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METHODS OF TREATING FGF21-ASSOCIATED DISORDERS

This application claims the benefit of U.S. Provisional Application No. 62/200,445

filed on August 3, 2015, which 1s hereby incorporated by reference 1n its entirety.

SEQUENCE LISTING

The 1nstant application contains a Sequence Listing which has been submitted

electronically in ASCII format and 1s hereby incorporated by reference in its entirety. Said
ASCII copy, created on July 28, 2016, 1s named PAT056954_SL.txt and 1s 124,487 bytes in

S1Ze.

FIELD

The present invention relates to fibroblast growth factor 21 (FGEF21) mimetic
antibodies. Also disclosed are methods for treating FGEF21-associated disorders, such as
obesity, type 1 and type 2 diabetes mellitus, pancreatitis, dyslipidemia, nonalcoholic
steatohepatitis (NASH), insulin resistance, hyperinsulinemia, glucose intolerance,
hyperglycemia, metabolic syndrome, and other metabolic disorders, and in reducing the

mortality and morbidity of critically 11l patients.

BACKGROUND

The tibroblast growth factor (FGLE) tamily 1s characterized by 22 genetically
distinct, homologous ligands, which are grouped into seven subtfamilies. According to the
published literature, the FGF tamily now consists of at least twenty-three members, FGEF-1 to
FGF-23 (Reuss et al. (2003) Cell Tissue Res. 313:139-157).

Fibroblast growth tactor 21 (FGEF21) was 1solated from mouse embryos and 18
closest to FGF19 and FGEF23. This FGF subfamily regulates diverse physiological processes
uncommon to classical FGEs, namely energy and bile acid homeostasis, glucose and lipid
metabolism, and phosphate as well as vitamin D homeostasis. Moreover, unlike classical
FGFs, this subtamily acts 1n an endocrine fashion (Moore, D.D. (2007) Science 316, 1436-8).
FGEF21 has been reported to be preterentially expressed in the liver (Nishimura et al. (2000)
Biochimica et Biophysica Acta, 1492:203-206; patent publication W0O01/36640; and patent
publication WOO01/18172) and described as a treatment for ischemic vascular disease, wound
healing, and diseases associated with loss of pulmonary, bronchia or alveolar cell function and

numerous other disorders.
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FGLE21 has been identified as a potent metabolic regulator. Systemic
administration of FGF21 to rodents and rhesus monkeys with diet-induced or genetic obesity

and diabetes exerts strong anti-hyperglycemic and triglyceride-lowering etfects, and reduction

of body weight (Coskun,T, et al. (2008) Endocrinology 149:6018-6027; Kharitonenkov, A. et
al. (2005) Journal of Clinical Investigation 115:1627-1635; Kharitonenkov, A., et al. (2007)
Endocrinology 148:774-781; Xu, J, et al. (2009) Diabetes 38:250-259). FGF21 1s a 209
amino acid polypeptide containing a 28 amino acid leader sequence. Human FGEF21 has about
79% amino acid 1dentity to mouse FGEF21 and about 80% amino acid 1dentity to rat FGF21.

In mammals, FGFs mediate their action via a set of four FGF receptors FGFR1-4
that 1n turn are expressed 1in multiple spliced variants. Each FGF receptor contains an
intracellular tyrosine kinase domain that is activated upon ligand binding, leading to
downstream signaling pathways involving MAPKs (Erk1/2), RAF1, AKT1 and STATs.
(Kharitonenkov, A. et al. (2008) BioDrugs 22:37-44). Several reports suggested that the "c"-
reporter splice variants of FGFR1-3 exhibit specific affinity to f-klotho and could act as
endogenous receptors for FGF21 (Kurosu et al., 2007 J. Biol. Chem. 282:26687-26695);
Ogawa et al., 2007 Proc. Natl. Acad. Sci. USA 104:7432-7437, Kharitonenkov et al., 2008 J.
Cell Physiol. 2135, 1-7). In 3T3-L1 cells and white adipose tissue, FGFR1 1s by far the most
abundant receptor, and it 1s therefore most likely that FGF21's main tunctional receptors in
this tissue are the 3-klotho-FGFR1c complexes.

Although FGEF21 activates FGF receptors and downstream signaling molecules,
including FRS2a and ERK, direct interaction of FGFRs and FGF21 has not been detected.
Furthermore, various non-adipocyte cells do not respond to FGEF21, even though they express
multiple FGER 1soforms. All of these data suggest that a cofactor must mediate FGEF21
signaling through FGFRs. Studies have identified beta-klotho (B-klotho), which 1s highly
expressed 1n liver, adipocytes and 1n pancreas, as a determinant of the cellular response to
FGF21 (Kurosu, H. et al. (2007) J Biol Chem 282, 26687-95). The B-klotho-FGFR complex,
but not FGFR alone, binds to FGF21 1n vitro (Kharitonenkov, A., et al. (2008) J Cell Physiol
215, 1-7). FGF21 binds to B-klotho in complex with FGFR1c, 2¢, or 3c; but not to 3-klotho 1n
complex with FGFR4 (Owen et al., 20135 Trends in Endocrinology 26: 22-29). A similar
mechanism has been identified in the FGEF23-klotho-FGFR system (Urakawa, 1. et al. (2006)
Nature 444, 770-4).

The bioactivity of FGEF21 was first identified 1in a mouse 3T3-L1 adipocyte glucose
uptake assay (Kharitonenkov, A. et al. (2005) J Clin Invest 115, 1627-35). Subsequently,
FGEF21 was shown to induce imsulin-independent glucose uptake and GLUT1 expression.

FGE21 has also been shown to ameliorate hyperglycemia in a range ot diabetic rodent models.
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In addition, transgenic mice over-expressing FGF21 were found to be resistant to diet-induced
metabolic abnormalities, including decreased body weight and fat mass, and enhancements 1n
insulin sensitivity (Badman, M.K. et al. (2007) Cell Metab 5, 426-37). Administration of
FGE21 to diabetic non-human primates (NHP) caused a decline in fasting plasma glucose,
triglycerides, insulin and glucagon levels, and led to significant improvements in lipoprotein
profiles including a nearly 80% increase i HDL cholesterol (Kharitonenkov, A. et al. (2007)
Endocrinology 148, 774-81). Importantly, hypoglycemia was not observed at any point
during this NHP study. Other studies 1identitied FGF21 as an important endocrine hormone

that helps to control adaptation to the fasting state. This provides a previously missing link,
downstream of PPAR, by which the liver communicates with the rest of the body in

regulating the biology of energy homeostasis. The combined observations that FGF21
regulates adipose (lipolysis), liver (fatty acid oxidation and ketogenesis), and brain (torpor)
establish i1t as a major endocrine regulator of the response to tasting (Kharitonenkov, A. &
Shanatelt, A.B. (2008) BioDrugs 22, 37-44).

The problem with using FGF21 directly as a biotherapeutic 1s that its half-life 1s
very short. In mice, the halt-life of human FGF21 1s 0.5 to 1 hours, and in cynomolgus
monkeys, the halt-life 1s 2 to 3 hours. Furthermore, when wild type FGF21 1s used in
pharmaceutical formulations or preparations, its stability 1s adversely aftected by preservatives

e.g., m-cresol.

SUMMARY

The present invention relates to FGEF21 mimetic antibodies, 1.e., monoclonal antibodies
that bind to beta-klotho (-klotho) and activate the human Fibroblast Growth Factor 21
(hereinatter, sometimes referred to as “FGEF217) receptor complex and FGF21-mediated
signaling (e.g., FGF21-receptor-dependent signaling), antigen-binding fragments thereof, and
pharmaceutical compositions and methods of treatment comprising the same.

Antigen-binding fragments (of the FGF21 mimetic, B-klotho-binding antibodies) of the
invention can be molecules with FGEF21-like activity and selectivity but with added
therapeutically desirable characteristics such as protein stability, low immunogenicity, ease ot
production and a desirable 1n vivo halt-life.

The monoclonal FGF21 mimetic antibodies of the invention, antigen-binding
tfragments thereotf, and pharmaceutical compositions comprising the same are usetul for the
treatment of FGEF21-associated disorders, such as obesity, type 2 diabetes mellitus, type 1
diabetes mellitus, pancreatitis, dyslipidemia, nonalcoholic steatohepatitis (NASH), insulin

resistance, hyperinsulinemia, glucose intolerance, hyperglycemia, metabolic syndrome,
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hypertension, cardiovascular disease, atherosclerosis, peripheral arterial disease, stroke, heart
tailure, coronary heart disease, kidney disease, diabetic complications, neuropathy,
gastroparesis and other metabolic disorders, and 1n reducing the mortality and morbidity of
critically 1ll patients.

The 1solated FGF21 mimetic antibodies, or antigen-binding fragments, described
herein bind B-klotho, with an equilibrium dissociation constant (Kp) of less than or equal to
100 pM. For example, the 1solated antibodies or antigen-binding fragments described herein
may bind to human [3-klotho with a Kp of less than or equal to 100 pM, less than or equal to
50 pM, less than or equal to 45 pM, less than or equal to 40 pM, less than or equal to 35 pM,
less than or equal to 25 pM, or less than or equal to 15 pM. More specitically, the 1solated
antibodies or antigen-binding fragments described herein may also bind human [3-klotho with
a Kp ot less than or equal to 10 pM, as measured by solution equilibrium titration assay
(SET); and may also activate the cynomolgus monkey FGFR1c_[3-klotho receptor complex
with an ECS50 of less than or equal to 50 nM, as measured by pERK cell assays.

The present invention relates to an 1solated antibody, or antigen-binding tragments
thereof, that binds to human and cynomolgus monkey B-klotho. The invention also relates to
an 1solated antibody, or antigen-binding fragments thereof, that binds [3-klotho and activates
the FGF21 receptor complex and FGEF21-mediated signaling (e.g., FGF21-receptor-dependent
signaling). In particular aspects, an 1solated antibody or antigen-binding fragment thereot
described herein does not activate human FGFR2c¢_f3-klotho, FGFR3c¢_[-klotho, or FGFR4_[3-
klotho receptor complexes.

The present invention also relates to an 1solated antibody, or antigen-binding
fragments thereof, that binds [3-klotho and further competes for binding with an antibody as
described 1n Table 1. The present invention also further relates to an 1solated antibody, or
antigen-binding fragments thereot, that binds the same epitope as an antibody as described in
Table 1.

As described here, “competition” between antibodies and/or antigen-binding fragments
thereof signifies that both antibodies (or binding fragments thereof) bind to the same [3-klotho
epitope (e.g., as determined by a competitive binding assay, by any of the methods well
known to those of skill in the art). An antibody or antigen-binding tragment thereot also
“competes” with a B-klotho antibody or antigen-binding fragment of the invention (e.g.,
NOVO0O01 or NOVO002) 1t said competing antibody or antigen-binding fragment thereof binds
the same [3-klotho epitope, or an overlapping [-klotho epitope, as an antibody or antigen-
binding fragment ot the invention. As used herein, a competing antibody or antigen-binding

tragment thereot can also include one which (1) sterically blocks an antibody or antigen-
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binding fragment of the mvention from binding its target (e.g., it said competitng antibody
binds to a nearby, non-overlapping [-klotho and/or [-klotho epitope and physically prevents
an antibody or antigen-binding fragment of the invention from binding its target); and/or (i1)
binds to a different, non-overlapping 3-klotho epitope and induces a conformational change to
the 3-klotho protein such that said protein can no longer be bound by a [-klotho antibody or
antigen-binding fragment of the mvention in a way that would occur absent said
conformational change.

The binding affinity of isolated antibodies and antigen-binding fragments described
herein can be determined by solution equilibrium titration (SET). Methods tor SET are
known 1n the art and are described in further detail below. Alternatively, binding attinity ot
the 1solated antibodies, or fragments, described herein can be determined by Biacore assay.
Methods tor Biacore kinetic assays are know 1n the art and are described in turther detail
below.

The 1solated FGF21 mimetic antibodies, or antigen-binding fragments thereof, may be
used to increase the activation of the FGF21 receptor complex, and thereby, the FGEF21
signaling pathway.

The 1solated FGF21 mimetic antibodies, or antigen-binding fragments thereof, as
described herein can be monoclonal antibodies, human or humanized antibodies, chimeric
antibodies, single chain antibodies, Fab tragments, Fv fragments, F(ab’)2 tfragments, or sckFv
fragments, and/or 1gG 1sotypes.

The 1solated FGEF21 mimetic antibodies, or antigen-binding fragments thereof, as
described herein can also include a framework 1n which an amino acid has been substituted
into the antibody framework tfrom the respective human VH or VL germline sequences.

Another aspect of the invention includes an 1solated antibody or antigen-binding
fragments thereot having the full heavy and light chain sequences ot Fabs described in Table
1. More specitically, the 1solated antibody or antigen-binding tragments thereot can have the
heavy and light chain sequences of Fab NOV001, NOV002, NOV003, NOV004.

A further aspect of the invention imcludes an 1solated antibody or antigen-binding
fragments thereot having the heavy and light chain variable domain sequences ot Fabs
described 1n Table 1. More specitically, the 1solated antibody or antigen-binding fragment
thereotf can have the heavy and light chain variable domain sequence of Fab NOV0O01,
NOV002, NOV003, NOVO0O4.

The invention also relates to an 1solated antibody or antigen-binding fragments thereof
that includes a heavy chain CDRI1 selected trom the group consisting of SEQ ID NOs: 3, 23,
43, and 63; a heavy chain CDR2 selected from the group consisting of SEQ ID NOs: 4, 24,
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44, and 64; and a heavy chain CDR3 selected from the group consisting of SEQ ID NOs: 3,
25, 45, and 65, wherein the 1solated antibody or antigen-binding tragments thereot binds to
human [3-klotho. In another aspect, such 1solated antibody or antigen-binding fragments
thereof turther includes a light chain CDR1 selected trom the group consisting of SEQ 1D
NOs: 13, 33, 53, and 73; a light chain CDR2 selected from the group consisting of SEQ ID
NOs: 14, 34, 54, and 74; and a light chain CDR3 selected from the group consisting of SEQ
ID NOs: 15, 35, 55, and 75.

The invention also relates to an 1solated antibody or antigen-binding fragments thereof
that includes a light chain CDRI1 selected from the group consisting of SEQ ID NOs: 13, 33,
53, and 73; a light chain CDR2 selected from the group consisting of SEQ ID NOs: 14, 34, 54,
and 74; and a light chain CDR3 selected from the group consisting ot SEQ ID NOs: 15, 35,
35, and 75, wherein the 1solated antibody or antigen-binding fragments thereot binds to human
B-klotho.

The invention also relates to an 1solated antibody or antigen-binding fragments thereof
that binds B-klotho having HCDR1, HCDR?2, and HCDR3 and LCDR1, LCDR2, and LCDR3,
as defined by Kabat, wherein HCDR1, HCDR2, and HCDR3 comprises SEQ ID NOs: 3, 4,
and 5, and LCDR1, LCDR2, LCDR3 comprises SEQ ID NOs: 13, 14, and 15; or HCDRI,
HCDR?2, and HCDR3 comprises SEQ ID NOs: 23, 24, and 25, and LCDR1, LCDR2, LCDR3
comprises SEQ ID NOs: 33, 34, and 35; or HCDR1, HCDR2, and HCDR3 comprises SEQ 1D
NOs: 43, 44, and 45, and LCDR1, LCDR2, LCDR3 comprises SEQ ID NOs: 53, 54, and 53;
or HCDR1, HCDR2, and HCDR3 comprises SEQ ID NOs: 63, 64, and 65, and LCDRI1,
LCDR2, LCDR3 comprises SEQ ID NOs: 73, 74, and 75.

The invention also relates to an 1solated antibody or antigen-binding fragments thereot
that binds [-klotho having HCDR1, HCDR2, and HCDR3 and LCDR1, LCDR2, and LCDR3,
as defined by Chothia, wherein HCDR 1, HCDR2, and HCDR3 comprises SEQ ID NOs: 6, 7,
and 8, and LCDR1, LCDR2, LCDR3 comprises SEQ ID NOs: 16, 17, and 18; or HCDRI,
HCDR?2, and HCDR3 comprises SEQ ID NOs: 26, 27, and 28, and LCDR1, LCDR2, LCDR3
comprises SEQ ID NOs: 36, 37, and 38; or HCDR1, HCDR?2, and HCDR3 comprises SEQ ID
NOs: 46, 47, and 48, and LCDR1, LCDR2, LCDR3 comprises SEQ ID NOs: 56, 57, and 38;
or HCDR1, HCDR?2, and HCDR3 comprises SEQ ID NOs: 66, 67, and 68, and LCDRI,
LCDR2, LCDR3 comprises SEQ ID NOs: 76, 77, and 78.

In one aspect of the invention the 1solated antibody or antigen-binding fragments

thereof includes a heavy chain variable domain sequence selected from the group consisting of
SEQ ID NOs: 9, 29, 49, and 69. The 1solated antibody or antigen-binding fragment further

can comprise a light chain variable domain sequence wherein the heavy chain variable domain
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and light chain variable domain combine to form and antigen-binding site for -klotho. In
particular the light chain variable domain sequence can be selected from SEQ ID NOs: 19, 39,
59, and 79 wherein said 1solated antibody or antigen-binding fragments thereof binds beta-
klotho.

The invention also relates to an 1solated antibody or antigen-binding tfragments thereot
that includes a light chain variable domain sequence selected from the group consisting of
SEQ ID NOs: 19, 39, 59, and 79, wherein said 1solated antibody or antigen-binding fragments
thereof binds to human [-klotho. The 1solated antibody or antigen-binding fragment may
turther comprise a heavy chain variable domain sequence wherein the light chain variable
domain and heavy chain variable domain combine to form and antigen-binding site for 3-
klotho.

In particular, the 1solated antibody or antigen-binding fragments thereof that binds [3-
klotho, may have heavy and light chain variable domains comprising the sequences of SEQ 1D
NOs: 9 and 19; 29 and 39; 49 and 359; or 69 and 79, respectively.

The invention further relates to an 1solated antibody or antigen-binding fragments
thereof, that includes a heavy chain variable domain having at least 90% sequence 1dentity to
a sequence selected trom the group consisting of SEQ ID NOs: 9, 29, 49, and 69, wherein said
antibody binds to -klotho. In one aspect, the 1solated antibody or antigen-binding fragments
thereof also includes a light chain variable domain having at least 90% sequence 1dentity to a
sequence selected trom the group consisting of SEQ ID NOs: 19, 39, 59, and 79. In a turther

aspect ot the mvention, the 1solated antibody or antigen-binding fragment has an HCDR1,

HCDR2, HCDR3, LCDRI1, LCDR2 and LCDR3 as defined by Kabat and as described in
Table 1.

The invention also relates to an 1solated antibody or antigen-binding tfragments thereot,
having a light chain variable domain having at least 90% sequence 1dentity to a sequence
selected from the group consisting of SEQ ID NOs: 19, 39, 59, and 79, wherein said antibody
binds [3-klotho.

In another aspect of the invention, the 1solated antibody, or antigen-binding fragments
thereof, that binds to B-klotho may have a heavy chain comprising the sequence of SEQ ID
NOs: 11, 31, 51, or 71. The 1solated antibody can also includes a light chain that can combine
with the heavy chain to form an antigen-binding site to human [-klotho. In particular, the
light chain may have a sequence comprising SEQ ID NOs: 21, 41, 61, or 81. In particular, the

1solated antibody or antigen-binding fragments thereof that binds -klotho, may have a heavy

chain and a light chain comprising the sequences of SEQ ID NOs: 11 and 21; 31 and 41; 51
and 61; or 71 and 81, respectively.
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The invention still further relates to an 1solated antibody or antigen-binding fragments
thereot that includes a heavy chain having at least 90% sequence 1dentity to a sequence
selected from the group consisting of SEQ ID NOs: 9, 29, 49, or 69, wherein said antibody
binds to B-klotho. In one aspect, the 1solated antibody or antigen-binding fragments thereof
also includes a light chain having at least 90% sequence 1dentity to a sequence selected from
the group consisting of SEQ ID NOs: 21, 41, 61, or 81.

The invention still further relates to an 1solated antibody or antigen-binding fragments
thereot that includes a light chain having at least 90% sequence 1dentity to a sequence selected
from the group consisting of SEQ ID NOs: 21, 41, 61, or 81, wherein said antibody binds [3-
klotho.

The invention also relates to compositions comprising the 1solated antibody, or
antigen-binding fragments thereotf, described heremn. As well as, antibody compositions in
combination with a pharmaceutically acceptable carrier. Specitically, the invention turther
includes pharmaceutical compositions comprising an antibody or antigen-binding fragments
thereof of Table 1, such as, for example antibody NOV001, NOV002, NOV003, NOV004.
The invention also relates to pharmaceutical compositions comprising a combination of two or
more of the 1solated antibodies or antigen-binding fragments thereotf of Table 1.

The invention also relates to an 1solated nucleic acid sequence encoding the variable
heavy chain having a sequence selected from SEQ ID NOs: 9, 29, 49, and 69. In particular
the nucleic acid has a sequence at least 90% sequence 1dentity to a sequence selected trom the
group consisting of SEQ ID NOs: 10, 30, 50, and 70. In a further aspect ot the invention the
sequence 18 SEQ ID NOs: 10, 30, 50, and 70.

The invention also relates to an 1solated nucleic acid sequence encoding the variable
light chain having a sequence selected from SEQ ID NOs: 20, 40, 60, and 80. In particular the
nucleic acid has a sequence at least 90% sequence identity to a sequence selected trom the
group consisting of SEQ ID NOs: 20, 40, 60, and 80. In a turther aspect of the invention the
sequence 18 SEQ ID NOs: 20, 40, 60, and 80.

The invention also relates to an 1solated nucleic acid comprising a sequence encoding a
polypeptide that includes a light chain variable domain having at least 90% sequence 1dentity
to a sequence selected from the group consisting of SEQ ID NOs: 20, 40, 60, and 0.

The invention also relates to a vector that includes one or more of the nucleic acid
molecules described herein.

The invention also relates to an 1solated host cell that includes a recombinant DNA
sequence encoding a heavy chain of the antibody described above, and a second recombinant

DNA sequence encoding a light chain ot the antibody described above, wherein said DNA
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sequences are operably linked to a promoter and are capable of being expressed in the host
cell. It 1s contemplated that the antibody can be a human monoclonal antibody. It 1s also
contemplated that the host cell 1s a non-human mammalian cell.

The invention also relates to activating a Fibroblast Growth Factor 21 (FGF21)
receptor, and, thereby, FGEF21-mediated signaling (e.g., FGF21-receptor-dependent signaling),
wherein the method includes the step of contacting a cell with an effective amount of a
composition comprising the 1solated antibody or antigen-binding fragments thereot described
herein.

It 1s contemplated that the cell 1s a human cell. It 1s further contemplated that the cell
1S 11 a subject. In one embodiment, it 1s contemplated that the cell 1s an adipocyte. In other
embodiments, the cell may be one or more of hepatocytes, pancreas cells, endothelial cells,
muscle, or renal cells. It 1s still tfurther contemplated that the subject 1s human.

The invention also relates to a method of treating, improving, or preventing a FGEF21-
associated disorder 1n a subject, wherein the method includes the step of administering to the
subject an effective amount of a composition comprising the antibody or antigen-binding
tfragments thereot described herein. In one aspect, the FGEF21-associated disorder 1s obesity.
In one aspect, the FGF21-associated disorder 1s type 2 diabetes. It 1s contemplated that the
subject 1s human.

Any of the toregoing 1solated antibodies or antigen-binding fragments thereotf may be
a monoclonal antibody or antigen-binding fragments thereof.

Non-limiting embodiments ot the disclosure are described i the tollowing aspects:

1. An1solated antibody or antigen-binding fragment thereot that binds to an epitope
within the extracellular domain of -klotho.

2. An 1solated antibody or antigen-binding fragment thereot that binds to an epitope ot
B-klotho, wherein the epitope comprises one or more of the SEQ ID NOs shown 1n Table 2.

3. Anisolated FGF21 mimetic antibody or antigen-binding fragment thereot that
binds to B-klotho, wherein said antibody or fragment increases the activity of B-klotho and
FGEFR]c.

4. An 1solated antibody or antigen-binding fragment thereof that binds to a human [3-
klotho protein with a Kp of less than or equal to 10 pM, as measured by solution equilibrium
titration assay (SET).

>. An 1solated antibody or antigen-binding fragment thereot that binds to an epitope of

B-klotho, wherein said epitope comprises one or more amino acids of residues 246-2635, 536-

550, 834-857 and 959-986 of the B-klotho sequence (SEQ ID NO:262).
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6. An 1solated antibody or antigen-binding fragment thereof that binds to one or more
epitopes of B-klotho, wherein said epitopes comprises one or more of amino acids of residues
646-670, 696-700, and 646-689 of the B-klotho sequence (SEQ ID NO:262).

7. An 1solated antibody or antigen-binding fragment thereot that activates the
cynomolgus monkey FGFR 1c¢_[-klotho receptor complex with an ECS50 of less than or equal
to 50 nM, as measured by pERK cell assays.

8. The 1solated antibody or antigen-binding fragment ot aspect 1, wherein said
antibody or fragment comprises at least one complementarity determining region having at
least 95% 1dentity to at least one of the CDRs recited in Table 1.

9. The 1solated antibody or antigen-binding tragment ot aspect 1, wherein said
antibody or fragment comprises at least one complementarity determining region having at
least 98% 1dentity to at least one of the CDRs recited in Table 1.

10. The 1solated antibody or antigen-binding fragment ot aspect 1, wherein said
antibody or fragment comprises at least one complementarity determining region having at
least 99% 1dentity to at least one of the CDRSs recited in Table 1.

11. The 1solated antibody or antigen-binding fragment ot any ot the preceding aspects,

wherein said antibody or fragment comprises a heavy chain CDR1, heavy chain CDR2, and

heavy chain CDR3 from Table 1, and/or a light chain CDRI1, light chain CDR2, and light
chain CDR3 trom Table 1.

12. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein
said antibody or fragment comprises a CDR1, CDR2, and CDR3 trom Table 1, and wherein
the variant has at least one to four amino acid changes 1n one of CDR1, CDR2, or CDR3.

13. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein
the antibody or fragment comprises a heavy chain CDR3 selected from the group consisting ot
SEQ ID NO: 5, 25, 45, and 65.

14. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein
the antibody or fragment comprises a VH selected from the group consisting of SEQ ID NO:
9, 29, 49, 69 or an amino acid sequence with 90% i1dentity thereot; and a VL selected trom the
group consisting of SEQ ID NO: 19, 39, 59, and 79 or an amino acid sequence with 90%
identity thereof.

15. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein
the antibody or fragment comprises a VH selected from the group consisting of SEQ ID NO:
9, 29, 49, and 29 or an amino acid sequence with 95% 1dentity thereof; and a VL selected
from the group consisting of SEQ ID NO: 19, 39, 59, and 79 or an amino acid sequence with
95% 1dentity thereof.

10
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16. The 1solated antibody or antigen-binding fragment of any ot aspects 1-7, wherein
the antibody or fragment comprises a VH selected from the group consisting of SEQ ID NO:
9, 29, 49, and 69 or an amino acid sequence with 97% i1dentity thereof; and a VL selected
from the group consisting of SEQ ID NO: 19, 39, 59, and 79 or an amino acid sequence with
97% 1dentity thereof.

17. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein
the antibody or fragment comprises a variable heavy chain sequence selected trom the group
consisting of SEQ ID NO: 9, 29, 49, and 69.

18. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein
the antibody or fragment comprises a variable light chain sequence selected from the group
consisting of SEQ ID NO: 19, 39, 59, and /9.

19. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein
the antibody or fragment comprises a variable heavy chain selected from the group consisting
of SEQ ID NO: 9, 29, 49, and 69; and variable light chain sequence selected from the group
consisting of SEQ ID NO: 19, 39, 59, and 79.

20. The 1solated antibody or antigen-binding fragment of any ot aspects 1-7, wherein
the antibody or fragment 1s selected from the group consisting of an antibody or fragment
comprising a variable heavy chain of SEQ ID NO: 9 and a variable light chain sequence ot
SEQ ID NO: 19, an antibody or fragment comprising a variable heavy chain ot SEQ ID NO:
29 and a variable light chain sequence of SEQ ID NO: 39; an antibody or fragment
comprising a variable heavy chain of SEQ ID NO: 49 and a variable light chain sequence ot
SEQ ID NO: 59; and an antibody or fragment comprising a variable heavy chain of SEQ ID
NO: 69 and a variable light chain sequence of SEQ ID NO: 79.

21. The 1solated antibody or antigen-binding fragment of any ot aspects 1-7, wherein
the antibody or fragment comprises a heavy chain CDRI1 selected from the group consisting ot
SEQ ID NO: 3, 23, 43, and 63; a heavy chain CDR2 selected from the group consisting of
SEQ ID NO: 4, 24, 44, and 64; a heavy chain CDR3 selected from the group consisting of 3,
25, 45, and 65; a light chain CDRI1 selected from the group consisting of SEQ ID NO: 13, 33,
53, and 73; a light chain CDR2 selected from the group consisting of SEQ ID NO: 14, 34, 54,
and 74; and a light chain CDR3 selected from the group consisting of SEQ ID NO: 15, 35, 535,
and 75.

22. The 1solated antibody or antigen-binding fragment of any ot aspects 1-7, wherein

the antibody or fragment comprises a heavy chain CDR1 selected trom the group consisting of

SEQ ID NO: 6, 26, 46, and 66; a heavy chain CDR2 selected from the group consisting of
SEQ ID NO: 7, 27, 47, and 67; a heavy chain CDR3 selected from the group consisting of &,

11
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28, 48, and 68; a light chain CDRI1 selected from the group consisting of SEQ ID NO: 16, 36,
56, and 76; a light chain CDR2 selected from the group consisting of SEQ ID NO: 17, 37, 57,
and 77; and a light chain CDR3 selected from the group consisting of SEQ ID NO: 18, 38, 58,
and 78.

23. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein

the antibody or fragment comprises a heavy chain CDR1 of SEQ ID NO: 3; a heavy chain
CDR2 of SEQ ID NO: 4; a heavy chain CDR3 of SEQ ID NO: 5; a light chain CDR1 of SEQ

ID NO: 13; a light chain CDR2 of SEQ ID NO: 14; and a light chain CDR3 of SEQ ID NO:
15.
24. The 1solated antibody or antigen-binding fragment of any ot aspects 1-7, wherein

the antibody or fragment comprises a heavy chain CDR1 of SEQ ID NO: 23; a heavy chain
CDR2 of SEQ ID NO: 24; a heavy chain CDR3 of SEQ ID NO: 25; a light chain CDR1 of

SEQ ID NO: 33; a light chain CDR2 of SEQ ID NO: 34; and a light chain CDR3 of SEQ ID
NO: 335.

25. The 1solated antibody or antigen-binding fragment of any ot aspects 1-7, wherein
the antibody or fragment comprises a heavy chain CDR1 of SEQ ID NO: 43; a heavy chain
CDR2 of SEQ ID NO: 44; a heavy chain CDR3 of SEQ ID NO: 45; a light chain CDR1 ot
SEQ ID NO: 53; a light chain CDR2 of SEQ ID NO: 54; and a light chain CDR3 of SEQ ID
NO: 335.

26. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein
the antibody or fragment comprises a heavy chain CDR1 of SEQ ID NO: 63; a heavy chain
CDR2 of SEQ ID NO: 64; a heavy chain CDR3 of SEQ ID NO: 63; a light chain CDR1 of
SEQ ID NO: 73; a light chain CDR2 of SEQ ID NO: 74; and a light chain CDR3 of SEQ ID
NO: 75.

2'7. The 1solated antibody or antigen-binding fragment of any ot aspects 1-7, wherein
the antibody or fragment comprises a heavy chain CDR1 of SEQ ID NO: 6; a heavy chain
CDR2 of SEQ ID NO: 7; a heavy chain CDR3 of SEQ ID NO: 8; a light chain CDR1 of SEQ
ID NO: 16; a light chain CDR2 of SEQ ID NO: 17; and a light chain CDR3 of SEQ ID NO:
13.

28. The 1solated antibody or antigen-binding fragment of any ot aspects 1-7, wherein
the antibody or fragment comprises a heavy chain CDR1 of SEQ ID NO: 26; a heavy chain
CDR2 of SEQ ID NO: 27; a heavy chain CDR3 of SEQ ID NO: 28; a light chain CDR1 ot
SEQ ID NO: 36; a light chain CDR2 of SEQ ID NO: 37; and a light chain CDR3 of SEQ ID
NO: 38.

12
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29. The 1solated antibody or antigen-binding fragment of any ot aspects 1-7, wherein
the antibody or fragment comprises a heavy chain CDR1 of SEQ ID NO: 46; a heavy chain
CDR2 of SEQ ID NO: 47; a heavy chain CDR3 of SEQ ID NO: 48; a light chain CDR1 ot
SEQ ID NO: 56; a light chain CDR2 of SEQ ID NO: 57; and a light chain CDR3 of SEQ ID
NO: 38.

30. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein
the antibody or fragment comprises a heavy chain CDR1 of SEQ ID NO: 66; a heavy chain
CDR2 of SEQ ID NO: 67; a heavy chain CDR3 of SEQ ID NO: 68; a light chain CDR1 of
SEQ ID NO: 76; a light chain CDR2 of SEQ ID NO: 77; and a light chain CDR3 of SEQ ID
NO: 78.

31. An isolated antibody or antigen-binding fragment thereof, wherein the antibody or
fragment binds to the same epitope as an 1solated antibody or fragment according to any of
aspects 12-30.

32. An isolated antibody or antigen-binding fragment thereof, wherein the antibody or
fragment competes for binding to 3-klotho with an 1solated antibody or fragment according to
any of aspects 12-30.

33. The 1solated antibody or antigen-binding fragment of any of aspects 1-7, wherein
the antibody or fragment 1s selected from the group consisting of NOV001, NOV002,
NOVO003, and NOVO004.

34. A pharmaceutical composition comprising an antibody or antigen-binding
tragment thereot of one of the above aspects and a pharmaceutically acceptable carrier.

35. A method of treating a metabolic disorder comprising administering to a subject
attlicted with a metabolic disorder an effective amount of a pharmaceutical composition
comprising an antibody or antigen-binding fragment according to any of aspects 1-30.

36. The method of aspect 35, wherein the subject 1s afflicated with one or more of
obesity, type 1 and type 2 diabetes mellitus, pancreatitis, dyslipidemia, nonalcoholic
steatohepatitis (NASH), msulin resistance, hyperinsulinemia, glucose intolerance,
hyperglycemia, and metabolic syndrome.

3’7. The method of aspect 35, wherein the subject 1s atflicated with one or more of
obesity, diabetes, and dyslipidemia.

38. A method of treating a cardiovascular disorder comprising administering to a
subject attlicted with a cardiovascular disorder an effective amount of a pharmaceutical
composition comprising an antibody or fragment according to any previous aspect.

39. The method of aspect 38, wherein the subject 1s attlicated with one or more ot

atherosclerosis, peripheral arterial disease, stroke, heart failure, and coronary heart disease.

13
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40. An antibody or antigen-binding fragment thereof according to any ot aspects 1-30,
for use as a medicament.

41. A nucleic acid coding for one or more of the antibodies according to any previous
aspect.

42. A nucleic acid comprising a sequence with at least 90% 1dentity to the sequences
set forth i1n Table 1.

43. A nucleic acid comprising a sequence with at least 95% 1dentity to the sequences
set forth 1n Table 1.

44. A vector comprising the nucleic acid according to aspect 41.

45. A host cell comprising the vector of aspect 44.

46. A pharmaceutical composition comprising an antibody or antigen-binding

fragment according to any of aspects 1-30 for use in treating a metabolic disorder.

DEFINITIONS

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by those ot ordinary skill in the art to which this invention
pertains.

As used herein, the term “FGEF21” refers to a member of the fibroblast growth tactor
(FGF) protein family. An amino acid sequence of FGEF21 (GenBank Accession No.
NP_061986.1) 1s set forth as SEQ ID NO:1, the corresponding polynucleotide sequence of
which 1s set torth as SEQ ID NO:2 (NCBI reference sequence number NM_019113.2).

As used herein, the term “FGFEF21 receptor” refers to a receptor tor FGEF21
(Kharitonenkov,A, et al. (2008) Journal of Cellular Physiology 215:1-7; Kurosu,H, et al.
(2007) JBC 282:26687-26695; Ogawa, Y, et al. (2007) PNAS 104:7432-7437).

The term “FGF21 polypeptide”™ refers to a naturally-occurring polypeptide expressed
in humans. For purposes of this disclosure, the term “FGEF21 polypeptide™ can be used
interchangeably to refer to any full-length FGEF21 polypeptide, e.g., SEQ ID NO:1, which
consists of 209 amino acid residues and which 1s encoded by the nucleotide sequence of SEQ
ID NO:2; any mature form of the polypeptide, which consists of 181 amino acid residues, and
in which the 28 amino acid residues at the amino-terminal end of the full-length FGEF21
polypeptide (1.e., which constitute the signal peptide) have been removed, and variants
thereof.

The term “antibody™ as used herein means a whole antibody and any antigen-binding
fragment (i.e., “antigen-binding portion™) or single chain thereof. A whole antibody 1s a

glycoprotein comprising at least two heavy (H) chains and two light (L) chains inter-
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connected by disultide bonds. Each heavy chain 1s comprised of a heavy chain variable
region (abbreviated herein as VH) and a heavy chain constant region. The heavy chain
constant region 1s comprised of three domains, CH1, CH2 and CH3. Each light chain 1s
comprised of a light chain variable region (abbreviated herein as VL) and a light chain
constant region. The light chain constant region 18 comprised of one domain, CL. The VH
and VL regions can be further subdivided imnto regions ot hypervariability, termed
complementarity determining regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each VH and VL 1s composed ot three CDRs
and tour FRs arranged from amino-terminus to carboxy-terminus in the following order: FR1,
CDRI1, FR2, CDR2, FR3, CDR3, FR4. The variable regions of the heavy and light chains
contain a binding domain that interacts with an antigen. The constant regions ot the
antibodies may mediate the binding of the immunoglobulin to host tissues or factors,
including various cells ot the immune system (e.g., etfector cells) and the first component
(Clq) of the classical complement system.

The term ““antigen-binding portion™ or “antigen-binding fragment™ of an antibody, as
used herein, refers to one or more fragments of an intact antibody that retain the ability to
specifically bind to a given antigen (e.g., B-klotho). Antigen-binding functions of an antibody
can be performed by tragments of an intact antibody. Examples of binding tragments
encompassed within the term antigen-binding portion or antigen-binding fragment of an
antibody include a Fab fragment, a monovalent fragment consisting ot the VL, VH, CL and
CH1 domains; a F(ab), fragment, a bivalent fragment comprising two Fab fragments linked by
a disulfide bridge at the hinge region; an Fd fragment consisting of the VH and CH1 domains;

an Fv fragment consisting of the VL and VH domains of a single arm of an antibody; a single
domain antibody (dAb) fragment (Ward et al., 1989 Nature 341:544-546), which consists of a
VH domain or a VL domain; and an 1solated complementarity determining region (CDR).

Furthermore, although the two domains of the Fv fragment, VL and VH, are coded for
by separate genes, they can be joined, using recombinant methods, by an artificial peptide

linker that enables them to be made as a single protein chain in which the VL and VH regions

pair to form monovalent molecules (known as single chain Fv (sckFv); see, e.g., Bird et al.,
1988 Science 242:423-426; and Huston et al., 1988 Proc. Natl. Acad. Sci. 85:5879-5883).

Such single chain antibodies include one or more antigen-binding portions or fragments of an

antibody. These antibody fragments are obtained using conventional techniques known to

those of skill in the art, and the fragments are screened for utility in the same manner as are

intact antibodies.
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Antigen-binding fragments can also be mcorporated into single domain antibodies,
maxibodies, minibodies, intrabodies, diabodies, triabodies, tetrabodies, v-NAR and bis-scFv
(see, e.g., Hollinger and Hudson, 2005, Nature Biotechnology, 23, 9, 1126-1136). Antigen-
binding portions of antibodies can be gratted into scatfolds based on polypeptides such as
Fibronectin type III (Fn3) (see U.S. Pat. No. 6,703,199, which describes fibronectin
polypeptide monobodies).

Antigen-binding fragments can be incorporated into single chain molecules comprising
a pair of tandem Fv segments (VH-CHI1-VH-CH1) which, together with complementary light
chain polypeptides, form a pair of antigen-binding regions (Zapata et al. (19935) Protein Eng.
3(10):1057-1062; and U.S. Pat. No. 5,641,870).

As used herein, the term “atfinity” refers to the strength of interaction between
antibody and antigen at single antigenic sites. Within each antigenic site, the variable region
of the antibody “arm” interacts through weak non-covalent forces with antigen at numerous
sites; the more interactions, the stronger the affinity. As used herein, the term “high attinity”
tor an antibody or antigen-binding tragments thereot (e.g., a Fab fragment) generally refers to
an antibody, or antigen-binding fragment, having a KD of 10°M or less.

The term “amino acid” refers to naturally occurring and synthetic amino acids, as well
as amino acid analogs and amino acid mimetics that function 1n a manner siumilar to the
naturally occurring amino acids. Naturally occurring amino acids are those encoded by the
genetic code, as well as those amino acids that are later modified, e.g., hydroxyproline, vy-
carboxyglutamate, and O-phosphoserine. Amino acid analogs refer to compounds that have
the same basic chemical structure as a naturally occurring amino acid, i.e., an alpha carbon
that 1s bound to a hydrogen, a carboxyl group, an amino group, and an R group, e.g.,
homoserine, norleucine, methionine sultoxide, methionine methyl sultontum. Such analogs
have modified R groups (e.g., norleucine) or modified peptide backbones, but retain the same
basic chemical structure as a naturally occurring amino acid. Amino acid mimetics refers to
chemical compounds that have a structure that 1s ditferent from the general chemical structure
of an amino acid, but that functions in a manner similar to a naturally occurring amino acid.

The term “*binding specificity” as used herein refers to the ability of an individual
antibody combining site to react with only one antigenic determinant.

The phrase “specifically (or selectively) binds” to an antibody (e.g., a B-klotho-binding
antibody) reters to a binding reaction that 1s determinative of the presence of a cognate antigen
(e.g., a human 3-klotho or cynomolgus -klotho) in a heterogeneous population of proteins

and other biologics. The phrases “an antibody recognizing an antigen” and “an antibody
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specific for an antigen™ are used interchangeably herein with the term “an antibody which
binds specitically to an antigen”.

The term “FGF21 mediated” or similar retfers to the tfact that the FGF21 receptor
and/or the antibodies of the invention mediate the cellular response and the FGEF21 signaling
pathway upon binding to B-klotho, thereby triggering a variety of physiological effects,
including but not limited to a reduction in one or more of the following: plasma triglycerides,
plasma msulin, plasma glucose, food intake, and body weight.

An “FGF21-associated disorder,” “FGFEF21-associated condition,” ““‘disease or condition
associated with FGEF21,” or siumilar terms as used herein, refer to any number of conditions or
diseases for which the prevention, diagnosis, and/or treatment by activation of the FGEF21
signaling pathway (e.g., by activation ot FGF21 receptor signaling), 1s sought. These can
include conditions, diseases, or disorders characterized by aberrant FGEF21 signaling (e.g.,
aberrant activation of FGF21-mediated signaling and/or FGE21 receptor signaling). These
conditions include but are not limited to metabolic, endocrine, and cardiovascular disorders,
such as obesity, type 1 and type 2 diabetes mellitus, pancreatitis, dyslipidemia, nonalcoholic
tatty liver disease (NAFLD), nonalcoholic steatohepatitis (NASH), insulin resistance,
hyperinsulinemia, glucose mntolerance, hyperglycemia, metabolic syndrome, acute myocardial
infarction, hypertension, cardiovascular disease, atherosclerosis, peripheral arterial disease,
stroke, heart tailure, coronary heart disease, kidney disease, diabetic complications,
neuropathy, gastroparesis, disorders associated with severe 1activating mutations in the
insulin receptor, and other metabolic disorders, and 1n reducing the mortality and morbidity of
critically 1ll patients.

"Type 2 diabetes mellitus” 1s a condition characterized by excess glucose production in
spite of the availability of insulin, and circulating glucose levels remain excessively high as a
result of inadequate glucose clearance.

“Type 1 diabetes mellitus™ 1s a condition characterized by high blood glucose levels
caused by total lack of insulin. This occurs when the body’s immune system attacks the
insulin-producing beta cells in the pancreas and destroys them. The pancreas then produces
little or no insulin.

“Pancreatitis” 1s inflammation of the pancreas.

“Dyslipidemia” 1s a disorder ot lipoprotein metabolism, including lipoprotein
overproduction or deficiency. Dyslipidemias may be manifested by elevation ot the total
cholesterol, low-density lipoprotein (LDL) cholesterol and triglyceride concentrations, and a

decrease 1n high-density lipoprotein (HDL) cholesterol concentration in the blood.
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“Nonalcoholic steatohepatitis (NASH)” 1s a liver disease, not associated with alcohol
consumption, characterized by fatty change of hepatocytes, accompanied by intralobular
inflammation and fibrosis.

"Glucose intolerance, " or Impaired Glucose Tolerance (IGT) 1s a pre-diabetic state ot
dysglycemia that 1s associated with mcreased risk of cardiovascular pathology. The pre-
diabetic condition prevents a subject from moving glucose into cells etficiently and utilizing 1t
as an efticient fuel source, leading to elevated glucose levels 1n blood and some degree of
insulin resistance.

"Hyperglycemia" 1s defined as an excess of sugar (glucose) in the blood.

"Hypoglycemia”, also called low blood sugar, occurs when your blood glucose level
drops too low to provide enough energy for your body's activities.

"Hyperinsulinemia” 1s defined as a higher-than-normal level of insulin 1n the blood.

"Insulin resistance” 1s defined as a state in which a normal amount ot insulin produces
a subnormal biologic response.

"Obesity," 1n terms of the human subject, can be defined as that body weight over 20
percent above the i1deal body weight tor a given population (R. H. Williams, Textbook ot
Endocrinology, 1974, p. 904-916). It can also be defined as a Body Mass Index (BMI,
defined as a person's weight 1n kilograms divided by the square ot his height in meters
(kg/m2)) as greater than or equal to 30.

"Metabolic syndrome"” can be defined as a cluster of at least three of the tollowing
signs: abdominal fat--in most men, a 40-inch waist or greater; high blood sugar--at least 110
milligrams per deciliter (mg/dl) after tasting; high triglycerides--at least 150 mg/dL 1n the
bloodstream; low HDL--less than 40 mg/dl; and, blood pressure of 130/85 mmHg or higher.

“Hypertension™ or high blood pressure that 1s a transitory or sustained elevation ot
systemic arterial blood pressure to a level likely to induce cardiovascular damage or other
adverse consequences. Hypertension has been arbitrarily defined as a systolic blood pressure
above 140 mmHg or a diastolic blood pressure above 90 mmHg.

“Cardiovascular diseases™ are diseases related to the heart or blood vessels.

“Peripheral arterial disease” occurs when plaque builds up in the arteries that carry
blood to the head, organs and limbs. Over time, plaque can harden and narrow the arteries
which limits the flow of oxygen-rich blood to organs and other parts of the the body.

“Atherosclerosis™ 1s a vascular disease characterized by wrregularly distributed lipid
deposits 1in the intima of large and medium-sized arteries, causing narrowing of arterial

lumens and proceeding eventually to fibrosis and calcification. Lesions are usually focal and
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progress slowly and intermittently. Limitation of blood tlow accounts tor most clinical
manifestations, which vary with the distribution and severity of lesions.

“Stroke” 1s any acute clinical event, related to impairment ot cerebral circulation,that
lasts longer than 24 hours. A stroke involves 1rreversible brain damage, the type and severity
of symptoms depending on the location and extent of brain tissue whose circulation has been
compromised.

“Heart tailure”, also called congestive heart tailure, 1s a condition in which the heart
can no longer pump enough blood to the rest of the body.

“Coronary heart disease”, also called coronary artery disease, 18 a narrowing of the
small blood vessels that supply blood and oxygen to the heart.

“Kidney disease™ or nephropathy 1s any disease of the kidney. Diabetic nephropathy 1s
a major cause of morbidity and mortality in people with type 1 or type 2 diabetes mellitus.

“Diabetic complications™ are problems, caused by high blood glucose levels, with
other body ftunctions such as kidneys, nerves (neuropathies), teet (foot ulcers and poor
circulation) and eyes (e.g. retinopathies). Diabetes also increases the risk for heart disease and
bone and joint disorders. Other long-term complications ot diabetes include skin problems,
digestive problems, sexual dystuntion and problems with teeth and gums.

“Neuroapathies™ are any diseases ivolving the cranial nerves or the peripheral or
autonomic nervous system.

“(astroparesis’ 1s weakness ot gastric peristalsis, which results in delayed emptying ot
the bowels.

The critically 11l patients encompassed by the present invention generally experience
an unstable hypermetabolic state. This unstable metabolic state 1s due to changes 1n substrate
metabolism, which may lead to relative deficiencies in some nutrients. Generally there 1s an
increased oxidation of both fat and muscle.

Moreover, critically 11l patients are preferably patients that experience systemic
inflammatory response syndrome or respiratory distress. A reduction in morbidity means
reducing the likelihood that a critically 1ll patient will develop additional 1llnesses, conditions,
or symptoms or reducing the severity ot additional illnesses, conditions, or symptoms. For
example reducing morbidity may correspond to a decrease 1n the incidence ot bacteremia or
sepsis or complications associated with multiple organ tailure.

The term “‘conservatively moditied variant” applies to both amino acid and nucleic
acid sequences. With respect to particular nucleic acid sequences, conservatively moditfied
variants refers to those nucleic acids which encode 1dentical or essentially identical amino acid

sequences, or where the nucleic acid does not encode an amino acid sequence, to essentially
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identical sequences. Because of the degeneracy ot the genetic code, a large number ot
tunctionally 1dentical nucleic acids encode any given protein. For instance, the codons GCA,
GCC, GCG and GCU all encode the amino acid alanine. Thus, at every position where an
alanine 1s specified by a codon, the codon can be altered to any of the corresponding codons
described without altering the encoded polypeptide. Such nucleic acid variations are “silent
variations,” which are one species of conservatively moditied variations. Every nucleic acid
sequence herein which encodes a polypeptide also describes every possible silent variation of
the nucleic acid. One of skill will recognize that each codon in a nucleic acid (except AUG,
which 1s ordinarily the only codon for methionine, and TGG, which 1s ordinarily the only
codon for tryptophan) can be modified to yield a tunctionally 1identical molecule.
Accordingly, each silent variation of a nucleic acid that encodes a polypeptide 1s implicit in
each described sequence.

For polypeptide sequences, “conservatively moditied variants” mclude individual
substitutions, deletions or additions to a polypeptide sequence which result in the substitution
of an amino acid with a chemically similar amino acid. Conservative substitution tables
providing functionally similar amino acids are well known 1n the art. Such conservatively
modified variants are in addition to and do not exclude polymorphic variants, interspecies
homologs, and alleles of the invention. The following eight groups contain amino acids that
are conservative substitutions for one another: 1) Alanine (A), Glycine (G); 2) Aspartic acid
(D), Glutamic acid (E); 3) Asparagine (IN), Glutamine (Q); 4) Arginine (R), Lysine (K); 5)
Isoleucine (I), Leucine (L), Methionine (M), Valine (V); 6) Phenylalanine (F), Tyrosine (Y),
Tryptophan (W); 7) Serine (S), Threonine (T); and &) Cysteine (C), Methionine (M) (see,
e.g., Creighton, Proteins (1984)). In some embodiments, the term “‘conservative sequence
modifications” are used to refer to amino acid modifications that do not significantly atfect or
alter the binding characteristics ot the antibody containing the amino acid sequence.

The term “epitope” means a protein determinant capable of specific binding to an
antibody. Epitopes usually consist of chemically active surtace groupings of molecules such
as amino acids or sugar side chains and usually have specitfic three dimensional structural
characteristics, as well as specitic charge characteristics. Conformational and
nonconformational epitopes are distinguished 1n that the binding to the former but not the
latter 1s lost 1n the presence of denaturing solvents.

The term “human antibody”, as used herein, 1s intended to include antibodies having
variable regions in which both the framework and CDR regions are derived from sequences ot
human origin. Furthermore, 1f the antibody contains a constant region, the constant region

also 1s derived from such human sequences, e.g., human germline sequences, or mutated
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versions of human germline sequences. The human antibodies of the invention may include
amino acid residues not encoded by human sequences (e.g., mutations introduced by random
or site-specific mutagenesis in vitro or by somatic mutation in vivo).

The term “human monoclonal antibody” refers to antibodies displaying a single
binding speciticity which have variable regions 1in which both the framework and CDR
regions are derived from human sequences. In one embodiment, the human monoclonal
antibodies are produced by a hybridoma which immcludes a B cell obtained from a transgenic
nonhuman animal, e.g., a transgenic mouse, having a genome comprising a human heavy
chain transgene and a light chain transgene fused to an immortalized cell.

A “humanized” antibody 1s an antibody that retains the reactivity of a non-human
antibody while being less immunogenic in humans. This can be achieved, for instance, by
retaining the non-human CDR regions and replacing the remaining parts of the antibody with
their human counterparts (i.e., the constant region as well as the framework portions of the
variable region). See, e.g., Morrison et al., Proc. Natl. Acad. Sci. USA, 81:6851-6853, 1984;
Morrison and O1, Adv. Immunol., 44:65-92, 1988; Verhoeyen et al., Science, 239:1534-1536,
1988; Padlan, Molec. Immun., 28:489-498, 1991; and Padlan, Molec. Immun., 31:169-217,
1994. Other examples of human engineering technology include, but are not limited to Xoma
technology disclosed 1n US 5,766,886.

The terms “1dentical™ or percent “identity,” in the context of two or more nucleic acids
or polypeptide sequences, refer to two or more sequences or subsequences that are the same.
Two sequences are ““substantially 1dentical” 1f two sequences have a specified percentage ot
amino acid residues or nucleotides that are the same (i.e., 60% 1dentity, optionally 65%, 70%,
75%, 80%, 853%, 90%, 95%., or 99% i1dentity over a specified region, or, when not specified,
over the entire sequence), when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using one of the following sequence
comparison algorithms or by manual alignment and visual inspection. Optionally, the 1dentity
exists over a region that 1s at least about 50 nucleotides (or 10 amino acids) in length, or more
preterably over a region that 1s 100 to 500 or 1000 or more nucleotides (or 20, 50, 200 or more
amino acids) in length.

For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered 1nto a computer, subsequence coordinates are designated, 1t
necessary, and sequence algorithm program parameters are designated. Detault program

parameters can be used, or alternative parameters can be designated. The sequence
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comparison algorithm then calculates the percent sequence identities for the test sequences
relative to the reference sequence, based on the program parameters.

A “comparison window’, as used herein, includes reference to a segment ot any one of
the number of contiguous positions selected trom the group consisting of from 20 to 600,
usually about 50 to about 200, more usually about 100 to about 150 in which a sequence may
be compared to a reference sequence of the same number of contiguous positions after the two
sequences are optimally aligned. Methods ot alighment of sequences for comparison are well

known 1n the art. Optimal alignment of sequences for comparison can be conducted, e.g., by

the local homology algorithm of Smith and Waterman (1970) Adv. Appl. Math. 2:482c, by the
homology alignment algorithm of Needleman and Wunsch, J. Mol. Biol. 48:443, 1970, by the
search for similarity method of Pearson and Lipman, Proc. Nat’l. Acad. Sci. USA 85:2444,
1988, by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA 1n the Wisconsin Genetics Software Package, Genetics Computer Group, 575
Science Dr., Madison, WI), or by manual alignment and visual inspection (see, e.g., Brent et
al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc. (Ringbou ed., 2003)).
Two examples of algorithms that are suitable for determining percent sequence
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are
described 1n Altschul ef al., Nuc. Acids Res. 25:3389-3402, 1977; and Altschul et al., J. Mol.
Biol. 215:403-410, 1990, respectively. Software tor performing BLAST analyses 1s publicly
available through the National Center for Biotechnology Information. This algorithm
involves first identifying high scoring sequence pairs (HSPs) by identitying short words ot
length W 1n the query sequence, which either match or satisty some positive-valued threshold
score T when aligned with a word of the same length 1n a database sequence. T 1s reterred to
as the neighborhood word score threshold (Altschul ez al., supra). These initial neighborhood
word hits act as seeds for initiating searches to find longer HSPs containing them. The word
hits are extended 1n both directions along each sequence for as far as the cumulative alignment
score can be mcreased. Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always > ) and N (penalty score
tor mismatching residues; always < 0). For amino acid sequences, a scoring matrix 1s used to
calculate the cumulative score. Extension ot the word hits in each direction are halted when:
the cumulative alignment score falls off by the quantity X from its maximum achieved value;
the cumulative score goes to zero or below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence 1s reached. The BLAST algorithm
parameters W, T, and X determine the sensitivity and speed of the alignment. The BLASTN

program (for nucleotide sequences) uses as detaults a wordlength (W) of 11, an expectation
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(E) or 10, M=5, N=-4 and a comparison of both strands. For amino acid sequences, the
BLASTP program uses as defaults a wordlength of 3, and expectation (E) of 10, and the
BLOSUMG62 scoring matrix (see Henikoff and Henikoff, Proc. Natl. Acad. Sci. USA
89:109135, 1989) alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of
both strands.

The BLAST algorithm also performs a statistical analysis of the similarity between
two sequences (see, e.g., Karlin and Altschul, Proc. Natl. Acad. Sci. USA 90:5873-57877,
1993). One measure of similarity provided by the BLAST algorithm 1s the smallest sum
probability (P(N)), which provides an indication ot the probability by which a match between
two nucleotide or amino acid sequences would occur by chance. For example, a nucleic acid
1s considered similar to a reference sequence if the smallest sum probability in a comparison
of the test nucleic acid to the reference nucleic acid 1s less than about 0.2, more preferably less
than about 0.01, and most preferably less than about 0.001.

The percent identity between two amino acid sequences can also be determined using
the algorithm of E. Meyers and W. Miller (Comput. Appl. Biosci., 4:11-17, 1988) which has
been incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue
table, a gap length penalty ot 12 and a gap penalty of 4. In addition, the percent identity
between two amino acid sequences can be determined using the Needleman and Wunsch (J.
Mol, Biol. 48:444-453, 1970) algorithm which has been incorporated into the GAP program in
the GCG software package (available on the world wide web at gcg.com), using either a
Blossom 62 matrix or a PAM250 matrix, and a gap weight ot 16, 14, 12, 10, 8, 6, or 4 and a
length weight of 1, 2, 3, 4, 5, or 6.

Other than percentage of sequence 1dentity noted above, another indication that two
nucleic acid sequences or polypeptides are substantially 1identical 1s that the polypeptide
encoded by the first nucleic acid 1s immunologically cross reactive with the antibodies raised
against the polypeptide encoded by the second nucleic acid, as described below. Thus, a
polypeptide 1s typically substantially identical to a second polypeptide, tor example, where the
two peptides ditfer only by conservative substitutions. Another indication that two nucleic
acid sequences are substantially 1dentical 1s that the two molecules or their complements
hybridize to each other under stringent conditions, as described below. Yet another indication
that two nucleic acid sequences are substantially identical 1s that the same primers can be used
to amplity the sequence.

The term “‘1solated antibody’™ refers to an antibody that 1s substantially free ot other
antibodies having ditferent antigenic specificities (e.g., an 1solated antibody that specitically

binds B-klotho 1s substantially free of antibodies that specifically bind antigens other than [3-
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klotho). An 1solated antibody that specifically binds B-klotho may, however, have cross-
reactivity to other antigens. Moreover, an 1solated antibody may be substantially free ot other
cellular material and/or chemicals.

The term “1sotype™ refers to the antibody class (e.g., IgM, IgE, 1gG such as IgGG1 or
Ig(G4) that 1s provided by the heavy chain constant region genes. Isotype also includes
modified versions of one of these classes, where modifications have been made to alter the Fc
tunction, for example, to enhance or reduce etfector functions or binding to Fc receptors.

The term “K...oc O “°k,”’, as used herein, 1s intended to refer to the association rate of a
particular antibody-antigen interaction, whereas the term “kyis”" or “kg,” as used herein, 18
intended to refer to the dissociation rate of a particular antibody-antigen imteraction. The term
“Kp’, as used herein, 1s intended to refer to the dissociation constant, which 1s obtained from
the ratio of kg to k, (i.e. kg/k,) and 1s expressed as a molar concentration (M). Kp values for
antibodies can be determined using methods well established 1n the art. Methods for
determining the Kp of an antibody include measuring surface plasmon resonance using a
biosensor system such as a Biacore® system, or measuring atfinity in solution by solution
equilibrium titration (SET).

The terms ““monoclonal antibody” or “‘monoclonal antibody composition™ as used
herein refer to a preparation of antibody molecules of single molecular composition. A
monoclonal antibody composition displays a single binding speciticity and atfinity for a
particular epitope.

The term “nucleic acid” 1s used herein interchangeably with the term “polynucleotide™
and retfers to deoxyribonucleotides or ribonucleotides and polymers thereof in either single- or
double-stranded form. The term encompasses nucleic acids containing known nucleotide
analogs or modified backbone residues or linkages, which are synthetic, naturally occurring,
and non-naturally occurring, which have similar binding properties as the reference nucleic
acid, and which are metabolized 1n a manner similar to the reference nucleotides. Examples
of such analogs include, without limitation, phosphorothioates, phosphoramidates, methyl
phosphonates, chiral-methyl phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids
(PNAS).

Unless otherwise 1ndicated, a particular nucleic acid sequence also implicitly
encompasses conservatively moditied variants thereot (e.g., degenerate codon substitutions)
and complementary sequences, as well as the sequence explicitly indicated. Specitically, as
detailed below, degenerate codon substitutions may be achieved by generating sequences 1n

which the third position of one or more selected (or all) codons 1s substituted with mixed-base
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and/or deoxyinosine residues (Batzer ef al., Nucleic Acid Res. 19:5081, 1991; Ohtsuka et al.,
J. Bi1ol. Chem. 260:2605-2608, 1985; and Rossolini et al., Mol. Cell. Probes 8:91-98, 1994).

The term “‘operably linked” reters to a functional relationship between two or more
polynucleotide (e.g., DNA) segments. Typically, the term reters to the functional relationship
of a transcriptional regulatory sequence to a transcribed sequence. For example, a promoter or
enhancer sequence 1s operably linked to a coding sequence 1f 1t sttmulates or modulates the
transcription ot the coding sequence in an appropriate host cell or other expression system.
Generally, promoter transcriptional regulatory sequences that are operably linked to a
transcribed sequence are physically contiguous to the transcribed sequence, i.e., they are cis-
acting. However, some transcriptional regulatory sequences, such as enhancers, need not be
physically contiguous or located 1n close proximity to the coding sequences whose
transcription they enhance.

As used herein, the term, “optimized” means that a nucleotide sequence has been
altered to encode an amino acid sequence using codons that are preterred in the production
cell or organism, generally a eukaryotic cell, for example, a cell ot Pichia, a Chinese Hamster
Ovary cell (CHO) or a human cell. The optimized nucleotide sequence 1s engineered to retain
completely or as much as possible the amino acid sequence originally encoded by the starting
nucleotide sequence, which 1s also known as the “parental” sequence. The optimized
sequences herein have been engineered to have codons that are preferred in mammalian cells.
However, optimized expression of these sequences in other eukaryotic cells or prokaryotic
cells 1s also envisioned herein. The amino acid sequences encoded by optimized nucleotide
sequences are also referred to as optimized.

The terms “‘polypeptide” and ““protein” are used interchangeably herein to refer to a
polymer of amino acid residues. The terms apply to amino acid polymers in which one or
more amino acid residue 1s an artificial chemical mimetic of a corresponding naturally
occurring amino acid, as well as to naturally occurring amino acid polymers and non-naturally
occurring amino acid polymer. Unless otherwise indicated, a particular polypeptide sequence
also implicitly encompasses conservatively moditied variants thereof.

The term “‘recombinant human antibody™, as used herein, includes all human
antibodies that are prepared, expressed, created or 1solated by recombinant means, such as
antibodies 1solated from an animal (e.g., a mouse) that 1s transgenic or transchromosomal for
human immunoglobulin genes or a hybridoma prepared theretrom, antibodies 1solated from a
host cell transtormed to express the human antibody, e.g., from a transtectoma, antibodies
isolated from a recombinant, combinatorial human antibody library, and antibodies prepared,

expressed, created or 1solated by any other means that involve splicing ot all or a portion of a

25



CA 02994516 2018-02-01

WO 2017/021893 PCT/IB2016/054660

human immunoglobulin gene, sequences to other DNA sequences. Such recombinant human
antibodies have variable regions in which the framework and CDR regions are derived from
human germline immunoglobulin sequences. In certain embodiments, however, such
recombinant human antibodies can be subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences 1s used, in vivo somatic mutagenesis) and thus the amino
acid sequences of the VH and VL regions ot the recombinant antibodies are sequences that,
while derived from and related to human germline VH and VL sequences, may not naturally
exist within the human antibody germline repertoire in vivo.

The term “‘recombinant host cell” (or simply “host cell”) reters to a cell into which a
recombinant expression vector has been mtroduced. It should be understood that such terms
are mtended to refer not only to the particular subject cell but to the progeny ot such a cell.
Because certain modifications may occur in succeeding generations due to either mutation or
environmental influences, such progeny may not, in fact, be identical to the parent cell, but are
still included within the scope of the term “host cell” as used herein.

The term “subject” includes human and non-human animals. Non-human animals
include all vertebrates (e.g.: mammals and non-mammals) such as, non-human primates (e.g.:
cynomolgus monkey), sheep, dog, cow, chickens, amphibians, and reptiles. Except when
noted, the terms “patient” or ““subject” are used herein interchangeably. As used herein, the
terms “‘cyno’” or ““‘cynomolgus” refer to the cynomolgus monkey (Macaca fascicularis).

As used herein, the term “treating” or “treatment” of any disease or disorder (e.g.,
FGE21 associated disorder) refers in one embodiment, to ameliorating the disease or disorder
(1.e., slowing or arresting or reducing the development of the disease or at least one of the
clinical symptoms thereof). In another embodiment “treating” or “treatment” refers to
alleviating or ameliorating at least one physical parameter including those which may not be
discernible by the patient. In yet another embodiment, “treating” or “treatment” refers to
modulating the disease or disorder, either physically, (e.g., stabilization of a discernible
symptom), physiologically, (e.g., stabilization of a physical parameter), or both. In yet
another embodiment, “treating” or “treatment” refers to preventing or delaying the onset or
development or progression of the disease or disorder.

“Prevention” as 1t relates to indications described herein, including, e.g., FGF21
associated disorder, means any action that prevents or slows a worsening 1n e.g., FGF21
assoclated disease parameters, as described below, 1n a patient at risk for said worsening.

The term “vector” 1s intended to refer to a polynucleotide molecule capable ot
transporting another polynucleotide to which it has been linked. One type of vector 1s a

“plasmid”, which reters to a circular double stranded DNA loop into which additional DNA
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segments may be ligated. Another type of vector 1s a viral vector, such as an adeno-associated
viral vector (AAV, or AAV2), wherein additional DNA segments may be ligated into the viral
genome. Certain vectors are capable of autonomous replication in a host cell into which they
are mtroduced (e.g., bacterial vectors having a bacterial origin of replication and episomal
mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) can be integrated
into the genome of a host cell upon introduction 1nto the host cell, and thereby are replicated
along with the host genome. Moreover, certain vectors are capable of directing the expression
of genes to which they are operatively linked. Such vectors are reterred to herein as
“recombinant expression vectors” (or stmply, “expression vectors”).

In general, expression vectors of utility in recombinant DNA techniques are often in
the form of plasmids. In the present specification, “plasmid™ and “vector” may be used
interchangeably as the plasmid 1s the most commonly used torm ot vector. However, the
invention 1s mtended to mclude such other forms ot expression vectors, such as viral vectors
(e.g., replication defective retroviruses, adenoviruses and adeno-associated viruses), which
serve equivalent functions.

“Modulation of FGEF21 activity,” as used herein, refers to an increase or decrease in
FGE21 activity that can be a result of, for example, interaction ot an agent with an FGF21
polynucleotide or polypeptide, activation of the FGF21 signaling pathway and/or activation ot
FGEF21-mediated signaling (e.g., FGEF21-receptor-dependent signaling), and the like. For
example, modulation of a biological activity refers to an increase or a decrease 1n a biological
activity. FGEF21 activity can be assessed by means including, without limitation, assaying
blood glucose, msulin, triglyceride, or cholesterol levels 1n a subject; by assessing polypeptide
levels of beta-klotho and/or FGF receptors (e.g., FGEFR-1c¢); or by assessing activation ot
FGF21-mediated signaling (e.g., of FGEF21-receptor-dependent signaling).

Comparisons of FGF21 activity can also be accomplished by, e.g., measuring levels ot
an FGEF21 downstream biomarker, and measuring increases in FGEF21 signaling. Activity can
also be assessed by measuring: cell signaling; kinase activity; glucose uptake into adipocytes;
blood 1nsulin, triglyceride, or cholesterol level tluctuations; liver lipid or liver triglyceride
level changes; iteractions between FGEF21 and/or beta-klotho and an FGEF21 receptor; or
phosphorylation of an FGF21 receptor. In some embodiments phosphorylation of an FGF21
receptor can be tyrosine phosphorylation. In some embodiments modulation of FGF21
activity can cause modulation of an FGEF21-related phenotype.

An “FGF21 downstream biomarker,” as used herein, 1s a gene or gene product, or
measurable indicia of a gene or gene product. In some embodiments, a gene or activity that 1s

a downstream marker of FGF21 exhibits an altered level of expression, or in a vascular tissue.
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In some embodiments, an activity of the downstream marker 1s altered in the presence of an
FGF21 modulator. In some embodiments, the downstream markers exhibit altered levels of
expression when FGF21 1s perturbed with an FGF21 modulator of the present invention.
FGEF21 downstream markers imclude, without limitation, glucose or 2-deoxy-glucose uptake,
pERK and other phosphorylated or acetylated proteins or NAD levels.

As used herein, the term “up-regulates” refers to an increase, activation or stimulation
of an activity or quantity. For example, in the context of the present invention, FGF21
modulators may increase the activity ot beta-klotho and/or an FGF21 receptor. In one
embodiment, FGEFR-1¢ may be upregulated in response to an FGEF21 modulator. Upregulation
can also reter to an FGF21-related activity, such as e.g., the ability to lower blood glucose,
insulin, triglyceride, or cholesterol levels; to reduce liver lipid or triglyceride levels; to reduce
body weight; to improve glucose tolerance, energy expenditure, or insulin sensitivity; or to
cause phosphorylation of an FGF21 receptor; or to increase an FGF21 downstream marker.
The FGF21 receptor can be [-klotho and FGFR-1c. Up-regulation may be at least 25%, at
least 50%, at least 75%, at least 100%, at least 150%, at least 200%, at least 250%, at least
400%, or at least 500% as compared to a control.

As used herein, the term "modulator” refers to a composition that modulates one or
more physiological or biochemical events associated with an FGF21-associated disorder, such
as type 1 or type 2 diabetes mellitus or a metabolic condition like obesity. Said events include
but are not limited to the ability to lower blood glucose, insulin, triglyceride, or cholesterol
levels; to reduce liver lipid or liver triglyceride levels; to reduce body weight; and to improve

glucose tolerance, energy expenditure, or insulin sensitivity.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Solution equilibrium titration binding assay of FGF21 mimetic antibodies NOVO0O1,
NOVO002, and NOV004 to human [3-klotho.

Figure 2: pERK activation of A) human and B) cynomolgus monkey FGFR1c_[3-

klotho_ HEK293 cells by NOV002 and NOV004.

Figure 3: Profiling of NOV002 and NOV004 for pERK activation of human A) FGFR2c_J3-
klotho, B) FGFR3c_-klotho, and C) FGFR4_f3-klotho HEK293 cells. FGF21 used as a
positive control for activation of FGFR2c¢_[3-klotho or FGFR3c_[-klotho. FGF19 used as
positive control for activation of FGFR4_[3-klotho.

Figure 4: Profiling of NOV002 and NOV004 for FGF23 activity using HEK293 cells
transtected with a-klotho, Egrl-luciterase and Renilla luciterase. FGF23 was used as positive

control.
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Figure 5: Profiling of NOV002 and NOV004 for mouse cross-reactivity using 2-DOG uptake
by 3T3-L1 adipocytes. FGF21 was used as positive control.
Figure 6: NOV002 and NOV004 concentration-time profiles following IV 1njection in rats.

DETAILED DESCRIPTION

The present invention 18 based, 1n part, on the discovery of antibody molecules that
specifically bind to B-klotho and lead to activation of FGF receptors, e.g., FGFR1c, and the
activation of FGEF21-mediated signaling (e.g., FGEF21-receptor-dependent signaling). The
invention relates to both full IgG tormat antibodies as well as antigen-binding fragments
thereof, such as Fab fragments (e.g., antibodies NOV001, NOV002, NOV003, and NOV004).

Accordingly, the present invention provides antibodies that specifically bind to 3-
klotho (e.g., human and cynomolgus monkey [3-klotho), pharmaceutical compositions,

production methods, and methods of use of such antibodies and compositions.

FGF21 Proteins

The present disclosure provides FGF21 mimetic mAbs (1.e., monoclonal antibodies
that bind to beta-klotho (3-klotho)) that can induce FGF21-mediated signaling (e.g., FGF21-
receptor-mediated signaling), as defined herein. In vivo, the mature form ot FGF21 1s the
active torm of the molecule. The FGF21 wild-type sequence has NCBI reference sequence
number NP_061986.1, and can be found 1n such 1ssued patents as, e.g., US 6,716,626 B1,
assigned to Chiron Corporation (SEQ ID NO:1).
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The corresponding mRNA sequence coding tor the full-length FGEF21 polypeptide
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(NCBI reference sequence number NM_019113.2) 1s shown below (SEQ ID NO:2)
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901 aaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa

caggccacct
agcttctecg
acgagaccgyg
gagcctgcecceca
tccggcageyg
gggaggatgg
aagccttgaa
agcggccaga
gggagctgct
tgcacctgcec
tcctgceccact
agcccecececga
gccccageta
taggttattt

aggagaaaaa

gagtctactc
agctcacacc
gttcgagcac
ggcacacccc

gtacctctac

gacggtgggg
gccgggagtt
tggggcectyg
tcttgaggac
agggaacaag
accaggcecctyg
tgtgggctcce
cgcttcctga
atcttattta

dddddddddd

The mature FGEF21 sequence lacks a leader sequence and may also include other
modifications of a polypeptide such as proteolytic processing of the amino terminus (with or
without a leader sequence) and/or the carboxyl terminus, cleavage of a smaller polypeptide
from a larger precursor, N-linked and/or O-linked glycosylation, and other post-translational
modifications understood by those with skill in the art. A representative example of a mature
FGEF21 sequence has the following sequence (SEQ ID NO:83, which represents amino acid
positions 29-209 of full length FGEF21 protein sequence (NCBI reference sequence number

NP_061986.1)):

His Pro Ile Pro Asp Ser Ser Pro Leu Leu Gln Phe Gly Gly Gln Val
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Arg

Leu

Pro

Ile

05

Ala

Glu

Ala

Ala
145

Pro

The corresponding cDNA sequence coding for the mature FGEF21 polypeptide (SEQ

Gln

Glu

Glu

50

Leu

Leu

Leu

Leu

Pro

130

Leu

Ser

Ser

Arg

Ile
35

Ser

Leu

Pro

115

Arg

Pro

Ser

Leu

Val

Leu
100

Leu

Glu

Ala
180

Leu

Glu

Leu

Ser

oS

Glu

His

Pro

Pro

Pro

165

Ser

Gln

Thr
70

Leu

Leu

Ala

Pro
150

Leu

CA 02994516 2018-02-01

Thr

Leu
55

Ser

His

Pro

Arg
135

Ser

Arg

Phe

Ile

Met

ID NO:83) 1s shown below (SEQ ID NO:84):

23

Val

Ala

Phe

AsSn

105

Asn

Leu

Leu

Val

10

Ala

Leu

Leu

Pro

90

Val

Pro

Ala

170

Gln

Ser

Leu

Pro

155

Pro

Gln

Ala

Pro

o0

Gln

Ala

Gln

Pro

Pro

140

Gln

Ser

Thr

Ala

Ser

His

125

Pro

Gln

PCT/IB2016/054660

Glu

30

Val

Pro

Ser

Glu

110

Arg

Leu

Pro

15

Ala

Gln

Ile

Phe
95

Ala

Pro

Arg
175

His

Ser

Gln

30

Arg

His

Pro

Pro

Val

160

Ser

1
61
121
181
240
301
360
421
481
o041

caccccatcce
ctctacacag
gtggggggcyg
ggagttattc
gcecectgtatg
gaggacggat
aacaagtccc
ggcctgcecceccec
ggctcctcgg
tcctga

ctgactccag
atgatgccca
ctgctgacca
aaatcttggg
gatcgctcca
acaatgttta
cacaccggga
ccgcactcece

accctctgag

tcctctecetyg
gcagacagaa
gagccccgaa
agtcaagaca
ctttgaccct
ccagtccgaa
ccctgcecaccce

ggagccaccce

catggtggga

caattcgggg
gcccacctgg
agtctcctgce
tccaggttcc
gaggcctgceca
gccecacggcece
cgaggaccag
ggaatcctgg

ccttcecceccagg

FGF21 Mimetic Antibodies & Antigen-binding Fragments

gccaagtceccg
agatcaggga
agctgaaagc
tgtgccagcg
gcttccggga
tcccgectgeca
ctcgecttect
cceeccececagece

gccgaagecce

gcagcggtac
ggatgggacg
cttgaagccg
gccagatggyg
gctgecttett
cctgccaggyg
gccactacca
ccececgatgtyg

cagctacgcet

The present invention provides antibodies that specifically bind to 3-klotho. In some

embodiments, the present invention provides antibodies that specitically bind to human and

cynomolgus monkey [-klotho. Antibodies of the invention include, but are not limited to, the

human monoclonal antibodies and Fabs, 1solated as described in the Examples.
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The B-klotho wild-type sequence has NCBI reference sequence number NP_783864.1,

and can be found 1n such literature as Xu, et al. (2007) J B1ol Chem. 282(40):29069-72 and
Lin, et al. (2007) J Biol Chem. 282(37):27277-84. The full-length cDNA encoding human [3-

klotho has GenBank Accession number NM_175737). The protein sequence 1s as tollows
(SEQ ID NO:262).

ol
121
1381
241
301
361
421
451
541
001
06l
121
781
341
901
961

1021

mkpgcaagsp
wsknpnftpv
vsstngssds
alvlrniepil
npylvawhgy
gshwiepnrs
hemrgtadft
tdsrvktedt
vdfnskgker
sspgfsdphl
ldwasvliptg
wlnpstaeat
lawrlydrqgtf
dypaamreyil
vdsdrdigfl
rlrkyylgky
vissrgfpfe
krrkfwkakn

gnewiffstd
nesglflydt
viflekdlsa
vtlyhwdlpl
gtgmhapgek
entmdifkcqg
afstfgpnntk
taiymmknfl
kpkssahyyk
yvwnatgnrl
nlsavnrgal
gqavaglcfge
rposgrgavsl
askhrrglss
gditrlsspt
lgevlkayli
NnsSsSsSrcsgtg
lghiplkkgk

elttryrntm
frknffwgig
ldfigvsfyqg
algekyggwk
gnlaavytvyg
gsmvsv1igwt
plntmakmgg
sqvlgairld
gilrengfsl
lhrvegvrlk
ryyrcvvseqg
lgdlvklwit
slhadwaepa
salprlteae
rlavipwgvr
dkvrikgyva
entectvcelt
rvvs

sngglgrsvi
tgalgvegsw
fsiswprlfp
ndtiidifnd
hnlikahskv
anplhgdgdy
nvslnlreal
eirvigytaw
kestpdvggq
trpaqctdfv
lklgisamvt
inepnrlsdi
npyadshwra
rrllkgtvdf
kllrwvrrny
fklaeekskp
lvgkkplifl

lsalillrav
kkdgkgpsiw
dgivtvanak
vatycigmiyg
whnynthfrp
pegmrkklfs
nwikleynnp
slldgfewqd
fredfswgvt
nikkglemla
lyypthahlg
ynrsgndtyyg
aerflgfeia
calnhfttrf
gdmdiyitas
rfgfftsdfk
gecefftstlvld

tgfsgdgrail
dhfihthlkn
glgyystlld
drvkywitih
hgkgwlsitl
vipifseaek
riliaengwt
aytirrglfy
esvilkpesva
rmkvthyrfa
lpepllhadg
aahnllvaha
wifaeplfktyg
vmheglagsr
giddgaledd
akssigfynk
llsiaifqgrqg

The present invention provides antibodies that specifically bind a 3-klotho protein

(e.g., human and cynomolgus monkey [3-klotho), wherein the antibodies comprise a VH

domain having an amino acid sequence of SEQ ID NOs: 9, 29, 49, or 69. The present

invention also provides antibodies that specifically bind to a 3-klotho protein, wherein the

antibodies comprise a VH CDR having an amino acid sequence of any one ot the VH CDRs

listed 1n Table 1, infra. In particular, the invention provides antibodies that specitically bind

to a B-klotho protein (e.g., human and cynomolgus monkey [3-klotho), wherein the antibodies

comprise (or alternatively, consist of) one, two, three, or more VH CDRs having an amino

acid sequence ot any of the VH CDRs listed 1n Table 1, infra.

The present invention provides antibodies that specifically bind to a B-klotho protein,

said antibodies comprising a VL domain having an amino acid sequence of SEQ ID NOs: 19,

39, 59, or 79. The present invention also provides antibodies that specifically bind to a [3-

klotho protein (e.g., human and cynomolgus monkey [3-klotho), said antibodies comprising a

VL CDR having an amino acid sequence of any one of the VL CDRs listed in Table 1, infra.

In particular, the invention provides antibodies that specifically bind to a 3-klotho protein

(e.g., human and cynomolgus monkey [3-klotho), said antibodies comprising (or alternatively,

consisting of) one, two, three or more VL CDRSs having an amino acid sequence of any of the

VL CDRs listed 1n Table 1, infra.
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Other antibodies of the invention include amino acids that have been mutated, yet have

at least 60, 70, 80, 85, 90 or 95 percent identity in the CDR regions with the CDR regions

depicted 1n the sequences described 1in Table 1. In some embodiments, it includes mutant

amino acid sequences wherein no more than 1, 2, 3, 4 or 5 amino acids have been mutated 1n

the CDR regions when compared with the CDR regions depicted in the sequence described 1n

Table 1.

The present invention also provides nucleic acid sequences that encode VH, VL, the

tull length heavy chain, and the full length light chain of the antibodies that specitically bind

to a B-klotho protein (e.g., human and cynomolgus monkey [-klotho). Such nucleic acid

sequences can be optimized for expression in mammalian cells (for example, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>