesterol levels.
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METHODS AND COMPOSITIONS FOR TREATMENT OF CONDITIONS ASSOCIATED WITH

ELEVATED TRIGLYCERIDES

INCORPORATION BY REFERENCE OF SEQUENCE LISTING PROVIDED AS A TEXT FILE
[0001] A Sequence Listing 18 provided herewith as a text file, “NGMB-137 SeqList.txt”
created on October 1, 2015 and having a size of 25 KB. The contents of the text file are

incorporated by reference herein in their entirety.

CROSS REFERENCE TO RELATED APPLICATIONS
[0002] This application claims priority benefit of U.S. provisional application serial no.
62/059,682, filed on October 3, 2014, which application 1s incorporated herein by reference 1n

its entirety.

INTRODUCTION

[0003] According to the American Heart Association, it 1s estimated that about one-third
of United States adults have elevated triglyceride levels greater than 150 milligrams per deciliter
(mg/dl) (Miller et al. (2011) Circulation. 123:2292-2333). From a sample of subjects from the
National Health and Nutrition Examination Survey, it 1s further estimated that an average of
1.7% of the national population had severe hypertriglyceridemia (characterized as 500 to 2,000
mg/dl) between 2001 and 2006 (Christian et al. (2011) Am J Cardiol. 107(6):891-7).

[0004] Elevated blood triglyceride levels and hypertriglyceridemia are significant
contributing factors to increased risk of heart disease, heart attack, stroke, and atherosclerosis.
Elevated triglyceride levels can also be a sign of and contributing factor to adverse conditions
that increase a person’s overall risk of heart disease, such as obesity, metabolic syndrome,
excess body fat, high blood pressure, high blood sugar, and abnormal cholesterol levels. In
addition high triglyceride levels contribute to further decline 1n health of subjects with poorly
controlled type 2 diabetes, hypothyroidism, liver disease, kidney disease, and genetic metabolic
disorders. Further complicating treatment for associated conditions, elevated triglyceride levels
arc a common side effect of routinely prescribed medications such as beta blockers, birth

control, diuretics, steroids, and certain cancer treatments, such as tamoxifen.



CA 02954082 2016-12-30

WO 2016/054494 PCT/US2015/053700

[0005] Accordingly, reducing triglyceride levels, particularly reducing elevated
triglyceride levels into normal ranges can have a significant impact on a subject’s health and
well-being. Reducing triglyceride levels 1s associated with a decreased risk of heart disease,
heart attack, stroke, and atherosclerosis. Furthermore, maintaining normal triglyceride levels 1s
associated with effective management of obesity, metabolic syndromes, high blood pressure,
abnormal cholesterol, diabetes, hyperthyroidism, liver disease, kidney disease, and genetic
metabolic disorders. In addition, lowering triglyceride levels and/or preventing their increase
may allow a subject to begin or continue a course of treatment that may otherwise adversely
increase triglyceride levels, for example, treatments with drugs known to increase triglyceride
levels including beta blockers, birth control, diuretics, steroids, and certain cancer treatments,
such as tamoxifen.

[0006] Lifestyle changes, such as reducing dictary triglyceride or cholesterol intake and
increasing exercise, can reduce clevated triglyceride or cholesterol levels. However, lifestyle
changes are not effective for all patients. Some patients are not physically capable of making
certain lifestyle changes, such as increasing exercise, because of other complicating health
factors. Furthermore, lifestyle change regimens, such as exercise programs and dieting, are often
subject to poor patient adherence which may result in elevated triglyceride and/or cholesterol
levels over time. Pharmacologically reducing triglyceride and/or cholesterol levels 1n subjects
that are mcapable to initially make healthy lifestyle changes not only provides the direct benefits
of reduced triglyceride levels, but may also increase the patient’s condition to a state such that
certain lifestyle changes may be mitiated. Likewise, pharmacological reduction of triglyceride
and/or cholesterol levels 1in subjects capable of but unwilling to make or maintain certain
lifestyle changes may also provide the initial incentive to start or adhere to such lifestyle

changes as, ¢.g., exercise regimens and healthy eating habits.

SUMMARY
[0007] Methods and compositions for reducing triglyceride levels 1in a subject are
provided. The methods include administering a fragment of ANGPTLS to a subject having or at
risk of developing elevated triglycenide levels.
[0008] In certain embodiments, a method for reducing triglyceride levels 1in a subject

having or at risk of developing elevated triglyceride levels 1s provided. The method may include
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administering to the subject a polypeptide comprising a contiguous amino acid sequence having
at least 85% sequence 1dentity (e.g., at least 90%, at least 93%, at least 95%, at least 98%, at
least 99%, or 100% sequence 1dentity) to the amino acid sequence of amino acids 80-198 of
full-length ANGPTLS (SEQ ID NO. 1), where the polypeptide lacks the amino acids 21-74 of
full-length ANGPTLS (SEQ ID NO: 1), and where the polypeptide 1s administered in an amount
cttective to reduce the triglyceride levels in the subject.

[0009] In certain embodiments, the contiguous amino acid sequence may have at least
90% sequence 1dentity to the amino acid sequence of amino acids 80-198 of full-length
ANGPTLS (SEQ ID NO. 1).

[0010] In certain embodiments, the contiguous amino acid sequence has at least 95%
sequence 1dentity to the amino acid sequence of amino acids 80-198 of full-length ANGPTLS
(SEQ ID NO. 1).

[0011] In certain embodiments, a heterologous polypeptide may be conjugated to the N-
terminus or C-terminus of the polypeptide. The heterologous polypeptide may be albumin, such
as human serum albumin, or immunoglobulin Fc. The heterologous polypeptide may be
conjugated to the polypeptide via a linker sequence. In certain cases, the linker sequence may be
a cleavable linker sequence. In other instances, the linker sequence may be a non-cleavable
linker sequence.

[0012] In exemplary methods, the administering may reduce triglyceride levels by at
least 10% compared to triglyceride levels in the subject prior to the administering of the
polypeptide. For example, the administering may reduce triglyceride levels by at least 20% or
30% compared to triglyceride levels 1n the subject prior to the administering of the polypeptide.

[0013] The subject may be overweight, obese, may have diabetes, cardiovascular
disease, hypothyroidism, or a combination thereof.

[0014] Methods and compositions for reducing total cholesterol and LDL cholesterol
levels 1n a subject are provided. The methods include administering a fragment of ANGPTLS to
a subject having or at risk of developing elevated total cholesterol or LDL cholesterol.

[0015] In certain embodiments, a method of reducing total cholesterol levels 1n a subject
having or at risk of developing elevated total cholesterol levels 1s disclosed. The method
includes administering to the subject a polypeptide that includes a contiguous amino acid
sequence having at least 85% sequence 1dentity (e.g., at least 90%, at least 93%, at least 95%, at

least 98%, at least 99%, or 100% sequence 1dentity) to the amino acid sequence of amino acids
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80-198 of full-length ANGPTLS (SEQ ID NO. 1), where the polypeptide lacks the amino acids
21-70 of full-length ANGPTLS (SEQ ID NO: 1), and where the polypeptide 1s administered 1n
an amount effective to reduce the total cholesterol levels 1n the subject.

[0016] In certain embodiments, the administering may reduces total cholesterol levels by
at least 5%, 10%, 20%, or more compared to total cholesterol levels in the subject prior to the
administering of the polypeptide.

[0017] A method of reducing low-density lipoprotein (LDL) cholesterol levels in a
subject having or at risk of developing elevated LDL cholesterol levels 1s also disclosed. The
method may include administering to the subject a polypeptide that includes a contiguous amino
acid sequence having at least 85% sequence 1dentity (e.g., at least 90%, at least 93%, at least
95%, at least 98%, at least 99%, or 100% sequence 1dentity) to the amino acid sequence of
amino acids 80-198 of full-length ANGPTLS (SEQ ID NO. 1), where the polypeptide lacks the
amino acids 21-70 of full-length ANGPTLS (SEQ ID NO: 1), and where the polypeptide 1s
administered 1n an amount effective to reduce the LDL cholesterol levels in the subject.

[0018] In exemplary embodiments, the administering may reduce LDL cholesterol
levels by at least 5%, 10%, 15%, or more compared to LDL cholesterol levels 1n the subject
prior to the administering of the polypeptide.

[0019] The contiguous amino acid sequence of the polypeptide may have at least 90%,
at least 95%, 97%, 99%, or more sequence 1dentity to the amino acid sequence of amino acids
80-198 of full-length ANGPTLS (SEQ ID NO. 1).

[0020] A heterologous polypeptide may be conjugated to the N-terminus or C-terminus
of the polypeptide 1n exemplary cases. The heterologous polypeptide 1s albumin, ¢.g., human
serum albumin, or immunoglobulin Fc¢. The heterologous polypeptide may be conjugated to the
polypeptide via a linker sequence, such as a cleavable or a non-cleavable linker sequence.

[0021] Exemplary subjects include a subject who 1s overweight, obese, has diabetes, has

hypothyroidism, cardiovascular disease or a combination of these conditions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG. 1 indicates that overexpression of ANGPTLS increased plasma triglyceride

1n mice.
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[0023] FIGS. 2A-2C indicate that an ANGPTLS variant (ANGPTLS-V2) suppresses
plasma triglyceride in mice. FIG. 2A. Construct design; FIG. 2B. Plasma triglyceride levels
before overexpression; FIG. 2C. Plasma triglyceride levels after 2 weeks of overexpression by
AAV.

[0024] FIG. 3 indicates that overexpression of ANGPTLSE and ANGPTLE-V?2 affected
triglyceride absorption and/or clearance 1n mice.

[0025] FIG. 4 indicates that overexpression of ANGPTLE-V2 reduced VLDL secretion

1n mice.

DEFINITIONS

[0026] The terms “patient” or “subject” as used interchangeably herein in the context of
therapy, refer to a human and non-human animal, as the recipient of a therapy or preventive
care.

[0027] The terms “treat”, “treating’’, treatment”™ and the like refer to a course of action
(such as administering an agent, €.g., a polypeptide or a pharmaceutical composition comprising
a polypeptide) nitiated after a disease, disorder or condition, or a symptom thereof, has been
diagnosed, observed, and the like so as to eliminate, reduce, suppress, mitigate, or ameliorate,
cither temporarily or permanently, at least one of the underlying causes of a disease, disorder, or
condition afflicting a subject, or at least one of the symptoms associated with a disease,
disorder, condition aftlicting a subject. Thus, treatment includes inhibiting (1.¢., arresting the
development or further development of the disease, disorder or condition or clinical symptoms
assoclated therewith) an active disease.

[0028] The term “in need of treatment™ as used herein refers to a judgment made by a
physician or other caregiver that a subject requires or will benefit from treatment. This judgment
1s made based on a variety of factors that are in the realm of the physician’s or caregiver's
expertise.

[0029] The terms “prevent”, “preventing”’, “prevention’ and the like refer to a course of
action (such as administering an agent, ¢.g., a polypeptide or a pharmaceutical composition
comprising a polypeptide) mitiated 1n a manner (e.g., prior to the onset of a disease, disorder,
condition or symptom thereof) so as to prevent, suppress, inhibit or reduce, either temporarily or

permanently, a subject’s risk of developing a disease, disorder, condition or the like (as

determined by, for example, the absence of clinical symptoms) or delaying the onset thereof,
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generally 1n the context of a subject predisposed to having a particular disease, disorder or
condition. In certain instances, the terms also refer to slowing the progression of the disease,
disorder or condition or inhibiting progression thercof to a harmful or otherwise undesired state.

[0030] The term “in need of prevention™ as used herein refers to a judgment made by a
physician or other caregiver that a subject requires or will benefit from preventative care. This
judgment 1s made based on a variety of factors that are 1n the realm of a physician’s or
carcgiver's expertise.

[0031] The phrase “therapeutically effective amount” refers to the administration of an
agent to a subject, either alone or as a part of a pharmaceutical composition and either in a
single dose or as part of a series of doses, 1n an amount that 1s capable of having any detectable,
positive effect on any symptom, aspect, or characteristics of a disease, disorder or condition
when administered to a patient. The therapeutically effective amount can be ascertained by
measuring relevant physiological effects. The therapeutically effective amount can be adjusted
in connection with the dosing regimen and diagnostic analysis of the subject’s condition and the
like.

[0032] The phrase “in a sufficient amount to effect a change” means that there 1s a
detectable difference between a level of an indicator measured before (¢.g., a baseline level) and
after administration of a particular therapy.

[0033] As used herein, “homologues” or “variants” refers to protein or DNA sequences
that are similar based on their amino acid or nucleic acid sequences, respectively. Homologues
or variants encompass naturally occurring DNA sequences and proteins encoded thereby and
their 1soforms. The homologues also include known allelic or splice variants of a protein/gence.
Homologues and variants also encompass nucleic acid sequences that vary 1in one or more bases
from a naturally-occurring DNA sequence but still translate into an amino acid sequence that
corresponds to the naturally-occurring protein due to degeneracy of the genetic code.
Homologues and variants may also refer to those that differ from the naturally-occurring
sequences by one or more conservative substitutions and/or tags and/or conjugates.

[0034] The terms “polypeptide” and “protein”, used interchangeably herein, refer to a
polymeric form of amino acids, which can include genetically coded and non-genetically coded
amino acids, chemically or biochemically modified or derivatized amino acids, and polypeptides
having modified peptide backbones. The term 1ncludes fusion proteins, including, but not

limited to, fusion proteins with a heterologous amino acid sequence, fusions with heterologous
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and homologous leader sequences, with or without N-terminal methionine residues;
immunologically tagged proteins; and the like.

[0035] The terms “nucleic acid molecule” and “polynucleotide” are used
interchangeably and refer to a polymeric form of nucleotides of any length, either
deoxyribonucleotides or ribonucleotides, or analogs thercof. Non-limiting examples of
polynucleotides include linear and circular nucleic acids, messenger RNA (mRNA), cDNA,
recombinant polynucleotides, vectors, probes, and primers.

[0036] The term “‘heterologous”™ refers to two components that are defined by structures
derived from different sources. For example, where “heterologous” 1s used in the context of a
polypeptide, where the polypeptide includes operably linked amino acid sequences that can be
derived from different polypeptides (e.g., a first component consisting of a tag peptide or protein
and a second component derived from ANGPTLS polypeptide). Similarly, “heterologous” in the
context of a polynucleotide encoding a chimeric polypeptide includes operably linked nucleic
acid sequences that can be derived from different genes (¢.g., a first component from a nucleic
acid encoding a peptide according to an embodiment disclosed herein and a second component
from a nucleic acid encoding a carrier polypeptide). Other exemplary “heterologous” nucleic
acids 1nclude expression constructs in which a nucleic acid comprising a coding sequence 18
operably linked to a regulatory element (€.g., a promoter) that 1s from a genetic origin different
from that of the coding sequence (e.g., to provide for expression in a host cell of interest, which
may be of different genetic origin relative to the promoter, the coding sequence or both). For
example, a T7 promoter operably linked to a polynucleotide encoding a ANGPTLS polypeptide
or domain thercof 18 said to be a heterologous nucleic acid. “Heterologous” in the context of
recombinant cells can refer to the presence of a nucleic acid (or gene product, such as a
polypeptide) that 1s of a different genetic origin than the host cell in which 1t 1s present.

[0037] The term “operably linked” refers to functional linkage between molecules to
provide a desired function. For example, “operably linked” in the context of nucleic acids refers
to a functional linkage between nucleic acids to provide a desired function such as transcription,
translation, and the like, €.g., a functional linkage between a nucleic acid expression control
sequence (such as a promoter or array of transcription factor binding sites) and a second
polynucleotide, wherein the expression control sequence affects transcription and/or translation

of the second polynucleotide. “Operably linked” 1n the context of a polypeptide refers to a
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functional linkage between amino acid sequences (¢.g., of different domains) to provide for a
described activity of the polypeptide.

[0038] As used herein 1n the context of the structure of a polypeptide, “N-terminus” and
“C-terminus” refer to the extreme amino and carboxyl ends of the polypeptide, respectively,
while “N-terminal” and “C-terminal” refer to relative positions in the amino acid sequence of
the polypeptide toward the N-terminus and the C-terminus, respectively, and can include the
residues at the N-terminus and C-terminus, respectively.

[0039] “Derived from™ 1n the context of an amino acid sequence or polynucleotide
sequence (€.g., an amino acid sequence “derived from™ a ANGPTLS polypeptide) 1s meant to
indicate that the polypeptide or nucleic acid has a sequence that 1s based on that of a reference
polypeptide or nucleic acid (e.g., a naturally occurring ANGPTLS -encoding nucleic acid), and
1S not meant to be limiting as to the source or method in which the protein or nucleic acid 1s
made.

[0040] “Isolated” refers to a protein of interest that, 1f naturally occurring, 1s in an
environment different from that in which 1t may naturally occur. “Isolated” 1s meant to include
proteins that are within samples that are substantially enriched for the protein of interest and/or
in which the protein of interest 18 partially or substantially purified. Where the protein 1s not
naturally occurring, “isolated” indicates the protein has been separated from an environment in
which 1t was made by either synthetic or recombinant means.

[0041] “Enriched” means that a sample 1s non-naturally manipulated (¢.g., by a scientist
or a clinician) so that a protein of interest 18 present 1n a greater concentration (¢€.g., at least
three-fold greater, at least 4-fold greater, at least 8-fold greater, at least 64-fold greater, or more)
than the concentration of the protein in the starting sample, such as a biological sample (e.g., a
sample 1n which the protein naturally occurs or in which 1t 1s present after administration), or 1n
which the protein was made (e.g., as in a bacterial protein and the like).

[0042] “Substantially pure” indicates that an agent (¢.g., polypeptide) makes up greater
than about 50% of the total content of the composition (¢.g., total protein of the composition)
and typically, greater than about 60% of the total protein content. More typically, “substantially
pure’”’ refers to compositions 1n which at least 75%, at least 85%, at least 90% or more of the
total composition 1s the agent of interest (e.g., 95% of the total protein). Preferably, the protein
will make up greater than about 90%, and more preferably, greater than about 95% of the total

protein 1n the composition.
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[0043] The term “coding sequence” refers to a nucleic acid sequence that once
transcribed and translated produces a protein, for example, in vivo, when placed under the
control of appropriate regulatory elements. A coding sequence as used herein may have a
continuous ORF or might have an ORF interrupted by the presence of introns or non-coding
sequences. In this embodiment, the non-coding sequences are spliced out from the pre-mRNA to
produce a mature mRNA.

[0044] Before the present invention 1s further described, 1t 1s to be understood that this
invention 1s not limited to particular embodiments described, as such may, of course, vary. It 1s
also to be understood that the terminology used herein 1s for the purpose of describing particular
embodiments only, and 18 not intended to be limiting, since the scope of the present invention
will be limited only by the appended claims.

[0045] Where a range of values 1s provided, 1t 1s understood that each intervening value,
to the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or intervening value 1n that stated
range, 18 encompassed within the invention. The upper and lower limits of these smaller ranges
may independently be included in the smaller ranges, and are also encompassed within the
invention, subject to any specifically excluded limit 1n the stated range. Where the stated range
includes one or both of the limits, ranges excluding either or both of those included limits are
also included in the mnvention.

[0046] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those described
herein can also be used in the practice or testing of the present invention, the preferred methods
and materials are now described. All publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or materials in connection with which the
publications are cited.

[0047] It must be noted that as used herein and 1n the appended claims, the singular
forms ““a,” “‘an,” and “the” include plural referents unless the context clearly dictates otherwise.
Thus, for example, reference to “a dose™ includes a plurality of such doses and reference to “the
polypeptide” includes reference to one or more polypeptides and equivalents thercof known to

those skilled 1n the art, and so forth. It 1s further noted that the claims may be drafted to exclude

any optional element. As such, this statement 1s intended to serve as antecedent basis for use of
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such exclusive terminology as “solely,” “only’ and the like in connection with the recitation of
claim elements, or use of a “negative’ limitation.

[0048] It 1s appreciated that certain features of the invention, which are, for clarity,
described 1n the context of separate embodiments, may also be provided in combination 1n a
single embodiment. Conversely, various features of the invention, which are, for brevity,
described 1n the context of a single embodiment, may also be provided separately or in any
suitable sub-combination. All combinations of the embodiments pertaining to the invention are
specifically embraced by the present invention and are disclosed herein just as if each and every
combination was 1ndividually and explicitly disclosed. In addition, all sub-combinations of the
various embodiments and elements thereof are specifically embraced by the present invention
and are disclosed herein just as 1f each and every such sub-combination was individually and
explicitly disclosed herein.

[0049] The publications discussed herein are provided solely for their disclosure prior to
the filing date of the present application. Nothing herein 1s to be construed as an admission that
the present invention 1s not entitled to antedate such publication by virtue of prior invention.

Further, the dates of publication provided may be different from the actual publication dates

which may need to be independently confirmed.

DETAILED DESCRIPTION

[0050] Mecthods for reducing one or more of triglyceride levels, total cholesterol levels,
and LDL cholesterol levels 1n a subject are provided. In certain embodiments, the methods
include administering a polypeptide of the present disclosure, where the polypeptide 18
administered 1n an amount effective to reduce one or more of the triglyceride levels, total
cholesterol levels, and LDL cholesterol levels in the subject.

[0051] The present disclosure provides the use of polypeptides encompassing fragments
of an amino acid sequence of a ANGPTLS polypeptide and homologues from different species,
and use of such proteins 1n preparation of a formulation for therapy and 1n methods of reducing
triglyceride levels 1n a patient. Exemplary embodiments of such are described below. The
inventors have discovered that while administration of full length ANGPTLS results i elevated
triglyceride levels, a fragment of ANGPTLS lacking an N-terminal region of the full length
ANGPTLS acts as a dominant negative by decreasing triglyceride levels. The fragment contains

coiled-coiled domains present in the full length ANGPTLS.

10
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[0052] The terms “betatrophin’, “betatrophin variant 17, “betatrophin variant 27,
“Angilopoictin-like protein 8”7, “Angptl8”, “Angptl8”, “Lipasin” and “hepatocellular carcinoma-
associated protein TD26” are used interchangeably herein to describe the ANGPTLS protein
(Uniprot ID: UNQ599/PRO1185), expression products of the “ANGPTLS gene”, also known as
“C190rf80”, “hepatocellular carcinoma-associated gene TD267, “TD26”, “PRO1185”,
“PVPAS99” and “RIFL” (NCBI Gene ID:55908). ANGPTLSE encompasses human and murine
variants that arc encoded by the ANGPTLS gene or a gene homologous to the ANGPTLS gene.

[0053] The full length amino acid sequence of human ANGPTLS 1s:

[0054] MPVPALCLLWALAMVTRPASAAPMGGPELAQHEELTLLFHGTLQLGQA
LNGVYRTTEGRLTKARNSLGLYGRTIELLGQEVSRGRDAAQELRASLLETQMEEDILQL
QAEATAEVLGEVAQAQKVLRDSVQRLEVQLRSAWLGPAYREFEVLKAHADKQSHILW
ALTGHVQRQRREMVAQQHRLRQIQERLHTAALPA (SEQ ID NO: 1; predicted signal

peptide 1s underlined). The consensus human genomic locus that encodes ANGPTLSE may be
identified as C190rf80 or NC 018930.2 (SEQ ID NO: 2) which generates a corresponding
mRNA represented by sequence NM 018687.6 (SEQ ID NO: 3).

[0055] In relationship to the human ANGPTLS reference sequence set forth in SEQ ID
NO: 1, human ANGPTLS protein contains a signal peptide from residues 1-21 and a ANGPTLS
chain from resides 22-198 which contains two predicted coiled-coil domains from residues 76-
140 and 165-194.

[0056] In some 1nstances, a polypeptide for use 1in the methods disclosed herein may be
a ANGPTLS fragment that includes a contiguous amino acid sequence having at least 85%
sequence 1dentity to the amino acid sequence of ANGPTLSE (SEQ ID NO. 1), where the
polypeptide lacks an N-terminal segment of ANGPTLS, where the N-terminal segment 1s at
least 70 amino acids long.

[0057] In certain cases, the contiguous amino acid sequence may be up to 125 amino
acids long and may have at least 85%, 90%, 95%, 98%, 99%, or 100% sequence 1dentity to the
amino acid sequence of ANGPTLSE (SEQ ID NO. 1), and lack the first 70 amino acids of the
sequence of SEQ ID NO: 1. In other cases, this contiguous amino acid sequence may be up to
120, 119, 118, 115, 112, or 110 amino acids long and may have at least 85%, 90%, 95%, 98%,
99%, or 100% sequence 1dentity to the amino acid sequence of ANGPTLSE (SEQ ID NO. 1), and
lack the first 70 amino acids of the sequence of SEQ ID NO: 1.

11
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[0058] In some 1nstances, a polypeptide for use in the methods disclosed herein may be
a polypeptide comprising a contiguous amino acid sequence having at least 85% sequence
1dentity to the amino acid sequence of amino acids 80-198 of full-length ANGPTLSE (SEQ ID
NO. 1), wherein the polypeptide lacks the amino acids 21-70 of full-length ANGPTLSE (SEQ ID
NO: 1). In some embodiments, the polypeptide may include a contiguous amino acid sequence
having at least 90%, 95%, 97%, 99%, or 100% sequence 1dentity to the amino acid sequence of
amino acids 80-198 of full-length ANGPTLS (SEQ ID NO. 1), wherein the polypeptide lacks
the amino acids 21-74 of full-length ANGPTLSE (SEQ ID NO: 1).

[0059] In some embodiments, the polypeptide may include a contiguous amino acid
sequence having at least 85%, 90%, 95%, 97%, 99%, or 100% sequence 1dentity to the amino
acid sequence of amino acids 80-198 of full-length ANGPTLS (SEQ ID NO. 1), wherein the
polypeptide lacks the amino acids 21-75, 21-76, 21-77, 21-78, 21-79, 21-80, or 21-85 of full-
length ANGPTLS of SEQ ID NO: 1 and where the contiguous amino acid sequence 1s 118-121,
119-121, 120-121, 121, 117-118, 117-119, 117-120, 118-125, 118-130, 119-135, or 119-140
amino acids long, such as 140, 130, 120, 122, 121, 117, 119, or 110 amino acids long.

[0060] In certain cases, the polypeptide may include a contiguous amino acid sequence
having at least 85%, 90%, 95%., 97%, 99%, or 100% sequence 1dentity to the amino acid
sequence of amino acids 76-140 of full-length ANGPTLS (SEQ ID NO. 1).

[0061] In certain cases, the polypeptide may include a contiguous amino acid sequence
having at least 85%, 90%, 95%., 97%, 99%, or 100% sequence 1dentity to the amino acid
sequence of amino acids 165-194 of full-length ANGPTLS (SEQ ID NO. 1).

[0062] In certain cases, the polypeptide may include a contiguous amino acid sequence
that includes a first contiguous amino acid sequence operably linked to a second contiguous
amino acid sequence, where the first contiguous amino acid sequence has at least 85%, 90%,
95%., 97%, 99%, or 100% sequence 1dentity to the amino acid sequence of amino acids 76-140
of full-length ANGPTLS (SEQ ID NO. 1) and the second contiguous amino acid sequence has
at least 85%, 90%, 95%, 97%, 99%, or 100% sequence 1dentity to the amino acid sequence of
amino acids 165-194 of full-length ANGPTLS (SEQ ID NO. 1). In certain embodiments, the
first and second contiguous amino acid sequences may be joined via an intervening sequence,
such as a linker sequence, ¢.g., a linker sequence provided herein.

[0063] In some 1nstances, a polypeptide for use in the methods disclosed herein may be

a polypeptide comprising a contiguous amino acid sequence having at least 85% sequence

12
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identity(e.g., at least 90%, at least 93%, at least 95%, at least 98%, at least 99%, or 100%
sequence 1dentity) to residues 80-198 of SEQ ID NO:1 and, ¢.g., may be represented by the
amino acid sequence
LGQEVSRGRDAAQELRASLLETQMEEDILQLQAEATAEVLGEVAQAQKVLRDSVQRLE
VQLRSAWLGPAYREFEVLKAHADKQSHILWALTGHVQRQRREMVAQQHRLRQIQERL
HTAALPA (SEQ ID NO: 35).

[0064] In some 1nstances, a polypeptide for use in the methods disclosed herein may be
a polypeptide comprising an amino acid sequence having at least 85% sequence 1dentity (e.g., at
least 90%, at least 93%, at least 95%, at least 98%, at least 99%, or 100% sequence 1dentity) to:

[0065] MPVPALCLLWALAMVTRPASAVSRGRDAAQELRASLLETQMEEDILQL
QAEATAEVLGEVAQAQKVLRDSVQRLEVQLRSAWLGPAYREFEVLKAHADKQSHILW
ALTGHVQRQRREMVAQQHRLRQIQERLHTAALPA (SEQ ID NO: 16)

[0066] In certain embodiments of the present disclosure, an ANGPTLS of the instant
disclosure may be a ANGPTLS derived from mouse ANGPTLS. The consensus protein
sequence of mouse ANGPTLE (Gm6484, NCBI RefSeq NP 001074409.1) 1s:

[0067] MAVLALCLLWTLASAVRPAPVAPLGGPEPAQYEELTLLFHGALQLGQAL
NGVYRATEARLTEAGHSLGLYDRALEFLGTEVRQGQDATQELRTSLSEIQVEEDALHL
RAEATARSLGEVARAQQALRDTVRRLQVQLRGAWLGQAHQEFETLKARADKQSHLL
WALTGHVQRQQREMAEQQQWLRQIQQRLHTAALPA (SEQ ID NO: 6; the signal peptide
1s underlined). Mouse ANGPTLS contains a signal peptide from residues 1-15 of SEQ ID NO: 6
and a ANGPTLS chain from resides 16-198 of SEQ ID NO: 6. In some instances, a ANGPTLS

peptide of interest may contain all or a portion of the C-terminal coiled-coil domain of mouse
ANGPTLS residues 77-198 of SEQ ID NO: 6 and, ¢.g., may be represented by the amino acid
sequence
LGTEVRQGQDATQELRTSLSEIQVEEDALHLRAEATARSLGEVARAQQALRDTVRRLQ
VQLRGAWLGQAHQEFETLKARADKQSHLLWALTGHVQRQQREMAEQQQWLRQIQQ
RLHTAALPA (SEQ ID NO: 7).

[0068] In some instances, a ANGPTLS of the instant disclosure may be represented by
on¢ or more natural variants, €.g., as compared to the above described reference protein
sequence or the reference DNA sequences provided above. Such natural variants will vary and
may 1nclude, but are not limited to, a W for R substitution at position 59 of SEQ ID NO:1 and a
Q for R substitution at position 147 of SEQ ID NO:1.

13
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[0069] Variants of a ANGPTLS of the instant disclosure may in some cases be
represented by protein sequences having one or more amino acid deletions of varying length,
including deletions ranging from 1-180 amino acids in length as compared to the ANGPTLS
protein sequence set forth in SEQ ID NO:1, including but not limited to deletions of 1, 2, 3, 4, 5,
6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70,71,72,73,74,75,76,77,78,79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 9%, 99, 100, 101, 102, 103, 104, 103,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, or 180
amino acids 1n length. In some 1nstances, a ANGPTLS variant may contain an amino acid
deletion of 59 amino acids 1n length from residues 21-79 of the ANGPTLS protein sequence of
SEQ ID NO:1.

[0070] Amino acid deletions of subject ANGPTLS variants are not limited to internal
amino acids or internal sequences of amino acids and 1n some instances may be represented by
N-terminal or C-terminal truncations. For example, a ANGPTLS variant of the instant
disclosure may have a N-terminal truncation or a C-terminal truncation ranging anywhere from
1-180 amino acids 1n length, including but not lmited to 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40,41, 42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 38, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70,71, 72,73,74,75,76,77,78, 79, 80, 81, 82, 83, 84, 83, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 9%, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111,112,113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167,
168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, or 180 amino acids in length. In
certain instances, a ANGPTLS variant of the subject disclosure may represent an N-terminal
deletion of amino acids 1-79 of the ANGPTLS of SEQ ID NO:1.

[0071] In certain embodiments of the present disclosure, a peptide of interest in the

instant disclosure may be derived from a ANGPTLS related gene or contain a portion of a
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ANGPTLS related protein. In certain instances, a peptide of the instant disclosure may be
derived from one or more angiopoictin (ANG) family proteins, €.g., including but not limited to
angiopoictin-1 (ANG-1, GenBank: AAM92271.1), angiopoictin-2 (ANG-2, GenBank:
AAI43903.1), anglopoietin-3 (ANG-3, GenBank: AAD31728.1), angiopoictin-4 (ANG-4,
GenBank: AAI11977.1), angiopoictin-like Protein 1 (ANGPTLI1; GenBank: AAH50640.1),
anglopoictin-like Protein 2 (ANGPTL2; GenBank: AIC50961.1), angiopoictin-like Protein 3
(ANGPTL3; GenBank: AAHO07059.1), angiopoictin-like Protein 4 (ANGPTL4; GenBank:
AIC56388.1), angiopoictin-like Protein 5 (ANGPTLS; GenBank: AAQ&89186.1), angiopoietin-
like Protein 6 (ANGPTL6; GenBank: AAI42633.1) and anglopoietin-like Protein 7 (ANGPTLY;
GenBank: AIC50550.1). For example, 1in certain embodiments a subject polypeptide of the
instant disclosure may be derived from or contain a portion of a human angiopoictin-like 2
polypeptide (AAH12368.1) of the amino acid sequence:

[0072] MRPLCVTCWWLGLLAAMGAVAGQEDGFEGTEEGSPREFIYLNRYKRAG
ESQDKCTYTFIVPQQRVTGAICVNSKEPEVLLENRVHKQELELLNNELLKQKRQIETLQ
QLVEVDGGIVSEVKLLRKESRNMNSRVTQLYMQLLHEIIRKRDNALELSQLENRILNQT
ADMLQLASKYKDLEHKYQHLATLAHNQSEITAQLEEHCQRVPSARPVPQPPPAAPPRV
YQPPTYNRIINQISTNEIQSDQNLKVLPPPLPTMPTLTSLPSSTDKPSGPWRDCLQALEDG
HDTSSIYLVKPENTNRLMQVWCDQRHDPGGWTVIQRRLDGSVNFFRNWETYKQGFGN
IDGEYWLGLENIYWLTNQGNYKLLVTMEDWSGRKVFAEYASFRLEPESEYYKLRLGR
YHGNAGDSFTWHNGKQFTTLDRDHDVYTGNCAHYQKGGWWYNACAHSNLNGVWY
RGGHYRSRYQDGVYWAEFRGGSYSLKKVVMMIRPNPNTFH (SEQ ID NO: 8).

[0073] In some 1nstances, peptides of the instant disclosure that contain a peptide of a
ANGPTLS related protein may contain only a portion or a particular domain or a portion of a
particular domain of the ANGPTLS related protein. For example, in one embodiment, a peptide
of interest may contain a portion of a human angiopoictin-like 2 polypeptide, ¢.g., represented

by the amino acid sequence
LENRVHKQELELLNNELLKQKRQIETLQQLVEVDGGIVSEVKLLRKESRNMNSRVTQL
YMQLLHEIIRKRDNALELSQLENRILNQTADMLQLASKYKDLEHKYQHLATLAHNQSE

[1A (SEQ ID NO: 9).
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Nucleic acid and protein sequences
[0074] The subject polypeptide may be generated using recombinant techniques to

manipulate nucleic acids of different ANGPTLE known 1n the art to provide constructs encoding
a protein of interest. It will be appreciated that, provided an amino acid sequence, the ordinarily
skilled artisan will immediately recognize a variety of different nucleic acids encoding such
amino acid sequence 1n view of the knowledge of the genetic code.

[0075] In some 1nstances, a ANGPTLS of the instant disclosure may be expressed from
a fragment of the recombinant cDNA having the sequence:

[0076] ATGCCAGTGCCTGCTCTGTGCCTGCTCTGGGCCCTGGCAATGGTGACC
CGGCCTGCCTCAGCGGCCCCCATGGGCGGCCCAGAACTGGCACAGCATGAGGAGCT
GACCCTGCTCTTCCATGGGACCCTGCAGCTGGGCCAGGCCCTCAACGGTGTGTACA
GGACCACGGAGGGACGGCTGACAAAGGCCAGGAACAGCCTGGGTCTCTATGGCCG
CACAATAGAACTCCTGGGGCAGGAGGTCAGCCGGGGCCGGGATGCAGCCCAGGAA
CTTCGGGCAAGCCTGTTGGAGACTCAGATGGAGGAGGATATTCTGCAGCTGCAGGC
AGAGGCCACAGCTGAGGTGCTGGGGGAGGTGGCCCAGGCACAGAAGGTGCTACGG
GACAGCGTGCAGCGGCTAGAAGTCCAGCTGAGGAGCGCCTGGCTGGGCCCTGCCTA
CCGAGAATTTGAGGTCTTAAAGGCTCACGCTGACAAGCAGAGCCACATCCTATGGG
CCCTCACAGGCCACGTGCAGCGGCAGAGGCGGGAGATGGTGGCACAGCAGCATCG
GCTGCGACAGATCCAGGAGAGACTCCACACAGCGGCGCTCCCAGCCTGA (SEQ ID
NO:4) or variants thercof, including but not limited to variants having one or more silent
mutations of the above cDNA sequence, including, ¢.g., 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 1-10, 10-20, 20-30, 30-40, 40-
50, 50-60, 60-70, 70-80, 80-90, 90-100, 100-110, 110-120, 120-130, 130-140, 140-150, 150-
160, 160-170, 170-180, 180-190, and 190-200 silent mutations.

[0077] The skilled artisan will readily recognize that the protein and gene features
disclosed herein with reference to human ANGPTLE may be independently located on or the
presence or absence of such features 1n a related gene or protein determined by amino acid or
nucleotide alignment of related the related sequence to the appropriate human reference
sequence. Exemplary related homologous gene sequences to human ANGPTLS include but are
not limited to C19H190rt80 of P. troglodytes, C20H190rt80 of C. lupus, C7TH190rt80 of B.
taurus, Gm6484 of M. musculus, and LOC100361444 of R. norvegicus. Exemplary related

homologous protein sequences to human ANGPTLS include but are not limited to
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XP 003316163.1, XP 005632923.1, XP 005208869.1, NP 001074409.1 and
NP 001258639.1.

[0078] Further paralogous genes related to human ANGPTLS include but are not limited
to clg8h190rt80 of Poecilia reticulata, c2h190rt80 of Anolis carolinensis, COH190rt80 of
Chlorocebus sabaeus, C3H190rt80 of Monodelphis domestica, CA2H190rt80 of Felis catus,
C7H190rt80 of Capra hircus, CTH190rt80 of Equus caballus, CI9H190rt80 of Macaca
fascicularis, CSH190rt80 of Microtus ochrogaster, C19H190rt80 of Gorilla gorilla,
C19H190rt80 of Papio anubis, LOC102508050 of Camelus ferus, C22H190rt80 of Callithrix
jacchus, LOC103783638 of Pan paniscus, LOC103734570 of Nannospalax galili,
LOC103678678 of Ursus maritimus, LOC103591351 of Galeopterus variegatus,
LOC103543218 of Equus przewalskii, LOC103301110 of Eptesicus fuscus, LOC103249447 of
Tarsius syrichta, LOC103207899 ot Orycteropus afer afer, LOC103170718 of Ornithorhynchus
anatinus, LOC103162524 of Cricetulus griseus, LOC103007216 of Balaenoptera acutorostrata
scammoni, LOC102983429 of Physeter catodon, LOC102964797 ot Panthera tigris altaica,
LOC102906929 of Peromyscus maniculatus bairdii, LOC102888052 of Pteropus alecto,
LOC102862909 of Elephantulus edwardii, LOC102759590 of Myotis davidii, LOC102747799
of Leptonychotes weddellii, LOC102483995 of Tupaia chinensis, LOC102440177 of Myotis
lucifugus, LOC102416148 of Bubalus bubalis, LOC102335494 of Pantholops hodgsonii,
LOC102267376 of Bos mutus, LOC102244580 of Myotis brandtii, LOC102016286 of
Chinchilla lanigera, LOC101972143 of Ictidomys tridecemlineatus, LOC101826982 of
Mesocricetus auratus, LOC101706461 of Heterocephalus glaber, LOC101670309 of Mustela
putorius furo, LOC101660529 of Echinops telfairi, LOC101599511 of Jaculus jaculus,
LOC101568418 of Octodon degus, LOC101392854 of Ceratotherium simum simum,
LOC101362133 of Odobenus rosmarus divergens, LOC101350564 of Trichechus manatus
latirostris, LOC1013366353 of Tursiops truncatus and LOC101284684 of Orcinus orca.

Protein modifications
[0079] The proteins used 1n the present disclosure can be provided as proteins that are
modified. Purposes of the modifications may be to increase a property desirable 1n a protein

formulated for therapy (e.g. serum half-life), to raise antibody for use 1n detection assays, and/or

for protein purification, and the like.
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[0080] One way to modify a subject protein 1s to conjugate (¢.g. link) one or more
additional elements at the N- and/or C-terminus of the protein, such as another protein (e.g.
having an amino acid sequence heterologous to the subject protein) and/or a carrier molecule.
Thus, an exemplary protein can be provided as a fusion protein with a polypeptide(s) derived
from an immunoglobulin Fc polypeptide.

[0081] Conjugate modifications to proteins may result in a protein that retains the
desired activity, while exploiting properties of the second molecule of the conjugate to impart
and/or enhance certain properties (¢.g. desirable for therapeutic uses). For example, the
polypeptide may be conjugated to a molecule, ¢.g., to facilitate solubility, storage, half-life,
reduction 1n immunogenicity, controlled release 1n tissue or other bodily location (e.g., blood or
other particular organs, etc.).

[0082] Other features of a conjugated protein may include one where the conjugate
reduces toxicity relative to an unconjugated protein. Another feature 1s that the conjugate may
target a type of cell or organ more efficiently than an unconjugated material. The protein can
optionally have attached a drug to further counter the causes or effects associated with disorders
of metabolism (e.g., drug for decreasing triglyceride level), and/or can optionally be modified to
provide for improved pharmacokinetic profile (e.g., by PEGylation, hyperglycosylation, and the
like).

[0083] In certain embodiments, the polypeptide sequences disclosed herein may be
conjugated to a heterologous polypeptide that increases 1n vivo hale life (e.g., serum half) and/or
solubility (¢.g., decrease aggregate formation when expressed from a host cell line or decrease
aggregation during purification from a host cell line).

[0084] Any of the foregoing components and molecules used to modity the polypeptide
sequences of the present disclosure may optionally be conjugated via a linker. Suitable linkers
include “flexible linkers” which are generally of sufficient length to permit some movement
between the modified polypeptide sequences and the linked components and molecules. The
linker molecules can be about 6-50 atoms long. The linker molecules may also be, for example,
aryl acetylene, cthylene glycol oligomers containing 2-10 monomer units, diamines, diacids,
amino acids, or combinations thercof. Suitable linkers can be readily selected and can be of any
suitable length, such as 1, 2, 3,4, 5,6, 7,8, 9, 10, 10-20, 20-30, 30-50 amino acids.

[0085] Exemplary flexible linkers include glycine polymers (G),, glycine-alanine
polymers, alanine-serine polymers, glycine-serine polymers (for example, (G,So)n, (GSGGS),
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(SEQ ID NO: 18), (GmSoGm)n, (GmScGmScGm)a (SEQ ID NO: 19), (GSGGSH). (SEQ ID NO:
20), (GSGSLG)a (SEQ ID NO: 21) and (GGGSh)a (SEQ ID NO: 22), and combinations thercof,
where m, n, and o are cach independently selected from an integer of at least 1 to 20, ¢.g., 1-18,
2-16, 3-14,4-12, 5-10, 1, 2, 3,4, 5,6, 7, 8,9, or 10), and other flexible linkers. Glycine and
glycine-serine polymers are relatively unstructured, and therefore may serve as a neutral tether
between components. Exemplary flexible linkers include, but are not limited to GGSG (SEQ ID
NO: 23), GGSGG (SEQ ID NO: 24), GSGSG (SEQ ID NO: 25), GSGGG (SEQ ID NO: 26),
GGGSG (SEQ ID NO: 27), and GSSSG (SEQ ID NO: 28).

[0086] Additional flexible linkers include glycine polymers (G), or glycine-serine
polymers (¢.g., (GS),, (GSGGS), (SEQ ID NO: 18), (GGGS), (SEQ ID NO: 29) and (GGGGS),
(SEQ ID NO: 32), where n=1 to 50, for example, 1, 2, 3,4, 5, 6,7, 8,9, 10, 10-20, 20-30, 30-50.
Exemplary flexible linkers include, but are not limited to GGGS (SEQ ID NO: 31), GGGGS
(SEQ ID NO: 32), GGSG (SEQ ID NO: 23), GGSGG (SEQ ID NO: 24), GSGSG (SEQ ID NO:
25), GSGGG (SEQ ID NO: 26), GGGSG (SEQ ID NO: 27), and GSSSG (SEQ ID NO: 28). A
multimer (¢.g., 1,2, 3,4,5,6,7,8,9, 10, 10-20, 20-30, or 30-50) of these linker sequences may
be linked together to provide flexible linkers that may be used to conjugate a heterologous
amino acid sequence to the polypeptides disclosed herein. As described herein, the heterologous
amino acid sequence may be a signal sequence and/or a fusion partner, such as, albumin, Fc

sequence, and the like.

METHODS OF PRODUCTION

[0087] The proteins of the present disclosure can be produced by any suitable method,
including recombinant and non-recombinant methods (¢.g., chemical synthesis). Where a
polypeptide 1s chemically synthesized, the synthesis may proceed via liquid-phase or solid-
phase. Solid-phase synthesis (SPPS) allows the incorporation of unnatural amino acids and/or
peptide/protein backbone modification. Various forms of SPPS, such as Fmoc and Boc, are
available for synthesizing peptides of the present disclosure. Details of the chemical synthesis
arc known 1n the art (¢.g. Ganesan A. 2006 Mini Rev. Med Chem. 6:3-10 and Camarero JA et al.
2005 Protein Pept Lett. 12:723-8). Brietfly, small insoluble, porous beads are treated with
functional units on which peptide chains are built. After repeated cycling of
coupling/deprotection, the free N-terminal amine of a solid-phase attached peptide 1s coupled to

a single N-protected amino acid unit. This unit 1s then deprotected, revealing a new N-terminal
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amine¢ to which a further amino acid may be attached. The peptide remains immobilized on the
solid-phase and undergoes a filtration process betfore being cleaved off.

[0088] Where the protein 1s produced using recombinant techniques, the proteins may be
produced as an intracellular protein or as a secreted protein, using any suitable construct and any
suitable host cell, which can be a prokaryotic or cukaryotic cell, such as a bacterial (e.g. E. coli)
or a yeast host cell, respectively.

[0089] Other examples of eukaryotic cells that may be used as host cells include insect
cells, mammalian cells, and/or plant cells. Where mammalian host cells are used, the cells may
include one or more of the following: human cells (e.g. HeLa, 293, H9 and Jurkat cells); mouse
cells (e.g., NIH3T3, L cells, and C127 cells); primate cells (¢.g. Cos 1, Cos 7 and CV1) and
hamster cells (e.g., Chinese hamster ovary (CHO) cells).

[0090] In certain embodiments, the subject proteins when expressed 1n a cell may
include a signal sequence which may be cleaved off when the protein 1s secreted out of the cell.

[0091] A wide range of host-vector systems suitable for the expression of the subject
protein may be employed according to standard procedures known 1n the art. See for example,
Sambrook et al. 1989 Current Protocols in Molecular Biology Cold Spring Harbor Press, New
York and Ausubel et al. 1995 Current Protocols in Molecular Biology, Eds. Wiley and Sons.

[0092] Mcthods for introduction of genetic material into host cells include, for example,
transformation, electroporation, conjugation, calcium phosphate methods and the like. The
method for transfer can be selected so as to provide for stable expression of the introduced
ANGPTLS-encoding nucleic acid. The polypeptide-encoding nucleic acid can be provided as an
inheritable episomal element (e.g., plasmid) or can be genomically integrated. A variety of
appropriate vectors for use in production of a polypeptide of interest are available commercially.

[0093] Vectors can provide for extrachromosomal maintenance 1n a host cell or can
provide for integration into the host cell genome. The expression vector provides transcriptional
and translational regulatory sequences, and may provide for inducible or constitutive expression,
where the coding region 1s operably linked under the transcriptional control of the
transcriptional initiation region, and a transcriptional and translational termination region. In
general, the transcriptional and translational regulatory sequences may include, but are not
limited to, promoter sequences, ribosomal binding sites, transcriptional start and stop sequences,
translational start and stop sequences, and enhancer or activator sequences. Promoters can be

cither constitutive or inducible, and can be a strong constitutive promoter (e.g., T7, CMV, and
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the like). In certain embodiments, the proteins of the present disclosure may be expressed from a
nucleic acid construct in which a heterologous promoter 1s operably linked to a nucleic acid
sequence encoding the protein.

[0094] Expression constructs generally have convenient restriction sites located near the
promoter sequence to provide for the msertion of nucleic acid sequences encoding proteins of
interest. A selectable marker operative in the expression host may be present to facilitate
selection of cells containing the vector. In addition, the expression construct may include
additional elements. For example, the expression vector may have one or two replication
systems, thus allowing it to be maintained 1n organisms, for example in mammalian or insect
cells for expression and 1n a prokaryotic host for cloning and amplification. In addition the
expression construct may contain a selectable marker gene to allow the selection of transformed
host cells. Selectable genes are well known in the art and will vary with the host cell used.

[0095] Isolation and purification of a protein can be accomplished according to methods
known 1n the art. For example, a protein can be 1solated from a lysate of cells genetically
modified to express the protein constitutively and/or upon induction, or from a synthetic
reaction mixture, by immunoaffinity purification, which generally involves contacting the
sample with an anti- protein antibody, washing to remove non-specifically bound material, and
cluting the specifically bound protein. The 1solated protein can be further purified by dialysis
and other methods normally employed in protein purification methods. In one embodiment, the
protein may be 1solated using metal chelate chromatography methods. Protein of the present
disclosure may contain modifications to facilitate 1solation, as discussed above.

[0096] The subject proteins may be prepared in substantially pure or 1solated form (¢.g.,
free from other polypeptides). The protein can be present in a composition that 1s enriched for
the polypeptide relative to other components that may be present (e.g., other polypeptides or
other host cell components). Purified protein may be provided such that the protein 1s present 1n
a composition that 1s substantially free of other expressed proteins, €.g., less than 90%, usually
less than 60% and more usually less than 50% of the composition 1s made up of other expressed

proteins.

COMPOSITIONS
[0097] The present disclosure provides compositions comprising a subject protein,

which may be administered to a subject in need of reducing one or more of triglyceride levels,
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total cholesterol levels, and LDL levels. In certain cases, the composition may include a subject
polypeptide as described herein and a pharmaceutically acceptable excipient.

[0098] The polypeptides of the present disclosure may be in the form of compositions
suitable for administration to a subject. In general, such compositions are “pharmaceutical
compositions’” comprising on¢ or more polypeptides and one or more pharmaceutically
acceptable or physiologically acceptable diluents, carriers or excipients. In certain
embodiments, the polypeptides are present in a therapeutically effective amount. The
pharmaceutical compositions may be used 1n the methods of the present disclosure; thus, for
example, the pharmaceutical compositions can be administered €x vivo or 1n vivo to a subject in
order to practice the therapeutic and prophylactic methods and uses described herein.

[0099] The pharmaceutical compositions of the present disclosure can be formulated to
be compatible with the intended method or route of administration; exemplary routes of
administration are set forth herein. Furthermore, the pharmaceutical compositions may be used
in combination with other therapeutically active agents or compounds (¢.g., an appetite
suppressing agent) i order to treat or prevent the diseases, disorders and conditions as
contemplated by the present disclosure.

[00100] The pharmaceutical compositions typically comprise a therapeutically
cttective amount of at least one of the polypeptides contemplated by the present disclosure and
on¢ or more pharmaceutically or physiologically acceptable formulation agents. Suitable
pharmaceutically acceptable or physiologically acceptable diluents, carriers or excipients
include, but are not limited to, antioxidants (e.g., ascorbic acid and sodium bisulfate),
preservatives (€.g., benzyl alcohol, methyl parabens, ethyl or n-propyl, p-hydroxybenzoate),
emulsifying agents, suspending agents, dispersing agents, solvents, fillers, bulking agents,
detergents, bufters, vehicles, diluents, and/or adjuvants. For example, a suitable vehicle may be
physiological saline solution or citrate buffered saline, possibly supplemented with other
materials common in pharmaceutical compositions for parenteral administration. Neutral
buffered saline or saline mixed with serum albumin are further exemplary vehicles. Those
skilled 1n the art will readily recognize a variety of buffers that could be used in the
pharmaceutical compositions and dosage forms. Typical buffers include, but are not limited to,
pharmaceutically acceptable weak acids, weak bases, or mixtures thercof. As an example, the
buffer components can be water soluble materials such as phosphoric acid, tartaric acids, lactic

acid, succinic acid, citric acid, acetic acid, ascorbic acid, aspartic acid, glutamic acid, and salts

22



CA 02954082 2016-12-30

WO 2016/054494 PCT/US2015/053700

thercof. Acceptable butfering agents include, for example, a Tris buffer, N-(2-
Hydroxyethyl)piperazine-N'-(2-cthanesulfonic acid) (HEPES), 2-(N-Morpholino)ethanesulfonic
acid (MES), 2-(N-Morpholino)ethanesulfonic acid sodium salt (MES), 3-(N-
Morpholino)propanesulfonic acid (MOPS), and N-tris|Hydroxymethyl |methyl-3-
aminopropancsulfonic acid (TAPS).

[00101] After a pharmaceutical composition has been formulated, 1t may be stored
in sterile vials as a solution, suspension, gel, emulsion, solid, or dehydrated or lyophilized
powder. Such formulations may be stored either in a ready-to-use form, a lyophilized form
requiring reconstitution prior to use, a liquid form requiring dilution prior to use, or other
acceptable form. In some embodiments, the pharmaceutical composition 1s provided 1n a single-
use container (€.g., a single-use vial, ampoule, syringe, or autoinjector (similar to, ¢.g., an
Ep1Pen®)), whereas a multi-use container (€.g., a multi-use vial) 1s provided 1n other
embodiments. Any drug delivery apparatus may be used to deliver the polypeptides, including
implants (¢.g., implantable pumps) and catheter systems, both of which are well known to the
skilled artisan. Depot injections, which are generally administered subcutancously or
intramuscularly, may also be utilized to release the polypeptides disclosed herein over a defined
period of time. Depot injections are usually either solid- or o1l-based and generally comprise at
lecast one of the formulation components set forth herein. One of ordinary skill 1n the art 1s
familiar with possible formulations and uses of depot injections.

[00102] The pharmaceutical compositions may be 1in the form of a sterile
injectable aqueous or oleagenous suspension. This suspension may be formulated according to
the known art using those suitable dispersing or wetting agents and suspending agents
mentioned herein. The sterile 1njectable preparation may also be a sterile injectable solution or
suspension 1n a non-toxic parenterally-acceptable diluent or solvent, for example, as a solution
in 1,3-butane diol. Acceptable diluents, solvents and dispersion media that may be employed
include water, Ringer's solution, 1sotonic sodium chloride solution, Cremophor EL™ (BASF,
Parsippany, NJ) or phosphate buttered saline (PBS), ethanol, polyol (¢.g., glycerol, propylene
olycol, and liquid polyethylene glycol), and suitable mixtures thereof. In addition, sterile, fixed
oils are conventionally employed as a solvent or suspending medium. For this purpose any
bland fixed o1l may be employed including synthetic mono- or diglycerides. Morcover, fatty

acids such as oleic acid find use in the preparation of injectables. Prolonged absorption of
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particular injectable formulations can be achieved by including an agent that delays absorption
(¢.g., aluminum monostearate or gelatin).

[00103] The pharmaceutical compositions containing the active ingredient (e.g.,
polypeptides of the present disclosure) may be 1n a form suitable for oral use, for example, as
tablets, capsules, troches, lozenges, aqueous or oily suspensions, dispersible powders or
oranules, emulsions, hard or soft capsules, or syrups, solutions, microbeads or elixirs.
Pharmacecutical compositions intended for oral use may be prepared according to any method
known to the art for the manufacture of pharmaceutical compositions, and such compositions
may contain on¢ or more agents such as, for example, sweetening agents, flavoring agents,
coloring agents and preserving agents 1n order to provide pharmaceutically elegant and palatable
preparations. Tablets, capsules and the like contain the active ingredient in admixture with non-
toxic pharmaceutically acceptable excipients which are suitable for the manufacture of tablets.
These excipients may be, for example, diluents, such as calcium carbonate, sodium carbonate,
lactose, calcium phosphate or sodium phosphate; granulating and disintegrating agents, for
example, corn starch, or alginic acid; binding agents, for example starch, gelatin or acacia, and
lubricating agents, for example magnesium stearate, stearic acid or talc.

[00104] The tablets, capsules and the like suitable for oral administration may be
uncoated or coated by known techniques to delay disintegration and absorption in the
gastrointestinal tract and thereby provide a sustained action. For example, a time-delay material
such as glyceryl monostearate or glyceryl distearate may be employed. They may also be
coated by techniques known 1n the art to form osmotic therapeutic tablets for controlled release.
Additional agents include biodegradable or biocompatible particles or a polymeric substance
such as polyesters, polyamine acids, hydrogel, polyvinyl pyrrolidone, polyanhydrides,
polyglycolic acid, ethylene-vinylacetate, methylcellulose, carboxymethylcellulose, protamine
sulfate, or lactide/glycolide copolymers, polylactide/glycolide copolymers, or
cthylenevinylacetate copolymers 1n order to control delivery of an administered composition.
For example, the oral agent can be entrapped 1n microcapsules prepared by coacervation
techniques or by 1nterfacial polymerization, by the use of hydroxymethylcellulose or gelatin-
microcapsules or poly (methylmethacrolate) microcapsules, respectively, or in a colloid drug
delivery system. Colloidal dispersion systems include macromolecule complexes, nano-
capsules, microspheres, microbeads, and lipid-based systems, including oil-in-water emulsions,

micelles, mixed micelles, and liposomes. Methods of preparing liposomes are described in, for
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cxample, U.S. Patent Nos. 4,235,871, 4,501,728, and 4,837,028. Mecthods for the preparation of
the above-mentioned formulations will be apparent to those skilled 1n the art.

[00105] Formulations for oral use may also be presented as hard gelatin capsules
wherein the active ingredient 1s mixed with an inert solid diluent, for example, calcium
carbonate, calcium phosphate, kaolin or microcrystalline cellulose, or as soft gelatin capsules
wherein the active ingredient 1s mixed with water or an o1l medium, for example peanut oil,
liquid paraftin, or olive oil.

[00106] Aqueous suspensions contain the active materials in admixture with
excipients suitable for the manufacture thercof. Such excipients can be suspending agents, for
example sodium carboxymethylcellulose, methylcellulose, hydroxy-propylmethylcellulose,
sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting
agents, for example a naturally-occurring phosphatide (¢.g., lecithin), or condensation products
of an alkylene oxide with fatty acids (e.g., polyoxy-cthylene stearate), or condensation products
of ethylene oxide with long chain aliphatic alcohols (¢.g., for heptadecacthylencoxycetanol), or
condensation products of ethylene oxide with partial esters derived from fatty acids and a
hexitol (e.g., polyoxyethylene sorbitol monooleate), or condensation products of ethylene oxide
with partial esters derived from fatty acids and hexitol anhydrides (e.g., polyethylene sorbitan
monooleate). The aqueous suspensions may also contain one or more preservatives.

[00107] O1ly suspensions may be formulated by suspending the active ingredient
in a vegetable o1l, for example arachis o1l, olive o1l, sesame o1l or coconut o1l, or 1n a mineral o1l
such as liquid paraffin. The oily suspensions may contain a thickening agent, for example
beeswax, hard paratfin or cetyl alcohol. Sweetening agents such as those set forth above, and
flavoring agents may be added to provide a palatable oral preparation.

[00108] Dispersible powders and granules suitable for preparation of an aqueous
suspension by the addition of water provide the active ingredient in admixture with a dispersing
or wetting agent, suspending agent and one or more preservatives. Suitable dispersing or
wetting agents and suspending agents are exemplified herein.

[00109] The pharmaceutical compositions of the present disclosure may also be 1n
the form of oil-in-water emulsions. The oily phase may be a vegetable oil, for example olive oil
or arachis oil, or a mineral o1l, for example, liquid parattin, or mixtures of these. Suitable
emulsifying agents may be naturally-occurring gums, for example, gum acacia or gum

tragacanth; naturally-occurring phosphatides, for example, soy bean, lecithin, and esters or
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partial esters derived from fatty acids; hexitol anhydrides, for example, sorbitan monooleate;
and condensation products of partial esters with ethylene oxide, for example, polyoxyethylene
sorbitan monooleate.

[00110] Formulations can also include carriers to protect the composition against
rapid degradation or elimination from the body, such as a controlled release formulation,
including implants, liposomes, hydrogels, prodrugs and microencapsulated delivery systems.
For example, a time delay material such as glyceryl monostearate or glyceryl stearate alone, or
in combination with a wax, may be employed.

[00111] The present disclosure contemplates the administration of the
polypeptides in the form of suppositories for rectal administration of the drug. The
suppositories can be prepared by mixing the drug with a suitable non-irritating excipient which
1s solid at ordinary temperatures but liquid at the rectal temperature and will therefore melt 1n
the rectum to release the drug. Such materials include, but are not limited to, cocoa butter and
polyethylene glycols.

[00112] The polypeptides contemplated by the present disclosure may be 1n the
form of any other suitable pharmaceutical composition (¢.g., sprays for nasal or inhalation usc)
currently known or developed 1n the future.

[00113] The concentration of a polypeptide or fragment thereof 1n a formulation
can vary widely (e.g., from less than about 0.1%, usually at or at least about 2% to as much as
20% to 50% or more by weight) and will usually be selected primarily based on fluid volumes,
viscosities, and subject-based factors 1n accordance with, for example, the particular mode of
administration selected.

[00114] Contemplated herein 1s the use of Nano Precision Medical’s depot
delivery technology (Nano Precision Medical, Emeryville, CA). The technology utilizes a
titania nanotube membrane that produces zero-order release rates of macromolecules, such as
protein and peptide therapeutics. The biocompatible membrane 1s housed 1n a small,
subcutancous implant that provides long-term (e.g., up to on¢ year), constant-rate delivery of
therapeutic macromolecules. The technology 1s currently being evaluated for the delivery of
GLP-1 agonists for the treatment of Type 11 diabetes. In certain embodiments, the polypeptide(s)
disclosed herein may be a formulation with a membrane. For example, the polypeptide may be

impregnated into the membrane or surrounded by the membrane. The membrane may be 1n
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shape of a disc, tube or sphere. In certain embodiments, the tube may be a nanotube or the
sphere may be a nanosphere.

[00115] A subject pharmaceutical composition can include a polypeptide as
provided herein. For example, the subject pharmaceutical composition can include a polypeptide
comprising a contiguous amino acid sequence having at least 85% sequence 1dentity (e.g., at
least 90%, at least 93%, at least 95%, at least 98%, at least 99%, or 100% sequence 1dentity) to
the amino acid sequence of amino acids 80-198 of full-length ANGPTLS (SEQ ID NO. 1),
wherein the polypeptide lacks the amino acids 21-75 of full-length ANGPTLS (SEQ ID NO: 1);

and a pharmaceutically acceptable excipient.

PATIENT POPULATIONS

[00116] The present disclosure provides a method for reducing triglyceride levels
in a subject having elevated triglyceride levels. The present disclosure provides a method for
reducing total cholesterol levels 1n a subject having elevated total cholesterol levels. Exemplary
methods include reducing LDL cholesterol levels 1n a subject having high LDL cholesterol
levels.

[00117] Elevated triglyceride levels are associated with conditions such as
cardiovascular disease, heart disecase, myocardial infarction, stroke, atherosclerosis, diabetes,
chronic renal disease, hyperlipidemias, pancreatitis, chylomicronemia, eruptive xanthomata and
abdominal pain. Severe hypertriglyceridemia, in particular, 1s associated with chylomicronemia
and eruptive xanthomata, abdominal pain, and/or pancreatitis. High triglyceride levels, in
particular, are associated with diabetes mellitus, chronic renal disease, certain primary
hyperlipidemias. In addition, elevated triglyceride levels are a compounding factor for
conditions that increase the risk of cardiovascular disease including obesity, hypertension, and
cigarette smoking.

[00118] Hyperlipoproteinemia associated with elevated triglyceride levels may be
secondary hyperlipoproteinemia. Secondary hyperlipoproteinemia associated with elevated
triglyceride levels 1s associated with and a compounding factor of several conditions, such as
obesity, excessive alcohol intake, and the use of a variety of drugs, including thiazide diuretics,
oral contraceptives and other estrogens, and some beta-adrenergic blocking drugs. In addition,
secondary hyperlipoproteinemia associated with elevated triglyceride levels 1s further associated

with diabetes mellitus, hypothyroidism, renal disease (uremia, nephrotic syndrome, maintenance
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dialysis, and renal transplantation), liver disease, dysproteinemias, and other metabolic and
endocrine discases.

[00119] Elevated triglyceride levels are also associated with acute stress
assoclated conditions. Acute stress associated states associated with elevated triglyceride levels
include but are not limited to burns, trauma, myocardial infarction and sepsis.

[00120] Elevated triglyceride levels may, 1n some instances, be the result of one
or more familial or genetic conditions either directly or indirectly. In some 1nstances, such
familial or genetic conditions do not respond to direct or indirect treatment of elevated
triglyceride levels. Persistent hypertriglyceridemia, including hypertriglyceridemia that persists
despite treatment of the underlying condition, may be associated with or caused by a primary
form of hyperlipoproteinemia, such as familial hypertriglyceridemia. Further familiar conditions
associated with elevated triglyceride levels include familial combined lipidemia and familial
dysbetalipoproteinemia (Type III hyperlipoproteinemia).

[00121] High cholesterol levels (total cholesterol and LDL cholesterol) are
strongly associated with cardiovascular disease because these promote atheromatous plaques
development 1n arteries (atherosclerosis). This disease process may lead to myocardial
infarction (heart attack), stroke, and peripheral vascular discase.

[00122] As such, patients with any of the above listed conditions may be treated
by administering the polypeptides described herein.

[00123] It 18 understood that the conditions listed herein are exemplary and not
meant to limit the conditions that may be treated using the compositions described herein. As
such, patients having other conditions may also be treated using the compositions provided

herein.

METHODS

[00124] The subject methods involve administering the subject proteins to a
patient who has clevated triglyceride levels. As used herem “elevated triglyceride levels™ or
“high triglyceride levels” refer to triglyceride levels greater than an optimal level of
triglycerides in a body fluid sample of a human. The American Heart Association (AHA)
recommends that a triglyceride level of 100 mg/dL or lower 1s considered optimal. “Elevated

triglyceride levels” or “high triglyceride levels” refer to triglyceride levels greater than 100
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mg/dL, ¢.g., greater than 150 mg/dL, 200 mg/dL, 250 mg/dL, 300 mg/dL, 350 mg/dL, 400
mg/dL, 450 mg/dL, or 500 mg/dL, or more.

[00125] The subject methods involve administering the proteins disclosed herein
to a patient who has triglyceride levels greater than 100 mg/dL, ¢.g., greater than about 150
mg/dL, 200 mg/dL, 250 mg/dL, 300 mg/dL, 350 mg/dL, 400 mg/dL, 450 mg/dL, 500 mg/dL or
more 1n a body fluid sample of the patient.

[00126] Subjects having, suspected of having, or at risk of developing elevated
triglyceride levels can be administered a polypeptide as described herein to treat the patient.
Subjects who have family history of elevated triglyceride levels or lifestyle, such as a sedentary
lifestyle and/or a diet high 1 triglycerides, that may lead to elevated triglyceride levels can be
considered as at risk of developing elevated triglyceride levels.

[00127] The present disclosure provides a method for reducing total cholesterol
levels 1n a subject having clevated total cholesterol levels. As used herein, “elevated total
cholesterol levels” or “high total cholesterol levels” refer to total cholesterol levels that are
higher than normal total cholesterol levels of about less than 200 mg/dL. Elevated total
cholesterol levels encompass levels higher than 200 mg/dL, ¢.g., 210 mg/dL, 220 mg/dL, 240
mg/dL, 250 mg/dL, or more.

[00128] The present disclosure provides a method for reducing LDL cholesterol
levels 1n a subject having elevated LDL cholesterol levels. As used herein, “clevated LDL
cholesterol levels” or “high LDL cholesterol levels” refer to LDL levels above 70 mg/dL, ¢.g.,
above 100 mg/dL, 120 mg/dL, 130 mg/dL, 150 mg/dL, 160 mg/dL, 180 mg/dL, 190 mg/dL, or
more.

[00129] Patients with any of the above listed conditions may have elevated total
cholesterol and/or LDL cholesterol. In certain cases, the present method may be used to reduce
total cholesterol and/or LDL cholesterol 1in a patient who 1s at risk for heart discase or has heart
disease. Subjects who have family history of elevated total cholesterol and/or LDL cholesterol
or lifestyle, such as a sedentary lifestyle and/or a diet high 1n cholesterol, that may lead to
clevated total cholesterol and/or LDL cholesterol levels can be considered as at risk of
developing elevated total cholesterol and/or LDL cholesterol levels.

[00130] By “treatment” 18 meant that at least an amelioration of the symptoms
associated with the condition afflicting the host 1s achieved, where amelioration refers to at least

a reduction 1in the magnitude of a parameter, ¢.g. symptom, associated with the condition being

29



CA 02954082 2016-12-30

WO 2016/054494 PCT/US2015/053700

treated. As such, treatment includes situations where the condition, or at least symptoms
associated therewith, are reduced or avoided. Thus treatment includes: (1) prevention, that 1s,
reducing the risk of development of clinical symptoms, including causing the clinical symptoms
not to develop, €.g., preventing disease progression to a harmful or otherwise undesired state;
(1) inhibition, that 1s, arresting the development or further development of clinical symptoms,
¢.g., mitigating or completely mhibiting an active disease.

[00131] In the methods of the present disclosure, protein compositions described
herein can be administered to a subject (¢.g. a human patient) to, for example, achieve and/or
maintain a target triglyceride level, ¢.g., to reduce triglyceride level 1n the bloodstream to a
range found 1n a healthy individual. Subjects for treatment include those having a condition as
described herein.

[00132] The subject methods may achieve a reduction of at least 5% or more 1n
the triglyceride levels of a subject being administered a polypeptide comprising a contiguous
amino acid sequence having at Ieast 85% sequence 1dentity to the amino acid sequence of amino
acids 80-198 of full-length ANGPTLS (SEQ ID NO. 1), wherein the polypeptide lacks the
amino acids 21-74 of full-length ANGPTLS (SEQ ID NO: 1). For example, the administering of
the subject polypeptide may reduce the triglyceride levels of the subject by at least 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, or more.

[00133] Triglyceride levels may be measured using any standard assay. For
example, triglyceride levels may be measured 1n saliva, urine, blood, serum or plasma sample of
a subject by using an enzymatic assay, ¢€.g., using a lipase. Any of the commercially available
kits may be used measure triglyceride levels 1n a body fluid sample of a patient. In certain
embodiments, the body fluid sample may be blood, serum, or plasma.

[00134] The subject methods may achieve a reduction of at least 5% or more 1n
the total cholesterol and/or LDL cholesterol levels of a subject being administered a polypeptide
that includes a contiguous amino acid sequence having at least 85% sequence 1dentity to the
amino acid sequence of amino acids 80-198 of full-length ANGPTLS (SEQ ID NO. 1), where
the polypeptide lacks the amino acids 21-74 of full-length ANGPTLS (SEQ ID NO: 1). For
example, the administering of the subject polypeptide may reduce the total cholesterol and/or
LDL cholesterol levels of the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,

45%, or more.

30



CA 02954082 2016-12-30

WO 2016/054494 PCT/US2015/053700

Routes of administration

[00135] The present disclosure contemplates the administration of the disclosed
polypeptides, and compositions thercof, in any appropriate manner. Suitable routes of
administration include parenteral (e.g., intramuscular, intravenous, subcutancous (e.g., injection
or implant), intraperitoneal, intracisternal, intraarticular, intraperitoneal, intracerebral
(intraparenchymal) and intracercbroventricular), oral, nasal, vaginal, sublingual, intraocular,
rectal, topical (e.g., transdermal), sublingual and inhalation. In certain embodiments,
administration may be subcutancous.

[00136] Depot injections, which are generally administered subcutancously or
intramuscularly, may also be utilized to release the polypeptides disclosed herein over a defined
period of time. Depot injections are usually either solid- or o1l-based and generally comprise at
Icast one of the formulation components set forth herein. One of ordinary skill 1n the art 18
familiar with possible formulations and uses of depot 1njections.

[00137] The present disclosure contemplates methods wherein the polypeptides of
the present disclosure are administered to a subject at least twice daily, at least once daily, at
least once every 48 hours, at least once every 72 hours, at least once weekly, at least once every
2 weeks, at least once monthly, at least once every 2 months, or at least once every 3 months, or

less frequently.

Combination therapy
[00138] Any of a wide variety of therapies directed to treating or preventing

clevated triglyceride levels can be combined in a composition or therapeutic method with the
subject proteins.

[00139] “Combination” as used herein 1s meant to include therapies that can be
administered separately, e.g. formulated separately for separate administration (e.g., as may be
provided in a kit), as well as for administration in a single formulation (i.e., “co-formulated”).
Examples of agents that may be provided in a combination therapy include statins, fibrates,
niacin, and fish oil.

[00140] Where the subject protein 1s administered in combination with one or
more other therapies, the combination therapy can be administered anywhere from
simultanecously to up to 5 hours or more, ¢.g., 10 hours, 15 hours, 20 hours or more, prior to or

after administration of a subject protein. In certain embodiments, a subject protein and other
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therapeutic intervention are administered or applied sequentially, ¢.g., where a subject protein 1s
administered before or after another therapeutic treatment. In yet other embodiments, a subject
protein and other therapy are administered simultancously, ¢.g., where a subject protein and a
second therapy are administered at the same time, ¢.g., when the second therapy 1s a drug 1t can
be administered along with a subject protein as two separate formulations or combined 1nto a
single composition that 1s administered to the subject. Regardless of whether administered
sequentially or simultaneously, as 1llustrated above, the treatments are considered to be

administered together or in combination for purposes of the present disclosure.

Dosages

[00141] In the methods described herein, a therapeutically effective amount of a
subject protein 1s administered to a patient in need thercof. For example, a therapeutically
cttective amount of the subject protein causes the triglyceride levels to decrease by at Ieast
about 5% compared to the triglyceride levels determined prior to the treatment of the patient
with the subject polypeptide. In certain cases, the subject protein causes return of triglyceride
levels to a normal level when the subject protein 1s delivered to the bloodstream 1n an effective
amount to a patient who did not have normal triglyceride levels prior to being treated.

[00142] In exemplary methods, a therapeutically effective amount of a subject
protein 18 administered to a patient in need thercof. For example, a therapeutically effective
amount of the subject protein causes the total cholesterol levels and/or LDL cholesterol levels to
decrease by at least about 5% compared to the levels determined prior to the treatment of the
patient with the subject polypeptide. In certain cases, the subject protein causes return of total
cholesterol levels and/or LDL cholesterol levels to normal levels when the subject protein 1s
delivered to the bloodstream in an effective amount to a patient who did not have normal total
cholesterol levels and/or LDL cholesterol levels prior to being treated.

[00143] The amount administered varies depending upon the goal of the
administration, the health and physical condition of the individual to be treated, age, the degree
of resolution desired, the formulation of a subject protein, the activity of the subject proteins
employed, the treating clinician's assessment of the medical situation, the condition of the
subject, and the body weight of the subject, as well as the severity of the condition, and other
relevant factors. The size of the dose will also be determined by the existence, nature, and extent

of any adverse side-effects that might accompany the administration of a particular protein.

32



CA 02954082 2016-12-30

WO 2016/054494 PCT/US2015/053700

[00144] It 1s expected that the amount will fall in a relatively broad range that can
be determined through routine trials. For example, the amount of subject protein employed to
decrease one or more of triglycerides, total cholesterol and LDL cholesterol 1s not more than
about the amount that could otherwise be irreversibly toxic to the subject (1.¢., maximum
tolerated dose). In other cases, the amount 1s around or even well below the toxic threshold, but
still 1n an effective concentration range, or even as low as threshold dose.

[00145] Individual doses are typically not less than an amount required to produce
a measurable effect on the subject, and may be determined based on the pharmacokinetics and
pharmacology for absorption, distribution, metabolism, and excretion (“ADME”) of the subject
protein or 1ts by-products, and thus based on the disposition of the composition within the
subject. This includes consideration of the route of administration as well as dosage amount,
which can be adjusted for enteral (applied via digestive tract for systemic or local effects when
retained 1n part of the digestive tract) or parenteral (applied by routes other than the digestive
tract for systemic or local effects) applications. For instance, administration of a subject protein
1s typically via injection and often subcutancous, intravenous, intramuscular, or a combination
thereof.

[00146] An eftective dose (ED) 1s the dose or amount of an agent that produces a
therapeutic response or desired effect in some fraction of the subjects taking 1it. The “median
cttective dose” or EDsg of an agent 1s the dose or amount of an agent that produces a therapeutic
response or desired effect in 50% of the population to which 1t 1s administered. Although the
EDso 1s commonly used as a measure of reasonable expectance of an agent’s effect, 1t 1s not
necessarily the dose that a clinician might deem appropriate taking into consideration all
relevant factors.

[00147] In some embodiments, the effective amount 1s the same as the calculated
EDsg, and 1n certain embodiments the effective amount 18 an amount that 18 more than the
calculated EDsg. In certain embodiments the effective amount 1s an amount that 1s less than the
calculated ED+y.

[00148] An effective amount of a protein may also be an amount that 1s effective,
when administered 1n one or more doses, to decrease triglyceride levels of an individual by at
least about 5%, at least about 10%, at least about 20%, at least about 25%, at least about 30%, at
least about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%,

or more than 80%, compared to triglyceride levels in the individual prior to the treatment.
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[00149] Further examples of dose per administration may be at less than 10 ug,
less than 2 ug, or less than 1 ug. Dose per administration may also be more than 50 ug, more
than 100 ug, more than 300 ug up to 600 ug or more. An example of a range of dosage per

weight 1s about 0.1 ng/kg to about 1 ug/kg, up to about 1 mg/kg or more. Effective amounts and
dosage regimens can readily be determined empirically from assays, from safety and escalation
and dose range trials, as well as 1n vitro and 1n vivo assays known 1n the art.

[00150] The term “unit dosage form,” as used herein, refers to physically discrete
units suitable as unitary dosages for human and animal subjects, each unit containing a
predetermined quantity of proteins of the present disclosure calculated in an amount sufficient to
produce the desired effect in association with a pharmaceutically acceptable diluent, carrier or
vehicle. The specifications for the novel unit dosage forms depend on the particular protein
employed and the effect to be achieved, and the pharmacodynamics associated with each protein

1n the host.

KITS

[00151] Also provided by the present disclosure are kits for using the
compositions disclosed herein and for practicing the methods, as described above. The kits may
be provided for administration of the subject protein 1n a subject in need of treatment or
prevention of one or more of high triglyceride levels, high total cholesterol levels, and high LDL
cholesterol. The kit can include one or more of the proteins disclosed herein, which may be
provided 1n a sterile container, and can be provided in a formulation with a suitable
pharmaceutically acceptable excipient for administration to a subject. The proteins can be
provided with a formulation that 1s ready to be used as 1t 1s or can be reconstituted to have the
desired concentrations. Where the proteins are provided to be reconstituted by a user, the kit
may also provide buffers, pharmaceutically acceptable excipients, and the like, packaged
separately from the subject protein. The proteins of the present kit may be formulated separately
or 1n combination with other drugs.

[00152] In addition to above-mentioned components, the kits can further include
instructions for using the components of the kit to practice the subject methods. The instructions
for practicing the subject methods are generally recorded on a suitable recording medium. For
cxample, the instructions may be printed on a substrate, such as paper or plastic, etc. As such,

the mstructions may be present in the kits as a package insert, 1n the labeling of the container of
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the kit or components thercof (1.¢., associated with the packaging or subpackaging) etc. In other
embodiments, the instructions are present as an electronic storage data file present on a suitable
computer readable storage medium, ¢.g. CD-ROM, diskette, etc. In yet other embodiments, the
actual mstructions are not present in the kit, but means for obtaining the instructions from a
remote source, €.g. via the internet, are provided. An example of this embodiment 1s a kit that
includes a web address where the instructions can be viewed and/or from which the istructions
can be downloaded. As with the instructions, the means for obtaining the instructions 1s

recorded on a suitable substrate.

EXAMPLES

[00153] The following examples are put forth so as to provide those of ordinary
skill 1n the art with a complete disclosure and description of how to make and use the present
invention, and are not intended to limit the scope of what the inventors regard as their invention
nor are they intended to represent that the experiments below are all or the only experiments
performed. Efforts have been made to ensure accuracy with respect to numbers used (€.g.
amounts, temperature, etc.) but some experimental errors and deviations should be accounted
for. Unless indicated otherwise, parts are parts by weight, molecular weight 1s weight average
molecular weight, temperature 18 in degrees Celsius, and pressure 1s at or near atmospheric.
Standard abbreviations may be used, €.g., bp, base pair(s); kb, kilobase(s); pl, picoliter(s); s or
sec, second(s); min, minute(s); h or hr, hour(s); aa, amino acid(s); kb, kilobase(s); bp, base
pair(s); nt, nucleotide(s); 1.m., intramuscular(ly); 1.p., intraperitoneal(ly); s.c., subcutancous(ly);

and the like.

[00154] While the present invention has been described with reference to the
specific embodiments thereof, it should be understood by those skilled 1n the art that various
changes may be made and equivalents may be substituted without departing from the true spirit
and scope of the invention. In addition, many modifications may be made to adapt a particular
situation, material, composition of matter, process, process step or steps, to the objective, spirit
and scope of the present invention. All such modifications are intended to be within the scope of

the claims appended hereto.
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Materials and Methods

Construction of AAV Vectors:

[00155] Polymerase chain reaction (PCR) was conducted according to
manufacturer’s instructions. PCR reagents kits with Phusion® high-fidelity DNA polymerase
were purchased from New England BioLabs (F-530L, Ipswich, MA). The reactions were set up
according to manufacturer’s mstructions. Amplified DNA fragments containing full-length
hANGPTLS and variants thercof were digested with restriction enzymes Xbal and BamHI (or
Xbal and BgllII for ANGPTLS8-V2) and were then ligated with AAV transgene vectors that had
been digested with the same restriction enzymes. The vector used for expression contained a
selectable marker and an expression cassette composed of a strong cukaryotic promoter 5° of a
site for insertion of the cloned coding sequence, followed by a 3’ untranslated region and bovine
growth hormone polyadenylation tail. The expression construct is also flanked by internal
terminal repeats at the 5° and 3’ ends.

[00156] The PCR primer sequences were as follows:
ANGPTLS:

Forward: TACATATCTAGAATGCCAGTGCCTGCTCTGTG (SEQ ID NO: 10)
Reverse: CGCGGATCCTCAGGCTGGGAGCGCCGC (SEQ ID NO: 11)
ANGPTLE-V1:

Forward: TACATATCTAGAATGCCAGTGCCTGCTCTGTG (SEQ ID NO:12)

Reverse: CGCGGATCCTCACTCCTGCCCCAGGAGTTC (SEQ ID NO:13)

Mouse Model:

[00157] Si1x-week old male C57BL/6 mice (Research Diets, catalog # D12492N1)
received a one-time tail vein injection of recombinant AAV (rAAV). Mouse body weight and
serum triglyceride levels were determined at various time points.

Plasma Triglyceride Assay:

[00158] Plasma was collected by tail snip. Triglyceride was measured using L-
type triglyceride M kit following manufacturer’s instruction.

Oral Lipid Tolerance Test:

[00159] Mice were gavaged with 10 uL/g corn o1l (Mazola corn o1l by ACH food
companies, Inc., Memphis, TN). Tail blood was collected at 0, 80, 145 minutes after corn oil.

Triglyceride was measured using L-type triglyceride M kit following manufacturer’s instruction.

36



CA 02954082 2016-12-30

WO 2016/054494 PCT/US2015/053700

VLDL Secretion Test:

[00160] Mice were 1injected with 10 uL/g of Tyloxapol (Sigma, St. Louis, MO) to
block endogenous LPL activity. Tail blood was collected at 1h, 2h, and 4.5h after injection.
Triglyceride levels were measured using L-type triglyceride M kit (Wako Chemicals,

Richmond, VA) following manufacturer’s instruction.

Example 1: Overexpression of ANGPTLS by AAV in mice
[00161] This example describes the metabolic effect of ANGPTLS 1 mice treated

with an adeno-associated virus (AAV) vector overexpressing either mouse or human full-length
ANGPTLS. AAVs were mjected through the tail vein into mice. Plasma triglyceride levels
were measured 1n tail blood weekly. As shown 1n FIG. 1, overexpression of ANGPTLS
significantly increased plasma triglyceride (data shown are at week 4 post-injection, same trend
was scen throughout the course of the study). Overexpression of another related family

member, ANGPTL2, did not significantly affect plasma triglyceride levels.

Example 2: Overexpression of ANGPTLS8-V2 reduced plasma triglvceride in mice

[00162] As depicted 1in FIG. 2A, variants of ANGPTLS were made with deletion
of either the N- or the C-terminus. Endogeous signal peptides (SP) were retained with both
constructs. AAVs were 1njected through the tail vein into mice. Overexpression of full-length
ANGPTLS significantly increased plasma triglyceride levels (FIG. 2B-C). Conversely,
overexpression of ANGPTLS8-V1 did not affect levels of plasma triglycerides, suggesting that
the C-terminus 1s essential for the triglyceride-raising action. Unexpectedly, overexpression of
ANGPTLS-V2 resulted in marked suppression of plasma triglyceride. This shows that
ANGPTLSE-V2 functions as a dominant negative form.

Example 3: Mechanism of etfect of ANGPTLS and variants on plasma triglyceride

[00163] As depicted 1in FIG. 3, an oral lipid tolerance test was used to evaluate
how variants of ANGPTLS impact levels of plasma triglycerides. Overexpression of full-length
ANGPTLS greatly impaired the clearance of plasma triglyceride. In contrast, overexpression of
ANGPTLE-V2 resulted 1n a dramatic improvement of lipid tolerance, suggesting the occurrence
of reduced lipid absorption and/or enhanced clearance. Potential impact on very low density

lipoportein (VLDL) secretion was also evaluated. Triglycerides are secreted by the liver as part
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of VLDL. In this test, endogeous triglyceride clearance was inhibited by applying a LPL
inhibitor, Tyloxapol. Overexpression of ANGPTLE-V2 resulted 1in a markedly reduced
accumulation of plasma triglycerides, suggesting that ANGPTLE-V2 suppresses VLDL

secretion from the hiver (FIG. 4).

[00164] The following sequences were used 1n these studies:
Full-length hANGPTLS:
[00165] MPVPALCLLWALAMVTRPASAAPMGGPELAQHEELTLLFHGTLQ

LGQALNGVYRTTEGRLTKARNSLGLYGRTIELLGQEVSRGRDAAQELRASLLETQMEE
DILQLQAEATAEVLGEVAQAQKVLRDSVQRLEVQLRSAWLGPAYREFEVLKAHADKQ
SHILWALTGHVQRQRREMVAQQHRLRQIQERLHTAALPA (SEQ ID NO:1)

Full-length hANGPTLSE cDNA:

[00166] ATGCCAGTGCCTGCTCTGTGCCTGCTCTGGGCCCTGGCAATGGT
GACCCGGCCTGCCTCAGCGGCCCCCATGGGCGGCCCAGAACTGGCACAGCATGAGG
AGCTGACCCTGCTCTTCCATGGGACCCTGCAGCTGGGCCAGGCCCTCAACGGTGTG
TACAGGACCACGGAGGGACGGCTGACAAAGGCCAGGAACAGCCTGGGTCTCTATG
GCCGCACAATAGAACTCCTGGGGCAGGAGGTCAGCCGGGGCCGGGATGCAGCCCA
GGAACTTCGGGCAAGCCTGTTGGAGACTCAGATGGAGGAGGATATTCTGCAGCTGC
AGGCAGAGGCCACAGCTGAGGTGCTGGGGGAGGTGGCCCAGGCACAGAAGGTGCT
ACGGGACAGCGTGCAGCGGCTAGAAGTCCAGCTGAGGAGCGCCTGGCTGGGCCCT
GCCTACCGAGAATTTGAGGTCTTAAAGGCTCACGCTGACAAGCAGAGCCACATCCT
ATGGGCCCTCACAGGCCACGTGCAGCGGCAGAGGCGGGAGATGGTGGCACAGCAG
CATCGGCTGCGACAGATCCAGGAGAGACTCCACACAGCGGCGCTCCCAGCCTGA
(SEQ ID NO:4)

ANGPTLS8-V1:

[00167] MPVPALCLLWALAMVTRPASAAPMGGPELAQHEELTLLFHGTLQ
LGQALNGVYRTTEGRLTKARNSLGLYGRTIELLGQE (SEQ ID NO:14)

ANGPTL8-VI1cDNA:

[00168] ATGCCAGTGCCTGCTCTGTGCCTGCTCTGGGCCCTGGCAATGGT
GACCCGGCCTGCCTCAGCGGCCCCCATGGGCGGCCCAGAACTGGCACAGCATGAGG
AGCTGACCCTGCTCTTCCATGGGACCCTGCAGCTGGGCCAGGCCCTCAACGGTGTG
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TACAGGACCACGGAGGGACGGCTGACAAAGGCCAGGAACAGCCTGGGTCTCTATG
GCCGCACAATAGAACTCCTGGGGCAGGAG (SEQ ID NO: 15)

ANGPTLS8-V2:

[00169] MPVPALCLLWALAMVTRPASAVSRGRDAAQELRASLLETQMEE
DILQLQAEATAEVLGEVAQAQKVLRDSVQRLEVQLRSAWLGPAYREFEVLKAHADKQ
SHILWALTGHVQRQRREMVAQQHRLRQIQERLHTAALPA (SEQ ID NO: 16)

ANGPTLE-V2 cDNA:.

[00170] ATGCCAGTGCCTGCTCTGTGCCTGCTCTGGGCCCTGGCAATGGT
GACCCGGCCTGCCTCAGCGGTCAGCCGGGGCCGGGATGCAGCCCAGGAACTTCGGG
CAAGCCTGTTGGAGACTCAGATGGAGGAGGATATTCTGCAGCTGCAGGCAGAGGCC
ACAGCTGAGGTGCTGGGGGAGGTGGCCCAGGCACAGAAGGTGCTACGGGACAGCG
TGCAGCGGCTAGAAGTCCAGCTGAGGAGCGCCTGGCTGGGCCCTGCCTACCGAGAA
TTTGAGGTCTTAAAGGCTCACGCTGACAAGCAGAGCCACATCCTATGGGCCCTCAC
AGGCCACGTGCAGCGGCAGAGGCGGGAGATGGTGGCACAGCAGCATCGGCTGCGA
CAGATCCAGGAGAGACTCCACACAGCGGCGCTCCCAGCCTGA (SEQ ID NO: 17)
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CLAIMS

What 1s claimed 1s:

1. A method of reducing triglyceride levels 1n a subject having or at risk of
developing clevated triglyceride levels, the method comprising:

administering to the subject a polypeptide comprising a contiguous amino acid sequence
having at least 85% sequence 1dentity to the amino acid sequence of amino acids 80-198 of full-
length ANGPTLS (SEQ ID NO. 1),

wherei the polypeptide lacks the amino acids 21-70 of full-length ANGPTLS (SEQ ID
NO: 1), and

wherein the polypeptide 1s administered 1n an amount effective to reduce the triglyceride

levels 1n the subject.

2. The method of claim 1, wherein the contiguous amino acid sequence has at least

90% sequence 1dentity to the amino acid sequence of amino acids 80-198 of full-length

ANGPTLS (SEQ ID NO. 1).

3. The method of any one of claims 1-2, wherein the contiguous amino acid

sequence has at least 95% sequence 1dentity to the amino acid sequence of amino acids 80-198

of full-length ANGPTLS (SEQ ID NO. 1).

4, The method of any one of claims 1-2, wherein the contiguous amino acid

sequence has at least 97% sequence 1dentity to the amino acid sequence of amino acids 80-198

of full-length ANGPTLS (SEQ ID NO. 1).

5. The method of any one of claims 1-2, wherein the contiguous amino acid

sequence has at least 99% sequence 1dentity to the amino acid sequence of amino acids 80-198

of full-length ANGPTLS (SEQ ID NO. 1).

0. The method of any one of claims 1-5, wherein a heterologous polypeptide 18

conjugated to the N-terminus or C-terminus of the polypeptide.
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7. The method of claim 6, wherein the heterologous polypeptide 1s albumin.

8. The method of any one of claims 6 or 7, wherein the heterologous polypeptide 18

human serum albumin.

9. The method of claim 6, wherein the heterologous polypeptide 1s immunoglobulin

Fc.

10.  The method of any one of claims 6-9, wherein the heterologous polypeptide 1s

conjugated to the polypeptide via a linker sequence.

11.  The method of claim 10, wherein the linker sequence 1s a cleavable linker
sequence.

12.  The method of claim 10, wherein the linker sequence 1s a non-cleavable linker
sequence.

13. The method of any one of claims 1-12, wherein the administering reduces

triglyceride levels by at least 5% compared to triglyceride levels in the subject prior to the

administering of the polypeptide.

14.  The method of any one of claims 1-13, wherein the administering reduces
triglyceride levels by at least 10% compared to triglyceride levels in the subject prior to the

administering of the polypeptide.
15. The method of any one of claims 1-14, wherein the administering reduces
triglyceride levels by at least 20% compared to triglyceride levels in the subject prior to the

administering of the polypeptide.

16.  The method of any one of claims 1-15, wherein the subject 1s overweight or 1S

obese.
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17.  The method of any on¢ of claims 1-15, wherein the subject has diabetes.

18.  The method of any one of claims 1-15, wherein the subject has hypothyroidism.

19. A method of reducing total cholesterol levels in a subject having or at risk of
developing elevated total cholesterol levels, the method comprising:

administering to the subject a polypeptide comprising a contiguous amino acid sequence
having at least 85% sequence 1dentity to the amino acid sequence of amino acids 80-198 of full-
length ANGPTLS (SEQ ID NO. 1),

wherein the polypeptide lacks the amino acids 21-70 of full-length ANGPTLS (SEQ ID
NO: 1), and

wherein the polypeptide 1s administered 1n an amount effective to reduce the total

cholesterol levels in the subject.

20.  The method of claim 19, wherein the administering reduces total cholesterol
levels by at least 5% compared to total cholesterol levels in the subject prior to the

administering of the polypeptide.

21.  The method of claim 19, wherein the administering reduces total cholesterol
levels by at least 10% compared to total cholesterol levels in the subject prior to the

administering of the polypeptide.

22.  The method of claim 19, wherein the administering reduces total cholesterol
levels by at least 20% compared to total cholesterol levels 1n the subject prior to the

administering of the polypeptide.

23. A method of reducing low-density lipoprotein (LDL) cholesterol levels in a
subject having or at risk of developing elevated LDL cholesterol levels, the method comprising:
administering to the subject a polypeptide comprising a contiguous amino acid sequence

having at least 85% sequence 1dentity to the amino acid sequence of amino acids 80-198 of full-

length ANGPTLS (SEQ ID NO. 1),
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wherein the polypeptide lacks the amino acids 21-70 of full-length ANGPTLS (SEQ ID
NO: 1), and
wherein the polypeptide 1s administered 1n an amount effective to reduce the LDL

cholesterol levels 1n the subject.

24.  The method of claim 23, wherein the administering reduces LDL cholesterol
levels by at least 5% compared to LDL cholesterol levels in the subject prior to the

administering of the polypeptide.

25.  The method of claim 23, wherein the administering reduces LDL cholesterol
levels by at least 10% compared to LDL cholesterol levels 1in the subject prior to the
administering of the polypeptide.

26.  The method of claim 23, wherein the administering reduces LDL cholesterol
levels by at least 20% compared to LDL cholesterol levels 1n the subject prior to the
administering of the polypeptide.

27.  The method of any one of claims 19-26, wherein the contiguous amino acid

sequence has at least 90% sequence 1dentity to the amino acid sequence of amino acids 80-198

of full-length ANGPTLS (SEQ ID NO. 1).

28.  The method of any one of claims 19-26, wherein the contiguous amino acid

sequence has at least 95% sequence 1dentity to the amino acid sequence of amino acids 80-198

of full-length ANGPTLS (SEQ ID NO. 1).

29.  The method of any one of claims 19-26, wherein the contiguous amino acid

sequence has at least 97% sequence 1dentity to the amino acid sequence of amino acids 80-198

of full-length ANGPTLS (SEQ ID NO. 1).

30.  The method of any one¢ of claims 19-26, wherein the contiguous amino acid

sequence has at least 99% sequence 1dentity to the amino acid sequence of amino acids 80-198

of full-length ANGPTLS (SEQ ID NO. 1).
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31. The method of any one of claims 19-26, wherein a heterologous polypeptide 18

conjugated to the N-terminus or C-terminus of the polypeptide.

32.  The method of claim 31, wherein the heterologous polypeptide 1s albumin.

33.  The method of any one of claims 31 or 32, wherein the heterologous polypeptide

1S human serum albumin.

34.  The method of claim 31, wherein the heterologous polypeptide 1s

immunoglobulin Fc.

35.  The method of any one of claims 31-34, wherein the heterologous polypeptide 18

conjugated to the polypeptide via a linker sequence.

36.  The method of claim 35, wherein the linker sequence 1s a cleavable linker
sequence.

37.  The method of claim 36, wherein the linker sequence 1s a non-cleavable linker
sequence.

38.  The method of any one of claims 19-37, wherein the subject 1s overweight.

39.  The method of any one of claims 19-37, wherein the subject 1s obese.

40.  The method of any one of claims 19-37, wherein the subject has diabetes.

41.  The method of any one of claims 19-37, wherein the subject has hypothyroidism.

44



CA 02954082 2016-12-30

WO 2016/054494 PCT/US2015/053700

LR TR TR TR TE TR TR TR DD D U U I R )

FIG. 1



CA 02954082 2016-12-30

PCT/US2015/053700

WO 2016/054494

2/4

361

UIewIop [102-PaJI0J [BUIWID}-D

Ve Ol

08 1c
—

SNUIWJI-N

dS

N\
LA

31LdONVY

:u3dIS9(g 19NJ1SuU0)



CA 02954082 2016-12-30

WO 2016/054494 PCT/US2015/053700

L*
-

i

R RN

ANGPTLS

FIG. 2B

4 44

\\\\\\\}\\\\\\‘

N

¢ ANGPTLS!

FIG. 2C



WO 2016/054494

irigivcengs {moiil.

Triglyceride (mg/dL)

GO0
SR
SIHE

200 4

gt

2500

2000

1500

1000

500

CA 02954082 2016-12-30

PCT/US2015/053700
4/4
QGral Lipid Tolerance
- Nrc
-+ ANGPTLS

-
-

........

v T8 T

—o—FC
- ANGPTLS

——' /2

Time (hour) after Tyloxapol

FIG. 4



Plasma Trigiyeeride {wk2)

+ S
o0
Ly -

.

ﬂ

oo oo

Wi E-1s1E- 27 81510]]

ANGPTLS8!

e

FIG. 2C



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - abstract drawing

