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[ Nat i or@éc!%l!@g)%glm@ﬂﬁﬁti on Program (NCEP), 2004].PCSK9, also known as
NARC- 1 7 I TTi a protein with a genetic

Millions of people in the U.S. are at risk for heart disease and resulting cardiac

events. CVD and underlying atherosclerosis is the leading cause of death among all
demographic groups, despite the availability of therapies directed at its multiple risk

20 factors. Atherosclerosis is a disease of the arteries and is responsible for coronary heart
disease associated with many deaths in industrialized countries. Several risk factors for
coronary heart disease have now been identified: dyslipidemias, hypertension,
diabetes, smoking, poor diet, inactivity and stress. The most clinically relevant and
common dyslipidemias are characterized by an increase in beta-lipoproteins (very low

25 density lipoprotein (VLDL) and LDL) with hypercholesterolemia in the absence or
presence of hypertriglyceridemia (Fredrickson et al., 1967, N Engl J Med. 276:34-42,
94-103, 148-156, 215-225, and 273-281). There is a long-felt significant unmet need
with respect to CVD with 60-70% of cardiovascular events, heart attacks and strokes
occurring despite the treatment with statins (the current standard of care in

30 atherosclerosis). Moreover, new guidelines suggest that even lower LDL levels should
be achieved in order to protect high risk patients from premature CVD [National
Cholesterol Education Program (NCEP), 2004].
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The mechanism by which, and the site at which, PCSK9 down-regulates LDLR
protein has not been clearly established. When over-expressed, PCSK9 may act both
within the hepatocyte and as a secreted ligand for LDLR. There is strong evidence that
20 extracellular PCSK9 binds to cell surface LDLR and promotes LDLR degradation at an
intracellular site. However, it is also possible that PCSK9 could interact with the LDLR
when the two proteins are translated within the endoplasmic reticulum (ER) and traffic
through endosomal compartments towards the cell membrane. Maxwell et al., 2005,
Curr. Opin. Lipidol. 16:167-172, showed that PCSK9-mediated LDLR endocytosis and
25 degradation was not altered by proteosome inhibitors nor was it modulated by different
classes of lysosomal and nonlysosomal proteases. Two naturally occurring familial
hypercholesterolemia mutations, S127R and D129G, have been reported to be
defective in autoprocessing and secretion as levels of these mutant proteins were
greatly reduced or undetectable in the media of transfected cells. Yet these mutants
30 demonstrated an enhanced ability to down-regulate LDLR, consistent with their
identification in individuals with high plasma LDL (Homer et al., 2008, Atherosclerosis
196:659-666; Cameron et al., 2006 Human Molecular Genetics 15:1551-1558; Lambert
et al., 2006, TRENDS in Endocrinology and Metabolism 17:79-81. Since these mutants



196: 659- 666; Caneron et al., 2006 Human Mol ecul ar Genetics 15:1 551 -1558;
Lanmbert et al., 2006, TRENDS in Endocrinol ogy and Metabolism 17:79-81 .

Si nce t hewo 2amweaptigapparent|ly do not get secreted extra®eriBioas/higoand yet
do downregul ate LDLR, this strongly suggests that an intracellular site of
action is physiologically inportant. Fromthe information available in the
art, and prior to the present invention, it renai ned uncl ear whether the
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can be a@pcapbmddy, for exanple, a nonoclonal antibody or human, humani zed,
or chineric antibody. In another enbodi nent, the invention pr ovi des an

| sol ated anti-PCSK9 anti body which specifically binds to PCSK9 and which is
a f1 | ni0 0 > PCSK9- nedi ated effect on LDLR | evel s when neasured
[ [ wn regul ation assay in Huh7 cells disclosed
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interacts with the EG--1j ke donmain of the LDLR as. d sc i bed i n et al.
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provi degheadmhidiferd ('8 5ubRePRNFE & LDL-cholesterol level in blood of said subject.
The antagonist can be an antibody, for example, a monoclonal antibody or human,
humanized, or chimeric antibody.
In another embodiment, the invention provides an isolated anti-PCSK9 antibody

20  which specifically binds to PCSK9 and which is a full antagonist of the PCSK9-mediated
effect on LDLR levels when measured in vitro using the LDLR down regulation assay in
Huh? cells disclosed herein.

In yet another embodiment, the invention provides an isolated antibody which
antagonizes the extracellular interaction of PCSK9 with the LDLR, as measured by

25 PCSK9 binding to the LDLR in vitro, and, when administered to a subject, lowers the
LDL-cholesterol level in blood of said subject. Preferably, the antibody recognizes an
epitope on human PCSK9 that overlaps with more than about 75% of the surface on
PCSK9 that interacts with the EGF-like domain of the LDLR as described in Kwon et al.,
2008, PNAS, 105:1820-1825.

30 In yet another embodiment, the invention provides an antibody that recognizes a
first epitope of PCSK9 that overlaps with a second epitope that is recognized by a
monoclonal antibody selected from the group consisting of 5A10, which is produced by
a hybridoma cell line deposited with the American Type Culture Collection and assigned



first epitope of PCSK9O that overlaps with a second epitope that is
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Anerican Type Culture Collection and asgi gnedaccessi on nunber PTA-8986;
4A5, which is produced by a hybridoma cell |ine deposited with the Anmerican
Type Culture Collection and assigned accession nunber PTA-8985; 6F6, which
is produced by a hybridoma cell line deposited with the American Type
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substi t4d5 on , hore preferably, up to about four am no acid
substitutions.” The invention is further directed to an anti body conpri sing
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amino acid sequence shown in SEQ ID NO:9 (EISPFGGRTNYNEKFKS), and/or VH
CDR3 having the amino acid sequence shown in SEQ ID NO:10 (ERPLYASDL), or a
variant thereof having one or more conservative amino acid substitutions in said

20 sequences of CDR1, CDR2, and/or CDR3, wherein the variant retains essentially the
same binding specificity as the CDR defined by said sequences. Preferably, the variant
comprises up to about ten amino acid substitutions and, more preferably, up to about
four amino acid substitutions.

The invention is further directed to an antibody comprising a VL CDR1 having the

25 amino acid sequence shown in SEQ ID NO:11 (RASQGISSALA), a CDR2 having the
amino acid sequence shown in SEQ ID NO:12 (SASYRYT), and/or CDR3 having the
amino acid sequence shown in SEQ ID NO:13 (QQRYSLWRT), or a variant thereof
having one or more conservative amino acid substitutions in said sequences of CDR1,
CDR2, and/or CDR3, wherein the variant retains essentially the same binding specificity

30 asthe CDR1 defined by said sequences. Preferably, the variant comprises up to about
ten amino acid substitutions and, more preferably, up to about four amino acid
substitutions.



CDR2, and/or CDR3, wherein the variant retains essentially the sane binding
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enbodi nment, the cons regi on s agl ycosyl at ed
NO:14 and SEQ ID NO:15, or a variant thereof havmg one or more conservative amino

acid substitutions in said sequences, wherein the variant retains essentially the same
binding specificity as the antibody defined by said sequence(s). It also includes an

20 antibody lacking a terminal lysine on the heavy chain, as this is normally lost in a
proportion of antibodies during manufacture.

Preferably, the variant comprises up to about twenty amino acid substitutions and
more preferably, up to about eight amino acid substitutions. Preferably, the antibody
further comprises an immunologically inert constant region, and/or the antibody has an

25 isotype that is selected from the group consisting of IgG., 19Gs4, 19G2aa, 19Gaas,
lgGanc, 19Gs  S228P, 1gGaan S228P and 19Gsac S228P.  In another preferred
embodiment, the constant region is aglycosylated Fc.

In one embodiment, the invention provides a method for reducing a level of LDL,
LDL-cholesterol, or total cholesterol in blood, serum, or plasma of a subject in need

30 thereof, comprising administering to the subject a therapeutically effective amount of an
antagonist of the invention.

In one embodiment, the invention provides a therapeutically effective amount of
an antagonist of the invention for use in reducing a level of LDL, LDL-cholesterol, or



I n one enbodi ment, the invention provides a nethod for reducing a |evel of
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nﬁ her, enbodi nent, the invention provides a therapeutically effective
nt TMRMEURIRES body prepared according to the invention for use in

[ nvent i on further PR aes the doc oy & PEVARErd (LI ERRER o ThR o
t he antdduedys modytinedavog@ gHnipat candes irQMeaboLﬂrb Drio about 6.5 and comprising
from about 1 mg/ml to about 200 mg/ml of antibody, from about 1 millimolar to about
100 millimolar of histidine buffer, from about 0.01 mg/ml to about 10 mg/ml of
20 polysorbate 80, from about 100 millimolar to about 400 millimolar of trehalose, and from
about 0.01 millimolar to about 1.0 millimolar of disodium EDTA dihydrate.
In another embodiment, the invention provides a therapeutically effective amount
of the antibody prepared according to the invention for use in reducing the level of LDL
in blood of a subject in need thereof. The invention further provides the use of a
25 therapeutically effective amount of the antibody prepared according to the invention in
the manufacture of a medicament for reducing the level of LDL in blood of a subject in
need thereof. The therapeutically effective amount can optionally be combined with a
therapeutically effective amount of a statin.
In another embodiment, the invention provides a hybridoma cell line that
30 produces a PCSK9-specific antibody or an antigen-binding portion thereof, wherein the
hybridoma cell line is selected from the group consisting of:
4A5 having an ATCC Accession No. of PTA-8985;
5A10 having an ATCC Accession No. of PTA-8986;



t he manufacture of a nedicanment for reducing the level of LDL in blood of a
subject in need thereof. The therapeutically effective anount can
opt i onal IwokeloopdiBned with a therapeutically effectivePamoBnn/e339e st atin.

I n another embodi ment, the invention provides a hybridoma cell line that
produces a PCSK9-specific antibody or an antigen-binding portion thereof,
wherein the hybridoma cell line is selected fromthe group consisting of:
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Brief Description of the Fiqures/Drawings

Figure 1 illustrates the effect of anti-PCSK9 antagonistic monoclonal antibodies

7D4 .4, 4A5.G3, 6F6.G10.3 and 5A10.B8 on the ability of mouse PCSK9 (A) and human

20 PCSK9 (B) to down regulate LDLR in cultured Huh7 cells. 6F6.G10.3 is a subclone of
6F6, 7D4.4 is a subclone of 7D4, 4A5.G3 is a subclone of 4A5, and 5A10.B8 is a
subclone of 5A10.

Figure 2 illustrates the dose-response of anti-PCSK9 antagonist monoclonal
antibodies 6F6.G10.3, 7D4.4, 4A5.G3, 5A10.B8, negative control antibody 42H7, and

25 PBS to block the binding of recombinant biotinylated human PCSK9 (A) and mouse
PCSK9 (B) to immobilized recombinant LDLR extracellular domain in vitro.

Figure 3 illustrates the dose-response of anti-PCSK9 monoclonal antagonist
antibodies 6F6.G10.3, 7D4.4, 4A5.G3 and 5A10.B8 to block binding of recombinant
biotinylated human PCSK9 (30 nM) to Europium labeled recombinant LDLR

30 extracellular domain (10 nM) in solution at neutral pH in vitro.

Figure 4 illustrates comparative epitope binding of anti-PCSK9 antibodies.

Figure 5 illustrates Western blots of binding of anti-PCSK9 antibodies to serum
PCSK9 from different species.
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Figure 12 depicts Western blots of énti-PCSKQ antagonist antibodies effect on
15 liver LDLR levels.

Figure 13 illustrates the lack of effect of anti-PCSK9 antagonist antibody 4A5 in
an LDLR-/- mouse model.

Figure 14 llustrates the effect on total serum cholesterol of multiple
administrations of anti-PCSK9 antagonist antibodies in mice over a longer time course

20 than seen with a single dose.

Figure 15 illustrate the time course of the effects of anti-PCSK9 antagonistic
antibody 7D4 on lipid parameters in a cynomolgus monkey model.

Figure 16 illustrates the dose- and time- response of anti-PCSK9 antagonistic
antibody 7D4 on serum cholesterol levels in the cynomolgus monkey.

25 Figure 17 illustrates a comparison of anti-PCSK9 antagonistic antibodies 4AS5,
5A10, 6F6 and 7D4 on serum cholesterol levels in the cynomolgus monkey.

Figure 18 illustrates the time course of the effect of anti-PCSK9 antagonist
antibody 7D4 on plasma cholesterol levels of cynomolgus monkeys fed a 33.4% kcal fat
diet supplemented with 0.1% cholesterol.

30 Figure 19 illustrates the effect of L1L3 (humanized anti-PCSK9 monoclonal
antibody) on down regulation of LDLR in Huh7 cells.

Figure 20 illustrates the dose-response of L1L3 humanized antibody, the mouse
precursor 5A10, and negative control antibody 42H7 on blocking the binding of
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Figures 24 A-G depict the substitutions made in the CDRs of antibody 5A10 in
the course of affinity maturation and optimization and to achieve particular properties.
PCSK9 binding associated with antibodies having these CDR substitutions is also
represented. The number following each sequence is the SEQ ID NO designated for

20 each sequence.

Detailed Description of the Invention

The present invention relates to antibodies, peptides, and aptamers that
antagonize the function of extracellular PCSK9 including its interaction with the LDLR.
More specifically, the invention relates to methods of making antagonist PCSK9

25 antibodies, peptides, and aptamers, compositions comprising these antibodies,
peptides, and/or aptamers, and methods of using these antibodies, peptides, and/or
aptamers as a medicament. The antagonist PCSK9 antibodies and peptides can be
used to lower blood LDL-cholesterol levels, and can be used in the prevention and/or
treatment of cholesterol and lipoprotein metabolism disorders, including familial

30 hypercholesterolemia, atherogenic dyslipidemia, atherosclerosis, and, more generally,
CVD.

General Techniques
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Antibodies: a practical approach (D. Catty., ed., IRL Press, 1988-1989); Monoclonal
antibodies: a practical approach (P. Shepherd and C. Dean, eds., Oxford University

20 Press, 2000); Using antibodies: a laboratory manual (E. Harlow and D. Lane (Cold
Spring Harbor Laboratory Press, 1999); The Antibodies (M. Zanetti and J.D. Capra,

eds., Harwood Academic Publishers, 1995).

Definitions

25 An “antibody” is an immunoglobulin molecule capable of specific binding to a
target, such as a carbohydrate, polynucleotide, lipid, polypeptide, etc., through at least
one antigen recognition site, located in the variable region of the immunoglobulin
molecule. As used herein, the term encompasses not only intact polyclonal or
monoclonal antibodies, but also fragments thereof (such as Fab, Fab’, F(ab’),, Fv),

30 single chain (ScFv) and domain antibodies), and fusion proteins comprising an antibody
portion, and any other modified configuration of the immunoglobulin molecule that
comprises an antigen recognition site. An antibody includes an antibody of any class,
such as IgG, IgA, or IgM (or sub-class thereof), and the antibody need not be of any
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and is not to be construed as requiring production of the antibody by any particular
method. For example, the monoclonal antibodies to be used in accordance with the

20 present invention may be made by the hybridoma method first described by Kohler and
Milstein, 1975, Nature 256:495, or may be made by recombinant DNA methods such as
described in U.S. Pat. No. 4,816,567. The monoclonal antibodies may also be isolated
from phage libraries generated using the techniques described in McCafferty et al.,
1990, Nature 348:552-554, for example.

25 As used herein, "humanized" antibody refers to forms of non-human (e.g.,
murine) antibodies that are chimeric immunoglobulins, immunoglobulin chains, or
fragments thereof (such as Fv, Fab, Fab', F(ab'), or other antigen-binding subsequences
of antibodies) that contain minimal sequence derived from non-human immunoglobulin.
Preferably, humanized antibodies are human immunoglobulins (recipient antibody) in

30 which residues from a complementary determining region (CDR) of the recipient are
replaced by residues from a CDR of a non-human species (donor antibody) such as
mouse, rat, or rabbit having the desired specificity, affinity, and capacity. In some

instances, Fv framework region (FR) residues of the human immunoglobulin are
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produce[O ttf%se sml'ﬁpaol1|na H5€ Art or disclosed herein. This definition of a human antibody
includes antibodies comprising at least one human heavy chain polypeptide or at least

20 one human light chain polypeptide. One such example is an antibody comprising
murine light chain and human heavy chain polypeptides. Human antibodies can be
produced using various techniques known in the art. In one embodiment, the human
antibody is selected from a phage library, where that phage library expresses human
antibodies (Vaughan et al., 1996, Nature Biotechnology, 14:309-314; Sheets et al.,

25 1998, Proc. Natl. Acad. Sci. (USA) 95:6157-6162; Hoogenboom and Winter, 1991, J.
Mol. Biol., 227:381; Marks et al., 1991, J. Mol. Biol., 222:581). Human antibodies can

also be made by immunization of animals into which human immunoglobulin loci have

been transgenically introduced in place of the endogenous loci, e.g., mice in which the
endogenous immunoglobulin genes have been partially or completely inactivated. This

30 approach is described in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126;
5,633,425; and 5,661,016. Alternatively, the human antibody may be prepared by
immortalizing human B lymphocytes that produce an antibody directed against a target

antigen (such B lymphocytes may be recovered from an individual or may have been
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20 As used herein, the term “PCSK9” refers to any form of PCSK9 and variants
thereof that retain at least part of the activity of PCSK9. Unless indicated differently,
such as by specific reference to human PCSK9, PCSKS9 includes all mammalian species
of native sequence PCSK9, e.g., human, canine, feline, equine, and bovine. One
exemplary human PCSK9 is found as Uniprot Accession Number Q8NBP7 (SEQ ID

25 NO:16).

As used herein, a “PCSK9 antagonist” refers to an antibody, peptide, or aptamer
that is able to inhibit PCSK9 biological activity and/or downstream pathway(s) mediated
by PCSK9 signaling, including PCSK9-mediated down-regulation of the LDLR, and
PCSK9-mediated decrease in LDL blood clearance. A PCSK9 antagonist antibody

30 encompasses antibodies that block, antagonize, suppress or reduce (to any degree
including significantly) PCSK9 biological activity, including downstream pathways
mediated by PCSKS9 signaling, such as LDLR interaction and/or elicitation of a cellular
response to PCSK9. For purpose of the present invention, it will be explicitly
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vivo decrease in blood (or plasma) levels of total cholestefol, and in vivo decrease in
LDL levels in blood (or plasma).
As used herein, the term “clinically meaningful” means at least a 15% reduction in

20 blood LDL-cholesterol levels in humans or at least a 15% reduction in total blood
cholesterol in mice. It is clear that measurements in plasma or serum can serve as
surrogates for measurement of levels in blood.

As used herein, the term “PCSK9 antagonist peptide” or “PCSK9 antagonist
aptamer” includes any conventional peptide or polypeptide or aptamer that blocks,

25 antagonizes, suppresses or reduces (to any degree including significantly) PCSK9
biological activity, including downstream pathways mediated by PCSK9 signaling, such
as LDLR interaction and/or elicitation of a cellular response to PCSK9. PCSK9
antagonist peptides or polypeptides include Fc fusions comprising the LDLR and soluble
portions of the LDLR, or mutants thereof with higher affinity to PCSKO.

30 The terms “polypeptide”, “oligopeptide”, “peptide” and “protein” are used
interchangeably herein to refer to chains of amino acids of any length, preferably,
relatively short (e.g., 10-100 amino acids). The chain may be linear or branched, it may
comprise modified amino acids, and/or may be interrupted by non-amino acids. The
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nucl eot Inde%rorrnore of the naturally occurring nucleotides with an analog, internucleotide
modifications such as, for example, those with uncharged linkages (e.g., methyl
20 phosphonates, phosphotriesters, phosphoamidates, carbamates, etc.) and with charged
linkages (e.g., phosphorothioates, phosphorodithioates, etc.), those containing pendant
moieties, such as, for example, proteins (e.g., nucleases, toxins, antibodies, signal
peptides, poly-L-lysine, etc.), those with intercalators (e.g., acridine, psoralen, etc.),
those containing chelators (e.g., metals, radioactive metals, boron, oxidative metals,
25 etc.), those containing alkylators, those with modified linkages (e.g., alpha anomeric
nucleic acids, etc.), as well as unmodified forms of the polynucleotide(s). Further, any of
the hydroxyl groups ordinarily present in the sugars may be replaced, for example, by
phosphonate groups, phosphate groups, protected by standard protecting groups, or
activated to prepare additional linkages to additional nucleotides, or may be conjugated
30 to solid supports. The 5" and 3’ terminal OH can be phosphorylated or substituted with
amines or organic capping group moieties of from 1 to 20 carbon atoms. Other
hydroxyls may also be derivatized to standard protecting groups. Polynucleotides can

also contain analogous forms of ribose or deoxyribose sugars that are generally known
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may be made by methods known in the art and selected for PCSK9 antagonist activity
20 by routine modification of the methods disclosed in the Examples.

As used herein, an antibody, peptide, or aptamer “interacts with” PCSK9 when
the equilibrium dissociation constant is equal to or less than 20 nM, preferably less than
about 6 nM, more preferably less than about 1 nM, most preferably less than about 0.2
nM, as measured by the methods disclosed herein in Example 2.

25 An epitope that “preferentially binds” or “specifically binds” (used interchangeably
herein) to an antibody or a polypeptide is a term well understood in the art, and methods
to determine such specific or preferential binding are also well known in the art. A
molecule is said to exhibit “specific binding” or “preferential binding” if it reacts or
associates more frequently, more rapidly, with greater duration and/or with greater
30 affinity with a particular cell or substance than it does with alternative cells or
substances. An antibody “specifically binds” or “preferentially binds” to a target if it
binds with greater affinity, avidity, more readily, and/or with greater duration than it binds
to other substances. For example, an antibody that specifically or preferentially binds to



substituted or unsubstituted al kyl (1-20 C) optionally containing an ether
(-06) linkage, aryl, al kenyl, cycloal kyl, cycl oal kenyl or araldyl. Not all
l'i nkages wo 2a10pabstaucl eoti de need be identical. The preeetimayogessesd ption
appl ies to all polynucl eotides ref erreq to herein, including RNA and DNA. A

"PCSK9 ant agoni st aptamer,” which corrprl ses a nucl eic acid or protein
sequence, is, for exanple, selected froma large pool of random sequences
and specifi cal | y binds PCSK9. The nucleic acid of the aptaner is
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As known in the art, the term "Fc region” is used to define a C-terminal region of
20 an immunoglobulin heavy chain. The "Fc region" may be a native sequence Fc region
or a variant Fc region. Although the boundaries of the Fc region of an immunoglobulin
heavy chain might vary, the human IgG heavy chain Fc region is usually defined to
stretch from an amino acid residue at position Cys226, or from Pro230, to the carboxyl-
terminus thereof. The numbering of the residues in the Fc region is that of the EU index
25 as in Kabat. Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, Md., 1991. The Fc region

of an immunoglobulin generally comprises two constant domains, CH2 and CH3.
As used in the art, "Fc receptor" and “FcR” describe a receptor that binds to the
Fc region of an antibody. The preferred FcR is a native sequence human FcR.
30 Moreover, a preferred FcR is one which binds an IgG antibody (a gamma receptor) and
includes receptors of the FcyRIl, FcyRIl, and FcyRIll subclasses, including allelic
variants and alternatively spliced forms of these receptors. FcyRIl receptors include
FcyRIIA (an "activating receptor") and FcyRIIB (an "inhibiting receptor"), which have



excl usi ve binding. Generally, but not necessarily, reference to binding
means preferential binding. As used herein, "substantially pure" refers to
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preferably, at | east 98% pure, and nost “preferably, at |east 99% pure. A
"host cell" includes an individual cell or cell culture that can be or has
been a recipient for vector(s) for incorporation of polynucleotide inserts.
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r ecept cﬁaChFamt?Odmdeteotﬁa,lyesbtbrtmtbleebrhdmg of the other antibody with its cognate
epitope or ligand, whether to the same, greater, or lesser extent, the antibodies are said
to “cross-compete” with each other for binding of their respective epitope(s). Both
20 competing and cross-competing antibodies are encompassed by the present invention.
Regardless of the mechanism by which such competition or cross-competition occurs
(e.g., steric hindrance, conformational change, or binding to a common epitope, or
portion thereof), the skilled artisan would appreciate, based upon the teachings provided
herein, that such competing and/or cross-competing antibodies are encompassed and
25  can be useful for the methods disclosed herein.

By an antibody with an epitope that “overlaps” with another (second) epitope or
with a surface on PCSK9 that interacts with the EGF-like domain of the LDLR is meant
the sharing of space in terms of the PCSK9 residues that are interacted with. To
calculate the percent of overlap, for example, the percent overlap of the claimed

30 antibody’s PCSK9 epitope with the surface of PCSK9 which interacts with the EGF-like
domain of the LDLR, the surface area of PCSK9 buried when in complex with the LDLR
is calculated on a per-residue basis. The buried area is also calculated for these
residues in the PCSK9:antibody complex. To prevent more than 100% possible



the transfer of maternal 1gGs to the fetus (Guyer et al., 1976 J. | nmunol .,
117:587; and Kimet al., 1994, J. Imunol., 24:249). The term "conpete", as
used her evo 20itd2931@gard to an anti body, neans that a fi PST/IR0Y/DIBAY0, or an
anti gen-bi nding portion thereof, binds.to an epitope in a manner
sufficiently simlar to the binding of second anti body, or an

anti gen-bi nding portion thereof, such that the result of binding of the
first antibody with its cognate epitope is detectably decreased in the
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preferably, from about one to about five amino acid substitutions in a native sequence
20 Fcregion or in the Fc region of the parent polypeptide. The variant Fc region herein will
preferably possess at least about 80% sequence identity with a native sequence Fc
region and/or with an Fc region of a parent polypeptide, and most preferably, at least
about 90% sequence identity therewith, more preferably, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, at least about 99% sequence
25 identity therewith.

As used herein, “treatment” is an approach for obtaining beneficial or desired
clinical results. For purposes of this invention, beneficial or desired clinical results
include, but are not limited to, one or more of the following: enhancement of LDL
clearance and reducing incidence or amelioration of aberrant cholesterol and/or

30 lipoprotein levels resulting from metabolic and/or eating disorders, or including familial
hypercholesterolemia, atherogenic dyslipidemia, atherosclerosis, and, more generally,
cardiovascular disease (CVD).



LDLRPCSK9 conplex ( 100% . Percent surface overlap is calculated by sunm ng
over all of the LDLRPCSK9 interacting residues and is weighted by the
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bi ndi ng; anti body-dependent cell-nedi ated cytotoxicity; phagocytosis;
down-regul ation of cell surface receptors (e.g., B cell receptor), etc.
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(CVD) . "dRdble disepsienchofetheespantianseabgneficiakbaudesiteds mseits tiyclgddicihicalresults
I ncl Udesuch as reducing hypercholesterolemia or one or more symptoms of dyslipidemia,
atherosclerosis, CVD, or coronary heart disease, decreasing the dose of other
20 medications required to treat the disease, enhancing the effect of another medication,
and/or delaying the progression of the disease of patients. An effective dosage can be
administered in one or more administrations. For purposes of this invention, an effective
dosage of drug, compound, or pharmaceutical composition is an amount sufficient to
accomplish prophylactic or therapeutic treatment either directly or indirectly. As is
25 understood in the clinical context, an effective dosage of a drug, compound, or
pharmaceutical composition may or may not be achieved in conjunction with another
drug, compound, or pharmaceutical composition. Thus, an “effective dosage” may be
considered in the context of administering one or more therapeutic agents, and a single
agent may be considered to be given in an effective amount if, in conjunction with one or

30 more other agents, a desirable result may be or is achieved.
An “individual” or a "subject" is a mammal, more preferably, a human. Mammals
also include, but are not limited to, farm animals, sport animals, pets, primates, horses,

dogs, cats, mice and rats.



reduci ng need for and/or anmount of (e.g., exposure to) other drugs and/or
therapies generally used for this condition. As is understood by those
skil | ed iwotzhw/@p313 i ndi vi dual s may vary in ternms of thecT/IBESY0Ie® t o
treatnment, and, as such, for exanple, % "met hod of reducing incidence”

refl ects administering the PCSK9 antag Alst anti body, peptide, or aptaner
based on a reasonabl e expectation that such adm nistration may i kely cause
such a reduction in incidence in that particular individual. "Ameliorating"
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adm ni staisedbed. one or nore adm ni strations. For purposes of this
invention, an effective dosage of drug, conpound, or pharnaceutical
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her ru conpound, har Ceutl cal ositia Thus fective
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eré( aoamlnlstratlon'vaare phosphate buffered saline (PBS) or normal
(0.9%) saline. Compositions comprising such carriers are formulated by well known
20 conventional methods (see, for example, Remington's Pharmaceutical Sciences, 18th
edition, A. Gennaro, ed., Mack Publishing Co., Easton, PA, 1990; and Remington, The
Science and Practice of Pharmacy, 20th Ed., Mack Publishing, 2000).
The term "kon", @s used herein, refers to the rate constant for association of an
antibody to an antigen. Specifically, the rate constants (kon and ko) and equilibrium
25 dissociation constants are measured using Fab antibody fragments (i.e., univalent) and
PCSKaO.
The term "korr ", @s used herein, refers to the rate constant for dissociation of an
antibody from the antibody/antigen complex.
The term "Kp", as used herein, refers to the equilibrium dissociation constant of

30 an antibody-antigen interaction.



al so include, but are not limted to, farmaninmals, sport animls, pets,
primates, horses, dogs, cats, mce and rats.As used herein, "vector" neans
a constr w0, 20mm2e3i s capabl e of delivering, and, prefePabliB200em§pEESi ng,
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uni yal ent%n PCSK9. The term"kO ff " , as used herein, refers to the
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results in lower blood cholesterol and/or lower blood LDL. Preferably, blood cholesterol

and/or blood LDL is at least about 10% or 15% lower than before administration. More

preferably, blood cholesterol and/or blood LDL is at least about 20% lower than before

20 administration of the antibody. Yet more preferably, blood cholesterol and/or blood LDL

is at least 30% lower than before administration of the antibody. Advantageously, blood

cholesterol and/or blood LDL is at least 40% lower than before administration of the

antibody. More advantageously, blood cholesterol and/or blood LDL is at least 50%

lower than before administration of the antibody. Very preferably, blood cholesterol

25 and/or blood LDL is at least 60% lower than before administration of the antibody. Most

preferably, blood cholesterol and/or blood LDL is at least 70% lower than before
administration of the antibody.

With respect to all methods described herein, reference to PCSK9 antagonist

antibodies, peptides, and aptamers also include compositions comprising one or more

30 additional agents. These compositions may further comprise suitable excipients, such

as pharmaceutically acceptable excipients including buffers, which are well known in the

art. The present invention can be used alone or in combination with other conventional

methods of treatment.



an anti body-antigen interaction. A Methods for preventing or treating

di sorders associated with hyperchol esterolem a In one aspect, the invention
provi des wormetomesiBor treating or preventing hyperchol epCenpoesdisomnd/ or

at | east one synptom of dyslipidem a, ?%h_er oscl erosis, CVD or coronary

heart disease, in an individual conpriéi'ng adnministering to the individual

an effective anount of a PCSK9O antagoni st anti body or peptide or aptaner
t hat antagonizes circulating PCSK9. In a further aspect, the invention
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e B e g A
administered via site-specific or targeted local delivery techniques. Examples of site-
specific or targeted local delivery techniques include various implantable depot sources
of the PCSK9 antagonist antibody, peptide, or aptamer or local delivery catheters, such

20 as infusion catheters, indwelling catheters, or needle catheters, synthetic grafts,
adventitial wraps, shunts and stents or other implantable devices, site specific carriers,
direct injection, or direct application. See, e.g., PCT Publ. No. WO 00/53211 and U.S.
Patent No. 5,981,568.

Various formulations of a PCSK9 antagonist antibody, peptide, or aptamer may

25 be used for administration. In some embodiments, the PCSK9 antagonist antibody,
peptide, or aptamer may be administered neat. In some embodiments, PCSK9
antagonist antibody, peptide, or aptamer and a pharmaceutically acceptable excipient
may be in various formulations. Pharmaceutically acceptable excipients are known in
the art, and are relatively inert substances that facilitate administration of a

30 pharmacologically effective substance. For example, an excipient can give form or
consistency, or act as a diluent. Suitable excipients include but are not limited to
stabilizing agents, wetting and emulsifying agents, salts for varying osmolarity,
encapsulating agents, buffers, and skin penetration enhancers. Excipients as well as



as pharmaceutically acceptable excipients including buffers, which are well
known in the art. The present invention can be used al one or in conbination
wi t h ot hewocormvesmidonal net hods of treatnent. The PCSK9 a&oTagmod/sizognt i body,
pepti de, or aptaner can be adm nister g% to an individual via any suitable
route. It should be apparent to a pers ﬁ skilled in the art that the

exanpl es described herein are not intended to be limting but to be
illustrative of the techniques avail able. Accordingly, in some enbodi nents,
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phar madeitigl dosd of abaeip? atg/kg efotdowed iy amedkly maintananeesdoss oﬁalaotutohsng/kg

Phar nacoef%ieclgbgkgagﬁﬁt%oa t,)loer %ﬁg\'/vg'detp)} 2 r%ré?ntie(ﬁ]é)nce dose of about 1 mg/kg every
other week. However, other dosage regimens may be useful, depending on the pattern
20 of pharmacokinetic decay that the practitioner wishes to achieve. For example, in some
embodiments, dosing from one to four times a week is contemplated. In other
embodiments dosing once a month or once every other month or every three months is
contemplated. The progress of this therapy is easily monitored by conventional
techniques and assays. The dosing regimen (including the PCSK9 antagonist(s) used)

25 can vary over time.

For the purpose of the present invention, the appropriate dosage of a PCSK9
antagonist antibody, peptide, or aptamer will depend on the PCSK9 antagonist antibody,
peptide, or aptamer (or compositions thereof) employed, the type and severity of
symptoms to be treated, whether the agent is administered for preventive or therapeutic

30 purposes, previous therapy, the patient’s clinical history and response to the agent, the
patient’s blood PCSK9 levels, the patient’s synthesis and clearance rate for PCSK9, the
patient’s clearance rate for the administered agent, and the discretion of the attending
physician. Typically the clinician will administer a PCSK9 antagonist antibody, peptide,



the art, and are relatively inert substances that facilitate adm nistration
of a pharmacol ogically effective substance. For exanple, an excipient can
gi ve formvoroomomsiigt ency, or act as a diluent. Suitabl ePexaBmognidgon ncl ude
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salts for varying osnol ahty, encapsul ati"ng agents, buffers, and skin
penetration enhancers Exci pients as well asfornul ations for parenteral and
nonparenteral L'hcg&del ivery are set forth in Rem ngton, The Sci ence and
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Administration of a PCSK9 antagonist antibody, peptide, or aptamer in
accordance with the method in the present invention can be continuous or intermittent,

20 depending, for example, upon the recipient’'s physiological condition, whether the
purpose of the administration is therapeutic or prophylactic, and other factors known to
skilled practitioners. The administration of a PCSK9 antagonist antibody, peptide, or
aptamer may be essentially continuous over a preselected period of time or may be in a
series of spaced doses.

25 In some embodiments, more than one antagonist antibody, peptide, or aptamer
may be present. At least one, at least two, at least three, at least four, at least five
different, or more antagonist antibodies and/or peptides can be present. Generally,
those PCSK9 antagonist antibodies or peptides may have complementary activities that
do not adversely affect each other. A PCSK9 antagonist antibody, peptide, or aptamer

30 can also be used in conjunction with other PCSK9 antagonists or PCSK9 receptor
antagonists. For example, one or more of the following PCSK9 antagonists may be
used: an antisense molecule directed to a PCSK9 (including an anti-sense molecule
directed to a nucleic acid encoding PCSK9), a PCSK9 inhibitory compound, and a



ant agoni st anti body, peptide, or aptanmer will depend on the PCSK9

ant agoni st anti body, peptide, or aptaner (or conpositions thereof)
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for PCSK9, the patient's clearance rate for the adm nistered agent, and the
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peptide, or aptaner be essential [y continuous over a presel ected p ¢i od
of ti meZrepratein anlaxes)sendém rein-ispcsudfattass such as TWEEN™, PLURONICS™
or polyethylene glycol (PEG).
Liposomes containing the PCSK9 antagonist antibody, peptide, or aptamer are
20 prepared by methods known in the art, such as described in Epstein, et al., 1985, Proc.
Natl. Acad. Sci. USA 82:3688; Hwang, et al., 1980, Proc. Natl Acad. Sci. USA 77:4030;
and U.S. Pat. Nos. 4,485,045 and 4,544,545. Liposomes with enhanced circulation time
are disclosed in U.S. Patent No. 5,013,556. Particularly useful liposomes can be
generated by the reverse phase evaporation method with a lipid composition comprising
25 phosphatidylcholine, cholesterol and PEG-derivatized phosphatidylethanolamine (PEG-
PE). Liposomes are extruded through filters of defined pore size to yield liposomes with
the desired diameter.
The active ingredients may also be entrapped in microcapsules prepared, for
example, by coacervation techniques or by interfacial polymerization, for example,
30 hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacrylate)
microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes,

albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
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Suitable emulsions may be prepared using commercially available fat emulsions,
20 such as Intralipid™, Liposyn™, Infonutrol™, Lipofundin™ and Lipiphysan™. The active
ingredient may be either dissolved in a pre-mixed emulsion composition or alternatively
it may be dissolved in an oil (e.g., soybean oil, safflower oil, cottonseed oil, sesame oll,
corn oil or almond oil) and an emulsion formed upon mixing with a phospholipid (e.g.,
egg phospholipids, soybean phospholipids or soybean lecithin) and water. It will be
25 appreciated that other ingredients may be added, for example glycerol or glucose, to
adjust the tonicity of the emulsion. Suitable emulsions will typically contain up to 20%
oil, for example, between 5 and 20%. The fat emulsion can comprise fat droplets
between 0.1 and 1.0 um, particularly 0.1 and 0.5 pm, and have a pH in the range of 5.5
to 8.0.
30 The emulsion compositions can be those prepared by mixing a PCSK9
antagonist antibody, peptide, or aptamer with Intralipid™ or the components thereof

(soybean oil, egg phospholipids, glycerol and water).
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downstream pathways mediated by PCSK9 signaling, such as eI|C|tat|on of a cellular
response to PCSK9.
A PCSK9 antagonist antibody, peptide, or aptamer should exhibit any one or
20 more of the following characteristics: (a) bind to PCSK9; (b) block PCSK9 interaction
with the LDLR; (c) block or decrease PCSK9-mediated down-regulation of the LDLR; (d)
inhibit the PCSK9-mediated decrease in LDL blood clearance, (e) increase LDL
clearance in media by cultured hepatocytes, (f) increase blood LDL clearance by the
liver in vivo, (g) sensitize to statins, and (h) block PCSK9 interaction with other yet to be
25 identified factors.
For purposes of this invention, the antibody, peptide, or aptamer preferably reacts
with PCSK9 in a manner that inhibits PCSK9 signaling function and LDLR interaction.
In some embodiments, the PCSK9 antagonist antibody specifically recognizes primate
PCSK9. In some embodiments, the PCSK9 antagonist antibody binds primate and
30 rodent PCSKO.
The antibodies useful in the present invention can encompass monoclonal
antibodies, polyclonal antibodies, antibody fragments (e.g., Fab, Fab’, F(ab’)2, Fv, Fc,
etc.), chimeric antibodies, bispecific antibodies, heteroconjugate antibodies, single chain
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down- r qgey, atipn Fef céﬁ%éﬂh%ar\( YG, containing the mutation A330P331 to S330S331
(IgG2aa), in which the amino acid residues are numbered with reference to the wild type

IgG2 sequence. Eur. J. Immunol., 1999, 29:2613-2624. In some embodiments, the
antibody comprises a constant region of IgGs comprising the following mutations
20 (Armour et al.,, 2003, Molecular Immunology 40 585-593): E233F234L235 to
P233V234A235 (IgGaac), in which the numbering is with reference to wild type 1gG4. In
yet another embodiment, the Fc is human 1gGs E233F234L235 to P233V234A235 with
deletion G236 (IgGaap). In another embodiment the Fc is any human IgGs Fc (1gGa,
IgGanp Or 1gGaac) containing hinge stabilizing mutation S228 to P228 (Aalberse et al.,
25 2002, Immunology 105, 9-19). In another embodiment, the Fc can be aglycosylated Fc.
In some embodiments, the constant region is aglycosylated by mutating the
oligosaccharide attachment residue (such as Asn297) and/or flanking residues that are
part of the glycosylation recognition sequence in the constant region. In some
embodiments, the constant region is aglycosylated for N-linked glycosylation
30 enzymatically. The constant region may be aglycosylated for N-linked glycosylation
enzymatically or by expression in a glycosylation deficient host cell.
The binding affinity (Kp) of a PCSK9 antagonist antibody to PCSK9 (such as
human PCSK9)) can be about 0.002 to about 200 nM. In some embodiments, the
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using variable contact times, to achieve two ranges of antigen density, either 50-200
response units (RU) for detailed kinetic studies or 800-1,000 RU for screening assays.
Regeneration studies have shown that 25 mM NaOH in 25% v/v ethanol effectively
20 removes the bound Fab while keeping the activity of PCSK9 on the chip for over 200
injections. Typically, serial dilutions (spanning concentrations of 0.1-10x estimated Kp)
of purified Fab samples are injected for 1 min at 100 uL/minute and dissociation times of
up to 2 hours are allowed. The concentrations of the Fab proteins are determined by
ELISA and/or SDS-PAGE electrophoresis using a Fab of known concentration (as
25 determined by amino acid analysis) as a standard. Kinetic association rates (kon) and
dissociation rates (ko) are obtained simultaneously by fitting the data globally to a 1:1
Langmuir binding model (Karlsson, R. Roos, H. Fagerstam, L. Petersson, B., 1994.
Methods Enzymology 6. 99-110) using the BlAevaluation program. Equilibrium
dissociation constant (Kp) values are calculated as koi/kon. This protocol is suitable for
30 use in determining binding affinity of an antibody to any PCSK9, including human
PCSK9, PCSK9 of another mammalian (such as mouse PCSK9, rat PCSK9, primate
PCSK9), as well as different forms of PCSK9 (such as a and B form). Binding affinity of
an antibody is generally measured at 25°C, but can also be measured at 37°C.
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mut ati on S228 to P228 (Aal berse et aI , 2002, I rmmunol ogy 105, 9-1 9). In
anot her enbodi nent, the Fc can be aglycosylated Fc. In sonme enbodi nents,
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i ndi vi dual chi p channel's using variable confact tines, to achieve two
ranges d:3aABBdenAdaiialle ynyelottee tingg)- ouding but not limited to X63- -Ag8.653 and
those from the Salk Institute, Cell Distribution Center, San Diego, Calif., USA, may be
used in the hybridization. Generally, the technique involves fusing myeloma cells and
20 lymphoid cells using a fusogen such as polyethylene glycol, or by electrical means well
known to those skilled in the art. After the fusion, the cells are separated from the fusion
medium and grown in a selective growth medium, such as hypoxanthine-aminopterin-
thymidine (HAT) medium, to eliminate unhybridized parent cells. Any of the media
described herein, supplemented with or without serum, can be used for culturing
25 hybridomas that secrete monoclonal antibodies. As another alternative to the cell fusion
technique, EBV immortalized B cells may be used to produce the PCSK9 monoclonal
antibodies of the subject invention. The hybridomas are expanded and subcloned, if
desired, and supernatants are assayed for anti-immunogen activity by conventional
immunoassay procedures (e.g., radioimmunoassay, enzyme immunoassay, Or

30 fluorescence immunoassay).

Hybridomas that may be used as a source of antibodies encompass all
derivatives, progeny cells of the parent hybridomas that produce monoclonal antibodies

specific for PCSK9, or a portion thereof.



response units (RU) for detailed kinetic studies or 800-1 ,000 RU for
screeni ng assays. Regeneration studies have shown that 25 mM NaCH in 25%
v/ v et harwD 2efoieeiidvel y renoves the bound Fab whil e keepCmgBoo®0:090 vity of
PCSK9 on the chip for over 200 inject i_ggs_. Typically, serial dilutions
(spanni ng concentrations of 0.1 - 10x timated K ) of purified Fab sanpl es
are injected for 1 mn at 100 niL/m nute and di ssociation tines of up to 2
hours are all owed. The concentrations of the Fab proteins are determ ned by
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herein. A currently preferred nethod of making the anti bodies COK ses the
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host an I,s 1 nocul ted | peritoneally, intranuscularly, orally,
ut ﬁ@@ﬁ'gg&es (RS a’BPHﬂ? al %{ﬂ&)pgl,leq Jntradermal Iy with an amount of
' mmnoge” 'If‘ebé'ﬁjéd‘%é%:@smrérhﬁ&orﬂ@f ﬁhfbodgy N Ry A6EA 'b?%téfé%ﬁ“
the | ynphocytes and 1 nmortalized nyel oma usi ng the general somatic

cel | hybay thezsaduemced cnai wleepcojynw@iaotm‘e s@quesmm aly shen ripe cIoned into a vector
for expression or propagation. The sequence encoding the antibody of interest may be
maintained in vector in a host cell and the host cell can then be expanded and frozen for
20 future use. Production of recombinant monoclonal antibodies in cell culture can be
carried out through cloning of antibody genes from B cells by means known in the art.

See, e.g., Tiller et al., 2008, J. Immunol. Methods 329, 112; US Patent No. 7,314,622.
In an alternative, the polynucleotide sequence may be used for genetic
manipulation to “humanize® the antibody or to improve the affinity, or other
25 characteristics of the antibody. For example, the constant region may be engineered to
more nearly resemble human constant regions to avoid immune response if the
antibody is used in clinical trials and treatments in humans. It may be desirable to
genetically manipulate the antibody sequence to obtain greater affinity to PCSK9 and
greater efficacy in inhibiting PCSKO. It will be apparent to one of skill in the art that one
30 or more polynucleotide changes can be made to the PCSK9 antagonist antibody and

still maintain its binding ability to PCSKO.

There are four general steps to humanize a monoclonal antibody. These are: (1)
determining the nucleotide and predicted amino acid sequence of the starting antibody



C, 1975, Nature 256:495-497 or as nodified by Buck, D. W, et al., 1982,
In Vitro, 18:377-381 . Avail able nyeloma lines, including but not limted
to X63- Ag80@BRanmid3t hose fromthe Salk Institute, Cell PCSuB2dog/033090 Cent er,
San Diego, Calif., USA, nay be used i ngghe hybridi zati on. Generally, the

t echni que i nvol ves fusing myel oma cel [§”and | ynphoid cells using a fusogen

such as pol yethylene glycol, or by electrical neans well known to those
skilled in the art. After the fusion, the cells are separated fromthe
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ultrafiltration, if _desired. Undesired activity, if present, can be
renoved gaferrglaC@gﬁgq:rétge lﬁ?df?rilnﬁpﬁiji Q'F?éteﬁr @&raahumnowp%%rfm@woﬂh@m

the i 9&83 t ack ; sol S |20 ifg t
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| ut ar al dehyde, succi.ni ¢ anhydride, . :
g M el
molecules’ are designed to minimize’unwanted immunological response toward rodent
anti-human antibody molecules which limits the duration and effectiveness of
20 therapeutic applications of those moieties in human recipients. For example, the
antibody constant region can be engineered such that it is immunologically inert (e.g.,
does not trigger complement lysis). See, e.g., PCT Publ. No. WO99/58572; UK Patent
Application No. 9809951.8. Other methods of humanizing antibodies that may also be
utilized are disclosed by Daugherty et al., 1991, Nucl. Acids Res. 19:2471-2476 and in
25 U.S. Patent Nos. 6,180,377; 6,054,297; 5,997,867, 5,866,692; 6,210,671; and
6,350,861; and in PCT Publ. No. WO 01/27160.

In yet another alternative, fully human antibodies may be obtained by using
commercially available mice that have been engineered to express specific human
immunoglobulin proteins. Transgenic animals that are designed to produce a more

30 desirable or more robust immune response may also be used for generation of
humanized or human antibodies. Examples of such technology are Xenomouse™ from

Abgenix, Inc. (Fremont, CA), HUMAb-Mouse® and TC Mouse™ from Medarex, Inc.



SOClI 2, or RIN=C=NR, where R and Rl are different al kyl groups, can yield a
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sequenced and t he pol ynucl eoti de sequg&ge_ may then be cloned into a vector
for expression or propagation. The sequence encodi ng the anti body of

I nterest nay be maintained in vector in a host cell and the host cell can

t hen be expanded and frozen for future use. Production of reconbi nant
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al ., 1gégﬁer%pc)%rlonR%SStrﬂ'Ztu%!5|7Ig|oﬁb%§/33 Sg{l hje’r1 Several sources of V-gene segments
can be used for phage display. Clackson et al., 1991, Nature 352:624-628 isolated a
20 diverse array of anti-oxazolone antibodies from a small random combinatorial library of
V genes derived from the spleens of immunized mice. A repertoire of V genes from
unimmunized human donors can be constructed and antibodies to a diverse array of
antigens (including self-antigens) can be isolated essentially following the techniques
described by Mark et al., 1991, J. Mol. Biol. 222:581-597, or Griffith et al., 1993, EMBO
25 J.12:725-734. In a natural immune response, antibody genes accumulate mutations at
a high rate (somatic hypermutation). Some of the changes introduced will confer higher
affinity, and B cells displaying high-affinity surface immunoglobulin are preferentially
replicated and differentiated during subsequent antigen challenge. This natural process
can be mimicked by employing the technique known as “chain shuffling.” (Marks et al.,
30 1992, Bio/Technol. 10:779-783). In this method, the affinity of “primary” human
antibodies obtained by phage display can be improved by sequentially replacing the
heavy and light chain V region genes with repertoires of naturally occurring variants
(repertoires) of V domain genes obtained from unimmunized donors. This technique



references describe rodent CDRs grafted into a human supporting framework
region (FR) prior to fusion with an appropriate human anti body const ant
domai n. S¥O,20foom98sanpl e, R echmann et al.,1 988, Natur @C33820828533%)7;

Ver hoeyen et al., 1988, Science 239:1 534-1 536; and Jones et al., 1986,
Nat ure 321 :522-525. Another reference“descri bes rodent CDRs supported by
reconbi nantly engi neered rodent franmework regi ons. See, for exanple,
European Pat ent Publ. No. 051 9596. These "humani zed" nol ecul es are
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V donmaiantipedies, Hreegenenakgrinciples discussed are appllcable to customizing antlbodles for
use, for example, in dogs, cats, primate, equines and bovines. It is further apparent that
one or more aspects of humanizing an antibody described herein may be combined,
20 e.g., CDR grafting, framework mutation and CDR mutation.

Antibodies may be made recombinantly by first isolating the antibodies and
antibody producing cells from host animals, obtaining the gene sequence, and using the
gene sequence to express the antibody recombinantly in host cells (e.g., CHO cells).
Another method which may be employed is to express the antibody sequence in plants

25 (e.g., tobacco) or transgenic milk. Methods for expressing antibodies recombinantly in
plants or milk have been disclosed. See, for example, Peeters, 2001, et al. Vaccine
19:2756; Lonberg, N. and D. Huszar, 1995, Int. Rev. Immunol 13:65; and Pollock, et al.,
1999, J Immunol Methods 231:147. Methods for making derivatives of antibodies, e.g.,
humanized, single chain, etc. are known in the art.

30 Immunoassays and flow cytometry sorting techniques such as fluorescence
activated cell sorting (FACS) can also be employed to isolate antibodies that are specific

for PCSKO.
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20 homologous murine sequences, Morrison et al., 1984, Proc. Nat. Acad. Sci. 81:6851, or
by covalently joining to the immunoglobulin coding sequence all or part of the coding
sequence for a non-immunoglobulin polypeptide. In that manner, “chimeric” or “hybrid”
antibodies are prepared that have the binding specificity of a PCSK9 monoclonal
antibody herein.

25 PCSK9 antagonist antibodies and polypeptides derived from antibodies can be
identified or characterized using methods known in the art, whereby reduction,
amelioration, or neutralization of PCSK9 biological activity is detected and/or measured.
In some embodiments, a PCSK9 antagonist antibody or polypeptide is identified by
incubating a candidate agent with PCSK9 and monitoring binding and/or attendant

30 reduction or neutralization of a biological activity of PCSK9. The binding assay may be
performed with purified PCSK9 polypeptide(s), or with cells naturally expressing, or
transfected to express, PCSK9 polypeptide(s). In one embodiment, the binding assay is
a competitive binding assay, where the ability of a candidate antibody to compete with a



genes, creating rodent-human chineras. Selection on antigen results in

I sol ati on of human vari abl e regi ons capable of restoring a functional

ant i gen- bwoadorg2siise, i.e., the epitope governs (inprinPex/Bev/esse9ce of
partner. \Wen the process is repeated i,p order to replace the renaining
rodent V domain, a human antibody is 66’?a'i ned (see PCT Publ. No. WD 93/0621
3). Unlike traditional humanization of rodent antibodies by CDR grafting,
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or mlk have been disclosed. See, for exanple, Peeters, 2001 , et al
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fluorescence activated cell sorti n FACS) can al so be enpl oyed to isolate
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will be“able to ascertain su using routine experimentation. In sone
enbodi rames ,Using ArdibodiEs, @hpbm@@yd\/lanualt yColdaBpring Harbor Laboratory Press,
Cold Spring Harbor, New York, 1999). In an additional example, epitope mapping can
be used to determine the sequence to which a PCSK9 antagonist antibody binds.
20 Epitope mapping is commercially available from various sources, for example, Pepscan
Systems (Edelhertweg 15, 8219 PH Lelystad, The Netherlands). The epitope can be a
linear epitope, i.e., contained in a single stretch of amino acids, or a conformational
epitope formed by a three-dimensional interaction of amino acids that may not
necessarily be contained in a single stretch. Peptides of varying lengths (e.g., at least
25 4-6 amino acids long) can be isolated or synthesized (e.g., recombinantly) and used for
binding assays with a PCSK9 antagonist antibody. In another example, the epitope to
which the PCSK9 antagonist antibody binds can be determined in a systematic
screening by using overlapping peptides derived from the PCSK9 sequence and
determining binding by the PCSK9 antagonist antibody. According to the gene fragment
30 expression assays, the open reading frame encoding PCSK9 is fragmented either
randomly or by specific genetic constructions and the reactivity of the expressed
fragments of PCSK9 with the antibody to be tested is determined. The gene fragments

may, for example, be produced by PCR and then transcribed and translated into protein



targets the myocardi um DNA encodi ng the nonoclonal antibodies is readily
| sol ated and sequenced using conventional procedures (e.g., by using

ol i gonuclwotnoe2piiobes t hat are capabl e of bi ndi ng speciPCiranooyoi3g9genes
encodi ng the heavy and |ight chains of ,the nonocl onal anti bodi es). The
hybhdoma cells serve as a preferred 563 ce of such DNA. Once isolated, the
DNA may be placed into expression vectors (such as expression vectors

di sclosed in PCT Publ. No. WD 87/04462), which_are then transfected into
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noni t oriave teardigitiacett(swapplet Mtandegueddes ifon PCSKIfroad aﬁ@ther)@pétf:le@ ora
bi ol ogi cal activity of PCSK9. The binding assay may be perfornmed wth
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bi ndi ng assay i S a conpe |ng assay, ere th
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bi ggl ng is géfl uated. The assay may be performed in various formats,
udi4RyeP#E’-ELI SA format. In other embodinents, a PCSK9 antagoni st

a“t i body is Y&leﬁﬁéthb?%@t}ﬁour‘%%t E& b ¢3Bd] t%%ﬁar%&?é??ze"‘bt#S‘C§T%§K8n?a§6nist
moni toring binding and attendant 1 nhibition of LDLR expression and/Or bl ood
chol estantibodylie &0 aseaompetition assays with other antibodies known to bind to the same
antigen, i.e., various fragments on PCSK9, to determine if the PCSK9 antagonist
antibody binds to the same epitope as other antibodies. Competition assays are well
20 known to those of skill in the art.

The crystal structure of the antibody and antibody:antigen complex can also be
used to characterize the antibody. The residues are identified by calculating the
difference in accessible surface area between the L1L3:PCSK9 crystal structure and
PCSKO structure alone. PCSKO9 residues that show buried surface area upon complex

25 formation with L1L3 antibody are included as a part of the epitope. The solvent
accessible surface of a protein is defined as the locus of the centre of a probe
sphere (representing a solvent molecule of 1.4 A radius) as it rolls over the Van der
Waals surface of the protein. The solvent accessible surface area is calculated by
generating surface points on an extended sphere about each atom (at a distance from

30 the atom centre equal to the sum of the atom and probe radii), and eliminating those
that lie within equivalent  spheres associated with neighboring atoms as
implemented in program AREAIMOL (Briggs, P.J., 2000, CCP4 Newsletter No. 38,
CCLRC, Daresbury).



Followng initial identification, the activity of a candi date PCSK9

ant agoni st anti body can be further confirned and refined by bi oassays that
are knowwoOaotoaepsiBhe targeted biol ogical activities. APCENRZNIOFBHY,

bi oassays can be used to screen candi c_i; es directly. Sone of the nethods
for identifying and characterizing PCSK9 antagoni st anti bodi es, peptides,
or aptaners are described in detail in the Exanples. PCSK9 ant agoni st

anti bodi es may be characterized using nethods well known in the art. For
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to about 100 ug of DNA can also be used during a gene therapy protocol. The

20 therapeutic polynucleotides and polypeptides can be delivered using gene delivery
vehicles. The gene delivery vehicle can be of viral or non-viral origin (see generally,
Jolly, 1994, Cancer Gene Therapy 1:51; Kimura, 1994, Human Gene Therapy 5:845;
Connelly, 1995, Human Gene Therapy 1:185; and Kaplitt, 1994, Nature Genetics
6:148). Expression of such coding sequences can be induced using endogenous

25 mammalian or heterologous promoters. Expression of the coding sequence can be
either constitutive or regulated.

Viral-based vectors for delivery of a desired polynucleotide and expression in a
desired cell are well known in the art. Exemplary viral-based vehicles include, but are
not limited to, recombinant retroviruses (see, e.g., PCT Publ. Nos. WO 90/07936; WO

30 94/03622; WO 93/25698; WO 93/25234; WO 93/11230; WO 93/10218; WO 91/02805;
U.S. Patent Nos. 5, 219,740 and 4,777,127; GB Patent No. 2,200,651; and EP Patent
No. 0 345 242), alphavirus-based vectors (e.g., Sindbis virus vectors, Semliki forest
virus (ATCC VR-67; ATCC VR-1247), Ross River virus (ATCC VR-373; ATCC VR-1246)



random pepti de sequences displayed on the surface of phage particles (phage
libraries). Alternatively, a defined library of overlappi ng peptide

f ragnent swoanioe9iiest ed for binding to the test anti bodycirnBzmiospideddi ndi ng
assays. In an additional exanple, nut agﬁney s of an antigen binding donain,
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performed to identify residues required, sufficient, and/or necessary for
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This invention encompasses compositions, including pharmaceutical
compositions, comprising antibodies described herein or made by the methods and
20 having the characteristics described herein. As used herein, compositions comprise
one or more antibodies, peptides, or aptamers that antagonize the interaction of PCSK9
with the LDLR, and/or one or more polynucleotides comprising sequences encoding one
or more these antibodies or peptides. These compositions may further comprise
suitable excipients, such as pharmaceutically acceptable excipients including buffers,
25  which are well known in the art.
The PCSK9 antagonist antibodies and peptides of the invention are characterized
by any (one or more) of the following characteristics: (a) bind to PCSK9; (b) block
PCSKQ9 interaction with the LDLR; (c) decrease PCSK9-mediated down-regulation of the
LDLR; and (d) inhibit PCSK9-mediated inhibition of LDL blood clearance. Preferably,
30 PCSK9 antibodies have two or more of these features. More preferably, the antibodies
have three or more of the features. Most preferably, the antibodies have all four

characteristics.



anti body. One skilled in the art is famliar with adm nistration of
expression vectors to obtain expression of an exogenous protein in vivo.
See, e.g.wolnd/2PaBent Nos. 6, 436,908; 6,41 3,942; and @CIIB2043/053990

Admi ni stration of expression vectors includes |ocal or systemc

adm ni stration, including injection, oral adm nistration, particle gun or
cat het ehzed adm ni stration, and topical adm nistration. In another

enbodi ment, the expression vector is admnistered directly to the
synpat het i c AGagrttingly, gieglinantiopr provided ady odlarthe afalloming.aori gapositions
ventri ' [ | : 1,C:-G0 .1

cont ai sy BEETACEE e ERRishebnb AHBORY HrisEaRRRA) BEY,
used. | Réa@ap t?queadieaarlaﬂ Diartiall heav% ctrmiﬂnmaweah Icerascfeendi ighed”abre 1f.o|rThe
exanple, Findejs et al., 199 Trends Biotechno]. 11:202: Chiou et -
1994, c%‘l@gr'ﬂ?é BHURNCES :arﬁ/&[ﬁﬁoﬁéaq#{ﬁac%SP?QfQirlgoWsK@?attﬁ%Et beid r?é:c‘?@ﬂg fi@r
(J. 8 \&hdthig.ed-); Wi et al., 1988, J. Biol. Chem 263:621 ; Wi et al.,
1994, J. BIOa|. Chem 269:542; Zenke et al., 1990, Proc. Natl. Acad. Sci.
USA 87:3655; Wi et al., 1991 , J. Biol. Chem 266:338. Therapeutic
conpositions containing a polynucl eot.rla%? ill’e adm nistered in a range of
about 100 ng to about 200 ng of DNA f §ocal adninistration in a gene

t her agymApOt daghnt ERARIHrT=did RiglorNgeSHe VPO AHIN wARaE Regigipout S0 1o,
about [1 ng tq about 2 ng, about™5 ny [to about 500 ng, and about 20 ny to
about |¥Ab ny |dP IVIDNEQEQKEVISE SYésIB¥d |duY QhQRSGekd MKRGAPY KIS0KASDI | The
therapeutic | ypenrt,i lJ I-ng| gene
delivery vehi %%ﬁtimmv\&&)y vgkﬁgmﬂggvg§§ﬂ$§§EEW'F£n vi ral
origin (see gaRPEAIPKALIYIASYRYEG GaINPNRGET TVRONEKGKATL TVISKBIT a,
1994, |Human Cene Ther apy 5:845; Connel lé’ 1995, Hunman CGene Thera l: 1 85;
and Kdplitt, |MBUARFUAISEECHHEtlISNG: [148]AYME:RSLTSRDSAGILE ng
sequerices car € ogous
pronotlers. ap\g‘gss%pgﬁgg% By SWW%RYMJLSM%EF%%QN itutive or
regul gt ed. Vi[rRGGIBEREEIKe¢SECS IDoN@el N@epp) of a desired pol ynucl eotide and
expregsion in a desired cell are well| known in the art. Exenplary
viral -lbased VeW)cl es include, but are not linmited to, reconbinant
retrowi S ( NS T oy /Y y R 032 a Y
031 25698 o [ BLLIS RIS YRS o RS BERT BT S, pat en
Nos. 5, 2 19,|13CKASQDVETAVAMYQQAK RaG¥TF TSYWRIFAQVKEIRPGCGGIUEBRGPat ent
PGQSPKLLIYSASYRYTGVP | EINPSNGRTNYNEKFKSKATLTVDKS
DRFTGSGSGTDFTFTISSVQ | SSTAYMQLSSLTSEDSAVYYCARER
AEDLAVYYCQQRYSTPRTF | PLYAMDYWGQGTSVTVSS
GGGTKLEIK (SEQ ID NO: 17) | (SEQ ID NO: 21)
6F6 DIQMTQTTSSLSASLGDRVTI | EVQLQQSGPELVKPGASVKISCKAS
SCSASQGISNYLNWYQQKP | GYTFTDYYMNWVKQSHGKSLEWIG
DGTVKLLIYYTSSLHSGVPS | DINPNNGGTSYNQKFKGKATLTVDK
RFSGSGSGTDYSLTISNLEP | SSSTAYMELRSLTSEDSAVYYCAGG
EDIATYYCQQYSKLPFTFGS | GIYYRYDRNYFDYWGQGTTLTVSS
GTKLEIK (SEQ ID NO: 18) (SEQ ID NO: 22)
7D4 DIVMTQSHKFMSTSFGDRVS | EVKLVESEGGLVQPGSSMKLSCTAS
ITCKASQDVSNALAWYQQK | GFTFSDYYMAWVRQVPEKGLEWVA
PGHSPKLLIFSASYRYTGVP | NINYDGSNTSYLDSLKSRFIISRDNAK
DRFTGSGSGTDFTFTISSVQ | NILYLQMSSLKSEDTATYYCAREKFA
AEDLAVYYCQQHYSTPWTF | AMDYWGQGTSVTVSS
GGGTKLEIK (SEQ ID NO: 19) | (SEQ ID NO: 23)




No. O 345 242), al phavirus-based vectors (e.g., Sindbis virus vectors,

Sem i ki forest virus (ATCC VR-67; ATCC VR-1 247), Ross River virus (ATCC
VR-373; AVGC0MR294:246) and Venezuel an equi ne encephaliti s PCrABx0YABEO VR- 923,
ATCC VR- 1250; ATCC VR 1249; ATCC VR- 5332 and adeno-associ ated virus (AAY)
vectors (see, e.g., PCT Publ. Nos. /1 2649, WD 93/03769; WD 93/1 9 19
1; WD 94/28938; WD 95/1 1984 and WD 95/00655). Adm nistration of DNA |inked
to killed adenovirus as described in Curiel 1992 Hum Gene Ther 3: 147,
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6985) ;| eukaryotic cell delivery ve&g vehicles_cells (see, gg U. S, Patent No.
5,814,(482; PCRPAESGREIDRAD T145P6R60 4| T%‘SEFWMFEJ#SLB@E POTESAREN WO
97/ 42338) and TBhe | 1|z@pj el |l menbranes.
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art. The polypeptides can be produced by proteolytic or other degradation of the

antibodies, by recombinant methods (i.e., single or fusion polypeptides) as described
above or by chemical synthesis. Polypeptides of the antibodies, especially shorter
polypeptides up to about 50 amino acids, are conveniently made by chemical synthesis.
15  Methods of chemical synthesis are known in the art and are commercially available. For
example, an antibody could be produced by an automated polypeptide synthesizer
employing the solid phase method. See also, U.S. Patent Nos. 5,807,715; 4,816,567;
and 6,331,415.
In another alternative, the antibodies and peptides can be made recombinantly
20 using procedures that are well known in the art. In one embodiment, a polynucleotide
comprises a sequence encoding the heavy chain and/or the light chain variable regions
of antibody 4A5, 5A10, 6F6, 7D4 or L1L3. The sequence encoding the antibody of
interest may be maintained in a vector in a host cell and the host cell can then be
expanded and frozen for future use. Vectors (including expression vectors) and host
25 cells are further described herein.
The invention also encompasses scFv of antibodies of this invention. Single

chain variable region fragments are made by linking light and/or heavy chain variable



PCSK9 anti bodi es have two or nore of these features. Mire preferably, the
anti bodi es have three or nore of the features. Mst preferably, the

ant i bodi esolawe2e31B f our characteristics. Accordi ngly, tRETIIRXNONDI3090

provi des any of the follow ng, or conpa;[tions (i ncl udi ng pharnmaceuti cal
conpositions) conprising any anti body ving a partial light chain sequence
and a partial heavy chain sequence as found in Table 1. The underlined
sequences are CDR sequences according to Kabat and in bold accordin to
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ant i bodeeemeantlysor neyinetinallgan her syathetg prqswélgne@ am aueomated
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descr i hemtasibipgepsiyniiestiwritetlenspoed e scFiPehyiiepiitdesiced ittdea sottatiedicss,
especially shorter polypeptides up to about 50 am no acids, are

conveni @i PihaRaekBYOiheH®aRS ¥9Abh PR, INGBCheE BT MEHaRiceis, 8 RIHEEYRiCar
Koo Sk B o PARESRIRRE SRR AR a0 6 nfdesRarPl nodd an 56V
sol i d phasipuratibhsducBess bfstmn of PolyRatleotidé®s Ter &30t Schv c8i thebiBolataad
6. :‘)Tgl ’ué}sjl'ng&standard protein purification techniques known in the art.
Other forms of single chain antibodies, such as diabodies are also encompassed.
Diabodies are bivalent, bispecific antibodies in which VH and VL domains are expressed
on a single polypeptide chain, but using a linker that is too short to allow for pairing
between the two domains on the same chain, thereby forcing the domains to pair with

20 complementary domains of another chain and creating two antigen binding sites (see
e.g., Holliger, P., et al., 1993, Proc. Natl. Acad Sci. USA 90:6444-6448; Poljak, R. J., et
al., 1994, Structure 2:1121-1123).

For example, bispecific antibodies, monoclonal antibodies that have binding
specificities for at least two different antigens, can be prepared using the antibodies

25 disclosed herein. Methods for making bispecific antibodies are known in the art (see,
e.g.,, Suresh et al., 1986, Methods in Enzymology 121:210). Traditionally, the
recombinant production of bispecific antibodies was based on the coexpression of two
immunoglobulin heavy chain-light chain pairs, with the two heavy chains having different
specificities (Millstein and Cuello, 1983, Nature 305, 537-539).

30 According to one approach to making bispecific antibodies, antibody variable
domains with the desired binding specificities (antibody-antigen combining sites) are
fused to immunoglobulin constant domain sequences. The fusion preferably is with an
immunoglobulin heavy chain constant domain, comprising at least part of the hinge,



In another alternative, the antibodi es and peptides can be nade
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Heteroconjugate antibodies, comprising two covalently joined antibodies, are also

20 within the scope of the invention. Such antibodies have been used to target immune
system cells to unwanted cells (U.S. Patent No. 4,676,980), and for treatment of HIV
infection (PCT Publ. Nos. WO 91/00360 and WO 92/200373; EP 03089).
Heteroconjugate antibodies may be made using any convenient cross-linking methods.
Suitable cross-linking agents and techniques are well known in the art, and are

25 described in U.S. Patent No. 4,676,980.

Chimeric or hybrid antibodies also may be prepared in vitro using known methods
of synthetic protein chemistry, including those involving cross-linking agents. For
example, immunotoxins may be constructed using a disulfide exchange reaction or by
forming a thioether bond. Examples of suitable reagents for this purpose include

30 iminothiolate and methyl-4-mercaptobutyrimidate.

Humanized antibody comprising one or more CDRs of antibodies 5A10 or 7D4 or
one or more CDRs derived from antibodies 5A10 or 7D4 can be made, for example,
using any methods know in the art. For example, four general steps may be used to



For exanpl e, bispecific antibodies, nonocl onal antibodies that have binding
specificities for at least two different antigens, can be prepared using

t he anti bwoizen/dpaaél osed herein. Methods for naking bi spetiiB2ooy/essvebodi es
are known in the art (see, e.g., Suregg et al., 1986, Methods in Enzynol ogy
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| Ti&nized antibodies may be made by any method known in the art.
The invention encompasses modifications to the antibodies and polypeptides of
20 the invention variants shown in Table 1, including functionally equivalent antibodies
which do not significantly affect their properties and variants which have enhanced or
decreased activity and/or affinity. For example, the amino acid sequence may be
mutated to obtain an antibody with the desired binding affinity to PCSK9. Modification of
polypeptides is routine practice in the art and need not be described in detail herein.
25 Modification of polypeptides is exemplified in the Examples. Examples of modified
polypeptides include polypeptides with conservative substitutions of amino acid
residues, one or more deletions or additions of amino acids which do not significantly
deleteriously change the functional activity, or which mature (enhance) the affinity of the
polypeptide for its ligand, or use of chemical analogs.
30 Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides containing a hundred or more
residues, as well as intrasequence insertions of single or multiple amino acid residues.

Examples of terminal insertions include an antibody with an N-terminal methionyl
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Ala (A) Val Val; Leu; lle

Arg (R) Lys Lys; GIn; Asn

Asn (N) GIn GIn; His; Asp, Lys; Arg

Asp (D) Glu Glu; Asn

Cys (C) Ser Ser; Ala

Gin (Q) Asn Asn; Glu

Glu (E) Asp Asp; GIn

Gly (G) Ala Ala

His (H) Arg Asn; GIn; Lys; Arg

lle (1) Leu Leu; Val; Met; Ala; Phe;

Norleucine
Leu (L) lle Norleucine; lle; Val; Met;
Ala; Phe

Lys (K) Arg Arg; GIn; Asn

Met (M) Leu Leu; Phe; lle

Phe (F) Tyr Leu; Val; lle; Ala; Tyr




The invention enconpasses nodifications to the anti bodi es and pol ypepti des
of the invention variants shown in Table 1, including functionally
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the desired binding affinity to PCSK9. Modification of polypeptides is
routi ne nrar‘flr‘p in the art and need not he described in detai her ei n.
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properties of the anti body are acconplished by sel ect i ng substitutions that

differ signifi dahPPkaer\ﬁthPHEPfﬁarQﬁf eys, 8an i A8 PRy (a) the structure of
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sheet or helic conf o I'on )arge or hydrophob|C|ty of the
(4) Basic (positively charged): Lys, Arg;

(5) Residues that influence chain orientation: Gly, Pro; and
(6) Aromatic: Trp, Tyr, Phe, His.
Non-conservative substitutions are made by exchanging a member of one of
15 these classes for another class.

Any cysteine residue not involved in maintaining the proper conformation of the
antibody also may be substituted, generally with serine, to improve the oxidative stability
of the molecule and prevent aberrant cross-linking. Conversely, cysteine bond(s) may
be added to the antibody to improve its stability, particularly where the antibody is an

20 antibody fragment such as an Fv fragment.

Amino acid modifications can range from changing or modifying one or more
amino acids to complete redesign of a region, such as the variable region. Changes in
the variable region can alter binding affinity and/or specificity. In some embodiments, no
more than one to five conservative amino acid substitutions are made within a CDR

25 domain. In other embodiments, no more than one to three conservative amino acid
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cells with tetracycline-regulated expression of 3(1,4)-N-acetylglucosaminyltransferase |l
(GnTIIl), a glycosyltransferase catalyzing formation of bisecting GIcNAc, was reported to
have improved ADCC activity (Umana et al., 1999, Nature Biotech. 17:176-180).
Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers
20 to the attachment of the carbohydrate moiety to the side chain of an asparagine residue.
The tripeptide sequences asparagine-X-serine, asparagine-X-threonine, and
asparagine-X-cysteine, where X is any amino acid except proline, are the recognition
sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side
chain. Thus, the presence of either of these tripeptide sequences in a polypeptide
25 creates a potential glycosylation site. O-linked glycosylation refers to the attachment of
one of the sugars N-acetylgalactosamine, galactose, or xylose to a hydroxyamino acid,
most commonly serine or threonine, although 5-hydroxyproline or 5-hydroxylysine may
also be used.
Addition of glycosylation sites to the antibody is conveniently accomplished by
30 altering the amino acid sequence such that it contains one or more of the above-
described tripeptide sequences (for N-linked glycosylation sites). The alteration may
also be made by the addition of, or substitution by, one or more serine or threonine
residues to the sequence of the original antibody (for O-linked glycosylation sites).



(Jefferis and Lund, supra; Wss and Wagner, 1996, Current Opin. Biotech.
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art, including, but not limited to, enzymatic means, oxidative substitution and chelation.
20 Modifications can be used, for example, for attachment of labels for immunoassay.
Modified polypeptides are made using established procedures in the art and can be
screened using standard assays known in the art, some of which are described below
and in the Examples.
In some embodiments of the invention, the antibody comprises a modified
25 constant region, such as a constant region that is immunologically inert or partially inert,
e.g., does not trigger complement mediated lysis, does not stimulate ADCC, or does not
activate microglia; or have reduced activities (compared to the unmodified antibody) in
any one or more of the following: triggering complement mediated lysis, stimulating
ADCC, or activating microglia. Different modifications of the constant region may be
30 used to achieve optimal level and/or combination of effector functions. See, for
example, Morgan et al., 1995, Immunology 86:319-324; Lund et al., 1996, J.
Immunology 157:4963-9 157:4963-4969; Idusogie et al., 2000, J. Immunology

164:4178-4184; Tao et al., 1989, J. Immunology 143: 2595-2601; and Jefferis et al.,
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sequence). Eur. J. Imunol., 1999, 29:261 3-2624. In still other
enbodi ment s,Othiee aﬂitb@ldanque‘glattmns sinalgidgcestpedies! thet hevei heern modified as

gl ycosyde%tc'rlged ir|1 PCPPUbI. No. WO 99/58572. These antibodies comprise, in addition to a

binding domain directed at the target molecule, an effector domain having an amino acid

20 sequence substantially homologous to all or part of a constant domain of a human

immunoglobulin heavy chain. These antibodies are capable of binding the target

molecule without triggering significant complement dependent lysis, or cell-mediated

destruction of the target. In some embodiments, the effector domain is capable of

specifically binding FcRn and/or FcyRllb. These are typically based on chimeric

25 domains derived from two or more human immunoglobulin heavy chain Cy2 domains.

Antibodies modified in this manner are particularly suitable for use in chronic antibody

therapy, to avoid inflammatory and other adverse reactions to conventional antibody
therapy.

The invention includes affinity matured embodiments. For example, affinity

30 matured antibodies can be produced by procedures known in the art (Marks et al., 1992,

Bio/Technology, 10:779-783; Barbas et al., 1994, Proc Nat. Acad. Sci, USA 91:3809-

3813; Schier et al., 1995, Gene, 169:147-155; Yelton et al.,, 1995, J. Immunol.,
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scanni raffimityt ageveali-ktowGémdhalary, Bindingr gffindarmanperdetayeniesd sisingr Biacore
surface plasmon resonance analysis, which detects differences in binding affinity of
about 2-fold or greater. Biacore is particularly useful when the starting antibody already

20 binds with a relatively high affinity, for example a Kp of about 10 nM or lower. Screening

using Biacore surface plasmon resonance is described in the Examples, herein.

Binding affinity may be determined using Kinexa Biocensor, scintillation proximity
assays, ELISA, ORIGEN immunoassay (IGEN), fluorescence quenching, fluorescence
transfer, and/or yeast display. Binding affinity may also be screened using a suitable

25 Dbioassay.

In some embodiments, every amino acid position in a CDR is replaced (in some
embodiments, one at a time) with all 20 natural amino acids using art recognized
mutagenesis methods (some of which are described herein). This generates small
libraries of clones (in some embodiments, one for every amino acid position that is

30 analyzed), each with a complexity of 20 members (if all 20 amino acids are substituted
at every position).

In some embodiments, the library to be screened comprises substitutions in two
or more positions, which may be in the same CDR or in two or more CDRs. Thus, the
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Preparation, screening, and selection of this library is discussed further below.
Library scanning mutagenesis also provides a means for characterizing a CDR,
20 in so far as the frequency of clones with improved binding, the same binding, decreased
binding or no binding also provide information relating to the importance of each amino
acid position for the stability of the antibody-antigen complex. For example, if a position
of the CDR retains binding when changed to all 20 amino acids, that position is
identified as a position that is unlikely to be required for antigen binding. Conversely, if
25 a position of CDR retains binding in only a small percentage of substitutions, that
position is identified as a position that is important to CDR function. Thus, the library
scanning mutagenesis methods generate information regarding positions in the CDRs
that can be changed to many different amino acids (including all 20 amino acids), and
positions in the CDRs which cannot be changed or which can only be changed to a few
30 amino acids.
Candidates with improved affinity may be combined in a second library, which
includes the improved amino acid, the original amino acid, and may further include
additional substitutions at that position, depending on the complexity of the library that is



See, e.g., Table 2 of Balint et al., 1993, CGene 137(1 ):1 09-1 8). The CDR
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and/or at least 10 amino acids of a variable heavy chain region shown in SEQ ID NOs:
54, 20, 21, 22, or 23. In other embodiments, a fusion polypeptide is provided that
comprises at least about 10, at least about 15, at least about 20, at least about 25, or at

20 least about 30 contiguous amino acids of the variable light chain region and/or at least
about 10, at least about 15, at least about 20, at least about 25, or at least about 30
contiguous amino acids of the variable heavy chain region. In another embodiment, the
fusion polypeptide comprises a light chain variable region and/or a heavy chain variable
region, as shown in any of the sequence pairs selected from among SEQ ID NOs: 53

25 and 54, 16 and 20, 17 and 21, 18 and 22, and 19 and 23. In another embodiment, the
fusion polypeptide comprises one or more CDR(s). In still other embodiments, the
fusion polypeptide comprises CDR H3 (VH CDR3) and/or CDR L3 (VL CDR3). For
purposes of this invention, a fusion protein contains one or more antibodies and another
amino acid sequence to which it is not attached in the native molecule, for example, a

30 heterologous sequence or a homologous sequence from another region. Exemplary
heterologous sequences include, but are not limited to a "tag" such as a FLAG tag or a
6His tag. Tags are well known in the art.
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halide, or with an alkyl group containing a good leaving group (e.g., a halide) on the
other.

An antibody or polypeptide of this invention may be linked to a labeling agent
20 such as a fluorescent molecule, a radioactive molecule or any others labels known in
the art. Labels are known in the art which generally provide (either directly or indirectly)
a signal.
The invention also provides compositions (including pharmaceutical
compositions) and kits comprising, as this disclosure makes clear, any or all of the
25 antibodies and/or polypeptides described herein.
The invention also provides isolated polynucleotides encoding the antibodies and
peptides of the invention, and vectors and host cells comprising the polynucleotide.
Accordingly, the invention provides polynucleotides (or compositions, including
pharmaceutical compositions), comprising polynucleotides encoding any of the
30 following: the antibodies 4A5, 5A10, 6F6, 7D4, L1L3, or any fragment or part thereof
having the ability to antagonize PCSKO.
In another aspect, the invention provides polynucleotides encoding any of the
antibodies (including antibody fragments) and polypeptides described herein, such as



synthetically or reconbinantly. Typically, the fusion proteins of this
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t hem usi rgorzewmani¥idant net hods descri bed herein, althoughTiBagwo/ngsyoEal so be
prepared by ot her neans known in the a i ncludi ng, for exanple, chem cal
synthesis. This invention also provi de? conposi tions conprising antibodies
or pol ypeptides conjugated (for exanple, linked) to an agent that
facilitate coupling to a solid support (such as biotin or avidin For
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rad| 0acROMROSIHNE CQMPriSES i ebtolﬁémh ICéHBBsOQ{WMheQWesh@CMm in L%ﬁl@ BIs25

1 i ek SR, dpt N 267 <0 BBl eliat o iRl & o REVRLEER O o

conposidonypssitictizdane fuRhepdPsdridedhergm. t hi s di scl osure nmakes clear, any or
all of the antibodi es and/or pal ypepti des described herein. The |nvent|on
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Accor di nvent 1 on prOV|des pol ynucl eoti des (or conpositions,
i ncl udi ng plRolymeeedtides compieoserntagns) angzcsmphlssqwnpe*s;awcﬁls@tendempaesedi ng

any of the follo t he I bodi 4A5, HAlL 6, 7 or an
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or double-stranded, and may be DNA (genomic, cDNA or synthetic) or RNA molecules.

a

RNA molecules include HnRNA molecules, which contain introns and correspond to a
DNA molecule in a one-to-one manner, and mRNA molecules, which do not contain
introns. Additional coding or non-coding sequences may, but need not, be present
20 within a polynucleotide of the present invention, and a polynucleotide may, but need not,
be linked to other molecules and/or support materials.
Polynucleotides may comprise a native sequence (i.e., an endogenous sequence
that encodes an antibody or a portion thereof) or may comprise a variant of such a
sequence. Polynucleotide variants contain one or more substitutions, additions,
25 deletions and/or insertions such that the immunoreactivity of the encoded polypeptide is
not diminished, relative to a native immunoreactive molecule. The effect on the
immunoreactivity of the encoded polypeptide may generally be assessed as described
herein. Variants preferably exhibit at least about 70% identity, more preferably, at least
about 80% identity, yet more preferably, at least about 90% identity, and most
30 preferably, at least about 95% identity to a polynucleotide sequence that encodes a
native antibody or a portion thereof.
Two polynucleotide or polypeptide sequences are said to be "identical" if the
sequence of nucleotides or amino acids in the two sequences is the same when aligned
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5:151-153; Myers, E.W. and Muller W., 1988, CABIOS 4 11 17 Robinson, E.D., 1971,
Comb. Theor. 11:105; Santou, N., Nes, M., 1987, Mol. Biol. Evol. 4:406-425; Sneath,
P.H.A. and Sokal, R.R., 1973, Numerical Taxonomy the Principles and Practice of
20 Numerical Taxonomy (Freeman Press, San Francisco, CA); Wilbur, W.J. and Lipman,
D.J., 1983, Proc. Natl. Acad. Sci. USA 80:726-730.

Preferably, the "percentage of sequence identity" is determined by comparing two
optimally aligned sequences over a window of comparison of at least 20 positions,
wherein the portion of the polynucleotide or polypeptide sequence in the comparison

25 window may comprise additions or deletions (i.e., gaps) of 20 percent or less, usually 5
to 15 percent, or 10 to 12 percent, as compared to the reference sequences (which
does not comprise additions or deletions) for optimal alignment of the two sequences.
The percentage is calculated by determining the number of positions at which the
identical nucleic acid bases or amino acid residue occurs in both sequences to yield the

30 number of matched positions, dividing the number of matched positions by the total
number of positions in the reference sequence (i.e. the window size) and multiplying the

results by 100 to yield the percentage of sequence identity.
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SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium

chloride/sodium citrate) and 50% formamide at 55°C, followed by a high-stringency

20 wash consisting of 0.1 x SSC containing EDTA at 55°C. The skilled artisan will

recognize how to adjust the temperature, ionic strength, etc. as necessary to
accommodate factors such as probe length and the like.

It will be appreciated by those of ordinary skill in the art that, as a result of the

degeneracy of the genetic code, there are many nucleotide sequences that encode a

25 polypeptide as described herein. Some of these polynucleotides bear minimal

homology to the nucleotide sequence of any native gene. Nonetheless, polynucleotides

that vary due to differences in codon usage are specifically contemplated by the present

invention.  Further, alleles of the genes comprising the polynucleotide sequences

provided herein are within the scope of the present invention. Alleles are endogenous

30 genes that are altered as a result of one or more mutations, such as deletions, additions

and/or substitutions of nucleotides. The resulting mRNA and protein may, but need not,

have an altered structure or function. Alleles may be identified using standard

techniques (such as hybridization, amplification and/or database sequence comparison).
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Nonet hevels knopwl ymile et iathels is described in U. S Patent Nos. 4 ,683,195, g4 ,800,159,
4,754,065 and 4,683,202, as well as PCR: The Polymerase Chain Reaction, Mullis et
al., 1994, eds. (Birkauswer Press, Boston, MA).

20 RNA can be obtained by using the isolated DNA in an appropriate vector and
inserting it into a suitable host cell. When the cell replicates and the DNA is transcribed
into RNA, the RNA can then be isolated using methods well known to those of skill in
the art, as set forth in Sambrook et al., 1989, supra, for example.

Suitable cloning vectors may be constructed according to standard techniques, or

25 may be selected from a large number of cloning vectors available in the art. While the
cloning vector selected may vary according to the host cell intended to be used, useful
cloning vectors will generally have the ability to self-replicate, may possess a single
target for a particular restriction endonuclease, and/or may carry genes for a marker that
can be used in selecting clones containing the vector. Suitable examples include

30 plasmids and bacterial viruses, e.g., pUC18, pUC19, Bluescript (e.g., pBS SK+) and its
derivatives, mp18, mp19, pBR322, pMB9, ColE1, pCR1, RP4, phage DNAs, and shuttle
vectors such as pSA3 and pAT28. These and many other cloning vectors are available
from commercial vendors such as BioRad, Strategene, and Invitrogen.
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The invention also provides host cells comprising any of the polynucleotides
described herein. Any host cells capable of over-expressing heterologous DNAs can be
20 used for the purpose of isolating the genes encoding the antibody, polypeptide or
protein of interest. Non-limiting examples of mammalian host cells include but are not
limited to COS, HelLa, NSO, and CHO cells. See also PCT Publ. No. WO 87/04462.
Suitable non-mammalian host cells include prokaryotes (such as E. coli or B. subfillis)
and yeast (such as S. cerevisae, S. pombe; or K. lactis). Preferably, the host cells
25 express the cDNAs at a level of about 5 fold higher, more preferably, 10 fold higher,
even more preferably, 20 fold higher than that of the corresponding endogenous
antibody or protein of interest, if present, in the host cells. Screening the host cells for a
specific binding to PCSK9 or a PCSK9 domain is effected by an immunoassay or FACS.
A cell overexpressing the antibody or protein of interest can be identified.
30
C. Compositions

The compositions used in the methods of the invention comprise an effective
amount of a PCSK9 antagonist antibody, a PCSK9 antagonist antibody derived
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pharmaceutically acceptable carriers, excipients, or stabilizers (Remington: The
20 Science and Practice of Pharmacy 20th Ed., 2000, Lippincott Williams and Wilkins, Ed.

K. E. Hoover), in the form of lyophilized formulations or aqueous solutions. Acceptable

carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations, and may comprise buffers such as phosphate, citrate, and other organic
acids; antioxidants including ascorbic acid and methionine; preservatives (such as
25 octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium
chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as
methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol);
low molecular weight (less than about 10 residues) polypeptides; proteins, such as
serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
30 polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine,
arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including
glucose, mannose, or dextrans; chelating agents such as EDTA; sugars such as

sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
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conpositions conprise nore than one PCSK9 ant agoni st anti bodi es that
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Hoover), 1n the formo formul atio or aqueous Sol utions.
Accept a(bum as a humanized antlbody) or peptide described herein and instructions for use in

accordance with any of the methods of the invention described herein. Generally, these
instructions comprise a description of administration of the PCSK9 antagonist antibody,
20 peptide, or aptamer for the above described therapeutic treatments.

In some embodiments, the antibody is a humanized antibody. In some
embodiments, the antibody is human. In other embodiments, the antibody is a
monoclonal antibody. The instructions relating to the use of a PCSK9 antagonist
antibody generally include information as to dosage, dosing schedule, and route of

25 administration for the intended treatment. The containers may be unit doses, bulk
packages (e.g., multi-dose packages) or sub-unit doses. Instructions supplied in the kits
of the invention are typically written instructions on a label or package insert (e.g., a
paper sheet included in the kit), but machine-readable instructions (e.g., instructions
carried on a magnetic or optical storage disk) are also acceptable.

30 The kits of this invention are in suitable packaging. Suitable packaging includes,
but is not limited to, vials, bottles, jars, flexible packaging (e.g., sealed Mylar or plastic
bags), and the like. Also contemplated are packages for use in combination with a

specific device, such as an inhaler, nasal administration device (e.g., an atomizer) or an
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the art. For example, mutagenesis can be carried out using standard methods, such as

PCR-mediated mutagenesis, in which the mutated nucleotides are incorporated into the
PCR primers such that the PCR product contains the desired mutations or site-directed
20 mutagenesis.

One type of substitution, for example, that may be made is to change one or
more cysteines in the antibody, which may be chemically reactive, to another residue,
such as, without limitation, alanine or serine. For example, there can be a substitution
of a non-canonical cysteine. The substitution can be made in a CDR or framework

25 region of a variable domain or in the constant domain of an antibody. In some
embodiments, the cysteine is canonical.

The antibodies may also be modified, e.g., in the variable domains of the heavy
and/or light chains, e.g., to alter a binding property of the antibody. For example, a
mutation may be made in one or more of the CDR regions to increase or decrease the

30 Kp of the antibody for PCSK9, to increase or decrease ko, Or to alter the binding
specificity of the antibody. Techniques in site-directed mutagenesis are well-known in
the art. See, e.g., Sambrook et al. and Ausubel et al., supra.
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Another type of amino acid substitution that may be made is to remove potential
20 proteolytic sites in the antibody. Such sites may occur in a CDR or framework region of
a variable domain or in the constant domain of an antibody. Substitution of cysteine
residues and removal of proteolytic sites may decrease the risk of heterogeneity in the
antibody product and thus increase its homogeneity. Another type of amino acid
substitution eliminates asparagine-glycine pairs, which form potential deamidation sites,
25 by altering one or both of the residues. In another example, the C-terminal lysine of the
heavy chain of a PCSK9 antibody of the invention can be cleaved. In various
embodiments of the invention, the heavy and light chains of the PCSK9 antibodies may

optionally include a signal sequence.
Once DNA fragments encoding the Vy and V| segments of the present invention
30 are obtained, these DNA fragments can be further manipulated by standard
recombinant DNA techniques, for example to convert the variable region genes to full-
length antibody chain genes, to Fab fragment genes, or to a scFv gene. In these
manipulations, a V- or Vy-encoding DNA fragment is operatively linked to another DNA
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regions. For a Fab fragment heavy chain gene, the Vu-encoding DNA can be
operatively linked to another DNA molecule encoding only the heavy chain CH1
constant region. The CH1 heavy chain constant region may be derived from any of the
20 heavy chain genes.
The isolated DNA encoding the V| region can be converted to a full-length light
chain gene (as well as a Fab light chain gene) by operatively linking the V -encoding
DNA to another DNA molecule encoding the light chain constant region, C.. The
sequences of human light chain constant region genes are known in the art (see e.g.,
25 Kabat, E. A, et al., 1991, Sequences of Proteins of Immunological Interest, Fifth Edition,
U.S. Department of Health and Human Services, NIH Publ. No. 91-3242) and DNA
fragments encompassing these regions can be obtained by standard PCR
amplification. The light chain constant region can be a kappa or lambda constant
region. The kappa constant region may be any of the various alleles known to occur
30 among different individuals, such as Inv(1), Inv(2), and Inv(3). The lambda constant
region may be derived from any of the three lambda genes.
To create a scFv gene, the Vy- and Vi -encoding DNA fragments are operatively
linked to another fragment encoding a flexible linker, e.g., encoding the amino acid
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antibodies can be created in which two (or more) single-chain antibodies are linked to
one another. This is useful if one wants to create a divalent or polyvalent antibody on a

20 single polypeptide chain, or if one wants to create a bispecific antibody.
In other embodiments, other modified antibodies may be prepared using PCSK9
antibody encoding nucleic acid molecules. For instance, “Kappa bodies” (lll et al., 1997,
Protein Eng. 10:949-57), “Minibodies” (Martin etal.,, 1994, EMBO J. 13:5303-9),
“Diabodies” (Holliger etal., 1993, Proc. Natl. Acad. Sci. USA 90:6444-6448), or
25 “Janusins” (Traunecker etal., 1991, EMBO J. 10:3655-3659 and Traunecker et al.,
1992, Int. J. Cancer (Suppl.) 7:51-52) may be prepared using standard molecular

biological techniques following the teachings of the specification.

Bispecific antibodies or antigen-binding fragments can be produced by a variety
of methods including fusion of hybridomas or linking of Fab' fragments. See, e.g.,
30 Songsivilai & Lachmann, 1990, Clin. Exp. Immunol. 79:315-321, Kostelny et al., 1992, J.
Immunol. 148:1547-1553. In addition, bispecific antibodies may be formed as
“diabodies” or “Janusins.” In some embodiments, the bispecific antibody binds to two
different epitopes of PCSK9. In some embodiments, the modified antibodies described
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shown in Example 7.

Representative antibodies (hybridomas) of the present invention were deposited
20 in the American Type Culture Collection (ATCC) on February 28, 2008, and were
assigned the accession numbers in Table 3. Hybridomas were deposited for antibodies

4A5, 5A10, 6F6 and 7D4.

Table 3
25 Antibody Reference ATCC Accession No.
4A5 PTA-8985
5A10 PTA-8986
6F6 PTA-8984
7D4 PTA-8983

30

Examples
Example 1: Generating and Screening PCSK9 Antagonist Antibodies



binding site. In another preferred enbodi nent, the VH domain is separated
fromthe VL donmain by a |linker such that the VH and VL domai ns can i nteract
wi t h one wioabtven9siThe VH-1inker-V L antibody is then |i mkKedB2009/033€90

pol ypeptide of interest. In addition, fysion antibodies can be created in
which two (or nore) single-chain antibodies are |linked to one another. This
is useful if one wants to create a divalent or polyvalent antibody on a
singl e polypeptide chain, or if one wants to create a bispecific antibody.
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fornmed as "di abodi €s® or "Janusins." In sone enbodi nents, the bispeclfic

ant i bodfebmiess weret wuthainizes emd deit sieenst weTSKEEMPYEdonbyERbOGY®SNIErE t he

var Paoi 0 BIAIRRE 7 S Ml AR S P B RE A e R RS gST Blied oS
her ei n.stéeedatybpidonfa @thhoRgyseieaibuted atbideodek pldvbs.c Clbwes Reke pRbwed apal
and nonocl onal anti bodi es rai sed agai nst reconbinant full-|I eng}@h human

PCSK9, Greweitimsgiectediy Elisyy scragnide ysigkdhe igHAURNZINORYIGSPnBREEIQW pept i des
were evaluated for their ability to down regulate total LDLR protein in
cultured Huh7 human liver cells. Anbng these anti bodies were a set of

ant i booEIelSArsadreelning@fandboeiesiive with a set of 12-20 amino acid residue
pol épeptldes t hat sed,. on the stru PCSK9, were predicted t over

rity of S%&era?*@ﬂﬁgm?% rpgbgrOVﬂpgt i ?Gﬁe@?”%W@é%ﬁP@cq”S  SEPREALEYS
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and heretofore unexpl ored approach was enpl oyed, nanel eneration of
nmonoc| casshyameérsopkrésmiad Mmthlﬁﬁ-welﬁg)lt?teSKGDa’tedlowermghMth 100 pl of a 1 pg/ml
solution of one of the antigens. Excess reagents were washed from the wells between
each step with PBS containing 0.05% Tween-20. Plates were then blocked with PBS
20 containing 0.5% BSA. Supernatant was added to the plates and incubated at room
temperature for 2 hours. Horse radish peroxidase (HRP) conjugated goat-anti mouse
Fc was added to bind to the mouse antibodies bound to the antigen. Tetramethyl
benzidine was then added as substrate for HRP to detect the amount of mouse antibody
present in the supernatant. The reaction was stopped and the relative amount of
25 antibody was quantified by reading the absorbance at 450 nm. Hybridoma clones that
secreted antibodies that are capable of binding to either mouse or human PCSK9 were

selected for further analysis.

PCSK9-mediated LDLR down-regulation in Huh7 cells:

30 Hybridoma clones secreting human or mouse PCSK9 binding antibodies were
expanded and supernatants were harvested. Total IgGs were purified from
approximately 10 ml of the supernatant using protein A beads, dialyzed into PBS buffer,
and the final volume reduced to yield solutions with 0.7-1 mg/ml of antibodies. Purified



reconbi nant full-length PCSKO protein. This manner of antibody preparation
yi el ded ant agoni st anti bodi es that show conpl ete bl ocki ng of PCSKO bi ndi ng
to LDLR wonplogesiBl ocki ng of PCSK9-nedi ated | owering ofCILDBiRob/essedts in
Huh7 cells, and lowering of LDLc in vi )ég including in mce to |l evels
conparable to that seen in PCSK9 -/ - e, as shown in Exanple 7 .
Representative anti bodi es (hybhdonas) of the present invention were
deposited in the American T%/ pe Culture Collection (ATCC) on February 28,
2008, aAlibadies Wer Hiradusack i tast dreibAdbiR nbibihtheagbilitysof PEBKS teomedialer e
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over the course of days, with | ast boost administered i.v., wthout

adj j uvanfveredysadywm,ﬂt h lysie dujier éoyeﬁhalaﬁg zatd4 dadfor rast hogpl e Iygis douffer

SRR SRR Bt Rty o c1h Y BBy o TR affg) X002
dl st r | blERaCntandod coektkil pf ptteaséirisiforagReclae). coell lyisatel wake toiRttethegt ed
by ELI SA screenl ng using the immunizing antigen, as below ELISA screening

of ant 25768 6L pdIbR: BrRtSifedPHePr Vi GO oy Messi: @pisndalawng SDS
Screen%IWﬁéﬁ’ﬁ&é ¥l Yiectrophoresis. Hybridoma clones producing antibodies that can

partially or fully rescue LDLR level were selected for further analysis. By “LDLR down

15 regulation assay” is meant the above assay using Huh7 cells.

Figure 1 illustrates the effect of anti-PCSK9 antagonistic monoclonal antibodies
7D4 .4, 4A5.G3, 6F6.G10.3 and 5A10.B8 on the ability of human and mouse PCSK9 to
down regulate LDLR in cultured Huh7 cells. 100 nM of mouse or human recombinant
PCSK9, and a serial dilution of 25-800 nM of antibodies were used. A) mouse PCSKO.

20 B) human PCSK9. The figures are Western blots showing that the antibodies are in
general more effective in blocking the function of human PCSk9 than mouse PCSKO.
The several antibodies have generally similar affinities for human PCSK9 but vary in
their affinity for murine PCSKO.

25 Example 2: Determining Antibody Binding Affinity
The affinities of PCSK9 antibodies to PCSK9 were measured on a surface
plasmon resonance Biacore 3000 biosensor equipped with a research-grade sensor
chip using HBS-EP running buffer (Biacore AB, Uppsala, Sweden - now GE
Healthcare). Rabbit polyclonal anti-Ms IgGs were amine-coupled at saturating levels
30 onto the chip using a standard N-hydroxysuccinimide/ ethyldimethylaminopropyl
carbodiimide (NHS/EDC) chemistry. The buffer was switched to HBS-EP + 1 mg/mL
BSA + 1 mg/mL CM-dextran. Full-length PCSK9 IgGs were diluted to about 15 pug/mL
and captured for 1 min at 5 uL/min to give levels of about 500RU per flow cell, leaving



their ability to bind the reconbi nant human PCSK9 or reconbi nant nouse
PCSK9. The assays were perfornmed with 96-well plates coated overnight with
100 mM ofwea 2010mgd318 sol uti on of one of the antigens. EX®ETIBLOHNGBONE Wer e
washed fromthe wells between each stgg wi th PBS containing 0.05% Tween- 20.
Pl ates were then bl ocked with PBS contdini ng 0.5% BSA. Super nat ant was
added to the plates and i ncubated at roomtenperature for 2 hours. Horse
radi sh peroxi dase (HRP) conjugated goat-anti_ nouse Fc was added to bind to
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LDLR down-regul ation in Huh7 cells. Huh7 cells were plated and allowed to
gr ow t F@EFOBHUMAMEESKD, ﬁsl\mdlﬁétﬂda cont ai ni ng 10% FBS, 4 mM gl ut ami ne,
q penicillin and streptavidin in 96 well plates. The nmedi um was changed
8ne contai ning 10% del i pidated FBS for 8-1 6 hrs to induce LDLR
expression. Cells were then incubat ed’a‘b¢§48 16 hours with 40 m/well of

293 expression nmedia supplenented with 6 ng/ M of human (preferabl
nouse PARO, ligapdh olnhikitiemat LBbR100 Kyifar of t ettt i bodi M@&&KQ and

ant i body cont ai ni ngP% Mﬁ{n‘é (rléi.@ the erglgkgi ncubatypn, and cells

were lysed with 17 byﬁ%% ng a for a ur. The lysis
buf fer consisted of 50 nM glycerol plitdd)ate, 1Q18Y HEPES pH 7.4, 1% Triton
X-1 00, mM NaCl nd .a cocktai l of ot @se [ bi to4rs ( che). Cel |

| ysat eé'%érehémqrbcggdﬂ\ﬂnd anal yzed 16 pro g Gevel | a staining of

Veest er ns pf Pt $uhedH owigngvSDS pol yacr ylgang gqogel g?mqﬁmr e1s| s. Hybhdona
cl ones producing anti bodies that can parti al ul | y, rescue LDLR | evel

wer e seifdct ethufan f GStdr anal ysis. Byl KDDfI'Q dovﬁ184 x 107 6.4

7D4  human 1.5nM 125x10°  794x10* 6.4
4A5 mouse 3nM 1.41x 10° 7.2x10* 5.1
5A10 mouse 3 nM 127 x10°  489x10* 39
6F6 mouse 10nM 1.11x 10° 197 x10° 177
7D4  mouse 1nM 3.92 x 10* 523x10% 1.3

Example 3: Analysis of the Effect of PCSK9 Antibodies on PCSK9-LDLR Interaction
PCSK9 has been shown to bind LDLR with an affinity of 180 nM under neutral pH
15 (Cunningham et al., 2007, Nat Struct Mol Biol, 14(5):413-9). Recombinant mouse or
human PCSK9 protein was biotinylated using the Pierce reagents following the
manufacture’s instructions. ELISA plates (Corning Mixisorb) were coated with a solution
of 1 ug/ml recombinant LDLR extracellular domain (R&D Systems) in each well at 4 C
overnight, blocked with 2% BSA + PBS for 2 hrs at room temperature, and then washed
20 5 times with washing buffer (1x PBS + 0.05% Tween-20). Wells were incubated with 50
ul of indicated concentrations of biotinylated PCSK9 protein for 1 hr RT. LDLR-PCSK9
binding can be stabilized by adding 50 ul of 4% FDH + 4% sucrose + PBS solution and



regul ati on assay" is nmeant the above assay using Huh7 cells. Figure 1
illustrates the effect of anti-PCSK9 antagoni stic nonocl onal anti bodies
7D4. 4, 4A50@B10/@3PA3GL 0.3 and 5A1 0.B8 on the ability ofChorzmN9/essdoorouse
PCSK9 to down regulate LDLR in cul turgg Huh7 cells. 100 nM of nouse or
human reconbi nant PCSK9, and a serial dilution of 25-800 nM of anti bodies
were used. A) nouse PCSKO. B) human PCSK9. The figures are Western blots

showi ng that the anti bodies are in general nore effective in blocking the
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Kn1%or éDF%Sé%O%%%EI ER%I&% gr}dqé}\%)B gr? lé?oclzl)(%sg gin%mgof(rgcg/sn%irga%/t%)lotinylated
human PCSK9 (30 nM) to Europium labeled recombinant LDLR extracellular domain (10
nM) in solution at neutral pH in vitro. This assay measures binding in free solution at

neutral pH.

20 Example 4: Epitope Mapping/Binding of Antibodies using the Crystal Structure of the

L1L3:PCSK9 Complex, Biacore, and Mutagenesis

a. Crystal structure of the L1L3:PCSK9 complex. The residues were identified by
calculating the difference in accessible surface area between the L1L3:PCSK9 crystal
structure and PCSK9 structure alone. PCSK9 residues that show buried surface area

25 upon complex formation with L1L3 antibody were included as a part of the epitope. The
solvent accessible surface of a protein was defined as the locus of the centre of
a probe sphere (representing a solvent molecule of 1.4 A radius) as it rolls over the
Van der Waals surface of the protein. The solvent accessible surface area was
calculated by generating surface points on an extended sphere about each atom (at a

30 distance from the atom centre equal to the sum of the atom and probe radii), and
eliminating those that lie within equivalent spheres associated with neighboring
atoms as implemented in program AREAIMOL (Briggs, P.J., 2000, CCP4 Newsletter
No. 38, CCLRC, Daresbury).



4A5 human 0.4 nM 6.66 x 104 1.89 x 10 4 2.8 5A1 0 human 0.4 nM 8.47 x 104
8.55 x 10 5 1 6F6 hunman 1.5 nM 9.15 x 104 5.84 x 10 4 6.4 7D4 human 1.5 nM
1.25 x 1080208295130 4 6.4 4A5 nouse 3 nM 1.41 x 105 7. PCX/IB®od0HBId 5A1 O
rmuse3nM127x105489x104399!1:6m)use101M111x105197x10
3 17.7 7D4 nouse 1 nM3.92 x 104 5.23 x 10 4 1.3 Exanple 3 : Analysis of
the Effect of PCSK9 Anti bodi es on PCSKO-LDLR I nteraction PCSK9 has been
shown to bind LDLR with an affi nite/ of 180 nM under neutr al f Cunni n ham
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min at 10 pL/min (to tether it via the IgG on the chip) and then binding an array of IgGs
(final 500 nM each) for 2 mins each. The immobilized IgGs were regenerated with a
mild acid (Pierce gentle elution buffer + 1 M NaCl). Antibodies directed to known
different epitopes were used as controls for positive sandwich formation in this assay.

20 c. Structure-guided mutagenesis to map antibody binding epitopes. Based on the
crystal structure of PCSK9 and the likely involvement of D374 in LDLR binding
(Cunningham et al., 2007, Nat Struct Mol Biol, 14(5): 413-419), nineteen PCSK9
surface-residue mutants (F379A, I369A, R194A, D374Y, D238R, T377R, K222A,
R199A, F216A, R218A, R237A, D192R, D367R, R165A, R167A, A443T, A53V, 1474V,

25 H449A) near or far from the position of D374 were chosen for mutation to map the
antibody binding epitopes.

d. Mutant and antibody production. The 19 single point mutants were generated
from the previously described wild-type DNA construct (Cunningham et al., 2007, supra)
using standard DNA techniques. The mutant proteins were expressed using transient

30 transfection in HEK293T cells and secreted into the cell media. The mutant proteins
were purified with the high-throughput AKTA Xpress system (GE Healthcare) by Ni#*
and size-exclusion chromatography steps, using conditions similar to those described
earlier. Protein concentrations were determined using the LabChip instrument (Bio-



illustrates the dose-response of anti-PCSK9 nonocl onal antagoni st
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f. Biacore binding of the mutants to immobilized LDLR. Recombinant LDLR

extracelluar domain protein was immobilized onto a Biacore SA chip. Each mutant

15 protein was injected to the Biacore-3000 M) in duplicates at 25 mM to 0.012 mM at five

concentrations (from 1 °C, with a running buffer of 50 mM Tris pH 7.5, 2 mM CaCl,, 200

mM NaCl, 0.02% P20 and 1 mg/ml BSA. All the results fit nicely to a 1:1 binding kinetics

model. As expected, mutation at residues in direct contact with the EGF-A domain

(F379A, R194A, 1369A, T377R, D238R) significantly weakens (by 10-100 fold) LDLR

20 binding. Moreover, three mutants not in contact with EGF-A (R199A, R218A, K222A)

showed weaker binding (5-15 fold). This new finding suggests that they are involved in

binding other domains of LDLR. Overall, these experiments validate the integrity and
activity of the mutants for subsequent epitope mapping experiments.

g. Binding of the mutants to immobilized 4A5, 7D4, 5A10 and 6F6 antibodies.

25 Biotinylated anti-PCSK9 antibodies were immobilized on SA chips using standard

methods. Mutant binding experiments were performed using Biacore 3000 at 25 °C with

a running buffer of 50 mM Tris-HCI pH 7.5, 150 mM NaCl and 0.02% P20. Mutants were



the chip using 1 mn injections at 10 nL/mn. Antibodies that bind to
conpeting epitopes will block the binding of PCSK9 to the anti body

i mrobi | i 280 20n/2b@3chi p. Alternatively, a classical sansarapzappssegch was
used by first injecting human-PCSK9 at .50 nMfor 1 min at 10 niL/mn (to
tether it via the 1gG on the chip) and then binding an array of 1gGs (final
500 nM each) for 2 mns each. The imobilized 1gGs were regenerated with a
mld acid (Pier entle elution buffer + 1 MNaCl). Antibodies directed to
known d?ﬂeér?érat%éﬂat%ﬁ& Wdcongeeiiatignscipriiunbratesowitp die ones cbdngiweakened

f
bi i nd N6 opahBaBEE B8 Witk e’ el ARRIET) Ini8 BRI iAes”
i nvol vegetow).of D374 in LDLR binding (Cunni nghamet al., 2007, Nat Struct

Mol Biol, 14(5): 4 13-41 9), nineteen PCSK9 surface-residue nmutants (F379A,
| 369A, R 194A, D374Y, D238R, T377R, K222A, R 199A, F21 6A, R21 8A, R237A, D

192 RRER. R 165/ esidfdST DASRAild'Bhder (FISA: Bbgercor far from the

position of D374 were chosen mutation 1o map the anti body bi nding
epi topeBAS d . Mut arR23hHd- 3, B6OIR1p4 0ld 189 i8N238he 19 singl e point nmutants

were generated fro i I i bed wild-type DNA construct
(Cunni %‘h@ﬁ\ et al. r&%.}fé@&?@ %%&ﬁg‘%éegndard DNA techni ques. The nut ant
prot ei rgFgrer e expr g3sed wﬁgmg:gtﬂga@g;;gnt%tg gngertibgn in HEK293T cells and
secreted into the cell nedia. The nutant proteins were purified with the

hi gh-t hilighput  AKTR2 ¥ priRREM, 1390 RQIGR 189l t hcare) by Ni 2+ and
Si z§- excl usi on chromat ogr aphy steps, using conditions simlar to those
desCribed earlier. Protein concentrations were determ ned using the LabChip

mstrunygmmglaal@gh.ng'am @@@Tdm 6kARGbddies ne anti bodi es 4A5, 7D4, 5A1 0O
and 6F6 were_expressed with tran5| ent transfection in HEK293F cells and

purified w t@ng rpilianeiybademiaugalleiwgredhamogenizedwengcthee Yosheaddgr spin2. 8
oo nerele i 08 A ML o oot BidRY ASodh RORBAcEl or
| at er heDNMANyaswayathdstzzdnusiag SypgrSotigi NI Rankig frpd Yn\ittogert. ABriablie cadiohs
443045, romoﬁw%%éf’éaﬁdaﬁ‘”'oﬁaé”vi@rle?)%g%%%wgééw%psﬁé?mﬁiéolgmm%éaa Jarues
o o o SO B SARICAF RS ERAAL 3010 b AR S oo
bi nd t ggenes amd L3 encoJ.fset hazrsma sedarebdadighhcPEGEOPCR cycling conditions were the
followings: 1 cycle at 92 C for 2 min; two cycles at 94 C for 30 sec, 44 C for 30 sec and
72 C for 2 min; two cycles at 94 C for 30 sec, 46 C for 30 sec and 72 C for 2 min; two
15 cycles at 94 C for 30 sec, 48 C for 30 sec and 72 C for 2 min; two cycles at 94 C for 30
sec, 50 C for 30 sec and 72 C for 2 min; two cycles at 94 C for 30 sec, 52 C for 30 sec
and 72 C for 2 min; followed by 35 cycles at 94 C for 30 sec, 54 C for 30 sec and 72 C
for 45 sec. The resulting PCR products were cloned into Topo-TA cloning vector from
Invitrogen and sequenced. The cloned antibody sequences were confirmed by N-
20 terminal sequencing of the first 10 amino acids of the original antibodies produced from

ascites.



TABLE 5 f . Biacore binding of the nutants to i mobilized LDLR Reconbi nant
LDLR extracel l uar domain protein was i mobilized onto a Biacore SA chip.
Each nut awoO 2prooreila was i njected to the Biacore-3000 M PCm/IB200P/hE3820es at 25
mMto 0.01 2 mMat five concentrations-(,from1 OC, with a running buffer of
50 MM Tris pH 7.5, 2 nM CaCl2, 200 nM NdCl, 0.02% P20 and 1 ng/nl BSA All
the results fit nicely to a 1:1 binding kinetics nodel. As expected,
mutation at residues in direct contact with the EG- A domain (F379A, R
194A, @@W'e'ﬁsﬁ%erMRﬁAQt'@@ﬂSfOééfﬁmlWWé@l@ens (by 10-1 00 fold) LDLR

bi ndi n Mor t { 8A,
k2228 " shovd eiaip i AGEH PESK Borefl 88 Hisducid 3 mportbd Chotianif ot
t hey arad., 2003, \Nai Stlrubh Wil rRjolot1idg):41B¥8i nFoobrodDE&R. reébmb&idni rhbese PCSK9

experinents validate the inteqri and activity of the mitants for
sty S KR A RN AL R WEMETAkaTL StptesHan vetor
| mrgbi lfﬂﬁé Witk the/ Qﬂgmé daa%dHéFt% aéttﬂhQOé'tsﬁmnﬁb% Hﬁkﬁé&dkﬁé\hh RSt
anti bodi es were I mmobillzed on SA h| ps using standard net hods. Mitant

bi ndi ngrmqimﬁiynﬁansfemm apdr erpresded sinn EB28So0 cellS00BReaomPHanC prdtdin awas

[ 5,150 mM NaCl d 0.02% P20. Mut ant
\r/\;pg!t ggﬁ%ﬁ'egt %§°H%At'8Pe‘1ﬂeddﬂ/|Ué6ﬁc%ﬁlﬂ FAThs in dupl ?(r:]at es, with the oﬁgss

gi vi ng weaken\@thdel pebtitiesCONMMAhaH driel frideisii #@skgnﬁer@sSé@@teae@aééweén PoSkyed
in mMAb binding (listed below). mAb Binding Residues in Descending O der of

Mut ant FEPtedt SEUGINGS, RIRISYNtaeRizeby EliR B@phapmageutwa3s 5A1 0 R 194, R237,
I3§§ D238, R 199 6F6 R237, R 194, F379, D238, 1369, T377, R 199 7D4 R237,
4, F379 1369, R 199 Exanpl e 5 : doning and Sequenci ng of Anti bodies

e i | kignplbyh RESKO SPdcHicHRittbduegs PICSKD Aataywnidte Q Ashredder spi n

colums and total RNA was extracted according to RNAeasy Mcro kit from

Q AGEN.T- dm'f\ﬁéBO%PﬁPMQZéﬂeﬁﬁ‘F ﬁ@t%%@%?'b%'eﬁl | RT kit from Invitrogen.
o o SRR ) PO BCARra RS, o oned Lo ng, e e
cl oni ng nouddutings baabt;dle@atm bemes aannﬂ/amenwsserﬁﬁa werd agederatedyhby
Ch%‘ ns: m?n%'?ngl}qgl irrr11| Contﬂl thlu(?rr1]rsnsn B%:rSeKé and mouse-PCSK9 synthetic peptides as
prepared in Example 6 or recombinant proteins, and screening antibodies by ELISA
assay using human and/or mouse PCSK9 recombinant protein as the antigens as
described in Example 1 and other standard hybridoma procedures. Over 500 positive
clones were obtained and allowed to grow to confluency in 6 well plates with 10 ml
20 media. Media supernatant were collected and total IgGs in the conditioned media were
purified using mAb Select (Pierce). The ability of purified and concentrated mouse IgGs
to inhibit mouse and human PCSK9 function was tested in Huh7 cells using the
methods described in Example 1. Hybridoma clones expressing IgGs that showed
some degrees of blocking were expanded and retested. 60 promising clones were
25 subcloned, expanded, and injected into either Balb/c or nude mice to produce ascites.
Antibodies purified from ascites fluid were retested for their ability to inhibit the down
regulation of LDLR by human or mouse PCSK9 in Huh7 cells. Four hybridoma clones,
4A5, 5A10, 6F6, and 7D4, were identified as being able to completely inhibit human
PCSKQ function, and at least partially inhibit mouse PCSK9 function. To determine ICsg
30 of each of these blocking antibodies, a serial dilution of IgGs were used in the assay,
starting from 100 pg/ml to 3.125 pg/ml, with human and mouse PCSK9 concentration

being constant at 6 ug/ml.



followings: 1 cycle at 92 Cfor 2 mn; two cycles at 94 C for 30 sec, 44 C
for 30 sec and 72 Cfor 2 mn; tw cycles at 94 C for 30 sec, 46 C for 30
sec and AZOQofoam9:A3m n; two cycles at 94 C for 30 sec, #8TaBioy/03990sec and
72 Cfor 2 min; tw cycles at 94 C for .30 sec, 50 C for 30 sec and 72 C for
2 mn; tw cycles at 94 C for 30 sec, C for 30 sec and 72 C for 2 mn;
followed by 35 cycles at 94 C for 30 sec, 54 Cfor 30 sec and 72 C for 45

sec. The resultin products were cl oned into Topo- TA cl oni ng vector
from I @iﬁﬁ%@ﬁpﬁ%é@tﬁéﬁﬁ@éﬁ oTREHIhEM Fabind®dy sequences were confl r med
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Antagonists 1. ldentification of PCSK9-specific antagoni st antibodies a .

| dent| frastallyoningibitedSHAIIR o ekiragelunan bdemnain Minding det i o8KEs excenimane.

ARREBSI R PRGER ARG EEmpesp T RIRoR SRR iactor, AT e e ¥
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PCSK9 reconbinant protein as the antigens as described in Exanple 1 and

ot her dffahaPH K wh¥RIRES S Jbesrifey. a igsH GOFBleNes vancigdaindBgca@Btaioed

and al Igmgggoto grow to confluency in 6 well plates with 10 mM nedia. Media
supernatant were collected and total 1gGs in the conditioned nedia were
purified using mAb Select (Pierce). The ability of purified and
coggentrat ed nouse 1gGs to inhibit nouse and human PCSK9 function was

ed in Huh7 cells using the nethods described in Exanple 1. Hybridoma
cl ones expressing 1gGs that showed

c. Epitope determination of the blocking antibodies
Figure 4 illustrates the epitope binning of anti-PCSK9 antibodies. Part A) shows
epitope information of anti-PCSK9 mAbs, determined by binding to synthetic 13-18-mer
20 peptides or epitope binding via Biacore. Part B) shows the ability of immobilized
antibodies 6F6, 5A10 and 4A5 to bind to human PCSK9 premixed with the mAbs
indicated on the y axis by Biacore assay.
Another monoclonal anti-PCSK9 antibody, termed 6G7, binds to recombinant
mouse PCSK9 but not human PCSK9. See Table 6. 6G7, 4A5, 5A10, 6F6, and 7D4
25 mutually exclude each other’s binding to mouse PCSK9. Chimera analysis between
mouse and human PCSKS9 reveals that 6G7 binding to PCSK9 requires the catalytic
domain. See Table 6. Thus the binding sites of 4A5, 5A10, 6F6, and 7D4 overlap the
catalytic site and/or the epitope bound by 6G7.

Table 6
Recombinant protein 6G7 binding
Human PCSK9 No

Human pro + human catalytic + mouse C-term No
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anti bodi es. Part tope I ntf'ormation nti=P

det er mureelalbsd bomt(DIr@tlbodysylﬁHﬁeildmol&cbmzeeanptqsteij@Sd@.ehdi.tope bi ndi ng
via Biacore. Part B) shows the ability of inmmobilized antibodies 6F6, 5A1 0
and 4A5 to bind to human PCSK9 prem xed with the mAbs indicated on the y

axigy byg, @é%éﬁﬁiﬁlr@%’qherﬁ@@fokﬂ%ht IPak o atibodeSK9 ant i body, terned 6G7,
bi nds to reconbi nant npbuse PCSK9 but not human PCSK9. See Table 6 . 6G/,

4A5, 5A1 0, BT amHne aEph seoueRgasyobiyl vadakiacdtoroainerofsPESHY agtikasiendds,
PCSK9. é;{‘qd,r%%,aar}]%l Vﬁh%gr%ta\@tgﬂnined using the method described in Example 5. The

sequences indicate that the antibodies are related but different from each other. Table 1
shows the amino acid sequences of the variable regions of each antibody. Table 7

15 shows the CDR sequences of the light chains and heavy chains of Table 1 as identified
by the Kabat and Chotia methods.

Table 7. Blocking PCSK9 Antibodies and Antigen-binding CDR Sequences according to
Kabat (underlined) and Chotia (bold).

VL CDR1 VL CDR2 VL CDR3
4A5 | KASQNVGTNVA SASYRYS QQFYSYPYT
(SEQ ID NO:27) (SEQ ID NO:28) (SEQ ID NO:29)
5A10 | KASQDVSTAVA SASYRYT QQRYSTPRT
(SEQ ID NO:30) (SEQ ID NO:12) (SEQ ID NO:31)
6F6 | SASQGISNYLN YTSSLHS QQYSKLPFT
(SEQ ID NO:32) (SEQ ID NO:33) (SEQ ID NO:55)
7D4 | KASQDVSNALA SASYRYT QQHYSTPWT
(SEQ ID NO:34) (SEQ ID NO:12) (SEQ ID NO:35)
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Anti-PCSK9 1gGs 4A5, 5A10 and 6F6 were amine coupled to the Biacore chip.
hPCSK9 (100 nM) was mixed with 500 nM of 4A5, 5A10, 6F6 or 7D4 in various ratios
and injected for 1 min at 10 pl/min. The four antibodies mutually blocked one another

irrespective of the assay orientation tested, suggesting that they all bind to competing

epitopes.

blocking antibodies that were mapped to specific regions using synthetic peptides.

2. Effect of PCSK9 specific antibodies as PCSK9 antagonist in vivo
a. PCSK9 antagonist antibodies lower serum cholesterol in mice

In contrast, they are able to form sandwich complexes with other non-fully-

To determine if PCSK9 antagonist monoclonal antibodies can affect cholesterol

levels in vivo by inhibiting the function of extracellular PCSK9, the effect of 7D4 was

tested against mouse PCSK9 in vitro, on serum cholesterol when injected into mice. ©

to 7 week old male C57/bl6 mice were kept on a 12 hr light/dark cycle, bled to collect



| sotype mat chi ng nonocl onal anti body were injected into male 7 week ol d
C57/bl6 mce via i.p. injections on days 0, 1, 2, and 3 . Mce were

sacri fi cedoaniodaysid wi t hout fasting, and serum sanpl es weraBmod/hiseeed. Al |
frozen serum sanples were sent to IDE>_<? | aboratories for total cholesterol,
triglyceride, HDL chol esterol and LDL ﬁol esterol neasurenents. Figure 6
shows that 7D4 | owered serum chol esterol by 48% while the control antibody
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the 7 time poilnt days, the reductlon In choleste 'S no

| onger (9Fé0|rsnce£gaiow) were bled and tested for cholesterol levels on day -7; dosed with 15
mg/kg/day of CRNG or a control antibody by i.v. administration on days 0, 1, 2 and 3;
and then bled and tested for cholesterol levels 24 hrs after the final dose. Figure 7A

20 shows that CRNG6 antibody partially blocks PCSK9 mediated down regulation of LDLR in

Huh? cells in vitro. Figure 7B shows that administration of CRN6 antibody does not

affect serum cholesterol levels in mice.

c. Prolonged effect on serum cholesterol by antagonist PCSK9 mAb in mice.

25 A time course study was performed to determine the time of onset and duration
of the cholesterol lowering effect of PCSK9 antagonist antibodies in mice. MAb 7D4 or
saline control were each injected i.v. at 10 mg/kg or 3 ml/kg in 48 6-week-old C57/bl6
mice. Eight mice from each treatment group were sacrificed on days 1, 2, 4, 7, 14 and
21 after injection. A single injection of 7D4 produced a fast and prolonged lowering

30 effect on serum cholesterol. A 25% reduction in serum cholesterol was seen at 24 hrs
after injection. See Figure 8. Maximum drop of serum cholesterol was observed at the
7 day time point. At 21 days, the reduction in cholesterol is no longer statistically

significant. Part B) shows HDL cholesterol. LDL cholesterol levels were very low.



significant. Part B) shows HDL chol esterol. LDL chol esterol |evels were
very low. Figure 9 illustrates that the anti-PCSK9 antagoni st mAb 7D4 dose
dependentw9 2omduess serumtotal chol esterol, HDL, and LPCTIIR2009/¢38990Si X
groups of 8 week old C57/bl6 mce (n= 8/§roup) were bled and tested for
basal chol esterol |evels on day -7 and a&dm nistered with the indicated
doses of antibodies or saline on days 0, 1, 2, and 3 by i . p. bolus

i njection. Serum sanpl es were collected and tested for cholesterol |evels
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| evel s on day 7 and al so showed . a graduat ed decrease with increasing doses
of antibody. Figure 11 illustrates that anti-PCSK9 antagoni st anti bodi es
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6F6 showe decrease In total serum chol estero 0 ng/ kg/ day. Anti -
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tested for cholesterol levels 24 hrs after the last dose and showed a graduated decrease
with increasing dose of antibody. Figure 10B shows five groups of 8 week old C57/bl6

20 mice (n=8/group) to which were administered the indicated doses of antibodies or saline

on day O by i. p. bolus injection. Serum samples were collected and tested for
cholesterol levels on day 7 and also showed .a graduated decrease with increasing
doses of antibody.

Figure 11 illustrates that anti-PCSK9 antagonist antibodies 4A5 and 6F6 lower

25 cholesterol levels in mice in a dose-dependent fashion. Eight week old C57/bl6 mice

(n=8/group) were administered the indicated doses of antibodies or saline on day 0 by
i.p. bolus injection. Serum samples were collected and tested for cholesterol levels on
day 7. In Figure 11A, the antibody 4A5 showed a graduated decrease in total serum
cholesterol with increasing dose of antibody. In Figure 11B, the antibody 6F6 showed

30 decrease in total serum cholesterol at 10 mg/kg/day.

Anti-PCSK9 antagonist antibodies 4A5, 5A10, 6F6 and 7D4 increase liver LDLR
levels in mice as found by Western blot analysis. See Figure 12. For 4A5, 5A10 and
6F6, 8 week old C57/bl6 mice were administered with 10 mg/kg of antibodies or saline



|l evel s in mce as found by Western bl ot analysis. See Figure 12. For 4A5,
5A1 0 and 6F6, 8 week old C57/bl6 mce were adm nistered wwth 10 ng/ kg of
ant i bodi esoanieabimmeon day 0 by i.v. boI us injection, aRCETABHONEI3QI0
sacrificed on day 7, and whole liver é ate of 3 individual aninmals were
anal yzed for LDLR and GAPDH protein level's by Western. For 7D4, 8 week old
Bl 6/ c57 mce were adm nistered with 10 ng/ kg of antibodies on days 0, 1, 2,
and 3 viai . p. bolus injection, animals were sacrificed on day 4, and
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were al so neasured. Figure 16 illustrates se-response of anti-PCSK9
ant i bodyhorsderohleyetsuom day 28.

Example 8: PCSK9 Antagonist Antibodies Lower Serum LDL in Non-human Primates

20 To test the in vivo effect of antibodies to PCSK9, antibody 7D4 was tested in
cynomolgus monkeys. Four 3-4 year old cynomolgus monkey were injected with vehicle
(PBS+0.01 % Tween 20) on day 0, and 10 mg/kg 7D4 on day 7. Plasma lipid profiles
were analyzed on days 0, 2, 7, 9, 11, 14, 21 and 28 following overnight fasting. A single
injection of 10 mg/kg 7D4 produced a dramatic reduction in plasma LDL (60%)

25 (Figure15A) and LDL particle numbers (Figure 15D) in all 4 animals, while having
minimal effect on their HDL levels (Figure 15B) and HDL particle numbers (Figure 15E).
Total cholesterol (Figure 15C) was also reduced following 7D4 treatment, while
triglyceride level (Figure 15F) was not significantly affected. Total 7D4 (G), and total
PCSKQ levels (H) were also measured.

30 Figure 16 illustrates the dose-response of anti-PCSK9 antibody 7D4 on serum
cholesterol levels in the cynomolgus monkey. Two male and two female cynomolgus
monkeys 3-5 years of age in each group were given the indicated dose of 7D4 on day 7



chol esterol |evels in the cynonol gus nonkey. Two male and two fenale
cynonol gus nonkeys 3-5 years of age in each group were given the indicated
dose of 7ADO20m/de137and an equal vol ume of saline on dayCe/1B3009/03899ol us

i njection. Plasnma sanpl es were taken @%3 i ndicated time points and plasm
LDL | evels were neasured. Figure 17 il l]strat es a conparison of anti-PCSK9
anti bodi es 4A5, 5A1 0, 6F6 and 7D4 on serum chol esterol levels in the
cynonol gus nonkey. Two nale and two femal e cynonol gus nonkeys 3-6 years of
age i n B¥LAN QayEh vakme gf salinel ongag0dTy thedqlugliriaetan. aflassarl pastplerayere by
i.v. b Lnjectd . Pl n ndi ed tinme points,
pl asmaothgfn Fg'\pgrésalt%Flﬁn@%rm%s&%@ﬁgﬁ@gwte (F;é FLe%tg lJge;clbt'day - 2 . Figure
18 il | ustr atEguteht? dluktratesod cantpariBOSIK aatitRQBKOANtivotidsotis, 78X M6 Y asda

chol est | | evels of cynonpl gus nonkeys fed a 33.4%.kcal fat diet
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ant | bod)Bates e P arr semak ol BVRISIEF medieedl sl Bribizscndnat g oy -
antibody. L 1L3 has an affinity for nurine PCSK9 of 200 pMand an affinity

for human PCSK9 of 100 pM when measured by Biacore. L 1L3 conpletely
i nhi bi ts t heFigasx®e itwgiratasdhgsifect efanttiepK3fantagadqristrardipodyu /it enprassed | s

0, S e P BB P e B0 428 ot 5 B BP0,

and nednt Yvenaiesters) SinBidodar dadldinbmociohkeydivers pat of highcfaridistast 16
bi oti nyl at ed human PCSK9 and nouse PCSK9 to i mmbilized recaonbi nant LDLR
ext r acaVeelsar THEmMPNKkRYS Wers. treatge mathp HA raadas’ Pdmne hesskavithi srlinegom dhe

h Dl t AR e . '
huren LRYERHARECIY! BLeasn Ay B aPHohiys B e AR BRI AT
nouse REME treatrdemigddyo human LDLR extracel lul ar domain at pH 7.5. Figure

2 shows nouse PCSK9 bi nding to human LDLR extracel lul ar domain at pH 5. 3.
FidGre 2 1 shows the effect on serum chol esterol of treatment with 10 ng/ kg

L 1L3 Example 9: Humanized Anti-PCSK9 Antibody
The murine monoclonal antibody 5A10 was humanized and affinity matured to
provide the L1L3 antibody. L1L3 has an affinity for murine PCSK9 of 200 pM and an
affinity for human PCSK9 of 100 pM when measured by Biacore. L1L3 completely
20 inhibits the PCSK9-mediated down regulation of LDLR in cultured Huh7 cells when
incubated with 100 nM human or murine PCSK9 antibody. See Figure 19.

Figure 20 illustrates the dose-response of L1L3, mouse precursor 5A10, and
negative control antibody 42H7 to block the binding of recombinant biotinylated human
PCSK9 and mouse PCSK9 to immobilized recombinant LDLR extracellular domain in

25 vitro. Figure 20A shows human PCSK9 binding to human LDLR extracellular domain at
pH 7.5. Figure 20B shows human PCSK9 binding to human LDLR extracellular domain
at pH 5.3. Figure 20C shows mouse PCSK9 binding to human LDLR extracellular
domain at pH 7.5. Figure 20D shows mouse PCSK9 binding to human LDLR
extracellular domain at pH 5.3.

30 Figure 21 shows the effect on serum cholesterol of treatment with 10 mg/kg L1L3
in mice. Two groups (n=8/group) of 8 week old C57/bl6 mice were dosed with 10 mg/kg
L1L3 or an equal volume of saline by i. p. injection on day 0. Serum samples were
collected and assayed for cholesterol levels on days 2, 4 and 7. L1L3 decreased total



in mce. Two groups (n=8/group) of 8 week old C57/bl6 mce were dosed with
10 ng/ kg L 1L3 or an equal volune of saline by i . p. injection on day O .
Ser um sampbesivees3col | ect ed and assayed for chol est er olpCirasmiogosnodays 2,
4 and 7 . L 1L3 decreased total serum (_:Ié%I_esterol by about 40% at days 2 and
4 . In another study, when 10 ny/ kg of 1L.3 was adm nistered as a single

intraperitoneal (IP) dose to C57BL/6 mce fed a nornmal diet (n=1 0), serum

chol esterol |evels were reduced by 47% conpared to saline treated controls,
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sequence of the variable reg Q 54). Table 8

gvql vgsdrragueijaydsy katssed asgyrmial digty sévwym gholpgtpydldeneje werpfdpgetdspepdently
nekfksrvtmtrdtststvy nelsslrs .avyycarer. pl dl ttvtvss as 120

r kopsvirpriesshondt BiaRmiE SfedidipdBabbn e Bt RRERORD. AL ib iR R e
ys| ssvVInpdsetibataTtiie chowdikds Féprléé!QlShW@é§§ls@vdﬁ§%0§@@&1d@fﬁgr%ﬁpmgf fré401 to
ppkpkdt| m srtpevtcvv vdvshedpev gf nwvdgve vhnakt kpre eqfnstfrvv 300

svl t vvhdddaysngkeykckv snkgl pssie ktisktkggp repqvytl pp sreentkngv 360

31 gl vkaty Pl aNBAeACASIRRAN o R ARFHRRKhEXS) KRANIEERY 1o 48815

scsvnheal h
is shown in Table 8. The sequence of the variable region is underlined (SEQ ID NO:
54).
Table 8

gvglvgsgae vkkpgasvkv sckasgvtft syyvmhwvrga pggglewmge

15 ispfggrtny 60

nekfksrvtm trdtststvy melgslrsed tavyycarer plvasdlwgqg

gttvtvssas 120
tkgpsvipla pcsrstsest aalgclvkdy  fpepvtvswn  sgaltsgvht

fpavlgssgl 180
20 yslssvvtvp sgsnfgtgtyt cnvdhkpsnt kvdktverkc cvecppcpap
pvagpsvilf 240
ppkpkdtlmi srtpevtcvv  vdvshedpev gfnwyvdgve  vhnaktkpre
eqgfnstfrvv 300
svltvvhgdw 1lngkeykckv  snkglpssie ktisktkggp repgvytlpp
25 sreemtkngv 360
gsltclvkgfy psdiavewes nggpennykt tppmldsdgs fflyskltvd
ksrwgggnvf 420
scsvmhealh nhytgkslsl spgk 444

30 The amino acid sequence of L1L3 fully humanized light chain (SEQ ID NO:14) is
shown in Table 9. The variable region is underlined (SEQ ID NO: 53).
Table 9

digmtgspss lsasvgdrvt itcrasggis salawyggkp gkapkllivys

asyrvtagvps 60

35 rfsgsgsgtd ftftisslgp ediatyycgg ryslwrtfgg dgtkleikrtv

aapsviifpp 120



The am no acid sequence of L 1L3 fully humani zed |ight chain (SEQ I D NO 14)
Is shown in Table 9 . The variable region is underlined (SEQ ID NO 53).
Tabl e 9 dwvorebpspsd3l sasvgdrvt itcrasqgi s sal awyqgkp gkapkiriiBymwe/essysyt gvps
60 rfsgsgsgtd ftftisslgp ediatyycqq ry;bvyrtfgq gt kl ei krtv aapsvfifpp
120sdeqgl ksgta svvcl I nnfy preakvgwkv dnal"qsgnSg esvt eqdskd styslsstlt 180

| skadyekhk vyacevthqg | sspvtksfn rgec 214 Figure 22 shows the effect of
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mai nt ai ned LDL-C | evel s bel ow 50% for 4 weeks. LDL-C levels returned to
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initiation of the study, the LDL-C | evels of a.cohort of cynonol gus nonkeys
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wad 50bgegatednbin aII dose groups. The animals in the 3 mg/kg dose group (n=4) were also
given two additional IV doses of 3 mg/kg L1L3 on study days 42 and 56 (2-weeks apart).
These two additional doses again lowered LDL-C and maintained LDL-C levels below
50% for 4 weeks. LDL-C levels returned to normal two weeks later. Serum HDL-C
levels remained unchanged throughout the study.

20 The efficacy of L1L3 in non-human primates with hypercholesterolemia and
pharmacodynamic interactions between L1L3 and HMG-CoA reductase inhibiting statins
were investigated. Prior to the initiation of the study, the LDL-C levels of a cohort of
cynomolgus monkeys (n=12) were elevated to an average of 120 mg/dL, compared to
the normal average levels of 50 mg/dL, by feeding with a diet containing 35% fat (wt/wt)

25 and 600 ppm cholesterol for over 18 months. Surprisingly, no effect was observed on
serum total cholesterol or LDL-C levels after the daily administration of a medium-dose
(10 mg/animal) of Crestor® (rosuvastatin calcium) for 6 weeks, and after a subsequent
daily administration of high-dose (20 mg/kg) for 2 weeks. A single administration of 3
mg/kg L1L3 with Crestor® or vehicle treatment for 2 weeks, effectively lowered serum

30 LDL-C levels by 56% by day 5 post treatment, and gradually recovered in 2.5 to 3
weeks while not affecting HDL-C levels. Upon switching the animals to daily
administration of 50 mg/kg Zocor® (simvastatin), their LDL-C levels reached a maximal
reduction of 43% at day 5, and stabilized thereafter. After 3 weeks of 50mg/kg/day



serumtotal cholesterol or LDL-C levels after the daily adm nistration of a
medi um dose (10 ng/animal) of Crestor(r) (rosuvastatin calcium for 6
weeks, amsoabtoenos3subsequent daily adm nistration of hipghABI®0I32Y g/ kg)
for 2 weeks. A single adm nistration of,,3 ng/kg L 1L3 with Crestor(r) or
vehicle treatnment for 2 weeks, effecti \%’I y lowered serum LDL-C | evel s by
56% by day 5 post treatnent, and gradually recovered in 2.5 to 3 weeks
while not affecting HDL-C | evel s. Upon switching the aninmals to dai
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for that sequence. e disclosures of all references cited herein are

her eby eaﬁbcﬁqmeacem 539W@$ 8t énéerapeesan the SESQ §) AOréer:that sequengeagoni st of
PCSK9 whi ch conprises an isolated anti body, a peptide, or an aptaner which
interacts with PCSK9 and, when administered to a subject, |lowers the bIood
| ow densi ty Thepansedsires( bDAIl ebler@sded dftednhein srebjheeéby Ancorporatse! *
anti - PCSK9 anti body which specifically binds to PCSK9 and which is a fu
ant agorf?gqre%e bREiIMCSKI- nedi at ed effect LDL receptor (LDLR) levels as
measured in vitro using an LDLR down-regul ation assay in Huh7 cells. 3 . An
i sol ated anti body whi ch antagoni zes the extracellular interaction of PCSK9
with LDLR, as neasured by PCSK9 binding to the LDLR in vitro, and, when
adm ni stered to a subject, lowers the blood LDL cholesterol in said
subject. 4 . The antibody of clains 2 or 3, wherein the antibody is

humani zed, human, or chineric. 5 . The antibody of claim2, wherein the
ant i body recogni zes an epitope on human



PCSK9 conprising amno acid residues 153-155, 194, 195, 197, 237-239, 367,
369, 374-379 and 381 of the PCSKO am no acid sequence of SEQ ID NO 53. 6 .
The anti bwoyowfio2edlai m 5, wherein the anti body epitope oRCHOBZNY/PEHMO does
not conprise one or nore of amno acidgesidues 7 1, 72, 150-1 52, 187-1
92, 198-202, 212, 214-21 7, 220-226, 2§§ 255-258, 317, 318, 347-351 , 372,
373, 380, 382, and 383 of the PCSK9 am no acid sequence of SEQ ID NO 53. 7
The anti body of claim 3, wherein the anti body recogni zes an epitope on
hunan BOSigaintes: overlaps with nore than about 75% of the surface on PCSK9
that interacts with the EG--1i ke domain of the LDLR 8 . An isolated
anti body that conprises a PCSK9 binding region that conpetes with, or
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PTA-8986; 4Ab, ch is pr a hybridoma ce I ne deposited with

t he Amerigany T L.tur lecti ﬁﬂq i Si [l s

PTA- 8985; EBI@%'? %t((%]: a?@ﬁ?%@%@e%%&a Iy %%dc')%’rab%ge Id:ﬁet;%n%egggoES|Et\gH'Cvr\}i '?h

t he Aneri cara lyintagodist ¢f tRelIFCSK9-omediatiaissapt &0 Laecep®ir gD bRMeelfds\- 8984,
and 7D4, which is produced by a bri doma cell |ine de ited with the
Ameri can TyﬂBe@iHr?ar‘%V@ﬂ Ye iaBH—%dQW'@%&PtQ@@eS%Mﬁ%M'SPTA-8983. 9
. An isolated anti body which specifically binds to PCSK9 and cocn;%r:i ses a
heavy chaBn Afaisoiaiee andgednwhiah) artaapnigae MaeyiracallslarinerrtioafdtCok8 (CDRL

[ he, am ' j: O i 6 VH CDR2
hadPng he Sk RGDRE: g SIBRANETEq FiRkD ey g PBLR in iio Ao Beh 1 o

havi ng t he administered toensublect, Riwmpm therbBoQ L. dablksteroldn said/subjeot t her eof
havi ng one or nore conservative amno acid substitutions in CDRL , CDRZ,

and/ or CDR3. THadtbddydfalifiths3n bt BodWerigid shtitsbdy ikingitariiad muvddn apl e
region (VL) CDR1 having the am no acid sequence shown in SEQID NO1 1, a
VL CDR2 haviGhymeFre ami no acid sequence shown in SEQ ID NO1 2, and/or VL
CDR3 having the am no acid sequence shown in SEQID NGO 1 3, or a variant
t her eof havile anidasty ofmiam 2, wherein the antibody recognizes an epitope on human

15 PCSK9 comprising amino acid residues 153-155, 194, 195, 197, 237-239, 367,
369, 374-379 and 381 of the PCSK9 amino acid sequence of SEQ ID NO: 53.

6. The antibody of claim 5, wherein the antibody epitope on human PCSK9 does not
comprise one or more of amino acid residues 71, 72, 150-152, 187-192, 198-202,
212, 214-217, 220-226, 243, 255-258, 317, 318, 347-351, 372, 373, 380, 382,
20 and 383 of the PCSK9 amino acid sequence of SEQ ID NO: 53.

7. The antibody of claim 3, wherein the antibody recognizes an epitope on human
PCSK9 that overlaps with more than about 75% of the surface on PCSK9 that
interacts with the EGF-like domain of the LDLR.

8. An isolated antibody that comprises a PCSK9 binding region that competes with,

25 or recognizes a first epitope of PCSK9 that overlaps with a second epitope that is
recognized by, a monoclonal antibody selected from the group consisting of

5A10, which is produced by a hybridoma cell line deposited with the American

Type Culture Collection and assigned accession number PTA-8986; 4A5, which

is produced by a hybridoma cell line deposited with the American Type Culture

30 Collection and assigned accession number PTA-8985; 6F6, which is produced by
a hybridoma cell line deposited with the American Type Culture Collection and



conservative amno acid substitutions in CDR1 , CDR2, and/or CDR3. 11.The
anti body of claim 10 further conprising a VH CDR1 having the am no acid
sequence Whawmy/a2051SEQ | D NO. 59 or 8, a VH CDR2 havi ng t reTaB20020%3090d
sequence shown in SEQ ID NO 61 or 9, @i%g/_or VH CDR3 having the am no acid
sequence shown in SEQID NO.'1 0, or a riant thereof having one or nore
conservative amno acid substitutions in CORL , CDR2, and/or CDR3. 12.The

antibody of claim11, wherein the variant of the VH CDRlL conprises a
subst it uti orASSIgNasi RECegsien poPee P BASO84E@ND Mgt .sovhich var prasiuced byea vH

CDR2 conpri n r o)

5. 6, and 7 5P Ge BEI G O8ndyie i e edleaf LI TG BCERloRY A
substi t uti orasaignatieacresbiohmumbem®PTiA-8883d positions 7 and 9 of SEQ | D NO
10 . 13. The anti body of claim 11, wherein the VH region conprises SEQ ID

NO. 54 angd. tAe |§6Laté§%mlbo@9rWﬁlbﬁ%e8|ﬁ@all)DbN@s ©3PCHKO Andwomiprised @lhbiab%dy

consisting of a light chain having SEQ I D NO 14, a heavy chain havin
ID RO 1 5, vihai veriaple ﬁ%@!@nt(HH)GOmWﬁaiaW 9§Feﬁ@'@f‘9 segionoENRACOR1) f&ﬁV"b@)t h

it or wi oG Ra bR gereil Hafth SEEHINGIR D 160 PHLLRARTa o
claim 14, wtheaminbleidhibeghethe showhéer SEQMD iIN@D @61, nandiot Gl @IH@/ha\nagt

const ant 16. The anti body of c]a 1 erein the antijbody has an
i sot ype thatg[h?sa@@Pe%Q'gcﬁeﬂruéﬁF%%/?é‘owolﬁ‘pég&ﬁ?sfw1 » & § yapany gieieot| bryng,

| gGAAD, 1 9GHMe o Iifbresacliisen/alid Qmﬁ%?%%ucﬁ%b%ﬁ@ﬂ%s Si%zég)m”cﬁﬁfz aaﬁaBde

of claim 16, wherein the constant region Is aglycosylate
phdPrmaceut i (ﬁﬂDRBOprOSI tion conprising a therapeutically effective anmount of
the anti body of claim2 . 19. The pharmaceutical conposition of claim 18,

further coOpkn wogted atrhbbdp&ldrﬁ@@ﬂg’ aeligmcdhiawevalﬁabletregfona(\ﬂ.t)aﬁtlbm B&/lng\
host cell that reconbi pan praoduces the anti body of cla
i sol at ed nuéh@.aémae@&'%ﬁ%%%/r}f& et PESHIP B0 ¢ af MLZCD@ZhQ\V'H%tﬂPI%ém'm

reducing a 'a?(c?%egueﬁtg-sﬁ&%%B‘E@'ID'I\WDWZO%ﬂder\ﬂ.@lfﬂ??%ravfng HESMhBeIseT
conprising admnistering to the subject a therapeutica fective
sequence shown in SEQ ID NO:13, or a variant thereof havmg one or more

15 conservative amino acid substitutions in CDR1, CDR2, and/or CDR3.

11.The antibody of claim 10 further comprising a VH CDR1 having the amino acid
sequence shown in SEQ ID NO:59 or 8, a VH CDR2 having the amino acid
sequence shown in SEQ ID NO:61 or 9, and/or VH CDR3 having the amino acid
sequence shown in SEQ ID NO:10, or a variant thereof having one or more
20 conservative amino acid substitutions in CDR1, CDR2, and/or CDR3.

12.The antibody of claim 11, wherein the variant of the VH CDR1 comprises a
substitution at amino acid position 8 of SEQ ID NO:59, a variant of the VH CDR2
comprises a substitution at one or more of amino acid positions 3, 4, 5, 6, and 7
of SEQ ID NO:9, and/or a variant of the VH CDR3 comprises a substitution at
25 one or both of amino acid positions 7 and 9 of SEQ ID NO: 10.

13. The antibody of claim 11, wherein the VH region comprises SEQ ID NO: 54 and
the VL region comprises SEQ ID NO: 53.

14. A humanized antibody consisting of a light chain having SEQ ID NO:14, a heavy

chain having SEQ ID NO:15, with or without the C-terminal lysine of SEQ ID NO:

30 15, or both a light chain having SEQ ID NO:14 and a heavy chain having SEQ ID
NO:15, with or without the C-terminal lysine of SEQ ID NO: 15.



amount of the antibody of claim2 . 23. A cell line that reconbinantly
produces a PCSK9 anti body or antigen-binding portion thereof, wherein the
cell IinewpD2omal2esated fromthe group consisting of: a) 28%/1Rz2009/08392Nn ATCC
Accession No. of PTA-8985; b) 5A10 havi zg_ an ATCC Accession No. of
PTA-8986; c) 6F6 having an ATCC Accession No. of PTA-8984; and d) 7D4

havi ng an ATCC Accession No. of PTA-8983. 24. A cell line that reconbinantly
produces an anti body which specifically binds to PCSK9 and conprises a
heavy chaild- & i ablikodye fforflqivH) 14onn@ieiht tey artikodyi furer eeproaristfe ATDRL

) having the am L, : in SEQID NGO 8, 59, or 60, a VH CDR2
havi ng t he jm no@%@%@e@%&@@%gﬂ@\?ﬁwﬂ' SEQID NG9 or 6 1, and/or VH CDR3

having th I n ' ence- sh 1 n SEQ. 1 0. .0rn i.ant eof
navi ng ondCaeran@ed SRR T MR Dus e bl ediath Sy Rl eiodfh
and/ or CDR3,fr@ndther groepPeorissting bf CII@ N 198542144l UGN ( V5, CORREP,
havi ng the am _no ac?d gg uencg@shoyﬁfq@% n@SéQ DNO 11@1‘,1 baQQ/L CDRg ﬁavi ng the
ani Ro aci d J8puened28henA 19646E23485-NO 12, and/or VL CDR3 having the ami no
aci d sequence shown in SEQID NO'1 3, or a variant thereof having one or
nor e consérvetd grticodynef ciaind1gumereiruthiectanstantCegon, is @DRZosWaAtHrc.CDR3.

18. A pharmaceutical composition comprising a therapeutically effective amount of

the antibody of claim 2.

19. The pharmaceutical composition of claim 18, further comprising a therapeutically
10 effective amount of a statin.

20. A host cell that recombinantly produces the antibody of claim 2.
21.An isolated nucleic acid encoding the antibody of claim 2.

22.A method for reducing a level of LDL-cholesterol in blood of a subject in need
thereof, comprising administering to the subject a therapeutically effective
15 amount of the antibody of claim 2.

23.A cell line that recombinantly produces a PCSK9 antibody or antigen-binding
portion thereof, wherein the cell line is selected from the group consisting of:

a) 4A5 having an ATCC Accession No. of PTA-8985;

b) 5A10 having an ATCC Accession No. of PTA-8986;
20 c) 6F6 having an ATCC Accession No. of PTA-8984; and

d) 7D4 having an ATCC Accession No. of PTA-8983.

24 A cell line that recombinantly produces an antibody which specifically binds to

PCSK9 and comprises a heavy chain variable region (VH) complementary
determining region one (CDR1) having the amino acid sequence shown in SEQ

25 ID NO:8, 59, or 60, a VH CDR2 having the amino acid sequence shown in SEQ
ID NO:9 or 61, and/or VH CDR3 having the amino acid sequence shown in SEQ

ID NO:10, or a variant thereof having one or more conservative amino acid
substitutions in CDR1, CDR2, and/or CDRS3, and/or comprises a light chain

variable region (VL) CDR1 having the amino acid sequence shown in SEQ ID
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NO:11, a VL CDR2 having the amino acid sequence shown in SEQ ID NO:12,
and/or VL CDR3 having the amino acid sequence shown in SEQ ID NO:13, or a
variant thereof having one or more conservative amino acid substitutions in

CDR1, CDR2, and/or CDRS.



