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TREATMENT OF BILE ACID DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of US. Provisional Application No.

v2/236,050, filed October 1, 2015, which 1s incorporated by reference in its entirety.

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY
The contents of the text file submitted electronically herewith are incorporated
herein by reference in their entivety: a computer readable format copy of the Sequence
Listing (filename: A-1943-WO-PCT-SeqgList093016_ST25 txt, date recorded:
September 20, 2016, file size 17 kilobytes).

BACKGROUND OF THE INVENTION

Field of the invention

The invention relates method of treating a patient in need thereof with a long
acting agonist to the FGF21 signaling pathway. In a particular emsbodiment, the
mvention relates to the use of molecules that stimulate the FGF21 signaling pathway,
such as long acting FGF21 polypeptides or agonist antibodies, to treat disorders or
diseases associated with excess lile acid  The invention further relates fo
pharmaceuatical formulations and dosing of long acting agonists of the FGF21

signaling pathway suitable for treating bile acid related disorders.

Background of the Invention

Fibroblast Growth Factor 21 (FGF21) 15 a secreted polypeptide that belongs 1o
a subfamily of Fibroblast Growth Factors (FGFs) that includes FGF19, FGF21, and
FGF23 (Itoh et al., (2004) Trend Genet. 20:563-69). FGF21 is an atypical FGF in
that 1t 1s heparin independent and functions as a hormone in the regulation of ghicose,
hipid, and energy metabolism.

it is highly expressed in liver and pancreas and is the only member of the FGF
family to be primarily expressed i hver. Transgenic mice overexpressing FGF21
exhibit metabolic phenotypes of slow growth rate, low plasma glucose and
iriglyceride levels, and an absence of age-associated type 2 diabetes, islet hyperplasia,
and obesity. Pharmacological administration of recombinant FGF21 protein in rodent

and primate models results in normalized levels of plasma glucose, reduced
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trigiveertde and cholesterol levels, and improved glucose tolerance and insulin
sensitivity.  In addition, FGF21 reduces body weight and body fat by increasing
energy expenditure, physical activity, and metabolic rate.  Expenimental research
provides support for the pharmacological administration of FGF21 for the treatment
of type 2 diabetes, obesity, dyslipidenua, and other metabolic conditions or disorders
i humans.

FGF21 1s a liver dertved endocrine hormone that stimulates glucose uptake in
adipocyies and lipid homeostasis through the activation of is receptor. Interestingly,
i addition to the canonical FGF receptor, the FGF21 receplor also comprises the
membrane associated B-Klotho as an essential cofacior.  Activation of the FGF21
recepior leads to mudtiple effects on a variety of metabolic parameters.

In mammals, FGFs mediate their action via a set of four FGF receptors,
FGFRI-4, that in tuwrn are expressed in mulliple spliced varants, e.g, FGFRIc,
FGFR2¢, FGFR3¢ and FGFR4. Each FGF receptor containg an intraceliular tyrosing
kinase domain that 1s activated upon ligand binding, leading to downstream signaling
pathways involving MAPKs (Erk1/2), RAF1, AKT! and STATs. (Kharttonenkov et
al , (2008) BioDrugs 22:37-44). Several reports suggested that the “¢”-reporter splice
variants of FGFR1-3 exhibit specific affinity to B-Klotho and could act as endogenous
recepior 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 &t &,
{2008} 1. (Cell Physiol. 215:1-7). 1In the liver, which abundantly expresses both -
Kiotho and FGFR4, FGF21 does not induce phosphorylation of MAPK albeit the
strong binding of FGF21 to the B-Klotho-FGFR4 complex. In 3T3-L1 cells and
white adipose fissue, FGFR1 is by far the most abundant receptor, and it is therefore
most likely that FGF21's main functional receptors in this tissue are the §-
Klotho/FGFR1¢c complexes.

Bile acid synthesis also occurs in the liver and is necessary for fatty acid
absorpiion after a meal, but can have destructive properties if retained in excess in the
hiver. The most common causes of adult chronic cholestasis are primary biliary
cirrhosis {PBC) and primary sclerosing cholangitis (PSC). PBC is caused by chronic,
immune-mediated destruction of the small-to-medium-sized bile ducts in the liver.
PSC 1s characterized by the destruction of the intra~ or extra-hepatic large hile ducts

due to autormmune injury, toxic biliary damage, infectious triggers and vascular
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insults. The prevalence of PSC and PBC 15 about 0.6-40 per 100,000 people and 0.2~
14 per 100,000 people, respectively. Other etiologies of chronic cholestatic hver
diseases n adults include drug-induced cholangitis and cholestasis, contraceptive-
mduced cholestasis, intrahepatic cholestasis of pregnancy, intestinal failure associated
hiver disease, immunoglobulin G4-associated cholangitis, sarcoidosis, lymphoma and
idiopathic adulthood ductoperia, bile duct injury due to rejection of transplant liver,
graft-versus-host disease, long-term parenteral nuirition, cryptogenic biliary
fibrosis/cirrhosis, sepsis-associated cholestasis. Chronic cholestasis can also be
mduced by mechanical blockage of the bile duct from gallstone, tumor or cysts. This
tvpe of cholestasis is known as obstructive cholestasis and is distinguished from
metabolic cholestasis caused by genetic and acquired metabolic defects.

There are limited options for the management of cholestatic liver diseases.
Currently there is no FDA approved drug for PSC. For PBC and a himited group of
other cholestatic liver diseases, wsodeoxycholic acid (UDCA) is the only FDA-
approved drug. UBC A is a hvdrophilic natural bile acid found as a major primary bile
acid in bears and a minor secondary bile acid in human. The mwechanism of action of
UDCA 15 to replace toxic hvdrophobic bile acids and to make the bile acid pool more
hydrophilic. Therefore, UDCA 1is a displacement therapy and not a cure. In addition,
not all patients respond to UDCA treatment and liver transplantation is the ultimate
solution for these late~-stage patients. Thus there exists a need for effective treatments
io reduce bile acid 1n patients in need thersof

Provided herein is the first description of a class of FGF21 pathway
stimulating molecules that are shown o reduce bile acid synthesis and accumulation.
Representative exarples of this class of FGF21 molecules include those engineerec
for extended half-life and antibodies that agonize the FGF21 signaling pathway

through B3-Kiotho.

SUMMARY (F THE INVENTION
The present disclosure provides a method to treat disorders or diseases
associated with bile acid production. More particularly, disclosed herein is the use of
FGF21 pathway activating molecules to reduce bile acid levels. Even more
particularly are provided molecules having a longer halftlife than FGF21 that signal

through the FGF21 pathway and thereby reduce bile acid.
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in addition to the swrprising result that activation of FGF21 signaling
pathways reduced both biomarkers for bile acid production and reduced the amount of
bile acids in various biological locations, the present inventors also discovered that
this effect was seen primarily with binding proteins having extended half-lives
refative to FGF21. Certain non-limiting examples of half-life extended molecules for
practice in the methods and uses of the mvention mclude FGF21 fused to antibody Fe
domains and/or FGF21 with point mutations to protect from proteolysis and/or
ageregaiion fused to domains to extend serum half-life and antibodies that activate or
agonize the FGF21 signaling pathway utilizing §-Klotho.

Thus, in certain embodiments the invention relates {o the use of extended half-
life FGF21 molecules to reduce bile acid levels. In other embodiments the mvention
relates 1o the use of antibodies that activate the FGF21 signaling pathway to reduce
bile acid levels. In vet other embodiments, the imvention relates to reduction of
biomarkers associated with bile acid production, such as CYP7AL, CYP8BI,
CYP27A1, CYPTBI and 7o-Hydroxy-4-cholesten-3-one (C4). In other ernbodiments,
the mvention relates {o the use of extended half-life FGF21 molecules to reduce or
repair damage to the liver caused by excess bile acid accunmulation.

Exemplary indications for which reduction of bile acid levels is desired
mclude progressive familial intrahepatic cholestasis type 2 and 3 (BSEP and MDR3
mutations respectively; these are pumps that export bile acids and phospholipid out of
liver), intrahepatic cholestasis of pregnancy {(ICP), drug-induced cholestasis,
contraceptive-induced cholesiasis, primary biliary cirthosis {autolmunune), primary
sclerosing cholangitis {autoimmune), cryptogenic biliary fibrosis/cirrhosis, total
parenteral nutrition (TPN}-induced cholestasis, bile duct mjury following liver
transplaniation, sepsis-associated cholestagis, progressive sclerosing cholangitis,
wdiopathic adulthood ductopenia, ortental cholangiohepatitis, and cholangiopathy
associated with primary hepatolithiasis.

Agonists of the FGF21 signaling pathway include various modalities
mcluding engimeered FGF21 and agonist antibodies.  One of skill the art will
appreciate other binding proteins with half-lives exiended beyvond FGF21 and capable
of activating the same signaling pathway are within the scope of the invention.

An example of mature, secreted human FGF21 sequence is as follows:
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HPIPDSSPLLOFGGOVRORYLYTDDAQOQTEAHLEIREDGTVGGAADQS
PESLLOLKALKPGVIQILGVKTSRFLCORPDGALYGSLHFDPEACSFRELLLED
GYNVYQSEAHGLPLHLPGNESPHRDPAPRGPARFLPLPGLPPAPPEPPGILAPQ
PPDVGSSDPLSMVGPSQGRSPRSYAS (SEQ 1D NG 1), Accordingly, the present
disclosure provides an isolated polypeptide suitable for freating bile acid related
disorders comprising an amino acid sequence of SEQ ID NO: 1 having: (a) at least
one amino acid substitution that is: (i} a glitamine, isoleucine, or lysine residue at
position 19, (i1} a histidine, leucine, or phenylalanine residue at position 20; (i) an
isoleucine, phenylalanine, tyrosine, or valine residue at position 21; (iv}) an isoleucine,
phenylalanine, or valine residue at position 22; (v) an alanine or arginine residue at
position 150; (vi} an alanine or valine residue at position 151; (vii} a histidine,
leucing, phenvlalanine, or valing residue al position 152; {viii} an alanine, asparagine,
aspartic acid, cvsteine, glutamic acid, glutamine, proline, or serine residue at position
170; {ix} an alanine, arginine, asparagine. aspartic acid, cvsteine, glutamic acid,
glutaming, glycine, histidine, lvsing, serine, threonine, trvptophan, or {yrosing residue
ab position 171; (x) a leucine or threonine residue at position 172; or (i) an arginine
or glutanuc acid residue at position 173; and (b} at least one amino acid substitution
that is: (1) an arginine, glutamic acid, or lysine residue at position 26; (i1} an arginine,
clutamic acid, glutamine, lysine, or threonine residue at position 45; (it} a threonine
residue at position 52; (1v) a cvsteine, glutamic acid, glycine, or serine residue at
position 38; (v) an alanine, arginine, glutamic acid, or lysine residue at position 60;
{(vi) an alanine, arginine, cysieine, or histidine residue at position 78; {vii) a cysieine
or threonine restdue at position 86; {(viit) an alanine, arginine, ghutamic acid, lysine, or
serine  residue at position 88, (ix} an arginine, cysteine, glutamic acid, glutamine,
lysing, or threonine residue at position 98; (X} an arginine, aspartic acid, cysteing, or
elutamic acid residue at position 99; (x1) a lvsine or threonine residue at position 111,
(xi1) an arginine, asparagine, aspartic acid, ghutamic acid, glutamine, histidine, or
Iysine residue at position 129; or (xii1) an arginine, glutamic acid, hustidine, lysine, or
tyrosine residue at position 134; and combinations thereof In one embodiment the
residue at position 98 1s arginine and the residue at posttion 171 is proline, and in
another erobodiment the polypeptide can comprise an amino acid sequence that is at
least 85 percent identical to the amino acid sequence of SEQ 1D NO: 1, but wherein
the ai least one amino acid substifution of (a)i-(xt) and (b)(1)-{xiii} is not further

modified.
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The present disclosure additionally provides an isolaied polypeptide suitable
for treating bile acid related disorders comprising an amino acid sequence of SEQ 1D
NO: 1 having at least one anuno acid substitution that 1s: (a) a ghutamine, Ivsine or
isoleucine residue at position 19; {b) a histidine, leucine, or phenvlalanine residue at
position 20; {c) an isoleucine, phenvlalanine, fvrosine, or valine residue at position
21; {d) an 1soleucine, phenvlalanme, or valine residue at position 22; (&) an alanine or
arginine residue at position 150; {f} an alanine or valine residue at position 151 (g} a
histidine, leucine, phenylalanine, or valine residue at position 152; (h) an alanine,
aspartic acid, cysieine, or proline residue al position 170; (1) an alanive, arginine,
asparagine, aspartic acid, cysteine, glutanuc acid, glutamine, glvcine, histidine, lysine,
serine, threomine, tryptophan, or tyrosine residue at position 171; {j} a leucine residue
at position 172, or (k) an arginine or glutamic acid residue at position 173 and
combinations thereof. In one embodiment the residue at position 171 is proline, and
i another embodiment the polypeptide can comprise an amino acid sequence that s
at least 85 percent identical to the amino acid sequence of SEQ D NO: 1, but wherein
the at least one amino acid substitetion of (a)-(k) 18 not further modified.

The present disclosure further provides an isolated polvpeptide suttable for
treating bile acid related disorders comprising an amino acid sequence of SE(Q ID
NGO 1 having at least one amino acid substitubion that is: (3} an arginine, glutamic
acid, or lysine residue at position 26; (b} an arginine, glutamic acid, glutamane, lysine,
or threonine residue at position 435; (¢) a threonine residue at position 52, {d) a
glutamic acid, glvcine, or serine residue at position 58; (e} an alanine, arginine,
glutamic acid, or lvsine residue at position 60; (f) an alamine, arginine, or histidine
residue at position 78; (g} an alanine residue at position 88; (h) an arginine, glutanic
acid, glutamine, lysine, or threonine residue at position 98; (i) an arginine, aspartic
acid, cvsteing, or glutamic acid residue at position 99; {j} a lysine or threonine residug
at posttion 111: (k) an arginine, asparagine, aspartic acid, glatamic acid, glutamine,
histidine, or lvsine residue at position 129; or (I} an arginine, glutanuc acid, histidine,
fysine, or tyrosine residue at position 134, and combinations thereof. In one
embodiment, the residue at position 98 s arginine and in another embodiment the
polypeptide can comprise an anuno acid sequence that 1s at least 85 percent identical
to the anuno acid sequence of SEQ ID NG: 1, but wherein the at least one amino acid

substitution of (a)-(1) is not further modified.
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In varions embodiments, the polypeptides suitable for treating bile acid related
disorders and disclosed herein can further comprise at least one amino acid
substitution that 1s: (a) a phenylalanine, proline, alanine, serine or glycine at position
179; (b} a glutamic acid, glvcine, proline, or serine at position 180; or {c} a lysine,
elvcine, threonine, alanine, leucine, or proling at position 181 and can further
comprise | to 10 amino acid residues fused 1o the C~ternunus of the polypeptide, and
can be any amino acid, for example, one or more residues selected from the group
consisting of glvcine, proline and combinations thereof.

In various embodiments, the polypeptides suitable for treating bile acid related
disorders disclosed herein can comprise (a) an anuno-~ternunal truncation of no more
than 8 amino acid residues, wherein the polypeptide is capable of lowering blood
glucose m a mammal; (b} a carboxyl-terminal truncation of no more than 12 amino
acid residues, wherein the polvpeptide is capable of lowering blood glucose in a
mammal; or (¢} an amino-terminal truncation of no more than 8 amino acid residues
and a carboxvi-terminal truncation of no more than 12 amino acid residues, wherein
the polypeptide is capable of lowering blood ghicose in a marmmal.

in some embodiments, the polypeptides suitable for treating bile acid relatec
disorders disclosed hersin can be covalently linked to one or more polyvmers, such as
PEG. In other embodiments, the polvpeptides of the present invention can be fused to
a heterologous aminoe acid sequence, optionally wvia a linker, such as
GGGGGSGGGSGGGES (SEQ ID NO: 5). Fuston polypeptides disclosed herein can
also form multimers,

The present disclosure also provides pharmaceutical compositions suitable for
treating bile acid related disorders comprising the polypeptides disclosed herein and a
pharmaceutically acceptable formulation agent. Such pharmaceutical compositions
can be used in a method for treating a metabolic disorder, and the meathod comprises
administering to a human patient in need thereof a pharmaceutical composition of the
present invention. Metabolic disorders that can be treated include diabetes and
obesity.

The present disclosure additionally provides an isolated fusion protein suitable
for treating bile acid related disorders that can comprise: (a) an IgG constant domain;
{b} a linker sequence fused fo the 1gG constant domain; and (¢} an FGF21 mutant
fused to the linker sequence and comprising the amino acid sequence of SEQ 1D NO:

1 wherein the an arginine restdue has been substituted for the leucine residue at
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position 98 and a glyecine residue has been substitited for the proline residue at
position 171, In one embodimoent, the linker sequence can comprise
GGGGGSGGGSGGGES (SEQ D NO: 5) and m another the IgG constant domain
can comprise SEQ 1D NO: 11, In another embodiment, the linker sequence

comprises GGGGGSGGGSGGGES (SEQ 1D NG: 3) and the 1g(G constant domain

83

comprises the amino acid sequence of SEQ ID NO: 11, In still another embodiment
the N terminus of the linker is fused to the C terminus of the IgG constant domain and
the N terminus of the FGF21 mutant is fused to the C terminus of the linker. The
disclosed fusion proteins can form multimers.

10 In various embodiments of the fusion protein, the FGF21 component can
comprise at least one amino acid substitution that is: {(a) a phenvlalaning, proline,
alanine, serine or glyeine at position 179, (b} a glutamic acid, glycine, proline, or
serine at posttion 180; or {¢) a lysine, glycine, threonine, alanine, leucine, or proline at
position 181 and can further comprise 1 to 10 anuno acid residues fused to the C-

15 terminus of the FGF21 mutant, and the 1 1o 10 amino acid residues, and can be any
amino acid, for example, one or more residues selected from the group consisting of
glveine, proline and combinations thereof.

In specific non-limiting embodiments, point mutations are made within the
FGF21 sequence at amino acid positions L98 to R and PI171 to G In other

20 embodiments, point mulations are made with the FGF21 portion of the sequence at
aroino acid positions L98to R, P 171 10 G, and A180 to E. These variants can then be
fused to half-life extending moieties, such as polvethvlene glycol (PEG), albumin,
dextran, or an F¢ region as representative examples of protein hall-life extending
techniques.

25 In still other embodiments of the fusion protein, the FGF21 component can
comprise: {a) an amino-terminal truncaiion of no more than 8§ amino acid residues,
wherein the polypeptide is capable of lowenng blood glocose in a mammal; (b) a
carboxyl-terminal truncation of no more than 12 amine acid residues, wherein the

polypeptide is capable of lowering blood glucose in a mammal; or (¢) an amino-

LA
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terminal trancation of no rmore than § amino acid residues and a carboxvi-terminal
truncation of no more than 12 amino acid residues, wherein the polvpeptide is capable
of lowering blood glucose in a mammal In another embodiment, the FGFZ1

component of a fusion protein can comprise an aming acid sequence that is at least 85
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percent identical to the amino acid sequence of SEQ ID NG 1, but wherein the
arginine and glycine residues are not further modified.

Further binding moieties are counternplated that activate the FGF21 signaling
pathway and include. for example, antibodies.

The present disclosure also provides pharmaceutical compositions suitable for
ireating bile acid related disorders comprising the fusion protein disclosed herem and
a pharmaceutically acceptable formulation agent. Such pharmaceutical compositions
can be used in a method for treating a metabolic disorder, the method comprising
administering to a human patient in need thereof a pharmaceutical composition of the
present mvention.  Metabolic disorders that can be treated include diabetes and
obesity.

Also provided are isolated nucleic acid molecules encoding the polypeptides
of disclosed herein, as well as vectors comprising such nucleic acid molecules and
host cells comprising such nucleic acid molecules.

Specific embodiments of the present invention will becoms evident from the

following more detailed description of certam embodiments and the claims.

BRIEF DESCRIPTION OF THE BRAWINGS

Figures LA-1E: Acute effects of FGF21 on CYP7AL Expression. Mice were
imgected with a single dose of FGF21. Tissues were harvested, extracted for total
RNA, and analyzed for gene expression using gRT-PCR. A: Tissues collected from ad
lib fed or fasted (3 or 12 hr) DIO mice 3 hours post iniection. B: Time-course
evaluation of FGF21 effects on CYP7AL expression compared to plasma thFGF21
concentration. C-E: Male DIO, C57BL6J and ob/ob mice were {reated with FGF21 at
mdicated doses to determine ireatment effects on CYP7A1 expression. All data
represent mean + SEM. WN=4-5 mice per group.

Figures 2A-2C:  Acute effects of FGF21 on CYP7A1 Expression and other
Bile Acid Metabolism Genes. Expression analysis of genes nvolved hepatic bile acid
synthesis (A}, bile acid and sterol transport (B), and ileal bile acid re-absorption (C}.
Each bar represenis duplicate avalysis of pooled samples from n=5 mice
Additionally, CYP7A1 was analyzed from individual mice and represented as mean =
SEM (n=5 per group).

Figures 3A-1--3A-6 and 3B-1--3B-4: Effects of chronic rthF(GF2Z1 and Analog

administration on Bile Acid levels in C37BL6 muce. Tissues were harvested at the
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termination following a 3 hour fasting and post-injection for bile acid analysis. Three-
day total feces were collected during the treatment period from day 0-3 and from day
6-9. A: Data from total bile acid levels in the liver, small intestine, gallbladder, and
total bile pool size and bile volume and concentration. B: Total bile acid levels in the
colon and feces from Day 0-3 and Day 6-9. Additionally, fecal cholesterol and free
fatty acids were measured from Day 6-9 fecal samples. All data represent mean +
SEM. N=7-8 mice per group.

Figures 4A-4B: The Effects of Chronic long-acting FGF21 Analog Dosing on
plasma total bile acids and €4 levels in Obese Cynomolgous Monkeys. A dose-
escalation study was conducted in monkeys dosed weekly with Vehicle, AMG 873
(SEQ ID NO: 4), or AMG &76 (SEQ 1D NO: 3). Monkeys were treated at 0.3 mg/kg
for three weeks, followed by 3 weeks at 1 mg/kg dose, and another 3 weeks at 3
mg/kg. Plasma saroples from overmght fasted monkeys were analyzed for plasma
total bile acids and C4 levels. All data represent mean = SEM. N=10-14 monkevs per

Sroup.

DETAILED DESCRIPTION OF THE INVENTION

Binding agents suitable for treating bile acid related disorders that activate the
FGF21 signaling pathway can be prepared using the methods disclosed herein.
Optionally, the half-life can be extended by {using an antibody, or portion thereof, (o
the N-termunal or C-terminal end of the wild-type FGF21 sequence. 1t is also possible
to further extend the half-life or decrease aggregation of the wild-type FGF21 protein
by introducing amino acid substitations mto the protein. Such modified proteins are
referred 1o herein as mutants, or FGF21 mutants, and form embodiments of the
present invention. Further FGF21 pathway activating polypeptides include agonist

antibodies.

i. General Definitions

The term “isolated nucleic acid molecule” refers 10 a nucleic acid molecule of
the invention that (1) has been separated from at least about 50 percent of proteins,
lipids, carbohvdrates, or other materials with which 1t 1s naturallv found when total
nucleic acid is isolated from the source cells, (2} is not linked to all or a portion of 2
polvrucleotide to which the “isolated nucleic acid molecule™ is linked in nature, (3) 1s

operably linked to a polynucleotide which it 13 not linked to n nature, or (4} does not

10
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occur in natwre as part of a larger polynuclectide sequence. Preferably, the isolated
nucleic acid molecule of the present invention 15 substantially free from any other
contanminating nucleic acid molecules or other contaminants that are found in ifs
natural environment that would interfere with its use in polypeptide production or s
therapeutic, diagnostic, prophylactic or research use.

Recombinant nucleic acid methods used herein, including in the Examples, are
generally those set forth in Sambrook er al, Molecular Cloning: 4 Laboratory
Manua! (Cold Spring Harbor Laboratory Press, 1989} or Current Protocols in
Molecular Biology (Ausubel ef ol , eds., Green Publishers Inc. and Wiley and Sons
1994).

The term “vector” is used to refer to any molecule {e.g . nucleic acid, plasmid,
or virus) used to transfer coding information to a host cell.

The term “expression vector” refers to a vector that is suitable for
transformation of a host cell and contains nucleic acid sequences that direct and/or
control the expression of inserted heterologous nucleic acid sequences. Expression
mcludes, but is not limited to, processes such as transcnplion, franslation, and RNA
splicing, if infrons are present.

>y

The term “operably linked” is used herein to refer io an arrangement of
flanking sequences wherein the flanking sequences so described are configured or
assembled so as 1o perform their usual function. Thus, a flanking sequence operably
hinked to a coding sequence may be capable of effecting the replication, transcription
and/or translation of the coding sequence. For example, a coding sequence is
operably linked {0 a promoter when the promoter is capable of directing transcription
of that coding sequence. A flanking sequence need not be contiguous with the coding
sequence, so long as it functions correctly. Thus, for example, intervening
uniransiated vet transcribed sequences can be present between a promoter sequence
and the coding sequence and the promoter sequence can still be considered “operably
linked” to the coding sequence.

The term “host cell” is used to refer to a cell which has been transformed, or 15
capable of being trans{ormed with a nucleic acid sequence and then of expressing a
selected gene of interest. The term includes the progeny of the parent cell, whether or
not the progeny is identical in morphology or in genetic make-up to the onginal
parent, so long as the selected gene is present.

The term: “isolated polypeptide” refers o a polypeptide of the present
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mvention that (i} has been separated from at least abouwl 50 percent of
polynucleotides, lipids, carbohydrates, or other materials with which it 13 naturally
found when isolated from the source cell, (2) is not linked {(by covalent or
noncovalent interaction) to all or a portion of a polypeptide 1o which the “isolated
polvpeptide™ is linked in nature, (3} s operably linked (by covalent or noncovalent
mteraction) to a polypeptide with which it is not linked 1n nature, or (4) does not
occur in nature. Preferably, the isolated polypeptide 1s substantially free from any
other contamimating polypeptides or other contanminants that are found in ifs natural
environment that would inferfere with #is therapeutic, diagnostic, prophylactic or
research use.

The term “naturally occurring” when used in connection with biological
materiais such as nucleic acid molecules, polvpeptides, host cells, and the like, refers
io materials which are found in nature and are not manipulated by man. Simularly,
“non-naturally occurring™ as used herein refers to a material that is not found in nature
or that has been structurally modified or synthesized by man. When used in
connection with nucleotides, the ferm “naturally occwrring” refers {o the bases adenine
(A}, cvtosine (C), guanine (G), thymine (1), and uracil (1)), When used in connection
with amino acids, the term “naturally occwrring” refers o the 20 amino acids alanine
{A}, cysteine (), aspartic acid (D}, glwtamic acid (£}, phenvialanine (F), glvcine {G),
histidine (H), 1soleucine (I}, lysine (K}, leucing (L), methionine (M), asparagine {N),
prohine (P), glutanine (Q), arginine (R), serine (8), threcnine (1), valine (V),
trvptophan (W), and tyrosine (Y},

The term “FGF21 polvpeptide” refers to a naturally-occurmnng wild-type
polypeptide expressed in humans. For purposes of this disclosure, the term “FGF21
polvpeptide”™ can be used interchangeably to refer to anyv full-length FGF21
polvpeptide, e.g., SEQ 1D NO: 12, which consists of 208 amino acid residues and
which 15 encoded by the mucleotide sequence of SEQ 1D NO: 13; any mature form of
the polvpeptide, e.g., SEQ 1D NO: 1, which consists of 181 anuno acid residues and
which is encoded by the nucleotide sequence of SEQ ID NO: 2, and in which the 27
amino actd residues at the amino-terminal end of the full-length FGF21 polypeptide
(i.e., which constituie the signal peptide) have been removed, and variants thereof.

The terms “FGF2Z1 polvpeptide mutant” and “FGF21 nmwtant” refer to an
FGF21 polypeptide vanant in which a naturally occurring FGF21 amino acid

sequence has been modified. Such modifications include, but are notl limited {o, one
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or more amino acid substitutions, including substitutions with non-naturally occurring
amino acid analogs, and truncations. Thus, FGF21 polypeptide mutants include, but
are not hoted to, site-directed FGF21 mutants, truncated FGF21 polypeptides,
proteolysis-resisiant FGF21 mutants, aggregation-reducing FGF21 mutants, FGF21
combination mutanis, and FGF21 fusion proieins, as described herein.  For the
purpose of dentifying the specific truncations and amino acid substitutions of the
FGF21 mutants of the present invention, the numbering of the amino acid residues
truncated or mutated corresponds o thai of the matwre 181-residue FGF21
polypeptide.

In other embodiments of the present invention, an FGF21 polvpeptide mutant
comprises an amino acid sequence that is at least about 85 percent identical to the
amino acid sequence of SEQ 1D NO: 1, but wherein specific residues conferring a
desirable property to the FGF21 polypeptide mutant, e.g. proteolysis-resistance,
mcreased half life or aggregation-reducing properties and combinations thereof, have
not been further modified.  In other words, with the exception of residues in the
FGF21 mutant sequence that have been modified in order to confer profeolysis-
resistance, aggregation-reducing, or other properties, about 15 percent of all other
amino acid residues in the FGF21 mutant sequence can be modified. For example, in
the FGF21 mutant Q173E, up to 15 percent of all amino acid residues other than the
glutarmc acid residue, which was substituted for glutamine at position 173, could be
modified. In still other embodiments, an FGF21 polypeptide mutant comprises an
amino acid sequence that is at least about 90 percent, or about 95, 96, 97, 98, or 99
percent identical to the amino acid sequence of SEQ ID NO: 1, but wherein the
specific residues confernmg the FGF21 polypeptide mutant's proteolysis-resistance or
aggregation-reducing properties have not been further modified. Such FGF21
polvpeptide mutants possess af least one activity of the wild-tvpe FGF21 polypeptide.

The present invention also encompasses a nucleic acid molecule encoding an
FGF21 polvpeptide mutant comprising an amino acid sequence that 1s at least about
85 percent identical to the amino acid sequence of SEQ ID NO: 1, but wherein
specific residues conferning a desirable property to the FGF21 polypeptide mutant,
e.g., proteolysis-resistance, mncreased half life or aggregation-reducing properties and
combinations thereof have not been further modified  In other words, with the
exception of nucleotides that encode residues in the FGF21 mutant sequence that have
been modified in order to confer proteolysis-resistance, aggregation-reducing, or other
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properties, about 15 percent of all other nucleotides in the FGF21 mutant sequence
can be modified. For example, in the FGF21 mutant Q173E, up to 15 percent of all
nucleotides other than the nucleotides encoding the glutamic acid residue, which was
substituted for glutamine at position 173, could be modified. The present invention
further encompasses a nucleic acid molecule encoding an FGF21 polypeptide mutant
comprising an amino acid sequence that is at feast about 90 percent, or about 935, 96,
97, 98, or 99 percent identical to the amino acid sequence of SEQ 1D NO: 1, bt
wherein the specific residues conferring the FGF21 polvpeptide mutant's proteolysis-
resistance or aggregation-reducing properties have not been further modified. Such
FGF21 mutants possess at least one activity of the wild-type FGF21 polypeptide.

The present invention also encompasses a nucleic acid molecule comprising a
nucleotide sequence that i1s at least about 85 percent identical to the nucleotide
sequence of SEQ ID NG 2, but wherein the nucleotides encoding amino acid residues
conferring the encoded FGF2Z1  polypeptide mutant's  proteolysis-resistance,
ageregaiion-reducing or other properties have not been further modified. In other
words, with the exception of residues in the FGF21 mutant sequence that have been
modified in order to confer proteolysis-resistance, aggregation-reducing, or other
properties, about 15 percent of all other amino acid residues in the FGF21 mutant
sequence can be modified. For example, in the FGF21 mutant Q173E, up to 15
percent of all amino acid residues other than the ghutamic acid residue, which was
substituted for glutamine at position 173, could be modified. The present invention
further encompasses a nucleic acid molecule comprising a nucleotide sequence that is
al least about 90 percent, or about 93, 96, 97, 98, or 99 percent identical to the
nucleotide sequence of SEQ 13 NO: 2, but wherein the nucleotides encoding amino
acid residues conferring the encoded FGF21 polvpeptide mutant's proteolysis-
resistance or aggregation-reducing properties have not been further modified. Such
nucleic acid molecules encode FGF21 mutant polypeptides possessing at least one
activity of the wild-type FGF21 polypeptide.

The term “biologically active FGF21 polypeptide mutant™ refers to any FGF21
polypeptide mutant described herein that possesses an activily of the wild-type FGF21
polypeptide, such as the ahility to lower blood glucose, msulin, triglveernide, or
cholesterol; reduce body weight; and improve glucose tolerance, energy expenditure,
or insulin sensitivity, regardiess of the type or number of modifications that have been

mtroduced into the FGF21 polypeptide mutant. FGF21 polvpeptide mutants
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possessing a somewhat decreased level of FGF2Z1 activity relative 1o the wild-tvpe
FGF21 polypeptide can nonetheless be considered 1o be biologically active FGF21
polypeptide mutants.

The terms “effective amount” and “therapeutically effective amount” each

83

refer to the amount of an FGF21 polypeptide muiant used to support an observable
fevel of one or more biological activities of the wild-type FGF21 polypeptide, such as
the ability to lower blood glucose, insulin, triglyceride, or cholestero! levels; reduce
body weight; or improve glucose tolerance, energy expenditure, or insulin sensitivity.
The term “pharmaceutically acceptable carrier” or “physiologically acceptable
10 camer” as used herem refers 1o one or more formulation materials suitable for
accomplishing or enhancing the delivery of an FGF21 polypeptide mutant.

The term “antigen” refers to a molecule or a portion of a molecule that is
capable of being bound by an antibody, and additionally that is capable of being used
mn an animal to produce antibodies that are capable of binding to an epitope of that

15 anbigen. An antigen may have one or more epitopes.

The term “native F¢” refers to molecule or sequence comprising the sequence
of a non-antigen-binding fragment resulting from digestion of whole antibody or
produced by other means, whether in monomeric or multimeric form, and can contain
the hinge region. The orniginal immunoglobulin source of the native Fc is preferably

20 of human origin and can be any of the immunogiobuling, although IgGl and 1gG2 are
preferred. Native Fc molecules are made up of monomeric polvpeptides that can be
linked into dimeric or multimeric forms by covalent (i e, disulfide bonds) and non-
covalent association. The number of intermolecular disulfide bonds between
monomeric subunits of native Fc molecules ranges from 1 1o 4 depending on class

25 {eg,lgQG, IgA, and IgE) or subclass {e.g., IgGl, 1gG2, 1gG3, IgAl, and Ig(GAZ). One

example of a native Fc 15 a disulfide-bonded dimer resulting from papain digestion of
an 1gG (see Ellison ef af., 1982, Nucleic Acids Res. 10: 4071-9). The term “native F¢”
as used herein 15 generic to the monomeric, dimeric, and multimeric forms. An

example of an Fc polypeptide sequence is presented in SEQ ID NO: 11.

LA
O

The term “Fc variant” refers to a molecule or sequence that is modified from a

native Fe but still comprises a binding site for the salvage receptor, FeRn (neonatal Fe
eceptor). International Publication Nos. WO 97/34631 and WO 96/32478 describe
exemplary F¢ variants, as well as interaction with the salvage receptor, and are hereby

mcorporated by reference. Thus, the term “Fc variant” can comprise a molecule or

Ju—
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sequence that is humanized from a non-human native F¢. Furthermore, a native Fc
comprises regions that can be removed because they provide structural features or
biological activity that are not required for the fusion molecules of the FGF21 mutants
of the present invention. 'Thus, the term “Fc varnant” comprises a molecule or
sequence that lacks one or more native Fc siles or residues, or in which one or more
Fe sites or residues has be modified, that affect or are mvolved in: (1) disulfide bond
formation, {2) incompatibility with a selected host cell, (3} N-terminal heterogeneity
upon expression in a selected host cell, {4y glvcosylation, {5} interaction with
complement, {6} binding to an Fc receptor other than a salvage receptor, or (7)
antibody-dependent cellular cviotoxicity (ADCC).  Fo vanants are described in
further detail hereinafter.

The term “Fe domain” encompasses native Fc and Fc variants and sequences
as defined above. As with Fe variants and native F¢ molecules, the term “Fe domain”™
mcludes molecules in monomeric or multimeric form, whether digested from whole
antibody or produced by other means. In some embodiments of the present invention,
an Fc domain can be fused to FGF21 or a FGF21 mutant (including a tnmcated form
of FGF21 or a FGF21 mutant) via, for example, a covalent bond between the Fc
domain and the FGF21 sequence. Such fusion proteins can form multimers via the
association of the Fc domains and both these fusion proteins and their multimers are

an aspect of the present invention.

2. Site-specific FGF21 Mutants

The term “site-specific FGF21 mutant” or “substituted FGF2Z1 mutant” refers
to an FGF21 mutant polypeptide having an amino acid sequence that differs from the
amino acid sequence of a naturally occurring FGF21 polypeptide sequence, e g, SEQ
ID NQOs: 1 and 14 and vanants thereof. Site-specific FGF21 mutanis can be generated
by introducing amino acid substitutions, either conservative or non-conservative and
using naturally or nov-vaturally occurring arino acids, at particular positions of the
FGF21 polypeptide.

“Conservative amingo acid substiution” can involve a substitution of a native
anmuno acid residue (f.e., a residue found 1n a given position of the wild-type FGF21
polypeptide sequence} with a nonnative residue (J.e., a residue that is not found in a
civen position of the wild-tvpe FGF21 polypeptide sequence)} such that there is little

or no effect on the polanity or charge of the amimo acid residue at that position.
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Conservative amino actd substitutions also encompass non-naturally occurring amino
acid residues that are typically incorporated by chemical peptide synthesis rather than
by svnthesis in biological svstems. These include peptidomumetics, and other
eversed or inverted forms of anuno acid moieties.

Naturally occurring residues can be divided into classes based on common
side chain properties:

{1) hydrophobic: norleucine, Met, Ala, Val, Leu, ile;

{2} neutral hvdrophilic: Cys, Ser, Thr;

3) acidic: Asp, Glu;

{4) hasic: Asn, Gin, His, Lvs, Arg;

&) residues that influence chain orientation: Gly, Pro; and

(63 aromatic. Trp, Tvr, Phe.

Counservative substitutions can wnvolve the exchange of a member of one of
these classes for another member of the same class. Non-conservative substitutions
can imvolve the exchange of a member of one of these classes for a member from
another class.

Desired amino acid substitutions (whether conservative or non-conservative)
can be determined by those skilled in the art at the time such substitutions are desired.

An exemplary {(but not limiting) list of amino acid substitutions is set forth in Table 1.

Table i
Amino Acid Substitutions
Original Residue | Exemplary Substitutions
Ala Val, Len, lle
Arg Lys, Gln, Asn
Asn Gln
Asp Glu
Cvs Ser, Ala
Gln Asn
Glu Asp
Gly Pro, Ala
His Asn, Gin, Lvs, Arg
He Lew, Val, Met, Ala, Phe
Leu Ile, Val, Met, Ala, Phe
Lvs Arg, Gln, Asn
Met Ley, Phe lle
Phe Ley Val, lle, Ala Tyr
Pro Ala
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Ser Thr, Ala, Cvs

Thr Ser

Trp Tyr, Phe

Tyvr Trp, Phe, Thr, Ser

Val Ite, Met, Leu, Phe, Ala
3. Truncated FGF21 Polypeptides

One embodiment of the present invention is directed to truncated forms of the
mature FGF21 polypeptide. This embodiment of the present invention arose from an
effort 1o identify truncated FGF21 polypeptides that are capable of providing an
activity that is similar, and in some nstances superior, to untruncated forms of the
mature FGF21 polypeptide.

As used herein, the term “truncated FGF21 polypeptide” refers to an FGF21
polvpeptide in which amino acid residues have been removed from the anmino-
terminal {or N-terminal) end of the FGF21 polypeptide, amino acid residues have
been removed from the carboxyl<terminal {(or C-termunal) end of the FGFZ1
polypeptide, or amino acid residues have been removed from both the amino-terminal
and carboxyl-terminal ends of the FGF21 polypeptide.

The activity of N-terminally truncated FGF21 polypeptides and C-termunally
truncated FGF21 polvpeptides can be assayed using an in virre ELK-luciferase assay.

The activity of the truncated FGF21 polypeptides of the present invention can
also be assessed in an in vive assay, such as ob/ob mice. Generally, o assess the in
vive activity of a truncated FGF21 polypeptide, the truncated FGF21 polypeptide can
be adnunistered to a test animal intraperitoneally.  After a desired incubation period
{e.g., one hour or more), a blood sample can be drawn, and blood glucose levels can

be measured.

a. N-termunal Truncations

In some embodiments of the present invention, N-terminal truncations
comprise 1, 2, 3, 4, 5, 6, 7, or 8 amino acid residues from the N-terminal end of the
mature FGF2Z1 polypeptide.  Truncated FGF21 polypeptides having N-terpunal
truncations of fewer than 9 amino acid residues retain the ability of the mature FGF21
polypeptide to lower blood glucose in an individual.  Accordingly, m particalar
embodiments, the present invention encompasses truncated forms of the mature

FGF21 polypeptide or FGF21 polypeptide mutants having N-terminal truncations of
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1.2,3, 4,5, 6,7, or & amino acid residues.

b. C-termunal Truncations

In some embodiments of the present invention, C-terminal truncations
comprise 1,2, 3,4, 5,6,7,8,9, 10, 11, or 12 amino acid residues from the C-terminal
end of the mature FGF21 polypeptide. Truncated FGF21 polypeptides having C-
ternunal truncations of fewer than 13 amino acid residues exhibited an efficacy of at
feast S0% of the efficacy of wild-type FGF21 m an in virro ELK-luciferase assay,
mdicating that these FGF21I mutants retamn the ability of the matare FGF21
polypeptide to lower blood glucose in an individual.  Accordingly, in particular
embodiments, the present invention encompasses truncated forms of the mature
FGF21 polypeptide or FGF21 polypeptide mutants having C-terminal truncations of

1,2,3.4,5.6,7.8,9, 10, 11, or 12 anune acid residues.

4. Proteolvsis-resistant FGF21 Mutants

Mature FGF21 was found to be undergoing in vive degradation, which was
ultimately determined to arise from proteclvtic attack. The i vivo degradation of
mature FGF21 was found to lead to shorter effective half-life, which can adversely
affect the therapeutic potential of a molecule. Accordingly, a directed study was
performed fo tdentify FGF21 mutants that exhibit a resistance to proteolysis. As a
result of this investigation, the sites in the mature FGF21 polypeptide that were
determined to be particularly susceptible to proteolysis include the peptide bond
between the amino acid residues at positions 4-5, 20-21, 151-152, and 171-172.

A broad but focused and directed studv was performed to identify particular
substitutions that eliminate the observed proteolviic effect while not affecting the
activity of the protein 1o an unacceptable degree. Tables 8 and 11 highlight some of
the mutants that were prepared and tested. Not all FGF21 mutants exhibited an ideal
profile; some mutants conferred proteolysis resistance but at the cost of compromised
FGEF21 activity.  Other mutations retained FGF21 activity but did not confer
proteolysis resistance.  Several muiants, including, for example, FGF21 P171G,
retained a simalar level of activity as wild-type FGF21 while also exhibiting resistance
to proteolviic degradation.

One selection criteria for identifying desirable proteolysis-resistant FGF21

mutants was that the activity of the FGF21 mutant be essentially the same as, or
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greater than, the activity of wild-type FGF21. Therefore, another embodiment of the
present invention is directed to FGF21 mutants that are resistant {o proteolysis and
stili retain activity that is essentially the same as, or greater than, wild-tvpe FGF21.
Although less desirable in some cases, FGF21 mutants that are resistant to proteolysis
but exhibit somewhat decreased activity form another embodiment of the present
mvention. In some cases it can be desirable to maintain a degree of proteclysis, and
consequently, FGF21 mutants that aliow some degree of proteolysis to occur also
form another embodiment of the present mvention.

As with all FGF21 mutants of the present invention, the proteclysis-resisiant
FGF21 mutants of the present invention can be prepared as described herein. Those
of ordinary skill in the art, for example, those familiar with standard molecular
biology techniques, can employ that knowledge, coupled with the instant disclosure,
io make and use the proteolysis-resistant FGF21 mutants of the present invention.
Standard techniques can be used for recombinant DNA, oligonucleotide synthesis,
tissue culture, and transformation {e.g., electroporation, hipofection). See, eg,
Sambrook ef al, Molecular Cloning: A Laboratory Mawal, supra, which is
mcorporaied herein by reference for any purpose.  Enzymatic reactions and
purification techniques can be performed according to manufacturer's specifications,
as commonly accomplished in the art, or as described herein.  Unless specific
definitions are provided, the nomenclatures utilized in connection with, and the
laboratory procedures and techmigues of, analytical chemistry, synthetic organic
chemistry, and medicinal and pharmaceutical chemistry described herein are those
well known and commonly used in the art.  Standard techniques can be used for
cherical syntheses; chenucal analyses; pharmaceutical preparation, formulation, and
delivery; and treatment of patients.

The proteolysis-resistant FGF21 mutants of the present mvention can be fused
io another entity, which can impart additional properties to the proteolysis-resistant
FGF21 mutant. In one embodiment of the present invention, a proteolysis-resistant
FGF21 mutant can be fused to an IgG Fo sequence, eg., SEQ ID NG 11, Such
fusion can be accomplished using known molecular biological methods and/or the
guidance provided herein. The benefits of such fusion polypeptides, as well as
methods for making such fusion polypeptides, are known and are discussed in more

detail herein.
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5. Asgregation-reducine FGF21 Mutanis

One property of the wild-type FGF21 polypeptide is s propensity to
aggregate. At concentrations over about 3 mg/ml., the aggregation rate is high at
room temperature. As shown and described herein, the ageregation rate for the wild-
tvpe FGF21 polypeptide is both concentration and temperatine dependent.

Aggregation can prove to be a challenge when working with wild-type FGF21
at these concentrations, such as in the context of a therapeutic formulation.
Accordingly, a directed study was performed to identify FGF2T mutants that exhibit
reduced FGF21 aggregation. The resulting FGF21 mutants were then tested for the
propensity 1o aggregate at various concentrations.

A broad but focused and directed studv was performed to identify particular
substitutions that eliminate or reduce the observed aggregation effect of wild-type
FGF21 while not affecting the activity of the protein (o an unacceptable degree.

One selection criteria for identifying desirable aggregation-reducing FGFZ1
mutants was that the activity of the FGF21 mutant be essentially similar to, or greater
than, the activity of wild-type FGF21. Therefore, another embodiment of the present
mvention 1s directed to FGF21 mutants having reduced aggregation properties while
still retaining an FGF21 activity that is similar to, or greater than, wild-type FGF21.
Although less desirable in some cases, FGF2Z1 mutants having reduced aggregation
properties bl exhibiting somewhat decreased FGF2I activity form  another
erobodiment of the present invention. In some cases it may be desirable to maintam a
degree of aggregation, and consequently, FGF21 mutanis that allow some degree of
aggregation to occur also form another embodiment of the present invention.

As with all FGF21 mutants of the present invention, the aggregation-reducing
FGF21 mutants of the present invention can be prepared as described herein. Those
of ordinary skill in the art, familiar with standard molecular biology techniques, can
ermnploy that knowledge, coupled with the mstant disclosure, to make and use the
aggregation-reducing FGF21 mutanis of the present invention. Standard techniques
can be used for recombinant DNA, oligonucieotide synthesis, tissue culture, and
transformation {e.g., electroporation, hpofection). See, eg., Sambrook ef al,
Molecular Cloning: A Laboratory Manual, supra, which is incorporated herein by
reference for any purpose. Enzymatic reactions and pwrification techniques can be
performed according to manufacturer's specifications, as commonly accomplished in

the art, or as described herein.  Unless specific definitions are provided, the

21



WO 2017/059371 PCT/US2016/055017

1

L2

83

O

O

nomenclatures wutilized in connection with, and the laboratory procedures and
techniques of, analvtical chemustry, synthetic organic chemistry, and medicinal and
pharmaceutical chenustry described herein are those well known and commonly used
in the art.  Standard techniques can be used for chemical syntheses; chemical
analyses; pharmaceutical preparabion, formulation, and delivery; and treatmeni of
patients,

The aggregation-reducing FGF21 mutants of the present invention can be
fused to another entity, which can impart additional properties to the aggregation-
reducing FGF21 mudant. In one embodiment of the present invention, an aggregation-
reducing FGF21 mutant can be fused to an IgG Fc sequence, eg, SEQ ID NO: 11,
Such fusion can be accomplished using known molecular biological methods and/or
the guidance provided herein. The benefits of such fusion polypeptides, as well as

methods for making such fusion polypeptides, are discussed m more detail herein.

6. FGF21 Fusion Proteins

As used herein, the termn “FGF21 fusion polypeptide™ or “FGF21 fusion
protein” refers to a fusion of one or more amino acid residues (such as a heterologous
protein or peptide) at the N-terminus or C-terminus of any FGF21 polypeptide mutant

escribed herein.

Heterologous peptides and polypeptides include, but are not himited to, an
epttope to allow for the detection and/or 1solation of an FGF21 polypeptide mutant; a
transmembrane receptor protein or a portion thersof, such as an extraceliular domain
or a transmembrane and intracellular domain, a hgand or a portion thereof which
binds fo a transmembrane receptor proteiny an enzyme or portion thereof which 15
catalvtically active; a polypeptide or peptide which promotes oligomerization, such as
a leucine zipper domain; a polyvpeptide or peptide which increases stability, such as an
immunoglobulin constant region; a functional or non-functional antibody, or a heavy
or light chain thereof, and a polypeptide which has an activity, such as a therapeutic
activity, different from the FGF21 polvpeptide mutants of the present invention. Also
encompassed by the present invention are FGF21 mutants fused to homan serum
albumin (HSA).

Long acting FGF21 fusion proteins suitable for treating bile acid related
disorders can be made by fusing heterologous sequences at etther the N-terminus or at

the C-termunus of an FGF21 polypeptide mutant.  As described herein, a heterologous

22



WO 2017/059371 PCT/US2016/055017

83

10

LA
O

sequence can be an amino acid sequence or a non-amino acid-containing polymer.
Heterologous sequences can be {used etther directly 1o the FGF21 polypeptide mutant
or via a linker or adapter molecule. A linker or adapter molecule can be one or more
amino acid residues {or -mers), eg., b 2, 3, 4, 5, 6, 7, 8, or 9 residues {or -mers),
preferably from 1€ to 50 amino acid residues {or -mers), e.g., 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 25, 30, 35, 40, 45, or 50 restdues {(or -mers), and more preferably
from 15 to 35 amino acid residues (or -mers). A linker or adapier molecule can also
be designed with a cleavage site for a DNA resiriction endonucliease or for a protease

to allow for the separation of the fused moieties.

a. Fc Fusions

In one embodiment of the present invention, an FGF21 polypeptide mutant 1s
fused to one or more domains of an Fe¢ region of human IgG.  Antibodies comprise
two functionally independent parts, a variable domain known as “Fab,” that binds an
antigen, and a constant domain known as “F¢.” that is involved in effector functions
such as complement activation and aitack by phagocvtic cells. An Fe has a long
serum half-life, whereas a Fab 1s short-lived {Capon er o/, 1989, Nature 337: 525-31).
When joined together with a therapeutic protein, an Fc domain can provide fonge
half-life or incorporate such functions as Fc receptor binding, protein A binding,
complement fixation, and perhaps even placental transter (Capon er o/, 1989),

In vivo pharmacokinetic analysis indicated that human FGF21 has a short half-
fife of about I hour in nuce due to rapid clearance and i vivo degradation. Therefore,
to extend the half-life of FGF21 an Fe¢ sequence was fused to the N- or C-terminal end
of the FGF21 polvpeptide. The fusion of an Fe¢ region to wild type FGF21, in
particularly Fec fused to the N-ternunus of wild tvpe FGF21, did not extend the half-
life as expected, however, which led 1o an investigation of the proteolyiic degradation
of FGF21 in vivo and the dentification of FGF21 mutants that were resistant to such
degradation. Such mutants exhibit longer half-hives than wild-type FGF21. These
and other FGF21 fusion proteins form embodiments of the present invention.

Throughout the disclosure, Fe-FGF21 refers to a {usion protein in which the
Fc sequence is fused to the N-terminus of FGF21.  Similarly, throughout the
disclosure, FGF21-Fc refers to a fusion protein in which the Fc sequence is fused to

the C-terminus of FGF21.
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The resulting FGF21 fusion protein can be purified, for example, by the use of
a Protein A affimity column, Peptides and proteins fused to an Fc region have been
found to exhibit a substantially greater half-life in vive than the unfused counterpart.
Also, a fusion to an Fc region allows for dimerization/multimerization of the fusion
polvpeptide. The Fe region can be a naturally occurring Fc region, or can be altered
io improve certain qualities, such as therapeutic qualities, circulation time, or reduced
aggregation.

Useful moedifications of protein therapeutic agents by fusion with the “F¢”
domain of an antibody are discussed in detw] m International Publication No. WO
00/024782, which 1s hereby incorporated by reference 1n its entirety.  This document
discusses linkage to a “vehicle” such as polyethylene glycol (PEG), albumin, dextran,

or an Fc region.

b, Fusion Protein Linkers

When forming the fusion proteins of the present invention, a linker can, but
need not, be emploved. When present, the linker’s chemical structure mav not
critical, since it serves primarily as a spacer. The linker can be made up of anmuno
acids linked together by peptide bonds. In some embodiments of the present
mvention, the linker is made up of from 1 to 20 amino acids linked by peptide bonds,
wherein the amino acids are selected from the 20 naturally occurring amino acids. In
various embodiments, the 1 to 20 amino acids are selected from the amino acids
glvcine, serine, alanine, proline, asparagine, glutamine, and lysine. In some
embodiments, a linker ts made up of a majority of aming acids that are sterically
unhindered, such as glvcine and alanine. In some embodiments, linkers are
polvglycines {such as (Gly): and (Gly)s), polyalanines, combinations of glycine and
alanine {such as poly{Gly-Ala}), or combinations of glycine and serine {such as
polv{Gly-Ser)).  Other suitable linkers include: (Gly)s-Ser-(Glyy-Ser-{Gly Ja-Ser
(8EQ 1D NO: 5). (Glyu-Ser-(Gly s-Ser-{Glv-Ser (SEQ ID NO: 6), (Gly)p-Lys-
(Gly)a (SEQ 1D NG 7), (Glyp-Asn-Gly-Ser-(Gly )z (SEQ 1D NG: 8), (Gly)y-Cys-
(Glyv)s (SEQ 1D NO: 9), and Gly-Pro-Asn-Gly-Gly (SEQ 1D NO: 10). While a linker
of 15 amino acid residues has been found to work particularly well for certain FGF21
fusion proteins, the present invention comtemplates linkers of suitable length or

composition as determined by one of skill in the art.

24



WO 2017/059371 PCT/US2016/055017

83

10

LA
O

The linkers described herein are exemplary, and linkers that are much longer
and which mclude other residues are conternplated by the present invention. Non-
peptide hinkers are also contemplated by the present invention. For example, alkyl
linkers such as ~NH-{CH2)}eC{0}—, wherein 5 = 2 to 20, could be used. These alkyl
linkers can further be substituied by any non-sterically hindering group, including, but
not himited to, a lower alkyl {e.g., C1-C6), lower acvl, halogen (e.g. Cl. Br), CN,
NHz, or phenvl. An exemplary non-peptide finker 15 a polyethviene glycol linker,
wherein the linker has a molecular weight of 100 to 5000 kD, for example, 100 to 500

kD

7. Chemicallv-modified FGF21 Mutants

Chemically modified forms of the FGF21 polypeptide mutants described
herein, including the truncated forms of FGF21 described herein, can be prepared by
one skilled in the art, given the disclosures described herein.  Such chenucally
modified FGF21 mutants are altered such that the chemically modified FGF21 muant
ts different from the unmodified FGF21 mutant, etther in the type or location of the
molecules naturally atiached to the FGF21 mutant.  Chenucally modified FGF21
mutants can include molecules formed by the deletion of one or more naturally-
attached chemical groups.

In one embodiment, FGF21 polypeptide mutants of the present invention can
be modified by the covalent attachuent of one or roore polvmers. For esample, the
polymer selected is typically water-soluble so that the protein to which it is attached
does not precipitate in an agqueous environment, such as a physiclogical environment.
Included within the scope of suitable polymers is a mixture of polvmers. Preferably,
for therapeuwtic use of the end-product preparation, the polymer will be
pharmaceutically accepiable. Won-water soluble polvmers conjugated io FGF21
polvpeptide mutants of the present invention also form an aspect of the mvention.

Exemplary polvioers each can be of any molecular weight and can be
branched or unbranched. The polymers each typically have an average molecular
weight of between about 2 kDa to about 100 kDa (the term “about” indicating that in
preparations of a water-soluble polvmer, some molecules will weigh more and some
less than the stated molecular weight). The average molecular weight of each

polvmer 1s preferably between about 5 kDa and about 3¢ kDa, more preferably

[\
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between about 12 kDa and about 40 kDa, and most preferably between about 20 kDa
and about 35 kDa.

Suitable water-soluble polvmers or mixtures thereof include, but are not
himited to, N-linked or O-linked carbohvdrates, sugars, phosphates, polvethvlene
elveol (PEG) (including the forms of PEG that have been used to derivatize proteins,
mcluding mono-(Ci~Cio), alkoxy-, or arvloxy-polyethyvlene glycol), monomethosy-
polyethylene glycol, dextran (such as low molecular weight dextran of, for example,
about 6 kD), cellulose, or other carbohydrate based polymers, poly-{(N-vinvi
pvrrolidone) polvethylene glycol, propvlene glycol homopolymers, polvpropylene
oxide/ethvlene oxide co-polymers, polyoxvethyiated polvols (e g, glycerol), and
polyvvinyl alcohol. Also encompassed by the present invention are bifunctional
crosslinking molecules that can be used {o prepare covalenily attached FGFZ1
polvpeptide mutant multimers.  Also encompassed by the present imvention are
FGF21 mutants covalently attached to polysialic acid.

In some embodiments of the present invention, an FGF21 mutant is
covalently, or chemically, modified to include one or more water-soluble polyvmers,
mcluding, but not limited 1o, polvethylene glyvcol (PEG). polvoxyethylene glvcol, or
polypropylene glvcol. See, e.g, U.S. Patent Nos. 4,640,835, 4,496,689, 4,301,144,
4,670,417, 4,791,192, and 4,179,337, In some embodiments of the present invention,
an FGF21 mutant comprises one or more polvmers, including, but not limited to,
monomethoxy-polyethvlene glveol, dextran, cellulose, another carbohydrate-based
polymer, poly-(N-vinyl pyrrolidone)-polvethyviene glycol, propylene glycol
homopolymers, a polypropvlene oxide/ethylene oxide co-polvmer, polyoxyethylated
polyvols {e.g., glyveerol), polyvinyl alcohol, or mixtures of such polymers.

In some embodiments of the present invention, an FGF21 mutant suitable for
treating bile acid related disorders is covalently-modified with PEG subunits. In some
ermmbodiments, one or more water-soluble polymers are bonded at one or more specific
positions (for example, at the N-termunus) of the FGF21 mutant. In some
embodiments, one or more water-soluble polvmers are randomly atiached 1o one or
more side chamms of an FGF21 smutant  In some embodiments, PEG is used to
mprove the therapeutic capacity of an FGF21 mutant. Certain such methods are
discussed, for example, in U.S. Patent No. 6,133,426, which is herebv incorporated by
reference for any purpose.

In embodiments of the present invention wherein the polymer 18 PEG, the

26
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PEG group can be of any convenient molecular weight, and can be linear or branched.
The average molecular weight of the PEG group will preferably range from about 2
kD to about 100 kDa, and more preferably from about 5 kDa to about 50 kDa, e g.,
10, 20, 30, 40, or 50 kDa. The PEG groups will generally be attached to the FGF21
mutant via acylation or reductive alkylation through a reactive group on the PEG
motety {e.g.. an aldehvde, anuno, thiol, or ester group) to a reactive group on the
FGF21 mutant (e g., an aldehvde, amino. or ester group).

The PEGylation of a polypeptide, including the FGF2Z1 mutants of the present
mvention, can be specifically carried out using any of the PEGviation reactions
known in the art. Such reactions are described, for example, i the following
references: Francis ef al, 1992, Focus on Growth Facrors 3. 4-10; European Patent
Nos. & 154 316 and O 401 384, and U.S. Patent No. 4,179.337. For example,
PEGviation can be carried out via an acylation reaction or an alkviation reaction with
a reactive polyethylene glycol molecule (or an analogous reactive water-soluble
polymer) as described herein. For the acylation reactions, a selected polymer should
have a single reactive ester group. For reductive alkylation, a selected polymer
should have a single reactive aldehyde group. A reactive aldehvde 1s, for example,
polvethylene glycol propionaldehyde, which is water stable, or mono Ci-Cie alkoxy
or aryloxy derivatives thereof (see, e.g., U.S. Patent No. 5,252,714}

In some embodiments of the present invention, a useful straiegy for the
attachment of the PEG group to a polypeptide involves combining, through the
formation of a conjugate linkage mn solution, a peptide and a PEG motety, each
bearing a special functionality that is mutually reactive toward the other. The
peptides can be easily prepared with conventional solid phase synthesis. The peptides
are “preactivated” with an appropriate functional group at a specific site. The
precursors are purtfied and fully characterized prior 1o reacting with the PEG moiety.
Ligation of the peptide with PEG usually takes place in aqueous phase and can be
eastly roonitored bv reverse phase analvtical HPLC. The PEGylated peptides can be
easily purified by preparative HPLC and characterized by analytical HPLC, amino
acid analysis and laser desorption mass spectrometry.

Polysaccharide polymers are another type of water-soluble polyvmer that can
be used for protein modification. Therefore, the FGF21 mutants of the present
mvention fused to a polysaccharide polymer form embodiments of the present

mvention. Dexirans are polysaccharide polymers comprised of mdividual subunits of



WO 2017/059371 PCT/US2016/055017

83

10

LA
O

glucose predominantly linked by alpha 1-6 linkages. The dexiran itself is available in
many molecular weight ranges, and is readily avatlable in molecular weights from
about § kD to about 70 k2. Dexiran is a suitable water-soluble polvmer for use as a
vehicle by itself or in combination with another vehicle {e.g., Fc) See. eg,
International Publication No. WO 96/11953. The use of dextran conjugated to
therapeutic or diagnostic immmunoglobuling has been reported.  See, e.g., European
Patent Publication No. 0 315 456, which is hereby incorporated by reference. The
present mvention also encompasses the use of dextran of about 1 kD o about 20 kD.

In general, chemical modification can be performed under any suitable
condition used fo react a protein with an activated polymer molecule. Methods for
preparing chemically modified polvpeptides will generally comprise the steps of {a)
reacting the polypeptide with the activated polymer molecule {such as a reactive ester
or aldehvde denvative of the polymer molecule) under conditions whereby a FGF21
polypeptide mutant becomes attached to one or more polymer molecules, and (b)
obtaining the reaction products. The optimal reaction conditions will be determined
based on known parameters and the desired result. For example, the larger the ratio
of polymer molecules fo protein, the greater the percentage of attached polymer
molecule. In one embodiment of the present invention, chemically modified FGF21
mutants can have a single poiymer molecile moiety at the amino-terminus {see, e.g.,
LS. Patent No. 5,234,784)

In another embodiment of the present mvention, FGF21 polypeptide mutants
can be chemically coupled to biotin. The biotin/FGF21 polypeptide mutants are then
allowed to bind o avidin, resuliing in tetravalent avidin/biolin/FGF21 polypeptide
mutants. FGF21 polypeptide mutants can also be covalently coupled to dinitrophenol
{DNP} or trninitrophenal (TNP) and the resulting conjugates precipitated with anti-
DNP or anti-TNP-IgM to form decameric conjugates with a valency of 10.

Generally, condifions that can be alleviated or modulated by the
administration of the present chenucally modified FGF21 mutants include those
described herein for FGF21 polypeptide nuutants. However, the chemically modified
FGEF21 mutants disclosed herein can have additional activities, enhanced or reduced
biological activity, or other characteristics, such as increased or decreased half-life, as

compared to unmoditied FGF21 mutands.

8. Therapeutic Compositions and Adminastration Thereol
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Therapeutic compositions comprising FGF21 pathway activating molecules
suitable for treating bile acid related disorders are within the scope of the present
mvention, and are specifically contemplated.  Such pharmaceutical compositions can
comprise a therapeutically effective amount of a polvpeptide in admixture with a

pharmaceutically or physiologically acceptable formulation agent selected for

83

suitabiiity with the mode of adnunistration.
Acceptable formulation materials preferably are nontoxic to recipients at the
dosages and concentirations employed.
The pharmaceutical composition can contain formulation wmaterials for
10 modifying, maintaining, or preserving, for example, the pH, osmolarity, viscosity,
clarity, color. isotonicity, odor, stenility, stability, rate of dissolution or release,
adsorption, or penetration of the composition. Suitable formulation materials include,
but are not himited to, amino acids (such as glvcine, glutamine, asparagine, arginine,
or lvsine), antimicrobials, antioxidanis {such as ascorbic acid, sodium sulfite, or
15  sodium hydrogen-sulfite), buffers (such as borate, bicarbonate, Tris-HCL citrates,
phosphates, or other orgamic acids), bulking agents (such as manmitol or glycine),
chelating agents (such as ethylenediamine tetraacetic acid (EDTA)), complexing
agents {such as caffeine. polyvinylpyrrolidone, beta-cyclodextrin, or hvdroxypropvl-
beta~-cyclodextnn), fillers, monosaccharides, disaccharides, and other carbohydrates
20 {such as glucose, mannose, or dextrins), profeins {such as serum albuman, gelatin, or
mmunoglobuling), colonng, flavoring and diluting agents, emulsifving agents,
hydrophilic polymers (such as polyvinyipyrrolidone), low molecular weight
polypeptides, sali-forming counterions (such as sodium), preservatives {(such as
benzalkorium chloride, benzoic acid, salicvlic acid, thimerosal, phenethyl alcohol,
25 methylparaben, propylparaben, chlorhexidine, sorbic acid, or hydrogen peroxide),
solvents (such as glvcerin, propvlene glycol, or polyethyiene glvcol), sugar aicohols
{such as mannitol or sorbitol), suspending agents, surfactants or wetting agents (such
as pluronics; PEG; sorbitan esters; polysorbates such as polysorbate 20 or polysorbate

80, triton; tromethamine; lecithin; cholestersl or tvloxapal), stability enhancing agenis

LA
O

{such as sucrose or sorbitol), tonicily enhancing agents (such as alkali metal halides —
preferably sodium or potassium chloride — or manmitol sorbitol), delivery vehicles,
diluents, excipients and/or pharmaceutical adjuvants {see, eg., Remingion's
Pharmaceutical Sciences (18th Ed., AR Gennaro, ed., Mack Publishing Company

1998}, and subseguent editions of the same, mcorporated herein by reference for any
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The optirnal pharmaceutical composition will be determined by a skilled
artisan depending upon, for example, the mitended route of admunistration, delivery

format, and desired dosage (see, e.g., Remington's Pharmaceutical Sciences, supra).
aqueous of non-agueocus in nature.
10

Such compositions can influence the physical staie, stability, rate of in vivo release,
and rate of in vivo clearance of the FGF21 polypeptide mutant.

The primary vehicle or carrier in a pharmaceutical composition can be either
administration.

i5

For example, a suitable vehicle or carrier for
mjection can be water, phystological saline solution, or artificial cerebrospinal fluid,

possibly supplemented with other materials common in compositions for parenteral

Neutral buffered saline or saline muxed with serum albumin are

further exemplary vehicles. Other exemplary pharmaceutical compositions comprise

Tris buffer of about pH 7.0-8.5, or acetate buffer of about pH 4.0-5.5, which can
20

SUCTOse.

further include sorbitol or a suitable substitute. In one embodiment of the present
formulation agenis (Remington's Pharmaceutical Sciences, supra) m the form of a
1%

mvention, FGF21 polypeptide mutiant compositions can be prepared for storage by

mixing the selecied composition having the desired degree of purity with optional
Ivophilized cake or an agueous solution,

the art.

25

ol

Further, the FGF21 polypeptide mutant
product can be formulated as a lyophilizate using appropriaie excipients such as

The pharmaceutical compositions can be selected for parenteral delivery. The
to the site of administration.

preparation of such pharmaceutically acceptable compositions 1s within the skill of

30

The formulation components are present in concentrations that are acceptable
of from about 5 to about 8.
agqueous

For example, buffers are used to maintain the
solution

composition at physiological pH or at a shightly lower pH, tvptcally within a pH range

for use in this invention can be in the form of a pvrogen-free, parenterally accepiable,
comprising the
pharmaceutically acceptable vehicle,

When parenteral admimstration is contemplated, the therapeutic compositions
desired FGF21

polypeptide

in a
A particularly suitable vehicle for parenteral
mjection is sterile distilled water in which an FGF21 polvpeptide mutant is formulated

)

(8]

mutant
as a sterile, isotonic solution, properly preserved. Yet another preparation can involve

the formulation of the desired wolecule with an agent, such as injectable
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microspheres, big-erodible particles, polvmeric compounds (such as polvlactic acid or
polyglveolic acid), beads, or hiposomes, that provides for the controlled or sustained
release of the product which can then be delivered via a depot injection. Hyaluronic
acid can also be used, and this can have the effect of promoting sustained duration in
the circulation.  Other suitable means for the introduction of the desired molecule
mclude implantable drug delivery devices.

Additional pharmaceutical compositions wiHl be evident to those skilied in the
art, mcluding formudations involving FGF21 polypeptide mutants in sustained- or
controlled-delivery formudations.  Techmques for formulating a variety of other
sustained- or controlled~delivery means, such as liposome carriers, bio-erodible
microparticies or porous beads and depot injections, are also known to those skilled in
the art (see, e.g., International Publication No. W 93/15722, which describes the
controlled release of porous polymernic micropariicles for the delivery of
pharmaceutical compositions, and Wischke & Schwendeman, 2008, Inf. J. Pharm.
364: 298-327, and Freiberg & Zhu, 2004, Int. J Pharm. 282 1-18, which discuss
microsphere/microparticle preparation and use).

Additional examples of sustained-release preparations include semipermeable
polvmer matrices in the form of shaped articles, e.g filims, or microcapsules.
Sustained release matrices can include polvesters, hydrogels, polviactides {U.S. Patent
No. 3,773,919 and European Patent No. 0 058 481}, copolymers of L-ghutamic acid
and garoma ethyl-L-glutamate (Sidman ef af., 1983, Biopolymers 22. 547-56), poly(2-
hydroxyethyl-methacrylate) (Langer et o/, 1981, J. Biomed. Mater. Res. 15 167-277
and Langer, 1982, Chem. Tech. 12 93-103), ethylene vinyl acetate (Langer er af.,
supray or poly-D(-}-3~hvdroxybutyric acid (European Patent No. 0 133 988).
Sustained-release compositions can also include liposomes, which can be prepared by
anv of several methods known in the art. See, e.g., Epstein ef al., 1985, Proc. Natl
Acad. Sci. 115 A. 82: 3688-92; and European Patent Nos. 0 036 676, 0 088 046, and 0
143 949,

The pharmaceutical composition to be used for in vive admmistration typically
must be sterile.  This can be accomplished by filtration through sterile filiration
mernbranes. Where the composition is lyophilized, sterilization using this method can
be conducted either prior to, or following, Iyophilization and reconstitition.  The
composition for parenteral admunistration can be stored in Iyophilized form or in a
solution. In addition, parenteral compositions generally are placed into a container
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having a sterile access port, for example, an intravenous solution bag or vial having a
stopper pierceable by a hypodermic mjection needle.

Once the pharmaceutical composition has been formulated, 1t can be stored in
sterile vials as a solution, suspension, gel, emulsion, solid, or as a dehydrated or
lvophilized powder. Such formudations can be stored either in a readv-to-use form or
i a form {(e.g., lvophilized) requiring reconstitution prior to adroirustration.

in a specific embodiment, the present invention is directed to kits for
producing a single-dose administration umit. The kits can each coniain both a first
container having a dried protein and a second container having an agueous
formulation. Also mcluded within the scope of this mvention are kits contaimng
single and muklti-chambered pre-filled syringes (e g., liquid syringes and lvosyringes).

The effective amount of a pharmaceutical composition 1o be employed
therapeutically will depend, for example, upon the therapeutic context and objectives.
One skilled in the art will appreciate that the appropriate dosage levels for treatment
will thus vary depending, in part, upon the molecule delivered, the indication for
which the FGF21 polyvpeptide mutant is being used, the route of administration, and
the size (body weight, body surface, or organ size) and condition {the age and general
health) of the patient. Accordingly, the clinician can titer the dosage and modify the
route of administration to obtain the optimal therapeutic effect. A typical dosage can
range from about 0.1 pug/kg to up to about 100 mg/kg or more, depending on the

factors mentioned above. In other embodiments, the dosage can range from 0.1 ug/kg

Wh

up to abowt 100 me/kg; or 1 pg/ke up to about 100 me/keg; or 5 ug/ke, 10 pg/kg, 1

W

ug/ke, 20 ug/ke, 25 ngke, 30 uglkg, 35 ugikg, 40 pgke, 45 ngkg, 50 pg/ke, 3
ug'ke, 60 ug/ke, 65 pe/keg, 70 ug/ksg, 75 ug/kg, up to about 100 mg/kg. In vet other
embodiments, the dosage can be 50 pg/kg, 100 ug/kg, 150 ug/kg, 200 ugke, 250
ug/ke, 300 ug'ke, 350 ug/kg, 400 ugke, 450 pgikg, 300 ugkg, 550 pugkg, 600
ug/ke, 630 ug/kg, 700 ugkg, 750 ug/ke, 800 ug/kg, 830 ugkg, 900 ug/kg, 950
ue'kg, 100 ug/kg, 200 ug/kg, 300 ue/kg, 400 pgke, 500 pgkg, 600 ugkg, 700
ug/kg, 800 ug/kg, 900 ug/kg, 1000 pug/kg, 2000 uglkg, 3000 ugke, 4000 ugkg,

5000 po/kg, 6000 ugkg

o0

7000 po/kg, 8000 pg/kg, 9000 pg/ke or 10 me/kg.
The frequency of dosing will depend upon the pharmacokinetic parameters of
the therapeutic in the formulation being used for treating the bile acid relaied disease

or disorder. Typically, a chinician will administer the composition uniil a dosage is
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reached that achieves the desired effect. The composition can therefore be
administered as a single dose, as two or more doses (which may or may not contain
the same amount of the desired molecule) over time, or as a continuous infusion via

an implantation device or catheter. Further refinement of the appropriate dosage is

83

routinely made by those of ordinary skill in the art and is within the ambit of tasks
routinely performed by them. Appropriate dosages can be ascertained through use of
appropriate dose-response data.

The route of adminisiration of the pharmaceutical composiiion is in accord
with known methods, eg., through injection by intravenous, intraperitoneal,
10 ntracerebral {(intraparenchyvmal), intracerebroventricular, intramuscular, intraocular,

miraarterial, intraportal, or intralesional routes; by sustained release systems (which
may also be injected); or by tmplantation devices. Where desired, the compositions
can be admunistered by bolus injection or continuously by infusion, or by
implantation device.
15 Alternatively or additionally, the composition can be administered locally via
implantation of a membrane, sponge, or other appropriate matenial onto which the
desired molecule has been absorbed or encapsulated. Where an implantation device
is used, the device can be implanted into any suttable tissue or organ, and delivery of
the desired molecule can be via diffusion, timed-release bolus, or continuous

20 administration.

9. Therapeutic Uses of FGF21

FGF21 signaling proteins can be used to treat, diagnose, ameliorate, or prevent

a number of diseases, disorders, or conditions, mcluding, but not limited to disorders

25  or conditions for which reduction of bile acid levels 1s desired and include progressive
familial intrahepatic cholestasis type 2 and 3 (BSEP and MDR3 mwutations
respectively; these are pumps that export bile acids and phospholipid owt of hiver),
intrahepatic cholestasis of pregnancy {(ICP). drug-induced cholestasis, contraceptive-

mnduced cholesiasis, primary biliary cirrhosis (avtoimmune}, primary sclerosing

LA
O

cholangitis (autoimmune), cryptogenic biliary fibrosis/cirthosis, total parenteral
nutrition {TPN)-induced cholestasis, bile duct mjury following liver transplantation,
sepsis-associated cholestasis, progressive sclerosing cholangitis, idiopathic adulthood
ductopenia, oriental cholangiohepatitis, and cholangiopathy associated with primary

hepaiolithiasis.

o8]
(98]
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These diseases or disorders can be treated by admunistering a long acting
FGF21 agonist as described herein (o a patient in need thereof in the amount of a
therapeutically effective dose. The admumistration can be performed as described
herein, such as by I'V injection, intraperitoneal injection, inframuscular injection in the
form of a hiquid formation or Ivophilized. In most situations, a desired dosage can be
determined by a clinician, as described herein, and can represent a therapeutically
effective dose of the FGF21 mutant polypeptide. It will be apparent to those of skill
i the art that a therapeutically effective dose of FGF21 mutant polypeptide will
depend, infer ofic, upon the admunistration schedule, the unit dose of antigen
adnunistered, whether the nucleic acid molecule or polypeptide is adnunistered in
combination with other therapeutic agents, the immune status and the health of the
recipient.

The term “therapeutically effective dose.” as used herein, means that amount
of FGF21 pathway activator that elicits the biological or medicinal response in a
tissue svstem, animal, or human being sought by a researcher, meadical doctor, or
other chinician, which includes alleviation of the symptoms of the disease or disorder

being treated.

10. Antibodies

Antibodies and antibody fragments that activate the FGF21 signaling pathway
are contemplated and are within the scope of the present invention. The antibodies
can be polyclonal, including monospecific polyclonal; monoclonal {(MAbs);
recornbinant; chimerie; humanized, such as complementarity-determining region
(CDR)-grafted; human; single cham; and/or bispecific; as well as fragments; vanants;
or chemically modified molecules thereof. Antibody fragments nclude those portions
of the antibody that specifically bind 1o an epitope on an FGF21 mutant polypeptide.
Examples of such fragments include Fab and F{ab’} fragments generated by
enzymatic cleavage of full-length antibodies. Other binding fragments include those
generated by recombinant DNA techmigues, such as the expression of recombinant
plasmuds containing nucleic acid sequences encoding antibody variable regions.

Monoclonal antibodies that moimic, agonize or activate the FGF21 signaling
pathway can be produced using anv method that provides for the production of
antibody molecules by continuous cell lines in culture. Examples of suitable methods

for preparing monoclonal antibodies include the hybridoma methods of Kohler ef o/,
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1975, Nature 256: 495-97 and the human B-cell hybridoma method (Kozbor, 1984, J.
Immunol. 133: 3001; Brodeuwr ef ol Monoclonal Antibody Production Technigques
and Applications 51-63 (Marcel Dekker, Inc., 1987). Also provided by the invention
are hybridoma cell lines that produce monoclonal antibodies reactive with FGF21
mutant polypeptides.

Monoclonal antibodies of the mvention can be modified for use as
therapeutics. In one embodiment, the monocional antibody is a “chimeric” antibody
in which a portion of the heavy (H) and/or light (L} cham is identical with or
homologous to a corresponding sequence m antibodies derived from a particular
species or belonging to a particular antibody class or subclags, while the remainder of
the chain{s) is/are identical with or homologous to a corresponding sequence in
antibodies derived from another species or belonging o another antibody class or
subelass. Also included are fragments of such antibodies, so long as they exhibit the
desired biological activity. See, e.g, USRS Patent No. 4,816,567, Morrison ef af,
1985, Proc. Natl. Acad. Sci. US A 81; 6851-55.

In another embodiment, a wonoclonal antibody of the mvention is a
“humanized” antibody. Methods for humanizing non-human antibodies are well
known in the art. See, e.g., U.S. Patent Nos. 5,585,089 and 5,693,762, Generally, a
humanized antibody has one or more amino acid residues introduced into it from a
source that is non-human. Humanization can be performed, for example, using
methods described in the art (see, e.g., Jones ef al, 1986, Natwre 321. 522-25;
Riechmann ef af., 1998, Nafure 332 323-27; Verhoeven et al., 1988, Science 239:
1534-36), by substituting at least a portion of a rodent complementarity -determining
region for the corresponding regions of a human antibody.

Also encompassed by the invention are human antibodies that bind the FGF21
mutant polypeptides of the present invention. Using transgentic animals {e.g., mice}
that are capable of producing 3 repertoire of human antibodies in the absence of
endogenous  iramwunoglobulin production  such  antibodies are  produced by
nmmunization with an FGF21 mutant antigen (7.¢., having at least 6 contiguous amino

acids), optionally conjugated (o a carrier. See, e.g., Jakobovits ef al, 1993, Proc.

Natl Acad. Sci. USA. 90 2551-55; Jakobovils ef al, 1993, Nature 362 255-58;

Bruggermann ef al., 1993, Year in Immuno. 7. 33. In one method, such transgenic
antmals are produced by incapacitating the endogenous loci encoding the heavy and

hight tmmunoglobulin chains therein, and inseriing loci encoding human heavy and
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light chain proteins mto the genome thereof Partially modified anmimals, 7.e. | animals
having less than the full complement of modifications, are then cross-bred to obtain
an animal having all of the desired tmnune systern modifications.  When
administered an immunogen, these transgenic animals produce antibodies with human
{rather than, e.g., murine) amino acid sequences, including variable regions that are
nnospecific for these antigens.  See, e.g., International Publication Nos. WO
96/33735 and WO 94/02602. Additional methods are described in U.S. Patent No.
5.545 807, International Publication Nos. WO 21/10741 and W 90/04036, and in
European Patent No. 0 546 073. Huoman antibodies can also be produced by the
expression of recombinant DNA in host cells or by expression in hybridoma cells as
described herein.

in an alternative embodiment, human antibodies can also be produced from
phage-display hbraries (see, e.g., Hoogenboom ef al., 1991, J Mol Biol 227 381;
Marks er al., 1991, J Mol Biol 222 5&1). These processes mimic immune selection
through the display of antibody repertoires on the surface of filamentous
bacteriophage, and subsequent selection of phage by their binding to an antigen of
choice. One such technique is described in International Publication No. WO
99/10494, which describes the isolation of high affinity and fimctional agonistic
antibodies for MPL- and msk- receptors using such an approach.

Chimeric, CDR grafted, and humanized antibodies are typically produced by
recombinant methods. Nucleic acids encoding the antibodies are introduced into host
cells and expressed using materials and procedures described herein.  In one
embodiment, the antibodies are produced in mammalian host cells, such as CHO
cells. Monoclonal (e g, human) antibodies can be produced by the expression of
ecombinant DNA i host cells or by expression inn hybridoma cells as described
herein.

The aniitbodies of the invention can be employed in any known assay method,
such as competitive binding assays, direct and indurect sandwich assays, and
imnunoprecipitation assavs (see, e.g., Sola, Monoclonal Antibodies: A Manual of
Technigues 147-158 (CRC Press, Inc., 19873, mcorporated herein by reference in s
entirety) for the detection and quantitation of FGF2! mutant polypeptides. The
antibodies will bind FGF21 mutant polypeptides with an affinity that is appropriate
for the assay method being emploved.

For diagnostic apphcations, in certain emnbodiments, antibodies can be labeled
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with a detectable motety. The deieciable moiety can be any one that is capable of
producing, either directly or indirectly, a detectable signal.  For example, the
detectable moiety can be a radioisotope, such as *H, “C, 2P, ¥8, %1, ¥T¢, Win, or
“(Ga; a fluorescemi or chemiluminescent compound, such as fluorescein
isothiocvanate, rhodamine, or luciferin; or an enzyme, such as alkaline phosphatase,
B-galactosidase, or horseradish peroxidase (Bayer ef al., 1990, Meth. Enz. 184 138-
63).

Competitive binding assays rely on the ability of a labeled standard {(e.g., an
FGF21 mutant polvpeptide, or an immunologically reactive portion thereof) to
compete with the test sample analyie (e.g., an FGF21 mutant polypeptide) for binding
with a limited amount of anti-FGF21 mutant antibody. The amount of an FGF21
mutant polvpepiide in the test sample is inversely proportional to the amount of
standard that becomes bound to the antibodies. To facilitate determuming the amount
of standard that becomes bound, the antibodies typically are insolubilized before or
after the competition, so that the standard and analvte that are bound to the antibodies
can conveniently be separaled from the standard and analyte that remain unbound.

Sandwich assays typically involve the use of two antibodies, each capable of
binding to a different immmunogenic portion, or epitope, of the protein to be detected
and/or quantitated. In a sandwich assay, the test sample analyte is tvpically bound by
a first antibody that 1s 1mmobilized on a solid support, and thereafter a second
antibodv binds to the analvte, thus forming an insoluble three-part complex. See, e.g.,
US. Patent No. 4,376,110, The second antibody can itseif be labeled with a
detectable moiety (direct sandwich assays) or can be measured using an anti-
inwnunoglobulin antibody that is labeled with a detectable moiety (indirect sandwich
assavs).  For example, one type of sandwich assay 15 an enzyme-linked
immumnosorbent assay (ELISA), in which case the detectable moiety is an enzyme.

The antibodies of the present mvention are also useful for in vivo imaging. An
antibodv labeled with a detectable mwotety can be adnunistered to an amimal,
preferably into the bloodstream, and the presence and location of the labeled antibody
in the host assaved. The antibody can be labeled with any moiety that is detectable in
an animal, whether by nuclear maguoetic resonance, radiology, or other detection
means known in the art.

The of the invention can be used as therapeutics. These therapeutic agents are

generally agonisis or antagomsts, in that they either enhance or reduce, respectively,

Led
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at least one of the biological activities of an FGF21 mutant polypeptide. In one
embodiment, antagonist antibodies of the invention are antibodies or binding
fragments thereof which are capable of specifically binding to an FGF21 mutant

polypeptide and which are capable of inhibiting or eliminating the functional activity

83

of an FGF21 mutant polypeptide in vivo or in vitro.

EXAMPLES
The Examples that follow are illustrative of specific embodiments of the
mvention, and vartous uses thereof. Thev are set forth for explanatory purposes only,

10 and should not be construed as miting the scope of the invention in any way.

Preparation of FGF21 Exoression Constructs

A nucleic acid sequence encoding the mature FGF21 polvpephide was
obtained by polymerase chain reaction (PCR) amplification using primers having
15 nucleotide sequences corresponding to the 5 and 37 ends of the mature FGF21

sequence. Table 2 hists the primers that were used fo amphfy the mature FGF21

sequence.
Table 2
20 PCR Primers for Preparing FGF21 Construct
SEQ
Primer | Sequence 13 NO:
Sense 51 ~AGGAGGAATAACATATGCATCCARTTCCAGATTCTTCTCC -2 ! 14
Antisense | 5' ~TAGTGAGCTCGAATTCTTAGGAAGCGETAGCTGE-3 15

The primers used to prepare the FGF21 expression construct incorporated
restriciion endonuclease sites for directional clommng of the sequence o a suitable
expression vector {e.g. pET30 (Novagen/EMD Biosciences; San Diego. CA) or

25  pAMG33 (Amgen; Thousand Oaks, CA)Y. The expression vector pAMG33 contains
a low-copy number R-100 origin of replication, a modified /ac promoter, and a
kanamy cin-resistance gene. The expression vector pET30 contains a pBR322-derived
origin of replication, an inducible T7 promoter, and a kanamvcin-resistance gene.

While expression from pAMG33 was found to be higher, pET30 was found to be a

LA
O

more reliable cloning vector. Thus, the majority of the construcis described in the

mstant application were first generated in pET30 and then screened for etficacy.
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Selected sequences were then transferred to pAMG33 for further amplification.

The FGF2Z1 sequence was amplified in a reaction nuxture containing 40.65 ul
dH20, Sul. PfulJlira {f Reaction Buffer (10x), 1.25 pl dNTP Mix (40 mM — 4 x
10mM}, 0.1 ub Template (100 ng/mi}, 1 pl Primerl (10 uM), 1Tyl Primer2 (10
uM), and 1 ul PfuUltra 11 fusion HS DNA Polvmerase (Stratagene; La Jolla, CA).
Amphiication reactions were performed by heating {or 2 munules at 95°C; followed
by ten cycles at 95°C for 20 seconds, 60°C for 20 seconds (with an additional 1°C
subtracted per cvcle), and 72°C for 15 seconds/kilobase of desired product; followed
by 20 cycles at 94°C for 20 seconds, S5°C for 20 seconds, and 72°C for 15
seconds/kilobase of desired product; followed by 72°C for 3 munutes. Amplification
products were digested with the resiriction endonucleases Ndel, Dpnl, and EcoRI;

higated inio a suttable vector; and then transformed into competent cells.

Purification of FGF21 Proteins from Bacteria

In the Examples that foliow, varicus FGF21 proteins, including the wild-tvpe
FGF21 polypeptide, inmcated FGF21 polypeptides, FGF21 mutanis, and FGF21
fusion proteins, were expressed in a bacterial expression system.  After expression,
which is described below, the FGF21 proteins were pusified as described in this
Example, unless otherwise indicated.

To purify the wild-type FGF21 polvpeptide, truncated FGF21 polypeptides,
and FGF21 mutants from bacterial inclusion bodies, double-washed inclusion bodies
(DWIiBs) were solubilized in a solubilization buffer containing guanidine
hydrochloride and DTT n Tris buffer at pH 8.5 and then muixed for one hour at room
temperature, and the solubilization mixture was added to a refold buffer containing
urea, arginine, cvsteine, and cystamine hydrochloride at pH 9.5 and then mixed for 24
hours at 5°C (see, e.g., Clarke, 1998, Cwrr. Opin. Biotechnol 9. 157-63; Mannall et
al., 2007, Bioctechnol. Biceng. 97 1523-34; Rudelph e al., 1997, "Folding proteins,”
Protein Function: A Practical Approach (Creighton, ed., New York, IRL Press) 57-99;
and Ishibashi ef /., 2008, Protein Expr. Purif. 42 1-6}.

Following solubilization and refolding, the mixture was filtered through a 0.45
micron filter. The refold pool was then concentrated approximately 10-fold with a 10
kD molecular weight cut-oft Pall Omega cassette at a transmembrane pressure (TMP)
of 20 psi, and dialfiltered with 3 column volumes of 20 mM Tris, pH 8.0 at a TMP of

20 psi.
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The clarified sample was then subjected 1o anion exchange (AEX)
chromatography using a @ Sepharose HP resin. A linear salt gradient of 0 1o 250 mM
NaCl in 20 mM Tris was run at pH 8.0 at 5°C. Peak fractions were analyzed by SDS-
PAGE and pooled.

The AEX elvate pool was then subjected to hydrophobic inieraction
chromatography (HIC) using a Phenyl Sepharose HP resin. Protein was eluted using
a decreasing lingar gradient of 0.7 M to 0 M ammonium sulfate at pH &.0 and ambient
temperature. Peak fractions were analyzed by SDS-PAGE (Laemmli, 1970, Nature
227 680-83) and pooled.

The HIC pool was concentrated with a 106 kD> molecular weight cut-off Pall
Omega 0.2 m’ cassette to 7 mg/mbL at a TMP of 20 psi. The concentrate was
dialfittered with 5 colurm volumes of 10 mM KPQa, 5% sorbitol, pH 8.0 at a TMP of
20 psi, and the recovered concentrate was diluted to 5 mg/mi.. Finally, the solution
was filtered through a Pall mini-Kleenpac 0.2 uM Posidyne membrane.

To purify FGF21 fusion proteins and FGF21 fusion mudant proteins from
bacterial inclusion bodies, double~-washed mclusion bodies (DWIBg) were solubilized
in a solubilization buffer containing guarudine hydrochioride and DTT in Tris buffer
at pH 8.5 and then mixed for one howr at room temperature, and the solubilization
mixture was added to a refold buffer containing urea, arginine, cysteine, and
cvstamine hydrochloride at pH 9.5 and then mixed for 24 howrs at 5°C (see, e.g,
Clarke, 1998, Curr. Opin. Biotechnol 9: 157-63; Mannall ef al.. 2007, Biotechnol.
Bioeng. 97. 1523-34; Rudolph ef al., 1997, “Folding proteins,” Protein Function: A
Practical Approach (Creighton, ed., New York, IRL Press} 57-99; and Ishibashi ef al.,
2005, Protein Expr. Purif 42. 1-6).

Foliowing solubilization and refolding, the mixture was dialyzed against 3
volumes of 20 mM Tris, pH 8.0 using 10 kD dialysis tubing. The pH of the dialyzed
refold was adjusted to 5.0 with 50% acetic actd, and then clarified by cenirifugation
for 30 minutes at 4K,

The clarified sample was then subjected 1o anion exchange (AEX)
chromatography using a @ Sepharose HP resin. A linear salt gradient of 0 1o 250 mM
NaCl in 20 mM Tris was run at pH 8.0 at 5°C. Peak fractions were analyzed by SDS-
PAGE (Laemmli, 1970, Nature 227: 680-85) and pooled.

The AEX elvate pool was then subjected to hydrophobic inieraction

chromatography (HIC) using a Phenyl Sepharose HP resin. Protemn was eluted using
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a decreasing linear gradient of 0.6 M to ¢ M ammonium suifate at pH 8.0 at ambient
temperature. Peak fractions were analyvzed by SDS-PAGE and pooled.

Following the HIC step, the pool was then dialyzed 60 volumes of 10 mM
Tris, 2.2% sucrose, 3.3% sorbitol, pH 8.5. The dialyzed pool was concentrated to 5
mg/mL using a jumbosep. Fmally, the solution was filtered through a Pall munt-

Kleenpac 0.2 uM Posidyne membrane.

F(GE21 Proteslveis-Besistant Mutants

Suttable FGF21 mutants were wdentified by esperiroentally determaning the
positions of the wild-type FGF21 sequence that are sites of major proteolviic activity,
and specific amino acid substitutions were introduced at these sites.  Amino acid
substitutions were based on FGF21 sequence conservation with other species and
biochemical conservation with other amino acid residues. A lhist of amino acid
substitutions that were or can be introduced into the wild-type FGF21 protein is
provided in Table 3, although Table 3 1s only exemplary and other substitutions can
be made. The numbers of the positions given in Table 3 correspond to the residue

position in the mature FGF21 protein, which consists of 181 amino acid residues.

Table 3
FGEF21 Residues Mutated

Amino Acid Position | Mative Residue | Mutations

19 Arg Glin, lle, Lys

20 Tyr His, Leu, Phe

21 Leu He, Phe, Tyr, Val

22 Tyr e, Phe, Val

150 Pro Ala, Arg

151 Gly Ala, Val

152 ie His, Leu, Phe, Val

170 Gly Ala, Asn, Asp, Cvs, Gln, Glu, Pro. Ser

171 Pro Ala, Arg, Asn, Asp, Cys, Glu, Gin, Gly,
His, Lys, Ser, Thr, Trp, Tyr

172 Ser Leu, Thr

173 Gin Arg, Glu

Preparation and Fxnression of Proteolvsis-Resistant FGEF21
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Mutants and Fasion Proteins

Constructs encoding the FGF21 mutants were prepared by PCR amplification
of the wild-tvpe FGF21 expression vector as described below. The goal of these
experiments was to generate FGF21 mutants that are resistant to proteolysis and

5 exhibit longer half-lives.

Table d

Proteolysis-Resistant FGEF21 Matants
Mutation(s) Fe Linker
R191
R191 ~-COOH 15
RI19K
R19K ~-COOH 15
R19¢;
R19(3 ~-COOH 15
RI9K, Y20H
RI19K, Y20H -COOH 15
RI19K, L211
RI9K, L2111 -COOH 15
RI9K, Y20H, L211
RI9K, Y20H, L211 -COOH 15
Y 20F
Y20F -COOH 15
Y20H
Y20H -COOH 15
Y20L
Y 20L -COOH 15
Y20H, L211
Y20H, L2111 -COOH IS
L211
1211 -COOH IS
L21F
L21F -COOH IS
L21V
L21V -COOH 15
L21Y
L21Y -COOH 15
Y22F
Y22F ~-COOH 15
Y221
Y221 ~-COOH 15
Y22V
Y22V -COOH 15
PI50A
PI50A ~NHz IS
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Mutation(s) Fe Linker
PI50R -NH» 15
P150A, GIS1A

PI50A, GISIA -NH» 15
PI150A, 1152V

PI150A, 1152V -NH» 15
PI50A, GIS1A TI32V

PI5S0A, GISTA TI32V | -NH» 15
GI51A

GI51A -NH» 15
Gis1Y

Gis1Y -NH» 15
GIS1A, 1152V

GIS1A, 1152V -NH» 15
1152F

1152F -NH» 15
1152H

1152H -NH» 15
11521

11521 -NH» 15
1152V

G170A

G170A -NH» 15
G170C

G170 -NH» 15
G170D

G170D -NH» 15
G170E

G170E -NH» 15
G170N

G170N -NHz 15
G170P

G170P -NH» 15
1700

G704 -NH: 15
{31708

{31708 -NH: 15
G170E, P171A

G170E, P171A -NH: 15
G170E, 8172

170K, 8172 -NH: 15
Gi170E, P171A, S172L

G170E, P171A, S172L | -NH: 15
P171A

P171A -NH: 15
P171C -NH: 15
P171D -NH: 15
P171E -NH: 15

PCT/US2016/055017
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Mutation(s) Fe Linker
P171G -NH» 15
P171H -NH» 15
P171K -NH» 15
PI7IN -NH» 15
P171Q) -NH» 15
P1718 -NH» 15
PiY -NH» 15
P171W -NH» 15
PI71Y -NH» 15
P171A, 81721

P171A, 81721 -NH» 15
S172L -NH» 15
81727

81727 -NH» 15
Q173E

Q173E -NH» 15
(J173R

(3173R -NH» 15

FGF21 mutant constructs were prepared using primers having sequences that
are homologous to regions upstream and downstream of a codon {or codons) to be
mutated.  The primers used in such amplificaion reactions also provided
approximately 15 nuclectides of overlapping sequence to allow for recircularization
of the amplified product, namely the entire vector now having the desired mutant.

FGF21 mutant consiructs were prepared using essentially the PCR conditions.
Amplification products were digested with the restriction endonuclease Dpnl. and
then transformed into competent cells. The resulting clones were sequenced to
confirm the absence of polymerase-generaled errors. Fe-FGF21 and FGF2I-Fe
fusion proteins were generated as described herein.

FGF21 mutants were expressed by transformung competent BL21 (DE3) or
BL21 Star (Invitrogen; Carlsbad, CA} cells with the construct encoding a particular
mutant.  Transformanis were grown overnight with hmited aeration in TB wmedia
supplemented with 40 pg/mb kanamyvcin, were aerated the next morning, and after a
short recovery period, were induced in 0.4 mM PTG FGF21 mutant polypeptides
were harvested by centrifugation 18-20 hours after induction.

FGEF21 mutants were also analvzed for predicted immunogenicity.  Tromune
responses against proteing are enhanced by antigen processing and presentation in the

major histocompatability complex (MHC}) class I binding site. This interaction is

44



WO 2017/059371 PCT/US2016/055017

83

10

required for T cell help in maturation of antibodies that recognize the protein. Since
the binding sites of MHC class 1l molecules have been characterized, it is possible to
predict whether proteins have specific sequences that can bind to a series of cornmon
human alleles. Computer algorithms have been created based on literature references
and MHC class I crystal structures to determine whether linear amino acid peptide
sequences have the potential to break inoune tolerance. The TEPITOPE computer
program was used to determine if point mutations in particular FGF21 mutants would
increase antigen specific T cells in a majority of humans. Based on an analysis of the
linear protein sequence of each FGF21 mutant, none of the mutants was predicted to

enhance immunogenicity.

Preparation and Expression of Fe-FGE21 Fusion Combination Mutants

As described above, the stability and solubility of FGF21 can be modulated
through the introduction of specific truncations and amuno acid substitutions. In
addition, FGF21 stability can be further enhanced by fusing such modified FGF21
proteins with the Fe portion of the human immunoglobulin IgG1 gene. Moreover, by
miroducing combinations of the above modifications, FGF21 molecules having both
enhanced stability and solubility can be generated. WNucleic acid sequences encoding
the FGF21 combination mutanis listed in Table 6 were prepared using the techniques

described above,

Table 6
FGF2E Combination Muotants
Amine Acid | Proteolysis | Agpregation
Regidues Mutation Mutation Fe | Linker
1-181 Gl70E AdSK -NH:z 15
1-181 Gl70E LO98KR -NH:z 15
1-181 Gl7GE A43K, LO8R | -NH: 15
1-181 PI7IG AdSK -NH:z 15
1-181 PI71S AdSK -NH:z 15
1-181 PI716G LI9SR ~NHz2 15
1-181 P1718S LI9SR ~MNH2 15
1-181 PI716G AASK, LI98R | -NH: 15
1-178 (G170E ~NHz2 15
6-181 G170E ~NH2 15
6-181 G170E AdSK ~NH2 15
6-181 G170E LI9SR ~NH2 15
6-181 P171G ~MNH2 15

SN
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Amino Acid | Proteolysis | Aggregation
Residues Muiation Mutation F¢ | Linker
6-181 PI71G L98R -NH: 15
7-181 G170E -NH: 15

Acute Effect of recombinant FGF21 on CYP7AT expression in Mice

N

Cholesterol 7

alpha~hydroxylase (CYP7AL) 1s the rate-limiting enzyme

mvolved in bile acid synthesis via the classic pathway. A reduction in CYP7AL gene

expression would indicate a down-regulation of bile acid synthesis. Five separate

studies were conducted to evaluate the effects of recombinant FGF21 on CYP7AL

expression in different mouse models after a single admunistration. Al mice were

10 allowed to acclimate to a 12:12-h hght-dark cvcle, housing hunudity and temperature,

and routine handling prior to mutiation of each study. Lean male C37BL6 mice

{Harlan Laboratories} were maintained on a standard rodent diet (2020x Harlan

Tekiad). For studies involving diet-induced obese (DIO) mice, male C37BL6 muce

were obtained from Charles River Laboratories (Hollister, CA) at 3 weeks of age.

15 Obesity was induced at 4 weeks of age by initiating a 609% kcal high-fat diet (012492,

Research Diets) feeding and continuing for at least 12 weeks prior to study mitiation,

IO mice were maintained on the high-fat diet for the duration of each study. Leptin-

deficient ob/ob mice were obtained from Jackson Laboratories {stock #000632) at 8

weeks of age, group-housed and maintained on a standard rodent diet (8640 Harlan

20 Tekiad).

Mice from all three mouse models were stratified into treatment groups

based on body weight. A single intraperitoneal injection (IP) of recombinant FGF21

was administered at indicated doses. Terminal blood and liver samples were collected

al vartous time points post injection for measurement of drug concentration and {o

perform gene expression analysis.

25 In Figure 1A, this study examined the effect of FGF21 on CYP7AL

exprassion under different feeding conditions in DO mice fed either ad libitum or

fasted for a total of 3 or 12 howrs. Mice were admunistered a single-injection of

FGF21 (3 me/kg, 1P) 3 hours prior to ternunation for each condition. CYP7AL levels

were reduced under ali three conditions following FGF21 administration, compared {o

LA
O

CYP7A1L levels in Vehicle treated mice. CYP7AT levels were reduced by 72% 1n 12-

hour fasted mice, 54% in ad-lib fed nuce, and 52% in 3-hour fasted mice.
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in Figwre 1B, CYPT7AL expression was measured over a time-course of 24

hours n BIO mice following a single-injection of FGF21 (3 mg/kg, IP). Plasma and
liver samples were collected at 1, 3, 6, and 24 hours post-injection. For each time
point, mean CYP7A1 expression levels are plotted against respective mean FGF21
plasma concentrations from the same mice. Following FGF21 admumistration,
CYPTAL levels were reduced by 34% and 61% at the 1 and 3 hour time points,
coinciding with the peak FGF21 serum concentrations. By the 6-hour and 24-hour
time points, CYPT7AL expression level was nearly identical between Vehicle- and
FGF21-treated groups coinciding with clearance of FGF21 from the serum. FGF21
serum concentration was 10-fold less at the 6-hour time pomt than at the 1-hour tiroe
point and was below quantifiable levels by the 24-hour time point.
The dose-response effect of FGF21 on CYP7AL expression was examined in DIO
{Figure 1C), lean (Figure 1D) and ob/ob (Figure 1E) mice. DIO and lean CS7BL6
mice received FGF21 at (0, 0.001, 0.01, 0.1, 1.0, 3.0, and 10 mg/kg. IP). Terminal
liver samples were collected 3-hours post-injection from mice fasted for 3-hours. In
DIO mice, CYP7AL expression was reduced by 54% in mice adminustered with
FGF21 at 1.0 mg/kg and maximal CYP7A] reduction of 65% was achieved in mice
administered with FGF21 at10 mg/kg. In Lean C57BL6 mice, CYPTAT expression
was reduced by 33% mn mice admunistered FGF21 (0.001 mg/ke) and maximal
CYPT7AL reduction of 47% was achieved in mice administered FGF21 at (10 mg/kg).

In addition, CYPTAL expression was measured in ob/ob nmice administered
with FGF21 at (0, 0.1, 1, and 10 mg/kg, IP). Terminal hiver samplas were collected 4-
howurs post-injection {rom ad lib fed muce. Reduction in CYP7AL expression ranged

from 539 t0 74% in nuce adminustered FGF21

Acute Effect of recombinant FGF21 on Multinle Genes Involved in Bile Acid

Synthesis, Secretion. and Re-absorption in BIO Mice

A study was conducted to evaluate the effects of recombinant FGF2Z1 on genes
related to bile acid synthesis, excrefion, and intestinal absorption in DIO mice. DIO
mice were conditioned as described 1o Exarople 1 and were stratified into treatment
groups based on bodv weight. Mice were administered a single-injection (iP) of

B

recombinant FGF21 at 0.3, 3 and omg/kg or a single oral gavage of a Liver X

Receptor agonist (LXR, TO901317, 50 mg/kg, Cayman Chemical, CAS 293754-55-
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9). Food was removed and liver, galibladder, and ileum samples were collected 3-
hours post-injection for gene expression analvsis. The ileal samples were flushed
clean with saline. All tissue saroples were snap-frozen in liquad nitrogen.

In Figure ZA. gene expression analysis was performed on liver samples for
eenes related to bile acid synthesis. Acute administration of FGF21 dose-dependently
inhibited hepatic expression of CYP7AL and CYPSbI., both kev genes in the classic
bile acid synthesis pathway. Following FGF21 administration, CYP7A1 expression
was reduced by 42% (0.3 mg/kg), 57% (3 mg/kg), and 75% {6 mg/kg). CYPSBI
expression was reduced by 7% (0.3 mg/kg). 16% (3 mg/ke), and 39% (6 me/kg).
CYP27A1, a key gene in the allemative bile acid synthesis pathway, was also
suppressed by 453% in mice treated with the highest dose of FGF21 (6mg/kg). As
expected, CYPTAL expression increased 4-fold in DIO mice treated with LXR
agonist (T0901317) cornpared to DIO mice treated with Vehicle.

in Figure 2B, gene expression analysis was performed in genes related to bile
acid excretion in gallbladder samples. FGF21 administration increased the expression
of genes involved i bile acid, phospholipid, and sterol tfransport in the gall bladder of
DIO nuce. Mice admunistered with higher doses of FGF21 (3 and 6 mg/kg, 1P)
increased the expression of bile acid tramsporter, BSEP, by 200%, phospholipid
transporter, MRPZ, by 177%, and sterol transporter, ABCGS and ABCGE, by 112%
and 75%, respectively. These 4 genes were also up-regulated in DIO wmice treaied
with LXR agonist (T0901317, PO) compared to DIO nuce treated with Vehicle.

in Figure 2C, gene expression analysis was performed in genes related to ileal
bile acid re~-absorption. OST gene expression was reduced in BIO mice dosed with
either 3 doses of FGF21 (0.3, 3, and 6 mg/kg, 1P) or the LXR agonist {T0901317, PO)
compared to DIO mice treated with Vehicle. Maximal reduction in OSTD gene
exprassion was 33% in FGF21 treated mice. ASBT gene expression was dose-
dependently reduced in FGF21 treated mice with maximal reduction of 32% observed
in nuce treated with FGF21 6 mg/kg. A marginal reduction in OST!U gene expression
was observed i DIO mice treated with FGF21 (3 and 6 mg/kg) with a maximal

reduction of 16%.

Effect of recombinant FGF21 and AMG 876 Surrosatle on
Bile Acid Levels in Lean CS7TBLS Mice
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A nine day study was conducted with multiple injections of recombinant
FGF21 or recombinant AMG 876 Surrogate (o evaluate the effects on bile acid levels
im 18 week old lean C57BL6 mice. FGF19 was also included as a comparison. Lean
mice were maintained on standard chow diet and were stratified into treatment groups
based on body weight. Mice were admunistered by IP injection twice a day with
vehicle, htFGF19 (0.3 and 3 mg/kg) or WFGF21 (0.3 and 3 mg/kg). A long-acting
FGF21 analog, AMG 876 Surrogate, was [P administered at 1 and 10 mg/kg every 3
days. Mice treated with AMG 876 Surrogaie received saline injections (IF) when not
dosed with test article to ensure all study mice received the same number of
mjections. Three-dayv total feces were collected during the treatment period from day
0-3 and from day 6-9. At the termination on Day 9, mice receivad the last drug dose
and were placed into new cages without food. Terminal tissue samples were collectied
3-hours post the moming test article administration. The liver was snap frozen in
fiquid nitrogen and the gallbladder was ligated and weighed. An incision was made to
the gallbladder and bile was collected foliowing centrifugation. The empiy
gallbladder was again weighed and the difference between the filled and empty
galibladder was recorded as the bile volume The small intestine and colon were
collected with contents intact. Tissues were individually extracted in 75% ethanol in a
volume that was 3-8 times the tissue weight depending on the bile acid contents in
each fissue. Bile acid measurements were performed using Crystal Chem mouse bile
acid kits (Downers Grove, 1L, cat#f 80370).

in Figwre 3A, a reduction in total bile acids was observed in the liver and
small intesting of mice treated with high dose of FGFI9 and FGF2T (3 mg/kg) as
well as 10 mice treated with the low and high doses of AMG 876 Swrrogate (1 and 10
mg/ke). A Reductions in bile acid concentrations in the gallbladder and the fotal bile
acid pool size were observed in mice treated with high dose of FGF19 (3 mg/kg) and
with the fow and high doses of AMG 876 Surrogate. Compared with FGF19, native
FGF21 was not as efficacious when adnumstered at the same dose level. However,
with the half-life extension and the improvement in potency, the long-acting FGF21
analog, AMG 876 surrogate, achieved the efficacy simular to or slightly betier than
FGF19. Reductions n total bile acids from liver (67%), small intestine (77%), bile
{64%:), and total bile acid pool size (76%) were observed in mice treated with AMG

876 Surrogate. The empty gallbladder weight was nearly identical in mice across all
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treatment groups. However, an increased bile weight, indicative of increased bile
volume or bile secretion, was seen in muce treated with both doses of FGF21.

in Figure 3B, total bile acid concentrations in the colon and feces as well as
ecal lipids were measured from terminal colon samples and from fecal samples
collected from Day 0-3 and Day 6-9. Total bile acid concentrations in the colon and
feces mamucked the profile of total bile acids in the liver, small intestine, and overall
pool size (Figure 3A). Reduction in total bile acid concentrations in the colon and
feces was observed in mice treated with FGF19 (3 mg/kg), FGF21 {0.3 and 3 mg/kg)
and AMG 876 Surrogate (1 and 10 mg/kg). A maximal reduction of 78% 1n fotal bile
acid concentration in the colon was observed in mice treated with AMG 876
Swrrogate when compared to Vehicle treated mice. Within the first 3 days of
ireatment inttiation, fecal total bile acid concenirations were reduced in mice from all
ireatment groups with a 30% maximal reduction observed in mice treated with AMG
876 Surrogate compared to the level in nuce treated with Vehicle. By day 6-9, fecal
total bile acid concentrations in mice treated with FGF19 (0.3 mg/kg) and FGF21 (0.3
and 3 mg/kg) returned to near Vehicle treated levels although FGF21 (3 mgkg)
treated muce were still significantly lower compared to the vehicle group. Further
eduction from Dav (-3 1o Day 6-9 in fecal total bile acid concentrations were
observed in mice treated with FGF19 (3 mg/kg) and AMG 876 Swrogate {1 and 10
mg/kg). Fecal total bile acid concentrations were maximally reduced by 58% in AMG
876 Surrogate treated mice compared to Vehicle Bile acids are requred for lipid
solublization and absorption in the intestinal lumen. As would be expected, a
reduction in bile acids in the intestinal tumen resulted in a reduced absorption and
mcreased fecal excretion of cholesterol and fatty acids. Fecal cholesterol levels were
imcreased in mice from all treatment groups, including FGF19 and FGF21, and AMG
876. Fecal fatty acid levels were increased in mice treated with high dose FGF19 (3
mg/k) and both fow and high dose of AMG 876 Surrogate (1 and 10 mg/kg). Maximal
mcrease in fecal cholesterol (51%) and fecal fatty acids (107%) was observed in mice

treated with AMG 876 Surrogate when compared to mice treated with Vehicle.

Effect of recombinant AMG 875 and recombinant AMG 876 on Plasma Bile

Acids and C4 Levels in Cvnomolous Monkevs
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A chronic dose-escalation study with long-acting FGF21 analogs were
conducted in impaired-glucose tolerant cynomolgous monkeys using a dose-
escalation protocol. Briefly, amimals were individually housed in a controlled
environment with 12:12-h hight-dark cycle, controlled humidity range of 60% to 80%.
and temperature was maintained in the range of 180C to 26001C. Anumals were fed
iwice a day with a snack m between meals and had free-access to drinking water.
Animals were acclimated to all experimental procedures prior to study initiation.
Vehicle, AMG 875, or AM{: 876 was administered weekly by subcutaneous mjection
for 9 consecutive weeks. The dose was escalated every 3 weeks (0.3 mg/kg for the
first 3 weeks, followed by | mg/kg for the next 3 weeks, and 3 mg/kg for the last 3
weeks}. Blood samples from cynomolgus monkeys fasted overnight were collected at
pre-dose dav 14, and on days 5, 12, 19, 26, 33, 40, 47, 54, and 61 (at approximately
117 hours after each weekly dose). During the drug-washout phase of the study,
blood samples were collected on days 70, 77, 84, 91, 98, 105 and 133, All fasting
samples were subsequently analvzed for plasma total bile acids. In addition, fasting
samples from pre-dose day ~14, and days 19, 40, and 61 were used o measure 7o-
Hydroxy-4-Cholesten-3-One (C4) levels, a biomarker for bile acid synthesis, by LC-
MS/MS.

In Figure 4, plasma total bile acid levels were measured from weekly plasma
collections including the 10~-week washout period and plotted as the percent change
from baseline values. Monkevs treated with AMG 876 demonstrated reduced fotal
bile acid levels across the entire 9-weeks of dosing with a maximal reduction of 69%.
Monkeys treated with AMG 875 trended to be lower than monkeys treated with
Vehicle. Following |-week of drug washout, total bile acid levels in mounkeys treated
with AMG 875 rebounded sharply nearly 5-7 folds over baseline levels. AMG 876,
with a superior pharmacokinetic profile over AMG 875, took 3-weeks of drug
washout for total bile acid levels to return 1o levels seen in Vehicle treated monkeys.
C4 levels were also measured from fasting plasma samples collected prior (o dosimg
{(Day -14) and following the third injection of each dose level at study days (19, 40,
61, and 133} Mounkeys treated with both AMG 875 and AMG 876 demonstrated
significant mhibition of C4 at each dose level with maximal reductions observed in
AMG 875 (57%) and AMG 876 (65%) compared to monkeys treated with Vehicle.
{4 levels returned 1o levels seen in monkeys treated with vehicle by 10weeks of drug

washout.
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While the present invention has been described in terms of various
embodiments, it 1s understood that vanations and modifications will occur to those
skilled in the art. Therefore, it 15 intended that the appended claims cover all such
equivalent variations that come within the scope of the invention as claimed. In
addition, the section headings used herein are for organizational purposes only and
are not to be construed as limiting the subject matter described.

All references cited in this application are expressly incorporated by reference

herein.
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CLAIMS

What 1s claimed is:

I. A method of treating a patient with excess bile acid with an extended
half-life agonist of the FGF21 signaling pathway.
2. The method of claim 1, wherein the agonist 1s an FGF21 fusion protein

comprising an Fc a hnker and FGF21.

(ad

The method of claim 2. wherein the FGF21 further comprises a point
mutation in position of SEQ ID NG: 1 at lysine 98 to arginine and proline 171 to

glycme,

4, The method of claim 3, wherein the FGF21 further comprises a point

muiation at arginine 180 to glutamic acid.

5. The method of any of claims 1-4, wherein the agonist has a half-life of

ereater than 5 hours.

6. The method of any of claims 1-5, wherein upon admunistration of the
agonist, bile acid is reduced by a statistically significant amount relative to pre-

treatment levels.

7. The method of claim 6, wherein upon adminisiration of the agonist, the
CYP7AL biomarker of bile acid production is reduced by a statistically significant

amount relative {0 pre-treatment levels.

g The method of any of claims 1-7, wherein the condition to be treated is
selected from progressive familial intrahepatic cholestasis type 2 and 3 {(BSEP and
MDR3 mutations respectively, these are pumps that export bile acids and
phospholipid out of liver), intrahepatic cholestasis of pregnancy (ICP), drug-induced
cholestasis,  coniraceptive-induced  cholestasis, primary  biliary  cirrhosis

(autoimmune), primary sclerosing cholangitis {autoimmune), cryptogenic biliary

n
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fibrosis/cirrhosis, total parenteral nuirition (TPN)-induced cholestasis, bile duct
mjury  following liver transplaniaion, sepsis-associaied cholestasis, progressive
sclerosing cholangitis, 1diopathic adulthood ductopenia, onental cholangichepatitis,

and cholangiopathy associated with primary hepatolithiasis.

Q. An extended half-life agomst of the FGF21 signaling pathway for use

i treating a patient with excess bile acid.

10. The use of claim 9, wherein the agonist i3 an FGF21 fusion protein

comprising an Fe a linker and FGF21.

1. The use of claim 10, wherein the FGF21 further comprises a point
mutation in position of SEQ ID NO: 1 at lysine 98 to arginine and proline 171 o

glycine.

12. The use of claim 11, wherein the FGF21 further comprises a point

mutation at arginine 180 to glutamic acid.

13 The use of any of claims 9-12, wherein the agonist has a half-life of

greater than 5 hours.

14, The use of any of claims 9-13, wherein upon administration of the
agonist, bile acid 153 reduced by a statistically significant amount relative to pre-

treatment levels.

15. The use of claim 14, wherein upon administration of the agonist, the
CYPT7AL biomarker of bile acid production is reduced by a statistically significant

aroount relative to pre-treatment levels.

16. The use of any of claims 9-15, wherein the condition to be treated is
selected from progressive familial intrahepatic cholestasis type 2 and 3 (BSEP and
MDR3 mmations respectively; these are pumps that export bile acids and
phospholipid out of liver), intrahepatic cholestasis of pregnancy (ICP), drug-induced

cholestasis,  contraceptive-induced  cholestasis, primary  biliary  cirthosis

n
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(autoimrmune)}, primary sclerosing cholangiis {(autoimmune}, crvptogenic biliary
fibrosis/ctrrhosis, total parenteral nutrition (TPN)-induced cholestasis, bile duct
mjury  following liver transplantaion, sepsis-associated cholestasis, progressive

sclerosing cholangitis, idiopathic adulthood ductopenia, oriental cholangiohepatitis,

83

and cholangiopathy associated with primary hepatolithiasis.
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