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1
TREATMENT OF STEROID-INDUCED
HYPERGLYCEMIA WITH FIBROBLAST
GROWTH FACTOR (FGF) 1 ANALOGS
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APPLICATIONS

This application is a continuation of PCT/US2016/
059190, filed Oct. 27, 2016, which was published in English
under PCT Article 21(2), which in turn claims the benefit of
U.S. Provisional Application No. 62/248,935, filed Oct. 30,
2015, the disclosures of which are incorporated by reference
herein in their entirety.
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The government has certain rights in the invention.

FIELD

This application provides methods of treating hypergly-
cemia induced by treatment with a steroid, or hypercorti-
solemia conditions, using FGF1 analogs (e.g., FGF1
mutants and FGFR1-binding multimers).

BACKGROUND

Although glucocorticoids (GCs) and antipsychotic medi-
cations are prescribed for numerous pathological conditions,
they can produce undesired diabetogenic side effects. For
example, excess or long-term treatment with GCs can
induce peripheral insulin resistance by impairing insulin
signaling. Thus, the identification of methods and agents that
treat such undesired side effects are needed.

SUMMARY

Provided herein are methods of using FGF fibroblast
growth factor (FGF) 1 analogs, such as FGF1 mutants
having reduced or eliminated mitogenic activity, or engi-
neered FGFR1-binding proteins (e.g., a multimer of FGFR1-
binding proteins that induces receptor signaling), to reduce
blood glucose in a mammal induced by treatment with a
steroid, hypercortisolemia conditions, or diabetes due to
treatment with an antipsychotic agent. In some examples,
the disclosed methods result in one or more of: decreased
insulin resistance (e.g., improved insulin sensitivity),
reduced hyperinsulinemia, increased glucose tolerance, or
reduced hyperglycemia (e.g., reduced fed and/or fasting
blood glucose) in a mammal. Thus, the disclosed methods
can be used to treat a subject who has previously, or is
currently receiving, treatment with one or more glucocorti-
coids or antipsychotic agents.

Methods of using the disclosed mutant FGF1 proteins and
FGFR1 binding protein multimers (or nucleic acid mol-
ecules encoding such) are provided, such as a mutated
mature FGF1 protein having a deletion of at least six
contiguous N-terminal amino acids, at least one point muta-
tion, or combinations thereof, for example to reduce or
eliminate mitogenic activity. In some examples the methods
include administering a therapeutically effective amount of
a disclosed mutant FGF1 protein or FGFR1 binding protein
(or nucleic acid molecules encoding such) to reduce blood
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glucose in a mammal with steroid-induced diabetes, hyper-
cortisolemia, or diabetes due to treatment with an antipsy-
chotic agent, such as a decrease of at least 5%. In some
examples the methods include administering a therapeuti-
cally effective amount of a disclosed mutant FGF1 protein or
FGFR1 binding protein multimer (or nucleic acid molecules
encoding such) to treat steroid-induced diabetes, hypercor-
tisolemia, or diabetes due to treatment with an antipsychotic
agent. In some examples, the subject treated with the dis-
closed methods has chronic obstructive pulmonary disease,
acute gout, cancer, bacterial meningitis, idiopathic intersti-
tial pneumonia, hypersensitivity pneumonitis, sarcoidosis,
an autoimmune condition (such as lupus), a neurologic
disease, inflammatory bowel disease, leprosy, a respiratory
disease, allergies (such as seasonal allergies), asthma, sepsis,
or combinations thereof. In some examples, one or more of
these diseases are treated simultaneously with the disclosed
methods. In some examples, the subject treated with the
disclosed methods has previously received an organ trans-
plant (e.g., transplant of the liver, kidney, heart, or lung). In
some examples, the subject treated with the disclosed meth-
ods has hypercortisolemia due to Cushing’s syndrome,
cancer (such as a lung cancer), a tumor of the pituitary or
adrenal gland, kidney failure, pregnancy, or surgery. In some
examples, the subject treated with the disclosed methods has
bipolar disorder.

The disclosed FGF1 mutants useful in the disclosed
methods can have an N-terminal truncation, point mutation
(such as amino acid substitutions, deletions, additions, or
combinations thereof), or combinations thereof. Such FGF1
analogs can be used alone or in combination with other
agents, such as other glucose reducing agents, such as
thiazolidinedione.

In some examples, the FGF1 mutant is part of a chimeric
protein, such as one that includes at least 10, at least 20, at
least 30, at least 40, at least 42, at least 43, at least 44, at least
45, at least 46, at least 47, at least 48, at least 49, or at least
50 contiguous amino acids from a C-terminal end of FGF19
or FGF21.

In some examples, the FGF1 mutant is part of a chimeric
protein, such as one that includes at least 10, at least 20, at
least 30, at least 35, at least 40, at least 50, at least 60, at least
70, at least 80, at least 90, at least 100, at least 120, at least
150, at least 180, or at least 200 amino acids (such as 20-500,
20 to 250, 30 to 200, 35 to 180, 37 to 90, or 37 to 180 amino
acids) of a protein that selectively binds to beta-Klotho
B-Klotho), such as SEQ ID NO: 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145 or 146.

In some examples, the FGF1 mutant is part of a chimeric
protein, such as one that includes at least 10, at least 20, at
least 30, at least 35, at least 40, at least 50, at least 60, at least
70, at least 80, at least 90, at least 100, at least 120, at least
150, at least 180, or at least 200 amino acids (such as 20-500,
20 to 250, 30 to 200, 35 to 180, 37 to 90, or 37 to 180 amino
acids) of a protein that selectively binds to FGFR1, such as
SEQ ID NO: 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167,
or multimers thereof (e.g., dimers, timers), such as SEQ ID
NO: 190.

In some examples, the FGF1 mutant is part of a chimeric
protein, such as one that includes at least 10, at least 20, at
least 30, at least 35, at least 40, at least 50, at least 60, at least
70, at least 80, at least 90, at least 100, at least 120, at least
150, at least 180, or at least 200 amino acids (such as 20-500,
20 to 250, 30 to 200, 35 to 180, 37 to 90, or 37 to 180 amino
acids) of a protein that selectively binds to p-Klotho, and
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that includes at least 10, at least 20, at least 30, at least 35,
at least 40, at least 50, at least 60, at least 70, at least 80, at
least 90, at least 100, at least 120, at least 150, at least 180,
or at least 200 amino acids (such as 20-500, 20 to 250, 30
to 200, 35 to 180, 37 to 90, or 37 to 180 amino acids) of a
protein that selectively binds to FGFR1, such as SEQ ID
NO: 168, 169, 170 or 171.

In some examples, chimeric proteins include a linker
between the FGF1 mutant and the FGF19, FGF21, FGFR1-
binding, or f-Klotho-binding sequence.

The mutated FGF1 proteins in some examples have
reduced mitogenicity relative to mature FGF1 (e.g., SEQ ID
NO: 5), such as a reduction of at least 20%, at least 50%, at
least 75% or at least 90%. In some examples, the mutant
FGF1 protein is a truncated version of the mature protein
(e.g., SEQ ID NO: 5), which can include for example
deletion of at least 5, at least 6, at least 10, at least 11, at least
12, at least 13, or at least 20 consecutive N-terminal amino
acids. In some examples, one or more of the deleted N-ter-
minal amino acids are replaced with corresponding amino
acids from FGF21 (or any FGF having low affinity for
FGFR4, including FGF3, FGF5, FGF7, FGF9 and FGF10),
such as at least 1, at least 2, at least 3, at least 4, at least 5,
at least 10, or at least 15, such as 1, 2,3, 4,5,6,7, 8,9, 10,
11,12, 13, 14, 15,16, 17, 18, 19, or 20 corresponding amino
acids from FGF21 (e.g., see SEQ ID NOS: 21, 219, 221, 222
and 223). In some examples, the mutant FGF1 protein is a
mutated version of the mature protein (e.g., SEQ ID NO: 5),
such as one containing at least 1, at least 2, at least 3, at least
4, at least 5, at least 6, at least 7, at least 8, at least 9 or at
least 10 amino acid substitutions (such as 1, 2, 3, 4, 5, 6, 7,
8,9,10, 11, 12,13, 14, 15,16, 17,18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40
or 41 substitutions), such as one or more of those shown in
Table 1. In some examples, the mutant FGF1 protein
includes both an N-terminal truncation and point mutations.
In some examples, the mutant FGF1 protein includes at least
120 consecutive amino acids from amino acids 5-141 of
FGF1 (e.g., of SEQ ID NO: 2 or 4), (which in some
examples can include 1-20 point mutations, such as substi-
tutions, deletions, or additions).

In some examples, the FGF1 mutants are part of a
chimeric protein, such as an FGF1/FGF21, FGF1/FGF19,
FGF1/p-Klotho-binding protein, FGF1/FGFR1-binding
protein or FGF1/f-Klotho-binding protein/FGFR1-binding
protein. For example, the C-terminal end or the N-terminal
end of an FGF1 mutant can be joined directly or indirectly
to the N-terminal end of a C-terminal fragment of FGF21 or
FGF19, such as SEQ ID NO: 86 or 100, respectively.
Similarly, the C-terminal end of an FGF1 mutant can be
joined directly or indirectly to the N-terminal end of a
p-Klotho binding domain (such as SEQ ID NO: 121, 122,
123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146
or B-Klotho binding portion of SEQ ID NO: 168, 169, 170
or 171), or the N-terminal end of an FGF1 mutant can be
joined directly or indirectly to the C-terminal end of a
p-Klotho-binding domain. In addition, the C-terminal end of
the disclosed FGF1 mutants can be joined directly or indi-
rectly to the N-terminal end of a FGFR1-binding domain
(such as SEQ ID NO: 147, 148, 149, 150, 151, 152, 153,
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165,
166, 167 or 190), or the N-terminal end of the disclosed
FGF1 mutants can be joined directly or indirectly to the
C-terminal end of a FGFRI1-binding domain. In some
examples, the C-terminal end of the disclosed FGF1 mutants
can be joined directly or indirectly to an FGFR1-binding

10

20

25

30

35

40

45

50

4

domain (such as any of SEQ ID NOS: 147, 148, 149, 150,
151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162,
163, 164, 165, 166, 167, 190 or FGFR1-binding portion of
168, 169, 170 or 171) and a f-Klotho-binding domain, the
N-terminal end of the disclosed FGF1 mutants can be joined
directly or indirectly to the C-terminal end of a FGFRI1-
binding domain and a f-Klotho-binding domain, or both
(such as SEQ ID NO: 168, 169, 170 or 171). Such chimeric
proteins can be used to reduce blood glucose in a mammal,
for example due to therapeutic administration of one or more
glucocorticoids, antipsychotic agents, or due to hypercorti-
solemia.

Specific exemplary FGF1 mutant proteins that can be
used in the disclosed methods and compositions are shown
inSEQIDNOS: 6,7,8,9, 10, 11, 12, 13, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,77,78,79, 80, 81, 82, 83, 84, 113, 114, 115, 116,
117, 118, 119, 120, 191, 192, 193, 194, 195, 196, 197, 198,
199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210,
211, 212, 213, 214, 215, 216, 217, 218, 225, 226, 227, 228,
229, 230, 231, 232, 233, 234, 235, 236, 237 and 238, which
can be used to generate any of the chimeras provided herein.
Specific exemplary FGF1/FGF21 chimeras that can be used
in the disclosed methods and compositions are shown in
SEQ ID NOS: 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
219, 221, 222, and 223. Specific exemplary FGF1/FGF19
chimeras that can be used in the disclosed methods and
compositions are shown in SEQ ID NOS: 101, 102, 103,
104, 105, 106, 107, 108, 109, 110, 111, 112, 220, and 224.
Specific exemplary FGF1/B-Klotho-binding chimeras that
can be used in the disclosed methods and compositions are
shown in FIGS. 8-11 (and in SEQ ID NOS: 173, 174, 175,
177, 178, 179, 181, 182, 183, 185, 186, and 187). Specific
exemplary FGF1/FGFR1-binding chimeras that can be used
in the disclosed methods and compositions are shown in
FIGS. 8] and 9J (and in SEQ ID NOS: 188 and 189).
Specific exemplary p-Klotho-binding/FGFR1-binding chi-
meras that can be used in the disclosed methods and com-
positions that can be linked directly or indirectly to an N- or
C-terminal end of a FGF1 mutant protein are shown in SEQ
ID NOS: 168, 169, 170 and 171.

FGFR1-binding protein dimers and multimers (such as
trimers) (also see SEQ ID NO: 190) useful in the disclosed
methods are also provided.

Also provided are compositions that include (1) one or
more glucocorticoids, (2) one or more mutant FGF1 pro-
teins, FGFR1-binding protein multimers, or combinations
thereof, and (3) a pharmaceutically acceptable carrier.

The foregoing and other objects and features of the
disclosure will become more apparent from the following
detailed description, which proceeds with reference to the
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exemplary wild-type mature FGF1
sequence (SEQ ID NO: 5), N-terminal deletions that can be
made to mature FGF1 (SEQ ID NOS: 7, 8 and 9), point
mutations that can be made to mature FGF1 (SEQ ID NOS:
10 and 11), and mutations to the heparan binding domain of
FGF1 (SEQ ID NOS: 12 and 13).

FIGS. 2A-2D show how an exemplary wild-type mature
FGF1 sequence (SEQ ID NO: 5) can be mutated to include
mutations that increase thermostability of FGF1 (M1, M2
and M3 deletions, SEQ ID NOS: 22, 28, and 40, respec-
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tively), which can be combined with FGF1 N-terminal
deletions and/or point mutations (SEQ ID NOS: 23, 24, 25,
26,27, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50 and 51).

FIGS. 3A-3B show additional FGF1 mutant sequences
that can be generated from an exemplary wild-type mature
FGF1 sequence (SEQ ID NO: 5) to include N-terminal
deletions and/or point mutations (SEQ ID NOS: 52, 53, 54,
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, and 66).

FIGS. 4A-4B show additional FGF1 mutant sequences
that can be generated from an exemplary wild-type mature
FGF1 sequence (SEQ ID NO: 5) to include N-terminal
deletions and/or point mutations (SEQ ID NOS: 68, 69, 70,
71, 72,73, 74,75, 76,717, 78, 79, 80, 81, 82, 83, and 84).

FIGS. 5A-5B show FGF21 (SEQ ID NO: 20) and a
C-terminal portion of FGF21 (SEQ ID NO: 86) that binds to
beta-klotho, and how they can be attached to FGF1 mutants
described herein to form FGF1/FGF21 chimeric proteins
(SEQ ID NOS: 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, and
98). The FGF1/FGF21 chimeras shown can further include
one or more of K12V and N95V FGF1 non mitogenic
mutations (or other mutations disclosed herein, such as those
listed in Table 1) that have longer glucose lowering duration.

FIGS. 6A-6B show FGF19 (SEQ ID NO: 99) and a
C-terminal portion of FGF19 (SEQ ID NO: 100) that binds
to beta-klotho, and how they can be attached to FGF1
mutants described herein to form FGF1/FGF19 chimeric
proteins (SEQ ID NOS: 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, and 112). The FGF1/FGF19 chimeras
shown can further include one or more of K12V and N95V
FGF1 non mitogenic mutations that have longer glucose
lowering duration.

FIG. 7 shows a native FGF1 sequence (SEQ ID NO: 5)
and eight heparan binding mutant FGF1 KKK analogs (SEQ
ID NOS: 113, 114, 115, 116, 117, 118, 119, and 120).

FIGS. 8-11 show exemplary arrangements of FGF1
mutant/-Klotho-binding chimeras and FGFR1-binding
protein dimers. Exemplary sequences are shown in SEQ ID
NOS: 172, 173,174, 175,176,177, 178, 179, 180, 181, 182,
183, 184, 185, 186, 187, 188, 189 and 190. Although
monomers or dimers of FGFR1- or p-Klotho-binding pro-
teins are shown, in some examples greater multimers are
used, such as trimers, etc. In addition, the FGF1 mutant/(3-
Klotho-binding chimeras can be made into FGF1 mutant/
FGFR1c-binding chimeras by replacing the 3-Klotho-bind-
ing portion with an FGFR1-binding portion (e.g., as shown
in FIGS. 8] and 91 for ANT FGF1). Furthermore, FGFR1-
binding portion(s) can be included in the FGF1 mutant/(-
Klotho-binding chimeras (e.g., as shown in FIGS. 23K and
24] for ANT FGF1). The sequence of C2240 is shown in
SEQ ID NO: 121 and C2987 in SEQ ID NO: 148.

FIG. 12 shows exemplary FGF1 mutant sequences that
include an R35E substitution (SEQ ID NOS: 191-198).

FIG. 13 shows exemplary FGF1 mutant sequences that
include an R35V substitution (SEQ ID NOS: 199-206).

FIG. 14 shows exemplary FGF1 mutant sequences (SEQ
1D NOS: 207-211). This free cysteine (C117) forms inter-
molecular disulfide bonds that lead to protein aggregation.
The mutation to valine is designed to improve stability,
hence it is introduced in combination with other point
mutations. KKKR are putative heparin binding residues.
KY, KE, KEY, KNY are various combinations of point
mutations to residues that interact with the FGF receptors
(K=K12, E=E87, Y=Y9%4, N=N95).

FIGS. 15A-15E show exemplary FGF1 mutant sequences
that are mutated to (A) increase stability (SEQ ID NOS: 54,
212-218 and 113), (B) chimeras (SEQ ID NOS: 219-224),
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(C) increase stability and decrease mitogencity (SEQ ID
NOS: 225-229, (D) increase stability and decrease mitogen-
city (SEQ ID NOS: 230-233), and (E) increase stability and
decrease mitogencity (SEQ ID NOS:234-238).

FIG. 16 shows an alignment of FGF1 (SEQ ID NO: 5) and
FGF2 (SEQ ID NO: 85), with amino acids that form beta
strands in bold, and other relevant residues highlighted and
their interaction noted.

FIGS. 17A-17D show (A) scheme of in vitro adipocyte
differentiation and rFGF1 treatment of the stromal vascular
fraction (SVF) of eWAT, differentiated by the sequential
treatment with three induction medium (IM1, 2, and 3).
Vehicle or rfFGF1 (100 ng ml™) was added to IM3 for 48
hours in combination with dexamethasone (20 nM, to induce
insulin resistance in vitro). (B). Expression of HSL (also
known as Lipe) after vehicle or rFGF1 treatment in primary
adipocytes derived from FGF1WT and FGF1KO SVF. (C).
Scheme of acute in vitro gene deletion by adenovirus in SVF
derived adipocytes. (D). Expression of HSL in primary
adipocytes differentiated from SVF derived from Fgfrl
flox/flox mice after infection with control adenovirus (ad-
eno-GFP) or adenovirus expressed CRE recombinase (ad-
eno-CRE) and subsequently treated with vehicle or rFGF1
treatment. *p<0.05, two-tailed t-test. Data presented as
mean+SEM.

SEQUENCE LISTING

The nucleic and amino acid sequences are shown using
standard letter abbreviations for nucleotide bases, and three
letter code for amino acids, as defined in 37 C.F.R. 1.822.
Only one strand of each nucleic acid sequence is shown, but
the complementary strand is understood as included by any
reference to the displayed strand. The contents of the text file
named “sequence listing.txt”, which was created on Apr. 11,
2018 and is 296 KB in size, are hereby incorporated by
reference in their entirety.

SEQ ID NOS: 1 and 2 provide an exemplary human FGF1
nucleic acid and protein sequences, respectively. Source:
GenBank Accession Nos: BC032697.1 and AAH32697.1.
Heparan binding residues are amino acids 127-129 and
133-134.

SEQ ID NOS: 3 and 4 provide an exemplary mouse FGF1
nucleic acid and protein sequences, respectively. Source:
GenBank Accession Nos: BC037601.1 and AAH37601.1.

SEQ ID NO: 5 provides an exemplary mature form of
FGF1 (140 aa, sometimes referred to in the art as FGF1
15-154) SEQ ID NO: 6 provides an exemplary mature form
of FGF1 with an N-terminal deletion.

SEQ ID NO: 7 provides an exemplary mature form of
FGF1 with an N-terminal deletion (FGF14V7(10-14000.)).

SEQ ID NO: 8 provides an exemplary mature form of
FGF1 with an N-terminal deletion (FGF14*7%(14-1400.ct)).

SEQ ID NO: 9 provides an exemplary mature form of
FGF1 with an N-terminal deletion (FGF14*73(12-1400.ct)).

SEQ ID NO: 10 provides an exemplary mature form of
FGF1 with point mutations (K12V, N95V, wherein number-
ing refers to SEQ ID NO: 5) to reduce mitogenic activity.

SEQ ID NO: 11 provides an exemplary mature form of
FGF1 with point mutations (K12V, L46V, E87V, N95V,
P134V, wherein numbering refers to SEQ ID NO: 5) to
reduce mitogenic activity.

SEQ ID NOS: 12 and 13 provide exemplary mature forms
of FGF1 with mutations in the heparan binding domain
(K118N or K118E, respectively, wherein numbering refers
to SEQ ID NO: 5). In some examples these sequences
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further include MFNLPPG at their N-terminus. Such pro-
teins have reduced mitogenicity as compared to wild-type
FGFI.

SEQ ID NOS: 14-17 provide exemplary mutated FGF1
nuclear export sequences.

SEQ ID NO: 18 provides a coding sequence for SEQ ID
NO: 6.

SEQ ID NOS: 19 and 20 provide an exemplary human
FGF21 nucleic acid and protein sequence. Obtained from
GenBank Accession Nos. AY359086 and AAQ89444.1. The
mature form of FGF21 is about amino acids 21-208.

SEQ ID NO: 21 provides an exemplary N-terminally
truncated form of FGF1, wherein the four N-terminal amino
acids are from FGF21 (amino acids 40-43 of SEQ ID NO:
20).

SEQ ID NO: 22 provides an exemplary mature form of
FGF1 with point mutations (K12V, C117V and P134V
wherein numbering refers to SEQ ID NO: 5) to reduce
mitogenic activity and increase thermostability. From Xia et
al., PLoS One. 7(11):e48210, 2012.

SEQ ID NO: 23 (FGF1(1-140 Ca)Mla) provides an
exemplary mature form of FGF1 with point mutations
(K12V, N95V, C117V, and P134V wherein numbering refers
to SEQ ID NO: 5) to reduce mitogenic activity and increase
thermostability.

SEQ ID NO: 24 (FGF1*Y* (1-1400.c.)M1) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (K12V, C117V, and P134V wherein numbering
refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 25 (FGF1*Y" (1-14000)M1a) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (K12V, C117V, and P134V wherein numbering
refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 26 (FGF1*Y"* (1-14000)M1a) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (K12V, N95V, C117V, and P134V wherein num-
bering refers to SEQ ID NO: 5) to reduce mitogenic activity,
and increase thermostability.

SEQ ID NO: 27 (FGF1*Y" (1-14000)M1a) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (K12V, N95V, C117V, and P134V wherein num-
bering refers to SEQ ID NO: 5) to reduce mitogenic activity,
and increase thermostability

SEQ ID NO: 28 (FGF1(1-140cc.)M2) provides an exem-
plary mature form of FGF1 with point mutations (L.44F,
C83T, C117V, and F132W wherein numbering refers to SEQ
ID NO: 5) to reduce mitogenic activity and increase ther-
mostability. From Xia et al., PLoS One. 7(11):¢48210, 2012.

SEQ ID NO: 29 (FGF1(1-140c0)M2a) provides an
exemplary mature form of FGF1 with point mutations
(L44F, C83T, N95V, C117V, and F132W wherein number-
ing refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 30 (FGF1(1-140cc)M2b) provides an
exemplary mature form of FGF1 with point mutations
(K12V, L44F, C83T, C117V, and F132W wherein number-
ing refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 31 (FGF1(1-140c0)M2c) provides an
exemplary mature form of FGF1 with point mutations
(K12V, L44F, C83T, N95V, C117V, and F132W wherein
numbering refers to SEQ ID NO: 5) to reduce mitogenic
activity and increase thermostability.

SEQ ID NO: 32 (FGF14M(10-140c.0)M2) provides an
exemplary N-terminally truncated form of FGF1 with point
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8
mutations (L44F, C83T, C117V, and F132W wherein num-
bering refers to SEQ ID NO: 5) to reduce mitogenic activity
and increase thermostability.

SEQ ID NO: 33 (FGF14Y(12-140c.c)M2) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (L44F, C83T, C117V, and F132W wherein num-
bering refers to SEQ ID NO: 5) to reduce mitogenic activity
and increase thermostability.

SEQ ID NO: 34 (FGF14Y"(10-1400.0)M2a) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (L44F, C83T, N95V, C117V, and F132W wherein
numbering refers to SEQ ID NO: 5) to reduce mitogenic
activity and increase thermostability.

SEQ ID NO: 35 (FGF1*Y"3(12-1400.0.)M2a) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (L44F, C83T, N95V, C117V, and F132W wherein
numbering refers to SEQ ID NO: 5) to reduce mitogenic
activity and increase thermostability.

SEQ ID NO: 36 (FGF14'(10-140c.c.)M2b) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (K12V, L44F, C83T, C117V, and F132W wherein
numbering refers to SEQ ID NO: 5) to reduce mitogenic
activity and increase thermostability.

SEQ ID NO: 37 (FGF14%3(12-140c.c.)M2b) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (K12V, L44F, C83T, C117V, and F132W wherein
numbering refers to SEQ ID NO: 5) to reduce mitogenic
activity and increase thermostability.

SEQ ID NO: 38 (FGF1*Y"*(10-1400.0)M2c) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (K12V, L44F, C83T, N95V, and C117V, F132W
wherein numbering refers to SEQ ID NO: 5) to reduce
mitogenic activity and increase thermostability.

SEQ ID NO: 39 (FGF1*Y"3(12-1400.0)M2c) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (K12V, L44F, C83T, N95V, and C117V, F132W
wherein numbering refers to SEQ ID NO: 5) to reduce
mitogenic activity and increase thermostability.

SEQ ID NO: 40 (FGF1(1-140c.c)M3) provides an exem-
plary mature form of FGF1 with mutations (L44F, M67I,
L73V, V109L, L1111, C117V, A103G, R119G A104-106,
and A120-122, wherein numbering refers to SEQ ID NO: 5)
to reduce mitogenic activity and increase thermostability.
From Xia et al., PLoS One. 7(11):48210, 2012.

SEQ ID NO: 41 (FGF1(1-140ac)M3a) provides an
exemplary mature form of FGF1 with mutations (K12V,
L44F, M671, L73V, V109L, L1111, C117V, A103G, R119G,
A104-106, and A120-122 wherein numbering refers to SEQ
ID NO: 5) to reduce mitogenic activity and increase ther-
mostability.

SEQ ID NO: 42 (FGF1(1-1400c)M3b) provides an
exemplary mature form of FGF1 with mutations (K12V,
L44F, M671, L73V, N95V, V109L, L1111, C117V, A103G,
R119G, A104-106, and A120-122 wherein numbering refers
to SEQ ID NO: 5) to reduce mitogenic activity and increase
thermostability.

SEQ ID NO: 43 (FGF1(1-140cc)M3c) provides an
exemplary mature form of FGF1 with mutations (K12V,
L44F, M671, L73V, N95V, V109L, L1111, C117V, A103G,
R119G, A104-106, and A120-122 wherein numbering refers
to SEQ ID NO: 5) to reduce mitogenic activity and increase
thermostability.

SEQ ID NO: 44 (FGF14Y" (1-1400.c)M3) provides an
exemplary N-terminally truncated form of FGF1 with muta-
tions (L44F, M671, 173V, V109L, L1111, C117V, A103G,
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R119G, A104-106, and A120-122 wherein numbering refers
to SEQ ID NO: 5) to reduce mitogenic activity and increase
thermostability.

SEQ ID NO: 45 (FGF1**" (1-1400.0)M3) provides an
exemplary N-terminally truncated form of FGF1 with muta-
tions (L44F, M671, 173V, V109L, L1111, C117V, A103G,
R119G, A104-106, and A120-122 wherein numbering refers
to SEQ ID NO: 5) to reduce mitogenic activity and increase
thermostability.

SEQ ID NO: 46 (FGF1*Y"* (1-14000)M3a) provides an
exemplary N-terminally truncated form of FGF1 with muta-
tions (K12V, L44F, M671, L73V, V109L, L1111, C117V,
A103G, R119G, A104-106, and A120-122 wherein number-
ing refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 47 (FGF14" (1-1400.0.)M3a) provides an
exemplary N-terminally truncated form of FGF1 with muta-
tions (K12V, L44F, M671, L73V, V109L, L1111, C117V,
A103G, R119G, A104-106, and A120-122 wherein number-
ing refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 48 (FGF14M" (1-140c.c)M3b) provides an
exemplary N-terminally truncated form of FGF1 with muta-
tions (L44F, M671, L73V, N95V, V109L, L1111, C117V,
A103G, R119G, A104-106, and A120-122 wherein number-
ing refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 49 (FGF14Y" (1-140c.0)M3b) provides an
exemplary N-terminally truncated form of FGF1 with muta-
tions (L44F, M671, L73V, N95V, V109L, L1111, C117V,
A103G, R119G, A104-106, and A120-122 wherein number-
ing refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 50 (FGF1*Y"* (1-14000)M3c) provides an
exemplary N-terminally truncated form of FGF1 with muta-
tions (K12V, L44F, M671, L73V, N95V, V109L, L111],
C117V, A103G, R119G, A104-106, and A120-122 wherein
numbering refers to SEQ ID NO: 5) to reduce mitogenic
activity and increase thermostability.

SEQ ID NO: 51 (FGF14* (1-1400.0.)M3c) provides an
exemplary N-terminally truncated form of FGF1 with point
mutations (K12V, L44F, M671, L73V, N95V, V109L, L1111,
C117V, A103G, R119G, A104-106, and A120-122 wherein
numbering refers to SEQ ID NO: 5) to reduce mitogenic
activity and increase thermostability.

SEQ ID NO: 52 (FGF1 (1-140c.c) provides an exemplary
mature form of FGF1 with point mutations (K12V, N95V,
and K118N wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 53 (FGF1 (1-140c.c) provides an exemplary
mature form of FGF1 with point mutations (K12V, N95, and
K118E wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 54 FGF1 (1-140ac.0) K12V, N95V, C117V
provides an exemplary mature form of FGF1 with point
mutations (K12V, N95V, and C117V wherein numbering
refers to SEQ ID NO: 5).

SEQ ID NO: 55 (FGF1 (1-140ca.a) provides an exemplary
mature form of FGF1 with point mutations (K12V, N95V,
C117V, and K118N wherein numbering refers to SEQ ID
NO: 5).

SEQ ID NO: 56 (FGF1 (1-140c.ct) provides an exemplary
mature form of FGF1 with point mutations (K12V, N95V,
C117V, and K118E wherein numbering refers to SEQ ID
NO: 5).

SEQ ID NO: 57 (FGF14*7 (10-140c.ct) provides an exem-
plary N-terminally truncated FGF1 with point mutations
(K12V and N95V, wherein numbering refers to SEQ ID NO:
5).
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SEQ ID NO: 58 (FGF1*""* (12-140aq.) provides an
exemplary N-terminally truncated FGF1 with point muta-
tions (K12V, and N95V, wherein numbering refers to SEQ
ID NO: 5).

SEQ ID NO: 59 (FGF14M (10-140c.0) provides an exem-
plary N-terminally truncated FGF1 with a point mutation
(K12V, wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 60 (FGF1*Y (12-14000.) provides an
exemplary N-terminally truncated FGF1 with a point muta-
tion (K12V, wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 61 (FGF14M (10-140c.0) provides an exem-
plary N-terminally truncated FGF1 with a point mutation
(N95V, wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 62 (FGF1*Y? (12-14000) provides an
exemplary N-terminally truncated FGF1 with a point muta-
tion (N95V, wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 63 (FGF14M (10-140c.0) provides an exem-
plary N-terminally truncated FGF1 with point mutations
(K12V, N95V, and K118N, wherein numbering refers to
SEQ ID NO: 5).

SEQ ID NO: 64 (FGF1*"* (12-140aq.) provides an
exemplary N-terminally truncated FGF1 with point muta-
tions (K12V, N95V, and K118E, wherein numbering refers
to SEQ ID NO: 5).

SEQ ID NO: 65 (FGF14M (10-140c.0) provides an exem-
plary N-terminally truncated FGF1 with a point mutation
(K118N, wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 66 (FGF1*Y" (12-14000.) provides an
exemplary N-terminally truncated FGF1 with a point muta-
tion (K118E, wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 67 (FGF1 (1-1400.c) provides an exemplary
mature form of FGF1 with point mutations (K9T and N10T
wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 68 (FGF1 (1-1400.c) provides an exemplary
mature form of FGF1 with point mutations (K9T, N10T, and
N95V, wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 69 (FGF1 (1-1400.c) provides an exemplary
mature form of FGF1 with point mutations (K9T, N10T, and
K118N, wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 70 (FGF1 (1-1400.c) provides an exemplary
mature form of FGF1 with a mutant NLS sequence.

SEQ ID NO: 71 (FGF1*¥* (1-1400.0.) provides an exem-
plary N-terminally truncated form of FGF1 with point
mutations (Q40P and S471, wherein numbering refers to
SEQ ID NO: 5).

SEQ ID NO: 72 (FGF14"" (1-1400.c) provides an exem-
plary N-terminally truncated form of FGF1 with point
mutations (Q40P and S471, wherein numbering refers to
SEQ ID NO: 5).

SEQ ID NO: 73 (FGF1 (1-1400.c) provides an exemplary
mature form of FGF1 with point mutations (K12V, Q40P,
S471, and N95V wherein numbering refers to SEQ ID NO:
5).
SEQ ID NO: 74 FGF14% (1-14000.) provides an exem-
plary N-terminally truncated form of FGF1 with point
mutations (K12V, Q40P, S471, and N95V, wherein number-
ing refers to SEQ ID NO: 5).

SEQ ID NO: 75 (FGF14" (1-1400.c) provides an exem-
plary N-terminally truncated form of FGF1 with point
mutations (K12V, Q40P, S471, and N95V, wherein number-
ing refers to SEQ ID NO: 5).

SEQ ID NO: 76 (FGF1*¥* (1-1400.0.) provides an exem-
plary N-terminally truncated form of FGF1 with point
mutations (Q40P, S471, and H93G, wherein numbering
refers to SEQ ID NO: 5).
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SEQID NO: 77 (FGF1*Y" (1-140a.c) provides an exem-
plary N-terminally truncated form of FGF1 with point
mutations (Q40P, S471, and H93G, wherein numbering
refers to SEQ ID NO: 5).

SEQ ID NO: 78 (FGF1 (1-140c.ct) provides an exemplary
mature form of FGF1 with point mutations (K12V, Q40P,
S471, H93G, and N95V, wherein numbering refers to SEQ
ID NO: 5).

SEQ ID NO: 79 (FGF1*V* (1-1400.0) provides an exem-
plary N-terminally truncated form of FGF1 with point
mutations (K12V, Q40P, S471, H93G, and N95V, wherein
numbering refers to SEQ ID NO: 5).

SEQID NO: 80 (FGF1*V" (1-140c.c) provides an exem-
plary N-terminally truncated form of FGF1 with point
mutations (K12V, Q40P, S471, H93G, and N95V, wherein
numbering refers to SEQ ID NO: 5).

SEQ ID NO: 81 (FGF14M* (1-140ci0) provides an exem-
plary N-terminally truncated form of FGF1 with point
mutations (C117P and K118V, wherein numbering refers to
SEQ ID NO: 5).

SEQID NO: 82 (FGF1*"" (1-140a.c) provides an exem-
plary N-terminally truncated form of FGF1 with point
mutations (C117P and K118V, wherein numbering refers to
SEQ ID NO: 5).

SEQ ID NO: 83 (FGF1 (1-140c.ct) provides an exemplary
mature form of FGF1 with point mutations (K12V, N95V,
C117P, and K118V, wherein numbering refers to SEQ ID
NO: 5).

SEQ ID NO: 84 (FGF1 (1-140c.ct) provides an exemplary
mature form of FGF1 with a point mutation (R35E, wherein
numbering refers to SEQ ID NO: 5). Such an antagonist can
be used to treat hypoglycemia or type 1 diabetes.

SEQ ID NO: 85 provides an exemplary portion of an
FGF2 protein sequence.

SEQ ID NO: 86 provides an exemplary C-terminal
FGF21 protein sequence (P'®®-82°° hFGF21<“). This
fragment can be attached at its N-terminus to the C-terminus
of any FGF1 mutant provided herein to generate an FGF1/
FGF21 chimera.

SEQ ID NO: 87 provides an exemplary FGF1/FGF21
chimera, which contains the K12V and N95V FGF1 point
mutations. The FGF21 portion is amino acids 136 to 177.

SEQ ID NO: 88 provides an exemplary FGF1/FGF21
chimera (FGF1*Y7.FGF21¢-**"y. The FGF21 portion is
amino acids 127 to 168.

SEQ ID NO: 89 provides an exemplary FGF1/FGF21
chimera (FGF1*Y.FGF21<“"). The FGF21 portion is
amino acids 125 to 166.

SEQ ID NO: 90 provides an exemplary FGF1/FGF21
chimera (M1-FGF21<*?) The FGF1 portion includes point
mutations K2V, C*7V, and P'**V. The FGF21 portion is
amino acids 127 to 168.

SEQ ID NO: 91 provides an exemplary FGF1/FGF21
chimera (M1-FGF21<*?) The FGF1 portion includes point
mutations K2V, C*7V, and P'**V. The FGF21 portion is
amino acids 125 to 166.

SEQ ID NO: 92 provides an exemplary FGF1/FGF21
chimera (M1-FGF21¢-*%) The FGF1 portion includes point
mutations K'2V, C''?V, and P'**V. The FGF21 portion is
amino acids 136 to 177.

SEQ ID NO: 93 provides an exemplary FGF1/FGF21
chimera (M2-FGF21¢-*) The FGF1 portion includes point
mutations L*F, C**T, C''"V, and F'**W. The FGF21 por-
tion is amino acids 127 to 168.

SEQ ID NO: 94 provides an exemplary FGF1/FGF21
chimera (M2-FGF21<*?) The FGF1 portion includes point
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mutations L**F, C**T, C''"V, and F'**W. The FGF21 por-
tion is amino acids 125 to 166.

SEQ ID NO: 95 provides an exemplary FGF1/FGF21
chimera (M2-FGF21<-*“?) The FGF1 portion includes point
mutations L**F, C*T, C*'7V, and F'**W. The FGF21 por-
tion is amino acids 136 to 177.

SEQ ID NO: 96 provides an exemplary FGF1/FGF21
chimera (M3-FGF21<"“) The FGF1 portion includes muta-
tions L44F, M67L L73\], VIOQL, LlllL C117\], A103G, RIIQG,
ATO*196 apd A129-122 The FGF21 portion is amino acids 121
to 162.

SEQ ID NO: 97 provides an exemplary FGF1/FGF21
chimera (M3-FGF21<"“) The FGF1 portion includes muta-
tions L44F, M67L L73\], VIOQL, LlllL C117\], A103G, RIIQG,
ATO*196 and A'29-122 The FGF21 portion is amino acids 119
to 160.

SEQ ID NO: 98 provides an exemplary FGF1/FGF21
chimera (M3-FGF21<“%), The FGF1 portion includes
mutations L**F, M1, L7°V, V9L, L1, CM7V, A5G,
RM°G, A%*196 and A'2%122 The FGF21 portion is amino
acids 130 to 171.

SEQ ID NO: 99 provides an exemplary FGF19 protein
sequence. The mature form of FGF19 is amino acids 23 to
216.

SEQ ID NO: 100 provides an exemplary C-terminal
FGF19 protein sequence (L'%°-K?!'¢ h FGF19C-tail). This
fragment can be attached at its N-terminus to the C-terminus
of any FGF1 mutant provided herein to generate an FGF1/
FGF19 chimera.

SEQ ID NO: 101 provides an exemplary FGF1/FGF19
chimera. The FGF1 portion includes point mutations K'?V,
and N°°V. The FGF19 portion is amino acids 136 to 183.

SEQ ID NO: 102 provides an exemplary FGF1/FGF19
chimera (FGF1*"-FGF19“"). The FGF19 portion is
amino acids 127 to 174.

SEQ ID NO: 103 provides an exemplary FGF1/FGF19
chimera (FGF1*Y3.FGF19<“). The FGF19 portion is
amino acids 125 to 172.

SEQ ID NO: 104 provides an exemplary FGF1/FGF19
chimera (M1-FGF19<%"). The FGF1 portion includes point
mutations K'?V, C*'7V, and P***V. The FGF19 portion is
amino acids 136 to 183.

SEQ ID NO: 105 provides an exemplary FGF1/FGF19
chimera (M1-FGF19<*"). The FGF1 portion includes point
mutations K*2V, C*'7V, and P'**V. The FGF19 portion is
amino acids 127 to 174.

SEQ ID NO: 106 provides an exemplary FGF1/FGF19
chimera (M1-FGF19<*"). The FGF1 portion includes point
mutations K*2V, C*'7V, and P'**V. The FGF19 portion is
amino acids 125 to 172.

SEQ ID NO: 107 provides an exemplary FGF1/FGF19
chimera (M2-FGF19<%"). The FGF1 portion includes point
mutations L**F, C**T, C''"V, and F'**W. The FGF19 por-
tion is amino acids 136 to 183.

SEQ ID NO: 108 provides an exemplary FGF1/FGF19
chimera (M2-FGF19<%"). The FGF1 portion includes point
mutations L**F, C**T, C''"V, and F'**W. The FGF19 por-
tion is amino acids 127 to 174.

SEQ ID NO: 109 provides an exemplary FGF1/FGF19
chimera (M2-FGF19<). The FGF1 portion includes point
mutations L**F, C*T, C*'7V, and F'**W. The FGF19 por-
tion is amino acids 125 to 172.

SEQ ID NO: 110 provides an exemplary FGF1/FGF19
chimera (M3-FGF19<“), The FGF1 portion includes
mutations L**F, M1, L7*V, V'L, L', C''"V, A'®G,
RM™PG, A%*196 and A'2%122, The FGF19 portion is amino
acids 130 to 177.
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SEQ ID NO: 111 provides an exemplary FGF1/FGF19
chimera (M3-FGF19<**)., The FGF1 portion includes
mutations L**F, M%’I, L*V, V'L, L', C''7V, A'G,
R'G, A'0*196 and A'2%122 The FGF19 portion is amino
acids 121 to 168.

SEQ ID NO: 112 provides an exemplary FGF1/FGF19
chimera (M3-FGF19<**), The FGF1 portion includes
mutations L**F, M%’I, L?V, V'L, L', C''7V, A'®G,
RM°G, A-1°¢ and A'2°-'22, The FGF19 portion is amino
acids 119 to 166.

SEQ ID NO: 113 provides an exemplary FGF1 heparan
binding KKK mutant analog K112D, K113Q, K118V
(wherein numbering refers to SEQ ID NO: 5).

SEQ ID NO: 114 provides an exemplary FGF1 heparan
binding KKK mutant analog with mutations K112D,
K113Q, C117V, K118V (wherein numbering refers to SEQ
ID NO: 5).

SEQ ID NO: 115 provides an exemplary FGF1 heparan
binding KKK mutant analog with an N-terminal truncation
and mutations K112D, K113Q, K118V (wherein numbering
refers to SEQ ID NO: 5).

SEQ ID NO: 116 provides an exemplary FGF1 heparan
binding KKK mutant analog with an N-terminal truncation
and mutations K112D, K113Q, K118V (wherein numbering
refers to SEQ ID NO: 5).

SEQ ID NO: 117 provides an exemplary FGF1 heparan
binding KKK mutant analog with an N-terminal truncation
and mutations K112D, K113Q, C117V, K118V (wherein
numbering refers to SEQ ID NO: 5).

SEQ ID NO: 118 provides an exemplary FGF1 heparan
binding KKK mutant analog with an N-terminal truncation
and mutations K112D, K113Q, C117V, K118V (wherein
numbering refers to SEQ ID NO: 5).

SEQ ID NO: 119 provides an exemplary FGF1 heparan
binding KKK mutant analog with mutations K12V, N95V,
K112D, K113Q, K118V (wherein numbering refers to SEQ
ID NO: 5).

SEQ ID NO: 120 provides an exemplary FGF1 heparan
binding KKK mutant analog with mutations K12V, N95V,
K112D, K113Q, C117V, K118V (wherein numbering refers
to SEQ ID NO: 5).

SEQ ID NO: 121 provides an exemplary p-Klotho bind-
ing protein dimer sequence (C2240) that can be attached at
its N- or C-terminus directly or indirectly to any of the FGF1
mutants provided herein to generate a chimeric protein.

SEQ ID NO: 122 provides an exemplary p-Klotho bind-
ing protein sequence that can be attached at its N- or
C-terminus directly or indirectly to any of the FGF1 mutants
provided herein to generate a chimeric protein.

SEQ ID NOs: 123-130 provide exemplary p-Klotho bind-
ing protein sequences that can be attached at their N- or
C-termini directly or indirectly to any of the FGF1 mutants
provided herein to generate a chimeric protein. In addition,
each can be linked to SEQ ID NO: 122 via a linker and then
the resulting chimera attached at its N- or C-terminus
directly or indirectly to any of the FGF1 mutants provided
herein to generate a chimeric protein.

SEQ ID NOs: 131-140 provide exemplary p-Klotho bind-
ing protein sequences that can be attached at their N- or
C-termini directly or indirectly to any of the FGF1 mutants
provided herein to generate a chimeric protein.

SEQ ID NO: 141 provides an exemplary p-Klotho bind-
ing protein sequence that can be attached at its N- or
C-terminus directly or indirectly to any of the FGF1 mutants
provided herein to generate a chimeric protein. In addition,
it can be linked to any of SEQ ID NOS: 142-143 via a linker
and then the resulting chimera attached at its N- or C-ter-
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minus directly or indirectly to any of the FGF1 mutants
provided herein to generate a chimeric protein.

SEQ ID NO: 142 provides an exemplary §-Klotho bind-
ing protein sequence that can be attached at its N- or
C-terminus directly or indirectly to any of the FGF1 mutants
provided herein to generate a chimeric protein. In addition,
it can be linked to SEQ ID NO: 141 via a linker and then the
resulting chimera attached at its N- or C-terminus directly or
indirectly to any of the FGF1 mutants provided herein to
generate a chimeric protein.

SEQ ID NO: 143 provides an exemplary $-Klotho bind-
ing protein sequence that can be attached at its N- or
C-terminus directly or indirectly to any of the FGF1 mutants
provided herein to generate a chimeric protein. In addition,
it can be linked to SEQ ID NO: 141 via a linker and then the
resulting chimera attached at its N- or C-terminus directly or
indirectly to any of the FGF1 mutants provided herein to
generate a chimeric protein.

SEQ ID NOs: 144-146 provide exemplary $-Klotho bind-
ing protein sequences that can be attached at their N- or
C-termini directly or indirectly to any of the FGF1 mutants
provided herein to generate a chimeric protein.

SEQ ID NO: 147 provides an exemplary FGFR1¢ binding
protein sequence that can be attached at its N- or C-terminus
directly or indirectly to any of the FGF1 mutants provided
herein to generate a chimeric protein. In addition, it can be
linked to itself one or more times to generate an FGFR1c
multimer, such as a dimer or a trimer.

SEQ ID NO: 148 (C2987) provides an exemplary
FGFR1c binding protein sequence that can be attached at its
N- or C-terminus directly or indirectly to any of the FGF1
mutants provided herein to generate a chimeric protein. In
addition, it can be linked to itself one or more times to
generate an FGFR1¢ multimer, such as a dimer or a trimer.

SEQ ID NOS: 149-167 provide exemplary FGFR1c¢ bind-
ing protein sequences that can be attached at their N- or
C-termini directly or indirectly to any of the FGF1 mutants
provided herein to generate a chimeric protein. In addition,
each can be linked to itself one or more times to generate an
FGFR1c multimer, such as a dimer or a trimer, or combi-
nations of these binding proteins can be linked together.

SEQ ID NOs: 168-171 provide exemplary p-Klotho-
FGFRI1c binding protein sequences that can be attached at
their N- or C-termini directly or indirectly to any of the
FGF1 mutants provided herein to generate a chimeric pro-
tein.

SEQ ID NO: 172 provides an exemplary WIT-FGF1/p-
Klotho binding protein chimera sequence (C2240). This is
represented in FIG. 10A.

SEQ ID NO: 173 provides an exemplary ANT FGF1/p-
Klotho binding protein chimera sequence (C2240). This is
represented in FIG. 10B.

SEQ ID NO: 174 provides an exemplary FGF1 KN/p-
Klotho binding protein chimera sequence (C2240). This is
represented in FIG. 10C.

SEQ ID NO: 175 provides an exemplary FGF1KKK/p-
Klotho binding protein chimera sequence (C2240). This is
represented in FIG. 10D.

SEQ ID NO: 176 provides an exemplary WT-FGF1/p-
Klotho binding protein chimera sequence (C2240) with two
p-Klotho binding protein portions. This is represented in
FIG. 10F.

SEQ ID NO: 177 provides an exemplary ANT FGF1/p-
Klotho binding protein chimera sequence (C2240) with two
p-Klotho binding protein portions. This is represented in
FIG. 10G.
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SEQ ID NO: 178 provides an exemplary FGF1 KN/§-
Klotho binding protein chimera sequence (C2240) with two
p-Klotho binding protein portions. This is represented in
FIG. 10H.

SEQ ID NO: 179 provides an exemplary FGF1 KKK/§-
Klotho binding protein chimera sequence (C2240) with two
p-Klotho binding protein portions. This is represented in
FIG. 101

SEQ ID NO: 180 provides an exemplary WT-FGF1/8-
Klotho binding protein chimera sequence (C2240). This is
represented in FIG. 11A.

SEQ ID NO: 181 provides an exemplary ANT FGF1/8-
Klotho binding protein chimera sequence (C2240). This is
represented in FIG. 11B.

SEQ ID NO: 182 provides an exemplary FGF1 KN/§-
Klotho binding protein chimera sequence (C2240). This is
represented in FIG. 11C.

SEQ ID NO: 183 provides an exemplary FGF1KKK/$-
Klotho binding protein chimera sequence (C2240). This is
represented in FIG. 11D.

SEQ ID NO: 184 provides an exemplary WT-FGF1/8-
Klotho binding protein chimera sequence (C2240) with two
p-Klotho binding protein portions. This is represented in
FIG. 11F.

SEQ ID NO: 185 provides an exemplary dNT FGF1/8-
Klotho binding protein chimera sequence (C2240) with two
p-Klotho binding protein portions. This is represented in
FIG. 11F.

SEQ ID NO: 186 provides an exemplary FGF1 KN/§-
Klotho binding protein chimera sequence (C2240) with two
p-Klotho binding protein portions. This is represented in
FIG. 10H.

SEQ ID NO: 187 provides an exemplary FGF1KKK/$-
Klotho binding protein chimera sequence (C2240) with two
p-Klotho binding protein portions. This is represented in
FIG. 101

SEQ ID NO: 188 provides an exemplary ANT FGF1/
FGFR1c-binding protein chimera sequence (C2987). This is
represented in FIG. 8.

SEQ ID NO: 189 provides an exemplary ANT FGF1/
FGFR1c-binding protein chimera sequence (C2987). This is
represented in FIG. 91.

SEQ ID NO: 190 provides an exemplary FGFR1c dimer
chimera sequence (C2987). This is represented in FIG. 10E.

SEQ ID NO: 191 (FGF1(1-140ac) R35E, C117V) pro-
vides an exemplary mature form of FGF1 with mutations
(R35E and C117V, wherein numbering refers to SEQ ID
NO: 5) to reduce mitogenic activity and increase thermo-
stability.

SEQ ID NO: 192 (FGF1(1-140a) R35E, C117V, KKK)
provides an exemplary mature form of FGF1 with mutations
(R35E, K112D, K113Q, C117V, and K118V wherein num-
bering refers to SEQ ID NO: 5) to reduce mitogenic activity
and increase thermostability.

SEQ ID NO: 193 (FGF1(1-140acr) R35E, C117V K12V,
N95V) provides an exemplary mature form of FGF1 with
mutations (K12V, R35E, N95V, and C117V wherein num-
bering refers to SEQ ID NO: 5) to reduce mitogenic activity
and increase thermostability.

SEQ ID NO: 194 (FGF1*¥! (10-140act) R35E, C117V)
provides an exemplary N-terminally truncated form of FGF1
with mutations (R35E and C117V, wherein numbering refers
to SEQ ID NO: 5) to reduce mitogenic activity and increase
thermostability.

SEQ ID NO: 195 (FGF1*Y™ KKK (10-140c.c)) pro-
vides an exemplary N-terminally truncated form of FGF1
with mutations (K112D, K113Q, K118V, K12V, N95V,
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C117V, and R35E, wherein numbering refers to SEQ ID
NO: 5) to reduce mitogenic activity and increase thermo-
stability.

SEQ ID NO: 196 (FGF1 KKK (KN) (1-140c.)) provides
an exemplary mature form of FGF1 with mutations (K112D,
K113Q, K118V, K12V, N95V, C117V, and R35E, wherein
numbering refers to SEQ ID NO: 5) to reduce mitogenic
activity and increase thermostability.

SEQ ID NO: 197 (FGF14Y¥! (10-140c.ct) M2KN) pro-
vides an exemplary N-terminally truncated form of FGF1
with mutations (K12V, L44F, R35E, C83T, N95V, C117V,
and F132W, wherein numbering refers to SEQ ID NO: 5) to
reduce mitogenic activity and increase thermostability.

SEQ ID NO: 198 (FGF14™! (10-1400ict) M2KNKKK)
provides an exemplary N-terminally truncated form of FGF1
with mutations (K12V, L44F, R35E, C83T, N95V, C117V,
K112D, K113Q, K118V, and F132W, wherein numbering
refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 199 (FGF1(1-140ac.c) R35V, C117V) pro-
vides an exemplary mature form of FGF1 with mutations
(R35V and C117V, wherein numbering refers to SEQ ID
NO: 5) to reduce mitogenic activity and increase thermo-
stability.

SEQ ID NO: 200 (FGF1(1-140ac) R35V, C117V, KKK)
provides an exemplary mature form of FGF1 with mutations
(R35V, K112D, K113Q, C117V, and K118V wherein num-
bering refers to SEQ ID NO: 5) to reduce mitogenic activity
and increase thermostability.

SEQ ID NO: 201 (FGF1(1-140c.ct) K12V, R35V, N95V,
C117V) provides an exemplary mature form of FGF1 with
mutations (K12V, R35V, N95V, and C117V wherein num-
bering refers to SEQ ID NO: 5) to reduce mitogenic activity
and increase thermostability.

SEQ ID NO: 202 (FGF1** (10-140aic) R35V, C117V)
provides an exemplary N-terminally truncated form of FGF1
with mutations (R35V and C117V, wherein numbering
refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 203 (FGF14Y™Y KKK (10-140a.ct)) pro-
vides an exemplary N-terminally truncated form of FGF1
with mutations (K112D, K113Q, K118V K12V, N95V,
C117V, and R35V, wherein numbering refers to SEQ ID NO:
5) to reduce mitogenic activity and increase thermostability.

SEQ ID NO: 204 (FGF1 KKK (KN) (1-140c.c)) provides
an exemplary mature form of FGF1 with mutations (K112D,
K113Q, K118V, K12V, N95V, C117V, and R35V, wherein
numbering refers to SEQ ID NO: 5) to reduce mitogenic
activity and increase thermostability.

SEQ ID NO: 205 (FGF1*Y (10-140c.c.) M2KN) pro-
vides an exemplary N-terminally truncated form of FGF1
with mutations (K12V, L44F, R35V, C83T, N95V, C117V,
and F132W, wherein numbering refers to SEQ ID NO: 5) to
reduce mitogenic activity and increase thermostability.

SEQ ID NO: 206 (FGF1*Y™" (10-140cic) M2KNKKK)
provides an exemplary N-terminally truncated form of FGF1
with mutations (K12V, L44F, R35V, C83T, N95V, C117V,
K112D, K113Q, K118V, and F132W, wherein numbering
refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 207 (FGF1-140c.ct) C117V, KKKR provides
an exemplary mature form of FGF1 with mutations (K112D,
K113Q, C117V, K118V, R119V, wherein numbering refers
to SEQ ID NO: 5) to reduce mitogenic activity and increase
thermostability.

SEQ ID NO: 208 (FGF1-140ac) C117V, KY provides an
exemplary mature form of FGF1 with mutations (K12V,
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Y94V, C117V, wherein numbering refers to SEQ ID NO: 5)
to reduce mitogenic activity and increase thermostability.

SEQ ID NO: 209 (FGF1-140a.0) C117V, KE provides an
exemplary mature form of FGF1 with mutations (K12V,
E87V, C117V, wherein numbering refers to SEQ ID NO: 5)
to reduce mitogenic activity and increase thermostability.

SEQ ID NO: 210 (FGF1-140a) C117V, KEY provides
an exemplary mature form of FGF1 with mutations (K12V,
E87V, Y94V, C117V, wherein numbering refers to SEQ ID
NO: 5) to reduce mitogenic activity and increase thermo-
stability.

SEQ ID NO: 211 (FGF1-140a0) C117V, KNY provides
an exemplary mature form of FGF1 with mutations (K12V,
Y94V, N95V, C117V, wherein numbering refers to SEQ ID
NO: 5) to reduce mitogenic activity and increase thermo-
stability.

SEQ ID NO: 212 (FGF1-140ct) K12V, L46V, E87V,
N95V, C117V, P134V provides an exemplary mature form
of FGF1 with point mutations (K12V, L46V, E87V, N95V,
C117V, P134V, wherein numbering refers to SEQ ID NO: 5)
to reduce mitogenic activity and increase thermostability.

SEQ ID NO: 213 (FGF1-1400.ct) C117V, K118V provides
an exemplary mature form of FGF1 with mutations (C117V
and K118V, wherein numbering refers to SEQ ID NO: 5) to
reduce mitogenic activity and increase thermostability.

SEQ ID NO: 214 (FGFAYT1C 10-140ac) K12V, N95V,
C83T, C117V provides an exemplary N-terminally truncated
form of FGF1 with mutations (K12V, N95V, C83T, and
C117V, wherein numbering refers to SEQ ID NO: 5) to
reduce mitogenic activity and increase thermostability.

SEQ ID NO: 215 (FGF*™€ 10-140ct) K12V, N95V,
C16T, C83S, C117A, provides an exemplary N-terminally
truncated form of FGF1 with mutations (K12V, N95V,
C16T, C838S, and C117A, wherein numbering refers to SEQ
ID NO: 5) to reduce mitogenic activity and increase ther-
mostability.

SEQ ID NO: 216 (FGF*™ 10-140ccr) H21Y, L44F,
H102Y, F108Y, C117V, provides an exemplary N-terminally
truncated form of FGF1 with mutations (H21Y, L44F,
H102Y, F108Y, and C117V, wherein numbering refers to
SEQ ID NO: 5) to reduce mitogenic activity and increase
thermostability.

SEQ ID NO: 217 (FGFM™' 10-14000) K12V, H21Y,
L44F, N95V, H102Y, F108Y, C117V, provides an exemplary
N-terminally truncated form of FGF1 with mutations
(K12V, H21Y, L44F, N95V, H102Y, F108Y, and C117V,
wherein numbering refers to SEQ ID NO: 5) to reduce
mitogenic activity and increase thermostability.

SEQ ID NO: 218 (FGF1 1-140ac) K12V, H21Y, L44F,
N95V, H102Y, F108Y, C117V, provides an exemplary
mature form of FGF1 with mutations (K12V, H21Y, L44F,
N95V, H102Y, F108Y, and C117V, wherein numbering
refers to SEQ ID NO: 5) to reduce mitogenic activity and
increase thermostability.

SEQ ID NO: 219 (wtFGF1AHBS-FGF21C-tail) provides
an exemplary mature form of FGF1 with mutations that
reduce the functionality of the heparin binding site to affect
serum half-life and receptor affinity (K112D, K113Q,
K118V, wherein numbering refers to SEQ ID NO: 5) fused
to a portion of FGF21 at the C-terminus (amino acids 136 to
177) to generate a reagent that combines the metabolic
benefits of a p klotho-dependent agonist (FGF21) and p
klotho-independent agonist (FGF1).

SEQ ID NO: 220 (wtFGF1AHBS-FGF19C-tail) provides
an exemplary mature form of FGF1 with mutations that
reduce the functionality of the heparin binding site to affect
serum half-life and receptor affinity (K112D, K113Q,
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K118V, wherein numbering refers to SEQ ID NO: 5) fused
to a portion of FGF19 at the C-terminus (amino acids 138 to
183) to generate a reagent that combines the metabolic
benefits of a p klotho-dependent agonist (FGF19) and
klotho-independent agonist (FGF1).

SEQ ID NO: 221 provides an exemplary N-terminally
truncated form of FGF1, wherein the 16 N-terminal amino
acids are from FGF21 (amino acids 28-43 of SEQ ID NO:
20), and the sequence includes a C117V mutation.

SEQ ID NO: 222 provides an exemplary N-terminally
truncated form of FGF1, wherein the four N-terminal amino
acids are from FGF21 (amino acids 40-43 of SEQ ID NO:
20), and the sequence includes a C117V mutation.

SEQ ID NO: 223 (wtFGF1-FGF21C-tail) provides an
exemplary mature form of FGF1 fused to a portion of
FGF21 at the C-terminus (amino acids 136 to 177) to
generate a reagent that combines the metabolic benefits of a
p klotho-dependent agonist (FGF21) and f§ klotho-indepen-
dent agonist (FGF1).

SEQ ID NO: 224 (wtFGF1-FGF19C-tail) provides an
exemplary mature form of FGF1 fused to a portion of
FGF19 at the C-terminus (amino acids 138 to 183) to
generate a reagent that combines the metabolic benefits of a
p klotho-dependent agonist (FGF19) and f§ klotho-indepen-
dent agonist (FGF1).

SEQ ID NO: 225 (FGFA'¢ 10-14000.) K12V, N95V,
C117V, provides an exemplary N-terminally truncated form
of FGF1 with mutations (K12V, N95V, and C117V, wherein
numbering refers to SEQ ID NO: 5) to reduce the mitoge-
nicity and increase the stability of FGF1.

SEQ ID NO: 226 (FGF1 KKK 1-140ac) K112D, K113Q,
K118V, provides an exemplary mature form of FGF1 with
mutations (K112D, K113Q), and K118V, wherein numbering
refers to SEQ ID NO: 5) to reduce the mitogenicity and
increase the stability of FGF1.

SEQ ID NO: 227 (FGF1 1-140cc) K12V, Q40P, S471,
H93G, N95V, provides an exemplary mature form of FGF1
with mutations (K12V, Q40P, S471, H93G, and NI95V,
wherein numbering refers to SEQ ID NO: 5) to reduce the
mitogenicity and increase the thermal stability of FGF1.

SEQ ID NO: 228 (FGFA* 10-1400.cr) K12V, Q40P, 8471,
H93G, N95V provides an exemplary N-terminally truncated
form of FGF1 with mutations (K12V, Q40P, S471, H93G,
and N95V, wherein numbering refers to SEQ ID NO: 5) to
reduce the mitogenicity and increase the thermal stability of
FGFI.

SEQ ID NO: 229 (FGF1 1-140act) M2KN K12V, L44F,
C83T, N95V, C117V, F132W provides an exemplary mature
form of FGF1 with mutations (K12V, [44F, C83T, N95V,
C117V, and F132W, wherein numbering refers to SEQ ID
NO: 5) to reduce the mitogenicity without increasing the
thermal stability of FGF1.

SEQ ID NO: 230 (FGF1 1-140aa) C117V provides an
exemplary mature form of FGF1 with mutation (C117V,
wherein numbering refers to SEQ ID NO: 5) to improve the
stability of FGF1 by eliminating a free cysteine the can form
disulfide bridged aggregated protein.

SEQ ID NO: 231 (FGF1 1-1400.c.))KKK(KN) K112D,
K113Q, K118V, K12V, N95V, C117V provides an exem-
plary mature form of FGF1 with mutations (K112D, K113Q,
K118V, K12V, N95V, and C117V, wherein numbering refers
to SEQ ID NO: 5) to reduce mitogenicity and heparan
binding, and decrease the potential for protein aggregation
of FGF1.

SEQ ID NO: 232 (FGF1 10-1400c) M2KN K12V, L44F,
C83T, N95V, C117V, F132W, provides an exemplary N-ter-
minally truncated form of FGF1 with mutations (K12V,
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L44F, C83T, N95V, C117V, and F132W, wherein numbering
refers to SEQ ID NO: 5) to reduce mitogenicity and decrease
the potential for protein aggregation of FGF1, without
affecting the thermal stability.

SEQ ID NO: 233 (FGF1 1-140ac) R35E, C117V, pro-
vides an exemplary mature form of FGF1 with mutations
(R35E and C117V, wherein numbering refers to SEQ ID
NO: 5) to manipulate the receptor binding affinity/specificity
and decrease the potential for protein aggregation of FGF1.

SEQ ID NO: 234 (FGF1 1-140cc) KY K12V, Y94V,
C117V, provides an exemplary mature form of FGF1 with
mutations (K12V, Y94V, and C117V, wherein numbering
refers to SEQ ID NO: 5) to manipulate the receptor binding
affinity/specificity and decrease the potential for protein
aggregation of FGF1.

SEQ ID NO: 235 (FGF1 1-140ac) KE K12V, E87V,
C117V, provides an exemplary mature form of FGF1 with
mutations (K12V, E87V, and C117V, wherein numbering
refers to SEQ ID NO: 5) to manipulate the receptor binding
affinity/specificity and decrease the potential for protein
aggregation of FGF1 SEQ ID NO: 236 (FGF1 1-140aa)
KKKR K112D, K113Q, C117V, K118V, R119V provides an
exemplary mature form of FGF1 with mutations (K112D,
K113Q, C117V, K118V, and R119V, wherein numbering
refers to SEQ ID NO: 5) to reduce the heparan binding
affinity/specificity and decrease the potential for protein
aggregation of FGF1.

SEQ ID NO: 237 (FGF1 1-140ac) KN R35E, K12V,
N95V, C117V provides an exemplary mature form of FGF1
with mutations (R35E, K12V, N95V, and C117V, wherein
numbering refers to SEQ ID NO: 5) to manipulate the
receptor binding affinity/specificity and decrease the poten-
tial for protein aggregation of FGF1.

SEQ ID NO: 238 (FGF1 10-140ac) KN R35E, C117V
provides an exemplary N-terminally truncated form of FGF1
with mutations (R35E and C117V wherein numbering refers
to SEQ ID NO: 5) to manipulate the receptor binding
affinity/specificity and decrease the potential for protein
aggregation of FGF1.

DETAILED DESCRIPTION

The following explanations of terms and methods are
provided to better describe the present disclosure and to
guide those of ordinary skill in the art in the practice of the
present disclosure. The singular forms “a,” “an,” and “the”
refer to one or more than one, unless the context clearly
dictates otherwise. For example, the term “comprising a
cell” includes single or plural cells and is considered equiva-
lent to the phrase “comprising at least one cell.” The term
“or” refers to a single element of stated alternative elements
or a combination of two or more elements, unless the context
clearly indicates otherwise. As used herein, “comprises”
means “includes.” Thus, “comprising A or B,” means
“including A, B, or A and B,” without excluding additional
elements. Dates of GenBank® Accession Nos. referred to
herein are the sequences available at least as early as Oct. 30,
2015. All references and GenBank® Accession numbers
cited herein are incorporated by reference.

Unless explained otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
disclosure belongs. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of the present disclosure, suitable meth-
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ods and materials are described below. The materials, meth-
ods, and examples are illustrative only and not intended to
be limiting.

In order to facilitate review of the various embodiments of
the disclosure, the following explanations of specific terms
are provided:

Administration: To provide or give a subject an agent,
such as a glucocorticoid or an FGF1 analog (e.g., mutated
FGF1 protein or FGFR1-binding protein) disclosed herein,
by any effective route. Exemplary routes of administration
include, but are not limited to, oral, injection (such as
subcutaneous, intramuscular, intradermal, intraperitoneal,
intravenous, and intratumoral), sublingual, rectal, transder-
mal, intranasal, vaginal and inhalation routes. In some
examples, therapeutic agents are administered to the central
nervous system (e.g., intracranial, intracerebroventricular/
intraventricular, intracerebral/intraparenchymal, and intrath-
ecal/epidural).

Beta-Klotho binding domain or protein: A peptide
sequence that binds selectively to -Klotho (such as human
p-Klotho, OMIM 61135, GenBank® Accession No.
NP_783864.1), but not to other proteins. f-Klotho is a
cofactor for FGF21 activity. Such a binding domain can
include one or more monomers (wherein the monomers can
be the same or different p-Klotho binding proteins), thereby
generating a multimer (such as a dimer). In specific
examples, such a domain/protein is not an antibody. Exem-
plary p-Klotho binding proteins can be found in SEQ ID
NOS: 121,122,123, 124,125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
144, 145 146, and 168-171 as well as U.S. Pat. No. 8,372,
952, U.S. Publication No. 2013/0197191, and Smith et al.,
PLoS One 8:¢61432, 2013, all herein incorporated by ref-
erence.

A p-Klotho binding protein “specifically binds” to
p-Klotho when the dissociation constant (K,) is at least
about 1x107™7 M, at least about 1.5x1077, at least about
2%x1077, at least about 2.5x1077, at least about 3x1077, at
least about at least about 5x1077 M, at least about 1x107% M,
at least about 5x107%, at least about 1x107°, at least about
5x107°, at least about 1x107'°, or at least about 5x107'° M.
In one embodiment, K,, is measured by a radiolabeled
antigen binding assay (RIA) performed with the p-Klotho
binding protein and p-Klotho. In another example, K, is
measured using an ELISA assay.

C-terminal portion: A region of a protein sequence that
includes a contiguous stretch of amino acids that begins at
or near the C-terminal residue of the protein. A C-terminal
portion of the protein can be defined by a contiguous stretch
of amino acids (e.g., a number of amino acid residues).

Cancer: A malignant tumor characterized by abnormal or
uncontrolled cell growth. Other features often associated
with cancer include metastasis, interference with the normal
functioning of neighboring cells, release of cytokines or
other secretory products at abnormal levels and suppression
or aggravation of inflammatory or immunological response,
invasion of surrounding or distant tissues or organs, such as
lymph nodes, etc. “Metastatic disease” refers to cancer cells
that have left the original tumor site and migrate to other
parts of the body for example via the bloodstream or lymph
system. In one example, a subject treated by the disclosed
methods has cancer, and has hyperglycemia induced by
treatment with a steroid.

Chimeric protein: A protein that includes at least a portion
of'the sequence of a full-length first protein (e.g., FGF1) and
at least a portion of the sequence of a full-length second
protein (e.g., FGF19, FGF21, p-Klotho-binding protein, or
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FGF1R-binding protein), where the first and second proteins
are different. A chimeric polypeptide also encompasses
polypeptides that include two or more non-contiguous por-
tions derived from the same polypeptide. The two different
peptides can be joined directly or indirectly, for example
using a linker.

Effective amount or Therapeutically effective amount:
The amount of agent, such as a mutated FGF1 protein (or
nucleic acid encoding such) disclosed herein, an antipsy-
chotic agent, or a GC, that is an amount sufficient to prevent,
treat (including prophylaxis), reduce and/or ameliorate the
symptoms and/or underlying causes of any of a disorder or
disease. In one embodiment, an “effective amount” of a
mutated FGF1 protein (or nucleic acid encoding such) is an
amount sufficient to lower blood glucose. In one embodi-
ment, an “effective amount” of a mutated FGF1 protein (or
nucleic acid encoding such) is an amount sufficient to reduce
cortisol in a subject with hypercortisolemia.

Fibroblast Growth Factor 1 (FGF1): (e.g., OMIM 13220).
Includes FGF1 nucleic acid molecules and proteins. A
protein that binds to the FGF receptor, and is also known as
the acidic FGF. FGF1 sequences are publically available, for
example from GenBank® sequence database (e.g., Acces-
sion Nos. NP_00791 and NP_034327 provide exemplary
FGF1 protein sequences, while Accession Nos. NM_000800
and NM_010197 provide exemplary FGF1 nucleic acid
sequences). One of ordinary skill in the art can identify
additional FGF1 nucleic acid and protein sequences, includ-
ing FGF1 variants.

Specific examples of native FGF1 sequences are provided
in SEQ ID NOS: 1-5. A native FGF1 sequence is one that
does not include a mutation that alters the normal activity of
the protein (e.g., activity of SEQ ID NO: 2, 4 or SEQ ID NO:
5). A mutated FGF1 is a variant of FGF1 with different or
altered biological activity, such as reduced mitogenicity
(e.g., a variant of any of SEQ ID NOS: 1-5, such as one
having at least 90%, at least 95%, at least 96%, at least 97%,
at least 98% or at least 99% sequence identity to any of SEQ
ID NOS: 1-5, but is not a native/wild-type sequence). In one
example, such a variant includes an N-terminal truncation, at
least one point mutation (such as one or more of those shown
in Table 1), or combinations thereof, such as changes that
decrease mitogenicity of FGF1. Mutated FGF1 proteins
include FGF1 chimeras (e.g., FGF1/FGF19 chimeras). Spe-
cific exemplary FGF1 mutant proteins are shown in SEQ ID
NOS: 6-13, 6,7, 8,9, 10, 11, 12, 13, 21, 22, 23, 24, 25, 26,
27,28, 29,30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74,
75,76,77,78,79, 80, 81, 82, 83, 84, 113, 114, 115, 116, 117,
118, 119, 120, 191, 192, 193, 194, 195, 196, 197, 198, 199,
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223,
224, 225,226,227, 228, 229, 230, 231, 232, 233, 234, 235,
236, 237 and 238.

Fibroblast Growth Factor 19 (FGF19): (e.g., OMIM
603891). Includes FGF19 nucleic acid molecules and pro-
teins. FGF19 regulates bile acid synthesis and has effects on
glucose and lipid metabolism. FGF19 sequences are publi-
cally available, for example from the GenBank® sequence
database (e.g., Accession Nos. NP_005108.1 and
AAQB8669.1 provide exemplary FGF19 protein sequences,
while Accession Nos. AY358302.1 and NM_005117.2 pro-
vide exemplary FGF19 nucleic acid sequences). One of
ordinary skill in the art can identify additional FGF19
nucleic acid and protein sequences, including FGF19 vari-
ants.
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Fibroblast Growth Factor 21 (FGF21): (e.g., OMIM
609436). Includes FGF21 nucleic acid molecules and pro-
teins. FGF21 stimulates glucose updated in adipocytes.
FGF21 sequences are publically available, for example from
the GenBank® sequence database (e.g., Accession Nos.
AAQ89444.1, NP_061986, and AAH49592.1 provide
exemplary FGF21 protein sequences, while Accession Nos.
AY359086.1 and BC049592 provide exemplary FGF21
nucleic acid sequences). One of ordinary skill in the art can
identify additional FGF21 nucleic acid and protein
sequences, including FGF21 variants.

Fibroblast Growth Factor Receptor 1 (FGFR1) binding
domain or protein: A peptide sequence that binds selectively
to FGFR1 (such as human FGFR1c, e.g., GenBank Acces-
sion No. NP_001167536.1 or NP_056934.2, or human
FGFR1b), but not to other proteins. FGFR1 is a co-receptor
for FGF21 activity. Such a binding domain can include one
or more monomers (wherein the monomers can be the same
or different sequences), thereby generating a multimer (such
as a dimer). In specific examples, such a domain/protein is
not an antibody. Exemplary FGFR1-binding proteins can be
found in SEQ ID NOS: 147, 148, 149, 150, 151, 152, 153,
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165,
166, 167 and portions of 168, 169, 170 and 171, or a
multimer thereof such as SEQ ID NO: 190, as well as U.S.
Pat. No. 8,372,952, U.S. Publication No. 2013/0197191, and
Smith et al., PLoS One 8:¢61432, 2013, all herein incorpo-
rated by reference. Thus, reference to a FGFR1-binding
protein multimer, includes proteins made using two or more
peptides having at least 90%, at least 92%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to one or more of SEQ ID NO: 147, 148,
149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160,
161, 162, 163, 164, 165, 166, 167, and 190.

A FGFR1 binding protein “specifically binds” to FGFR1
when the dissociation constant (K,) is at least about 1x1077
M, at least about 1.5x1077, at least about 2x1077, at least
about 2.5x1077, at least about 3x1077, at least about at least
about 5x10~7 M, at least about 1x10~® M, at least about
5x107%, at least about 1x107°, at least about 5x107°, at least
about 1x1071°, or at least about 5x107!° M. In one embodi-
ment, K,, is measured by a radiolabeled antigen binding
assay (RIA) performed with the FGFR1-binding protein and
FGFRI1. In another example, K, is measured using an
ELISA assay.

Fibroblast Growth Factor Receptor 1c (FGFRI1c): Also
known as FGFR1 isoform 2. Includes FGFR1c¢ nucleic acid
molecules and proteins. FGFR1c and $-Klotho can associate
with FGF21 to form a signaling complex. FGFRIlc
sequences are publically available, for example from the
GenBank® sequence database (e.g., Accession Nos.
NP_001167536.1 and NP_056934.2 provide exemplary
FGFRIc protein sequences). One of ordinary skill in the art
can identify additional FGFR1c nucleic acid and protein
sequences, including FGFR1c variants.

Fibroblast Growth Factor Receptor 4 (FGFR4): (e.g.,
OMIM 134935). Includes FGFR4 nucleic acid molecules
and proteins. FGFR4 can bind to some FGF proteins,
including FGF1. FGFR4 sequences are publically available,
for example from the GenBank® sequence database (e.g.,
Accession Nos. NM_002011 and AAB25788.1 provide
exemplary FGFR4 protein sequences, while Accession Nos.
NM_002002 and 1.03840.1 provide exemplary FGFR4
nucleic acid sequences). One of ordinary skill in the art can
identify additional FGFR4 nucleic acid and protein
sequences, including FGFR4 variants.
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Glucocorticoids (GCs): A class of steroid hormones which
bind to the glucocorticoid receptor (GR) and cause immu-
nosuppression, for example by decreasing the function and
numbers of lymphocytes, including B cells and T cells.
Includes synthetic compounds, such as dexamethasone,
prednisolone, hydrocortisone, cortisone, methylpredniso-
lone, betamethasone, triamcinolone, and beclometasone, as
well as natural compounds such as cortisol in humans and
corticosterone in rodents. Hydrocortisone is the name used
for pharmaceutical preparations of cortisol.

Natural GCs, are produced in the adrenal cortex and play
a role in the regulation of glucose homeostasis and nutrient
metabolism. Synthetic GCs are broadly prescribed for
numerous pathological conditions because of their anti-
inflammatory, anti-allergic and immunosuppressive effects.
Nevertheless, GCs can produce undesired diabetogenic side
effects through interactions with the regulation of glucose
homeostasis.

Host cells: Cells in which a vector can be propagated and
its DNA expressed. The cell may be prokaryotic or eukary-
otic. The term also includes any progeny of the subject host
cell. It is understood that all progeny may not be identical to
the parental cell since there may be mutations that occur
during replication. However, such progeny are included
when the term “host cell” is used. Thus, host cells can be
transgenic, in that they include nucleic acid molecules that
have been introduced into the cell, such as a nucleic acid
molecule encoding a mutant FGF1 protein disclosed herein.

Hypercortisolemia: An increase above normal levels of
circulating cortisol, a glucocorticoid secreted by the adrenal
glands. Examples of subjects having hypercortisolemia are
those with Cushing’s syndrome, which may be caused by
either excessive cortisol-like medication such as prednisone
or a tumor that either produces, or results in the production
of excessive cortisol by the adrenal glands. In some
examples, hypercortisolemia results from lung cancer, a
tumor of the pituitary or adrenal gland, kidney failure,
pregnancy, or surgery.

Isolated: An “isolated” biological component (such as a
mutated FGF1 protein or nucleic acid molecule) has been
substantially separated, produced apart from, or purified
away from other biological components in the cell of the
organism in which the component occurs, such as other
chromosomal and extrachromosomal DNA and RNA, and
proteins. Nucleic acids molecules and proteins which have
been “isolated” thus include nucleic acids and proteins
purified by standard purification methods. The term also
embraces nucleic acid molecules and proteins prepared by
recombinant expression in a host cell as well as chemically
synthesized nucleic acids. A purified or isolated cell, protein,
or nucleic acid molecule can be at least 70%, at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% pure.

Lipodystrophy: A condition characterized by abnormal or
degenerative conditions of adipose tissue, and includes total
lipodystrophy, partial lipodystrophy and localized lipodys-
trophy. Any of the mutant FGF1 proteins or FGFR1-binding
multimers disclosed herein can be used to treat lipodystro-
phy, for example by reducing a symptom (such as one or
more of loss of fat from beneath skin, deposition of fat in
other areas, loss of body fat, insulin resistance, diabetes,
elevated triglyceride levels, and fatty liver) of lipodystrophy
by at least 10%, at least 20%, at least 30%, at least 50%, at
least 75%, or at least 90%.

Linker: A moiety or group of moieties that joins or
connects two or more discrete separate peptide or proteins,
such as monomer domains, for example to generate a
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chimeric protein. In one example a linker is a substantially
linear moiety. Exemplary linkers that can be used to generate
the chimeric proteins provided herein include but are not
limited to: peptides, nucleic acid molecules, peptide nucleic
acids, and optionally substituted alkylene moieties that have
one or more oxygen atoms incorporated in the carbon
backbone. A linker can be a portion of a native sequence, a
variant thereof, or a synthetic sequence. Linkers can include
naturally occurring amino acids, non-naturally occurring
amino acids, or a combination of both. In one example a
linker is composed of at least 5, at least 10, at least 15 or at
least 20 amino acids, such as 5 to 10, 5 to 20, or 5 to 50
amino acids. In one example the linker is a poly alanine.

Mammal: This term includes both human and non-human
mammals. Similarly, the term “subject” includes both
human and veterinary subjects (such as cats, dogs, cows, and
pigs) and rodents (such as mice and rats).

N-terminal portion: A region of a protein sequence that
includes a contiguous stretch of amino acids that begins at
or near the N-terminal residue of the protein. An N-terminal
portion of the protein can be defined by a contiguous stretch
of amino acids (e.g., a number of amino acid residues).

Operably linked: A first nucleic acid sequence is operably
linked with a second nucleic acid sequence when the first
nucleic acid sequence is placed in a functional relationship
with the second nucleic acid sequence. For instance, a
promoter is operably linked to a coding sequence if the
promoter affects the transcription or expression of the cod-
ing sequence (such as a mutated FGF1 coding sequence).
Generally, operably linked DNA sequences are contiguous
and, where necessary to join two protein coding regions, in
the same reading frame.

Pharmaceutically acceptable carriers: The pharmaceuti-
cally acceptable carriers useful in this invention are conven-
tional. Remington’s Pharmaceutical Sciences, by E. W.
Martin, Mack Publishing Co., Easton, Pa., 15th Edition
(1975), describes compositions and formulations suitable for
pharmaceutical delivery of the disclosed mutated FGF1
proteins and FGFR1-binding protein multimers (or nucleic
acid molecules encoding such) herein disclosed, as well as
delivery of GCs.

In general, the nature of the carrier will depend on the
particular mode of administration being employed. For
instance, parenteral formulations usually comprise inject-
able fluids that include pharmaceutically and physiologi-
cally acceptable fluids such as water, physiological saline,
balanced salt solutions, aqueous dextrose, glycerol or the
like as a vehicle. For solid compositions (e.g., powder, pill,
tablet, or capsule forms), conventional non-toxic solid car-
riers can include, for example, pharmaceutical grades of
mannitol, lactose, starch, or magnesium stearate. In addition
to biologically-neutral carriers, pharmaceutical composi-
tions to be administered can contain minor amounts of
non-toxic auxiliary substances, such as wetting or emulsi-
fying agents, preservatives, and pH buffering agents and the
like, for example sodium acetate or sorbitan monolaurate.

Promoter: An array of nucleic acid control sequences
which direct transcription of a nucleic acid. A promoter
includes necessary nucleic acid sequences near the start site
of transcription, such as, in the case of a polymerase I type
promoter, a TATA element. A promoter also optionally
includes distal enhancer or repressor elements which can be
located as much as several thousand base pairs from the start
site of transcription.

Recombinant: A recombinant nucleic acid molecule is one
that has a sequence that is not naturally occurring (e.g., a
mutated FGF1 or chimeric protein) or has a sequence that is
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made by an artificial combination of two otherwise sepa-
rated segments of sequence. This artificial combination can
be accomplished by routine methods, such as chemical
synthesis or by the artificial manipulation of isolated seg-
ments of nucleic acids, such as by genetic engineering
techniques. Similarly, a recombinant protein is one encoded
for by a recombinant nucleic acid molecule. Similarly, a
recombinant or transgenic cell is one that contains a recom-
binant nucleic acid molecule and expresses a recombinant
protein.

Sequence identity of amino acid sequences: The similarity
between amino acid (or nucleotide) sequences is expressed
in terms of the similarity between the sequences, otherwise
referred to as sequence identity. Sequence identity is fre-
quently measured in terms of percentage identity (or simi-
larity or homology); the higher the percentage, the more
similar the two sequences are. Homologs or variants of a
polypeptide will possess a relatively high degree of
sequence identity when aligned using standard methods.

Methods of alignment of sequences for comparison are
well known in the art. Various programs and alignment
algorithms are described in: Smith and Waterman, Adv. Appl.
Math. 2:482, 1981; Needleman and Wunsch, J. Mol. Biol.
48:443, 1970; Pearson and Lipman, Proc. Natl. Acad. Sci.
U.S.A. 85:2444, 1988; Higgins and Sharp, Gene 73:237,
1988; Higgins and Sharp, CABIOS 5:151, 1989; Corpet et
al., Nucleic Acids Research 16:10881, 1988; and Pearson
and Lipman, Proc. Natl. Acad. Sci. U.S.A. 85:2444, 1988.
Altschul et al, Nature Genet. 6:119, 1994, presents a
detailed consideration of sequence alignment methods and
homology calculations.

The NCBI Basic Local Alignment Search Tool (BLAST)
(Altschul et al., J. Mol Biol. 215:403, 1990) is available
from several sources, including the National Center for
Biotechnology Information (NCBI, Bethesda, Md.) and on
the internet, for use in connection with the sequence analysis
programs blastp, blastn, blastx, tblastn and tblastx. A
description of how to determine sequence identity using this
program is available on the NCBI website on the internet.

Homologs and variants of the mutated FGF1 proteins and
coding sequences disclosed herein are typically character-
ized by possession of at least about 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence identity counted over the full length align-
ment with the amino acid sequence using the NCBI Blast
2.0, gapped blastp set to default parameters. For compari-
sons of amino acid sequences of greater than about 30 amino
acids, the Blast 2 sequences function is employed using the
default BLOSUMG62 matrix set to default parameters, (gap
existence cost of 11, and a per residue gap cost of 1). When
aligning short peptides (fewer than around 30 amino acids),
the alignment should be performed using the Blast 2
sequences function, employing the PAM30 matrix set to
default parameters (open gap 9, extension gap 1 penalties).
Proteins with even greater similarity to the reference
sequences will show increasing percentage identities when
assessed by this method, such as at least 95%, at least 98%,
or at least 99% sequence identity. When less than the entire
sequence is being compared for sequence identity, homologs
and variants will typically possess at least 80% sequence
identity over short windows of 10-20 amino acids, and may
possess sequence identities of at least 85% or at least 90%
or at least 95% depending on their similarity to the reference
sequence. Methods for determining sequence identity over
such short windows are available at the NCBI website on the
internet. One of skill in the art will appreciate that these
sequence identity ranges are provided for guidance only; it
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is entirely possible that strongly significant homologs could
be obtained that fall outside of the ranges provided.

Thus, a mutant FGF1 protein disclosed herein can have at
least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity to SEQ ID NO: 5, but is
not SEQ ID NO: 5 (which in some examples has one or
more, such as 1, 2,3, 4, 5,6,7,8,9, or 10 of the mutations
or truncations shown in Tables 1 and 2). In addition,
exemplary mutated FGF1 proteins have at least 80%, at least
85%, at least 90%, at least 92%, at least 95%, at least 96%,
at least 97%, at least 98% or at least 99% sequence identity
to SEQIDNO: 6,7, 8,9, 10, 11, 12, 13, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,77,78, 79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91,
92,93, 94, 95, 96, 97, 98, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119,
120, 189, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200,
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224,
225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236,
237 or 238, as well as such sequences schematically shown
in FIGS. 8-11 (e.g., at least 80%, at least 85%, at least 90%,
at least 92%, at least 95%, at least 96%, at least 97%, at least
98% or at least 99% sequence identity to SEQ ID NO: 173,
174, 175, 177, 178, 179, 181, 182, 183, 185, 186, 187, or
188), and retain the ability to reduce blood glucose levels in
vivo.

Similarly, exemplary mutated FGF1 coding sequences in
some examples have at least 70%, at least 80%, at least 85%,
at least 90%, at least 92%, at least 95%, at least 98%, or at
least 99% sequence identity to SEQ ID NO: 18.

Similarly, exemplary p-Klotho-binding  domain
sequences that can be used in the mutant FGF1 chimeras
disclosed herein in some examples have at least 70%, at least
80%, at least 85%, at least 90%, at least 92%, at least 95%,
at least 97%, at least 98%, or at least 99% sequence identity
to SEQ IDNO: 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 143, 144, 145, 146 or p-Klotho-binding portions of
SEQ ID NO: 168, 169, 170 or 171.

Similarly, exemplary FGFR1 binding sequences that can
be used in the mutant FGF1 chimeras disclosed herein in
some examples have at least 70%, at least 80%, at least 85%,
at least 90%, at least 92%, at least 95%, at least 97%, at least
98%, or at least 99% sequence identity to SEQ ID NO: 147,
148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159,
160, 161, 162, 163, 164, 165, 166, 167, or FGFR1c¢-binding
portions of SEQ ID NO: 168, 169, 170, 171, or multimers
such as SEQ ID NO: 190.

Steroid-Induced Hyperglycemia or Steroid-Induced Dia-
betes Mellitus (SIDM): An abnormal increase in blood
glucose associated with the use of (e.g., administration of)
glucocorticoids in a subject with or without a prior history
of diabetes mellitus. Such subjects can have an 8 hour
fasting blood glucose =7.0 mmol/LL (126 mg/dL), 2 hour post
75 g oral glucose tolerance test (OGTT)=z11.1 mmol/L. (200
mg/dl), HbAlc=6.5% or in patients with symptoms of
hyperglycemic, a random plasma glucose of =11.1 mmol/LL
(200 mg/dL). Risk factors for steroid-induced diabetes
beyond cumulative dose and longer duration of steroid
course include traditional risk factors for type 2 diabetes:
older age, family history, high body mass index and
impaired glucose tolerance.



US 10,695,404 B2

27

Subject: Any mammal, such as humans, non-human pri-
mates, pigs, sheep, cows, dogs, cats, rodents and the like
which is to be the recipient of the particular treatment, such
as treatment with a mutated FGF1 protein or chimera or
FGFR1-binding protein (e.g., a multimer of FGFR1-binding
proteins) (or corresponding nucleic acid molecule) provided
herein. In two non-limiting examples, a subject is a human
subject or a murine subject. In some examples, the subject
has one or more diseases that can be treated with a steroid
or GC, such as chronic obstructive pulmonary disease, acute
gout, cancer (e.g., and is being treated with chemotherapy),
bacterial meningitis, asthma, a pregnant women in need of
fetal lung maturation, a pulmonary disease such as idio-
pathic interstitial pneumonia, hypersensitivity pneumonitis
and sarcoidosis; an autoimmune disease (such as lupus,
Graves’ disease, Crohn’s disease, celiac disease, rheumatoid
arthritis, fibromyalgia, multiple sclerosis, and Sjogren’s
syndrome); a neurologic diseases such as myasthenia gravis
and multiple sclerosis; an inflammatory bowel disease;
leprosy; a respiratory; has received a solid organ transplant
(e.g., liver, lung, kidney, pancreas, heart); allergies (such as
seasonal allergies); asthma, or sepsis. Thus, in some
examples, the subject has elevated blood glucose due to
administration of a glucocorticoid. In some examples, the
mammal treated with the disclosed methods has a disease
that results in hypercortisolemia, such as Cushing’s syn-
drome, lung cancer, a tumor of the pituitary or adrenal gland,
kidney failure, pregnancy, or surgery. In some examples, the
subject has one or more diseases that can be treated with an
antipsychotic agent, such as bipolar disorder. Thus, in some
examples, the subject has elevated blood glucose due to
administration of an antipsychotic agent. In some examples,
the subject is infected with hepatitis C virus.

Transduced and Transformed: A virus or vector “trans-
duces” a cell when it transfers nucleic acid into the cell. A
cell is “transformed” or “transfected” by a nucleic acid
transduced into the cell when the DNA becomes stably
replicated by the cell, either by incorporation of the nucleic
acid into the cellular genome, or by episomal replication.

Numerous methods of transfection are known to those
skilled in the art, such as: chemical methods (e.g., calcium-
phosphate transfection), physical methods (e.g., electropo-
ration, microinjection, particle bombardment), fusion (e.g.,
liposomes), receptor-mediated endocytosis (e.g., DNA-pro-
tein complexes, viral envelope/capsid-DNA complexes) and
by biological infection by viruses such as recombinant
viruses {Wolff, J. A., ed, Gene Therapeutics, Birkhauser,
Boston, USA (1994)}. In the case of infection by retrovi-
ruses, the infecting retrovirus particles are absorbed by the
target cells, resulting in reverse transcription of the retroviral
RNA genome and integration of the resulting provirus into
the cellular DNA.

Transgene: An exogenous gene supplied by a vector. In
one example, a transgene includes a mutated FGF1 coding
sequence (which may be part of a chimera) or FGFR1-
binding protein (e.g., a multimer of FGFR1-binding pro-
teins) coding sequence.

Tumor, neoplasia, malignancy or cancer: A neoplasm is an
abnormal growth of tissue or cells which results from
excessive cell division. Neoplastic growth can produce a
tumor. The amount of a tumor in an individual is the “tumor
burden” which can be measured as the number, volume, or
weight of the tumor. A tumor that does not metastasize is
referred to as “benign.” A tumor that invades the surround-
ing tissue and/or can metastasize is referred to as “malig-
nant.” A “non-cancerous tissue” is a tissue from the same
organ wherein the malignant neoplasm formed, but does not
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have the characteristic pathology of the neoplasm. Gener-
ally, noncancerous tissue appears histologically normal. A
“normal tissue” is tissue from an organ, wherein the organ
is not affected by cancer or another disease or disorder of
that organ. A “cancer-free” subject has not been diagnosed
with a cancer of that organ and does not have detectable
cancet.

Exemplary tumors, such as cancers, that a subject with
steroid-induced hyperglycemia can have include solid
tumors, such as breast carcinomas (e.g. lobular and duct
carcinomas), sarcomas, carcinomas of the lung (e.g., non-
small cell carcinoma, large cell carcinoma, squamous car-
cinoma, and adenocarcinoma), mesothelioma of the lung,
colorectal adenocarcinoma, stomach carcinoma, prostatic
adenocarcinoma, ovarian carcinoma (such as serous cysta-
denocarcinoma and mucinous cystadenocarcinoma), ovarian
germ cell tumors, testicular carcinomas and germ cell
tumors, pancreatic adenocarcinoma, biliary adenocarci-
noma, hepatocellular carcinoma, bladder carcinoma (includ-
ing, for instance, transitional cell carcinoma, adenocarci-
noma, and squamous carcinoma), renal cell
adenocarcinoma, endometrial carcinomas (including, e.g.,
adenocarcinomas and mixed Mullerian tumors (carcinosar-
comas)), carcinomas of the endocervix, ectocervix, and
vagina (such as adenocarcinoma and squamous carcinoma
of each of same), tumors of the skin (e.g., squamous cell
carcinoma, basal cell carcinoma, malignant melanoma, skin
appendage tumors, Kaposi sarcoma, cutaneous lymphoma,
skin adnexal tumors and various types of sarcomas and
Merkel cell carcinoma), esophageal carcinoma, carcinomas
of the nasopharynx and oropharynx (including squamous
carcinoma and adenocarcinomas of same), salivary gland
carcinomas, brain and central nervous system tumors (in-
cluding, for example, tumors of glial, neuronal, and men-
ingeal origin), tumors of peripheral nerve, soft tissue sarco-
mas and sarcomas of bone and cartilage, and lymphatic
tumors (including B-cell and T-cell malignant lymphoma).
In one example, the tumor is an adenocarcinoma.

The methods can also be used to treat a subject with
steroid-induced hyperglycemia that has a liquid tumor, such
as a lymphatic, white blood cell, or other type of leukemia.
In a specific example, the tumor is a tumor of the blood, such
as a leukemia (for example acute lymphoblastic leukemia
(ALL), chronic lymphocytic leukemia (CLL), acute myel-
ogenous leukemia (AML), chronic myelogenous leukemia
(CML), hairy cell leukemia (HCL), T-cell prolymphocytic
leukemia (T-PLL), large granular lymphocytic leukemia,
and adult T-cell leukemia), lymphomas (such as Hodgkin’s
lymphoma and non-Hodgkin’s lymphoma), and myelomas).

Vector: A nucleic acid molecule as introduced into a host
cell, thereby producing a transformed host cell. A vector
may include nucleic acid sequences that permit it to replicate
in the host cell, such as an origin of replication. A vector may
also include one or more mutated FGF1 coding sequences
(which may be part of a chimera), FGFR1-binding proteins
(e.g., a multimer of FGFR1-binding proteins), and/or select-
able marker genes and other genetic elements known in the
art. A vector can transduce, transform or infect a cell,
thereby causing the cell to express nucleic acids and/or
proteins other than those native to the cell. A vector option-
ally includes materials to aid in achieving entry of the
nucleic acid into the cell, such as a viral particle, liposome,
protein coating or the like.

Overview

Steroid-induced hyperglycemia or steroid-induced diabe-
tes mellitus (SIDM) is a recognized complication of gluco-
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corticoid use. Treatment with an antipsychotic agent also
causes diabetes in some patients. The present disclosure
provides methods of reducing blood glucose in a mammal
with steroid-induced diabetes, hypercortisolemia, or diabe-
tes due to treatment with an antipsychotic agent, by admin-
istering therapeutically effective amounts of one or more
FGF1 analogs, such as a mutated FGF1 protein or FGFR1-
binding protein (e.g., a multimer of FGFR1-binding pro-
teins).

Methods of using the disclosed mutated FGF1 proteins
and chimeras (or nucleic acid molecules encoding such), as
well as the FGFR1-binding protein multimers, are provided.
As discussed herein, the mutated mature FGF1 protein can
include a deletion of at least six contiguous N-terminal
amino acids, at least one point mutation, or combinations
thereof. For example, such methods include administering a
therapeutically effective amount of a disclosed mutated
FGF1 protein or chimeric protein including the mutant
FGF1 mutant protein, or FGFR1-binding protein multimer,
(such as at least 0.01, at least 0.1 mg/kg, or at least 0.5
mg/kg) (or nucleic acid molecules encoding such) to reduce
blood glucose in a mammal with steroid-induced diabetes,
hypercortisolemia, or diabetes due to treatment with an
antipsychotic agent, such as a decrease in blood glucose of
at least 5%, at least 10%, at least 25% or at least 50%, for
example as compared to administration of no mutant FGF1
mutant protein or FGFR1-binding protein multimer (e.g.,
administration of PBS). Thus, the present disclosure also
provides methods of treating steroid-induced diabetes,
hypercortisolemia, or diabetes due to treatment with an
antipsychotic agent, in a mammal, by administering a thera-
peutically effective amount of one or more disclosed
mutated FGF1 proteins or chimeric proteins including the
mutant FGF1 mutant protein, or FGFR1-binding protein
multimer.

In one example, the method reduces fed and fasting blood
glucose, increases insulin sensitivity, increases glucose tol-
erance, reduces insulin resistance, reduces hyperinsuline-
mia, reduces hyperglycemia, or combinations thereof, in a
subject with steroid-induced diabetes, hypercortisolemia, or
diabetes due to treatment with an antipsychotic agent. Such
methods can include administering a therapeutically effec-
tive amount of one or more disclosed mutated FGF1 proteins
or chimeric proteins including a mutant FGF1 mutant pro-
tein, or FGFR1-binding protein multimer, (such as at least
0.5 mg/kg) (or nucleic acid molecules encoding such) to
reduce fed and fasting blood glucose, increase insulin sen-
sitivity, increase glucose tolerance, reduce insulin resistance,
reduce hyperinsulinemia, reduce hyperglycemia, or combi-
nations thereof.

In some examples, the fed and fasting blood glucose is
reduced in the treated subject by at least 10%, at least 20%,
at least 30%, at least 50%, at least 75%, or at least 90% as
compared to an absence of administration of the FGF1
mutant and/or FGFR1-binding protein multimer. In some
examples, insulin sensitivity and/or glucose tolerance is
increased in the treated subject by at least 10%, at least 20%,
at least 30%, at least 50%, at least 75%, or at least 90% as
compared to an absence of administration of the FGF1
mutant and/or FGFR1-binding protein multimer. In some
examples, insulin resistance is reduced with the FGF1
mutant and/or FGFR1-binding protein multimer by at least
10%, at least 20%, at least 30%, at least 50%, at least 75%,
or at least 90% as compared to an absence of administration
of the FGF1 mutant and/or FGFR1-binding protein multi-
mer. In some examples, hyperinsulinemia is reduced in the
treated subject by at least 10%, at least 20%, at least 30%,
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at least 50%, at least 75%, or at least 90% as compared to
an absence of administration of the FGF1 mutant and/or
FGFR1-binding protein multimer. In some examples, com-
binations of these are achieved. In some examples, such
achievements are reached within 12 hours, within 24 hours,
or within 48 hours of the treatment, such as within 12 to 24
hours, within 12 to 36 hours, or within 24 to 48 hours of
administering the FGF1 mutant and/or FGFR1-binding pro-
tein multimer.

Methods of administration are routine, and can include
subcutaneous, intraperitoneal, intramuscular, intravenous
injection, or via the central nervous system.

In some examples, the mammal, such as a human, cat or
dog, was previously treated with, is currently being treated
with, or will be treated with (in the future) one or more
glucocorticoids. For example, the mammal can be one who
was previously treated with, is currently being treated with,
or will be treated with a GC, and has diabetes as a result (or
will likely develop diabetes when administered the GC).

In some examples, the method includes administering to
the mammal a therapeutically effective amount of one or
more GCs prior to, during, or after administering to the
mammal a therapeutically effective amount of the mutated
FGF1 proteins or chimeric proteins including the mutant
FGF1 mutant protein, or FGFR1-binding protein multimer.

Examples of GCs that can be used with the disclosed
methods, or which the subject may receive during another
therapy (and cause steroid-induced diabetes), include but are
not limited to: dexamethasone, prednisolone, hydrocorti-
sone, cortisone, methylprednisolone, betamethasone, triam-
cinolone, beclometasone, or combinations thereof. In some
examples, the GC is administered acutely (short term), for
example for a period of less than 15 days, such as 1-15 days,
3-15 days, or 7-15 days. In some examples, the GC is
administered chronically (long term) for example for a
period of more than 15 days, such as at least 20 days, at least
30 days, at least 60 days, at least 90 days, at least 180 days,
at least 1 year, at least 2 years, or more (e.g., 30-90 days,
21-60 days, or 60-365 days. In some examples the subject
has a disorder that requires chronic treatment with steroids,
such as mammal with an organ transplant (e.g., kidney,
heart, liver, or lung), lupus, or leprosy. In some examples,
the GC is administered at a dose of at least 0.1 mg, such as
at least 0.5 mg, at least 0.75 mg, at least 1 mg, at least 2 mg,
at least 5 mg, at least 10 mg, at least 15 mg, at least 20 mg,
at least 30 mg, at least 40 mg, at least 50 mg, at least 60 mg,
at least 75 mg, at least 100 mg, at least 200 mg, at least 240
mg. In some examples, the dose of GC administered is low
(e.g., <7.5 mg daily).

In some examples, the dose of GC is high, such as >30 mg
daily. In some examples, the GC is administered at a dose of
1 to 100 mg (such as 10 to 100 mg, 2 to 15 mg, 2 mg, 30
mg, 40 mg, 75 mg, or 100 mg for at least 4 days, at least 5
days, at least 15 days, or at least 1 month. In some examples,
the GC is an acute dose of prednisolone, such as 100 mg, 75
mg, or 40 mg prednisolone daily 4 to 15 days. Endogenous
GC levels are normally high early in the morning (4 am-8
am). In some examples, levels of exogenous GC equivalent
to endogenous levels can induce hyperglycemia if they are
given later in the day.

In one example the GC is or includes dexamethasone.
Dexamethasone can be administered using routine methods,
such as orally or via injection (e.g., [V and IM; injections as
sodium phosphate). In some examples the subject receives
oral, iv, or im 0.75 to 9 mg dexamethasone per day in
divided doses every 6 to 12 hours. In some examples the
subject receives IM (as acetate) 8 to 16 mg dexamethasone.
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In some examples the subject receives dexamethasone
intralesionally (as acetate) at 0.8 to 1.6 mg intraarticularly or
to soft tissue (as acetate) at 4 to 16 mg. In some examples
the subject receives dexamethasone intraarticularly, intral-
esionally, or to soft tissue (as sodium phosphate) at 0.4 to 6
mg per day. In some examples the subject receives dexam-
ethasone at an initial 10 mg IV once, followed by 4 mg IM
every 6 hours (e.g., for cerebral edema). In some examples,
the subject has cancer and receives dexamethasone to treat
chemotherapy-induced nausea/vomiting at a dose of 10 mg
to 20 mg orally or IV, 15 to 30 minutes before treatment on
each treatment day. For continuous infusion of chemo-
therapy: 10 mg orally or IV every 12 hours on each treatment
day. For mildly emetogenic therapy: 4 mg oral, IV or IM
every 4 to 6 hours. Delayed nausea and vomiting: 8 mg
orally every 12 hours for 2 days; then 4 mg every 12 hours
for 2 days. Alternatively, 20 mg orally 1 hour before
chemotherapy; then 10 mg orally 12 hours after chemo-
therapy; then 8 mg orally every 12 hours for 4 doses; then
4 mg orally every 12 hours for 4 doses.

In one example the GC is or includes prednisolone.
Prednisolone can be administered using routine methods,
such as orally or via injection (e.g., IV and IM). In some
examples the subject receives oral prednisolone at 5 to 60
mg per day in divided doses 1 to 4 times/day. In some
examples the subject receives intravenous or intramuscular
prednisolone at 4 to 60 mg/day. In some examples the
subject receives a joint injection of 4 to 30 mg prednisolone.

In one example the GC is or includes hydrocortisone.
Hydrocortisone can be administered using routine methods,
such as injection (e.g., IV and IM). In some examples the
subject receives hydrocortisone via a combination of admin-
istration routes (e.g., 100 mg IV bolus, then 300 mg/day in
divided doses every 8 hours or as a continuous infusion for
48 hours. When patient stable, change to oral, 50 mg every
8 hours for 6 doses, then taper to 30-50 mg/day. Such can in
some examples be used in a subject with acute adrenal gland
failure). In some examples the subject receives hydrocorti-
sone oral, IM or IV at 15 to 240 mg/day (e.g., as an
anti-inflammatory). In some examples the subject receives
hydrocortisone by continuous intravenous infusion at 200
mg per day (e.g., to treat shock).

In one example the GC is or includes cortisone. Cortisone
can be administered using routine methods, such as oral or
IM, for example at 25 mg to 300 mg per day, in 1 to 2
divided doses (e.g., in a subject with adrenal insufficiency,
arthritis, lupus, or lymphoma).

In one example the GC is or includes methylprednisolone.
Methylprednisolone can be administered using routine
methods, such as injection or oral. In some examples the
subject receives methylprednisolone IM at 80 to 120 mg IM
(e.g., to treat allergic rhinitis), 4 to 120 mg IM or intraar-
ticular (e.g., to treat rheumatoid arthritis), 30 mg/kg IV
repeated every 4 to 6 hours or 100 to 250 mg IV repeated
every 2 to 6 hours (e.g., to treat shock). In some examples
the subject receives methylprednisolone for immunosup-
pression, such as at a dose of 4 to 48 mg orally per day; 2
to 2.5 mg/kg per day IV or IM, tapered slowly over 2 to 3
weeks or 250 to 1,000 mg IV once daily or on alternate days
for 3 to 5 doses. In some examples the subject receives
methylprednisolone for acute asthma exacerbations via oral
or IV: 40 to 80 mg/day in divided doses 1 to 2 times/day or
receives oral methylprednisolone at 40 to 60 mg/day in
divided doses 1 to 2 times/day for 3 to 10 days. In some
examples the subject receives methylprednisolone IM (ac-
etate) at 240 mg as a one-time dose. In some examples the
subject receives methylprednisolone orally at 7.5 to 60 mg
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daily given as a single dose in the morning or every other
day (e.g., for asthma control).

In one example the GC is or includes betamethasone.
Betamethasone can be administered using routine methods,
such as injection or oral. In some examples the subject
receives betamethasone at a dose of 0.2 mL per square cm
IM with a maximum dose of 1 mL/week (e.g., for derma-
tological disorders). In some examples the subject receives
betamethasone at 0.25 to 0.5 mL at 3 to 7 day intervals (e.g.,
for bursitis). In some examples the subject receives betame-
thasone at 0.5 to 1 mL in affected foot at 3 to 7 day intervals
(e.g., for gouty arthritis). In some examples the subject
receives betamethasone at 0.25 to 2 ml of acetate with
phosphate (e.g., for osteoarthritis). In some examples the
subject receives betamethasone orally at 0.6 to 7.2 mg/day
(e.g., as an anti-inflammatory). In some examples the subject
receives betamethasone IV up to 9 mg/day or IM at 0.6 to 9
mg/day divided every 12 to 24 hours. In some examples the
subject receives betamethasone IM at 0.0175 to 0.125 mg
base/kg/day divided every 6 to 12 hours or orally at 0.0175
to 0.25 mg/kg/day divided every 6 to 8 hours.

In one example the GC is or includes triamcinolone.
Triamcinolone can be administered using routine methods,
such as orally. In some examples the subject receives
triamcinolone at 4 to 12 mg oral daily (e.g., for adrenocor-
tical insufficiency). In some examples the subject receives
triamcinolone at 8 mg to 16 mg orally per day or 3 mg to 48
mg IM per day, administered in equally divided doses every
12 hours (e.g., for bursitis, osteoarthritis, rheumatoid arthri-
tis). In some examples the subject receives triamcinolone at
8 to 12 mg orally daily (e.g., for allergic rhinitis).

In one example the GC is or includes beclometasone.
Beclometasone can be administered using routine methods,
such as inhalation. In some examples the subject receives
beclometasone at 40 mcg/inh and 80 mcg/inh inhalation
aerosols: 2 inhalations (40 mcg each) twice a day, or 2
inhalations (80 mcg each) twice daily can be used in patients
who previously received inhaled steroids (e.g., for asthma).

In some examples, the method includes administering to
the mammal a therapeutically effective amount of one or
more antipsychotic agents prior to, during, or after admin-
istering to the mammal a therapeutically effective amount of
the mutated FGF1 proteins or chimeric proteins including
the mutant FGF1 mutant protein, or FGFR1-binding protein
multimer. Examples of antipsychotic agents that can be used
with the disclosed methods, or which the subject may
receive during another therapy (and induce diabetes),
include but are not limited to: quetiapine (e.g., Seroquel®),
OFC (olanzapine-fluoxetine combination), phenothiazines
(such as chlorpromazine and thioridazine), and clozapine.

In some examples, the method includes administering to
the mammal a therapeutically effective amount of one or
more additional therapeutic compounds, such as insulin, a
secretagogue, incretin mimetic, an anti-diabetic agent, or
combinations thereof.

In some examples, the subject has cancer and the method
includes administering to the mammal a therapeutically
effective amount of chemotherapy, biotherapy (e.g., mono-
clonal antibody), radiation therapy, or combinations thereof.
Examples of chemotherapeutic agents that can be adminis-
tered include alkylating agents, antimetabolites, natural
products, or hormones and their antagonists. Examples of
alkylating agents include nitrogen mustards (such as
mechlorethamine, cyclophosphamide, melphalan, uracil
mustard or chlorambucil), alkyl sulfonates (such as busul-
fan), nitrosoureas (such as carmustine, lomustine, semus-
tine, streptozocin, or dacarbazine). Examples of antimetabo-
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lites include folic acid analogs (such as methotrexate),
pyrimidine analogs (such as 5-FU or cytarabine), and purine
analogs, such as mercaptopurine or thioguanine. Examples
of natural products include vinca alkaloids (such as vinblas-
tine, vincristine, or vindesine), epipodophyllotoxins (such as
etoposide or teniposide), antibiotics (such as dactinomycin,
daunorubicin, doxorubicin, bleomycin, plicamycin, or mito-
cycin C), and enzymes (such as [-asparaginase). Examples
of miscellaneous agents include platinum coordination com-
plexes (such as cis-diamine-dichloroplatinum II also known
as cisplatin), substituted ureas (such as hydroxyurea),
methyl hydrazine derivatives (such as procarbazine), and
adrenocrotical suppressants (such as mitotane and amino-
glutethimide). Examples of hormones and antagonists
include adrenocorticosteroids (such as prednisone), proges-
tins (such as hydroxyprogesterone caproate, medroxypro-
gesterone acetate, and magestrol acetate), estrogens (such as
diethylstilbestrol and ethinyl estradiol), antiestrogens (such
as tamoxifen), and androgens (such as testerone proprionate
and fluoxymesterone). Examples of commonly used chemo-
therapy drugs include Adriamycin, Alkeran, Ara-C, BiCNU,
Busulfan, CCNU, Carboplatinum, Cisplatinum, Cytoxan,
Daunorubicin, DTIC, 5-FU, Fludarabine, Hydrea, Idarubi-
cin, Ifosfamide, Methotrexate, Mithramycin, Mitomycin,
Mitoxantrone, Nitrogen Mustard, Taxol (or other taxanes,
such as docetaxel), Velban, Vincristine, VP-16, while some
more newer drugs include Gemcitabine (Gemzar), Hercep-
tin, Irinotecan (Camptosar, CPT-11), Leustatin, Navelbine,
Rituxan STI-571, Taxotere, Topotecan (Hycamtin), Xeloda
(Capecitabine), Zevelin and calcitriol. Non-limiting
examples of immunomodulators that can be used include
AS-101 (Wyeth-Ayerst Labs.), bropirimine (Upjohn),
gamma interferon (Genentech), GM-CSF (granulocyte mac-
rophage colony stimulating factor; Genetics Institute), 1L-2
(Cetus or Hoffman-LaRoche), human immune globulin
(Cutter Biological), IMREG (from Imreg of New Orleans,
La.), SK&F 106528, and TNF (tumor necrosis factor;
Genentech). In one example, the additional therapeutic agent
is a biologic agent (e.g., mAb) or a small molecule, such as
one or more of cetuximab, panitumamab, zalutumumab,
nimotuzumab, matuzuma, gefitinib, erlotinib, lapatinib, tras-
tuzumab  (Herceptin®),  pertuzumab,  tositumomab
(Bexxar®); rituximab (Rituxan, Mabthera); ibritumomab
tiuxetan (Zevalin, for example in combination with yttrium-
90 or indium-111 therapy), daclizumab (Zenapax), gemtu-
zumab (Mylotarg, for example in combination with cali-
cheamicin therapy), alemtuzumab (Campath), CEA-scan
(Fab fragment), colo101, OC125 (monoclonal antibody),
ab75705 (available from Abcam), B3 (Humanized), B72.3
(monoclonal antibody), and bevacizumab (Avastin®). In
one example the additional agent can be a PD-1 antagonist
or a CTLA-4 antagonist. In embodiments, an inhibitory
nucleic acid, e.g., an inhibitory nucleic acid, e.g., a dsRNA,
e.g., a siRNA, shRNA, or ribozymne, can be used to inhibit
expression of PD-1 or CTLA-4. In other embodiments, the
PD-1 antagonist or CTLA-4 antagonist is an antibody (e.g.,
ipilimumab (also referred to as MDX-010 and MDX-101,
and marketed as YERVOY®; Bristol-Myers Squibb) and
tremelimumab (IgG2 monoclonal antibody available from
Pfizer, formerly known as ticilimumab, CP-675,206).

In some examples, the mammal treated with the disclosed
methods has chronic obstructive pulmonary disease, acute
gout, cancer (and is being treated with chemotherapy),
bacterial meningitis, asthma, or is a pregnant women in need
of fetal lung maturation. In some examples, such indications
(such as exacerbated conditions) are treated with short-term
acute steroid therapy, and the subject develops diabetes (or
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is likely to develop diabetes as a result). For example, the
subject can have a cancer and be treated with a steroid (such
as hydrocortisone, prednisolone, methyl prednisolone, or
dexamethasone), for example to relive sickness and boost
appetite when having chemotherapy, to reduce inflamma-
tion, to reduce the immune response (e.g., after a bone
marrow or stem cell transplant), or combinations thereof.
Such subject may or is likely to develop diabetes as a result
of the steroid therapy. In some examples the subject with
cancer is also being treated with chemotherapy or other
cancer treatment (e.g., biologic, radiotherapy). In a specific
example, the subject with cancer receives R-CHOP combi-
nation chemotherapy (rituximab+cyclophosphamide, doxo-
rubicin, vincristine, and prednisone).

In some examples, the mammal treated with the disclosed
methods has a pulmonary disease such as idiopathic inter-
stitial pneumonia, hypersensitivity pneumonitis and sarcoi-
dosis; an autoimmune disease (such as lupus, Graves’ dis-
ease, Crohn’s disease, celiac disease, rheumatoid arthritis,
fibromyalgia, multiple sclerosis, and Sjogren’s syndrome); a
neurologic diseases such as myasthenia gravis and multiple
sclerosis; an inflammatory bowel disease; leprosy; a respi-
ratory; or has received a solid organ transplant (e.g., liver,
lung, kidney, pancreas, intestine, heart). In some examples,
such indications are treated with chronic glucocorticoid
therapy, and the subject develops diabetes (or is likely to
develop diabetes as a result).

In some examples, the mammal treated with the disclosed
methods has a disease caused by an overactive immune
system, such as allergies (such as seasonal allergies),
asthma, autoimmune diseases, or sepsis. In some examples,
such indications are treated with glucocorticoid therapy, and
the subject develops diabetes (or is likely to develop diabe-
tes as a result).

In some examples, the mammal treated with the disclosed
methods has a disease that results in hypercortisolemia, such
as Cushing’s syndrome, lung cancer, a tumor of the pituitary
or adrenal gland, kidney failure, pregnancy, or surgery. As a
result of the hypercortisolemia, in some examples the sub-
ject has diabetes or elevated fasting blood glucose.

In some examples, the mammal treated with the disclosed
methods has a disease that is treated by an antipsychotic
agent, such as bipolar disorder or manic depression.

The disclosed mutated FGF1 proteins useful in the dis-
closed methods can include an N-terminal deletion, one or
more point mutations (such as amino acid substitutions,
deletions, additions, or combinations thereof), or combina-
tions of N-terminal deletions and point mutations. Such
mutated FGF1 proteins can be part of a chimeric protein,
such as a C-terminal portion of FGF21 or FGF19 (e.g., SEQ
ID NO: 86 or 100, respectively), a f-Klotho binding protein
(e.g., SEQID NOS: 173, 174,175, 177, 178, 179, 181, 182,
183, 185, 186, and 187), or an FGFR1 binding protein (e.g.,
see SEQ ID NOS: 188 and 189), or both a p-Klotho binding
protein and an FGFR1 binding protein (e.g., linked directly
or indirectly to any of SEQ ID NOS: 168, 169, 170 or 171).
Thus, when referring to a mutated FGF1 protein(s) herein,
such reference also includes reference to mutated FGF1/
FGF21, mutated FGF1/FGF19 chimeras, mutated FGF1/p-
Klotho-binding chimeras, mutated FGF1/FGF1Rc-binding
chimeras, or mutated FGF1/p-Klotho-binding/FGF1R-bind-
ing chimeras.

In some examples, mutations in FGF1 reduce the mito-
genicity of mature wild-type FGF1 (e.g., SEQ ID NO: 5),
such as a reduction of at least 20%, at least 50%, at least 75%
or at least 90%. For example, mutated FGF1 can be mutated
to decrease binding affinity for heparin and/or heparan
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sulfate compared to an FGF1 protein without the modifica-
tion (e.g., a native or wild-type FGF1 protein). Methods of
measuring mitogenicity are known in the art.

In some examples, the mutant FGF1 protein is a truncated
version of the mature protein (e.g., SEQ ID NO: 5), which
can include for example deletion of at least 5, at least 6, at
least 9, at least 10, at least 11, at least 12, at least 13, at least
14, at least 15, or at least 20 consecutive N-terminal amino
acids, such as the N-terminal 5 to 10, 5 to 13, 5, 6, 7, 8, 9,
10, 11, 12, or 13 amino acids of mature FGF1. In some
examples, such an N-terminally deleted FGF1 protein has
reduced mitogenic activity as compared to wild-type mature
FGF1 protein.

In some examples, one or more of the deleted N-terminal
amino acids are replaced with corresponding amino acids
from FGF21 (e.g., see SEQ ID NO: 20), such as at least 1,
at least 2, at least 3, at least 4, at least 5, at least 10, at least
15, or at least 20 amino acids from FGF21, such as 1-5, 1-4,
2-4, 4-6, 4-9, 3-10, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 corre-
sponding amino acids from FGF21. An example of an FGF1
mutated protein with an N-terminal deletion having four
corresponding N-terminal amino acids from FGF21 is
shown in SEQ ID NO: 21 and 222. An example of an FGF1
mutated protein with an N-terminal deletion having 16
N-terminal amino acids from FGF21 is shown in SEQ ID
NO: 221. One skilled in the art will appreciate that amino
acids from other FGFs besides FGF21 can be used, includ-
ing those having low affinity for FGFR4, including FGF3,
FGFS5, FGF7, FGF9 and FGF10. The N-terminal residues of
FGF1 include an FGFR4 binding site, and FGFR4 signaling
is associated with mitogenic activity. In contrast, FGF21 has
low affinity for FGFR4. Thus, replacing the FGFR4 binding
residues of FGF1 with those from FGF21 can be used to
reduce mitogenicity of the resulting FGF1 mutant protein.

In some examples, mutations in FGF1 increase the ther-
mostability of mature or truncated FGF1 (e.g., SEQ ID NO:
5), such as an increase of at least 20%, at least 50%, at least
75% or at least 90% compared to native FGF1. Exemplary
mutations that can be used to increase the thermostability of
mutated FGF1 include but are not limited to one or more of:
K12V, C117V, C117P, C117T, C1178S, C117A and P134V
(referred to as M1 mutations), L44F, C83T, C83S, C83A
C83V, C117V, C117P, C117T, C117S, C117A and F132W
(referred to as M2 mutations), and [44F, M671, L73V,
V109L, L1111, C117V, C117P, C117T, C117S, C117A
A103G, R119G, R119V, A104-106, and A120-122 (referred
to as M3 deletions), wherein the numbering refers to SEQ ID
NO: 5 (e.g., see Xia et al., PL.oS One. 7:e48210, 2012). For
example, mutated FGF1 can be mutated to increase the
thermostability of the protein compared to an FGF1 protein
without the modification (e.g., SEQ ID NO: 5). Methods of
measuring thermostability are known in the art. In one
example, the method provided in Xia et al.,, PLoS One.
7:€48210, 2012 is used.

In some examples, the mutant FGF1 protein is a mutated
version of the mature protein (e.g., SEQ ID NO: 5), such as
one containing at least 1, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least 11, at least
12, at least 13, at least 14, at least 15, at least 16, at least 17,
at least 18, at least 19, at least 20, at least 21, at least 22, at
least 23, at least 24 or at least 25 amino acid substitutions,
such as 1-20, 1-10, 4-8, 5-25,1,2,3,4, 5,6, 7, 8, 9, 10, 11,
12,13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, or 37 amino acid
substitutions (such as those shown in Table 1). In some
examples, the mutant FGF1 protein includes deletion of one
or more amino acids, such as deletion of 1-10, 4-8, 5-10, 1,
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2,3,4,5,6,7,8,09, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 amino acid deletions. In some examples, the mutant
FGF1 protein includes a combination of amino acid substi-
tutions and deletions, such as at least 1 substitution and at
least 1 deletion, such as 1 to 10 substitutions with 1 to 10
deletions.

Exemplary mutations are shown in Table 1 below, with
amino acids referenced to either SEQ ID NO: 2 or 5. One
skilled in the art will recognize that these mutations can be
used singly, or in combination (such as 1-20, 1-10, 4-8, 5-25,
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, or 41 of these amino acid substitutions
and/or deletions).

In addition, such mutant FGF1 proteins are part of a
chimeric protein, such as with FGF19, FGF21, a protein that
selectively binds to -Klotho, or a protein that selectively
binds to FGFR1 (such as FGFR1b or FGFRI1c).

TABLE 1

Exemplary FGF1 mutation

Location of Location of

Point Mutation Point Mutation

Position in Position in

SEQ ID NO: 2 Mutation Citation SEQ ID NO: 5

K24 K9T K9

K25 K10T K10

K27 K12v K12

129 L14A L14

Y30 Y15F, YI5A, Y15V Y15

C31 C16V, C16A, C16T, C16S C16

H36 H21Y H21

R50 R35E, R35V R35

Q55 Q40P Q40

159 L44F L44

L61 L46V L46

S62 S471 S47

E64 E49Q, E49A E49

Y70 Y55F, Y558, Y55A Y55

M82 M671 M67

188 L73V L73

C98 C83T, C83S, C83A C83V C83

E102 ER7V, E87A, ER7S, E87T E&7

H108 H93G, H93A H93

Y109 Y94V, Y94F, Y94A Y94

N110 NO95V, N95A, N95S, N95T N9s5

H117 H102Y H102

Al18 A103G A103

EKN 119-121 A104-106 EKN (104-106)

F123 F108Y F108

V124 V109L V109

L126 L1111 Lin

K127 K112D, K112E, K112Q K112

K128 K113Q, K113E, K113D K113

C132 C117V, C117P, C117T, C117
C1178, C117A

K133 K118N, K118E, K118V K118

R134 R119G, R119V, R119E R119

GPR 135-137 A120-122 GPR (120-122)

F147 F132wW F132

L1148 L133A, L1338 L133

P149 P134V P134

L150 L135A, L1358 L135

In some examples, the mutant FGF1 protein includes
mutations at one or more of the following positions: K9,
K10, K12, L14, Y15, C16, H21, R35, Q40, L44, 146, S47,
E49,Y55, M67, 173, C83, L86, E87, H93, Y94, N95, H102,
A103, E104, K105, N106, F108, V109, 1111, K112, K113,
Cl117, K118, R119, G120, P121, R122, F132, 133, P134,
L135, such as one or more of K9, K10, K12, K112, K113,
suchas 1to5,2t05,3t06,31t08,1,2,3,4,5,6,7,8,9,
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10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41
or all 42 of' these positions. In one example, K9 and K10 are
replaced with DQ (as in the mutated nuclear localization
sequence) or with equivalent residues from FGF21 (or
another FGF that does not bind to FGFR4) (wherein the
numbering refers to SEQ ID NO: 5).

In some examples, the mutant FGF1 protein includes
mutations at 1, 2, 3 or 4 of the following positions: Y15,
E87, Y94, and N95 (wherein the numbering refers to SEQ
ID NO: 5), such as one or more of Y15F, Y15A, Y15V,
E87V, E87A, E87S, E87T, N5V, NI5SA, NI5S, NO5T,
Y94V, Y94F, and Y94A (such as 1, 2, 3 or 4 of these
mutations). For example, E87 or N95 can be replaced with
a non-charged amino acid. In addition, Y15 and Y94 can be
replaced with an amino acid that destabilizes the hydropho-
bic interactions. In some examples, the mutant FGF1 protein
includes mutations on either side of Y15, E87, Y94, and
NO95, such as one or more of L14, C16, H93, and T96, such
as mutations at 1, 2, 3, or 4 of these positions.

In some examples, the mutant FGF1 protein includes
mutations at 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 of the following
positions: Y15, C16, E87, H93, Y94, and N95 (wherein the
numbering refers to SEQ ID NO: 5), such as one or more of
Y15F, YISA, Y15V, E87V, E87A, E87S, E87T, HI3A,
NO5V, N95A, N95S, N95T, Y94V, YI94F, and Y94A (such as
1,2,3,4,5,6,7, 8, 9 or 10 of these mutations).

In some examples, the mutant FGF1 protein includes
mutations at one or more of the following positions: C16,
C83, and C117 (wherein the numbering refers to SEQ ID
NO: 5), such as one or more of C16V, C16A, C16T, C16S,
C83T, C83S, C83A C83V, C117V, C117P, C117T, C117S,
and C117A (such as 1, 2, or 3 of these mutations).

In some examples, the mutant FGF1 protein includes
mutations at only one or two of the following positions: E87,
Y94, and N95 (wherein the numbering refers to SEQ ID NO:
5), such as one or two of E87V, E87A, E87S, E87T, Y94V,
Y94F, Y94A, N95V, N95A, N95S, and N95T.

In some examples, the mutant FGF1 protein includes
mutations at 1, 2, or 3 of the following positions: K12, C83,
and C117 (wherein the numbering refers to SEQ ID NO: 5),
such as one or more of K12V, K12C, C83T, C83S, C83A,
C83V, C117V, C117P, C117T, C117S, and C117A (such as
1, 2, or 3 of these mutations, such as K12V, C83T, and
C117V).

FIG. 16 shows specific examples of positions that can be
mutated in FGF1 to alter its activity. For example, residues
that interact with the FGF1 receptor include Y15, E87, Y94
and NO95. Thus, in some examples, 1, 2, 3, or 4 of these
positions are mutated, for example the amino acid at position
87 and/or 95 of SEQ ID NO: 5 can be changed to a V, A, S
or T. In some examples, the amino acid at position 15 and/or
95 of SEQ ID NO: 5 can be changedto a V, A, or F. In some
examples, combinations of these changes are made.

FIG. 16 also shows that K12 of FGF1 is predicted to be
at the receptor interface. Thus, K12 of SEQ ID NO: 5 can be
mutated, for example to a V or C. FIG. 31 also shows that
amino acids K112, K113, and K118 are part of the heparin
binding site, and thus can be mutated, for example to a E, Q,
N, Vor D, such as a N, E or V at position K118, and a D,
E or Q at positions K112 and K113. FIG. 31 also shows that
amino acid R35 of SEQ ID NO: 5 that forms a salt bridge
with the D2 domain of the FGF receptor, and thus can be
mutated, for example to an E or V.

In some examples, the mutant FGF1 protein includes one
or more of K12V, L46V, R35E, R35V, E87V, N95V, K118N,
K118E, C117V, and P134V (wherein the numbering refers to
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SEQ ID NO: 5). In some examples, the point mutation
includes replacing amino acid sequence ILFLPLPV (amino
acids 145-152 of SEQ ID NO: 2 and 4) to AAALPLPV
(SEQ ID NO: 14), ILALPLPV (SEQ ID NO: 15), ILFA-
PLPV (SEQ ID NO: 16), or ILFLPAPA (SEQ ID NO: 17).
In some examples, such an FGF1 protein with one or more
point mutations has reduced mitogenic activity as compared
to wild-type mature FGF1 protein. In some examples, the
mutant FGF1 protein includes R35E (wherein the number-
ing refers to SEQ ID NO: 5).

In some examples, the mutant FGF1 protein includes at
least 120 consecutive amino acids from amino acids 5-141
of FGF1 (e.g., of SEQ ID NO: 2 or 4), (which in some
examples can include further deletion of N-terminal amino
acids 1-20 and/or point mutations, such as substitutions,
deletions, or additions). In some examples, the mutant FGF1
protein includes at least 120 or at least 130 consecutive
amino acids from amino acids 5-141 of FGF1, such as at
least 120 consecutive amino acids from amino acids 5-141
of SEQ ID NO: 2 or 4 or at least 120 consecutive amino
acids from SEQ ID NO: 5.

In some examples, the mutant FGF1 protein includes both
an N-terminal truncation and point mutations. Specific
exemplary FGF1 mutant proteins are shown in SEQ ID
NOS:6,7,8,9,10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 113, 114, 115, 116, 117, 118,
119, 120, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200,
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 225, 226, 227, 228, 229, 230,
231, 232, 233, 234, 235, 236, 237 and 238. In some
examples, the FGF1 mutant includes an N-terminal deletion,
but retains a methionine at the N-terminal position. In some
examples, the FGF1 mutant is 120-140 or 125-140 amino
acids in length.

In some examples, the FGF1 mutant protein is part of a
chimeric protein. For example, one end of the mutant FGF1
mutant protein can be joined directly or indirectly to the end
of FGF19 or FGF21, such as a C-terminal region of FGF 19
or FGF21. In some examples, the mutated FGF1 portion of
the chimera is at the N-terminus of the chimera, and the
FGF19 or FGF21 portion is the C-terminus of the chimera.
However, this can be reversed, such that the mutated FGF1
portion of the chimera is the C-terminus of the chimera, and
the FGF19 or FGF21 portion is the N-terminus of the
chimera. For example, at least 10, at least 20, at least 30, at
least 40, at least 41, at least 42, at least 43, at least 44, at least
45, at least 46, at least 47, at least 48, at least 49, at least 50
or at least 60 C-terminal amino acids of FGF19 or FGF21
(such as the C-terminal 60, 55, 50, 49, 48, 47, 46, 45, 44, 43,
42, 41, 40, 35, 30, 25, 20, 15 or 10 amino acids) can be part
of'the chimera. Examples of C-terminal fragments of FGF21
and FGF19 that can be used are shown in SEQ ID NOS: 86
and 100, respectively. In some examples, the mutant FGF1
and FGF21 or FGF19 portion are linked indirectly through
the use of a linker, such as one composed of at least 5, at
least 10, at least 15 or at least 20 amino acids. In one
example the linker is a poly alanine.

In some examples, the FGF1 mutant protein is part of a
chimeric protein with a [-Klotho-binding protein. For
example, one end of the mutant FGF1 mutant protein can be
joined directly or indirectly to the end of a f-Klotho-binding
protein (see for example FIGS. 23-26). In some examples,
the mutated FGF1 portion of the chimera is at the N-termi-
nus of the chimera, and the p-Klotho-binding protein portion
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is the C-terminus of the chimera (e.g., see FIGS. 23B-23D,
23G-231 and 25B-25D, 25G-251, respectively). However,
this can be reversed, such that the mutated FGF1 portion of
the chimera is the C-terminus of the chimera, and the
p-Klotho binding protein portion is the N-terminus of the
chimera (e.g., see FIGS. 24B-24D, 24F-24H and 26B-26D,
26F-26H). Examples of p-Klotho-binding proteins that can
be used are shown in SEQ ID NOS: 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145 and 146 and
p-Klotho-binding portions of SEQ ID NOS: 168, 169, 170,
and 171. In some examples, the mutant FGF1 and p-Klotho-
binding protein portion are linked indirectly through the use
of a linker, such as one composed of at least 5, at least 10,
at least 15 or at least 20 amino acids. In one example the
linker is a poly alanine.

In some examples, the FGF1 mutant protein is part of a
chimeric protein with an FGFR1-binding protein. For
example, one end of the mutant FGF1 mutant protein can be
joined directly or indirectly to the end of an FGFR1-binding
protein. In some examples, the mutated FGF1 portion of the
chimera is at the N-terminus of the chimera, and the FGFR1-
binding protein portion is the C-terminus of the chimera
(e.g., see FIG. 8]). However, this can be reversed, such that
the mutated FGF1 portion of the chimera is the C-terminus
of'the chimera, and the FGFR1-binding protein portion is the
N-terminus of the chimera (e.g., see FIG. 91). Examples of
FGFR1-binding proteins that can be used are shown in SEQ
ID NOS: 147, 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, 163, 164, 165, 166, and 167
and FGFR1-binding portions of 168, 169, 170 and 171. In
some examples, the mutant FGF1 and FGFR1-binding pro-
tein portion are linked indirectly through the use of a linker,
such as one composed of at least 5, at least 10, at least 15 or
at least 20 amino acids. In one example the linker is a poly
alanine.

In some examples, the FGF1 mutant protein is part of a
chimeric protein with both an FGFR1-binding protein and a
p-Klotho-binding protein, in any order. For example, one
end of the mutant FGF1 mutant protein can be joined
directly or indirectly to the end of an FGFR1-binding/p-
Klotho-binding or p-Klotho-binding/FGFR1-binding chi-
meric protein. In some examples, the mutated FGF1 portion
of the chimera is at the N-terminus of the chimera, and the
FGFR1-binding/p-Klotho-binding or p-Klotho-binding/
FGFR1-binding chimeric protein portion is the C-terminus
of the chimera (e.g., see FIG. 8K). However, this can be
reversed, such that the mutated FGF1 portion of the chimera
is the C-terminus of the chimera, and the FGFR1-binding/
p-Klotho-binding or f-Klotho-binding/FGFR1-binding chi-
meric protein portion is the N-terminus of the chimera (e.g.,
see FIG. 9J). In one example the FGFR1-binding/f-Klotho-
binding or f-Klotho-binding/FGFR1-binding chimeric pro-
tein is any one of those shown in SEQ ID NOS: 168, 169,
170, and 171. In some examples, the mutant FGF1 and
FGFR1-binding/p-Klotho-binding or p-Klotho-binding/
FGFR1-binding chimeric protein portion are linked indi-
rectly through the use of a linker, such as one composed of
at least 5, at least 10, at least 15 or at least 20 amino acids.
In one example the linker is a poly alanine.

In some examples, the FGF1 mutant protein or chimera
including such has at least 80% sequence identity to SEQ ID
NO: 6,7,8,9,10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74,75, 76,
77,78, 79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94,
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95, 96, 97, 98, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 173,
174, 175,177, 178, 179, 181, 182, 183, 185, 186, 187, 188,
189, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201,
202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213,
214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225,
226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237
or 238. Thus, the FGF1 mutant protein can have at least
90%, at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity to SEQ ID NO: 6, 7, 8, 9,
10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72, 73, 74,75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 173, 174, 175, 177,
178, 179, 181, 182, 183, 185, 186, 187, 188, 189, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204,
205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216,
217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228,
229, 230, 231, 232, 233, 234, 235, 236, 237 or 238 (but is
not a native FGF1 sequence, such as SEQ ID NO: 5). In
some examples, the FGF1 mutant protein includes or con-
sists of SEQ ID NO: 6,7, 8, 9, 10, 11, 12, 13, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119, 120, 173, 174, 175, 177, 178, 179, 181, 182, 183, 185,
186, 187, 188, 189, 191, 192, 193, 194, 195, 196, 197, 198,
199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210,
211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
223,224,225, 226, 227, 228, 229, 230, 231, 232, 233, 234,
235, 236, 237 and 238. The disclosure encompasses variants
of'the disclosed FGF1 mutant proteins, such as SEQ ID NO:
6,7,8,9,10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77,
78,79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 173, 174,
175,177,178, 179, 181, 182, 183, 185, 186, 187, 188, 189,
191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,
203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214,
215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226,
227,228,229, 230, 231, 232, 233, 234, 235, 236, 237 or 238
having 1t0 8,21t0 10, 1 to 5, 1 to 6, or 5 to 10 mutations,
such as conservative amino acid substitutions.

In some examples, a mutant FGF1/FGF21 chimera pro-
tein has at least 80% sequence identity to SEQ ID NO: 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 219, 221, 222, or
223. Thus, the mutant FGF1/FGF21 chimeric protein can
have at least 90%, at least 95%, at least 96%, at least 97%,
at least 98% or at least 99% sequence identity to SEQ ID
NO: 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 219, 221,
222, or 223. In some examples, the mutant FGF1/FGF21
chimera protein includes or consists of SEQ ID NO: 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 219, 221, 222, or 223.
The disclosure encompasses variants of the disclosed mutant
FGF1/FGF21 chimera proteins, such as SEQ ID NO: 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 219, 221, 222, or 223
having 1-8 mutations, such as conservative amino acid
substitutions.
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In some examples, a mutant FGF1/FGF19 chimera pro-
tein has at least 80% sequence identity to SEQ ID NO: 101,
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 220,
or 224. Thus, the mutant FGF1/FGF19 chimeric protein can
have at least 90%, at least 95%, at least 96%, at least 97%,
at least 98% or at least 99% sequence identity to SEQ ID
NO: 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 220, or 224. In some examples, the mutant FGF1/
FGF19 chimera protein includes or consists of any of SEQ
ID NOS: 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 220, or 224. The disclosure encompasses variants
of'the disclosed mutant FGF1/FGF19 chimera proteins, such
as SEQIDNO: 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 220, or 224 having 1, 2,3, 4,5, 6,7, 8, 9, or
10 mutations, such as conservative amino acid substitutions.

In some examples, a mutant FGF1/p-Klotho-binding pro-
tein chimera has at least 80% sequence identity to SEQ ID
NO: 173, 174, 175,177, 178, 179, 181, 182, 183, 185, 186,
or 187. Thus, the mutant FGF1/p-Klotho chimeric protein
can have at least 90%, at least 95%, at least 96%, at least
97%, at least 98% or at least 99% sequence identity to SEQ
ID NO: 1173, 174, 175, 177, 178, 179, 181, 182, 183, 185,
186, or 187. In some examples, the mutant FGF1/p-Klotho
chimera protein includes or consists of SEQ ID NO: 173,
174, 175, 177, 178, 179, 181, 182, 183, 185, 186, or 187.
The disclosure encompasses variants of the disclosed mutant
FGF1/p-Klotho chimera proteins, such as SEQ 1D NO: 173,
174, 175, 177, 178, 179, 181, 182, 183, 185, 186, or 187
having 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 mutations, such as
conservative amino acid substitutions.

In some examples, a mutant FGF1/FGF1R-binding pro-
tein chimera has at least 80% sequence identity to any of
SEQ ID NOS: 188-189. Thus, the mutant FGF1/FGF1R-
binding protein chimera can have at least 90%, at least 95%,
at least 96%, at least 97%, at least 98% or at least 99%
sequence identity to SEQ ID NO: 188 or 189. In some
examples, the mutant FGF1/FGF1R-binding protein chime-
ras include or consists of any of SEQ ID NOS: 188-189. The
disclosure encompasses variants of the disclosed mutant
FGF1/FGF1R-binding protein chimeras, such as SEQ ID
NO: 188 or 189 having 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10
mutations, such as conservative amino acid substitutions.

In one example the FGFR1-binding/p-Klotho-binding or
p-Klotho-binding/FGFR1-binding protein portion of a chi-
mera includes at least 80% sequence identity to SEQ ID NO:
168, 169, 170 or 171, such as at least 90%, at least 95%, at
least 96%, at least 97%, at least 98% or at least 99%
sequence identity to SEQ ID NO: 168, 169, 170 or 171.

In one example an FGFRI1-binding protein multimer
includes at least one monomer having 80% sequence iden-
tity to the FGFR1-binding portion of SEQ ID NO: 147, 148,
149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160,
161, 162, 163, 164, 165, 166, 167, 168, 169, or 170, such as
at least 90%, at least 95%, at least 96%, at least 97%, at least
98% or at least 99% sequence identity to the FGFR1 portion
of SEQID NO: 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167,
168, 169, or 170. In one example an FGFR1-binding protein
dimer includes at least 80% sequence identity SEQ 1D NO:
190, such as at least 90%, at least 95%, at least 96%, at least
97%, at least 98% or at least 99% sequence identity to SEQ
ID NO: 190.

Also provided are isolated nucleic acid molecules encod-
ing the disclosed mutated FGF1 proteins and chimeras, such
as a nucleic acid molecule encoding a protein having at least
80%, at least 85%, at least 90%, at least 95%, at least 98%,
or at least 99% sequence identity to SEQ ID NO: 6,7, 8, 9,
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10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72, 73, 74,75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 173, 174, 175, 177,
178, 179, 181, 182, 183, 185, 186, 187, 188, 189, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204,
205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216,
217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228,
229, 230, 231, 232, 233, 234, 235, 236, 237, or 238 (but is
not a native FGF1 sequence). One exemplary coding
sequence is shown in SEQ ID NO: 18; thus, the disclosure
provides sequences having at least 80%, at least 85%, at
least 90%, at least 95%, at least 98%, or at least 99%
sequence identity to any of SEQ ID NO: 18. Vectors and
cells that include such nucleic acid molecules are also
provided. For example, such nucleic acid molecules can be
expressed in a host cell, such as a bacterium or yeast cell
(e.g., E. coli), thereby permitting expression of the mutated
FGF1 protein. The resulting mutated FGF1 protein can be
purified from the cell.

Also provided are therapeutic compositions, which can be
used with the disclosed methods. In some examples the
composition includes (1) one or more GCs (such as one or
more of dexamethasone, prednisolone, hydrocortisone, cor-
tisone, methylprednisolone, betamethasone, triamcinolone,
and beclometasone), (2) one or more mutant FGF1 proteins,
FGFR1-binding protein multimers, or combinations thereof,
provided herein and (3) a pharmaceutically acceptable car-
rier. In some examples the composition includes (1) one or
more antipsychotic compounds, (such as one or more of
quetiapine (e.g., Seroquel®), OFC (olanzapine-fluoxetine
combination), phenothiazines (such as chlorpromazine and
thioridazine), and clozapine), (2) one or more mutant FGF1
proteins, FGFR1-binding protein multimers, or combina-
tions thereof, provided herein and (3) a pharmaceutically
acceptable carrier. In one example, the composition includes
at least one monomer having 80% sequence identity to the
FGFR1-binding portion of SEQ ID NO: 147, 148, 149, 150,
151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, or 170, such as at least
90%, at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity to the FGFR1c¢ portion of
SEQ ID NO: 147, 148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167,
168, 169, or 170. In one example, the composition includes
an FGFR1-binding protein dimer having at least 80%
sequence identity SEQ ID NO: 190, such as at least 90%, at
least 95%, at least 96%, at least 97%, at least 98% or at least
99% sequence identity to SEQ ID NO: 190. In one example,
the composition includes a mutated FGF1 protein (such as a
protein generated using the sequences shown in Tables 1 and
2, the sequences in any of SEQ ID NOS: 21-84, 113-120 and
191-238 or those encoding a protein having at least 90%, at
least 92%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% sequence identity to SEQ ID NO:
6,7,8,9,10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77,
78,79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 173, 174,
175,177,178, 179, 181, 182, 183, 185, 186, 187, 188, 189,
191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,
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203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214,
215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226,
227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237 or
238).

Mutated FGF1 Proteins

The present disclosure provides mutated FGF1 proteins
that can include an N-terminal deletion, one or more point
mutations (such as amino acid substitutions, deletions, addi-
tions, or combinations thereof), or combinations of N-ter-
minal deletions and point mutations. Such proteins and
corresponding coding sequences can be used in the methods
provided herein. In some examples, the disclosed FGF1
mutant proteins have reduced mitogenicity compared to
mature native FGF1 (e.g., SEQ ID NO: 5), such as a
reduction of at least 20%, at least 50%, at least 75% or at
least 90%. For example, mutated FGF1 can be mutated to
decrease binding affinity for heparin and/or heparan sulfate
compared to a native FGF1 protein without the modification.
Methods of measuring mitogenicity are known in the art.

In some examples, the mutant FGF1 protein is a truncated
version of the mature protein (e.g., SEQ ID NO: 5), which
can include for example deletion of at least 5, at least 6, at
least 9, at least 10, at least 11, at least 12, at least 13, at least
14, at least 15, or at least 20 consecutive N-terminal amino
acids. Thus, in some examples, the mutant FGF1 protein is
a truncated version of the mature protein (e.g., SEQ ID NO:
5), such a deletion of the N-terminal 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 or 20 amino acids shown in SEQ
ID NO: 5. Examples of N-terminally truncated FGF1 pro-
teins are shown in SEQ ID NOS: 6, 7, 8, 9, 21, 24, 25, 26,
27,32, 33,34, 35, 36, 37, 38, 39, 44, 45, 46, 47, 48, 49, 50,
51,57, 58, 59, 60, 61, 62, 63, 64, 65, 66,71, 72, 74,75, 76,
77,79, 80, 81, 82, 194, 195, 197, 198, 202, 203, 205, 206,
214, 215, 216, 217, 221, 222, 225, 228, 232, and 238. In
some examples, the FGF1 mutant includes an N-terminal
deletion, but retains a methionine at the N-terminal position.
In some examples, such an N-terminally deleted FGF1
protein has reduced mitogenic activity as compared to
wild-type mature FGF1 protein.

In some examples, one or more of the deleted N-terminal
amino acids are replaced with corresponding amino acids
from FGF21 (e.g., see SEQ ID NO: 20), such as at least 1,
at least 2, at least 3, at least 4, at least 5, at least 10, at least
15, or at least 20 amino acids from FGF21, such as 1-5, 1-4,
2-4, 4-6, 4-9, 3-10, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 corre-
sponding amino acids from FGF21. An example of an FGF1
mutated protein with an N-terminal deletion having four
corresponding N-terminal amino acids from FGF21 is
shown in SEQ ID NO: 21. The N-terminal residues of FGF1
include an FGFR4 binding site, and FGFR4 signaling is
associated with mitogenic activity. In contrast, FGF21 has
low affinity for FGFR4. Thus, replacing the FGFR4 binding
residues of FGF1 with those from FGF21 (or from another
FGF having low affinity for FGFR4, including FGF3, FGF5,
FGF7, FGF9 and FGF10) can be used to reduce mitogenicity
of the resulting FGF1 mutant protein.

Thus, in some examples, the mutant FGF1 protein
includes at least 120 consecutive amino acids from amino
acids 5-141 or 5-155 of FGF1 (e.g., of SEQ ID NO: 2 or 4),
(which in some examples can include further deletion of
N-terminal amino acids 1-20 and/or point mutations, such as
substitutions, deletions, or additions). In some examples, the
mutant FGF1 protein includes at least 120 consecutive
amino acids from amino acids 1-140 of FGF1 (e.g., of SEQ
ID NO: 5), (which in some examples can include further
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deletion of N-terminal amino acids 1-20 and/or point muta-
tions, such as substitutions, deletions, or additions). Thus, in
some examples, the mutant FGF1 protein includes at least
120 consecutive amino acids from amino acids 5-141 of
FGF1, such as at least 120, at least 121, at least 122, at least
123, at least 124, at least 125, at least 126, at least 127, at
least 128, at least 129, at least 130, at least 131, at least 132,
at least 133, at least 134, at least 135, at least 136, at least
137, at least 138, at least 139, or at least 140 consecutive
amino acids from amino acids 5-141 of SEQ ID NO: 2 or 4
(such as 120-130, 120-135, 130-135, 130-140, or 120-140
consecutive amino acids from amino acids 5-141 of SEQ ID
NO: 2 or 4). In some examples, the mutant FGF1 protein
includes at least 120 or at least 130 consecutive amino acids
from amino acids 5-141 of FGF1, such as at least 120
consecutive amino acids from amino acids 5-141 of SEQ ID
NO: 2 or 4 or at least 120 consecutive amino acids from SEQ
ID NO: 5. Thus, in some examples, the mutant FGF1 protein
includes at least 120, at least 121, at least 122, at least 123,
at least 124, at least 125, at least 126, at least 127, at least
128, at least 129, at least 130, at least 131, at least 132, at
least 133, at least 134, at least 135, at least 136, at least 137,
at least 138, at least 139, or at least 140 consecutive amino
acids from SEQ ID NO: 5 (such as 120-130, 120-135, or
120-140 consecutive amino acids from SEQ ID NO: 5).
Examples of least 120 consecutive amino acids from amino
acids 5 to 141 of FGF1 that can be used to generate a mutant
FGF1 protein includes but are not limited to amino acids 4
to 140 of SEQ ID NO: 5 and the protein sequence shown in
any of SEQ ID NOs: 6, 7, 8, and 9.

In some examples, the mutant FGF1 protein is a mutated
version of the mature protein (e.g., SEQ ID NO: 5), or a
N-terminal truncation of the mature protein (e.g., SEQ ID
NOS: 7, 8, 9), such as one containing at least 1, at least 4,
at least 5, at least 6, at least 7, at least 8, at least 9, at least
10, at least 11, at least 12, at least 13, at least 14, at least 15,
at least 16, at least 17, at least 18, at least 19, or at least 20
amino acid substitutions, such as 1-20, 1-10, 4-8, 5-12, 5-10,
5-25,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 15 amino
acid substitutions. For example, point mutations can be
introduced into an FGF1 sequence to decrease mitogenicity,
increase stability, decrease binding affinity for heparin and/
or heparan sulfate (compared to the portion of a native FGF1
protein without the modification), or combinations thereof.
Specific exemplary point mutations that can be used are
shown above in Table 1, and exemplary combinations are
provided in FIGS. 1, 3A-3D, 4A-4B, 5A-5B, 6A-6B, 7, and
12-15.

In some examples, the mutant FGF1 protein includes
mutations (such as a substitution or deletion) at one or more
of the following positions K9, K10, K12, [.14, Y15, C16,
H21, R35, Q40, L44, L46, S47, E49, Y55, M67, L73, C83,
L86, E&7, H93, Y94, N95, H102, A103, E104, K105, N106,
F108, V109, L111, K112, K113, C117, K118, R119, G120,
P121, R122, F132, L133, P134, L135, such as one or more
of K9, K10, K12, K112, K113, such as 1, 2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41 or all 42 of these positions. In some examples the mutant
FGF1 protein has as one or more of K9T, K10T, K12V,
L14A, Y15F Y15A, Y15V, C16V, C16A, C16T, C16S,
H21Y, R35E, R35V, Q40P, L44F, L46V, S471, E49Q, E49A,
YS5F, Y558, Y55A, M671, L73V, C83T, C838S, C83A C83V,
E87V, E87A, E87S, E87T, H93G, HI93A, Y94V, YO4F,
YO94A, N95V, NO95A, N95S, NO5T, H102Y, A103G, A104-
106, F108Y, V109L, L111I, K112D, KI112E, K112Q,
K113Q, K113E, K113D, C117V, C117P, C117T, CI17S,
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CI117A, K118N, K118E, K118V, R119G, R119V, R119E,
A120-122, F132W, L133A, L133S, P134V, L135A, L1358,
(wherein the numbering refers to SEQ ID NO: 5), such as 1
t05,11t010,21t05, 21010, 2 to 20, 5 to 10, 5 to 40, or 5
to 20 of these mutations, such as 1, 2, 3, 4, 5, 6,7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 of these mutations.

In some examples, the mutant FGF1 protein includes one
ormore (such as 2, 3,4, 5 or 6) of K12V, R35E, R35V, L46V,
E87V, N95V, C117V/A, K118N, K118E/V, and P134V
(wherein the numbering refers to SEQ ID NO: 5). In some
examples, the point mutation includes replacing amino acid
sequence ILFLPLPV (amino acids 145-152 of SEQ ID NO:
2 and 4) to AAALPLPV (SEQ ID NO: 14), ILALPLPV
(SEQ ID NO: 15), ILFAPLPV (SEQ ID NO: 16), or ILFL-
PAPA (SEQ ID NO: 17). In some examples, such an FGF1
protein with one or more point mutations has reduced
mitogenic activity as compared to wild-type mature FGF1
protein. In some examples, the mutant FGF1 protein
includes R35E, (wherein the numbering refers to SEQ ID
NO: 5). Examples of FGF1 mutant proteins containing point
mutations include but are not limited to the protein sequence
shown in SEQ ID NOS: 10, 11, 12, 13, 22, 23, 28, 29, 30,
31,40, 41, 42, 43, 42, 53, 54, 55, 56, 67, 68, 69, 70, 73, 78,
83,84,113,114, 115,116, 117,118,119, 120, 191, 192, 193,
196, 199, 200, 201, 204, 207, 208, 209, 210, 211, 212, 213,
218, 226, 227, 229, 230, 231, 232, 233, 234, 235, 236, and
237.

In some examples, mutations in FGF1 increase the ther-
mostability of mature or truncated native FGF1. For
example, mutations can be made at one or more of the
following positions. Exemplary mutations that can be used
to increase the thermostability of mutated FGF1 include but
are not limited to one or more of: K12, C117, P134, 44,
C83, F132, M67,L73, V109, L111, A103, R119, A104-106,
and A120-122; Q40, H93, S47, wherein the numbering
refers to SEQ ID NO: 5 (e.g., see Xia et al., PLoS One.
7:¢48210, 2012). In some examples, thermostability of
FGF1 is increased by using one or more of the following
mutations: Q40P and S471 or Q40P, S471, and H93G (or any
other combination of these mutations).

In some examples, the FGF1 mutant protein is part of a
chimeric protein. For example, any mutant FGF1 protein
provided herein can be joined directly or indirectly to the
end of a p-Klotho-binding protein, an FGFR1 binding
protein, both a B-Klotho-binding protein and an FGFRI1
binding protein, FGF19, or FGF21, such as a C-terminal
region of FGF 19 or FGF21. For example, at least 10, at least
20, at least 30, at least 40, at least 41, at least 42, at least 43,
at least 44, at least 45, at least 46, at least 47, at least 48, at
least 49, at least 50 or at least 60 C-terminal amino acids of
FGF19 or FGF21 (such as the C-terminal 60, 55, 50, 49, 48,
47,46, 45, 44, 43, 42, 41, 40, 35, 30, 25, 20, 15 or 10 amino
acids) can be part of the chimera. Examples of C-terminal
fragments of FGF21 and FGF19 that can be used are shown
in SEQ ID NOS: 86 and 100, respectively. Examples of
p-Klotho-binding proteins that can be used are shown in
SEQ ID NOS: 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 143, 144, 145 and 146. Examples of FGFR1-binding
proteins that can be used are shown in SEQ ID NOS: 147,
148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159,
160, 161, 162, 163, 164, 165, 166, and 167. Examples of
p-Klotho-binding/FGFR1-binding protein chimeras that can
be directly or indirectly attached to a mutant FGF1 protein
are shown in SEQ ID NOS: 168, 169, 170, and 171.

In some examples, the mutant FGF1 protein includes both
an N-terminal truncation and point mutations. Specific

10

15

20

25

30

35

40

45

50

55

60

65

46

exemplary FGF1 mutant proteins are shown in SEQ ID
NOS: 6-13, 21-84, 113-120, 191-218 and 225-238. In some
examples, the FGF1 mutant protein includes at least 80%
sequence identity to any of SEQ ID NOS: 6-13, 21-84,
113-120, 191-218 and 225-238. Thus, the FGF1 mutant
protein can have at least 90%, at least 95%, at least 96%, at
least 97%, at least 98% or at least 99% sequence identity to
any of SEQ ID NOS: 6-13, 21-84, 113-120, 191-218 and
225-238. In some examples, the FGF1 mutant protein
includes or consists of any of SEQ ID NOS: 6-13, 21-84,
113-120, 191-218 and 225-238. The disclosure encompasses
variants of the disclosed FGF1 mutant proteins, such as any
of SEQ ID NOS: 6-13, 21-84, and 113-120, 191-218 and
225-238 having 1 to 20, 1 to 15, 1 to 10, 1 to 8, 2 to 10, 1
t0o 5, 1to6,21to0 12,3 to 12, 5to 12, or 5 to 10 mutations,
such as conservative amino acid substitutions. Such mutant
FGF1 proteins can be used to generate an FGF1 mutant
chimera.

In some examples, the mutant FGF1 protein has at its
N-terminus a methionine. In some examples, the mutant
FGF1 protein is at least 120 amino acids in length, such as
at least 125, at least 130, at least 135, at least 140, at least
145, at least 150, at least 155, at least 160, or at least 175
amino acids in length, such as 120-160, 125-160, 130-160,
150-160, 130-200, 130-180, 130-170, or 120-160 amino
acids in length.

Exemplary N-terminally truncated FGF1 sequences and
FGF1 point mutations that can be used to generate an FGF1
mutant protein are shown in Tables 1 and 2 (as well as those
provided in any of SEQ ID NOS: 6, 7, 8, 9, 10, 11, 12, 13,
21, 22, 23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69, 70,71, 72,73, 74,75,76,77, 78,79, 80, 81, 82, 83, 84,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 101, 102, 103,
104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 173, 174, 175, 177, 178, 179, 181,
182, 183, 185, 186, 187, 188, 189, 191, 192, 193, 194, 195,
196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207,
208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219,
220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232,233,234, 235, 236, 237 and 238). One skilled in the art
will appreciate that any N-terminal truncation in Table 2 (as
well as those provided in any of SEQ ID NOS: 6, 7, 8, 9, 21,
24, 25, 26, 27,32, 33, 34, 35,36, 37, 38, 39, 44, 45, 46, 47,
48, 49, 50, 51, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 71, 72,
74,75, 76,77,79, 80, 81, 82, 194, 195, 197, 198, 202, 203,
205, 206, 214, 215, 216, 217, 221, 222, 225, 228, 232, and
238) can be combined with any FGF1 point mutation in
Table 1 or Table 2, to generate an FGF1 mutant protein, and
that such an FGF1 mutant protein can be used directly or be
used as part of a mutant FGF1/p-Klotho-binding protein
chimera, mutant FGF1/FGFR1-binding protein chimera,
mutant FGF1/f-Klotho-binding protein/FGFR1-binding
protein chimera, mutant FGF1/FGF21 or mutant FGF1/
FGF19 chimera. In addition, mutations can be made to the
sequences shown in the Table, such as one or more of the
mutations discussed herein (such as 1, 2, 3,4, 5,6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 amino acid
substitutions, such as conservative amino acid substitutions,
deletions, or additions).
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TABLE 2

Exemplary mutations that can be used
to generate an FGF1l mutant protein

FGF1 Point Mutations FGF1 Fragments

FNLPPGNYKK PVLLYCSNGG PPGNYK KPKLLYCSNG
HFLRILPDGT VDGTRDRSDQ GHFLRILPDG TVDGTRDRSD
HIQLQLSAES VGEVYIKSTE QHIQLQLSAE SVGEVYIKST
TGQYLAMDTD GLLYGSQTPN ETGQYLAMDT DGLLYGSQTP
EECLFLERLE ENHYVTYISK NEECLFLERL EENHYNTYIS
KHAEKNWFVG LKKNGSCKRG KKHAEKNWFVGLKKNGSCKR
PRTHYGQKAI LFLPLPVSSD GPRTHYGQKA ILFLPLPVSSD
(SEQ ID NO: 10) (SEQ ID NO: 6)
FNLPPGNYKK PVLLYCSNGG KPKLLYCSNGG HFLRILPDGT
HFLRILPDGT VDGTRDRSDQ VDGTRDRSDQ HIQLQLSAES
HIQLQVSAES VGEVYIKSTE VGEVYIKSTE TGQYLAMDTD
TGQYLAMDTDGLLYGSQTPN GLLYGSQTPN EECLFLERLE
EECLFLVRLE ENHYVTYISK ENHYNTYISK KHAEKNWEVG
KHAEKNWFVG LKKNGSCKRG LKKNGSCKRG PRTHYGQKAI
PRTHYGQKAI LFLVLPVSSD LFLPLPVSSD

(SEQ ID NO: 11) (SEQ ID NO: 7)

NYKK PKLLYCSNGG LYCSNGG HFLRILPDGT
HFLRILPDGT VDGTRDRSDQ VDGTRDRSDQ HIQLQLSAES
HIQLQLSAES VGEVYIKSTE VGEVYIKSTE TGQYLAMDTD
TGQYLAMDTD GLLYGSQTPN GLLYGSQTPN EECLFLERLE
EECLFLERLE ENHYNTYISK ENHYNTYISK KHAEKNWEVG
KHAEKNWFVG LKKNGSCNRG LKKNGSCKRG PRTHYGQKAI
PRTHYGQKAI LFLPLPVSSD LFLPLPVSSD

(SEQ ID NO: 12) (SEQ ID NO: 8)

NYKK PKLLYCSNGG

HFLRILPDGT VDGTRDRSDQ
HIQLQLSAES VGEVYIKSTE
TGQYLAMDTD GLLYGSQTPN
EECLFLERLE ENHYNTYISK
KHAEKNWFVG LKKNGSCERG
PRTHYGQKAI LFLPLPVSSD
(SEQ ID NO: 13)

KLLYCSNGG HFLRILPDGT

VDGTRDRSDQ HIQLQLSAES
VGEVYIKSTE TGQYLAMDTD
GLLYGSQTPN EECLFLERLE
ENHYNTYISK KHAEKNWEVG
LKKNGSCKRG PRTHYGQKAI
LFLPLPVSSD
(SEQ ID NO:

9)

GGQVKPKLLYCSNG GHFLRILPDG
TVDGTRDRSD QHIQLQLSAE
SVGEVYIKST ETGQYLAMDT
DGLLYGSQTP NEECLFLERL
EENHYNTYIS KKHAEKNWEV
GLKKNGSCKR GPRTHYGQKA
ILFLPLPVSSD

(SEQ ID NO: 21)

Exemplary mutant FGF1 proteins are provided in SEQ ID
NOS:6,7,8,9, 10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74,75, 76,
77,78, 79, 80, 81, 82, 83, 84, 113, 114, 115, 116, 117, 118,
119, 120, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200,
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 225, 226, 227, 228, 229, 230,
231, 232, 233, 234, 235, 236, 237 and 238, mutant FGF1/
FGF21 chimeras in SEQ ID NOS: 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 219, 221, 222 and 223, mutant FGF1/
FGF19 chimeras in SEQ ID NOS: 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112, 220 and 224, mutant
FGF1/p-Klotho-binding protein chimeras in SEQ ID NOS:
173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186, and
187, and mutant FGF1/FGFR1-binding protein chimeras in
SEQ ID NOS: 188 and 189. One skilled in the art will
recognize that minor variations can be made to these
sequences, without adversely affecting the function of the
protein (such as its ability to reduce blood glucose). For
example, variants of the mutant FGF1 proteins include those
having at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99% sequence identity to SEQ ID
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NO:6,7,8,9,10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 173,
174, 175,177, 178, 179, 181, 182, 183, 185, 186, 187, 188,
189, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201,
202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213,
214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225,
226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237
or 238 (but are not a native FGF1 sequence, e.g., SEQ ID
NO: 5), but retain the ability to decrease blood glucose in a
mammal (such as a mammal with steroid-induced diabetes,
hypercortisolemia, or diabetes due to treatment with an
antipsychotic agent). Thus, variants of SEQ ID NO: 6, 7, 8,
9,10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75,76, 77, 78, 79,
80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 173, 174, 175,
177, 178, 179, 181, 182, 183, 185, 186, 187, 188, 189, 191,
192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215,
216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227,
228, 229, 230, 231, 232, 233, 234, 235, 236, 237 or 238
retaining at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% sequence identity are of
use in the disclosed methods.

FGF1

Mature forms of FGF1 (such as SEQ ID NO: 2 or 4) can
be mutated to control (e.g., reduce) the mitogenicity of the
protein (for example by mutating the nuclear localization
sequence (NLS) or the heparan sulfate binding region or
both) and to provide glucose-lowering ability to the protein.
Mutations can also be introduced into a wild-type mature
FGF1 sequence that affects the stability and receptor binding
selectivity of the protein.

Exemplary full-length FGF1 proteins are shown in SEQ
ID NOS: 2 (human) and 4 (mouse). In some examples, FGF1
includes SEQ ID NO: 2 or 4, but without the N-terminal
methionine (thus resulting in a 154 aa FGF1 protein). In
addition, the mature/active form of FGF1 is one where a
portion of the N-terminus is removed, such as the N-terminal
15, 16,20, or 21 amino acids from SEQ ID NO: 2 or 4. Thus,
in some examples the active form of FGF1 comprises or
consists of amino acids 16-155 or 22-155 of SEQ ID NO: 2
or4 (e.g., see SEQ ID NO: 5). In some examples, the mature
form of FGF1 that can be mutated includes SEQ ID NO: 5
with a methionine added to the N-terminus (wherein such a
sequence can be mutated as discussed herein). Thus, the
mutated mature FGF1 protein can include an N-terminal
truncation.

Mutations can be introduced into a wild-type FGF1 (such
as SEQ ID NO: 2, 4, or 5). In some examples, multiple types
of mutations disclosed herein are made to the FGF1 protein.
Although mutations below are noted by a particular amino
acid for example in SEQ ID NO: 2, 4 or 5, one skilled in the
art will appreciate that the corresponding amino acid can be
mutated in any FGF1 sequence. For example, Q40 of SEQ
ID NO: 5 corresponds to Q55 of SEQ ID NO: 2 and 4.

In one example, mutations are made to the N-terminal
region of FGF1 (such as SEQ ID NO: 2, 4 or 5), such as
deletion of the first 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
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25, 26, 27, 28, 29, or 30 amino acids of SEQ ID NO: 2 or
4 (such as deletion of at least the first 14 amino acids of SEQ
ID NO: 2 or 4, such as deletion of at least the first 15, at least
16, at least 20, at least 25, or at least 29 amino acids of SEQ
ID NO: 2 or 4), deletion of the first 8, 9, 10, 11, 12, 13, 14,
15,16, 17,18, 19, or 20 amino acids of SEQ ID NO: 5 (e.g.,
see SEQ ID NOS: 7, 8 and 9 and FIG. 1).

Mutations can be made to FGF1 (such as SEQ ID NO: 2,
4 or 5) to reduce its mitogenic activity. In some examples,
such mutations reduce mitogenic activity by at least 50%, at
least 60%, at least 70%, at least 75%, at least 80%, at least
90%, at least 92%, at least 95%, at least 98%, at least 99%,
or even complete elimination of detectable mitogenic activ-
ity, as compared to a native FGF1 protein without the
mutation. Methods of measuring mitogenic activity are
known in the art, such as thymidine incorporation into DNA
in serum-starved cells (e.g., NIH 3T3 cells) stimulated with
the mutated FGF1, methylthiazoletetrazolium (MTT) assay
(for example by stimulating serum-starved cells with
mutated FGF1 for 24 hr then measuring viable cells), cell
number quantification or BrdU incorporation. In some
examples, the assay provided by Fu et al., World J. Gastro-
enterol. 10:3590-6, 2004; Klingenberg et al., J. Biol. Chem.
274:18081-6, 1999; Shen et al., Protein Expr Purif 81:119-
25, 2011, or Zou et al., Chin. Med. J. 121:424-429, 2008 is
used to measure mitogenic activity. Examples of such muta-
tions include, but are not limited to K12V, R35E, L46V,
E87V, N95V, K12V/NI5V (e.g., see SEQ ID NO: 10, which
can also include a methionine on its N-terminus), and
Lys12Val/Pro134Val, Lys12Val/Leud6Val/Glu87Val/
Asn95Val/Pro134Val (e.g., see SEQ ID NO: 11, which can
also include a methionine on its N-terminus) (wherein the
numbering refers to the sequence shown SEQ ID NO: 5). In
some examples, a portion of contiguous N-terminal residues
are removed, such as amino acids 1-9 of SEQ ID NO: 5, to
produce a non-mitogenic form of FGF1. An example is
shown in SEQ ID NO: 9.

Mutations that reduce the heparan binding affinity (such
as a reduction of at least 10%, at least 20%, at least 50%, or
at least 75%, e.g., as compared to a native FGF1 protein
without the mutation), can also be used to reduce mitogenic
activity, for example by substituting heparan binding resi-
dues from a paracrine FGFs into FGF1. In some examples,
mitogenicity is reduced or eliminated by deleting the N-ter-
minal region of FGF1 (such as the region that binds FGF4)
and replacing some or all of the amino acids deleted with
corresponding residues from FGF21.

Mutations can also be introduced into one or both nuclear
localization sites (NLS1, amino acids 24-27 of SEQ ID NO:
2 and NLS2, amino acids 115-128 of SEQ ID NO: 4) of
FGF1, for example to reduce mitogenicity, as compared to
a native FGF1 protein without the mutation. Examples of
NLS mutations that can be made to FGF1 include but are not
limited to: deleting or mutating all or a part of NLS1 (such
as deleting or mutating the lysines), deleting or mutating the
lysines in NLS2 such as KK . .. KK . . ., or
combinations thereof (wherein the numbering refers to the
sequence shown SEQ ID NO: 2). For example, one or more
of 24K, 25K, 27K, 115K, 127K or 128K (wherein the
numbering refers to the sequence shown SEQ ID NO: 2) or
can be mutated (for example changed to an alanine or
deleted). Particular examples of such mutations that can be
made to the heparan binding site in the NLS2 (KKN . .. KR)
domain are shown in SEQ ID NOS: 12 and 13 (K118N or
K118E, respectively, wherein numbering refers to SEQ ID
NO: 5).
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Mutations can be introduced into the phosphorylation site
of FGF1, for example to create a constitutively active or
inactive mutant to affect nuclear signaling.

In some examples, mutations are introduced into the
FGF1 nuclear export sequence, for example to decrease the
amount of FGF1 in the nucleus and reduce its mitogenicity
as measured by thymidine incorporation assays in cultured
cells (e.g., see Nilsen et al., J. Biol. Chem. 282(36):26245-
56, 2007). Mutations to the nuclear export sequence
decrease FGF1-induced proliferation (e.g., see Nilsen et al.,
J. Biol. Chem. 282(36):26245-56, 2007). Methods of mea-
suring FGF1 degradation are known in the art, such as
measuring [**>S]|Methionine-labeled FGF1 or immunoblot-
ting for steady-state levels of FGF1 in the presence or
absence of proteasome inhibitors. In one example, the assay
provided by Nilsen et al., J. Biol. Chem. 282(36):26245-56,
2007 or Zakrzewska et al., J. Biol. Chem. 284:25388-403,
2009 is used to measure FGF1 degradation.

The FGF1 nuclear export sequence includes amino acids
145-152 of SEQ ID NO: 2 and 4 or amino acids 130-137 of
SEQ ID NO: 5. Examples of FGF1 nuclear export sequence
mutations that can be made to include but are not limited to
changing the sequence ILFLPLPV (amino acids 145-152 of
SEQ ID NO: 2 and 4) to AAALPLPV (SEQ ID NO: 14),
ILALPLPV (SEQ ID NO: 15), ILFAPLPV (SEQ ID NO:
16), or ILFLPAPA (SEQ ID NO: 17).

In one example, mutations are introduced to improve
stability of FGF1. In some examples, the sequence NYK-
KPKL (amino acids 22-28 of SEQ ID NO: 2) is not altered,
and in some examples ensures for structural integrity of
FGF1 and increases interaction with the FGF1 receptor.
Methods of measuring FGF1 stability are known in the art,
such as measuring denaturation of FGF1 or mutants by
fluorescence and circular dichroism in the absence and
presence of a 5-fold molar excess of heparin in the presence
of 1.5 M urea or isothermal equilibrium denaturation by
guanidine hydrochloride. In one example, the assay pro-
vided by Dubey et al., J. Mol. Biol. 371:256-268, 2007 is
used to measure FGF1 stability. Examples of mutations that
can be used to increase stability of the protein include, but
are not limited to, one or more of Q40P, S471 and H93G
(wherein the numbering refers to the sequence shown SEQ
ID NO: 5).

In one example, mutations are introduced to improve the
thermostability of FGF1, such as an increase of at least 10%,
at least 20%, at least 50%, or at least 75%, as compared to
a native FGF1 protein without the mutation (e.g., see Xia et
al., PLoS One. 2012; 7(11):e48210 and Zakrzewska, J Biol
Chem. 284:25388-25403, 2009). In one example, mutations
are introduced to increase protease resistance of FGF1 (e.g.,
see Kobielak et al., Protein Pept Lett. 21(5):434-43, 2014).
Other mutations that can be made to FGF1 include those
mutations provided in Lin et al., J Biol Chem. 271(10):5305-
8, 1996).

In some examples, the mutant FGF1 protein or chimera is
PEGylated at one or more positions, such as at N95 (for
example see methods of Niu et al., J. Chromatog. 1327:66-
72, 2014, herein incorporated by reference). Pegylation
consists of covalently linking a polyethylene glycol group to
surface residues and/or the N-terminal amino group. N95 is
known to be involved in receptor binding, thus is on the
surface of the folded protein. As mutations to surface
exposed residues could potentially generate immunogenic
sequences, pegylation is an alternative method to abrogate a
specific interaction. Pegylation is an option for any surface
exposed site implicated in the receptor binding and/or pro-
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teolytic degradation. Pegylation can “cover” functional
amino acids, e.g. N95, as well as increase serum stability.

In some examples, the mutant FGF1 protein or chimera
includes an immunoglobin FC domain (for example see
Czajkowsky et al., EMBO Mol. Med. 4:1015-28, 2012,
herein incorporated by reference). The conserved FC frag-
ment of an antibody can be incorporated either N-terminal or
C-terminal of the mutant FGF1 protein or chimera, and can
enhance stability of the protein and therefore serum half-life.
The FC domain can also be used as a means to purify the
proteins on protein A or Protein G sepharose beads. This
makes the FGF1 mutants having heparin binding mutations
easier to purify.
Variant Sequences

Variant FGF1 proteins, including variants of the
sequences shown in Tables 1 and 2, and variants of SEQ ID
NOS:6,7,8,9, 10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74,75, 76,
77,78, 79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 173,
174,175,177, 178, 179, 181, 182, 183, 185, 186, 187, 188,
189, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201,
202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213,
214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225,
226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237,
and 238, can contain one or more mutations, such as a single
insertion, a single deletion, a single substitution. In some
examples, the mutant FGF1 protein includes 1-20 insertions,
1-20 deletions, 1-20 substitutions, or any combination
thereof (e.g., single insertion together with 1-19 substitu-
tions). In some examples, the disclosure provides a variant
of any disclosed mutant FGF1 protein having 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 amino
acid changes. In some examples, SEQ ID NO: 6, 7, 8, 9, 10,
11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34,35, 36,37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81,
82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 101,
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 173, 174, 175, 177, 178,
179, 181, 182, 183, 185, 186, 187, 188, 189, 191, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205,
206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217,
218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229,
230, 231, 232, 233, 234, 235, 236, 237 or 238, includes 1-8
insertions, 1-15 deletions, 1-10 substitutions, or any com-
bination thereof (e.g., 1-15, 1-4, or 1-5 amino acid deletions
together with 1-10, 1-5 or 1-7 amino acid substitutions). In
some examples, the disclosure provides a variant of any of
SEQ ID NOS: 6, 7, 8, 9, 10, 11, 12, 13, 21, 22, 23, 24, 25,
26,27, 28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41,
42,43, 44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,717,78, 79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91,
92,93, 94, 95, 96, 97, 98, 101, 102, 103, 104, 1053, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119,
120, 173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186,
187, 188, 189, 191, 192, 193, 194, 195, 196, 197, 198, 199,
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223,
224, 225,226,227, 228, 229, 230, 231, 232, 233, 234, 235,
236, 237 and 238, having 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
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29 or 30 amino acid changes. In one example, such variant
peptides are produced by manipulating the nucleotide
sequence encoding a peptide using standard procedures such
as site-directed mutagenesis or PCR. Such variants can also
be chemically synthesized. Similar changes can be made to
the FGFR1c dimer of SEQ ID NO: 190 (1, 2, 3, 4, 5, 6, 7,
8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 amino acid
changes).

One type of modification or mutation includes the sub-
stitution of amino acids for amino acid residues having a
similar biochemical property, that is, a conservative substi-
tution (such as 1-4, 1-8, 1-10, or 1-20 conservative substi-
tutions). Typically, conservative substitutions have little to
no impact on the activity of a resulting peptide. For example,
a conservative substitution is an amino acid substitution in
SEQIDNO: 6,7, 8,9, 10,11, 12,13, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75,76,717,78,79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119,
120, 173, 174, 175, 177, 178, 179, 181, 182, 183, 185, 186,
187, 188, 189, 191, 192, 193, 194, 195, 196, 197, 198, 199,
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223,
224,225,226, 227, 228, 229, 230, 231, 232, 233, 234, 235,
236, 237 or 238, that does not substantially affect the ability
of the peptide to decrease blood glucose in a mammal, such
as a mammal with steroid-induced diabetes, hypercorti-
solemia, or diabetes due to treatment with an antipsychotic
agent. An alanine scan can be used to identify which amino
acid residues in a mutant FGF1 protein, such as SEQ ID NO:
6,7,8,9,10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77,
78,79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 173, 174,
175,177,178, 179, 181, 182, 183, 185, 186, 187, 188, 189,
191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,
203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214,
215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226,
227,228,229, 230, 231, 232, 233, 234, 235, 236, 237 or 238,
can tolerate an amino acid substitution. In one example, the
blood glucose lowering activity of FGF1, or any of SEQ ID
NO:6,7,8,9,10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 173,
174, 175,177, 178, 179, 181, 182, 183, 185, 186, 187, 188,
189, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201,
202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213,
214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225,
226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237
or 238, is not altered by more than 25%, for example not
more than 20%, for example not more than 10%, when an
alanine, or other conservative amino acid, is substituted for
1-4, 1-8, 1-10, or 1-20 native amino acids. Examples of
amino acids which may be substituted for an original amino
acid in a protein and which are regarded as conservative
substitutions include: Ser for Ala; Lys for Arg; Gln or His for
Asn; Glu for Asp; Ser for Cys; Asn for Gln; Asp for Glu; Pro
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for Gly; Asn or Gln for His; Leu or Val for Ile; Ile or Val for
Leu; Arg or Gln for Lys; Leu or Ile for Met; Met, Leu or Tyr
for Phe; Thr for Ser; Ser for Thr; Tyr for Trp; Trp or Phe for
Tyr; and Ile or Leu for Val.

More substantial changes can be made by using substi-
tutions that are less conservative, e.g., selecting residues that
differ more significantly in their effect on maintaining: (a)
the structure of the polypeptide backbone in the area of the
substitution, for example, as a sheet or helical conformation;
(b) the charge or hydrophobicity of the polypeptide at the
target site; or (¢) the bulk of the side chain. The substitutions
that in general are expected to produce the greatest changes
in polypeptide function are those in which: (a) a hydrophilic
residue, e.g., serine or threonine, is substituted for (or by) a
hydrophobic residue, e.g., leucine, isoleucine, phenylala-
nine, valine or alanine; (b) a cysteine or proline is substituted
for (or by) any other residue; (c) a residue having an
electropositive side chain, e.g., lysine, arginine, or histidine,
is substituted for (or by) an electronegative residue, e.g.,
glutamic acid or aspartic acid; or (d) a residue having a
bulky side chain, e.g., phenylalanine, is substituted for (or
by) one not having a side chain, e.g., glycine. The effects of
these amino acid substitutions (or other deletions or addi-
tions) can be assessed by analyzing the function of the
mutant FGF1 protein, such as any of SEQ ID NOS: 6, 7, 8,
9,10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 173, 174, 175,
177,178, 179, 181, 182, 183, 185, 186, 187, 188, 189, 191,
192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215,
216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227,
228, 229, 230, 231, 232, 233, 234, 235, 236, 237 or 238, by
analyzing the ability of the variant protein to decrease blood
glucose in a mammal.

Generation of Proteins

Isolation and purification of recombinantly expressed
mutated FGF1 proteins can be carried out by conventional
means, such as preparative chromatography and immuno-
logical separations. Once expressed, mutated FGF1 proteins
can be purified according to standard procedures of the art,
including ammonium sulfate precipitation, affinity columns,
column chromatography, and the like (see, generally, R.
Scopes, Protein Purification, Springer-Verlag, N.Y., 1982).
Substantially pure compositions of at least about 90 to 95%
homogeneity are disclosed herein, and 98 to 99% or more
homogeneity can be used for pharmaceutical purposes.

In addition to recombinant methods, mutated FGF1 pro-
teins disclosed herein can also be constructed in whole or in
part using standard peptide synthesis. In one example,
mutated FGF1 proteins are synthesized by condensation of
the amino and carboxyl termini of shorter fragments. Meth-
ods of forming peptide bonds by activation of a carboxyl
terminal end (such as by the use of the coupling reagent N,
N'-dicylohexylcarbodimide) are well known in the art.

FGF1 Mutant and FGFR1-Binding Protein
Multimer Nucleic Acid Molecules and Vectors

Nucleic acid molecules encoding a mutated FGF1 protein
are encompassed by this disclosure. Based on the genetic
code, nucleic acid sequences coding for any mutated FGF1
sequence, such as those generated using the sequences
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shown in Tables 1 and 2, can be routinely generated.
Similarly, mutant FGF1/p-Klotho-binding, mutant FGF1/
FGFR1-binding, mutant FGF1/f-Klotho-binding/FGFR1-
binding, mutant FGF1/FGF21 or mutant FGF1/FGF19 chi-
meras can be generated using routine methods based on the
amino acid sequences provided herein. In some examples,
such a sequence is optimized for expression in a host cell,
such as a host cell used to express the mutant FGF1 protein.
Also provided are nucleic acid molecules encoding an
FGFR1-binding protein multimer, such as those encoding
multimers of any of SEQ ID NOS: 147, 148, 149, 150, 151,
152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163,
164, 165, 166, 167, or 190, as well as cells and vectors
including such nucleic acids.

In one example, a nucleic acid sequence codes for a
mutant FGF1 protein (or chimera including such protein)
having at least 60%, at least 70%, at least 75%, at least 80%,
at least 90%, at least 92%, at least 95%, at least 96%, at least
97%, at least 99% or at least 99% sequence identity to SEQ
IDNO: 6,7, 8,9, 10, 11, 12, 13, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75,
76,77,78,79, 80, 81, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 101, 102, 103, 104, 105, 106, 107, 108,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
173, 174,175, 177, 178, 179, 181, 182, 183, 185, 186, 187,
188, 189, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200,
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224,
225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236,
237 or 238, can readily be produced by one of skill in the art,
using the amino acid sequences provided herein, and the
genetic code. In addition, one of skill can readily construct
a variety of clones containing functionally equivalent
nucleic acids, such as nucleic acids which differ in sequence
but which encode the same mutant FGF1 protein sequence.
In one example, a mutant FGF1 nucleic acid sequence has
at least 70%, at least 80%, at least 85%, at least 90%, at least
92%, at least 95%, at least 98%, or at least 99% sequence
identity to SEQ ID NO: 18.

In one example, a nucleic acid sequence codes for a
FGFR1-binding protein multimer made using peptide
sequences having at least 60%, at least 70%, at least 75%,
at least 80%, at least 90%, at least 92%, at least 95%, at least
96%, at least 97%, at least 99% or at least 99% sequence
identity to SEQ ID NO: 147, 148, 149, 150, 151, 152, 153,
154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165,
166, 167, or 190.

Nucleic acid molecules include DNA, ¢cDNA and RNA
sequences which encode a mutated FGF1 peptide. Silent
mutations in the coding sequence result from the degeneracy
(i.e., redundancy) of the genetic code, whereby more than
one codon can encode the same amino acid residue. Thus,
for example, leucine can be encoded by CTT, CTC, CTA,
CTG, TTA, or TTG; serine can be encoded by TCT, TCC,
TCA, TCG, AGT, or AGC; asparagine can be encoded by
AAT or AAC; aspartic acid can be encoded by GAT or GAC;
cysteine can be encoded by TGT or TGC; alanine can be
encoded by GCT, GCC, GCA, or GCG; glutamine can be
encoded by CAA or CAG; tyrosine can be encoded by TAT
or TAC; and isoleucine can be encoded by ATT, ATC, or
ATA. Tables showing the standard genetic code can be found
in various sources (see, for example, Stryer, 1988, Biochem-
istry, 3" Edition, W.H. 5 Freeman and Co., NY).

Codon preferences and codon usage tables for a particular
species can be used to engineer isolated nucleic acid mol-






