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TITLE OF THE INVENTION

6601} GDF15 Fusion Proteins and Uses Thereof
FIELD OF THE INVENTION

{6062} The invention relates to GDF15 fusion protems. In particular, the invention
relates {o a fusion protem comprising a half-life extension protein, a Iinker and a GDFI5
protein, nucleie acids and expression vectors cncoding the fusion proteins, recontbinant celis
thereof. and pharmaceutical compositions comprising the fusion proteins. Methods of
producing the fusion proteins and using the fusion proteins to treat metabolic disorders are
also provided.

BACKGROUND OF THE INVENTION
G003 GDFI15, a member of the TGFS family, is a secreted protein that circulates i
plasma as a 25 kba homodimer. Plasma levels of GDF135 range between 150 and 1150 pg/ml
wn most individuals (Tsai et al., J Cachexia Sarcopenia Muscle. 2012, 3. 239-243). Plasma
levels of GDF1S are increased under conditions of tnjury, cardiovascular disease and certain
types of cancer. This upregulation is thought to be a cyvtoprotective mechanism. High
plasma fevels of GBF13 are associated with weight loss due to anorexia and cachexia in
cancer, and in renal and heart fatlure. In a clinical trial, GDF1IS levels were an independent
predictor of insulin resistance 1n obese, non-diabetic subjects (Kempfetal, Fur J. findo.
2012, 167: 671-678}. A study in twins showed that the differences 1n levels of GDF15
within twin pairs correlated to the differences in BMI within that pair, suggesting that GDFI5
serves as a long-term regulator of encrgy homeostasis (Tsai et al., PLoS One.
2015, 10(7):e0133362).
10604} While GDF13 has been extensively studied as a biomarker for several

cardiovascular and other discase states, a protective role for GDF15 has also been described
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n myocardial hypertrophy and ischemuc injury (Collinson, Cury. Opin. Cardiol. 2014, 29:
366-371; Kempfetal,, Nat. Med. 2011, 17: 581-389; Xu ctal,, Circ Res. 2006, 98:342-50).
GDF15 was shown to play an important role in protection from renal tubular and interstitial
damage i mouse models of type T and type 2 diabetes (Mazagova et al., dm. J Phvsiol.
Kenal Physiol. 2013; 305: F1249-F1264). GDF15 is proposed to have a protective effect
against age-related sensory and motor neuron loss, and it improves recovery consequent to
peripheral nerve damage (Strelau et al., J Newrosci. 2009, 29:; 13640-13648; Mensching et al |
Cell Tissue Res. 2012, 350: 225-238). In fact, GDF135 transgenic mice were shown 1o have a
longer hifespan than their littermate conirols, which can indicate that this molecule serves as a
long-term survival factor (Wang et al., Aging. 2014, 6: 690-700).

THELRY Numerous reports have demonstrated the improvement of glucose tolerance
and msulin sensitivity in mouse models upon treatment with GDF1S protein. Two
independent strains of transgenic mige overexpressing GDF1S have decreased body weight
and fat mass, as well as improved glucose tolerance (Johnen et al | Nar. Med. 2007, 13:1333-
1340; Maciact al., PLoS One. 2012, 7:¢34868; Chrysovergis et al., fnr. J. Obesity. 2014, 38:
1555-1564). Increascs in whole-body energy expenditure and oxidative metabolism were
reported in GDFIS ransgenic mice (Chrysovergis et al, 2014, /d). These were accompanied
by an increase in thermogenic gene expression in brown adipose tissue and an increase in
lipolvtic gene expression in white adipose tissuc. Mice lacking the GDF15 gene have
increased body weight and fat mass (Tsat et al, PLoS One. 2013, 8(23:.¢55174}. An Fe-
fusion of GDF15 was shown to decrease body weight and improve glucose tolerance as well
as insulin scusitivity in an obese cynomolgus monkey model when administered weekly over

a period of six weeks (WO 2013/113008),
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3006} The effects of GDFI5 on body weight are thought to be mediated via the
reduction of food intake and increased energy expenditure. GDF15 may improve glycemic
control via body weight-dependent and independent mechanisms,
[6607] Together, these observations suggest that increasing levels of GDF 135 can be
heneficial as a therapy for metabolic diseases. There is a need in the art for GDF15-based
compositions that can be used to treat or prevent metabolic diseases, disorders, or conditions.
BRIEF SUMMARY OF THE INVENTION
[6608] The nvention satisfies this need by providing fusion protems of GDF 15 that
demonstrate increased solubility/stability and exhibit features that indicate thev can be used
to treat or prevent metabolic diseases, disorders, or conditions. Such features include, for
example, decreased body weight, imcreased glucose tolerance, and improved msulin
sensitivity of a subject administered with a fusion protein according to an embodument of the
invention.
0609} In one general aspect, the mvention relates to a fusion protein comprising: (a)
a half-life extension protein, (b} a linker, and (¢} a GDF1I5 protein, wherein the fusion protein
ig arranged from N-terminus to C-terminus in the order (a)-(b}-{c).
3618} In an embodiment of the mvention, the GDF1S proten is a human GDF15
protein or a tunctional variant thereof. In particular embodiments, the GDF15 protein
comprises a mature GDF1LS protein or functional variant thercof. In more particular
embodiments, the GDF13 protein comprises an amino acid sequence having at least 90%
sequence identity to SEQ 1D NO: 6-11. In other particular embodiments, the GDF15 protein
comprises the amino acid sequence of SEQ 1D NO: 11, such as an amino acid sequence

selected from the group consisting of SEQ ID NOs: 6-11.

(O8]
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THU RS In an embodiment of the invention, the haif life extension protein is human
scrum albumin (HSA) or a functional variant thereof. In particular embodiments, the half hife
extension protein comprises an aming acid sequence having at least 90% identity to SEQ 1D
NGO . In other particular embodiments, the half ife extension proten comprises an amino
acid sequence sclected from the group consisting of SEQ 1D NQOs: 1-3.

13012] In an embodiment of the invention, the linker is a flexible linker. In particular
embodiments, the flexible linker contang the sequence (GGGGS I, wherein nis 2 to 20,
preferably 4 to 10, Tn another erobodiment of the invention, the linker of the fusion protein is
a structured linker. In particular embodiments, the structured hinker contains the sequence
{AP)n or (EAAAK)n, wherein n is 2 to 20, preferably 4 to 10,

661 3] In embodiments of the invention, the fusion protein comprises an amino acid
sequence having at least 90% sequence identity to SEQ 1D NOs: 5, 25-30, 36-37, 40, 48, 55-
60 or 64-75. In particular embodiments of the invention, the fusion proten comprises an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 5, 25-30, 40, 55-60,
and 70. In more particular cmbodiment of the mvention, the fusion protein comprises the
amino acid sequence of SEQ 1D NG: 60,

10614} In another general aspect, the invention relates to an 1solated nacleic acid
molecule encoding a fusion protein of the mmvention.

6615} In another general aspect, the invention relates to an expression vector
comprising a nucleic actd molecule encoding a fusion protein of the invention.

6016} In another general aspect, the invention relates to a recombinant host cell
comprising a nucleic acid molecule encoding a fusion protein of the mvention.

16617} In another general aspect, the invention relates to a method of obtaining a

fusion protein of the mvention. The method comprises: (1) culturing a host cell comprising a
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nucleic acid molecule encoding the fusion protein under a condition that the fusion protein is
produced, and (2) recovering the fusion protein produced by the host cell.

[0618] In another general aspect, the invention relates to a pharmaceutical
composition comprising a fusion protein of the mvention and a pharmaceutically acceptable
Carricr.

[6619] In another general aspect, the invention relates to a pharmaceutical
composition comprising a nucleic acid molecule encoding a fusion protein of the invention
and a pharmaceutically acceptable carrier,

16624 In another general aspect, the invention relates o a kit comprising a
pharmaceutical composition of the nvention.

6621} In another general aspect, the invention relates to a method of treating or
preventing a metabolic disease, disorder or condition, the method comprising administering
to a subject in need thercof a therapeutically or prophylactically effective amount of a
pharmaceutical composition of the mvention. In a particular embodiment, the pharmacecutical
composition 18 administered to the subject subcutancously or intravenously,

16622} According to embodiments of the invention, a method of treating a metabolic
disorder selected from the group consisting of type 2 diabetes, elevated ghucose levels,
clevated msuhin levels, obesity, dyshpidemia, diabetic nephropathy, myocardial ischemic
mjury, congestive heart failure, or rheumatoid arthritis, in a subject in need thereot,
comprises administering to the subiect a therapeutically effective amount of a pharmaceutical
composition comprising a fasion protein comprising an amino acid sequence selected from
the group consisting of SEQ 1D NOs: 5, 25-30, 40, 55-60, and 70 and a pharmaceutically
acceptable camier. In a particular embodiment, the method comprises administering to the

subject a therapeutically effective amount of a pharmaceutical composition comprising a

w
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fusion protein comprising the amino acid sequence of SEQ D NO: 60 and a
pharmaccutically acceptable carrier.
[0623] Other aspects, features and advantages of the invention will be apparent from
the following disclosure, mcluding the detailed description of the mvention and its preferred
embodiments and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
10624} The foregoing summary, as well as the following detailed description of the
vention, will be better understood when read in conjunction with the appended drawings. It
should be understood that the invention is not funited to the precise embodiments shown in
the drawings.
[B025] In the drawings:
[6026] Figures 1A and 18 show the crystal structure of GDF135, where the disulfide
pairing of the first and second Cysteine residues (C1-C2) formed a loop at the N terminus of
the protein.
[6627] Figure 2 shows the effects of subcutaneous administration of fusion proteins
according to embodiments of the invention, ¢.g., fusion proteins FP1 (SEQ ID NO: 60} and
6xHis-FP1 (SEQ 1D NO: 26 with a 6xHis tag attached at the N-terminus), on food intake n
C57BL/6 muce, the cumulative food intake at 24 hours post-administration is depicted.
Valucs shown within the bars are % reduction compared to vehicle (PBS) group -SEM; N=§
animals per group for all groups, except N=9 in FP1 16 umol/kg group. *-p<0.05, as
compared to vehicle: p values were calculated using One-way ANOVA and Tukev’s test for
multiple comparisons.
[6628] Figure 3 shows the effects of subcutancous administration of FP1 and 6xHig-

FP1 (SEQ ID NO: 26 with a 6xHis tag attached at the N-terminus) on food mtake in Sprague-
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Dawlev rats, the cumulative food intake at 48 hours post-administration is depicted. Values
shown within the bars arc % reduction compared o vehicle (PBS) group +SEM; N=8 animals
per group. *-p<0.05, as compared to vehicle; p vahies were calculated using One-way
ANOVA and Tukey’s test for multiple comparisons.

6629} Figure 4 shows the change in body weight of diet induced obese (DI0) mice
during treatment with FP1. Armrows imdicate time (days) of subcutanecous administration post
mnitial dose {Day 03, N=8 animals per group. ¥-p<0.05, for FP1 1 nmol/kg group as compared
to vehicle; # - p<0.03, for FP1 10 nmol/kg group as compared to vehicle; p values were
calculated using Two-way RM ANOVA and Tukey’s test for multiple comparisons.

{66343 Figures 5A and 5B show the blood glucoese levels in DIO mice during an oral
glucose tolerance test {OGTT) after 14 davs of dosing of FPI every 3 days (g3d), the levels
are cxpressed as the arca under the curve. N=8 anumals per group. *-p<0.03, for FP1 1
nmol/kg group as compared to vehicle: p values were calculated using One-way ANOVA and
Tukey’s test for multiple comparisons.

G831} Figure 6 shows the fed blood ghicose levels in DIO mice during treatment
with FPP1. N=8 animals per group. *-p<0.05, as compared to vehicle; p valaes were calculated
using Two-way RM ANGOVA and Tukey’s test for multiple comparisons.

6032} Figure 7 shows the 4 hour fasting homeostatic model assessment of insulin
resistance (HOMA-IR) in DIO mice after 14 days of treatment with FP1. N=¥ animals per
group. *-p<0.05, as compared to vehicle; p valoes were calenlated using One-way ANOVA
and Tukey’s test for multiple comparisons.

[B033] Figure 8 shows the change in body weight in 0b/0b mice during treatment with
FP1 every 3 davs {qd3). Arrows indicate time {days} of subcutaneous administration post

tmtial dose (Day 0} N=9 animals per group. *-p<0.03, for FP1 10 nmol/kg group as

3



10

15

20

WO 2017/196647 PCT/US2017/031197

compared to velicie; # - p<0.05, for FP1 | nmol/kg group as compared to vehicle: p values
were calenlated using Two-way RM ANOVA and Tukey’s test for multiple comparnisons.
10634} Figure 9 shows the blood glucose levels in 0b/0b mice during treatment with
FPI. Arrows mdicate time (davs) of subcutancous adnunistration post inmitial dose (Day 0);
N=9 animals per group. *-p<0.03, for FP1 10 nmol/kg group as compared to vehicle; # -
p<(.05, for FPI 1 nmol/kg group as compared to vehicle; p values were calculated using
Two-way RM ANOVA and Tukey’s test for multiple comparisons.

[G835] Figure 10 shows the mean (£ standard deviation, 8D} of the serum drug
concentration-time profile of FP1 following 2 mg/kg miravencus (1V) and subcutaneous (8C)
administration in C57B1/6 mice.

{6636} Figure 11 shows the mean (£5D) of the serum drug concentration-time profile
of FP1 following 2 mg/kg IV and SC administration in Spraguc-Dawley rats.

[6637] Figure 12 shows the mean (8D} of the serum drug concentration-time profife
of FP1 tollowing 1 mg/kg TV and SC admmistration in cynomolgus monkevs, as determined
by IMMuNoassays.

[GB35] Figure 13 shows the serum concentration {ng/mb) of FP1 as an intact dimer
over time following a single [V administration in cynomolgus monkeys, as determined by
mmmunc-aftinity (JA) capture-LCMS analysis.

(6639} Figure 14 shows the serum concentration {ng/mL} of FP1 as an mntact dimer
over time following a single SC administration in cynomolgus monkeys, as determined by
mmuno-affinity capture-LCMS analysis.

[G040] Figure 15 shows the concentration of FP1, represented as a % of the starting
concentration, after 0, 4, 24 and 48 hours of ex vive incubation in plasma obtained from two

human subjects (Sub), as determined by mmmunoassay.
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3041} Figure 16 shows the average conceniration of FPI, represented as a % of time
0, as an intact dimer after 0, 4, 24 and 48 hours of ex vivo incubation 1n plasma obtained from
two human subjects (Sub), as determined by intact mass immuno-affinity capture-LCMS
analvsis,

3642} Figure 17 shows acute food intake in lean C57BL6N male mice before and
after the administration of various N-terminal deletion variants of GDF15 (S8EQ ID NOs: 92,
111, and 112, compared to wild type fusion with no deletion (SEQ 1D 26 with a 6xHis tag
attached at the N-terminus). N=8 amimals per group; *-p<0.05, as compared to vehicle, p
values were calculated using Two-way RM ANOVA and Tukey’s test for multiple
COmMpariscns.

[6043] Figure 18 shows the effect of a single dose of FP2 on food intake in C537BL/6G
mice; specifically, cumulative tood intake at 24 hours post administration is shown. Values
shown within the bars are % reduction compared to PBS group {meant+SEM); N=8 animals
per group for all groups, except N=6 in 6xHis-FP1 #*-p<0.01, *¥¥%.p<0.00], #¥*#¥.5<0.0001;
p values were calculated using Two-way ANOVY A and Dunnetis’s test for multiple
COMpParisons.

{0044} Figure 19 shows comulative food intake measured in Sprague-Dawley rats at
24 hours post administration of a single dose of FP2. Values shown within the bars are %
reduction compared to PBS group (mean+tSEM); N=8 animals per group. **-p<0.01, p values
were calculated using Two-way ANOVA and Tukev’s test for multiple comparisons.

3045} Figure 20 shows the percent change in body weight during treatment with FP2
g3d in DIO mice. Arrows indicate the time of subcutancous injections of FPZ; N=6 animals
per group; *- p,0.05, as compared with the vehicle, using Two Way ANOVA and Tukey’s

test for multiple comparisons;

PCT/US2017/031197
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3046} Figures 21 A and 21B show the area under the curve {AUC) for the blood
glucose concentration levels during an OGTT test after 14 days of g3d dosing of FP2 in DIO
mice. *- p<0.05, using One Way ANOVA and Tukey’s multiple comparisons test, using n=8
animals per group.

6647} Figure 22A shows the plasma insulin levels during an OGTT after 8 days of
g3d dosing of FP2 in DIO mice. *- p<0.05, Vehicle vs. FP2 (0.3 nmol/kg}, FP2 (10 nmol/kg);
and Rosiglitazone. # - p<0.05, as compared to Rosiglitazone {10 mg/kg), using Two Way RM
ANOVA and Tukey’s multiple comparnisons test.

[GO45] Figures 228 shows the AUC for the plasma insulin fevels during an OGTT
after 8 days of ¢3d dosing of FP2 in DIO mice. *- p<0.05, as compared to Vehicle: # - p<0.05,
as compared to Rosiglitazone.

3649} Figure 23 shows the fed blood glucose lovels afier 8 days of g3d dosing of
FP2 in DIO mice. - p<0.05, as compared to Vehicle, using Two Way RM ANOVA and
Tukey’s multiple comparisons test, n=8 animals per group.

[B056] Figure 24 shows fasting HOMA-IR after 14 days of treatment with FP2 g3d,
followed by 5-hour fast on Day 14, in BIO mice. *- p<0.05, as compared to Vehicle, using
One Way ANOVA and Tukey’s multiple comparisons test, for n=8 amimals per group.

(6051} Figure 25 shows serum concentrations of FP2 following 2 mg/kg miravenous
(1V) and 2 mg/kg subcutancous (SC) administration in C57BY6 mice. Values represent
mean+SD (= 5 samples per timepoint).

3052} Figure 26 shows serum concentrations of FP2 following 2 mg/kg mtravenous
(IV) and 2 mg/kg subcutancous (SC) administration in Sprague Dawley rats. N=5 samples

per time point.
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[B053] Figure 27 shows plasma concentrations of FP2 in cynomolgus monkeys
analvzed by immunoassay. Values represent mean=SD of n=3, except n=2 for IV at day 22
(528 hr). IV — mtravenous, SC - subcutangous.

6634} Figure 28 shows plasma concentrations of FP2 as intact dimer in cynomolgus
monkevs analyzed by LCMS. Values represent mean=SEM of n=3, except n=2 for
subcutancous (SC) at 168 hours, n=1 for 8C at 120 hours and 432 hours, and n=1 for IV —
intravenous at 168 hours and 432 hours.

[B055] Figure 29 shows ex vive stability of FPZ (Normalized Percent Recovery) over
48 hours in human plasma measured by inumunoassay.

(6056} Figure 30 shows ex vive stability of FP2 (Normalized Percent Recovery) over
48 hours in human plasma measured by intact LC/MS,

[6657] Figure 31 shows concentration respounse curves for FP2 and HSA-
GDF15:GDFI15 heterodimer using pAKT Assays in SK-N-AS cells expressing recombinant
human GFRAL receptor (N=3}.

[G058] Figure 32 shows daily food intake {(g) prior to and following a single dose of
FPI 10 cynomolgus monkeys. *- p<0.05 for 10mg/kg of FP1 as compared to vehicle.

{6659} Figure 33 shows percent body weight change prior to and following a single
dose of FP1 m cynomolgus monkeys. *- p<0.05 for 10mg/kg FP1 as compared to vehicle;

# - p<0.05 for 3mg/kg as compared to vebicle using Two Way RM ANGVA and Tukey's
multiple comparisons test, for n=8 animals per group.

3060} Figure 34 shows daily food intake (g} prior to and toliowing a single dose of
FPZ 1 cynomolgus monkeys. *- p<0.03, as compared to ¥ehicle, using Two Way RM

ANOVA and Tukev’s multiple compansons test, for =38 animals per group.
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3061} Figure 35 shows percent body weight change prior to and following a single
dosc of FPZ m cynomolgus monkeys. *- p<0.03, for 10 nmol/kg of FP2 as compared to
Vehicle, # - p<0.03, for 3 nmol/kg of FP2 as compared to Vehicle, & - p<0.03, for 1 nmol/kg
of FP2 as compared to Vehicle, using Two Way RM ANOVA and Tukey’s multiple
comparisons test, for n=8 animals per group.

DETAILED DESCRIPTION OF THE INVENTION
[0662] Various publications, articles and patents are cited or described in the
background and throughout the specification; each of these references is herein incorporated
by refercnce in its entirety. Dhiscussion of documents, acts, materials, devices, articles or the
fike which has been mchuded in the present specification is for the purpose of providing
context for the invention. Such discussion s not an adoussion that any or all of these matters
form part of the prior art with respect to any inventions disclosed or clatmed.
106863} Unless defined otherwise, all technical and scientific terms used hersin have
the same meaning commonly understood to one of ordinary skill in the art to which this
mvention pertains. Otherwise, certain terms used herein have the meanings as set in the
specification. Al patents, published patent applications and publications cited herein are
incorporated by reference as if set forth fully herein. It must be noted that as used herein and
n the appended claims, the singular forms “a,” “an,” and “the” include plural reference
unless the context clearly dictates otherwise,
(G064} The invention relates to a fusion protein comprising {a} a half life-extension
protein, (b} a linker, and (¢} a GDF15 protemn, wherein the fusion protein is arranged from N-
termunus o Cerminus m the order {a)-(b)-{c).
[6065] It is found that a fusion protein according to an embodiment of the mnvention,

comprising a half hifc-extension protein, a linker, and a GBF15 protein, results in an

e
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wncreased half Tife of the GDFI1S protein, and fusion proteins of the mvention exhibit
metabolic effects that demonstrate their suitability as therapeutics for treating and preventing
metabolic diseases, disorders or conditions. Such effects include, but are not limited to,
decreasing body weight, increasing glucose tolerance, and improving msulin sensitivity of
animals admmistered with the fusion proteins.

[(6066] As used herein, the term “fusion protein” refers to a protein having two or
more portions covalently linked together, where cach of the portions is derived from different
proteins.

16867} Fusion proteins according to embodiments of the invention can include any
GDF15 protein. As used hercin, the term “GDF15 protein” refers to any naturally-cccurring
wild-tvpe growth differentiation factor 15 proteimn or a functional vanant thereof. The GDFI1S
protein can be from any mammal, such as a human or another suitable mammal, such asa
mouse, rabbit, rat, pig, dog, or a primate. In particular embodiments, the GDF15 proteinis a
human GDFI1S protein or a functional varant thereof. In preferred embodiments, the GDF15
protein is a mature GI3F1S protein or a functional varant thereof.

[0068] As used herein, the term “mature GDF15 protein”™ refers to the portion of the
pre-pro-protein of GDF1S that is released from the full-length protemn followmg intracellular
cleavage at the RXXR funin-like cleavage site. Mature GDF1S protems are secreted as
homodimers linked by disulfide bonds. In one embodiment of the invention, a mature
GDF1S protein, shorthand GDF15(197-308) (SEQ ID NO: 6), contains aming acids 197-308
ot a full-length human GDFI15 protemn.

[3069] As used berein, “functional varant” refers to a vanant of a parent protein
having substantial or significant sequence identity to the parent protein and retains at least

ong of the biclogical activities of the parent protein. A functional variant of a parent protein

13
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can be prepared by means known in the art in view of the present disclosure. A fumctional
variant can include one or more moditications to the amino acid sequence of the parent
protein. The modifications can change the physico-chemical properties of the polypeptide,
for example, by improving the thermal stability of the polypeptide, altering the substrate
specificity, changing the pH optimum, and the like. The modifications can also alter the
biological activities of the parent protein, as long as they do not destroy or abolish all of the
biological activities of the parent protein.

G874 According to embodiments of the invention, a functional variant of a parent
protein compriscs a substitution, preferably a conservative amine acid substitution, to the
parent protein that does not significantly affect the biological activity of the parent protein.
Conscrvative substitutions include, but are not imited to, amino acid substitutions within the
group of basic amino acids (argmine, lysine and histidine), acidic amino acids (glutamic acid
and aspartic acid), polar amino acids (glutamine and asparagineg}, hydrophobic amme acids
(leucine, 1soleucine and valine), aromatic amino acids (phenvialanine, trvptophan and
tyrosine}, and small amino acids {glycine, alanine, serine, threonine and methionine). Non-
standard or unnatural amino acids {such as 4-hydroxyproline, 6-N-methyl bvsine, 2-
aminoisobutyric acid, isovaline, and alpha-methyl serine} can also be used to substitute
standard amino acid residues in a parent protein.

{6671} According to other embodiments of the imvention, a functional vanant of a
parent protein comprises a deletion and/or insertion of one or more amino acids fo the parent
protein.  For example, a functional variant of a mature GDF1S protem can include a deletion
and/orinsertion of 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23,
24, 25,26, 27 28, 29, 30 or more amino acids to the mature GDF1S protein, preferably, a

deletion of 1 to 30 amino acids at the N-terminus of the mature GDF15 protemn.
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6672} According to vet other embodiments of the mvention, a functional varant of a
parent protein comprises a substitution, preferablv a conservative amino acid substitution,
and a deletion and/or insertion, preferably a small deletion and/or msertion of amino acids, to
the parent protein.

(6673} According to embodiments of the invention, a fusion protein of the invention
comprises a GDF1S protein that has an amine acid sequence at least 90% identical to the
amino acid sequence of a matare GDF15, such as GDF15(197-308) (SEQ 1D NO: 6); oran
amino acid sequence at feast 90% identical to the amino acid sequence of a mature GDF15
truncated at the N-ternunus, such as GDF15(200-308) (SEQ 1D NO: 7y, GDF15(201-308)
(SEQ ID NO: 83, GDF15(202-308) (SEQ ID NG. 9). GDFI5(203-308) (SEQ ID NG: 10), or
GDFI15(211-308) (SEQ 1D NO: 11}, The GDF13 protein can have at least one of
substitutions, insertions and deletions to SEQID NG: 6,7,8.9, 100r 11, as long as it
maintains at least one of the biological activities of the GDF15 protein, such as its effects on
food intake, blood glucose levels, insulin resistance, and body weight, etc.

G874} In particular embodiments, a fusion protein of the invention comprises a
GDF1S protein baving the amino acid sequence of SEQ 1D NO: 11, including but not imite
to, the amino acid sequence of SEQID NG 6,7, 8,9, 10or 11,

[6675] Any suitable half life extension protein can be used in fusion protens
according to embodiments of the invention. As used herein, the term “half ife extension
protein” can be any protein or fragment thereof that is known to extend the half life of
proteins to which 1t 1s fused. Examples of such half ife extension proteins include, but are
not limited to, human serum albunun (HSA), the constant fragment domain (Fc¢) of an
immunoglobolin (§g), or transferrin (Tf). In embodiments of the invention, the half hfe

extension protein comprises HSA or a functional variant thereof. In particular embodiments
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ot the mvention, the half life extension protein comprises an anuno acid sequence that 1s at
least 90% identity to SEQ 3 NO: 1. In preferred embodiments of the inveuntion, the halflife
extension protein comprises HSA or functional vanant thereof wherein the cysteine residue at
position 34 of the HSA has been replaced by serine or alanine.

16076} In particular embodiments, a fusion protein of the invention comprises a half
life extension protein having an amino acid sequence selected from the group consisting of
SEQ D NOs: 1-3.

G877 Any suitable linker can be used in fusion proteins according to embodiments
of the invention. As used herein, the term “linker” refers to a inking moicty comprising a
peptide linker. Proferably, the hnker helps insure correct folding, minimizes steric hindrance
and does not interfere significantly with the structure of each functional component within
the fusion protein. In some embodiments of the mvention, the peptide linker comprises 2 to
120 amino acids. For example, the peptide linker comprises 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

> B

~d

38,39, 40, 41,42, 43, 44, 45, 46, 47, 48, 49, 30, 51, 52, 53, 54, 55, 56, 57. 58, 59, 60, 61, 62,
63, 64, 63, 66, 67,68, 69,70, 71,72, 73,74, 75,76, 77, 78, 79, 80, &1, 82, 83, 84, 85, 86, 87,
88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 103, 106, 107, 108, 109,
110, 11, 112, 113, 114, 115, 116, 117, 118, 119 or 120 amino acids.

6678} In embodiments of the invention, the linker increases the flexibility of the
fusion protein components. In particular embodiments of the mvention, the linker canbe a
flexible linker comprising the sequence {GGGGS ), including but not limited to, GS-

{(GGGGESn or AS{GGGGSIn-GT, whereinnis 21020, such as 2,3, 4, 5,6, 7, 8 9, 10, 11,

12,13, H4 or 15,
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3879} In other embodiments of the invention, the hinker 1s structured. In particular
embodiments of the invention, the linker can be a structured hinker comprising the sequence
{AP)n or (EAAAK)n, mcluding but not limited to, AS-{API-GT or AS<{EAAAKIn-(GT,
whereinnis 210 28, suchas 2, 3,4, 5,6, 7,8, 9,10, 11, 12, 13, 14 or 15 In other
embodiments of the invention, the linker comprises the sequences (GGGGAN, (PGGGS),
(AGGGS ) or GGS-(EGKSSGSGSESKST)-GGS wherein nis 2 1o 20,

16086} In embodiments of the invention, the fusion protein comprises an aming acid
sequence having at least 90% sequence identity to SEQ 1D NOs: 3, 25-30, 36-37, 40, 48, 55-
56, 59-60 or 64-75. In particular embodiments of the invention, the fusion protein comprises
an amino actd sequence selected from the group consisting of SEQ 1D NOs: 5, 25-30, 36-37,
40, 48, 55-56, 59-60 and 64-75. In more particular embodiments of the invention, the fusion
protein comprises an amino acid scguence selected from the group consisting of SEQ 1D NOs:
5,25-30, 40, 55-56, 535-56, 59-60, and 70. In further more particular embodiments of the
invention, the fusion protein comprises the amino acid sequence of SEQ 1D NG: 92, SEQ ID
NG: 60 or SEGQ 1D NO: 26, The fusion protein can also include small extension(s) at the
amino- or carboxyl-terminal end of the protein, such as a tag that faciitates purification, such
as a polv-histidine tag, an antigenic epitope or a binding domain,

6681} The fusion proteins disclosed herein can be characterized or assessed for
GDF15 binlogical activities including, but not lunited to effects on food intake, oral glucose
tolerance tests, measurements of blood glacose levels, insulin resistance analysis, changes in
body weight, pharmacokinetic analysis, toxicokinetic analysis, immunoassays and mass spec
analysis of the level and stability of full-length fusion proteins, and human plasma ex vivo

stability analysis,
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3082} The mvention also provides an isolated nucleic acid molecule encoding a
fusion protein of the invention. In embodiments of the invention, the isolated nucleic acid
molecule encodes a fusion protein comprising an amino acid sequence having at least 0%
sequence identity to SEQ ID NOs: 5, 25-30, 36-37, 40, 48, 55-56, 59-60 or 64-75. In
particular embodiments, the isclated nucleic acid molecule encodes a fusion protein
comprising an anuno acid sequence selected from the group consisting of SEQ 1D NQGs: 5,
25-31, 3637, 40, 48, 55-56, 59-60 and 64-75. In more particelar embodiments, the isolated
nucleic acid molecule encodes a fusion protein comprising an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 5, 25-30, 40, 55-56, 59-60, and 70. In further
more particular embodiments, the 1solated nucleic acid molecule comprises the nucleotide
sequence of SEQ 1D NOs: 76-91.

6683} According to other embodiments of the mvention, the nucleic acid molecule
encoding the fusion protein can be in an expression vector. Expression vectors include, but
are not limited to, vectors for recombinant protein expression and vectors for delivery of
nucleic acids mnto a subject for expression in a tissue of the subject, such as viral vectors,
Examples of viral vectors suitable for use with the invention include, but are not himited to
adenoviral vectors, adeno-associated virus vectors, lentiviral vectors, ete. The vecior can also
be a non-viral vector. Examples of non-viral vectors mclude, but are not limited to plasmids,
hactenial artificial chromosomes, yeast artificial chromosomcs, bacteriophages, etc. The
vector can include any clement to establish a conventional function of an expression vector,
for example, a promoter, nbosome binding element, terminator, enhancer, selection marker,
or an onigin of replication.

{00584] According to other embodiments of the wmvention, the nucleic acid molecule

encoding the fusion protein can be codon optimized for improved recombinant expression
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from a desired host cell, such as Human Embrvonic Kidney (HEK) or Chinese hamster ovary
{(CHO) cells, using methods known in the art in view of the present disclosure.

[0085] The invention also provides a host cell compnising a nucleic acid molecule
encoding a fasion protein of the invention. Host cells mclude, but are not limited to, host
cells for recombinant protein expression and host cells for debivery of the nucleic acid into a
subject for expression in a tigsue of the subject. Examples of host cells sutable for use with
the mvention melude, but are not limited to HEK or CHO celis.

G086} In another general aspect, the invention relates to a method of obtaining a
fusion protein of the invention. In a general aspect, the method comprises: (1) culturing a
host cell comprising a mueleic acid molecule encoding a fusion protein under a condition that
the fusion protein is produced, and (2} recovering the fusion protein produced by the host cell.
The fusion protein can be purified further using methods known 1o the art.

[6087] In some embodiments, the fusion protein is expressed in host cells and
purified therefrom using a combination of one or more standard punification techniques,
inchuding, but not limited to, affinity chromatography, size exclusion chromatography,
altrafiltration, and dialysis. Preferably, the fusion protein is purified to be free of any
proteases.

[6688] The mvention also provides a pharmaceutical composition comprising a fusion
protein of the invention and a pharmaceutically acceptable carrier.

3689} The mvention further provides a composition comprising a nucleic acid
molecule encoding a fusion protein of the invention and a pharmaceutically acceptable camer.
Compositions comprising a nucleic acid molecule encoding a fusion protein of the invention
can comprise a delivery vehicle for introduction of the nucleic acid molecule nto a cell for

expression of the fusion protein. Examples of mucleic acid delivery vehicles melude
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liposomes, biocompatible polymers, including natural polvmers and synthetic polymers,
lipoproteins, polvpeptides, polysacchandes, lipopolysaccharides, artificial viral envelopes,
metal particles, and bacteria, viruses, such as baculoviruses, adenoviruses and retroviruses,
bacteriophages, cosmids, plasmids, fungal vectors and other recombination vehicles typically
used in the art which have been described for expression in a variety of eukaryotic hosts.
[(6690] The pharmaceutically acceptable carrier can include one or more of
pharmaceutically acceptable excipient, buffer, stabilizer or other materials known to those
skilled m the art. Examples of pharmaceutically acceptable carriers include, but are not
limited to, one or more of water, saline, buffer, isotonic agents such as sugars, polvalcchols,
auxiliary substances such as wetting or emulsifying agents, preservatives, as well as
combinations thereof. Such maternials should be non-toxic and should not interfere with the
officacy of the active ingredient at the dosages and concentrations emploved. The precise
nature of the carrier or other material can depend on the route of administration, €.,
wntramuscular, subcutancous, oral, intravenous, cutaneous, mtramucosal (e.g., gut), intranasal
or intraperitoneal routes. For example, liquid pharmaceutical compositions generally mclude
a hiquid carnier such as water, petrolewm, animal or vegetable oils, mineral oil or synthetic oil.
Physiological saline solution, dextrose or other saccharide solation or glycols such as
cthylene glveol, propvlene glycol or polvethylene glyeol can also be included. Compositions
for parenteral administration can be stored in lyophilized form or in a solution, and arc
generally placed into a container having a sterile access port, such as an intravenous solation
bag or vial having a stopper pierceable by a hyvpodermic injection needie.

G831} According to embodiments of the invention, a pharmaceutical composition can

comprise one or more additional components, such as another active ingredient.
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6692} The mvention also relates to kits comprising a pharmaceutical composition of
the invention. The kits can contain a first container having a dried fusion protein of the
nvention and a second container having an agueous solution to be mixed with the dried
fusion protein prior to admmistration to a subject, or a single container containing a liguid
pharmaceutical compaosition of the mvention. The kit can contam a single-dose
admunistration untt or multiple dose administration units of a pharmaceuetical composition of
the invention. The kit can also include one or more pre-filled syninges {e.g., hguid svringes
and Iyosyringes). A kit can also comprise mstructions for the use thereof. The mstructions
can describe the vse and nature of the materials provided 1o the kit, and can be tailored to the
precise metabolic disorder being treated.

[6693] The nvention also relates to use of the pharmaceutical compositions described
herein to treat or prevent a metabolic discase, disorder or condition, such as type 2 diabetes,
clevated glucose levels, elevated nsulin levels, obesity, dyslipidemia, diabetic nephropathy,
myocardial 1schemic injury, congestive heart failure, or rheumatoid arthritis. According to
embodiments of the invention, a method of treating or preventing a metabolic discase,
disorder or condition in a subject in need of the treatment comprises administering o the
subject a therapeutically or prophvlactically effective amount of a pharmaceutical
composition of the invention. Any of the phammaceutical compositions described herein can
be used in a method of the invention, including pharmaceutical compositions comprising a
fusion protemn of the Invention or pharmaceutical compositions comprising a nucleic acid
encoding the fusion protein.

G054} As used herein, “subject” means any animal, particularly a mammal, most
particularly a human, who will be or has been treated by a method according to an

embodiment of the invention. The term “manmal” as used herein, encompasses any
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mammal. Examples of mammals include, but are not Iimited to, cows, horses, sheep, pigs.
cats, dogs, mice, rats, rabbits, guinea pigs, non-human primates (NHPs) such as monkeys or
apes, humans, etc., more particularly a human.

6695} A “metabolic discase, disorder or condition” refers to any disorder related to
abnormal metabolism. Examples of metabolic discases, disorders or conditions that can be
treated according to a method of the invention inclode, but are not mited to, type 2 diabetes,
elevated glucose levels, elevated insulin levels, obesity, dyslipidemia, diabetic nephropathy,
mwyocardial ischemic injury, congestive heart failure, or rheumatoid arthritis.

16894} The terms “treat,” “treating,” and “treatment” as used herein refer to
administering a composition to a subject to achieve a desired therapeutic or clinical outcome
in the subject. In one embodiment, the terms “treat,” “treating,” and “treatment” refer 1o
adnuinistering a pharmaceutical composition of the invention to reduce, alleviate or slow the
progression or development of a metabolic disorder, such as type 2 diabetes, clevated ghicose
levels, elevated insulin levels, obesity, dyslipidemia, diabetic nephropathy, myocardial
tschenic mjury, congestive heart failure, or theumatoid arthuitis.

16897} The term “therapeutically effective amount™ means an amount of a
therapeutically active compound needed to elicit the desired biological or chinical effect.
According to emnbodiments of the invention, “a therapeutically effective amount” 15 an
amount sufficient to effect beneficial or desired results, including clinical results. A
therapeutically effective amount can be administered in one or more administrations. In
terms of a discase state, an effective amount 15 an amount sufficient to amehorate, stabilize,
or delay development of a discase. According to specific embodiments of the jnvention, a
therapeutically effective amount is an amount of a fusion protein needed to treat or prevent a

metabolic disease, disorder or condition, such as type 2 diabetes, elevated glucose levels,

N2
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clevated insulin levels, obesity, dvshipidemia, diabetic nephropathy, myocardial ischemic
mjury, congestive heart failure, or rheumatoid arthritis.
16098} According to embodiments of the invention, a pharmaceutical composition of
the imvention can be administered to a subject by any method known to those skilled n the art
in view of the present disclosure, such as by intramuscular, subcutancous, oral, intravenous,
cutancous, intramucosal {¢.g., gut), intranasal or intraperitongal route of admimistration. fn
particular embodiments, a pharmaceutical composition of the invention is administered to a
subjoct by intravenous injection or subcutancous yjection.
16699} Parameters such as the dosage amount, frequency of admunistration, and
duration of administration of a pharmaceutical composition 1o a subject according to an
embodiment of the invention are not limited in any particular way. The optimum values of
such parameters can depend on a variety of factors, such as the subject to be treated. the
particular metabolic disease to be treated, the severity of the disease, the route of
administration, etc., and one of ordinary skill in the art will be able o determune the optimum
values for such parameters in order to achieve the desired therapeutic or chinical outcomse.
For example, a pharmaceutical composition can be administered once per day, or more than
once per day, such as twice, three times, four times, ete. A typical dosage can range from
about 0.1 nug/kg to up to about 100 mg/kg or more of the fusion protein, depending on the
factors such as those mentioned above.

EMBODIMENTS
[HEEH Embodiment 1 1s a fusion protein compnsing: (&) a half-hife extension protemn,
(b) a linker, and {c¢) a GDF15 protein; wherein the fusion protein is arranged from N-terminus

to C-termunus 10 the order (a)-(b)-{c).
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08101} Embodiment 2 is a tusion protein according to Embodiment 1, wherein the
GIFYS protem is a human GDF15 protein or a functional vanant thereof,

[6e162] Embodiment 3 1s a fusion protein according to Embodiment 1, wherein the
GDF 15 protein comprniges an anuno acid sequence having at least 90% identity to an anuno
acid sequence selected from the group consisting of SEQ 1D NOs: 6-11.

[66103] Embodiment 4 is a fusion protein according to Embodiment 1, wherein the
GDF1S protein comprises the amino acid sequence of SEQ IB NO: 11

[G0164] Fotbodument 3§ is a fusion protein according to Embodiment 4, wherein the
GDF15 protein comprises an amino acid sequence selected from the group consisting of SEQ
1D NGs: 6-11.

[66185] Embodiment 6 1s a fusion protein according to any of Embodiments 1 {0 3,
wherein the halt-hte extension protem comprises human serwm altbumin (HSA)ora
functional varant thereof.

[36166] Embodiment 7 1s a tusion protein according to Embodiment 6, wherein the
half-lifc extension protein comprises an anmino acid sequence having at least 90% identity to
SEQID NO: L

[GG1G7 Embodiment & is a fusion protein according to Embodiment 7, wherein the
half-life extension protein comprises an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 1-3,

{36168} Embodiment 9 is a fusion protein according to any of Embodiments | to 8,
wherein the linker is a flexable hinker,

[0109] Eotbodument 10 is a fusion protein according to Embodiment 9, wherein the
linker comprises the sequence (GGGGSn, wherein 1 1s 2 1o 20, such as GS5-{GGGGEXE or

AS«GGOGSXS-GT.
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[66119] Embodiment 11 is a fusion protein according to any of Embodiments | to 9,
wherein the linker is a structured linker.

{66111} Embodiment 12 is a fuston protein according to Embodiment 11, wherein the
hinker comprises the sequence (AP or (EAAAK)n, wherein n is 2 1o 20, such as AS-{(APn-
GT or AS(EAAAKn-GT.

66112} Embodiment 13 is a fusion protein comprising an amino acid sequence having
at least 90% sequence identity to SEQ ID NQs: 5, 25-31, 36-37, 40, 48, 55-60 or 64-75.
[G8113] Embodiment 14 is a fusion protein according to Embodiment 13, comprising
an amino acid sequence sclecied from the group consisting of SEQ 1D NG: 5, 25-31, 36-37,
40, 48, 55-60 and 64-75.

[66114] Embodiment 15 is a fusion protein according to Embodiment 14, comprising
an anuno acid sequence sclected from the group consisting of SEQ 1D NOs: 5, 25-30, 40, 55-
60, and 70.

[B0115] Embodiment 16 is an 1solated nucleic acid molecule encoding the fusion
protein of any one of HEmbodiments 1 to 15,

{68116} Embodiment 17 is an isolated nucleic acid molecule comprising the nucleotide
sequence of SEQ 1D NOs: 76-91.

[66117] Embodiment 18 1s an expression vector compnising the nucleic acid molecule
of Embodiment 16 or 17,

[B6118] Embodiment 19 is a host cell comprising the nucleic acid molecule of
Embodiment 16 or 17.

[G0119] Embodiment 20 is a method of producing the fusion protein of any one of

Embodiments 1 to 13, compnsing: {1} culturing a host cell comprising a nucleic acid

N2
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molecule encoding the fusion protem under a condition that the fusion protein is produced;
and (2} recovering the fusion protein produced by the host cell.

(63128 Embodiment 21 is a method according to Embodiment 20, wherein the
recovering step comprses puntving the fusion protein to remove proteases.

{66121 Embodiment 22 is a pharmaceutical composition comprising a therapeutically
cffective amount of the fusion protein of any one of Embodiments 1 to 15 and a
pharmaceutically acceptable carrier,

[G122) Embodiment 23 is a pharmaceutical composition comprising a therapeutically
cffective amount of a nucleic acid molecule encoding the fusion protein of any one of
Embodiments 1 to 15 and a pharmaceutically acceptable carrier,

[66123] Embodiment 24 is a kit compnising a pharmaceutical composttion according 1o
Embodiment 22 or 23,

[66124) Embodiment 25 is a method of treating or preventing a metabolic disorder,
comprising administering to a subject in need thereot an effective amount of the
pharmaceutical composition according to any of Embodiments 22 and 23.

[68125] Embodiment 26 is a method according to Embodiment 25, wherein the
metabolic disorder s selected from the group consisting of type 2 diabetes, elevated glicose
levels, elevated msulin levels, obesity, dyvshipidenia, diabetic nephropathy, myocardial
1schemic mjury, congestive heart fallure, or rheumatoid arthutis.

{36126} Embodiment 27 13 a method according to Embodiment 25 or 26, wherein the
pharmaceutical composition 1s admunistered to the subject subcutancously or intravenously.
[G8127) Embodiment 28 is a method of treating a metabolic disorder sclected from the
group consisting of type 2 diabetes, clevated ghucose levels, elevated insulin levels, obesity,

dyshipidemia, diabetic nephropathy, myocardial ischemic imjory, congestive heart fatlure, or
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rheumatoid arthritis, in a subject in need thereof, the method comprismg subcutancously or
intravenoushy administering to the subject a therapeutically effective amount of a
pharmaceutical composition comprising a fusion protein comprising an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 5, 25-30, 40, 535-60, and 70 and a
pharmaceutically acceptable carrier.
{66128} Embodiment 29 is a method of treating a metabolic disorder sclected from the
group consisting of type 2 diabetes, elevated glucose levels, elevated insulin levels, obesity,
dyslipidemia, diabetic nephropathy, mvocardial ischemic injury, congestive heart failure, or
rheumatoid arthritis, in a subject 10 need thereof, the method comprising administering to the
subject a therapeutically effective amount of a pharmaceutical composition comprising a
fusion protein comprising the amino acid sequence of SEQ D NO: 60 and a
phammaceutically acceptable carrier.
10303129] Embodiment 30 is a method of any one of Embodiments 25 to 29, wherein the
pharmaceutical composition is administered to the subject intravenously or subcutaneously.
(30136 Fotbodument 31 is a fusion protein of any one of Embodiments 1 to 15 for use
in treating or preventing a metabolic disorder selected from the group consisting of type 2
diabetes, elevated glucose levels, elevated insulin levels, obesity, dvshipidenua, diabetic
nephropathy, myocardial 1schemic injury, congestive heart failure, or theumatoid arthritis.
EXAMPLES
{60131} The following examples of the invention are to further ilustrate the nature of
the invention. It should be understood that the following examples do not limit the invention

and that the scope of the mvention is to be determined by the appended claims.

N
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361324 Example 1: Design of fusion molecules comprising GB¥F15 - Effect of
GDF1S truscations

(66133} Like other TGFP family members, GDF15 is synthesized as a pre-pro-protein
that forms a dimer in the endoplasmic reticulum and undergoes furin cleavage to produce
secreted mature GIDE1S (amino acids 197-308}. The secreted mature GDF1S homodimer is
about 25k Daltons, and each monomer has the potential to form up to 4 intramolecular
disulfide bonds with a single intermolecalar disulfide inking the homodimer components.
681 34] The crystal structure of GIDF1S was determined in the mvention and is
depicted in Figures 1A and 1B. The crystal structure shows that the C-ternunos of the mature
GDF15 15 buried in the dimer interface, while the N-terminus is exposed. This exposed
terminus allows for the linkage of fusion proteins, such as half ife extension proteins, to the
N-terminus of GDF15.

[66135] The crystal structure also depicis the novel disubfide panng pattern of GDF15
cysteine residucs. While TGFBI has C1-C3 and C2-C7 pairing (1.e., pawring between its first
and third cvsteine residucs as well as between its second and seventh cysteine residucs),
GDF1S has C1-C2 and €3-C7 paining {(see Figures 1A and 1B). This unique disulfide pairing
results in a loop formed by the C1-C2 pairing that 1s located at the N-terminus of the protem
and away from the cysteine knot that contains other disulfide bonds. The structure predicts
that the N-terminus of GDF15 may not be critical for dimer formation or overall protein
folding, and that GBF15 and N-terminal fusion molecules thereof may be tolerable to N-
terminal deletions that delete C1 and €2, residues within the C1-C2 loop, or even residues C-

termunal to C2.
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381 36] Example 2: Design of fusion molecules comprising GDF15 - Effect of the
linker
06137} Different inkers between the H5A molecule and the GDF15 molecule were

cvaluated. Both tlexible hinkers, containing the sequence {(GGGGS)n, and structured hinkers,
containing the sequence (AP or (EAAAK)n, wherein n is 2 to 20, were evaluated.

60138] Fusion proteins comprising the different linkers were compared for their
biophvsical properties, their effect on the efficacy of food intake in lean mice, their mouse
pharmacokinetic (PK) values, and their ex vive stability in human blood. The results of tested
linker variants are shown in Table §. The molecule comprising SEQ 1D NO: 31, which
contained the (EAAAK]s linker, showed aggregation by HPLC. The remaining seven linker

variants in Table 1 demonstrated no aggregation.

1601.39] Table 1. Summary of linker variant analysis

SEQ D Linker of Aggregation | Good Mouse “x vive stability
NQO* PK (WT) in human blood
25 AS(GGGGSHGT No Yes Yes

5 GSGGGGS M No Yes Yes

6 ASGGEGGESRGT No Yes Yes

27 AS(AP)GT No Yes Yes

28 AS(AP)10GT No Yes Yos




10

15

WO 2017/196647 PCT/US2017/031197

SEQ ID Linker of Aggregation | Good Mouse Ex vivo stability
NG* PR (WT) in human blood
29 AS(AP)0GT No Yeos Yes

30 AS(EAAAKNGT No Yes Yes

31 AS(BAAAK)GT YES Not tested Not tested

*. 6xHis tag was attached at the N-terminus for punfication purpose

36146 Linker stability was also evaluated for these variants by in vive studics m mice
and by ex vivo stability studies in human whole blood and plasma samples. Two forms of
detection were used to analyze the reselts from these studies. An immunocassay with anti-
GDF1S capture and anti-HS A detection antibody pairs was used to evaluate how intact the
linker was by measuring the presence of both molecules on either side of the linker. A
broader picture of the whole-molecule mtegrity was analyzed by Hguid chromatography-mass
spectrometry (LC-MS) analvsis using different surrogate peptide sequences from both HSA
and GDF15 . The immunoassay demonstrated a stable PK profile for all of the linker varants
and no loss of spiked plasma sample concentration for anv of the linker varants observed
over 48 hours. The LC-MS results were consistent with the immunoassay showing that the
surrogate peptides from different parts of the HSA and GDF 15 molecules were intact. The
PK profile of the hinker vanants analyzed by LC-MS using surrogate peptides showed a
similar trend for different linker variants, where they all had detectable levels at day 7. All
the vanants in Table I except for SEQ 1D 31 had desirable biophysical properties and PK

values.

30
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[B8141] The hinker variants were evaluated tor their in vive activity by carrying out
food intake studies 1 lean mice. Table 2 shows the mnfluence of the linker vanants on the
ctficacy of the fusion protein in decreasing food mtake. There was a clear influence of the
hinker on the efficacy. With regard to the flexable (GGGGS)n inkers, an mcrease in the

5  linker length from 2 to 4 to 8 dramatically increased the fusion protein efficacy. For the more
rigid {(APn linkers, the trend was less obvicus, suggesting that the degree of freedom of the
GDF1S molecule within the fusion protein plays a critical role in #ts efficacy.
68142 Table 2: Effect of the linker on the in vive efficacy of HSA-GDF15 fusion

proteins in lean mice

SEQ D NO* Linker % Decrease in food intake (mean)
25 AS(GGGGSRGT 7% 8
5 GS(GGGGS)
; 445
26 AS{GGGESKRET
- 50.7
27 AS{AP)sGT 487
28 AS(APHGT 667
PAY AS(APRGT 55 1
30 ASFAAAKGT 519

10 *- 6xHis tag was attached at the N-terminus for punfication purpose

31
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{38143 Example 3: Design of fusion molecules comprising GB¥F15 - Effect of
HSA mutations
(06144} Recombinant proteins with the half life extension protein human seram

albumin fused to the N-terminus of GDF15 through a hinker were designed. This design
should allow for the GDF13 dimerization interface to remain unperturbed and allow for the
formation of the native inter-chain disulfide linkages, resulting in a GDF15 homodimer with
HSA fusion extended from each GDF135 am. With this approach, only a single gene s
required to generate the HSA-GDEFS homodimer,

{681 45] Native human serum albumin protein contains 35 cysteine {Cys, C} residugs
that form 17 disulfide bonds, with the Cys-34 residue being the only free cvsteine in the
molecule. This free Cys-34 has been shown to function as a free radical scavenger, by
trapping multiple reactive oxygen specics (ROS) and reactive nitrogen specics {RNS). Thus
free Cys was thus mutated to minimize the risk of heterogeneity due to oxadation.

[B30145] The free cysteme at position 34 of HSA was mutated to either serine or alanine,
and the GDF135 tusion molecules with either a HSA{C348) or a HSA{C34A) mutation were
analyzed. Both of the molecules were purified using a three-step purification method: {1} ion-
exchange chromatography, (i1) hydrophobic interaction chromatography, and (i1} size-
exclusion chromatography. When they were first generated, HPLC analysis showed that both
molecules were pure and aggregation-froe (Table 3).

36147} However, two weeks after its generation, the fusion protein containing the
HSA{C34A) mutation (comprising SEQ D NGO 48) showed aggregation by HPLC, while the
fusion protein containing the HSA(C345) mutation (5EQ 1D NO: 40) romained aggregation-

free after four weeks.

(€8]
3]
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[38148] Table 3: The influence of mutating HSA 34 on fusion proten aggregation
% regation whe o/ ooyt walea
SEQ D NO HSA mutation "o aggregation when Yo aggregation 2 weeks post
purified purification
p
40 €348 0 0
48 C34A 0 33.29
106149} Example 4: Protease cleavage propensity on GDFIS
66153 It was observed by the inventors that the arginine residue at amino acid

position 198 of GDF15 (R198) 15 susceptible to protease degradation within the HSA-GDFI5
fusion molecules. Such degradation results in a heterogeneous population and is undegirable
for therapeutic compositions. The cleavage can be prevented by a protease mhibitor cocktail,
Purification methods were investigated for the removal of the protease. Table 4 lists the two
types of HSA affinity columns that were tested for purification of HSA-GDF15 fusion
proteins, as measured by HPLC. At the ime of purification, the HSA-GDFI13 fusion proteins
purified by both methods were 100% pure and mtact. At low concentrations (2-Smg/ml),
proteins purified by both methods remained mtact for the entire test period of 4 weeks.
However, at high concentrations (406-50 mg/mi}. only the antibody-based HSA resin
(CaptureSelect) produced protease-free proteins that remain intact for the entire 4 week test
period. The HSA-ligand-based resin (Albupure) generated proteins that were intact mtially
but demonstrated degradation over time when stored at high concentrations. Adding a
protease wnhibitor cocktal (P and EDTA completely arrested the degradation of the high

concentration HSA-GDF 13 fusion protein batch purified using the Albupure resin. Thus, the

33



10

WO 2017/196647 PCT/US2017/031197

purification method plays a critical role in generating a stable therapeutic composition.
Corresponding degradation was not observed 717 vivo or ex vive, suggesting that once the
therapeutic composition has been made protease-free, degradation of the fusion proteins is
not an 1ssue iz vivo, Therefore, punfication methods that can effectively remove potential
proteases during production, such as those using the CaptureSelect resin, are key to
successfully manufacturing GDF 15 therapeutics that are homogenous, intact and stable.
36151} Table 4: Protease cleavage of the HSA-GDF1S fusion proteins can be

chminated by sample purification mcthods

Condition Y degraded population of HSA-GDF13 (SEQ
D 60)
Concentration | Resin +Pi WEEK | WEEK | WEEK | WEEK | WEEK
EDTA 0 | 2 3 4
Low Capture No 0 0 0 { O
Select
Low Albupure | No 0 0 0 ¢ 0
High Capture No ¢ 0 0 ¢ ¢
Select
High Albupure | No 0 3.04 947 i1.57 13.89
High Capture Yes ¢ 0 0 ¢ ¢
Select
High Albapure | Yes 0 { 0 G 0
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81531 Example 8;: N-terminal deletion variants of GDFIS
[B0153] The GDF 13 crvstal structure depicted in Figures 1A and 1B predicts that the

N-terminus of GDF13 involved n the deletion variants is not critical for dimer formation and
overall protein folding. Tt also predicts that such N-terminal deletions should not affect any
potential receptor mtcraction. HSA-GDF15 fusion proteins comprising various deletions of
the N terminal of GBF15 were tested for in vive activity.

[36154] GDF15 N-terminal deletion varants were designed that removed the protease
cleavage site at GDF15 (R198). Immediately following the R198 residue, there is a potential
deamidation site at residues N199- G200, and substrate deamidation is also not favored in
therapeutic compostitions. GBF13 N-terminal deletions can remove both the proteclytic
cleavage site and the deamidation sites simultancously. The resulting GDFI3 deletion
variants that were incorporated into fusion proteins with HSA meluded GDF15 (201-308;
SEQ ID NG 8), GDF15 (202-308. SEQ ID NG: 9), and GDF15 (211-308; SEQIDNG: 11).
In vivo studies in mice showed that the N-terminal deletion vanants of GDF15 are still active
in reducing food intake (Figure 17). The experimental results confirmed that such GDF15 N-
terminal deletion variants express properly, form appropriate dimers, and are active i vivo.
[06155] Example 6: Inactive mutants of GDF15

66156} Table 5 hists twelve mutants of GDF 15 that were made to eliminate GDF15 in
vive activity and identity the functional epitope of GDIF15. The mutants include five single
mutants, two double mutants, and five triple mutants. HSA-GDF135 fusion proteins
comprising these mutations were characterized for their biophysical properties and activities
{Table 5). Out of the 12 mutants, one did not express and four formed aggregates over time,
indicating that the muotations interrupt protein folding and biophysical properties. (M the

remaining seven mutants, four of them contained a single mutation of GBF13, and these



10

WO 2017/196647 PCT/US2017/031197

muiants were tested in mice for food mtake reduction compared to wild type. Three of the
single mutants (I1R9R, I8OW and W32 A) lost in vive activity, while the remaining mutant
{(Q60W) is as active as the wild type. These results indicated that the I89R, 189W or W32A
muiation mierrupts the inferaction of the receptor/co-receptor with GDF1S, suggesting that
the functional epitopes of GDF15 are around residucs 189 and W32, The numbering of the
mutation is based on the mature GDF15 present in fusion protein, e.g., 17 refers to the ¥
amino acid of the mature GDF15 (SEQ ID NO: 6) and “89” refers to the 89" amino acid of
the mature GDF15 protein.

[G0157]

Table 5. Summary of the biophysical properties and activities of fusion

proteins comprising GDF13 matants

SVEQ I | Mutations in GDFIS | Biophysical propertics Activities

?O Wild type Expresses well, stable Wild type activity

64 I89R Expresses well, stable Complete loss of activity
65 89w Expresses well, stable Complete loss of activity
66 L34A, S35A, R37A | Expresses well, stable

67 VETA, I89A, LOBA Expresses well, unstable

68 34A, S35A, I89A Expresses well, stable

69 VE7A, IRGA Expresses well, stable

70 Q60w Expresses well, stable As active as wild type

71 W3ZA Expresses well, stable Complete loss of activity
72 W20A Expresses well, unstable

73 Q60A, 564A, R6TA | Expresses well, unstable

74 WIYA (J60AI6TA Does not express
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SEQ ID | Mutations in GBF15 | Biophysical properties Activitigs
NG

75 W20A, W32A Expresses well, unstable

*- &xHis tag was attached at the N-terminus for purification purpose

[06158] Example 7: Expression and purification methods
[6G159] Expression
65166 For expression of 20ml and greater, the expression was done using HEK

ExpiZ93™ cells grown in Expi293*™ Expression media. The celis were grown at 37°C while
shaking at 125RPM with 8% C0O2 . The cells were transfected at 2.5 x 106 cells per ml using
the Expi1293™ Expression Kit. For cach hiter of cels transfected, Img of total DNA was
diluted in 25m] of Opti-MEM, and 2.6ml] of ExpiZ93™ reagent was diluted in 25ml of Opti-
MEM and incubated for 5 minutes at room temperature. The diluted DNA and diluted
Expi?93 reagent were combined and incubated for 20 minutes at room temperature. The
DNA complex was then added to the cells. The celis were placed in the shaking incubator
overmight. The day after transtection, Sml of Enhancer 1 from the kit was diluted into 50ml of
Enhancer 2 from the kit, and the total volume of the two Enhancers was added to the cells.
The transfected cells were placed back into the incubator for 4 days until they were harvested.
The cells were concentrated by contrifugation at 6,000g for 30 minutes and then filtered with
a . 2um filter before the purification step.

66161} The expression was also done in CHO cells. The plasmid was purified and
characterized. Prior to transfection, 1 aliquot of 200 pg of plasmid DNA containing the
coding region of HSA-GDF15 was linearized by restriction enzyvme digestion with Acl L

The digestion with this restriction endonuclease ensures the removal of the ampicillin

resistance gene. Two hincarized 15 pg DNA aliquots were transfected mito two 1 x 107 CHO
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cells (designated transfection pool A and B) using the BTX ECM 830 Electro Cell
Manipulator (Harvard Apparatus, Holliston, MA). Cells were clectroporated 3 times at 250
volis with 15 millisecond pulse lengths and 5 second pulse intervals in a 4 mm gap cuvette.
Transfected cells were transferred 1o MACH-1 + L-glutamine in a shake flask and incubated
for 1 day. Transfection pood A and transfection pool B were centrifuged, resuspended in
MACH-1 + MSX, and transferred to shake flasks to incubate for 6 days. Transfected HSA-
protein fusion-producimg cells from transfection pool A and transfection pool B were pooled
and plated in methyleellulose on day 8 post-clectroporation.

00162} Purification

08163} Two-step purtfication using CaptureSelect resin and size exclusion
chromatography was used. Cell supernatants from transiently transfected Expi293™ cells
were loaded onto a pre-equilibrated (PBS, pH 7.2) H5A CaptureSelect column
{CaptureSelect Human Albumin Affinaty Matrix from ThermoFisher Scientific) at an
approximate capacity of 10 mg protein per mi of resin. After loading, unbound proteins were
removed by washing the column with 10 colummn volumes (CV) of PBS pH7.2. The HSA-
GDF1S that was bound to the column was eluted with 10 CV of 2M MgClz in 20mM Trig,
pH 7.0. Peak fractions were pooled, filtered (0.2 u), and dialyzed against PBS pH 7.2 at 4°C.
After dialysis, the protein was filiered (0.2 p) again and concentrated to an appropnate
volume before loading onto a 26/60 superdex 200 column {(GE Healthcare). Protein fractions
that eluted from the size exclusion chromatography (SEC) column with high punty
{determined by SDS-PAGE) were pooled. The concentration of protein was determuned by
the absorbance at 280nm on a BioTek Synergy HTTM spectrophotometer. The quality of the

purtficd proteins was assessed by SDS-PAGE and analvtical size exclusion HPLC {SE-HPLC,
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Dionex HPLC system). Endotoxin fevels were measured using a LAL assay (Pvrotell®-T,
Associates of Cape Cod).

06164} Two-step purification using Albupure resin and SEC was also used. HSA-
GDF135 fusion proteins were purified at room temperature using AlbuPure resin (ProMetic
BioSciences Ltd) which utilizes an immobilized synthetic trazme ligand to selectively bind
HSA . The expression supernatants were applied to the AlbuPure resin. The resin was then
washed, first with 4 CV PBS pH 7.2 followed by 4 OV of 50 mM Tris pH 8.0, 150 mM Na(l
butfer. The HSA-GDF1S that was bound to the column was eluted with 4 CV of PBSpH 7.2
buffer containing 100 mM Na Octanoate. The protein-containing fractions werce concentrated
to a 10 mL volume using a 30,000 kDa molscular weight cutoff spin concentrator { Amicon)
and then applied to a 26/60 Superdex 5200pg column (GE) that was equilibrated in PBS pH
7.2 butter. SEC fractions containing HSA-GDF 15 homodimer were identified via SDS-
PAGE and pooled for analysis. The protein puritics were assessed by SDSPAGE and SE-
HPLC.

[B8165] The Examaples 8-14, and 19 involve characterization of an exemplary fusion
protein of the invention, which has the amino acid sequence of SEQ 1D NO: 60. This fusion
protein is a fully recombinant protein that exists as a homodimer of a fusion of HSA with the
mature human GDF15 through a 42-anuno acid linker consisting of giveine and sering
residues, G8-{GGGGS)s. The predicted molecular weight of this fusion protein is 162,696
Dialtons, and the single native free cysteine at position 34 of HSA has been mutated to serine.
This particular HSA-GDF15 fusion protein will be referred to simply as “FP1” m the
following examples, for simplicity. A 6xHis-tagged variant of FP1 (oxHis-FPL, SEQ ID NO:
26}, containing an AS-{GGGGS)x8-GT linker, was used for comparison in some of the

following examples.

3%
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381 66] Example 8: Effects of FP1 on the food intake of C5781/6 mice

38167} The purpose of this cxperiment was 1o demonstrate the dose-responsive cffect
of FP1 on the inlibition of food intake 1 C57BY6 mice.

66168} Male C37BI/6 mice were acchmated for a minimum of 72 hours i BioDAQ
cages. Mice were then grouped based on food mtake in the previous 24 hours into six groups
of eight. Between 4:00 and 3:00 pm, animals were weighed and dosed with vehicle ora
composition comprising FP1 via subcutancous injection. The change i food weight for each
cage was recorded continuously by the BioDAQ system for a period of 48 hours afier the
imjections. 6xHis-FP1 was used for comparison in this study.

06169} The results (Figure 2 and Table 6} were expressed as an average of cunulative
food intake for a given time interval. The results indicated that subcutaneous administration
of FP1 1o C57BL/6 mice significantly inhibited food mtake relative to vehicle-treated animals
at all doses and time points tested. 6xHis-FP1 reduced food intake at the 8 nmol/kg dose.
Table 6: Effects of subcutaneous administration of FP1 on food ntake in

[00170]

C57BL/6 mice; Cumulative food imtake at 12, 24 and 48 hours post adnunistration is shown

Cumuldative Food Intake (g)

Treatment 12 hours 24 hours 4% hours
PBS 37+£02 43+ 0.1 84+03
FP1, 1 nmol/kg 29017 34+027 70203

6.6+ 03"

FP1, 4 nmol/kg

31017

FPL, & nmol/kg

32401

6.4+ 027

FP1, 16 nmolkg

2.7+ 027

6.2+ 0.3
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oxHis-FP1, 8 nmol/kg F8£027" 26027 6.0+ 027

Data are expressed as Mean + SEM.

*p<0.05, versus PBS; *¥p<0.01, versus PBS; *¥*p<0.001, versus PBS; ¥*%%3<0.0001,

versus PBS

One-Way ANOVA-Tukey’s multiple compansons test; n=8/group
68171} Example 9: Effects of FP1 on food intake in Sprague Dawley rats
06172} The purpose of this experiment was to demonstrate the dose-responsive effect
of FP1 on the inhubition of tood intake i Sprague Dawlev rats.
160173] Male Sprague-Dawlev rats were acclimated for a minimum of 72 hours in the
BioDAQ cages. Rats were then grouped based on food intake i the previous 24 howrs into
six groups of eight. Between 4:00 and 3:00 pm, animals were weighed and dosed with
vehicle or a composition comprising the fusion protein via subcutancous injection. The
change n food weight for each cage was recorded continuously by the BioDAQ system, fora
period of 48 hours afier the injections. 6xHis-FP1 was used for comparison in this study.
(66174} The results are shown in Figure 3 and Table 7. Subcutancous administration
of FP1 inlibited food intake at doses of 2.5 nmol/kg and 10 amol/ke compared to vehicle-
treated animals. The inmhibition reached statistical significance only with the highest dose
tested (10 nmol/kg) at 24 and 48 hours post-administration. FP1 reduced food intake at the 8
amol/kg dose, and the effect was significant at 24 and 48 hours.
[08175] Table 7: Effects of subcutancous administration of FP1 on food intake in
Sprague-Dawley rats; cumulative food ntake at 12, 24 and 48 hours post admistration is

shown
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Cumulative Food Intake (g}
Treatment 12 hours 24 hours 48 hours

PBS 206+£13 253+13 491+£2.1
FPL, 0.1 nmol/kg 233+ 1.4 269408 528413
FPL, 0.5 nmol/kg 226+17 25110 483418
FP1, 2.5 nmol/kg 200+14 220x10 446414

FP1, 10 nmol/kg 187409 199+ 1.0 399423

6xHis-FP1, 8 nmol/kg 176£15 188+ 14" 384425

Data are expressed as Mean = SEM.

*n<0.05, versus PBS; #*%p<0.01, versus PBS

One-Way ANOVA-Tukey’s multiple comparisons test; n=8/group
166176} Example 10: Effects of FP! on ghicose homeostasis and body weight in
diet-induced obese (BI0) mice
(60177}

The purpose of this experiment was to evaluate the cffects of FP1 on food

intake, body weight, and glucose homeostasis throughout two weeks of treatment 1o DI

CSTBI/6 mice.
66178} Male DIO mice were weighed, and FP1 was dosed subcutancously at Zml/kg

gvery three days (g3d) at Day 0, 3, 6, 9, and 12, The vehicle and rosiglitazone treatment
groups were dosed with PBS on g similar regimen. The control rosiglitazone was provided in
the diet at 8.015% ad libitum. Mouse and food weights were recorded daily. Glucose was

measured using a glucometer (One Touch®Ultra®, Lifescan, Milpitas, CA). Fat and lean
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mass was guantitated in conscious mice by time-domain NMR (TD-NMR) using the Bruker
Mini-Spec LF110. For an oral glucose tolerance test {OGTT), mice were fasted for 4 hours.
Blood glucose was measured via tail snip at 0, 30, 60, 90, and 120 mmutes post oral gavage
administration of 2 g/kg glucose at 10mi/kg. Insulin was measured at 0, 30, and 90 minutes
post glucose administration.

[66179] At the end of the study, the mice were euthanized via CO2 inhalation, and a
terminal blood sample was collected. Serum was placed into a 96 well plate on wet ice and
then stored at -80°C. The hiver was removed, and the fat content relative to the total mass of
liver sections was assessed using TD-NMR with the Bruker MimiSpec mg60 according to the
manufacturer’s mstractions.

66180 The fasted homeostatic model assessment of insulin resistance (HOMA-R)
was calculated based on the product of fasted glucose (in mg/dL) and mmsubin (in mU/L)
divided by a factor of 405,

[B8181] Treatment of BDIO mice with FP1 q3d at T nmol/kg and 10 nmol/kg reduced
body weight {Table 8) and food intake (Table 9}. The reductions reached statistical
significance only at certain time points, as deseribed below.

06182} Fpl decreased body weight at doses of 1 {(from day 2 to 14) and 10 nmolkg
{(from day 1 to 14} in D10 mice (Table 8 and Figure 4). A significant reduction in food mtake
was seen at days 1 and 2 of the study at the dose of | nmolkg and at days 1, 8 and 9 at the 10

nmol/kg dose (Table 9).
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[36183] Table 8 Body weight change (% of starting) during treatment with FP1 in
DIO mice
Treatment Vehicle FP1 (nmol/kg) Rosiglitazone
Bay n/a 0.1 ] 16 10mpk/day

-2 0102 -0.1x04 0604 02+£03 01£02
-1 08403 -0.2£03 04+03 -03+£04 09402
0 0.0+£00 0.0+00 0.6+0.0 8.0+00 0.6+00
1 0102 -01+04 15205 -2.8 £ (.4% 1.9+£02
2 0.0£03 -0.84+05 -32+0.4% -3.14+0.5% 22+£05
3 02404 04404 -3.24 0.6% -4.040.7% 26£05
4 04105 -0.7+05 -3.8+0.6% 4.4+ 0.8% 3.0+05%
5 -0.5+04 -1.0+03 -4 .0 £ (5% -4.6 4 0.9% 3.8+ 0.6%
6 04406 -05:05 <384 0.4 =564 (.9% 40£07"
7 03405 -0.5£05 -43+0.6% -6.1+ (9% 55+£08%
8 ~3.6£0.5 -05+035 -4.2+0.6% 6.7+ 1.1*% 6.1+ 0.9
9 -0.4+£05 02405 -45 .+ 0.6% -724£1.2% 7O0+1.0%
16 33405 034053 -4 44 0.8% ST 84 1.2% 7.8+ 1.1%
11 -(05£0.5 05+04 4.4+ 0.8% S7941.4% 82+ 1.2%
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12 3806 0.8+03 -43+1.0% -7.94+ 1.5% 85+ 12%
13 3.8+ 0.0 05+05 3.9+ 0.9% -8.7+ 1.6% 8.6+ 13%
14 17406 04403 -4.6+1.0% B0+ 17 7.6+ 13%

Data are expressed as Mean + SEM. 1 = 8 per group.

* = p<0.05, compared to that of the vehicle treated group.

[G8134] Table 9: Daily food intake {gm) during treatment with FP1 in DIO mice
Treatment Vehicle FPi {(nmolkg) Rosiglitazone

Bay n/a 0.1 1 16 10mpk/day
-2 29101 30202 29x0.1 2.8+£0.1 2.8+0.1
0 3.0+£01 3.0+£01 2801 2.84+0.1 3.04£0.1
1 2.9+£0.1 31401 2.140.2% 134014 3.6+0.1%
2 3.0+£01 30+£01 23+£0.1% 26+02 3.9+£0.2%
3 2.8+0.1 30+01 26201 24402 3540.1%
4 23401 26401 22401 23401 334£0.1%
3 28+£0.1 30+£0.1 28%0.1 26+0.1 37+£02%
G 28+0.1 31+01 29x0.1 2.4+£02 37+£02%
7 2.7+£0.1 29401 2601 24401 3.84£02%
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8 27+01 29401 26+0.1 2.1 +0.1% 35+£02%
9 30401 33401 28+0.1 2.54+£02% 43+£02%
16 26+0.1 3.0+£0.1 26+01 22401 36+£0.1%
i1 29+0.1 3.1+0.1 27202 26+02 34+01%
iz 274+0.1 31+0.1 30401 304072 36+02%
13 26+0.1 28+£01 28+£01 22+02 32+01%

Data are expressed as Mean = SEM. n = 8 per group.

* = p<0.05, compared to that of the vehucle treated group.

[00185]

In an OGTT performed on day 14 of the study, FP1 significantly lowered

glucose levels compared to vehucle-treated animals at all ime points after fime © at all three

doses tested (Table 10). This was further quantitated as total area vuder the curve (AUC) and

delta AUC, which were significantly lower compared to vehicle for all three doses tested

(Table 10 and Figures 5A and 5B).

[00186]

of q3d dosing of FP1 in DO mice

Table 10: Blood glucose {mg/dL)} levels during an OGTT after fourtcen days

Time after Glucose Challenge

{min}
Dose Total AUC Delta AUC
{nmaoi/k 0 30 60 3¢ 120 | (mg/dl/120m | (mg/dL/120m
Treatment g} in) in}
Vehicle NA | 209, | 399 | 338 | 207 | 260 | 3824444 13089.4 =
6+ | 4+ | S+ | 54 | 34 4308.2 3573.0
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Time after Glucose Challenge
{miim}
Dose Total AUC Belta AUC
{nmol’k | & 3¢ 60 9¢ 128 | (mg/dL/128m | (mg/dL/i120m
Treatment g} in} i}
165 {464 {463 | 380 | 366
319, | 241, | 196,
01 169-?-. 0§ 6 | 0% 1()8? 284081 + 48855 =
o ae 12151144 128 e 1236.1% 955.1*
1.K % % 3 o
125104 227 180.
Pt Lol e e | e | 252056 561562
' 3 26 .. 113 26.7% 47 6%
75 E.*.() i*.é o 4% 1*1 1026. 647 6%
Lo | 195 : i74.
PR ol I P R R P AT 42114+
5 q iio 69% | 6.3 1_;8 603.0* 425 8%
o1 199 184 :
Rosi- A I I o O I TR el B T 6425.6+
3 ; - 24 1 * Ly 3
glitazone mpkiday | 60 12;) g 5% 1(;.9 5 74 671.9 3996
Data are expressed as Mean + SEM. 1 = 8 per group.
* = p<0.05, compared to that of the vehicle treated group.

36187} Fed blood glucose levels were measured at the start {day 0), at day 7 and at
day 13 of the study {(Table 11 and Figure 6). FPI decreased blood glucose 1 a statistically

significant manner at doses of 1 nmol/kg and 10 nmol/kg on day 13 of the study.

{08188} Table 11: Fed blood glucose during treatment of DIO mice with ¢3d treatment
of FP1
Time after start of treatment {days)
Treatment Dose (nmol/kg) Jj 7 13
Vehicle NA 177.6 + 10.9 1736 2253230
10.6
) 41+83 1964+ 8]
Pl 0.1 1741+ 8, 163 196481
1 1675£738 1351+ 1653+ 10.3%
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i1.2
10 1653+£137 1453+49 153.8+£7.5%
- e P 1226+ ko g e
Rosiglitazone 1ompk/day 1896173 g | 154 8+ 6.5%
Data are expressed as Mean = SEM. n = 8 per group.
* = n<{).05, compared to that of the vehicle treated group.
[66189] Plasma insulin levels durimg the OGTT were significantly higher for FP1 than

for the corresponding vehicle group for a 0.1 nmol/kg dose at 30 minutes, and lower at the 1
and 10 nmol/kg doses at the same ttime point (Table 12}, The mnscehin excursion during the
OGTT, as measured by total AUC, was higher than the vehicle group for the 0.1 nmol/kg
dose of FP1 (Table 12}, and lower at the 1 and 10 nmol/kg dose. In both cases, statistical
significance was reached only at the lowest dose. At the 90 minute time point, mice treated
with 1 and 10 nmol/kg of FP1 had lower msulin levels; however, this effect did not achieve
statistical significance. HOMA-IR, used as a measure of msulin sensitivity, was measured on
day 14 of the study. At this time point, FP1 decreased HOMA-IR, or improved insulin
sensifivity, at 10 nmol/kg (Table 13 and Figure 7).

[G0196] Table 12: Plasma insulin {pg/mL} levels during an OGTT after fourteen days

of q3d dosing of FP1 in DO mice

Time after Glucose Challenge (min)

Dose Total AUC
Treatment (nmol/kg) ¢ 30 20 {(pg/mL/O0min)

Vehicle NA 6(96.0 + 14660.0 + 50344 + Q21519+
o 7743 30312 4051 1431232

01 7861.0+ 338258 + 64944 £ 18348088 +
’ 7795 7902 0% 797.0 381276.1*%

1 i 4808.1 & 13061 .8 = 34435+ 7632181 =
7958 22263 3425 1197668

10 34783+ 71470 + 20580+ 4625288 +

634.6 823.8 414.0 44653 1

Rosiglitazone | 10mpk/day | 206562 | 22031+ | 11800+ | 1790250

48



10

15

WO 2017/196647 PCT/US2017/031197

Time after Glucose Challenge {min}

5242 193.5% 57.1 9970.7

Data arc expressed as Mean = SEM. n = 8 per group.

* = p<0.05, compared to that of the vehicle treated group.

66191} Table 13: Fasted HOMA-IR in BIO muce after fourteen days of 34 treatment
of FP1
Treatment Dose (mmol/kg) HOMA-IR
Vehicle NA 9354153
0.1 1124+ 146
FPi i 56.7+97
10 3774+ 82%
Rosiglitazone 10mpk/day 273+4.7%

Dhata are expressed as Mean 4 SEM.
n = 8 per group.

* = p<0.05, compared to that of the vehicle treated group.

[66192] The magunitude of weight loss achieved by day 13 did not resolt in measurable
changes in absolute fat mass or percent fat mass at any dose (Table 14). At the 10 nmolkg
dosc, there was a significant decrease in absolute fean mass. This decrease was not observed
when expressed as percent lean mass. Liver weights were measured during terminal
necropsy on day 15 of the study (Table 15}, FP1 decreased absolute liver weight and hver
weight as a percentage of body weight at the 10 nmol/kg dose. A decrease was observed at
the ¥ nmol/kg dose, but this did not reach statistical significance for either parameter. Liver
fat was measured on a biopsy by NMR (Table 16). FP1 fusion protein decreased hepatic fat
content, expressed as a percentage of liver biopsy weight, at 1 and 10 nmol/kg doses. The

reduction was significant at the higher dose.
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[36193] Table 14: Body composition afier thirteen days of treatment with FP1 g3d in
DIO mice

Dose Fat Mass | Lean Mass Fat Mass Lean Mass

Treatment {amol/kg} {g} {2} (% of body) | (% of body)
Vehicle NA 11605 | 296404 234408 396+09
0.1 122£04 | 297+04 24.1+086 585406
FPi i 12103 | 28004 25103 583406
10 106203 | 277x04% | 231x03 606+06

Raosiglitazone Wmpk/day | 149+06% | 300205 | 272+04% 350+ 06"

Data arc expressed as Mean = SEM. n = 8 per group.

* = p<0.05, compared to that of the vehicle treated group.

[63154] Table 15: Liver weight after fifteen days of treatment with FP1 g3d i BIO
mice
Liver Weight (%
Liver weight {g)
Treatment Dose (nmol/kg) of body)
Vehicle NA 2.6x01 54+02
0.1 29402 58+02
FP1 i 22+0.1 46+02
10 1.9+0.1% 424+0.1%
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Liver Weight (%
Liver weight (g}
Treatment Bose {nmol/kg)} of body)

Rosiglitazone Hmpk/day 25+£02 46£02

Data are expressed as Mean = SEM. n = 8 per group.

* = p<d).05, compared to that of the vehicle treated group.

[G8195] Table 16: Liver fat content measured afier fificen davs of treatment with FP1
g3d in DIO mice
Treatment Dose (nmol/kg) Fat {%%)
Vehicle NA 273421
0.1 260+14
Pl i 22514
10 17.8+ 1.6%
Rosiglitazone 10mpk/day 259038

Data are expressed as Mean = SEM. n = 8 per group.

* = p<0.05, compared to that of the vehicle treated group.
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{38195 Example 11: Effects of FP1 on blood glucose levels and body weight in
ab/oh mice

06197} The purpose of this experiment was to evaluate the effects of FP1 on body
weight and blood ghicose levels over eight days of treatment in obese, hyperglycemic, leptin-
deficient 0b/oh mice.

[66198] Male oh/oh mice were weighed and FP1 was administered subcutanecusly at
2mbL/kg every three days {g3d) at Pay 0, 3 and 6. Mouse and food weights were recorded
daily. Glucose was measured daily using a glucometer. At the end of the study, niice were
cuthanized, and a terminal blood sample was collected.

106199} FP1, at the 1 nmol/kg dose, significantly decreased body weight (expressed as
a percentage of starting body weight) in 0b/0b mice starting at day 2 until day 8, relative to
vehicle-treated mice. FP1, at the 10 nmol/kg dose, decreased body weight (expressed as a
percentage of starting body weight) in ob/ob mice starting at day 1 vatil dav 8 relative to
vehicle-treated mice (Table 17 and Figure 8).

G266 Table 17 Body weight change (% of starting) during treatment with FP1 g3d

n 0ob/oh mice

Treatment Vehicle FP1
Bay n/a 1 nmol/kg 10 nmolkg
-6 S25+£03 2.8+04 36+05
-5 ~2.4+03 3005 -35+£05
-4 19402 2.5+04 2803
-1 “3.34+03 01402 03502

[€1]
3]
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0 00+£00 0000 0.0+0.0
1 05402 16402 -23 4+ 0.5%
2 11+£02 -1.8£04% -20£09
3 13£03 25204 3111
4 1.8£03 S33 4 0.5% -4.2 4 13%
5 1.85£04 -3.5 £ 0.5% -4.7 £ 1.5¢%
G 20205 -4 0£0.7% -5.7 £ 1.6%
7 28406 -4.8 08 63+ 1.7%
8 35408 45+ 1.0% -6.1 £ 1.0%

Data arc expressed as Mean = SEM. n = 8 per group.

* = p<().05, compared to that of the vehicle treated group.

1066201 ] FP1, at the 10 amolkg dose, decreased fod blood glucose values in 0b/0h mice

on study day 1 and 2 and from day 4 until day 8 relative to vehicle-treated mice. A reduction

in i blood ghucose was observed at 1 nmol/kg: however, this effect did not reach statistical

significance {Table 18 and Figure 9.
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002031 Table 18: Fed blood glucose during treatment of 0b/0h nuce with FP1 g3d
Treatment Vehicle FP1
Bay n/a 1 nmol/kg 10 nmolkg
-6 463.6£312 3957+£52.0 4636 +41.0
-8 3549+ 575 609.6 £ 336 5529+ 330
-4 5029+416 3179+716 4903544
-1 3521451 36724512 586.0+£426
O 468 8 £573 4797+ 618 4370£427
1 337.0+£428 4390+ 804 3362+ 51.0%
2 31174435 4400743 29374376
3 4478 £ 542 3696+759 2794 £ 388
4 31632470 38461840 2612 =437
5 53104471 4109+£922 286.9 % 55.8%
6 596.1 £45.1 451.1£826 301.9x£493%
7 5667+ 443 4253 £869 2467 £ 43 5%
8 30994376 3378751 223434 1%

Drata are expressed as Mean +

SEM. n = per group.
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[00203]
[00204]

[00205]

Example 12: Multispecies Pharmacokinetics

Mouse Phammacokinetics

PCT/US2017/031197

FP1 was admimistered to female CS7BI6 mice at adose of 2 mg/kg IV and SC

in PBS, pH 7. Blood samples were collected, serum was processed and drug concentrations

were measured up to 7 days following both routes of adnunistration. The concentration of

FP1 was determined using an immunoassay method. The serom drug concentration-time

profile is summarized in Tables 19 and 20 and illustrated in Figure 10

[00206]

Table 19: Scrum concentration (nM) of FP1 over time following a single SC

administration 1n C37BU6 female mice

FPi - SC Dose
Animal Animal Animal | Animal | Animal Average
Timepoint 36 5~7 if:?\:::ilt 58 60 63 Ai;:suﬁ; Std
P Result | 7 (00| Result | Resalt | Result | 000 | Dev
{nM) - {(nM) {ndM) {nM)
4 hr 32.269 50.735 42766 32.407 23.018 36245 | 10.698
24 hr 88.822 106.418 88.648 103.841 80.346 93615 | 11.093
72 hr 33563 38.473 32473 33,625 32769 34181 2.451
96 hr 20.639 24 988 21.247 19356 20,771 21400 | 2124
Day 7 5399 6919 7234 5.994 5.637 6.237 0.803
66207} Table 20: Serum concentration (nM) of FP1 over time following a single IV

adounistration m C537B1/6 female mice

FP1 -1V Dose

Animal | Animal | Animal | Animal | Animal Averase
Timepoint ~2 >3 63 66 7 L Refsul% std
PO Result Result Result Result Result (H'M) Dev
{nM) {nh} (nM) {nM) {n®) '
Lhr 240,419 | 233318 | 232484 | 276913 | 272727 | 251172 | 21.857

&
G
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24 hr 86.823 95.774 80.201 93.153 8%.853 88.961 6027
72 hr 33.634 37.447 33108 41.680 34.034 35.981 3612
96 hr 22.666 20.588 19458 33.718 20.361 23358 5.909
Day 7 7.401 5606 4,896 R.556 4205 6.133 1.803
[66208] Pharmacckinetic analysis revealed aterminal half-life of 1 .67 and 1.57 days

for FP1 in C57BU6 mice following SC and IV administration, respectively (Table 213 FP1
demonstrated a mean bioavailability of ~71% following SC administration.

[G0209] Table 21: Mcan (= SD) pharmacokinetic parameters of FP1 following 2 mg/kg

IV and SC administration in female CS7BI6 mice

‘ﬂL " }
%Lf? Vss ¢ Tmax A{JC{}-Eas: AE]Cﬁ-illf
Rﬂut t],/'z ! ) (n;?:;l %
e (day) wmldav/k {ml/kg ‘ {day*ng/ml | {day*ng/ml
miidwike | ) VoL@ ) )
sC Rffa 1.67 49.48 14994 1 38315 48734
(8D} (0314 {(4.791) (1776} {3851} {4072)
, Mea . 2 =
1Y a 1.57 35.060 69.03 | 40231 | 0.04 85263 57531
. 1 (0.19 " - . e o At
{803} (3.13) (5.8 | (3500} {4853} {5416}

Note:*Tmax (median)

(00214

[00211]

Rat Pharmacokinetics

FP1 was admimstered to female Sprague Dawley rats at a dose of 2 mg/kg IV

and SC m PBS, pH 7. Blood samples were collected, scrum was processed and drug

concentrations were measured up to 7 days following both routes of administration. The
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concentration of FP1 was determined using an immunoassay method. The serum drug

concentration-time profile is swmmarized in Tables 22 and 23 and ilfustrated in Figure 11,

[00212]

adminisiration i temale Sprague Dawlev rais.

Table 22: Serum concentration (nM} of FP1 over time following a single 5C

FP1 - Group 3 (8C Dose}

Ansigiai Ansii;iai Jf%n%?aﬁ Anirgmi Anig;aﬁ Average
Timepoint | o0 Resuit | Rewntt | Result | Rewu | Reswl | Std Des
@) | M) | @M | @My | vy | M

4 hr 4766 3.500 3.932 3.54¢6 3.250 3.799 0.593
24 hr 45118 53.192 39196 36.823 40.204 43.627 5826
72 hr 18.900 24102 23124 23718 18.933 21.755 2615
96 hr 12.193 14.333 14,185 14.669 11.236 13.327 151
Day 7 2.805 2.821 2.447 3.438 2.358 2.774 0426
16021 3] Table 23 Serum concentration (nM) of FP1 over time following a single IV

admimistration in female Sprague Dawley rats

FP1 - Group 4 (1V Dose)

Anéz];;mi Anggi al An‘iinai Ané:f;ml Anégmi Average
Timepoint | pllt Reslt  Result  Rewlt  Result fﬁ;‘g‘ Std Dev
{nhvi) {aM) {nlvi) {nhi) {(nM} S

I hr 13.620% 382676 403255 443080 310105 | 356.347  181.560

24 hr 102.665*% 142661 139066 124328 126425 | 127069 15728
72 hr 46,720 60,105 67.090 59.257 70.423 60.719 9.127
86 hr 29.409 39897 41225 42.258 48.074 40.173 6.779
Day 7 6.976 11.251 %913 9.540 13.006 9937 2.298

* Repeat analysis confirmed resulis

93]

~
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[30214] Pharmacokinetic analvsis revealed a termunal hajf-life of 1.34 and 1.51 days
for FP1 1n Sprague Dawley rats following SC and IV administration, respectively (Table 24},

FP1 demonstrated a mean bioavailability of ~23% following SC administration.

10

[00215]

mg/kg IV and SC administration in Sprague Dawley rats

Table 24: Mean (= 5D} pharmacokinetic parameters of FP1 tollowing 2

g‘ wo L Vs oo | Tow | AUChas | AUChs
Rout tin R (ng;f;ﬂ # 4 ’
e (day) v | {(mikg {dav*ng/ml | {(day*ng/mi
{ml/ d)a} kg ) } (day) ) )
sC M;;ea 1.34 100.09 6987 i 19250 20112
Y

(ST (Lf4 (3.97) (417) (794) (520)

, Mea M , =
Y n i.51 24,75 5341 | 55068 | 4.04 83628 86528

3 BEIARY
(SD) (0;‘ (853 | (1719 ‘235“1 (20126) (20881)

Note: *Tmax (median}

[00216]

[06217)

Monkey Pharmacokinetics

FP1 was adnmimistered to naive male cynomolgus monkevs (Macaca

Jascicularisy at adose of  mg/kg IV and SC i PBS, pH 7. Blood samples were collected,

serum was processed and drug concentrations were measured up to 21 days following both

routes of administration, using immunoassay bioanalysis. The serum drug concentration-time

profile is summarized n Tables 25 and 26 and illusirated in Figure 12

[00218]

Table 25:

Serum concentration (nM} of FP1 over time following a single 5C

administration m cynomolgus monkeys as determined by immunoassay
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FP1 (5C Daose)
Animal 110Animal 111\ Animal 112jAverage Result

Timepoint () (nM) () (n M) - Std Dev

Predose < LEOQ < LLOQ < LLOQ < LLOG N/A

6 hr 49 304 43,784 72.110 35.066 15.017

24 hr 53.368 71.958 56.863 §7.396 13.483

48 hr 107 689 97.509 115,144 106.781 8.853

72 hr 113.601 104 190 104.449 107414 5.360

120 br 101.490 95.049 01,717 96,085 4 968

164 hr 82.167 75435 81.569 79.724 3.726

240 hr 71.033 56.732 39266 62344 7631

336 hr 44 380 42.758 42 571 43.236 0.995

432 hr 30.911 29445 32.839 31.065 1.702

328 hr 21277 20.404 26427 22.703 3.255

(66219} Table 26: Serum concentration (nM) of FP1 over time following a single IV

administration m cynomolgus monkeys as determined by immunoassay

FPi {1V Dose)
Timepoint f:lxg;n al 194 éxgal 145 g:zn;gmﬁ 166 égzage Result Std Dev
Predose < LLOQ < LLOQ < LLOQ < LLOG N/A
ihr 212.661 235.168 189.000 212.276 23.087
6 hr 190315 185331 183 575 186.407 3.497
24 hr 141.743 155.943 146.487 148.058 7.225
48 hr 111.765 126.105 120.744 119.538 7.246
72 hr 105.076 106.955 106.441 106.157 0.971
120 br 02.591 103.882 103.757 100.077 6.483
i68 hr 71.368 D3.055 87.706 84.043 11.298
240 hr 71.554 65.093 65.685 67.444 3572
336 br 46.184 38.961 41.696 42280 3.647
432 hr 34.5%9 31.266 19.492 28.449 7.933
528 hr 26.885 24.154 22.422 24.487 2.250




10

15

WO 2017/196647 PCT/US2017/031197

[30226] Pharmacokinetic analvsis revealed a termunal half-life between 8.5 and 9.2
days for FP1 n cynomolgus monkeys following SC and 1V administration, respectively with
a mean bioavailability of ~88% following SC administration {Table 27}.

66221} Table 27: Mean (+ D) pharmacokinetic parameters of FP1 following 1 mg/kg

IV and SC admuustration in cynomoleus movkeys.
Y g 3

L or
CL/F AUC o im
Vss Toax ™ AUCB-Hasﬁ
tin2 {(ml/day/ “max (day*ng/
Route {dav} | kg} {mlkg} | {(ng/mly | (day) | {day*ng/ml} | mi)
SC Rbean | 8.5 3.9 17776 |3 211636 256202
Dy (5 103 {950) (11332} {20192)
v bean | 9.2 3.4 45.6 34001 1 0.04 | 239758 252206
8Dy {05 [OD {1.6) (3698) (6095) {(11516)
Note:* Tmax (median)
02231 Immuno-affinity capture-LCMS analysis was used to quantitate the

concentration of intact dimer present in the serum of cynomolgus monkeys after IV and §C
adminustration {Tables 28 and 29 and Figures 13 and 14}, Concentrations determined by this
method were similar to concentrations determined by the immanoassay (1A), demonstrating
that FPI circulates as an mtact dimer, with no detectable metabolic liability in cynomolgus
monkeys.

{36223 Table 28: Serum concentration (ng/mb) of FP1 as an intact dimer over time
following a single 1V administration in cynomolgus monkeys as determined by immuno-

affioity capture-LLCMS analysis

60
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Day Dhmer Intact MS Data (Pooled Samples) IA Data {Average)
(.00 O G

0.04 33347 34537

.25 29686 30328

1.00 28787 24089

2.00 17249 19449

3.00 16827 17272

5.00 16159 16282

7.00 11124 13674

10.00 8746 10973

14.00 3328 6879

18.00 3857 4629

22.00 2252 3984

(66224} Table 29: Serum concentration (ng/mbL} of FP1 as an mtact dimer over time

following a single SC administration in cynomalgus monkeys as determined by tmowno-

affinity capture-LCMS analysis.

Day Dimer Intact MS Data (Pooled Samples) IA Data (Average)
0.00 0 {

(.25 9625 8959

1.00 13799 14219

2.00 17671 17373

3.00 19130 17476

5.00 12284 15633

7.00 10808 12971

10.00 8910 10143

ol
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Day Dimer Intact MS Data (Pooled Samples) 1A Data {Average)

14.00 5814 7034

18.00 4074 3054

22.00 2967 3694

06225} The concentration of analytes in cynomolgus monkey serum after IV and SC

administration was also measured by immuno-affinity capture-trypsin digestion-LC-MS/MS
analysis (Tables 30 and 31). Selected tryptic peptides, namely, ALY
(ALVLIAFAQYLQQSPFEDHVE), ASL (ASLEDLGWADWVYLSPR), and TDT
{(TDTGVSLOTYDDLLAK), which are located within FP1 near the N-terminus of the HSA
region, the N-terminus of GDF15, and the C-erminal of GDF1S, respectively. The peptides
were monifored as surrogates peptides of FP1. The concentrations of all of the surrogate
peptides were similar to each other and the concentrations measured by immunocassay,
demonstrating that the GDF13 sequence in FP1 remamns imtact and linked to the full HSA
sequence i vivo.

36226} Table 30: Serum concentration (ng/mL) of surrogate peptides representing
various regions of FPI over time following a single IV adminisiration m cynomolgus

monkeys as determined by immuno-affinity capture-trvpsin digestion-LC-MS/MS analvysis

1A Data
Time point FP1 Average (ng/mlL} Std Dev {ng/ml}
Bay hour | ALV DT ASL ALY TDT ASL
(.00 0 <LLOQ | <LLOG | <LLOG | N/A N/A N/A 0.0
0.04 i 324000 | 397667 | 333333 126230 {31628 |27227 345369
(.25 6 2901000 271667 | 306000 134395 110066 {20952 1303281
1.60 24 243667 1 23300.6 | 23800.0 (42158 |3996.2 |4100.0 { 240887
2.00 43 194333 [ 177333 | 187000 14572 111930 | 8344 19448 .6
3.00 72 18100.0 | 17200.0 | 171667 | 360.6 R71.8 10017 1172716
5.00 120 159667 | 140333 | 142333 110017 | 6429 10116 | 162823
7.00 168 137333 | 118000 | 121000 §1115.0 | 6000 300.0 136736
10.00 240 93033 8570.0 8570.0 22901 | 16822 | 16859 1097340
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A Data
Time point FP1 Average {ng/mL) Std Dev {ng/mL)
14.00 336 5860.0 5890.0 50567 4158 3122 383.0 68789
18.00 432 41433 4400.0 42267 3743 52.9 5712 4628 .6
22.00 528 2830.0 32567 27533 3554 14200 319.0 3984 .0

160227} Table 31: Seram concentration (ng/mb) of surrogate peptides representing
various regions of FP1 over time following a single SC admiunistration in cynomolgus

monkeys as determined by immuno-affinity capture-trvpsin digestion-LC-MS/MS analvysis

iA Data
Time point FP1 Average (ng/mL} Std Dev {ng/mi}
Day hour | ALV BT ASL ALY TDT ASL
8.00 0 <LLOQ | <LLOQ | <LLOQ [ N/A N/A NIA 0.0
025 6 93233 7430.0 81233 19003 | 24716 | 1954.1 | 89591
1.00 24 152333 1133900 | 145333 {29263 | 32220 | 26839 | 142192
2.06 48 153667 | 140000 | 141667 [ 25794 | 16462 | 23116 | 173730
3.00 72 173000 | 160333 | 153333 {13716 | 10017 | 98656 17476.0
5.00 120 153333 1133667 | 136667 {12220 16921 | 15011 | 136329

7.00 168 133333 [ 116333 | 117000 § 7095 472.6 781.0 129709

10.00 240 34957 7376.7 33433 14755 | 1890 10391 1101432

14.00 336 60467 61167 62533 90.2 i85 1a.6 70343

18.00 432 45933 532500 46367 802.6 115375 16217 50542

22.00 528 3056.7 3490.0 31167 4245 687.7 2205 36937
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[00228]

[00229]

Human plasma stability assay

PCT/US2017/031197

The purpose of this study was to analyze the ex vivo stability of FP1 in human

plasma. Fresh, non-frozen human plasma was generated from heparmized blood from two

subjects {one male and one female) by centritfugation. FP1 was incubated in thas matrix at

37°C with gentle mixing, for 0, 4, 24 and 48 hours. The concentration of FP1 was

determined using an immuncassay method. The average percent difference from the starting

concentration {0 hours} ranged from -4.1 to -12.9 and did not increase over time,

demonstrating that FP1 15 stable in human plasma for up to 48 hours ex vive {Table 32 and

Figure 15).

[00230]

vive incubation n plasma obtained from two human subjects (Sub) as determined by

Table 32: FPI concentration {ug/mL} after 0, 4, 24, and 48 howurs (hr) of ex

IIMENoassay
Sub 1 Sub 2 Average
Ex Vive Samole Male | %Diff | Female | %Diff | "1 | o6 Diff
- Bamp Conc. T6 Cene. TO @ ‘jmcf) TO
{ug/mL) (ug/imL) B
Plasm}ffl;fﬂh‘? 11.503 N/A 12.649 N/A 12.076 N/A
Plasma - Tdhr 10.524 85 10,521 -16.8 10.523 -12.9
FP1
Plasma - T24hr .
- | 993 -13 2402 20 65 75
- 9.934 13.6 12.40 2. 11.168 3
F Easm;i,fgh"— 10.582 -8.0 12.575 -0.6 11.578 4.1
66231} Immuno-affinity capture-LCMS was used to guantitate the concentration of

intact dimer present after incubation in human plasma. Concentrations determined by this

method were stable over time (0, 4, 24, and 48 hours), demonstrating that FP I remains an

intact dimer in human plasma ex vivo up to 48 hours (Table 33 and Figure 16).

04
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[66232] Table 33: Average FP1 concentration {ug/mL) and % difference from starting
concentration as an intact dimer after 0, 4, 24, and 48 hours (hr) of ex vivo incubation in

plasma obtained from two human subjects as determined by immunc-affinity capture-LCMS

analvsis
Dimer Cone. {ug/ml}) % Difference
6 hr 158 100.0
4 hr i58 100.1
24 br 159 100.9
48 br i5.2 96.0
(30233} Example 13: IR Strategy
60234} Immuone response (IR} assays will be developed for anti-drug antibody (ADA}

detection in animals and clinical samples. The IR assay will identify ADA-positive samples
for comparison of ADA status with pharmacokinctic/toxicokmetic (PK/TK) results, enabling
assessment of FPI exposure and pharmacokinetics. The clinical IR assay will be used to
screen serum samples, confirm specificity of ADA-positive samples, and determine the ADA
titer for confirmed positive samples. Neutralizing antibody (NAb) assay development will
follow for use in confirmed positive samples from ADA-positive subjects in Phase 1 ot the
program. Additionally, determination of ADA cross-reactivity to endogencus GDF15 will
follow for use in Phase 2 of the program. An immanogenicity risk assessment will be
conducted prior to the first in human (FIH} study, and additional inunune response
characterization assays can be implemented if they are warranted.

[36235] Example 14: Toxicology Plan

[30236] Since the endogenous target receptor for GPBF 15 has not been identitied, there
ts a lack of in vifro binding and functional data for FP1. However, single and multiple dose

pharmacology and efficacy studics in rats, mice and cynomolgus monkevs have demonstrated

65
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activity of FP1 in these species, showing its effect of reducing food intake, decreasing body
weight and modulating oral glucose tolerance. The rat and monkey will be the rodent and
non-rodent toxicology testing species, respectively, based on the efficacy results, with the
understanding that the intrinsic potency of FP1 on the receptor n these species (versus that of
humans) has not been fully characterized.

160237} The Examples 15-19 involve characterization of another exemplary fusion
protein of the mvention, described tn Example 5, which has the amino acid seqacnce of SEQ
1D NO: 92 (encoded by nucleotide sequences SEQ 1D NOs: 92 (codon optimization 1) and
110 {codon optimization 2)). This fusion protein is a fully recombimant protein that exists as
a homodimer of a fusion of HSA (C348) with the deletion variant of the mature human
GDFI5 (201-308; SEQ D NO: 8) through a 42-amino acid hinker consisting of glveine and
sering residues, GS~(GGGGS)s. The single native free cysteine at position 34 of HSA has
been mutated to serine. This particular HSA-GDF 15 fusion protein will be referred to as
“FP2” in the following examples, for simplicity.

[G8238] Example 15: Effects of FP2 on the food intake of C57BV6 mice

168239} FP2 was evaluated for its ability to reduce food intake in male CS7BV6 mice
after a single dose. Male C57BV6N mice (age 10-12 weeks) obtained from Taconic
Biosciences (Hudson, NY) were used in the study. Mice were singly housed in a
temperaturc~controiled room with 12-howr light/dark cycle (6am/6pm) and allowed ad libirum
access to water and chow. Male CS7BU6 mice were acclimated for a munimum of 72 hours
in the BioDAQ cages; mice were then grouped based on food mtake in the last 24 hours into
six groups of cight cach. Between 4:00-5:00 pm, animals were weighed and dosed with

vehicle or compounds via subcutancous injection. Change in food weight for each cage wasg

66
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recorded continuously by the BioDAQ system, for a period of 48 hours afier compound
administration. oxHis-FP1 was used as a comparator in this study.
160240} FP2 had significant effects on reducing food intake at 12, 24 and 48 hours
after adounistration at all dose levels tested (Table 34). There was a reduction in percent

5  change in food intake relative to PBS at all time points and all dose levels (Table 35) in mice.

Table 34. Effect of a Singie Dose of FP2 on Food Intake over 48 hours in C57Bl/6 Mice

Cumulative Food Intake (g)

Treatment 12 hours 24 hours 48 hours

PBS 3702 4.4+0.2 8.8+£0.4

FP2, 1 nmol/kg 2.8+0.4% 3.0+0.4%% 69107

FP2Z, 4 nmol/kg 2.450.2%%F ) 3140.2%% 7.0+0.3%

FP2, 8 nmol/kg FLO®Q2FFRX | D 44 ( PHFEX | 6 D () PHF*

FP2, 16 nmol/kg P80 %% | 2740, 1%%% | 6.34(.4%%

6xHis-FP1, 8 nmol/kg | 2.320.3%%% | 2 8+0 4% 6.620.7%%

Data are expressed as Mean + SEM.
*p<0.05, versus PBS
¥¥p<0.01, versus PBS
10 F**p<0.001, versus PBS
**%%0<0 0001, versus PBS, respectively
Statistical analvses used: ANOVA and Dunnett’s multiple comparisons test.
n=8/group, except for 6xHis-FP1 &nmol/kg (n=56).
Table 35 Effect of a Single Dose of FP2 on Percent Reduction in Food Intake (Relative to

15 Vehicle) over 48 hours in CS7BY6 Mice

Percentage of inhibition relative to PBS

Treatment 12 hours 24 hours 48 hours

PBS 0.0+7.9 0.0+£77 0.0+59

FP2, 1 nmol/kg 22.4+12.5% 31.8+£10.5%% | 21 8+8.1%
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FP2, 4 nmol/kg 3667 2%%F% | 30 445 §¥* 20244 7%

FP2, 8 nmolkg 47 06 27FFF | A5 T3 BFHFF | 70 T3 GH¥F

FP2, 16 nmol/kg 49 244 TFRFF ) 38 L4 1¥F%F 1 27 845 1%

oxHis-FP1, 8 nmol/kg | 36.0£3.9%%% | 36 548 8% 24 648 2%

The anorectic effect of FP2 1s expressed as the relative reduction in food intake compared
with the respective PBS controls.

Data are expressed as Mean + SEM.

*p<0.05, versus PBS

¥¥p<0.01, versus PBS

*¥*p<0.001, versus PBS

#HFEN<0.0001, versus PBS, respectively

Statistical analvses used: ANOVA and Dunnett”s multiple comparisons test.

n=8/group, except for 6xHis-FP1 énmolkg (n=6).

66241} Example 16: Effects of FP2 on food intake in Sprague Dawley rats
06242} FP2 was evaluated for its ability to reduce food mtake and body weight gain in

male Sprague-Dawley rats after a single dose. The anmimals were obtamed from Charles
River Labs {Wilmington. MA} at 200-225 g body weight and used within one week of
delivery. They were housed one per cage on alpha dry bedding and a plastic tube for
enrichment in a temperature-controlled room with 12-hour hght/dark cycle. They were
allowed ad libitum access to water and were fed laboratory rodent diet; Trradiated Certified
PicoLab® Rodent Biet 20, SK75* {supplied from Purina Mills, 5t. Louis, MO. via ASAP
Quakertown, PA). Ammal weights were taken and recorded for cach rat prior to dosing.
[66243] Animals were acclimated for a mimimum of 72 hours in the BioDAQ cages;
rats were then grouped based on food wtake in the last 24 hours into six groups of eight each.
Between 4:00-5:00 pm, animals were weighed and dosed with vehicle or compoands via

subcutaneous injection. Change in food weight for cach cage was recorded continuousty by
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the BioDAQ) svstem, for a peniod of 48 hours after compound admunistration. 6XHis-FP1

was used as a comparator in this studv,

[00244]

Dose-dependent redactions of food intake were tested afier a single dose of

FP2. No sigmficant differences in food intake were observed at the dose of 0.3 nmol/ke.

Significant effects in reduction of food intake were observed 12 hours but not 24 or 48 hours

at 1 nmol/kg. Significant reductions in food intake were observed at all time points for the 3

and 10 nmol/’kg dose levels (Table 36, Figure 19}, There was a reduction in percent change

in food intake relative to PBS at all ime points and all dose levels (Table 37).

Table 36: Effoct of a single dose of FP2 on food mitake over 48 hours 1o Sprague Dawley rats.

Cumulative Food Intake {(g)

Treatment 12 hours 24 hours 48 hours
PBS 217406 25.0+08 533.1+16
FP2, 0.3 nmol/Kg 19.5+0.9 229407 48 415
FP2, 1 nmol/Kg 17.5+0.0% 19.8+0.8 47 0+2.6
FPZ, 3 nmol/Kg 16.31.2%%  { 17.0x1.0%% | 30243 2%%

FPZ, 10 amol/Kg

15 840 gF %%

16.5+0.9%%

36.5£3.2%%

5XHis-FP1 8 nmol/Kg

15,021 4% %

15741 2%%

37244 5%%

Data are expressed as Mean + SEM.

*$<0.05, versus PB&

#*p<0.01, versus PBS

**n<0.001, versus PBS, respectively

Statistical analyses used: ANOVA and Dunnett’s multiple comparisons fest.

— 8 e
n=d/group

Table 37 Effect of a single dose of FP2 on percent reduction in food intake (relative to

vehicle) over 48 hours in Sprague Dawley rats.

Percentage of inhibition relative to PBS

Treatment

12 hours

24 hours

48 hours
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PBS G.0+4 .0 6.0+4 6 0.0+4 3
FP2 0.3 nmolkg 10.044.7 8.5+4.1 8.8+3.9
FP2 1 nmol/kg 19344 7% 20.8+4.1 1154355
FP2 3 nmolikg 25946 1%% 13D 04 THE | 26 246 5%%
FP2 10 nmolkg 27 AE4 BFRF 33 844 1) 31246 4%F
6XHis-FP1 8 nmol/kg | 30 8£6.6%%% | 37 048 4%% | 70 948 8**

PCT/US2017/031197

The anorectic ctfect of FP2 is expressed as the relative reduction in food mtake compared

with the respective PBS controls.

Bata are expressed as Mean + SEM.

*p<0.05, versus PBS

#¥p<0 01, versus PBS

***0<0.001, versus PBS, versus PBS, respectively

Statistical analyses used: ANOVA and Dunnett’s maltiple comparisons test.

n=8/group

[00245]

Homeostasis in Diet-induced Obese (BIO) CS7BY6 Mice

[00246]

Example 17: Effects of FP2 on Food Intake, Body Weight and Glucose

FP2 was evaluated for its ability to reduce food intake and body weight and

improve ghicose homeostasis on repeat dosing in male BIO C57B1/6 mice over a perntod of 8

days. Male DIO C578I/6 nuce {age 21 weeks, high tat-fed for 15 weeks) obtained from

Taconic Biosciences (Hudson, NY) were used in the study. Mice were singly housed in a

temperature-controlled room with 12-hour light/dark cvele (bam/6pm)} and allowed ad Gbirum

access to water and fod with Rescarch Diet D12492 (Rescarch Dicts, New Brunswick, N1}

Mice were acclimated >1 week 1o the mouse housing room prior to the experment. The

endpoints of the study were measurements of food intake, body weight, body composition

and glveemic endpoints (OGTT, blood glucose). One day prior to dosing, animals were

weighed and grouped by body weight (BW). Mice were dosed by subcutaneous ingection.

Animals dosed with FP2 received this compound on Day 0, Day 3, and Day 6, Day 9 and
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Day 12. The vehicle group and rosiglitazone group received sterile PBS s.c. on these days as
well, Roslightazone was provided in the diet at 0.015% w/w ad libitum. BW and food intake
were recorded daily, over a pertod of fiftcen days. Blood glucose was measured on Days (1, 7
and 13. An oral glucose tolerance test {OGTT) was performed on Day 14, Insulin levels
were measured at selected time points during the OGTT. Mice were euthanized with COs
and terminal blood samples were collected for exposure via cardiac puncture on day 15, A
separate PK am was run with three mice per dose group with a total of 15 mice.

[66247] Fxposure-response {(E-8) Analysis for FP2 in DIO Mouse

{66248} Most animals in the pharmacodynamics (PD) (efficacy ) arms had undetectable
drug concentrations on the last study day when the pharmacokinetics (PK) samples were
obtaimed, potentially due to immunogenicity. Therefore, the mean PK profiles from the PK
arms, instead of individual PK from the PD amms, were used to conduct exposure-response
(from day 3, 6 and 9, respectively) for the %weight change from baseline in the PD arms at
the corresponding dose level. This method assumes that the PK ammas behave similarly to the
PD arms in terms of drug exposure.

[60249] The Emax model (GraphPad Prism 6, log(agonist) vs. respouse} was used to
correlate exposure with response data (log transformed drug concentrations). Hill Slope was
set to be 1. Note that the model fitted EC1o to ECso values were within two fold amongst day
3, 6 and 9, despite that the Emax cstimates were different (Emax = -4.26%, ~8.18% and -9.85%,
respectively). Some ammals on day 9 also showed the loss of drg exposure, due to potential
ADA formation and therefore, the E-R parameter estimates based on day 9 data should be
interpreted with caution.

[60256] The effects of two weeks of exposure of FP2 on food intake, body weight,

glucose homeostasis, and liver fat content was assessed in diet mduced obese male C57BU/6
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mice. Trough exposure between 1.7 and 3.3 nM FP2 for the 0.3 nmol/kg treatment group,
between 7.1 and 14 oM for the 1.0 nmol/kg treatment group, between 20.8 and 41.6 oM for
the 3.0 nmol/kg treatment group, and between 28.5 and 112.9 nM FP2 for the 10 nmolkg
treatment group was mamtamed until day 9 1n the PK arm of the study (n = 2 or 3, Table 49).
After day 9, a decrease in circulating levels was observed in the majority of ammals despite
continued g3d dosing {Table 49). Consistent with this accelerated clearance, the majonty of
animals in the PD arm of the study had andetectable circolating levels of FP2 on day 15
(Table 50).

(68251} Treatment of DI mice with FP2 q3d reduced food intake (Table 38}, body
weight (Table 39, 40 and Figure 20} and fed blood glucose compared to vehicle treatment
{Table 43 and Figure 23). A significant reduction in food intake was seen on day 2, day 3,
and day § for 0.3 nmol/kg, from dav | through day 7 for 1.0 nnolkg, on dav 1, day 2, day 4
through day 6, and day 8 for 3.0 nmol/kg, and on day 1, day 3 through day 6, day 8 and day 9
for 10.0 nmol’kg. Percent body weight changes were significant from day 5 through day 13
for 0.3 nmol/kg, from day 3 through dav 13 for 1.0 nmol/kg and 10.0 nmol/kg, and from day
4 through day 13 for 3.0 nmol/kg. Changes in grams of body weight were significant from
day 8 for 0.3 mmol/kg, from day 6 for 1.0 nmol/kg, from day 7 for 3.0 nmol/kg and from day
5 for 10.0 nmol/kg. Decreases in fed blood glucose levels were significant on day 7 for the
animals in the 3.0 nmol/kg dose level and were significant on day 13 for the animals i the
3.0 and 10.0 nmol/kg dose levels.

02531 DIO mice treated with FP2 ¢3d had improved glucose tolerance on dav 14
compared to vehicle treatment during an oral glucose challenge (Table 41; Figure 21 A and
21B}. Glucose was significantly lower at 30 minutes for the 0.3 nmol/kg group, at 60 minutes

and 120 minutes for the 1.0 nmol/ke group, at 120 minutes for the 3.0 nmol/kg group, and at

~.
’3
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30, 90, and 120 nunutes for the 10.0 nmol/kg group. Total area under the curve was
significant for all dose groups. fosulin levels during the glucose challenge were significantly
lower for 0.3 and 10.0 nmol/kg groups at 30 minutes (Table 42; Figures 22A and 22B). In
addition, compared to vehicle treated animals, there was a significant reduction i the
calculated fasted HOMA-IR in DO mice after 14 days of treatment with FP2 ¢3d at 10.0
nmol/kg indicative of improved insulin sensitivity {(Table 44 and Figure 24).

[36253] Body composition was measured by MRI on day -1 before the start of the
study and on day 13 (Table 47 and Table 48). DIO mice treated with FP2 at 1.0 nmol/kg and
10.0 nmol/kg had significant reductions in fat mass on day 13; whereas there were no
changes in lean mass for any treatment groups. On day 13, the 10.0 nmol/kg treatment group
had a significant increase in percent lean mass and a significant reduction n percent fat mass
compared to the vehicle treated group. Changes from dav -1 to day 13 were significant for
lcan mass m the 6.3 nmol/ke, 1.0 nmol/kg, and 10.0 nmol/kg treatment groups and were
significant for percent lean mass in the 1.0, 3.0, and 10.0 nmol/kg treatment groups. Changes
from day -1 to dav 13 were sigmiticant for fat mass and percent lean mass in all treatmaent
groups compared to vehicle,

06254} There was no significant difference in endogenous mouse GDF15 serum levels
between vehicle treated animals and muce treated with FP2 3d for 15 days (Table 46).
[66235] Conclusion: the results suggest that the higher drug exposure is gencrally
associated with greater % weight change from baseling on a population level across the
studied dose groups on day 3, 6 and 9.

[G8256] Exposure to FP2 over two weeks led to reduced food imtake, decreased body
weight, decreased blood glucose, improved glucose tolerance and insuhin sensitivity in DIO

mice. Significant decreases in food ntake over multiple davs were achieved at 1.0, 3.0, and
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10.0 nmol/kg q3d. Body weight was decreased significantly starting threc to five days afler
the mitiation of the study. Fed blood glucose on day 13 was significantly decreased after 3d
administration of FP2 at 3.0 and 10.0 nmo¥/kg. Insulin sensitivity represented by significantly
decreased fasting HOMA-IR was aclieved 14 davs after 10.0 nmol/kg FP2 adounistered g3d.
On day 13, a significant increase in percent lean mass and a significant reduction in percent
fat mass was observed 1n DIO mice treated g3d with 10.0 nmol/kg FP2.

Table 38: Effect of FP2 on daily food intake {g} over 13 davs of treatment.

Treatment | Vehide FPZ (nmol/kg) Rosiglitazone
Bay N/A 8.3 1.0 3.0 100 10mpk/day
O 20£0.1 {19401 |2.2402 16402 | 19402 22401
1 24502 121301 | Lex0.1% | 1.540.1% | 1.340.1% 2.7+0.1
2 25500 [ 180 1F | E7202% L 1 oR0. 1 | 20200 3.0+0.2
3 2.5+0.1 | 21401 P7£0.0% 1 10208 | 1.8£0.1% 2.8+02
4 2601 | 2.0£0.1 | LEX01* | 1920.0% | 1.9+0.1% 2.940.2
3 28501 [ 2.1202% | 2.220.0% 1 22+0.0% | 1.9£0.1% 27802
6 2801 1 23+£02 | 21x0.1% § 2.220.1% | 2.0+0.1% 28402
7 26102 (2301 | 2.0x01% ) 20202 | 21201 2.9+02
3 27402 1 2.0:0.1% | 22401 1 2.040.0% | 2.0+0.1% 3.3+0.2
5 2801 (2301 [ 23+02 234020 | 2.1402¥% 32401
10 26501 125401 12402 §23+020 1 21802 3.0+02
H 29+0.0 {25101 | 2.8202 2604 | 2.6£0.1 33401
12 2.8+01 27802 | 2.8+0.1 2.8+0.2 | 29401 31402
13 27100 125502 | 26201 2601 | 22201 3.140.2

Values represent meantSEM for data from 8 animals per time per group, except n=7 when
noted by

*. p<0.03, versus wehicke
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Statistical analyses used: Two-Way ANOVA RM, Tukey's multiple comparison test

Table 39: Effect of FP2 on Percent Body Weight Change Over 13 days of Treatment

Treattmm Vehicle FP2 (nmolfig) Rﬁsigijtamn
Bay N/A 8.3 1.6 3.6 16.8 18mpk/day
~1 -0.0+04 | 05402 ~0.1£0.1 ~0.4+0.2 0.0+0.6 0.1:0.2
0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
1 0405 | -1.0=03 2240 4 -1.8+0.6 ~2.4+0.5 1304
2 -04+£03 | 2204 -3 440.6 -3.0£0.6 3104 13+05
3 -03+04 | -23+04 -4 240.6% | -35406 | -4.3x035% 1.9405
4 -03+05 | -2.9405 ~5340.6% | ~4.940.7% | S5840.7% 1.8+07
5 02404 | -4240.7% | -6240.6% | -5.640.7F | -6.8+£0.7% 17408
6 04406 | 51+0.7% | 2T74408% | 6.940.7F | 85409 1.1:09
7 0.2+08 | 5.1407% | S7709% | 74407 | -87H0.9% 2.0+1.0
8 0.2£1.0 | -6.1£08*% | -79£0.9*% | -80£08% | -9 70 8% 24411
9 0.5+11 | ~6.04£09% | ~84409% | -88+0.9% | -10.1£1.0* 3.1+1.0
10 Piel2 | S57208% | -81£0.9% | -8.9£09% | -10.7+1 2% 35+12
11 12413 | -6.1+£09% | -82408*% | -86£1 3% | -11 1x1.4% 3.7+12
12 14413 | -63+£1.2% | -7.740.8% | -82+£1.4% | -10.9+1 4% 4.3+1 3
13 1.740.9 | -58+14% | J7141.0% | “7241.4% | -10.9x1.4% 47+13

Values represent meantSEM for data from 8 animals per time per group

*p<0.03, versus Yehicle

Statistical analyses used: Two-Way ANOVA RM, Tukey's multiple comparison test

~J
(@31
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Table 46: Effect of FP2 on body weight change (g) over 13 davs of treatment

Treatment | Vehicle FPZ (nmaol/kg) Rosiglitazone
Bay NiA 6.3 1.8 3.8 10.0 18mpl/day
-1 44 6206 | 445206 | 443206 | 445206 | 44506 44 5+0.6
{ 446406 | 443206 | 4406406 | 447206 | 446407 44 4206
i 44 5+0.7 | 43.8:06 | 436406 | 43907 | 43507 450207
2 44 5407 | 43307 | 431406 | 433207 | 432507 45007
3 44 5407 | 432207 | 427806 | 431207 | 426206 45307
4 44 5407 | 43007 | 422406 | 42507 | 42.0+£07 452407
5 44 5407 | 424207 | 418205 | 422207 | 41.5:0.6% 43207
6 44 5£0.7 | 42007 | 41.320.6% | 416207 | 40.7=0.5% 44908
7 44 7H0.7 | 420207 | 41.1£0.6% | 41 450.7% | 40.60.5% 45308
8 44 7£0.7 | 41 620.7% | 41 120.7% § 41 120.7% | 40.220.6% 455408
g 44 840.7 | 41.6+0.8% | 40.840.7% | 40.8+0.8% | 40.0+0.8% 45.8+:07
10 45 1407 | 41.8:0.8% | 41.0£0.8% | 40.8+0.8% | 39.8:0.8% 46,040 8
11 452408 | 41.6+0.8% | 40.940.7% | 40.8+0.9% | 39.6:0.9% 461408
12 453407 | 41.520.9% | 41.240.7% | 41 02£0.9% | 39.7£0.9% 46309
13 454407 | 41 720.9% | 41 420.8% | 41 5£0.9% | 39.7=0.9% 46,509

Valucs represent meantSEM for data from 8 animals per time per group
*- p<0.05, versus Vehicle

Statistical analyses: Two-Way ANOVA RM, Tukey's multiple comparison test
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Table 41: Effect of FP2 on blood glucose (mg/dL} levels durng an OGTT atter 14 days of

treatment
Time after Glucose Challenge (min)
E al AUC
S Dose Total AU(C AAUC
g | (nmol/ (mg/idl/ | (mg/dL/
= ‘
kg) 0 36 60 50 120 120min) 120min)
2
ﬁ NA 16110 | 225£17 | 228+14 | 20818 | 21319 | 2542941228 | 609441430
=
0.3 14444 | 163414% | 209411 | 18012 | 17147 | 21270+4£399% | 39854521
1.0 15149 | 179418 | 18847 | 179413 | 16348% | 210964754% | 29724907
o3
=
s 3.0 14948 | 18018 | 1794:11% | 16446 | 16349% | 20338+£876% | 242641058
16.0 13446 | 16347% | 19013 | 152+47*% | 163£8* | 195994614% | 353941198
y
8 10mpk/
& 13249 | 152410% | 162413% | 13849% | 159+9% | 179044632% | 21391179
= day
S
4

Valucs represent meantSEM for data from 8 animals per time per group

*- p<0.05, versus Vehicle

Statistical analyses: Two-Way ANOVA RM, Tukev's multiple comparison test for Glucose

Values;

One-Way ANOV A, Tukey's multiple comparison test for AUC

~3
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Table 42; Effect of FP2 on msulin (ng/mL) levels during an OGTT after 14 davs of treatment

Time after Glucose Challenge
{min)
Dose Total AUC
Treatment {nmol/kg} 0 30 94 {ng/mL/90mn}
Vehicle NA 42407 122423 3.6+0.3 716.1£122.0
0.3 2.9+0.6 5.8+1.8% 2.4+0.4 37718973
1.0 2.9+£0.4 8226 2.6+0.4 491.8+1182
FP2
3.0 3.0+£03 8413 25403 498.6+77.0
10.0 24£04 4 3+0.5% 2104 295 5432 0%
Rosiglitazone 10mplk/day (0.9+0.1 1.8+6.2% 0.8:01 118.549 6%

Values represent meant+SEM for data from 8 animals per time per group

*- p<0.05, versus Vehicle

Statistical analyses: Two-Way ANOVA RM, Tukev's multiple comparison test for msulin

Values:

One-Way ANOV A, Tukev's multiple comparnson test for AUC

Table 43: Effect of FP2 on fod blood glucose (mg/dL) levels

Time after start of treatment
{days)
Treatment {nn?gsgqg} ¢ 7 13
Vehicle NA 162£5 153916 | 18049
0.3 14345 15049 | 16849
¥P2 1Ry 15312 13547 | 159+7
3.0 14843 127£6% | 15148%
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10.0 14646 13644 | 14843%

7
/

Rosiglitazone | 10mpk/day 137+

~3

11744% 1 1344:6%

Values represent meant+SEM for data from 8 animals per time per group
*- p<0.05, versus Vehicle

Statistical analyses: Two-Way ANOVA RM, Tukev's multiple comparison test

5  Table 44: Fastcd HOMA-IR in D10 mice after 14 days of @3d treatement with FP2
Dose HOMA-

Treatment | (nmeolkg) IR
Vehicle NA 487492
0.1 30.146.6
i.0 305438
Fp2
3.0 31.3+£3.2

10.0 22743 1%

Rosiglitazone | 10mpk/day | 8.7+1 0%

Valucs represent meantSEM for data from 8 animals per time per group
*- p<0.05, versus Vehicle

Statistical analyses: One-Way ANOVA, Tukey's multiple comparison test

10 Table 45: Liver weight after 15 days of treatment with FP2 q3d in DIO mice

Live Liver
iver
Dose Weight, (2) Weight (%
. 3] .

Treatment | {nmol/kg) gk (g of body}

Vehicle NA 1.940.1 43403

0.1 1,701 4040 1

FP2 1.0 1.7£0.0 42401

3.0 1,801 42401
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10.0 1.7+0.1 42401

Rosiglitazone | 10mpk/day 1.9x0.1 4.31+0.2

Values represent meant+SEM for data from 8 animals per time per group
*- p<0.05, versus Vehicle

Statistical analyses: One-Way ANGVA, Tukey's multiple comparison test

Table 46: Scrum mouse GDF1S (pg/ml) levels after 15 days of treatement with FP2Z q3d in
D10 mice

Bose

GDFIS
Treatment | (mmolkg) "
Vehide NA 25834214
0.1 214.1+103
1.0 191.6+12.7
FP2

30 25454286
10.0 202.0+£10.0
Rosiglitazone | 10mpk/day | 509.6426.2%

Values represent meantSEM for data from § animals per time per group
*. p<0.05, versus Vehicle

Statistical analyses: One-Way ANOVA, Tukey's multiple comparison test

Table 47: Effect of INJ-64739090 ¢3d in DIO mice on body composition {g) measured by
MRI

Treat- Dose Fat {g) Fat {g) AFat(g) | Lean{(g) | Lean (g} | A Lean
ment (nmol/ | Day-1 Pay 13 Pay -1 Day 13 {g)

kg)

Vehicle NA 17.4+0.6 18.2+0.6 0903 | 254403 | 23,1403 | -0.440.2

Fr2 0.3 17.0+£0.6 52408 | -19+06% | 258407 | 243505 | -1.2+02¥%

&0
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1.0 170406 | 149x06% | -2.1204*% | 258+05 | 24604 | -1.2+02%
3.0 174407 | 153401 | -23205% | 253+04 | 242404 | -1.120.1
10.0 167406 | 132+08% | -3.6:05% | 261406 | 2435406 | -1.740.2%
Rosi- 10mpk/ | 172406 | 191403 19:06 | 255407 | 251406 | -0.4%02
glitazone
day
Values represent meantSEM for data from 8 animals per time per group
*p<0.05, versus Vebicle
Statistical analvses: One-Way ANOV A, Tukey's multiple comparison test
Table 48: Effect of FP2 g3d in DIO mice on body composition (%} measured by MRI
Dose o . Le ,
Treat - zi:;/k Fat{%) | Fat (%) AFat (% ; ;:; Lean (%) | A Lean
at- . .
‘ Day-1 | Dayi3 (%) TE N pay 13 (%)
ment g) . d -3 g
Vehicle NA 381410 | 401610 | 21403 | 559409 | 553+£09 | -0.6+03
0.3 37612 | 363%13 | ~13209% | 568+13 | 500+1.4 | 22408
1.0 372410 | 358+£09 | -1.440.5% | S6.741.1 | 59.5+1.0 | 2.8%0.6%
P2
30 38314 | 361220 | -23207% | 5359+12 | 387x2.0 | 2.8£0.8%
10.0 369111 | 33.1£1.5% | 380 8% | ST5£1.0 | 61,71 4% | 42:0.7%
Rosi- 10mpk/ A , ’ o
. 380412 | 411409 | 31409 | 562412 | 539408 | -23408
glitazone dav

Yalues represent meantSEM for data from 8 anamals per time per group

*p<0.05, versus Vehicle

Statistical analvses: One-Way ANOVA, Tukey's multiple comparison test

81
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Table 49: FP2 serum exposures (nM) of the PK arm during q3d treatment in DIO mice
Time Post Initial Dose
{Time post last dose}

Treat- | Sub-

ment ject Day 14 | Day 153 | Bay 17

Group 13 Bay 3 Day 6 Day 9 | Day12 | {(48hr} | (72hr} | (120hy)
01 9 1.930 2993 | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ

nmol/ 10 1.853 3369 | 2817 | <LOQ | <LOQ | <LOG | <LOQ
kg 11 1.715 2637 | 2568 | 2709 | 3441 | 1313 | <LOQ
L0 9 8.198 9660 | 9645 | <LOQ | <LOQ | <LOQ | <LOQ

nmeol/ 10 7.073 10595 | 8966 | <LOQ | <LOQ | <LOQ | <LOQ
kg 11 6.689 | 13967 | 10.802 | <LOQ | <LOQ | <LOQ | <LOQ
3.0 9 20802 | 26329 | 27863 | <LOQ | <LOQ | <LOQ | <LOO

nmol/ 10 23563 | 32020 | 41576 | 1.168 | <LOQ | <LOQ | <LOQ
kg 11 21704 | 30101 | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ
16.0 9 25495 | 33050 | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ

amol/ 10 T0.779 | 112898 | <LOGQ | <LOQ | <LOQ | <LOQ | <LOQ
kg 11 70404 | 111767 | 55117 | <LOQ | <LOQ | <LOQ | <LOG

Data are expressed as concentration for cach animal.

< LOQ = below it of quantitation; LOQ 18 0.494 oM

** Values at Day 3, 6, Y and 12 are immediately prior to next dose
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Table 50: Terunal serum exposures (nM) of FP2 after 13 days ot g3d treatment i DIO

mice

Treatment Group {nmol/kg}

Amimal

i 8.1 1.8 3.9 10.8

1 2367 <LOQ <LOQ <LOQ
2 <LOQ <LOQ <LOQ 44.149
3  <LOQ <LOQ <LOQ <LOO
4 {144 0678 <LOQ <LOQ
5  <LOQ <LOQ <LOOQ <LOQ
6 3440 <LOQ <LOQ <LOG
7 2727 <LOGQ <LOQ <LOQ

§ <LOQ <LOQ <LOQ <LOQ

Data are expressed as concentration for each animal.

< LOQ = below limit of gquantitation; LOQ 15 0.494 nM

[36257] Example 18; FP2 Multispecies Pharmacokinetics and Immune Response
[p0258] Mouse pharmacokinetics
[B0259] The pharmacokinetic propertics of FP2 were evaluated when administered

subcutancously to fomale C57Bl/6 mice. FP2 was administered subcutancously {n =5
samples per time point} and imtravenously (n = 5 samples per time point} to female CS7BI6
mice (Sage Laboratories, 5t Louis, MO) at a dose level of 2.0 mg/kg in PBS, (pH 7.3-7.5).
The collection of sample at the last ime point was via a terminal bleed. Blood samples were
collected, serum processed and drug concentrations were measured up to 168 hours. The
levels of FP2 were measured using an immunoassay method. The drug concentration protiles

in plasma are sununarized in Table 51 and 52 and illustrated in Figure 25,

&3



WO 2017/196647 PCT/US2017/031197

{30266 Pharmacokinetic analvsis of FP2 in C57BU/6 mice demonstrated a terminal
half-lifc of ~1.51 and ~1.76 days following IV and SC dosing respectively, with a mean
bioavailability of ~61% following SC admimistration.

Table 31: Serum concentration {(ng/mL) of FP2 tollowing a single subcutaneous (SC) dose in

C57BY6 mice
FP2 - 8C Dose
Amimal Animal Amimal Asimal  Animal Averase
o 31 32 33 35 36 | DYEPREC Std Dev
Timepoint Result

Result Result Result Result Result

miy  (ngmlb)
{(ng/ml}) {sg/ml) (ng/ml) (mgml) (ngml) (ng/mL)

4 hr PI3E0.0T 632344 2348921 435774 483354 | 10606321 79950
24 hr 12378.58 1089680 17769.03 13928.14 15404.08 | 1447533 2785.0

2 1657691 12105

3

72 hr 127,95 5356927 672737 790966  7550.

W

96 hr 305983 335025 404204 409515 443194 (379584 5690

168 hr 784.61 1202.66 136468 155760 1678.02 | 131751 3489

Table 52 Serum concentration {ng/mL} of FP2 following a single intravenocus (1V) dose 1n

C37BV6 mice.

FP2 - IV Dose

Animal  Animal  Animal  Asimal  Animal Aver ‘
37 40 41 45 48 VErage  Std Dev

Timepoint Result
Hmepom Result Result Result Result Begult esn (ng/mL)

' ( : | {ng/mi
(ng/ml) (ng/mL) (ng/mL) (ng/mbl) (ng/mb) | > mL)

Wn

I hr 4957359 42382.539 40001.18 4308375 46443.59 | 4429734 37429
24 hr 2217385 1912039 1939378 1979829 17439961 1938925 16967
72 hr 833433  7989.10 857344 908637  BlE6.68 | 843398 4225

96 hr 447883 469980 474993 533139 457908 | 476781 3323
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] 168 hr IE(}44~24 141964 139344 183363 97949 133449 3436

Table 53: Pharmacokinetic parameters of FP2 following 2 mg/kg IV and 2 mg/kg SC

admiustration in C57BV6 mice.

tiz Clor Yz or Cmax Tiax ™ A‘UCO-!asi AU o
CL/F Vz/F | {(ng/mh) ‘ , ]
Route (day} {day) (day* {day*
{ml/day/ | (mifkg) )
kg) ng/mi} ng/ml)
SC | Mean | 176 43 108 15619 i 44972 48379
SD 0.16 8 20 4870 8563 9147
v Mean | 1.51 25 55 44297 | 0.042 76269 79253
SD 0.18 I 6 3743 378% 4051
36261} Rat Pharmacokinetics
(30262} FP2 was admmistered subcutancously (n = 5 samples per time point} and

intravenously {n = 5 samples per time point) to female Sprague-Dawley rats (Sage
Laboratories, 5t. Lows, MO} at a dose level of 2.0 mg/ke in PBS, (pH 7.3-7.5). The
collection of sampie at the last time point was via a termimal bleed. Blood samples were
collected, scrum processed and drug concentrations were measured up to 168 hours. The
fevels of FP2 were measured using an immuncassay method. The drug concentration profiles
in plasma are summarized in Table 54 and 55, and illustrated in Figure 26. Phammacokinetic
parameters calculated from these data are summarnized in Table 56,

168263} Pharmacokinetic analysis of FP2 in Sprague Dawley rats demonstrated a
terminal half-life of ~1.46 and ~1.37 days following [V and §C dosing respectively, with a

mean bioavailability of ~28% following SC administration.
o <
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Table 54: Serum concentration (ng/mb) of FP2 following a single subcutancous (5C) dose in

Spraguc-Dawley rats.

PCT/US2017/031197

FP2 - 8C Dose

Animal Animal Apnimal Animal Animal Std
Average ~
T - H 02 03 04 85 Result Dev
mepoin . ,
rmepot Result Result Resalt  Result Result (nej:;)
(ngiml) (ngml} (ogml}) {(sgml} {(ng/ml} & (ng/mi}
4 br 730.95 257.94 46995 49634 40065 47116 1722
24 hr 923627 663879 772892 744956 630260 { 751523 10921
72 br 4559.04 446472 561982 428725 384415 1455500 6556
96 hr 279197 245235 338755 231606 2176.00 262479 48338
168hr [ 62232 606.36 <80.00 51419 47649 {55484 707

Table 55 Serum concentration {ng/mL) of FP2 following a single intravenous (IV} dose in

5 Sprague-Dawley rats.

FP2 -1V Daose

Amimal  Apimal  Animal Apimal  Animal Std
- Average -
Fimenoint 86 07 08 0o ig Result Doy
ir it | : 5t
P Result Result Result Result Result (ng/mi)

{ng/ml} (ng/ml) (ng/ml) (ng/ml} (og/mi) = (ng/ml)
I hr 6078580 47392 80 4304654 4601425 4454765 | 4835741 71345
24 br 2547036 2472988 2115729 2049732 2145971 | 2266291 22671
72 hr 8208.46 926213  8866.76 863593  BB4383 | 876342 3841
96 hr 4433 18 483322 499563 463060 460413 | 469935 2181
168 hr 1083 14 146935 161461 139417 105389 § 132303 2457
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Table 56: Pharmacokinetic parameters of FP2 following 2 mg/kg IV and 2 mg/kg SC

administration 1 Sprague-Dawley Rats.

tiz | CLor CL/F | Vzor Comas | Twa® | AUCous | AUCow0r
Vi/F | (ng/ml)

Route {day) | (m}/day/kg} {day) {day* {day*
(ml/kg)
ng/mi) ag/mi}
S§C | Mean | 137 84 165 7515 i 22614 24036
SD (.04 10 17 1092 2509 2893
v Mean | 146 23 49 48357 | 0.042 83271 g6089

Sp G612 2 6 7135 6081 3820
[G8264] Monkey Pharmacokinetics
[06265] FP2 was admimstered subcutaneously at 1 mg/kg and intravenously at

1 mg/kg to three male cynomolgus monkeys cach in PBS, (pH 7.0-7.6). Blood samples were
collected, plasma processed and drug concentrations were measured up to 21 days.

[66266] The phammacokinetics (PK) of FP2 was characterized following
administration of a single dose IV (1.0 mg/kg} and 5C (1.0 mg/kg) in cynomolgus monkeys,
The plasma drug concentration-time profile after SC administration s summarized 1o Tables
57 and 58 for immunoassay and LCMS analyses respectively and after IV administration in
Tables 59 and 60 for immunoassay and LCMS analyses respectively. The immunoassay data
18 graphed i Figure 27, and the LCMS data 13 represented in Figure 28,

160267} Using results from the immunoassay analvsis, the mean NCA-based terminal
half-life (£1/2) for FP2 was ~7.05 and ~8.51 days following IV and SC dosing, respectively.
The mean PK parameters following IV and 8C admimstration are summarized in Table 61
Using results from the immunoassay bioanalysis, the mean non-compartment model

estimated terminal halt-life (11/2) for FP2 was 7.05 and 8 .51 days following [V and SC
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dosing, respectively. The mean bicavailability (F9) of FP2 was estimated to be ~98.5%

based on AUCo-1as and estimated to be ~109.2% based on AUCo.ws 10 cynomolgus monkeys

following SC administration.

Table 37: Plasma concentration (ng/mlL) of FP2 measured by immunoassay following a

5  single SC dose in cynomolgus monkeys.

Immunoassay
Time (hr) Animal  Animal  Animal SC Ave  Std Dev
7604 765 706
F <80.0 < 80.0 <80.0 < 80.0 N/A
6 73653 61285 60569 65169 7356
24 197168 109038 105547 | 137251 51919
48 181917 143537 144647 | 156700 21845
72 178139 142075 126840 | 149018 26345
120 138239 114458 105908 | 119535 16753
168 123596 101038 94678 | 106438 15197
248 94579 76426 81091 84032 0427
336 6796.8 56798 52357 59041 804.3
432 55813 3830.6 3746.5 4386.1 10359
528 41262 2613 4 28793 32063 807.7

MN/A = not applicable

10
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Table 58: Plasma concentration (ng/mL) ot FP2 measured by LCMS following a single 5C

dosc in cynomolgus monkeys.

LO/MS

e Avimal - Avimal - animal | gy sy
8 <3000 <1000 <1000 | <1000 N/A
6 6110.0 5910 62000 60733 85.7
24 # 1042060 113060 | 10860.0 3593
48 16560.0 135100 149600 | 150100 480.8
72 136500 134500 133800 | 13506.7 939
126 110406 # # 11040.6 N/A
168 # 86%0.0 9400.0 9040.0 2939
240 6940.0 7070.0 7140.0 7050.0 3856
336 4400.0 43800 4430.6 4470.9 557
432 - 2810.0 - 2910.0 N/A
528 <1000 <1000 <1000 < 1000 N/A

- = initial ran failed, not cnough sample for repeat analysis

# = nuslabeled tube, sample excluded from the analysis

¥4

10

N/A = not applicable
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Table 59: Plasma concentration (ng/mL) of FP2 measured by immunoassay following a

single 1V dosc 1n cynomolgus mounkeys.

Immunocassay
Time {hr)
Animal 701 Antmal 702 Animal 703 Y Ave Std Bev
0 < 80.0 < 80.0 < 80.0 < 80.0 N/A
? 29938 3 31139.0 235453 282076 4082.0
6 247119 21173.0 20434 4 22106.4 22865
24 19648 4 214209 86627 165773 6911.3
48 17790 1 17107.6 129831 15960.0 2600.7
72 17889 4 138711 13692 4 151516 23733
128 15298.6 119825 113615 12880.9 21167
168 117520 109828 99338 10889.5 9127
248 8921.1 74650 67334 7706.5 11136
336 65728 3750.5 46876 56703 9451
432 10996 34250 34580 2660.9 13522
528 < 80.0 20690 24162 22426 N/A

N/A = not applicable

Table 68 Plasma concentration {ng/mL) of FPZ measured by LCMS following a single IV

dose in cynomolgus monkeys

LOMS
Time (k) Animai Animal Agimai IV Ave SEM
701 762 703
] < 1000 < 1000 < 1000 < 1000 N/A
1 253400 28820 262200 | 267933 10447

90
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6 246100
24 18410.0
48 162900
72 15430.0
128 11180.0
168 9170.0
240 6300.0
336 2870.0
432 -
528 1150.0

26340.0
18680.0
17376.0
14920.0
114800
U
7380.0
38600

1680.0

238100
98100
13840.0
14280.0
114400
#
7600.0
3480.0
3030.0

1400.0

24920.0
136333
15833.3
14876.7
11366.7
a170.0
7260.0
34033
3630.0

1410.0

PCT/US2017/031197

746.6
29127
10443
3327
94.0
MN/A
238.6
2883

MN/A

- = initial ron failed, not enough sample for repeat analysis

N/A = not applicable

# = misiabeled tube, sample excluded from the analysis

Table 61 Mean (+ §D) pharmacokinetic parameters of FP2 following 1 mg/kg IV and 5C

adnunistration in cynomolgus monkey.

iz | CLor CL/F \ffz ,i;r Cone Tmax™® AUCo1ast AUCoinr
Route Vi - "‘1
(day} | (ml/day/kg) (mlfkg) {ng/mi) (day) | (dav*ng/ml} | (day*ng/ml}
Mean | 8.51 4.6 36 16178 67 180792 221032
SC
S| 128 0.3 7 3065 29990 44931
Mean | 7.05 4.9 51 28208 | 0.042 183468 202380
v
S | 145 0.2 iz 4082 18268 9617

PK parameters are mean values based on NCA of immunoassay PK data.

*Tmax {median)}
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[30268] Human Plasma Stability Assay
(30269 The ex vivo stability of FPZ was cxamined in fresh heparinized plasma at 37°C

for ap to 48 hours. Fresh, non-frozen nman plasma was generated from heparinized blood

from two subjects {one male and one female) by centrifugation. FP2 was incubated 1n this

matrix at 37°C wih gentle mixing or 0. 4. 24 and 48 hours. The concentration of FP2 was

determine using an immuncassay method. An mdependent immuacaffinity capture followed

by LOCMS method was used to quantitate the concentration of the intact dimer present in this

matrix under the assay conditions.

160276] In the immunoassay method, the percent recovery from the starting

concentration ranged from 104 8 to 94.1 and did not decrease over time, demonstrating that

FP2 1s stable m human plasma up to 48 hours ex vive (Figure 29 and Table 62). The LOMS

method showed that concentrations were stable over time demonstrating that INJ-64739090

remains an intact dimer in human plasma up to 48 hours ex vive {Figure 30 and Table 63).

Table 62: Ex vivo stability of FP2 (Normalized Percent Recovery) over 48 hours in human

plasma (ng/m!} measured by immunoassay.

~ . T i 1 P i",‘ [+
Compound | Gender | Time (hr) Lﬂnceﬁm ation Normalized %
{(ng/ml) Recovery
0 9104 180.0
4 90356 995
female
24 9332 102.5
48 9374 103.0
FP2
0 9473 100.0
4 9929 104.8
male
24 9081 959
48 8912 941

Re}
b2
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Table 63. Ex vivo stability of FP2 (Normalized Percent Recovery) over 48 hours in buman

plasma (ng/mi} measured by mtact LC/MS.

Compound | Gender | Time (hr) | Concentration (ng/mlL} | Normalized % Recovery
{ 11090 100.0
fomals 4 10830 977
e oy 10500 94.7
T 48 10030 904
{ 10760 100.0
i 4 9640 89.6
R Y 10190 947
48 8300 79.0
{66271 Example 19: Efficacy of FP1 and FP2 in cynomoigus monkeys
66272} The effects of FP1 and FP2 on food intake and body weight after a single
dose in naive cynomolgus monkevs were evaluated.
66273 FP1 was admimistered subcutaneously to a cohort of naive cynomolgus

monkeys at three dose levels; 1, 3 and 10 nmol/kg. A vehicle treated group was also

included. The animals were treated in a blinded manner. The study lasted 3 total of 6 weeks:

2 weeks of baseline food mtake measurement and data collection, 4 weeks of data collection

after single administration of compound. Plasma drug exposures were measured on days 1, 7,

14, 21, and 28 following dosing.

06274} Treatment of cynomolgus monkeys with a single dose of FP1 reduced food

mtake and body weight compared to vehicle treatment (Figures 32-33). A significant

reduction in dady food mtake was seen on days 4, 3, 6, and & through 12 for the 10 nmolkg

dose level {Figure 32). The weekly average of daily food intake was significantly reduced for

during week 2 post administration for the 10 nmol/kg dose level The 3 nmol/kg dose level
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had a significant percent reduction from the average weckly food mtake prior to dosing on
week 2 post admimistration and the 10 nmol/kg dose level had a significant percent reduction
from the average weekly food intake prior to dosing in weeks 1 and 2 post administration. A
signmificant reduction m percent body weight change from day 0 was seen at day 28 forthe 3
nmol/kg dose level, and on day 14, 21, and 28 for the 10 nmol/kg dose level (Figure 33},
[66275] FP2 wag administered subcutancously to a cohort of naive cynomolgus
monkeys at three dose levels: 1, 3 and 10 nmol/kg. A vehicle treated group was also mncluded.
The animals were treated in a blinded manner. The study lasted a total of 11 weeks: 5 weeks
of baseline food intake measurement and data collection, 1 week of treatment and 3 wecks of
wash-out phase data collection. Plasma drug exposures were measured on days 1, 7, 14, 21,
28, 35, and 42 following dosing.

60276} Treatment of cynomolgus monkeys with a single dose of FPZ reduced food
intake and body weight compared to vehicle treatment (Figures 34-33). A significant
reduction m daily food intake was seen on days 3, 5 through 8, 10 and 12 for the 3 nmol/kg
dosc level and from days 3 through 38 and day 40 for the 10 nmol/kg dose level (Figure 34).
The weekly average of daily food intake was significantly reduced for week 1 post
administration for the 3 nmol/kg dose level and significantly redoced for weeks 1 through 6
for the 10 nmol/kg dose level. The 3 nmol/kg dose level had a signiticant percent reduction
from the week prior to dosing in weekly average daily food intake on week 2 post
administration and the 10 nmol/kg dose level had a significant percent reduction from the
week prior to dosing in weekly average daily food intake on wecks 1 through 6 post
administration. A significant reduction in percent body weight change from day 0 was seen
from days 21 through 42 for the 1 nmol/kg dose level, from daysi4 through 42 for the 3

nmol/kg dose level and from days 7 through 42 for the 10 nmol/kg dose lfevel (Figure 34).
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36277} Example 20: HSA-GDF13:GDF1S heterodimer
[G8278] Bioactivity of HSA-GDF15:GDF15 heterodimer was investigated.
106279} To generate an HSA-GDF15:GDF135 heterodimer two constructs were

designed. The first construct contained HSA fused to the N-terninus of mature GDF15 (AA
203-308) via a glycine-serine hnker (SEQ 1D NO: 93}, The second construct contained a 6x
histidine tagged H5A fused to the N-ferminus of mature GBF15 (AA 197-308) via a glycine-
serine fmker and an HRV3C protease cleavage site (SEQ [D NO: 943, The plasmuds were co-
transfected at a 1:1 ratio using the Expi293™ Expression System {Thermo Fisher Scientific)
according to the manufacturer’s protocol. Peptides were secreted as HSA-GDF1S proteins,
mehuding both heterodimer and homodimer forms, wherein monomers were linked by
disulfide bonds.

(36280} Cell supernatants from transiently transfected Expi293™ cells were harvested
5 days after transfection, clarified by centrifugation and sterile filtered (0.2 PES membrane,
Coming). Clarified supernatants were loaded onto a Histrap HP column (GE Healtheare)
cquilibrated with 20 mM sodium phosphate, 500 mM Na(Cl, pH 7 4. After loading, unbound
protein was removed by washing the column with equilibration buffer. HSA-GDF15 proteins,
including both heterodimer and homodimer forms, bound to the column and were ¢luted with
20 mM sodium phosphate, 150 mM imidazole, pH 7.4. Eluate tractions were pooled and
mcubated overnight at 4 °C in the presence of 6x histidine tagged HRV3C enzyme (Janssen}
to generate the HSA-GDF15:GBF15 heterodimer. Following incubation, the protein solation
was dialvzed mto equilibration butfer to remove imidazole before being apphed to a HisTrap
HP column one more time. The HSA-GDF15.GDF15 heterodimer cluted in the 20mM
sodium phosphate, 30mM imidazole, pH 7 4 wash step, while histidine tagged proteins were

retained. The heterodimer was further polished by size exclusion chromatography (SEC)
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usimg a Hilload 26/60 Superdex 200 pg column (GE Healtheare) equilibrated m 1x DPES, pH
7.2. Eluate fractions from the SEC with high punty (determined by SDS-PAGE) of the HSA-
GDF15:GDF 15 heterodimer were pooled and filtered. The protein concentration was
determined by absorbance at 280 nm on a BioTek SynergyHTTM spectrophotometer. The
quality of the purificd protemn was assessed by SDS-PAGE and analytical size exclusion
HPLC (Ulimate3000 HPLC system). Endotoxin levels were measured using an LAL assay
(Pyrotell®-T, Associates of Cape Cod). The purified protein was stored at 4 °C.

30281} SK-N-AS cells (ATCC) stably expressing GDF15 receptor (GFRAL) were
seeded in growth medium (10% FBS) in a 96-well plate 24 hours prior to the assay. After 24
hrs the cells were starved by replacing the cultere medium with 200 il of DMEM mednun
supplemented with 1% HI horse serum for 3 hours 1n a 37°C incubator. The 1% HI horse
serum supplemented mediuwm was then replaced with 200 ul of AB1 and incubated for an
addtional 2 hours in a 37°C incubator. To perform the assay. the AB1 was aspirated from all
wells and 100 ul of vanable concentrations of the testing compound in AB2 was added and
the plate was incubated for 15 min 1o a 37°C incubator. Aficr 15 minutes, the testing solution
was removed and 30 ul of lysis buffer (provided in the detection kit) was added and the plate
was shaken on a plate shaker at room temperature for 30 min. For detection, 16 ul of the
lysed sample was transferred to a 384-well assay plate and 4 pl of HTRF pAKT detection
antibodics were added.  The plate was incubated overnight at room temperature and then the
HTRF signal read on the Envision (Perkin Elmer).

166282} ECso values were calculated using GraphPad Prism® Nonlinear Regression
{Curve fit). Data arc expressed as the Mean + Standard Error (SE} from three separate
experiments with three replicates per data point. Molecular identity of the HSA-

GDEF15:GDF13 heterodimer was confirmed by mass spectrometry. The lett-shift of the
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heterodimer curve suggested that the HSA-GDF15:GDFIS heterodimer 18 more potent in
inducing pAKT than the rclevant homodumer molecule with an additional albunin.

{06283} Example 21: Linker thermal stability

66284} Thermal stability was investigated for various linkers that connect HSA and
GDF15. To evaluate the potential to fragment and aggregate, HSA-GDF15 fusion proteins
with various linkers were diluted to 10mg/mi. After addition of EDTA and Methionine, the
samples were mncubated under 40°C for 14 days. Then samples were diluted to the
concentration of Img/ml and evaluated under size-exclusion high-performance liguid
chromatography {(S8E-HPLC). Percent of intact protein as well as ageregate and fragment
were quantified for these proteins. Table 64 shows that the HSA-GDF13 protens with Hnkers
that consist of AP repeats are most stable agamst fragment under thermal stress.

[66285] To evaluate the whether these hinker affects GDDF13 mteraction with its
receptor, an immunocassay with GFRAL-Fe fusion protein coated on plate and anti-GDF1S5 or
anti-HSA detection was performed, using monoclonal antibodics for GDF1S (Janssen) and
HSA (Kerafast, Inc., Boston, MA). The assay showed all these linker variants in Table 66 has
similar binding to receptor.

Table 64. SE-HPLC results after thermal stress for 14 days.

SEQID NGO | Linker “ggi“‘éa“’ “z*‘j‘;t f"aﬁg’“t
113 GS(GGGGS ) 333 84 44 12.22
115 GA(GGGGA)s 351 87.98 8.5
17 (AP)10 164 98 36 0
119 (APY2 236 97 64 0

121 GGS-EGKSSGSGSESKSTH-GGS 167 85 24 13.09
123 GS(PGGGS)s 296 88.12 891
125 GS(AGGGS)e 3.44 $6.22 1034
127 GGS-(EGKSSGSGSESKSTY-GGS 171 91.17 712
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While the mvention has been desenibed in detail, and with reference to specific

cmbodiments thereof, it will be apparent to one of ordinary skill in the art that various

changes and modifications can be made therein without departing from the spirit and scope of

the mvention.

[06287)

The sequences referenced in this application are provided n the table below:

W - wild type

SEQ
D

NO

Description

Sequence

Human Serum
Albumin, WT

(HSA)

DAHKSEVAHRFEDLGEENFKALVLIAFAQYLQOQCPFEDHVELVNE
VTEFAKTCVADESAENCDRSLHTLFGDKLCTVATLRETYGEMADC
CAKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCUTAFHDNEETFL
KKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPK
LDELRDEGKASSAKQRLEKCASLOKFGERAFKAWAVARLSQRFPKA
EFAEVEKLVIDLTKVHTECCHGDLLECADDRADLAKYICENQDSIS
SKLKECCERKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKN
YAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAA
ADPHECY AKVFDEFKPLVEEPOQNLIKONCELFEQLGEYRKFONALLY
RYTKEVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLS
VVLNQLCVEHEKTPVSDRVTKCCTESLYVNRRPCFSALEVRETYVPK
EFNAETFTFHADICTLSEKERQIKKQTALVELVKHEPK ATKEQLKA
VMDDFAARVEECCKADDKETCFAFEGKKEL VAASGAALGL

[

HSA varant,

348

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLOQOQSPFEDHVKLVNEVY
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHBKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCOAADKAACLLPKL
DELRDEGKASSAKQRLECASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTIDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLEKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AFPAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPONLIKQNCELFEQLGEYKFQNALLVR
YTREVPQVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLYVNRERPCFSALEVDETYVPKE
FNAETFTFHADICTLRSEKERQIKKOQTALVEL VKHKPK ATKEQLKAVY
MDDFAAFVEKCCKADDKETCFAEEGKEL VAASQAALGL
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(43

HSA variant,

C34A

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLOQAPFEDH VKL VNE
VTEFAKTCVADESAENCDKSLHTLFGDRLCTVATLRETYGEMADC
CAKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFL
KKYLYEIARRHPYFYAPELLFFAKRYRKAAFTECCOAADKAACLLPK
LDELRDEGKASSAKQRLKCASLOQKFGERAFKAWAVARLSQRFPKA
EFAEVIKLVIDLTKVHTECCHGDLLECADDRADLAKYICENQDSIS
SKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKN
YAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAA
ADPHECYAKVEFDEFKPLVEEPONLIKOQNCELFEQLGEYKFQNALLY
RYTKKVPOQVSTPTLVEVSRNLGK VGSKCCKHPEAKRMPCAEDYLS
VVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPK
EFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKA
VMDDFAAFVEKCCKADDKETCFAEEGEKLVAASCAALGL

Wn

HSA (C348)-
GS(GGGGS)s-
GDFLS (WT)

Fusion

DAHKSEVAHRFEDLGEENFRALVLIAFAQYLOOSFFEDHVKLVNEVY
TEFAKTCVADESAENCDEKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTRKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECYAKVFDREFKPLVEEPONLIKONCELFEQLGEYKFONALLVR
YTKKVPOVSTPTLVEVSRNLGEVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLYVNRRPCFSALEVDETYVPKE
FNAFTFTFHADICTLSEKERQIKKQTAL VELVKHKPKATKEQLEKAV
MDDFAAFVEKCCEADDKETCFAEEGKKIVAASQAALGLGSGGGE
SGGGGSGGGGSGGGGSARNGDHCPLGPGRCCRLHTVRASLEDEGW
ADWVLSPREVOVITMCIGACPSOQFRAANMHAQIKTSLHRLKPOYTVE
APCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHCI

5

Mature GDF15

(197-308)

ARNGDHCPLGPGRCCRLHTVRASLEDLGWADWVLSPREVOVIMC]
GACPSQFRAANMHAQIKTSLHRLEPDTVPAPCCVPASYNPMVLIQK
TOTGVSLOTYDDLLAKDCHCT

Truncated
mature GDF1S

(200-308)

GOHCPLGPGRCCRLHTVRASLEDLGWADWVLSPREVOVTIMCIGAC
PSQFRAANMHAQIK TSLHRLKPDTVPAPCCVPASYNPMVLIQKTDT
GVSLOTYDDLLAKDCHCT

Truncated
mature GDF1S

(201-308)

DHCPLGPGRCCRLHTVRASLEDLGWADWVLSPREVOVTMCIGACP
SOFRAANMHAQIKTSLHRLEPDTVPAPCCVPASYNPMVLIQETDTG
VSLQTYDDLLAKDCHCI

9

Truncated
mature GDFI5

(202-308)

HCPLGPGRCCREHTVRASLEDLGWADWVLSPREVOVTMCIGACPS
QFRAANMHAQIKTSLHRLKPDTVPAPCCVPASYNPMVLIQKTDTGY
SLOTYDDLLAKDCHCI

9%
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mature GDF15

(203-308)

FRAANMHAQIKTSLHRLKPDTVPAPCCVPASYNPMVLIQKTDTGVYS
LOTYDDLLAKDCHCI

I

Truncated
mature GDF1S

(211-308)

CRLHTVRASLEDLGWADWVLSPREVOVTIMCIGACPSQFRA ANMH
AQIKTSLHRLKPDTVPAPCCVPASYNPMVLIQKTDTGVSLOTYDDL
LAKDCHCI

ASA (C34S)-
AS(GGGGSHG
T-

GF15 Fusion

DAHKSEVAHRFEDLGEENFKALVLIAFAQYLGQQSPFEDHVKLVNEY
TEFAKTCVADESAENCDEKSLHTLFGDKLOTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLE
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCOQAADKAACLLPKL
DELRDEGKASSAKQRLECASLOEFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTRVHTECCHGDLLECADDRADLAKYICENQDSISS
KLEECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AFAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECYARKVFDEFKPLVEEPONLIKONCELFEQLGEYRKFONALLVR
YTEREVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAV
MDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLASGGGG
SGGGGSGTARNGDHCPLGPGRCCRLHTVRASLEDLGWADWVLSPR
EVOVIMCIGACPSQFRAANMHAQIKTSEHRLEPDTVPAPCCVPASY
NPMVLIOKTDTGVSLOTYDDLLAKDCHCT

HSA(C345)-
AS(GGOGSRG
T_

GEFIS(WT)

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLOQOQSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKOQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLASGGGG
SGCGGSGGGGRGCGEIGCGERGGLGEIGCLESGCGGGSGTARNGDH
CPLGPGRCCRIHTVRASLEDLGWADWVLSPREVOVTMCIGACPSQ
FRAANMHAQIKTSLHRLKEDTVPAPCCVPASYNPMVLIQKTDTGYS
LOTYDDLLAKDCHCT
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2
~3

HSA (C34S)-
AS(AP)SGT-

GDF15 Fusion

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLASAPAPA
PAPAPGTARNGDHCPLGPGRCCRLHTVRASLEDLGWADWVLSPRE
VOVIMCIGACPSQFRAANMHAQIKTSLHRLKPDTVPAPCCVPASYN
PMIVLIQKTDTGVSLOTYDDLEAKDCHC]

HSA (C345)
AS(APNOGT -

GDF135 Fusion

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLGQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTIKVHTECCHGDLLECADDRADLAKYICENQDISISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKONCELFEQLGEYKFONALLVR
YTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKE
FNAFTFTFHADICTLSEKERQIKKQTAL VELVKHKPKATKEQLEKAV
MDDFAAFVEKCCKADDEETCFAEEGKKLVAASQAALGLASAPAPA
PAPAPAPAPAPAPAPGTARNGDHCPLGPGRCCRLHTVRASLEDLGW
ADWVLSPREVOVTMCIGACPSQFRAANMHAQIKTSLHRLKPDTVE
APCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHCI

29

HSA (C348) -
AS(AP)0GT-

GDF1S Fusion

DAHKSEVAHRFEKDLGEENFKALVLIAFAQYLOQQSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLE
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCOQAADKAACLLPKL
DELRDEGKASSAKQRLECASLOEFGERAFKAWAVARLSQRFPKAE
FAEVSKEVTIDLTKVHTECCHGDLLECADDRADEAKYICENQDSISS
KLEECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AFAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECYARKVFDEFKPLVEEPONLIKONCELFEQLGEYRKFONALLVR
YTEREVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLYVNERPCFSALEVDETYVPKE
FNAETFTFHADICTLSEREROQIKKQTALVELVKHKPK ATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLASAPAPA
PAPAPAPAPAPAPAPAPAPAPAPAPAPAPAPAPAPGTARNGDHCPLG
PGRCCRLHTVRASLEDLOGWADWVLEPREVOVTMUCIGACPSQOFRAA
NMHAQIKTSLHRLEPDTVPAPCCVPASYNPMVLIQKTDTGVSLOTY
DDLLAKDCHCI
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30 | HSA (C348) -
T-

GDF15 Fusion

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLASEAAA
KEAAAKTAAAKEAAAKGTARNGDHCPLGPGRCCRLHTVRASLEDL
GWADWVLSPREVOVTMCIGACPSQFRAANMHAQIKTSLHRLKPDT
VEAPCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDICHCI

(9]
ponnit

HSA (C345)-
AS(EAAAKRG
T.

GDF15 Fusion

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLGQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTIKVHTECCHGDLLECADDRADLAKYICENQDISISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKONCELFEQLGEYKFONALLVR
YTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKE
FNAFTFTFHADICTLSEKERQIKKQTAL VELVKHKPKATKEQLEKAV
MDDFAAFVEKCCRKADDKETCFAEEGKKLVAASQAALGLASEAAA
KEAAAKFEAAAKEAAAKEAAAKFEAAAKEAAAKEAAAKGTARNGD
HCPLGPGRCCRLHTVRASLEDLGWADWVLASPREVQOVTMCIGACPES
QFRAANMBAQIKTSLHRLKPDTVPAPCCVPASYNPMVLIQKTDTGY
SLOTYDDLLAKDCHCI

a3
(=)

HSA (C345)-
GS(GGGGS)-
GDF1S Fusion
{deletion 13

mutant}

DAHKSEVAHRFEKDLGEENFKALVLIAFAQYLOQQSPFEDHVKLVNEV
TEFAKTCVADESAENCDEKSLHTLFGDKLOTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLE
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCOQAADKAACLLPKL
DELRDEGKASSAKQRLECASLOEFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTRVHTECCHGDLLECADDRADLAKYICENQDSISS
KLEECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AFAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECYARKVFDEFKPLVEEPONLIKONCELFEQLGEYRKFONALLVR
YTEREVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLYVNERPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAV
MDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLGSGGGG
SGGGGSGGGGSGGGGSCSRLHTVRASLEDLGWADWVLSPREVOQVT
MCIGACPSQFRAANMHAQIK TSLERLKPDTVPAPCCVPASYNPMVL
IOKTDTGVSLOTYDDLLAKDCHC]
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L2
~3

HSA (C345) -
GS{GGGES)-
GDF15 Fusion
{deletion 14

mutant)

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCRKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLGSGGGG
SGOGGSGOGGSGCGGSCRLHTVRASLEDLGWADWVLSPREVQVT
MCIGACPSQFRAANMHAQGIKTSLHRLKPDTVPAPCCVPASYNPMVL
OKTDTGVSLOTYDBLLAKDCHCT

40

HSA (C345) -
GS(GGGGSH-

GDF135 Fusion

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLGQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTIKVHTECCHGDLLECADDRADLAKYICENQDISISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKONCELFEQLGEYKFONALLVR
YTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKE
FNAFTFTFHADICTLSEKERQIKKQTAL VELVKHKPKATKEQLEKAV
MDDFAAFVEKCCKADDEETCFAEEGKKLVAASQAALGLGSGGGE
SGGGGSGGGGSGGGGSARNGDHCPLGPGRCCRLHTVRASLEDEGW
ADWVLSPREVOVTMCIGACPSQFRAANMHAQIKTSLHRLKPDTVE
APCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHCI

48

HSA(C344)-
GS(GGGGS)s-

GDF1S Fusion

DAHKSEVAHRFEDLGEENFKALVLIAFAQYLQQAPFEDHVKLYNE
VTIEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADC
CAKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNERETFL
KKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCOAADKAACLLPK
LDELRDEGKASSAEKQRLKCASLUOQKFGERAFKAWAVARLSQRFPKA
EFAEVSKLVTIDLTEVHTECCHGDLLECADDRADLAKYICENQDSIS
SELEKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKN
YAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAA
ADPHECYAKVFDEFKPLVEEPONLIKOQNCELFEQLGEYKFONALLY
RYTKKVPOVSTPTLVEVSRNLGK VGSKCCKHPEAKRMPCAEDYLS
VVLNQLCVEHERTPVSDRVTECCTESLYVNRRPCFSALEVDETYVPK
EFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLEKA
VMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLGIGGG
GSGOGGSGOGGSGOGGSARNGDHCPLGPGROCRLHTVRASLEDLG
WADWVLSPREVOVTMCIGACPSQOFRAANMHAQIKTSLHRLKPDTV
PAPCCVPASYNPMVLIOKTDTGYSLOTYDDLLAKDCHC]
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W
L]

HSA{C34A)-
GS{GGGGS)e-

GDFEIS

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLOQAPFEDH VKL VNE
VTEFAKTCVADESAENCDKSLHTLFGDRLCTVATLRETYGEMADC
CAKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFL
KKYLYEIARRHPYFYAPELLFFAKRYRKAAFTECCOAADKAACLLPK
LDELRDEGKASSAKQRLKCASLOQKFGERAFKAWAVARLSQRFPKA
EFAEVIKLVIDLTKVHTECCHGDLLECADDRADLAKYICENQDSIS
SKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKN
YAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAA
ADPHECYAKVEFDEFKPLVEEPONLIKOQNCELFEQLGEYKFQNALLY
RYTKKVPOQVSTPTLVEVSRNLGK VGSKCCKHPEAKRMPCAEDYLS
VVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPK
EFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKA
VMDDFAAFVEKCCKADDKETCFAEEGEKLVAASQAALGLGSGGG
GRGGGORCGHORGGEERGGHEIGGGESGGGESGCGESARNGDHC
PLGPGRCCRLHTVRASLEDLGWADWVLSPREVOVTMCIGACPSOF
RAANMHAQIKTSLHRLKPDTVPAPCCVPASYNPMVLIQKTDTGYSL
QOTYDDLLAKDCHCI

56

HSA{C34A)-
{AP)0-

GDF15

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLOQAPFEDHVELVNE
VTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADC
CAKQEPERNECFLOBKDDNPNLPRLVRPEVDVMUTAFHDNEETFL
KKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPK
LDPELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPEKA
EFAEVSKLVIDLTKVHTECCHGDLLECADDRADLAKYICENODSES
SKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKN
YAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAA
ADPHECY AKVEDEFKPLVEEPQNLIKONCELFEQLGEYKFONALLY
RYTKEVPOQVSTETLVEVIENLGKVGSKCCKHPEAKRMPCAEDYLS
VVLNQLCVLHEKTPVSDRVIKCCTESLVNRRPCFSALEVDETY VPR
EFNAETFTFHADICTLSERKERQGIKKOQTALVELVKHEPKATKEQLKA
VMDDFAARVEE CCKADDKETCFATEGKKEL VAASQGAALGLAPAPAP
APAPAPAPAPAPAPARNGDHCPLGPGRCCRLHTVREASLEDLGWAD
WVLSPREVOQVTMCIGACPSQOFRAANMHBAQIKTSLHRLKPDTVPAPC
CVPASYNPMVLIQETDTGVSLOTYDDLLAKDCHCT

HSA(C345)-
{AP}o-

GDF1S

DAHKSEVAHRFEKDLGEENFKALVLIAFAQYLOQQSPFEDHVKLVNEV
TEFAKTCVADESAENCDEKSLHTLFGDKLOTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLE
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCOQAADKAACLLPKL
DELRDEGKASSAKQRLECASLOEFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTRVHTECCHGDLLECADDRADLAKYICENQDSISS
KLEECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AFAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECYARKVFDEFKPLVEEPONLIKONCELFEQLGEYRKFONALLVR
YTEREVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLYVNERPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAV
MDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLAPAPAPA
PAPAPAPAPAPAPARNGDHCPLGPGRCCRLHTVRASLEDLGWADW
VESPREVOVTMUIGACPSQFRAANMHAQIKTSLHRLKPDTVPAPCC
VPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHCI
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60

HSA (C349)-
GS-(GGGGS )~

GDFI5(WT)

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFOQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLGSGGGG
SGQGGSGOGGSGOGESGOGGSGGGGSGCGHSGCGGGSARNGDHCP
LGPGRCCRLHTVRASLEDLGWADWVLSPREVOVTMCIGACPSQFR
AANMHAQIKTSLHRLKPDTVPAPCCVPASYNPMVLIQKTDTGVSLO
TYDDLLAKDCHCI

64

HSA (C348) -
GS(GGGGS)-

GDF15 (189R)

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLGQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTIKVHTECCHGDLLECADDRADLAKYICENQDISISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLIRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKONCELFEQLGEYKFONALLVR
YTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VINQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLEKAV
MDDFAAFVEKCCEADDKETCFAEEGKKIVAASQAALGLGSGGGE
SGGGGSGGGGSGGGGSARNGDHCPLGPGRCCRLHTVEASLEDLGW
ADWVLSPREVOVTMCIGACPSQFRAANMHAQIKTSLHRLKPDTVE
APCCVPASYNPMVLROETDTGVSLOTYDDLLAKDCHCI

65

HSA (C348) -
GS(GGGGS)-

GEF1IS (189W)

DAHKSEVAHRFEKDLGEENFKALVLIAFAQYLOQQSPFEDHVKLVNEV
TEFAKTCVADESAENCDEKSLHTLFGDKLOTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLE
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCOQAADKAACLLPKL
DELRDEGKASSAKQRLECASLOEFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTRVHTECCHGDLLECADDRADLAKYICENQDSISS
KLEECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AFAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECYARKVFDEFKPLVEEPONLIKONCELFEQLGEYRKFONALLVR
YTEREVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLYVNERPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAV
MDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLGSGGGG
SGGGGSGGGGSGGGGSARNGDHCPLGPGRCCRLHTVRASLEDLGW
ADWVLSPREVOVTMCIGACPSQFRAANMHAQIKTSLHRLEKPDTVP
APCCVPASYNPMVLWOKTDTGYSLOTYDDLLAKDCHCT
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HSA (C349) -
GSHGGGGS )
GDF15 (L34A,

$354, R37A)

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLGSGGGG
SGGGGSGGGGSGGGHGSARNGDHCPLGPGRCCRLHTVRASLEDLGW
ADWVAAPAEVOVTMCIGACPSQFRAANMHAQIKTSLHRLEPDTVP
APCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHCI

67

HSA (C345) -
GS(GGGGS)+-
GDF15 (V8TA,

I30A, LOBA)

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLGQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTIKVHTECCHGDLLECADDRADLAKYICENQDISISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKONCELFEQLGEYKFONALLVR
YTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKE
FNAFTFTFHADICTLSEKERQIKKQTAL VELVKHKPKATKEQLEKAV
MDDFAAFVEKCCKADDEETCFAEEGKKLVAASQAALGLGSGGGE
SGGGGSGGGGSGGGGSARNGDHCPLGPGRCCRLHTVRASLEDEGW
ADWVLSPREVOVTMCIGACPSQFRAANMHAQIKTSLHRLKPDTVE
APCCVPASYNPMALAQKTDTGVSAQTYDDLLAKDCHCI

68

HSA (C34S) -
GS(GGGGS)
GDF15 (L34A,

S35A, 189A)

DAHKSEVAHRFEKDLGEENFKALVLIAFAQYLOQQSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLE
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCOQAADKAACLLPKL
DELRDEGKASSAKQRLECASLOEFGERAFKAWAVARLSQRFPKAE
FAEVSKEVTIDLTKVHTECCHGDLLECADDRADEAKYICENQDSISS
KLEECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AFAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECYARKVFDEFKPLVEEPONLIKONCELFEQLGEYRKFONALLVR
YTEREVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLYVNERPCFSALEVDETYVPKE
FNAETFTFHADICTLSEREROQIKKQTALVELVKHKPK ATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLGSGGGG
SGGGGSGGGGEGGGGSARNGDHCPLGPGRCCRLHTVRASLEDLGW
ADWVAAPREVOVIMCIGACPSQFRAANMHBAQIKTSLHRLKPDTVP
APCCVPASYNPMVLAQKTDTGVSLOTYDDLLAKDCHCE
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69

HSA (C348) -
GS(GGGGS)-
GDF135 (VR7A,

189A)

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLGSGGGG
SGGGGSGGGGSGGGHGSARNGDHCPLGPGRCCRLHTVRASLEDLGW
ADWVLSPREVOVTMCIGACPSQFRAANMHAQIKTSLHRLKPDTVP
APCCVPASYNPMALAQKTDTGVSLOTYDDLLAKDCHCI

HSA (C348) -
GS(GGGGS)-

GDF15 (Q60W)

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLGQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTIKVHTECCHGDLLECADDRADLAKYICENQDISISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKONCELFEQLGEYKFONALLVR
YTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKE
FNAFTFTFHADICTLSEKERQIKKQTAL VELVKHKPKATKEQLEKAV
MDDFAAFVEKCCKADDEETCFAEEGKKLVAASQAALGLGSGGGE
SGGGGSGGGGSGGGGSARNGDHCPLGPGRCCRLHTVRASLEDEGW
ADWVLSPREVOVTMCIGACPSQFRAANMHAWIKTSLHRLEPDTVP
APCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHCI

71

HSA (C34S) -
GS(GGGGS)

GDF15 (W324)

DAHKSEVAHRFEKDLGEENFKALVLIAFAQYLOQQSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLE
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCOQAADKAACLLPKL
DELRDEGKASSAKQRLECASLOEFGERAFKAWAVARLSQRFPKAE
FAEVSKEVTIDLTKVHTECCHGDLLECADDRADEAKYICENQDSISS
KLEECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AFAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECYARKVFDEFKPLVEEPONLIKONCELFEQLGEYRKFONALLVR
YTEREVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLYVNERPCFSALEVDETYVPKE
FNAETFTFHADICTLSEREROQIKKQTALVELVKHKPK ATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLGSGGGG
SGGGGSGGGGSGGGGSARNGDHCPLGPGRCCRLHTVRASLEDLGW
ADAVLSPREVOVTMCIGACPSQOFRAANMHAQIKTSLHRLKPDTVPA
PCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHC]
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HSA (C348) -
GS(GGGGS)-

GDEL5 (W29A)

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLGSGGGG
SGGGGSGGGGSGGGGSARNGDHCPLGPGRCCRLHTVRASLEDLGA
ADWVLSPREVOVTMCIGACPSQFRAANMHAQIKTSLHRLKPDTVP
APCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHCI

~3
(3]

HSA (C348) -
GS(GGGGSH-
GDF15 (Q60A,

S64A, R6TA)

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLGQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTIKVHTECCHGDLLECADDRADLAKYICENQDISISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKONCELFEQLGEYKFONALLVR
YTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKE
FNAFTFTFHADICTLSEKERQIKKQTAL VELVKHKPKATKEQLEKAV
MDDFAAFVEKCCKADDEETCFAEEGKKLVAASQAALGLGSGGGE
SGGGGSGGGGSGGGGSARNGDHCPLGPGRCCRLHTVRASLEDEGW
ADWVLSPREVOVTMCIGACPSQFRAANMHAAIKTALHALKPDTVP
APCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHCI

74

HSA (C34S) -
GS(GGGGS)
GDF15 (W29A,

Q60A, I614)

DAHKSEVAHRFEKDLGEENFKALVLIAFAQYLOQQSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLE
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCOQAADKAACLLPKL
DELRDEGKASSAKQRLECASLOEFGERAFKAWAVARLSQRFPKAE
FAEVSKEVTIDLTKVHTECCHGDLLECADDRADEAKYICENQDSISS
KLEECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AFAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECYARKVFDEFKPLVEEPONLIKONCELFEQLGEYRKFONALLVR
YTEREVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VENQLCVLHEKTPVSDRVTKCCTESLYVNERPCFSALEVDETYVPKE
FNAETFTFHADICTLSEREROQIKKQTALVELVKHKPK ATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLGSGGGG
SGGGGSGGGGRGGGGSARNGDHCPLGPGRCCRLHTVRASLEDLGA
ADWVLSPREVOQVTMCIGACPSOFRAANMHAAAKTSLHRLKPDTVP
APCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHCE
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HSA (C349) -

GSGGGGE-

GDF15 (W29A,

W32A)

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLGSGGGG
SGGGGSGGGGSGGGGSARNGDHCPLGPGRCCRLHTVRASLEDLGA
ADAVLSPREVOVIMCCIGACPSQFRAANMHAQIKTSLHRLKPDTVPA
PCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKDCHCI
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nucleic acid
encoding

SEQ ID NO:5

gacgocecacaagagegaggisgoccaccggticaaggaccigggegaggagaacticaaggc
cotggtectgategocticgoccagtacctgeageagiocoecticgaggaccacgigaagoigg
teaacgaggioaccgagticgecaagaccigegiggocgacgagagegoigagaactggac
aagagcectgeacacectgticggogacaagetgigeacegtggocaceotgegggagaccetac
ggcgagateaccgactgeigegoecaageaggageocgageggaacgagtgetiectgeagea
caaggacgacaaccecaaccigeocoggeigatocggecegaggtagacgtgatgtocaccg
ccticcacgacaacgaggagaccticctgaagaagtacetigtacgagatcgeceggeggeacec
ctacttetacgececcgagetgctgticticgoecaagoggtacaaggecgecticaccgagtacte
ccaggocgoegacaaggocgccigeoigoigoccaageiggacgagctecgggacgageec
aaggecageagegocaagoagoggotgaagtocgocageoigoagaagticoggegoageggy
coticaaggoctgagecgiggcocggotgagecageggticcocaaggocgagitcgocgagy
tgagcaagcetggigaccgacetigaccaaggigcacaccgagigetgecacggegacetgetgg
agigzegeegacgaccgggecgacctggecaagtacatctgegagaaccaggacageaicage
agcaagcetgaaggagipcigegagaagocceigeiggagaagagccactgeatcgecgagsiy
gagaacgacgagatgeocgecgaccigeccageciggocgocgacticgtggagageaagga
cgtgtgcaagaactacgecgaggocaaggacgigttcctgeocatgticctigtacgagtacgoee
ggcggcaccecgactacagegtegtoctgctgctgeggeigaccaagacctacgagaccacee
tggagaagtgctgcgecgeegecgacceccacgagigetacgecaaggiaticgacgagticaa
geoectggtggagoagocecagaaccigatcaageagaactgegagetoticgageagetons
cgagtacaagticcagaacgecctgetggtgcggtacaccaagaaggigccocaggtgagcac
ccocacectggiggaggtgagccggaaccigggcaaggigggcagcaagisctgcaagcace
cogaggecaageggatgcccigegecgaggactacctgagegtggiecigaaccagetgigeg
tgctgeacgagaagacceccgtgagegaccgggtgaccaagtgotigeacegagageciggisa
accggeggeoetigettcagegeectggaggtosacgagacceiacgigoeccaaggagticaacy
cogagaccticaccticcacgecgacatetgeacccigagegagaaggagcggoagateaaga
agcagaccgecciggiggasciggigaagcacaagoecoaagglraccaaggagcascigaag
gecgtgatggacgacticgoecgocticgiggagaagtocigraaggocgacgacaaggagace
tgcticgecgaggaggecaagaagetggiggccgocagecaggocgecoigggoctgggcag
cgaegglggegglagegacggcggoggalciggtggagaiggeagtogagaageeooatc
cgetegeaacggtgaccactgeecictigggtectggtegotgotgoegocigeacacegticgeg
cticictggaagaccigggttgeocteactgootictgictecicgegaagticagatiaccatgioc
ateggtectigeectictcagticegegctactaacatgeacgctcagatcaaaaccictotgoeace
gccigaaaccigacaccgitectgetectigetgegticetgoticttacaacectatggttctgatec
agaaaaccgacacoggtgtiicicigcagacciacgacgaccigetggctaaagactgecactsc
atc
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~3
=

nucleic acid
encoding

SEQ ID NO:25

gatgctcataagicogaagtogeecacagattcaaggaccicggagaagaaaatittaaggccet
cgtecttategocticgeccaatacetccageagiocoegticgageaccacgigaagctiogigaa
cgaagtgaccgagtiteccaagactigtgtogcggateaatcogecgagaacigegacaagage
ctecacacgetgticggegacaageigtgcacegtegocacgeigagagaaactiacggagaga
tgoccgactgeigegeaaageaggagecggaacguaacgaatecitccigeaacataaggacg
ataaccctaactigectiogectggicogeccigaggtegacgtgatgigcacegegttecacgaca
acgaggaaacctticttaagaagtacctgtacgagattgegeggaggcacccttatttctacgeece
cgaactgttglicticgccaageggtacaaggetgectitaccgaatgctgecaggocgecgataa
gocgectigoctigotigocgaagctogacgagtigcgegatgaggggaagocgicctecgetaa
geageggctigaaatgigcgagectccagaagticggggagcaegocticaaggectggaocat
goegegecigicicaacggiicccgaaggeogagticgecgaagigtcgaagetggicaccgac
ctgacgasagtgcacaccgaatgtigicacgacgatctgctggaatgcgcogalgacagagsces
atttggccaagtacatetgegaaaaccaggacageatticgicaaagcigaaggaatgeteegaa
aagccectigciggaaaagtcccactgoategoggaagtegagaacgacgagatgccegocgac
ctecegicoctggeogeegatiicgiggagtcgaaggatgigtagcaagaactacgoagaagecaa
ggacgtgticcteggaatgtiicigtatgagtacgoccgecgccacecggactacteggicgiact
cetgeigegactggeaaagacctacgaaaccacictggagaagigotgegeogecgeggacee
geacgagigetacgeaaaggigticgacgagticaagecactigtegaggagectcagaacciga
tcaageagaactgegaacigiicgagcagcigggagagtacaaattccagaacgegettciegty
cgcetacaccaagaaggicceccaggigtecacicegaceotggtggaagtgtccaggaaccisg
gaaaggicggctocaagigtigcaageatccegaggetaagegealgeccigegecgaggacta
cligtcogtgeipcigaatecagetgtgegtociccatgaaaagaccocagigtcogacagagioac
caagtgctigtaccgaatcgetogtgaaccggeggocgigetittcegeactggaggteeaceaan
cctacgigocgaaggagitcaacgeagaaaccticactitecacgocgacatetgeacicigtecg
agaaggagceggcagatiaggaageagacteccetggigeagctigigasacacaagoctasgg
ccaccaaagagcagcigaaggecgicatggatgatitcgeggocticgtggaaaagigtigtaas
goggacgacaaggagactigeticgecgaagaaggaaagaageicgiggcagegicacaggce
cgctetggpoctogetageggiggagassocagoggiegtasasoatccggtacegogegea
acgggeaccacigteccgetcgggeccgggogtigetgeogicigoacacggiccegegegicgct
ggaagacctgggctggoccgatiggatactetcgccacgggaggatecaagtgaccatgigeate
ggcgegigoecegagecagitcogggoggcasacatgeacgegeagatcaagacgagectgea
cogectgaagecegacacggigecagogeccigetgegtagcecgecagetacaateccatggie
cteattcagaagacegacaccgggateicgciccagacctatgatgactigtiagecaaagaciae
cactgcata
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nucleic acid
encoding

SEQ ID NO:26

gatgctcataagicogaagtogeecacagattcaaggaccicggagaagaaaatittaaggccet
cgtecttategocticgeccaatacetccageagiocoegticgageaccacgigaagctiogigaa
cgaagtgaccgagtiteccaagactigtgtogcggateaatcogecgagaacigegacaagage
ctecacacgetgticggegacaageigtgcacegtcgocacgetigagagaaactiacggagaga
tgoccgactgeigegeaaageaggagecggaacguaacgaatecitccigeaacataaggacg
ataaccctaactigectiogectggicogeocigaggtegacgtgatgtecaccgegticcacgaca
acgaggaaacctticttaagaagtacctgtacgagattgegeggaggcacccttatttctacgeece
cgaactgttgticticgccaageggtacaaggetgectitacegaatgetgecaggocgecgataa
gocgectigoctigotigocgaagctogacgagtigcgegatgaggggaagocgicctecgetaa
geageggctigaaatgigcgagectccagaagticggggagcaegocticaaggectggaocat
goegegecigicicaacggiicccgaaggeogagticgecgaagigtcgaagetggicaccgac
ctgacgasagtgcacaccgaatgtigicacgacgatctgctggaatgcgcogalgacagagsces
atttggccaagtacatetgegaaaaccaggacageatticgicaaagcigaaggaatgeteegaa
aagccectigciggaaaagtcccactgoategoggaagtegagaacgacgagatgccegocgac
ctecegicoctggeogeegatiicgiggagtcgaaggatgigtagcaagaactacgoagaagecaa
ggacgtgticcteggaatgtiicigtatgagtacgeccgecgccacecggactacteggicgtoct
cetgeigegactggeaaagacctacgaaaccacictggagaagigotgegeogecgeggacee
geacgagigetacgeaaaggigticgacgagticaagecactigtegaggagectcagaacciga
tcaageagaactgegaacigiicgagcagcigggagagtacaaattccagaacgegettciegty
cgcetacaccaagaaggicceccaggigtecacicegaceotggtggaagtgtccaggaaccisg
gaaaggicggctocaagigtigcaageatccegaggetaagegealgeccigegecgaggacta
cligtcogtgeipcigaatecagetgtgegtociccatgaaaagaccocagigtcogacagagioac
caagtgctigtaccgaatcgetogtgaaccggeggocgigetittcegeactggaggteeaceaan
cctacgigocgaaggagiicaacgeagaaaccticactitecacgocgacatetgeacicigtecg
agaaggagceggcagatiaggaageagacteccetggigeagctigigasacacaagoctasgg
ccaccaaagagcagcigaaggecgicatggatgatitcgeggocticgtggaaaagigtigtaas
goggacgacaaggagactigeticgecgaagaaggaaagaageicgiggcagegicacaggce
cgeictgggocicgetageggaggtopcgoatcaggiggeggagotagcegizgagecgect
clggeggaggiggatcaggeggageagaticegateraggagocicaggagaagrageang
tggaggagoosoatceggtaccgegcgeaacggggaccactgicegetcgagecegggegtt
getgeegtetgeacacggtecgegegicgetiggaagacciggociggacogatiggotoctetc
gccacgggagotgcaagtgaccatgigeateggogogigecogagecagiicogggoggcas
acatgeacgegeagatcaagacgagectgeacegocigaageccgacacggigecagegooct
gotgegtgocogecagetacaateccatggtoctcaticaaaagacegacaccggggigtegetc
cagacctatgatgactigttagecaaagactgccactgeata
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SEQ ID NO:27

gatgctcataagicogaagtogeecacagattcaaggaccicggagaagaaaatittaaggccet
cgtecttategocticgeccaatacetccageagiocoegticgageaccacgigaagctiogigaa
cgaagtgaccgagtiteccaagactigtgtogcggateaatcogecgagaacigegacaagage
ctecacacgetgticggegacaageigtgcacegtcgocacgetigagagaaactiacggagaga
tgoccgactgeigegeaaageaggagecggaacguaacgaatecitccigeaacataaggacg
ataaccctaactigectiogectggicogeoctigaggtegacgtgatgigcaccgegttecacgaca
acgaggaaacctticttaagaagtacctgtacgagattgegeggaggcacccttatttctacgeece
cgaactgttgticticgccaageggtacaaggetgectitacegaatgetgecaggocgecgataa
gocgectigoctigotigocgaagctogacgagtigcgegatgaggggaagocgicctecgetaa
geageggctigaaatgigcgagectccagaagticggggagcaegocticaaggectggaocat
goegegecigicicaacggiicccgaaggeogagticgecgaagigtcgaagetggicaccgac
ctgacgasagtgcacaccgaatgtigicacgacgatctgctggaatgcgcogalgacagagsces
atttggccaagtacatetgegaaaaccaggacageatticgicaaagcigaaggaatgeteegaa
aagccectigciggaaaagtcccactgoategoggaagtegagaacgacgagatgccegocgac
ctecegicoctggeogeegatiicgiggagtcgaaggatgigtagcaagaactacgoagaagecaa
ggacgtgticcteggaatgtiicigtatgagtacgeccgecgccacecggactacteggicgtoct
cetgeigegactggeaaagacctacgaaaccacictggagaagigotgegeogecgeggacee
geacgagigetacgeaaaggigticgacgagticaagecactigtegaggagectcagaacciga
tcaageagaactgegaacigiicgagcagcigggagagtacaaattccagaacgegettciegty
cgcetacaccaagaaggicceccaggigtecacicegaceotggtggaagtgtccaggaaccisg
gaaaggicggctocaagigtigcaageatccegaggetaagegealgeccigegecgaggacta
cligtcogtgetgcigaateageigtgegtoctecalganaagaccocagtgtccgacagagtoac
caagtgctgtaccgaatcgetogtgaaccggeggocgigetittcegeactiggaggteeaceaan
cctacgigocgaaggagiicaacgeagaaaccticactitecacgocgacatetgeacicigtecg
agaaggagceggcagatiaggaageagacteccetggigeagctigigasacacaagoctasgg
ccaccaaagagcagcigaaggecgicatggatgatitcgeggoctticgtggaaaagigtigiaas
goggacgacaaggagactigeticgecgaagaaggaaagaageicgiggcagegicacaggce
cgctetggpoctegetagegracctgecceegetccagetectgeacoaggtaccgegegeaac
ggegaccactgicogeteggacceggacgtigetgecgtctgcacacggicegegogiogelg
gaagacctegoctggocegatigggtocigicgccacgggaggtgcaagtgaccatgigeatog
gegegigecegagecagiiceggacggcasacatgeacgegeagatcaagacgagectgeac
cgectgaageccgacacggtgocagegoectgotgogteccogecagetacaatcecatggioe
tcaticaaaagaccgacaceggggistegciccagacetatgatgactigttagecaaagactged
actgcata
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nucleic acid
encoding

SEQ ID NO:28

gatgctcataagicogaagtogeecacagattcaaggaccicggagaagaaaatittaaggccet
cgtecttategocticgeccaatacetccageagiocoegticgageaccacgigaagctiogigaa
cgaagtgaccgagtiteccaagactigtgtogcggateaatcogecgagaacigegacaagage
ctecacacgetgticggegacaageigtgcacegtcgocacgetigagagaaactiacggagaga
tgoccgactgeigegeaaageaggagecggaacguaacgaatecitccigeaacataaggacg
ataaccctaactigectiogectggicogeccigaggtegacgtgatgigcacegegttecacgaca
acgaggaaacctticttaagaagtacctgtacgagattgegeggaggcacccttatttctacgeece
cgaactgttgticticgccaageggtacaaggetgectitacegaatgetgecaggocgecgataa
gocgectigoctigotigocgaagctogacgagtigcgegatgaggggaagocgicctecgetaa
geageggctigaaatgigcgagectccagaagticggggagcaegocticaaggectggaocat
goegegecigicicaacggiicccgaaggeogagticgecgaagigtcgaagetggicaccgac
ctgacgasagtgcacaccgaatgtigicacgacgatctgctggaatgcgcogalgacagagsces
atttggccaagtacatetgegaaaaccaggacageatticgicaaagcigaaggaatgeteegaa
aagccectigciggaaaagtcccactgoategoggaagtegagaacgacgagatgccegocgac
ctecegicoctggeogeegatiicgiggagtcgaaggatgigtagcaagaactacgoagaagecaa
ggacgtgticcteggaatgtiicigtatgagtacgoccgecgccacecggactacteggicgiact
cetgeigegactggeaaagacctacgaaaccacictggagaagigotgegeogecgeggacee
geacgagigetacgeaaaggigticgacgagticaagecactigtegaggagectcagaacciga
tcaageagaactgegaacigiicgagcagcigggagagtacaaattccagaacgegettciegty
cgcetacaccaagaaggicceccaggigtecacicegaceotggtggaagtgtccaggaaccisg
gaaaggicggctocaagigtigcaageatccegaggetaagegealgeccigegecgaggacta
cligtcogtgeipcigaatecagetgtgegtociccatgaaaagaccocagigtcogacagagioac
caagtgctigtaccgaatcgetogtgaaccggeggocgigetittcegeactggaggteeaceaan
cctacgigocgaaggagiicaacgeagaaaccticactiiccacgocgacatetgeacicigtecy
agaaggagceggcagatiaggaageagacteccetggigeagctigigasacacaagoctasgg
ccaccaaagagcagcigaaggecgicatggatgatitcgeggocticgtggaaaagigtigtaas
goggacgacaaggagactigeticgecgaagaaggaaagaageicgiggcagegicacaggce
cgcictgggoctegotagegoaccigececegeiccageaccegeoccagececigetocegea
coagcetectgeaccaggtaccgctogeaacggteaccactigocctotggatcctggicgctgcty
cegectgeacaccegticgogetictciggaagacctgggtiggocigactggatictgictecicge
gaagticaggtiaccatgtgcateggtactigeectictcagticegegctgctaacatgeacgetca
gatcaaaaccictctgeaccgecigaaaceigacaccgticotgotectigotgegticetgctictia
caaccctatggtictgatccagaaaacegacaccggigtitetetgeagacetacgacgacetact
ggotaaagactsocactgcale
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encoding

SEQ ID NO:29

gatgctcataagicogaagtogeecacagattcaaggaccicggagaagaaaatittaaggccet
cgtectitategocticgeccaataceiccageagicecegttcgaggaccacgigaagctogigaa
cgaagtgaccgagtiteccaagactigtgtogcggateaatcogecgagaacigegacaagage
ctecacacgetgticggegacaageigtgcacegtcgocacgetigagagaaactiacggagaga
tgoccgactgeigegeaaageaggagecggaacguaacgaatecitccigeaacataaggacg
ataaccctaactigectiogectggicogeccigaggtegacgtgatgigcacegegttecacgaca
acgaggaaacctticttaagaagtacctgtacgagattgegeggaggcacccttatttctacgeece
cgaactgttgticticgccaageggtacaaggetgectitacegaatgetgecaggocgecgataa
gocgectigoctigotigocgaagctogacgagtigcgegatgaggggaagocgicctecgetaa
geageggctigaaatgigcgagectccagaagticggggagcaegocticaaggectggaocat
goegegecigicicaacggiicccgaaggeogagticgecgaagigtcgaagetggicaccgac
ctgacgasagtgcacaccgaatgtigicacgacgatctgctggaatgcgcogalgacagagsces
atttggccaagtacatetgegaaaaccaggacageatticgicaaagcigaaggaatgeteegaa
aagccectigciggaaaagtcccactgoategoggaagtegagaacgacgagatgccegocgac
ctecegicoctggeogeegatiicgiggagtcgaaggatgigtagcaagaactacgoagaagecaa
ggacgtgticcteggaatgtiicigtatgagtacgeccgecgccacecggactacteggicgtoct
cetgeigegactggeaaagacctacgaaaccacictggagaagigotgegeogecgeggacee
geacgagigetacgeaaaggigticgacgagticaagecactigtegaggagectcagaacciga
tcaageagaactgegaacigiicgagcagcigggagagtacaaattccagaacgegettciegty
cgcetacaccaagaaggicceccaggigtecacicegaceotggtggaagtgtccaggaaccisg
gaaaggicggctocaagigtigcaageatccegaggetaagegealgeccigegecgaggacta
cligtcogtgeipcigaatecagetgtgegtociccatgaaaagaccocagigtcogacagagioac
caagtgctigtaccgaatcgetogtgaaccggeggocgigetittcegeactggaggteeaceaan
cctacgigocgaaggagiicaacgeagaaaccticactitecacgocgacatetgeacicigtecg
agaaggagceggcagatiaggaageagacteccetggigeagctigigasacacaagoctasgg
ccaccaaagagcagcigaaggecgicatggatgatitcgeggocticgtggaaaagigtigtaas
goggacgacaaggagactigeticgecgaagaaggaaagaageicgiggcagegicacaggce
cgctctggpoctegetagegracctgecceegetccagecccageicoigoacctgetecagea
ceagcetoctigeaccagetccagecectgeacctgeaccogetccagocccageicctgeaccty
ctocageaccaggtaccgogegcaacggggaccacigtecgetogggoccgggegtigetgee
gtetgeacacggteegegegicgetggaagaccigggctignecegatiggotoctoicgocacy
ggagetogcaagigaccaigtgeateggegegtgoccgagecagiteoggoegacaaacatgea
cgegceagatcaagacgagectgraccgectgaageccgacacggigecagegoectgctacgt
goccgecagetacaatecoatggigetcaticaaaagacegacaccggggigicgetccagacct
atgateactigitagccaaagactgecactgcata
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SEQ ID NO:30

gatgctcataagicogaagtogeecacagattcaaggaccicggagaagaaaatittaaggccet
cgtecttategocticgeccaatacetccageagiocoegticgageaccacgigaagctiogigaa
cgaagtgaccgagtiteccaagactigtgtggcgoateaatcogecgagaacigegacaagage
ctecacacgetgticggegacaageigtgcacegtcgocacgetigagagaaactiacggagaga
tgoccgactgeigegeaaageaggagecggaacguaacgaatecitccigeaacataaggacg
ataaccctaactigectiogectggicogeccigaggtegacgtgatgigcacegegttecacgaca
acgaggaaacctticttaagaagtacctgtacgagattgegeggaggcacccttatttctacgeece
cgaactgtteticticgccaageggtacaaggetgectitacegaatgctgccaggocgecgataa
gocgectigoctigotigocgaagctogacgagtigcgegatgaggggaagocgicctecgetaa
geageggctigaaatgigcgagectccagaagticggggagcaegocticaaggectggaocat
goegegecigicicaacggiicccgaaggeogagticgecgaagigtcgaagetggicaccgac
ctgacgasagtgcacaccgaatgtigicacgacgatctgctggaatgcgcogalgacagagsces
atttggccaagtacatetgegaaaaccaggacageatticgicaaagcigaaggaatgeteegaa
aagccectigciggaaaagtcccactgoategoggaagtegagaacgacgagatgccegocgac
ctecegicoctggeogeegatiicgiggagtcgaaggatgigtagcaagaactacgoagaagecaa
ggacgtgticcteggaatgtiicigtatgagtacgeccgecgccacecggactacteggicgtoct
cetgeigegactggeaaagacctacgaaaccacictggagaagigotgegeogecgeggacee
geacgagigetacgeaaaggigticgacgagticaagecactigtegaggagectcagaacciga
tcaageagaactgegaacigiicgagcagcigggagagtacaaattccagaacgegettciegty
cgcetacaccaagaaggicceccaggigtecacicegaceotggtggaagtgtccaggaaccisg
gaaaggicggctocaagigtigcaageatccegaggetaagegealgeccigegecgaggacta
cligtcogtgeipcigaatecagetgtgegtociccatgaaaagaccocagigtcogacagagioac
caagtgctigtaccgaatcgetogtgaaccggeggocgigetittcegeactggaggteeaceaan
cctacgigocgaaggagiicaacgeagaaaccticactitecacgocgacatetgeacicigtecg
agaaggagceggcagatiaggaageagacteccetggigeagctigigasacacaagoctasgg
ccaccaaagagcagcigaaggecgicatggatgatitcgeggocticgtggaaaagigtigtaas
goggacgacaaggagactigeticgecgaagaaggaaagaageicgiggcagegicacaggce
cgcictgpgoctegotagegaagoageagocaaagaageagoeegcaaaagaageagoecgcta
aggageccgeagcasagggtacegegogeaacggggaccactgicogeteggacccgggeg
tigotgccgictgeacacggicogegegicgotgeaagacetggecigggecgatiggetpctst
cgecacgggagetocaagigaccatgigeateggogogigcccgagecagtiecgguogaca
aacatgeacglgeagateaagacgagecteracegecigangeeegacacgeigteagegee
ctgctgeptgccegocagetacaatcecatggtgctcaticaaaagaccgacaceggggigicsc
tccagacctatgatgactigtiagecaaagactgecactigeata
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nucleic acid
encoding

SEQ ID NO:40

gacgocecacaagagegaggisgoccaccggticaaggaccigggegaggagaacticaaggc
cotggtectgategocticgoccagtacctgeageagiocoecticgaggaccacgigaagoigg
teaacgaggioaccgagticgecaagaccigegiggocgacgagagegoigagaactggac
aagagcectgeacacectgticggogacaagetgigeacegtggocaceotgegggagaccetac
ggcgagateaccgactgeigegoecaageaggageocgageggaacgagtgetiectgeagea
caaggacgacaaccecaaccigeocoggeigatocggecegaggtagacgtgatgtocaccg
ccticcacgacaacgaggagaccticctgaagaagtacetigtacgagatcgeceggeggeacec
ctacttetacgececcgagetgctgticticgoecaagoggtacaaggecgecticaccgagtacte
ccaggocgoegacaaggocgccigeoigoigoccaageiggacgagctecgggacgageec
aaggecageagegocaagoagoggotgaagtocgocageoigoagaagticoggegoageggy
coticaaggoctgagecgiggcocggotgagecageggticcocaaggocgagitcgocgagy
tgagcaagcetggigaccgacetigaccaaggigcacaccgagigetgecacggegacetgetgg
agigzegeegacgaccgggecgacctggecaagtacatctgegagaaccaggacageaicage
agcaagcetgaaggagipcigegagaagocceigeiggagaagagccactgeatcgecgagsiy
gagaacgacgagatgeocgecgaccigeccageciggocgocgacticgtggagageaagga
cgtgtgcaagaactacgecgaggocaaggacgigitcctgeocatgticcigtacgagtacgeee
ggcggcaccecgactacagegtegtoctgctgctgeggeigaccaagacctacgagaccacee
tggagaagtgctgcgecgeegecgacceccacgagigetacgecaaggiaticgacgagticaa
geoectggtggagoagocecagaaccigatcaageagaactgegagetoticgageagetons
cgagtacaagticcagaacgecctgetggtgcggtacaccaagaaggigccocaggtgagcac
ccocacectggiggaggtgagccggaaccigggcaaggigggcagcaagisctgcaagcace
cogaggecaageggatgcccigegecgaggactacctgagegtggiecigaaccagetgigeg
tgctgeacgagaagacceccgtgagegaccgggtgaccaagtgotigeacegagageciggisa
accggeggeoetigettcagegeectggaggtosacgagacceiacgigoeccaaggagticaacy
cogagaccticaccticcacgecgacatetgeacectgagegagaaggascggcagateaaga
agcagaccgecciggigeasciggigaagcacaagoecoaagglraccaaggagcascigaag
gecgtgatggacgacticgoecgocticgiggagaagtocigraaggocgacgacaaggagace
tgcticgecgaggaggecaagaagetggiggccgocagecaggocgecoigggoctgggcag
cgaegglggegglagegacggcggoggalciggtggagaiggeagtogagaageeooatc
cgegegeaacggggaccactatecgetegggecegggegttgctgeegictgcacacggiceg
cgegtegetggaagacciggectgaoccgatigogigcigtegecacgggagetecaagizac
catgtgeateggegegtgcecgagecagticegggcggoaaacatgeacgegcagatcaagac
gagoctgcaccgectgaagoccgacacggteccagegeccigetgegtgeccgoeagetacaa
teceatggtectoattcanaagacegacaccggggtoicactccagacctatgatgactigtiage
caaagactgecactgeata
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nucleic acid
encoding

SEQ ID NO:55

gatgcacacaagagteagetigetcateggittanagattigggagaagaaaatitcaaagectiyg
gtgtigatigcctitgcteagtatcticagoaggccecattigaagatcaigtaaaatiagigaateaa
gtaactgaattigcaaaaacatgigtigetgaligagicagctgaaaatigtgacaaatcacticatac
cotttitggagacaaatiatgcacagiigeaacteticgtgaaacctatggtgaaatggcigaciget
gtgcaaaacaagaaccigagaganatgaaigetictigeaacacaaagatgacaacccaaacctc
cocogattggisagaccagaggtigatgigaigtecactgctiticatigacaatgaagagacattitt
gaaaaaatacttatatgaaatigecagaagacatecttactitiatgecceggaactocttticttiget
aaaaggtataaagcigcttitacagaatgtigccaagctgcigataaagetgecigectgtigocaa
agctegatgaacticgggatgaagggaaggecticgteigocaaacagagacicaagigigecagt
ciccaaaaatitgeagaaagagctitcaangeatgeocagtagetogocigagocagagatticec
aaagctgagitigcagaagtitccaagtiagigacagatctiaccaaagiccacacggaatgetgee
atgeagatctgctigaatgtoctoatgacagggcggacctigecaagiatatctigigaaaateaag
attcgatctccagtaaacigaag gaatgcigtgaaaaaccicigitggaaaaatcecactgeatige
cgaagtegaaaatgatgagatgeotgotgactigecticattagotgotgatitigtigaaagtaagyg
atgtitgcaaaaactatgctgaggcanaggatgtoticcigggoeatgtititgtatgaatatgcaagaa
gocatcctgattactotgtegtectgctgetigagactigecaagacatatgaaaccacictagagaa
gtectgigoegetgeagatecteatgaatgetatgecaaagigticgatgaattianacotetigieg
aagagcctcagaatitaatcaaacaaaatigigagcttitigageagetiggagagtacaaaticea
gaatgegctattagticgtiacaccaagaaagtaccecaagigicaaciccaactctigtagaggict
caagaaacctaggaaaagigeocagcaaatgtigtaaacaiccigaagcaaaaagaatgoeccigt
gcagaagactatctatccgtggicotgaaccagitatgtatotigcatgagaanacgccagtaagty
acagagtcaccaaatgetgoacagaatectiggtgaacaggogaccatgottifcageiciggaag
tcgatgaaacatacgticccaaagagtitaatgctgaaacattcaccticcatgcagatatatgcaca
ctitctgagaaggagagacaaatcaagasacaaacigeactigtigagotogiganacacaagec
caaggcaacasaagagcaactgaaagceigtialggatgatitcgcagctitigtagagaagiootg

caaggctgacgataaggagaccigetitgccgaggaggotaaaaaactigtigcigeaagicaag

Lo dind
clgectiaggotiaggeageggoggceecagcagesgegaeeecegalctggtygagateoc

agtggaggageeeoalccgoCgegaeggcagegecgacgacogatciggiogageigac
agtggaggageosoatccgegegeaacggggaccactgtccgotegggoeccgggegttgcty
cegictgeacacggtecgegegicgotggaagacciggactgggccgatigagigeigticgoca
cgggagotocaagtgaccatgtgcateggegogigecogagecagticcgggeggcasacaty
cacgegeagatcaagacgagectigeaccgectgaageccgacacggtoccagegocctgoty
cgteccegecagetacaateccatggigeicaticaaaagaccgacaceggggistegcicoaga
cclatgatgactigtiagecaaagactgecacigeata
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SEQ ID NO:56

gatgcacacaagagteagetigetcateggittanagattigggagaagaaaatitcaaagectiyg
gtgtigatigcctitgcteagtatcticagoaggccecattigaagatcaigtaaaatiagigaateaa
gtaactgaattigcaaaaacatgigtigetgaligagicagctgaaaatigtgacaaatcacticatac
cotttitggagacaaatiatgcacagiigeaacteticgtgaaacctatggtgaaatggcigaciget
gtgcaaaacaagaaccigagaganatgaaigetictigeaacacaaagatgacaacccaaacctc
cocogattgginagaccagaggtigatgigatgtecactgotiticatgacaatgaagagacattitt
gaaaaaatacttatatgaaatigecagaagacatecttactitiatgecceggaactocttticttiget
aaaaggtataaagcigcttitacagaatgtigccaagctgcigataaagetgecigectgtigocaa
agctegatgaacticgggatgaagggaaggecticgteigocaaacagagacicaagigigecagt
ciccaaaaatitgeagaaagagctitcaangeatgeocagiagetegocigagocagagatitoce
aaagctgagitigcagaagtitccaagtiagigacagatctiaccaaagiccacacggaatgetgee
atgeagatctgctigaatgtoctoatgacagggcggacctigecaagiatatctigigaaaateaag
attcgatctccagtaaacigaag gaatgcigtgaaaaaccicigitggaaaaatcecactgeatige
cgaagtegaaaatgatgagatgeotgotgactigecticattagotgotgatitigtigaaagtaagyg
atgtitgcaaaaactatgctgaggcanaggatgtoticcigggoeatgtititgtatgaatatgcaagaa
gocatcctgattactotgtegtectgctgetigagactigecaagacatatgaaaccacictagagaa
gtectgigoegetgeagatecteatgaatgetatgecaaagigticgatgaattianacotetigieg
aagagcctcagaatitaatcaaacaaaatigtgagcttitigagcagetigeagagtacaaaticea
gaatgegctattagticgtiacaccaagaaagtaccecaagigicaaciccaactctigtagaggict
caagaaacctaggaaaagigeocagcaaatgtigtaaacaiccigaagcaaaaagaatgoeccigt
gcagaagactatctatccgtgeicotgaaccagitatgtatotigcatgagaanacgccagtaagty
acagagtcaccaaatgetgoacagaatectiggtgaacaggogaccatgottifcageiciggaag
tcgatgaaacatacgticccaaagagtitaatgctgaaacattcaccticcatgcagatatatgcaca
ctitctgagaaggagagacaaatcaagasacaaacigeactigtigagotogiganacacaagec
caaggcaacasaagagcaactgaaagcigitatggateatitcgcagotitigtagagaagioctg
caaggctgacgataaggagaccigetitgccgaggaggotaaaaaactigtigcigeaagicaag
ctgectiaggotiageaccigeoceegetecageaccegecceagececigeiceegaccaget
cctgeaccagegegeaacggggaccactgiocgetogggoecggacgtitgctgccgicigeac
acggtecgegegtogetggaagacciggoctggocogatiggotoctgicgoracgggaggte

caagtgaccatgtocalcggcgegigoccgagecagticogggoggeaaacatgoacgegag

atcaagacgagectgeaccgectgaagecegacacggigecagegeccigetgegigeccgec
agctacaatcecatggigetcaticaaaagaccgacacegeggigtogciccagacctatgatga
ctigtiagecaaagactgocacigeata
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nucleic acid
encoding

SEQ ID NG:40
{Codon

optintization 1)

gatgcacacaagagteagetigetcateggittanagattigggagaagaaaatitcaaagectiyg
gtgtigattecctttgctcagtatcticageagicoccattigaagatcatgtaaaattagigaatgaag
taactgaattigcaaanacatgtgttgcigatgagtoageigaanatigigacaaatcacticatace
cititiggagacaaatiatgeacagtigeaacicticgtgaaacciatgaiganatggcigactectiat
gcaaaacaagaaccigagagaaatgaatgctictigcaacacaaagatgacaacccansacetocs
cogattgetzagaccagagotigatotaatatocactgctiticatgacaatgaagagacatiitiga
aaaaatacttatatgaaatigccagaagacatecttacttttalgeccoggaactoottitetttgotaa
aaggtataaagcigcitttacagaatgttoccaagcigetgataaagctocctgectgitgecaaag
ctegatgaacticgggatgaaggeaagocticgictgecaaacagagacicaagigigocagict
coaaaaatttggagaaagagctitcaaageatgggcagtagetcgoctgagecagagatticeca
aagctgagtitocagaagtticcaagitagigacagatcitaccaaagiccacacggaatgeigeca
tagagatctoctigaatgtoctaataacagegcggacctigccaagiatatcigteasaatcaagat
tegatctecagiaaactgaaggaatgctotgaaaaaccteigtiggaaaaatcocactgcatigecg
aagtggaaaatgatgagatgoctgetgactigecticattagetgctgatitisgtigaaagtaaggat
gtitecaaaaactatgcigaggeaaaggatgicticctggecalgttitigtateaatatgcaagaag
geatcctgattactctgtogtgetgetgetgagactigocaagacatatgaaaccacictagagaag
tgcigtgcegetgcagatectcatgaatgeiatgecanagtgticgatgaattiaaacctetigigea
agagcectcagaatitaatcagacaaaatigtgagctititgagcagettegagagtacaaaticeag
aatgcgctattagitegtiacaccaagaaagiaccocaagigtcaactecaactetigtagaggicic
aagaaacctaggaaaagiggocagoaaatgtigtaaacatecigaageaaaaagaatgcocigly
cagaagactatctatccglggicctgaaccagtiatgigtotiocaigagaaaacgccagtaagiga
cagagtcaccaaatgctgcacagaatoctiggigaacaggoegaccatgetiticagetciggaagt
cgatgaaacatacgticccaaagagtttaatgctgaaacaticaccticcatgcagatatatgeacac
ttictgagaaggagagacaaaicaagaaacaaactgeactigtigagetegtoaaacacaagece
aaggcaacaasagagcaacteaaagoetgtiatgoatgatitcgeagettitgtagagaagtoctoe
aaggctgacgataaggagaccigetitgecgaggagggtaaaasactigitgctgcaagicaage
tgccttaggctiaggeagegaegacggeggageggcegcggcggatcigatggaggtpaca
elggaggagogsoatcegogegoaacggggaccactgtecgetcgggeccgagegtigotge
cgtcigeacacggicogogegtegctgeaagaccigagctgggcegatigagtoctgicgocac
gogagetocaagtigaccaigtgeateggogoegtgoccgagecagticcgggeggcaaacatge
acgegeagatcaagacgagectgeaccgectgaageccgacacggteccagegeoctgoige
gtecccgecagetacaateccatggigeteaticaasagaccgacaceggggtotcgctccagac
ctatgatgacitgitagecasagactgecacigeata
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88

nucleic acid
encoding

SEQ ID NO:48

gatgcacacaagagteagetigetcateggittanagattigggagaagaaaatitcaaagectiyg
gtgtigatigcctitgcteagtatcticagoaggccecattigaagatcaigtaaaatiagigaateaa
gtaactgaattigcaaaaacatgigtigetgaligagicagctgaaaatigtgacaaatcacticatac
cotttitggagacaaatiatgcacagiigeaacteticgtgaaacctatggtgaaatggcigaciget
gtgcaaaacaagaaccigagaganatgaaigetictigeaacacaaagatgacaacccaaacctc
cocogattgginagaccagaggtigatgigatgtecactgotiticatgacaatgaagagacattitt
gaaaaaatacttatatgaaatigccagaagacatecttactitiatgecceggaactocttticttiget
aaaaggtataaagcigcttitacagaatgtigccaagctgcigataaagetgecigectgtigocaa
agctegatgaacticgggatgaagggaaggecticgteigocaaacagagacicaagigigecagt
ciccaaaaatitgeagaaagagctitcaangeatgeocagtagetogocigagocagagatticec
aaagctgagitigcagaagtitccaagtiagigacagatctiaccaaagiccacacggaatgetgee
atgeagatctgctigaatgtoctoatgacagggcggacctigecaagiatatctigigaaaateaag
attcgatctccagtaaacigaag gaatgcigtgaaaaaccicigitggaaaaatcecactgeatige
cgaagtegaaaatgatgagatgeotgotgactigecticattagotgotgatitigtigaaagtaagyg
atgtitgcaaaaactatgctgaggcanaggatgtoticcigggoeatgtititgtatgaatatgcaagaa
gocatcctgattactotgtegtectgctgetigagactigecaagacatatgaaaccacictagagaa
gtectgigoegetgeagatecteatgaatgetatgecaaagigticgatgaattianacotetigieg
aagagcctcagaatitaatcaaacaaaatigigagcttitigageagetiggagagtacaaaticea
gaatgegctattagticgtiacaccaagaaagtaccecaagigicaaciccaactctigtagaggict
caagaaacctaggaaaagigeocagcaaatgtigtaaacaiccigaagcaaaaagaatgoeccigt
gcagaagactatctatccgtgeicotgaaccagitatgtatotigcatgagaanacgccagtaagty
acagagtcaccaaatgetgoacagaatectiggtgaacaggegaccatgottifeageiciggaag
tcgatgaaacatacgticccaaagagtitaatgctgaaacattcaccticcatgcagatatatgcaca
ctitctgagaaggagagacaaatcaagasacaaacigeactigtigagotogiganacacaagec
caaggcaacasaagagcaactgaaagcigitatggateatitcgcagotitigtagagaagioctg

caaggctgacgataaggagaccigetitgccgaggaggotaaaaaactigtigcigeaagicaag

Lo dind
clgectiaggotiaggeageggoggceecagcagesgegaeeecegalctggtygagateoc

agtggageaggrogatccgogigcaacggggaccacigtccgetegggocogggogtigcty
cogtctgcacacggtecgegegtogcetggaagaccigggctgggecgatigggigcigtcgeca
cggeaggtecaagigaccalgtacalcggegogigecogagecaghicegggoggeaaacaty
cacgegeagatcaagacgagectgcaccgectgaageeegacacestoccagogeocigty
cgteccegecagetacaateccatggtgcteaticaaaagacegacaccggggiotcgctocaga
cclatgatgactigtiagceaaagacigecactgeata
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nucleic acid
encoding

SEQ ID NO:59

gatgcacacaagagteagetigetcateggittanagattigggagaagaaaatitcaaagectiyg
gtgtigattecctttgctcagtatcticageagicoccattigaagatcatgtaaaattagigaatgaag
taactgaattigcaaanacatgtgttgcigatgagtoageigaanatigigacaaatcacticatace
cititiggagacaaatiatgeacagtigeaacicticgtgaaacciatgaiganatggcigactectiat
gcaaaacaagaaccigagagaaatgaatgctictigcaacacaaagatgacaacccansacetocs
cogattgetzagaccagagotigatotaatatocactgctiticatgacaatgaagagacatiitiga
aaaaatacttatatgaaatigccagaagacatecttacttttalgeccoggaactoottitetttgotaa
aaggtataaagcigcitttacagaatgttoccaagcigetgataaagctocctgectgitgecaaag
ctegatgaacticgggatgaaggeaagocticgictgecaaacagagacicaagigigocagict
coaaaaatttggagaaagagctitcaaageatgggcagtagetcgoctgagecagagatticeca
aagcetgagtitocagaagtticcaagitagtgacagatcitaccaaagiccacacggaatgeigeca
tagagatctoctigaatgtoctaataacagegcggacctigccaagiatatetgtgaaaatcaagat
tegatctecagiaaactgaaggaatgctotgaaaaaccteigtiggaaaaatcecactgcatigecg
aagtggaaaatgatgagatgoctgetgactigecticattagetgctgatitisgtigaaagtaaggat
gtitecaaaaactatgcigaggeaaaggatgicticoiggecatgttittgtatgaatatgeaagaag
geatcctgattactctgtogtgetgetgetgagactigoccaagacatatgaaaccacictagagaag
tgcigtgcegetgcagatectcatgaatgeiatgecanagtgticgatgaattiaaacctetigigea
agagcectcagaatitaatcagacaaaatigtgagctititgagcagettegagagtacaaaticeag
aatgcgctattagitegtiacaccaagaaagiaccocaagigtcaactecaactetigtagaggicic
aagaaacctaggaaaagiggocagoaaatgtigtaaacatecigaageaaaaagaatgeocigly
cagaagactatctatccglggicctgaaccagtiatgigtotiocaigagaaaacgccagtaagiga
cagagtcaccaaatgctgcacagaatoctiggigaacaggoegaccatgetiticagetciggaagt
cgatgaaacatacgticocaaagagtttaatgctgaaacaticaccticcatgcagatatatgeacac
ttictgagaaggagagacaaaicaagaaacaaactgeactigtigagetegtoaaacacaagece
aaggcaacaasagagcaacteaaagoetgtiatgoatgatitcgeagettitgtagagaagtoctoe
aaggctgacgataaggagaccigetitgecgaggagggtaaaasactigitgctgcaagicaage
tgcctiaggctiageacctgococcgatecageacecgececageceatgoteccgeaccagete
ctgcaccagcegegraacgggeaccactgieogeicgggocegggogtisgctgeegtctgcaca
cggtocgegegtegoiggaagacctgggctgggocgatigggigeigtcgecacgggagaise
aagtgaccatgtgeateggegegigoocgagecagticcgggeggcaaacatgcacgogoeaga
tcaagacgagccigeaccgectgaageocgacacggigocagegeectgotgogigoecgeca
gctacaateccatggtectcaticaaaagacogacaccggggtetcgctecagacctatgaigact

tattagecaaagactigecacigeata
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90 | aucleic acid
encoding

SEQ ID NG:60
{Codon

optintization 1)

gatgcacacaagagteagetigetcateggittanagattigggagaagaaaatitcaaagectiyg
gtgtigattecctttgctcagtatcticageagtcoccattigaagatcatgtaaaattagigaatgaag
taactgaattigcaaanacatgtgttgcigatgagtoageigaanatigigacaaatcacticatace
cititiggagacaaatiatgeacagtigeaacicticgtgaaacciatgaiganatggcigactectiat
gcaaaacaagaaccigagagaaatgaatgctictigcaacacaaagatgacaacccansacetocs
cogattgetzagaccagaggtigatotaatatocactgctiticatgacaatgaagagacatittiga
aaaaatacttatatgaaatigccagaagacatecttacttttalgeccoggaactoottitetttgotaa
aaggtataaagcigcitttacagaatgttoccaagcigetgataaagctocctgectgitgecaaag
ctegatgaacticgggatgaaggeaagocticgictgecaaacagagacicaagigigocagict
coaaaaatttggagaaagagctitcaaageatgggcagtagetcgoctgagecagagatticeca
aagcetgagtitocagaagtticcaagitagtgacagatcitaccaaagiccacacggaatgeigeca
tagagatctoctigaatgtoctaataacagegcggacctigccaagiatatcigteasaatcaagat
tegatctecagiaaactgaaggaatgctotgaaaaaccteigtiggaaaaatcocactgcatigecg
aagtggaaaatgatgagatgoctgetgactigecticattagetgctgatitisgtigaaagtaaggat
gtitecaaaaactatgcigaggeaaaggatgicticoiggecatgttittgtatgaatatgeaagaag
geatcctgattactctgtogtgetgetgetgagactigocaagacatatgaaaccacictagagaag
tgcigtgcegetgcagatectcatgaatgeiatgecanagtgticgatgaattiaaacctetigigea
agagcectcagaatitaatcagacaaaatigtgagctititgagcagettegagagtacaaaticeag
aatgcgctattagitegtiacaccaagaaagiaccocaagigtcaactecaactetigtagaggicic
aagaaacctaggaaaagiggocagoaaatgtigtaaacatecigaageaaaaagaatgeocigly
cagaagactatctatccglggicctgaaccagtiatgigtotiocaigagaaaacgccagtaagiga
cagagtcaccaaatgctgcacagaatoctiggigaacaggoegaccatgetiticagetciggaagt
cgatgaaacatacgticocaaagagtttaatgctgaaacaticaccticcatgcagatatatgeacac
ttictgagaaggagagacaaaicaagaaacaaactgeactigtigagetegtoaaacacaagece
aaggcaacaasagagcaacteaaagoetgtiatgoatgatitcgeagettitgtagagaagtoctoe
aaggctgacgataaggagaccigetitgecgaggagggtaaaasactigitgctgcaagicaage
tgccttaggctiaggeagogaegacggeggrageggcegcggcggatcigaiggaggtpaca
gtzgaggagoeggatcoggoggcgaeggcageggogecgecggalctggipgaggteaca
gtggageasooooatecgcgogcaacggggaccactgicegetegggecogggegtigetac
cgtctgeacacggiccgegegtcgetggaagacciggactgeoccgatiggatoctgtegooac
gggagotocaagtgaccatgtecatcggegegtocccgagecagticegggeggcaaacatgc
acgegeagatcaagacgagectgcaccgectgaageecgacacggigecagegeoctgeige
gizecegecagetacaateccatggtecicaticasaagacegacaccggggtgicgciccagac
ctatgatgactigttagccaaagactgccactecata
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DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLGSGGGG
SGGGGSGOGGSGOGHSGCGEHSGCGHSGCGESGCOGSDHCPLGPG
RCCRLHTVRASLEDEGWADWVLSPREVOVTMCIGACPSQFRAANM
HAQIKTSLHRLKPDTVPAPCCVPASYNEMVLUICKTDTGVSLOTYDD
LEAKDCHCY

WO 2017/196647

92 | HRA(C348) ~
GS-(GGGGS)
~GDF1S
{delction 4)

03 | HSA ((C348)-
GS-{GGGGS)s-
GDF13

{deletion 5)

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLGQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTIKVHTECCHGDLLECADDRADLAKYICENQDISISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLIRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKONCELFEQLGEYKFONALLVR
YTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VINQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLEKAV
MDDFAAFVEKCCEADDKETCFAEEGKKIVAASQAALGLGSGGGE
SGGGGSGGGGSGGGGSGGGESGGGESGGGGSGUGGGSHCPLGPGR
CCRLHTVRASLEDLGWADWVLSPREVOVTMUCIGACPSQFRAANM
HAQIKTSLHRLKPDTVPAPCCVPASYNPMVLIOKTDTGVSLQTYDD
LLAKDCHCI

94

5% histiding tag-
HSA (C345)-
GS+GGGGS)s-
HRV3C site

GDF15

EFHHHHHHDAHKSEVAHRRFKDLGEENFKALVLIAFAQYLQOSPFED
HVKLVNEVTEFAKTCVADESAENCDKSLHTUFGDKLCTVATLRETY
YGEMADCCAKQEPERNECFLOHKDDNPNLPRLVRPEVDVMUCTAFH
DNEETFLKKYLYEIARPRHPYFYAPELLFFAKRYKAAFTECCOAADK
AACLLPKLDELRDEGEKASSAKQRLEKCASLOKFGERAFKAWAVARL
SQRFPEAEFAEVSKLVTBLTKVHTECCHGDLLECADDRADLAKYIC
ENQDSISSKLEECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVES
KDVCENYAFEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTL
EKCCAAADPHECYARVEDEFKPLVEEPONLIKOQNCELFEQLGEYKF
ONALLVRYTKEVPOVSTPTLVEVSENLGKVGSKCCKHPEARKRMPC
AEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVD
ETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPRKATK
EQLKAVMDDFAAFVERCCKADDKETCFAEEGKKLVAASQAALGL
GSGGGGSGGGGESGGGGSGGGESLEVLFOQGPARNGDHCPLGPGROC
RLUHTVRASLEDLGWADWVLSPREVOVTMCIGACPSQFRAANMHA
QIKTSLHRLKPDTVPAPCCVPASYNPMVLIOKTDTGVSLOTYDDLL
AKDCHCI

126
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NS
W

nucleic acid
encoding

SEQ ID NG:92
{Codon

optintization 1)

GATGCACACAAGAGTCGAGGTTGCTCATCOGTTITAAAGATTTGGO
AGAAGAAAATTTCAAAGCCTTIGGTGTTGATTGCCTTTGCTCAGTA
TCTTCAGCAGTCCCCATTTGAAGATCATGTAAAATTAGTGAATGA
AGTAACTGAATTTOGCAAAAACATGTGTTGCTGATGAGTCAGCTG
AAAATTGTGACAAATCACTICATACCCTTTTTGGAGACAAATTAT
GCACAGTTGCAACTCTTCGTGAAACCTATGGTGAAATGGCTGAL
TCCTGTGCAAAACAAGAACCTGAGAGAAATCGAATGOTICTIGCA
ACACAAAGATGACAACCCAAACCTCCCCCGATTGGTGAGACCAG
AGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAGACA
TTTTTCAAAAAATACTTATATCGAAATTGCCAGAAGACATCCTTAC
TTTTATGCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCT
GCTTTTACAGAATGTTGCCAAGCTGCTGATAAAGCTGQCCTGCCTG
TTGCCAAAGCTCGATCAACTTCGGGATCAAGGCAAGGCTTICGTC
TOCCAAACAGACGACTCAAGTOTGCCAGTCTCCAAAAATTTOGAG
AAAGAGCTTTCAAAGCATGGGCAGTAGCTCGCCTGAGCCAGAGA
TTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGAT
CTTACCAAAGTCCACACGGAATGCTGCCATGCAGATCTGCTTGA
ATGTGCTGATCACAGGGCGCGACCTTGCCAAGTATATCTGTGAAA
ATCAAGATTCGATCTCCAGTAAACTGAAGGAATGCTGTGAAAAA
CCTCTGTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAATGA
TGAGATGCCTOGCTGACTTGCCTTCATTAGCTGCTGATTTTOTTGA
AAGTAAGGATGTTTGCAAAAACTATGCTGAGGCAAAGGATGTCT
TCCTOGGCATGTTITTGTATGAATATGCAAGAAGGCATCCTGATT
ACTCTGTCGTGCTGCTGCTGAGACTTIGCCAAGACATATGAAACC
ACTCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATGAATGCTA
TGCCAAAGTOTTCGATCGAATTTAAACCTCTTIGTGGAAGAGCCTC
AGAATTTAATCAAACAAAATTGTGAGCTTTTITGAGCAGCTTGGA
GAGTACAAATTCCAGAATGCGCTATTAGTICGTITACACCAAGAA
AGTACCCCAAGTGTCAACTCCAACTCTTGTAGAGGTICTCAAGAA
ACCTAGGAAAAGTGGGCAGCAAATGTTIGTAAACATCCTGAAGCA
AAAAGAATGCCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAA
CCAGTTATGTGTGTTGCATCGAGAAAACGCCAGTAAGTGACAGAG
TCACCAAATGCTGCACAGAATCCTTGGTGAACAGGCGACCATGC
TTTTCAGCTCTGGAAGTCGATGAAACATACGTTICCCAAAGAGTTT
AATGCTGAAACATTICACCTTCCATGCAGATATATGCACACTTICT
GAGAAGGAGAGACAAATCAAGAAACAAACTGCACTTGTTGAGC
TCOCTCAAACACAAGCCCAAGGCAACAAAAGAGCAACTGAAAGC
TCTTATGCATGATTTCCCAGCTTTTCTAGAGAAGTGCTOGCAAGGC
TCACGATAAGGAGACCTGCTTTGCCGAGGAGGGTAAAAAACTTG
TTGCTGCAAGTCAAGCTGCCTTAGOGGCTTGGAAGCGGCOGGAGGE
GGGAGTGGCGGCGOTGGCTCCGGGGGGGGCGGATCCGOGOGGAG
GGGGCAGCGGGOGGTGGAGGGAGTGGCGGGGGAGGATCAGGGGO
AGGAGGATCAGGAGGGGGLGGAAGTGATCATIGCCCTCTCGEGO
CCGGACGGTGTTGCCGCCTCCACACTGTGAGGGCTTCACTTGAA
GACCTTGGATGOGCCGACTGGGTGUTGTCCCCAAGAGAGHTACA
AGTCACAATCTCTATTGGCGCCTGCCCCAGCCAGTTTCGLGLCGO
TAACATCGCACGLCCCAGATAAAAACCAGCCTGCACCGUCTGAAGO
CCCGACACGGTCGCCAGCGCCCTOUTGLGTGCCCGCCAGCTACAAT
CCCATGOTOCTCATTCAAAAGACCGACACCGOGOTOTCCCTCCA
GACCTATGATGACTTGTTAGCCAAAGACTGCCACTGCATA




WO 2017/196647 PCT/US2017/031197
96 | aucleic acid GGOCACCACTGTCCGCTCGOGGCCCGLGCOTTGCTGCCGTCTGCA

encoding

SEQ ID NO:7

CACGGTCCGCGCGTCGCTGGAAGACCTGGGCTOGGCCGATTGGE
TCCTGTCGCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGCG
TCCCCGAGCCAGTTCCGGGCGGLAAACATGCACGCGCAGATCAA
GACGAGCCTGCACCGLCTGAAGCCCGACACGOTGUCAGCGCOCT
GCTGCGTGCCCOGUCAGCTACAATCCCATGOGTGUTCATTCAAAAG
ACCGACACCGGGOTOTCGCTCCAGACCTATGATCGACTTGTTAGO
CAAAGACTGCCACTGCATA

97

nucleic acid
encoding
SEQG IDNO:S
{Codon

optimization 1}

CACCACTOTCCGCTCGGGCCCQGOCGTTIGCTGCCOTCTGCACALC
GCTCCGCGCOGTCGCTGCAAGACCTGGGCTGGGCCGATTGGGTGC
TGTCGCCACGOGAGGTGCAAGTGACCATGTGCATCGGCGCGTGC
CCGAGCCAGTTCCGGGCGGCAAACATGCACGCGCAGATCAAGAC
GAGCCTGCACCGCCTGAAGCCCGACACGGTGCCAGCGCCCTGOT
GCGTGCCCGCCAGCTACAATCCCATGGTGCTCATTCAAAAGACC
GACACCGGGGTGTCGCTCCAGACCTATGATGACTTGTTAGCCAA
AGACTGCCACTGCATA

98

nucleic acid
encoding
SEQG IDNO:S
{Codon

optimization 2}

GATCATTGCCCTCTCGGGCCCGCACGOTGTTGCCGCCTCCACALCT
GTGAGGGCTTCACTTGAAGACCTTGGATGGGCCGACTGGGTGCT
GTCCCCAAGAGAGGTACAAGTCACAATGTGTATTGGCGCOTGCC
CCAGCCAGTTTCGCGCCGCTAACATGCACGCCCAGATAAAAACC
AGCCTGCACCGCCTGAAGCCCGACACGOTGCCAGCGCCCTGCTC
COTGCCCGCCAGCTACAATCCCATGGTGCTCATICAAAAGACCG
ACACCGGGGTGTCGCTCCAGACCTATGATGACTTIGTTAGCCAAA
GACTGCCACTGCATA

99

nucleic acid
encoding
SEQG IDNO:S
{Codon

optimization 3}

GATCATTGTCCCCTTGGACCGGGTAGATGCTGTCGCCTGCACACT
GTGCGGGCTTCACTGGAGGACCTCGGCTGGGCTCACTGGGTGCT
GTCCCCACGGCAGGTGCAAGTGACCATGTGCATCGGCGCCTGTC
CTTCGCAATTCCGGGCCGCGAATATGCACGCCCAGATCAAGACC
TCCCTGCATCGCCTCAAGCCCGACACTGTGCCTGCTCCATGCTGT
GTGCCGGCCTCCTATAACCCCATGGTGCTGATCCAGAAAACCGA
TACCGGCGTCAGCCTGCAGACGTATGATGATCTGCTGGCCAAGG
ACTGCCATTGCATC

166

nucleic acid
encoding
SEQ D NO:©
{Codon

optimization 1}

CACTGTCCGLTCGGGCCCGGGCOTTGCTGCCGTCTGCACACGOTC
CGCGCOTCGCTGCAAGACCTGGGCTGGGCCCATTCGGOTGCTGTC
GCCACGGGAGGTGCAAGTCGACCATCTGCATCGGCGCOTGCCCGA
GCCAGTTCCGGGCGGCAAACATGCACGCGCAGATCAAGACGAG
CCTGCACCGCCTGAAGCCCGACACGGTGCCAGCGCCCTGCTGCG
TGCCCOGUCAGCTACAATCCCATGOTGCTCATTCAAAAGACCGAC
ACCGGGGTGTCGUTCCAGACCTATGATGACTTGTTAGCCAAAGA
CTGCCACTGCATA

128
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101

nucleic acid
encoding
SEQ ID NG9
{Codon

optinnization 2}

CATTGCCCTCTCGGGCCCGGACGGTOCTTGCCGCCTCCACACTGTG
AGGGCTTCACTTGAAGACCTTGGATGGGCCGACTGOGGTGCTGTC
CCCAAGAGAGGTACAAGTCACAATGTGTATTGGCGCOTGCCCCA
GCCAGTTTCGCGCCGCTAACATGCACGCCCAGATAAAAACCAGC
CTGCACCGCCTGAAGCCCGACACGGTGLCAGCGCCCTGLTGCGT
GCCCGCCAGCTACAATCCCATGGTGUTCATICAAAAGACCGACA
CCOGGGGTGTCGUCTCCAGACCTATGATGACTTGTTAGCCAAAGALC
TGCCACTGCATA

102

nucleic acid
encoding
SEQ ID NG9
{Codon

optimization 3)

CATTGTCCCCTITGGACCGGOGTAGATGCTGTCGCCTGCACACTGTG
CGGGCTTCACTGGAGOACCTCGOGCTCGOCTCACTGGGTGCTIGTC
CCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGCCTGTCCTT
CGCAATTCCGGGCCGCGAATATGCACGCCCAGATCAAGACCTCC
CTGCATCGCCTCAAGCCCGACACTGTGCCTGCTCCATGCTGTGTG
CCOGGCCTCCTATAACCCCATGGTGUTGATCCAGAAAACCGATAL
CGGOGTCAGCCTGCAGACGTATGATGATCTGOTGGUCAAGGACT
GCCATTGCATC

103

nucleic acid
encoding

SEQ ID NG 10
{Codon

optintization 1)

TCTCCGCTCGGGCCCOGGCOTTGCTCCCOTCTGCACACOGTCCGC
GCGTCGCTGGAAGACCTGGGCTGOGGCCGATTGGGTGCTGTCGCC
ACGGGAGGTGCAAGTGACCATGTGCATCGOCGCGTGCCCGAGCO
AGTTCCOGGCGGCAAACATGCACGCGCAGATCAAGACGAGCCTC
CACCGCCTGAAGCCCGACACGGTGCCAGCGCCCTGCTGLGTGCC
CGCCAGCTACAATCCCATGGTGCTCATTCAAAAGACCGACACCG
GGGTGTCOGCTCCAGACCTATGATGACTTIGTTAGCCAAAGACTGC
CACTGCATA

104

nucleic acid
encoding

SEQ ID NG 10
{Codon

optimization 2)

TCCCCTCTCOGGCCCGGACGGTCGTTGCCGCCTCCACACTOTOAG
GOGCTTCACTTGAAGACCTTGOATGOGCCCACTGOGTGCTGTCCC
CAAGAGAGGTACAAGTCACAATGTGTATTGGCGCCTGCCCCAGE
CAGTTTCGCGCCGCTAACATGCACGCCCAGATAAAAACCAGCCT
GCACCGCCTGAAGCCCGACACGGTGCCAGCGCCCTGCTGCGTEC
CCGCCAGCTACAATCCCATGGTGCTCATTCAAAAGACCGACACC
GGGGTGTCGCTCCAGACCTATGATGACTTGTTAGCCAAAGACTG
CCACTGCATA

129
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105

nucleic acid
encoding

SEQ ID NG 10
{Codon

optintization 3)

TCTCCCCTTGCACCOGOTAGATGCTGTCGCCTOCACACTOTGCGO
GCTTCACTGGAGGACCTCGGCTGGGCTGACTGGGTGCTIGTCCCC
ACGOGAGGTGCAAGTGACCATGTGCATCGGCGCCTGTCCTTCGC
AATTCCOGGCCGCGAATATGCACGCCCAGATCAAGACCTCCCTG
CATCGCCTCAAGCCCCGACACTGTIGCCTGCTCCATGCTGTGTGLCG
GCCTCCTATAACCCCATGGTGUTGATCCAGAAAACCGATACCGG
CGTCAGCCTGCAGACGTATGATGATCTGCTGGCCAAGGACTGCC
ATTGCATC

106

nucleic acid
encoding
SEQID NG: 1
{Codon

optimization 1)

TCCCOTCTGCACACGOTCCGCGCOTCGCTGGAAGACCTGGGCTG
GGCCOATTGGGTGCTGTCGCCACGGGAGGTGCAAGTGACCATGT
GCATCGGCGCGTGCCCGAGCCAGTTCCGGGCGGCAAACATGCAL
GCGCAGATCAAGACGAGCCTGCACCGCCTGAAGCCCGACACGGT
GCCAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGTGC
TCATTCAAAAGACCGACACCGGGOTOTCGOTCCAGACCTATGAT
GACTTGTTAGCCAAAGACTGCCACTGCATA

167

nucleic acid
encoding
SEQID NG: 1
{Codon

optinnization 2}

TCCCGCCTCCACACTGTCAGGGCTTCACTTGAAGACCTTGGATG
GGCCGACTGGOTGCTGTCCCCAAGAGAGGTACAAGTCACAATGT
GTATTGGCGCCTGCCCCAGCCAGTTTCGCGCCGCTAACATGCAC
GCCCAGATAAAAACCAGCCTGCACCGCCTGAAGCCCGACACGGT
GCCAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGTGC
TCATTCAAAAGACCGACACCGGGGTGTCGCTCCAGACCTATGAT
GACTTGTTAGCCAAAGACTGCCACTGCATA

108

nucleic acid
encoding
SEQID NG: 1
{Codon

optimization 3)

TCTCCCCTCCACACTCTCCOGGGCTTCACTGGAGCGACCTCGOOTG
GGCTCGACTGOOGTGCTOTCCCCACGOCAGGTGCAAGTCACCATGT
GCATCGOCOCCTGTCCTTCOCAATTCCOOGCCGCGAATATGCAL
GCCCAGATCAAGACCTCCCTGCATCGCCTCAAGCCCGACACTGT
GCCTGCTCCATGCTGTGTGCCGGCCTCCTATAACCCCATGGTGET
GATCCAGAAAACCGATACCGGCGTCAGCCTGCAGACGTATGATG
ATCTGCTGOCCAAGGACTGCCATTGCATC
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109

nucleic acid
encoding

SEQ ID NG:60
{Codon

optinnization 2}

GATGCGCACAAGTCOGAAGTOOCCCATCOCTTTAAGGACCTGGE
AGAAGAGAACTTCAAGGCCCTGOTCCTCGATCGCGTTCGCCCAGT
ACCTCCAGCAGTCCCCGTTTGAGGACCACGTCAAGCTTGTGAAC
GAAGTGACCGAGTTCGCAAAGACTTGTGTGGCCGATGAGTCCGC
CGAAAACTGCGACAAGTCCOTGCACACCTTIGTTICGGAGACAAGC
TOTGCACCGTCGCGACTTTGCGGGAGACTTACGGLGAAATGGOG
GACTGCTGCGCAAAGCAGGAGCCCGAAAGGAACGAGTGCTTCCT
GUAACACAAGGACGACAACCCGAACCTTCCGAGACTCGTGCGGO
CTGAGGTCGACGTGATOTGCACTGCATTCCATGATAACGAAGAA
ACATTCCTGAACGAAGTACCTGTATCGAAATTGCCAGACGCCACCC
GTACTTCTACGCCCCCGAACTGCTOGTTCTTCGCCAAGAGATACAA
GGCCGCCTTTACCGAATCTTGTCAAGCCCGCCGATAAGGCAGCGT
GCCTGCTGCCCAAGTTGGACGAGCTCAGGGACGAAGGAAAGGT
CTCOTCCOGCCAAGCAGAGGCTGAAGTGCGCOTCGCTCCAGAAGT
TTGCAGAGCGOGCTTTTAAGGCCTGOGCAGTGGCTAGGTTGAGC
CAGAGGTTCCCCAAGGCGCAGTTTGCCCGAAGTGTCCAAGCTCGT
GACTCACCTGACTAAAGTCCATACCCAATGCTGCCACGGCGATC
TCCTCCAATGCGCAGATGACCOGGCCGATTITCGCCAAGTACATT
TCCCAAAACCAAGACTCCATAAGCTCCAAGCTCAAGOAGTGCTG
TGAAAAGCCTCTGCTCGAGAAGTCCCACTGTATCGCCGAGGTGG
AGAACGACGAAATGCCGGCAGACCTCCCTAGCCTGGCAGCCGAL
TTCGTCGAATCCAAGGACGTGTGCAAGAACTACGUCCGAAGCGAA
GGACGTGTTCCTGGGAATGTTCCTGTACGAGTACGCCAGACGGC
ATCCAGACTACTCCOTGGTGCTTCTCTITGCGGCTGGCCAAGACTT
ATGAAACGACCCTGGAGAAATGTTIGCGCTGCTGCTGACCCACALC
GAGTGCTACGCCAAAGTGTTCGACGAGTITAAGCCTCTCOTGGA
GGAACCCCAGAACCTCATCAAGCAGAACTGCGAACTTTTCGAGO
AGCTCGGGGAGTACAAGTTCCAAAACGCGUTGCTTGTCCGCTAL
ACCAAGAAAGTGCCGCAAGTGTCCACACCGACCCTCGTGGAAGT
GTCCAGGAACCTGGUOCAAAGTCOUAAGCAAATOTTGCAAGCALCC
CCGAAGCCAAGCGCATGCCGTGCGCAGAGGACTACCTTICCGETG
GTGTTGAACCAGCTCTGCOTCCTGCACGAAAAGACCUCGOTOTC
AGACCGCOTOACCAAGTOCTGTACCGAAAGCCTCGTCGAATCGGL
GCCCCTGCTICTCGOCCCTGGAGGTGGACGAAACTTACGTGLCG
AAAGAGTTCAACGCGCAAACCTTCACCTTTCATGCCGATATCTG
CACCCTGTCCGAGAAGGAGCGGCAGATCAAGAAGCAGACCGCC
CTGGTGGAGCTTGTGAAACACAAGCCGAAGGCCACTAAGGAAC
AGCTGAAGGCCGTCATGCACGATTTICGCTGCCTTCGTCGAGAAG
TCGCTGCAAGGCCGACGACAAGGAGACTTGCTTCGCTGAAGAAGG
GAAGAAGCTTGTGGCCGCTAGCCAGGCTGCACTGGGACTGGGTA
GCGOGTGGAGGGGGATCAGGGGGTGGTGGATCGGGAGGAGGAGG
ATCAGGAGGTGGCGGCTCAGGAGGAGGCGGATCAGGCGOTGGA
GGATCCGGAGGCOGGAGGATOGGGTGGAGGAGGCTCAGCGAGGA
ACGGGGATCATTGTCCCCTTGCGACCGGGTAGATGCTGTCGCCTG
CACACTGTGCGGOCTTCACTGGAGGACCTCGGCTGGGUTGACTG
GGTGCTGTCCCCACGGGAGGTGCAAGTCACCATGTGCATCGGOG
CCTGTCCTTCGCAATICCGOGCCGUGAATATGCACGCCCAGATC
AAGACCTCCCTGCATCGCCTCAAGCCCGACACTGTGCCTGCTCCA
TOCTGTGTGUCGOCCTCCTATAACCCCATGGTGCTCGATCCAGAAA
ACCGATACCCCGCOTCAGCCTGCAGACGTATGATCGATCTGCTGGC
CAAGGACTOCCATIGCATC
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116

nucleic acid
encoding

SEQ ID NG:92
{Codon

optinnization 2}

GATGCGCACAAGTCOGAAGTOOCCCATCOCTTTAAGGACCTGGE
AGAAGAGAACTTCAAGGCCCTGOTCCTCGATCGCGTTCGCCCAGT
ACCTCCAGCAGTCCCCGTTTGAGGACCACGTCAAGCTTGTGAAC
GAAGTGACCGAGTTCGCAAAGACTTGTGTGGCCGATGAGTCCGC
CGAAAACTGCGACAAGTCCOTGCACACCTTIGTTICGGAGACAAGC
TOTGCACCGTCGCGACTTTGCGGGAGACTTACGGLGAAATGGOG
GACTGCTGCGCAAAGCAGGAGCCCGAAAGGAACGAGTGCTTCCT
GUAACACAAGGACGACAACCCGAACCTTCCGAGACTCGTGCGGO
CTGAGGTCGACGTGATOTGCACTGCATTCCATGATAACGAAGAA
ACATTCCTGAACGAAGTACCTGTATCGAAATTGCCAGACGCCACCC
GTACTTCTACGCCCCCGAACTGCTOGTTCTTCGCCAAGAGATACAA
GGCCGCCTTTACCGAATCTTGTCAAGCCCGCCGATAAGGCAGCGT
GCCTGCTGCCCAAGTTGGACGAGCTCAGGGACGAAGGAAAGGT
CTCOTCCOGCCAAGCAGAGGCTGAAGTGCGCOTCGCTCCAGAAGT
TTGCAGAGCGOGCTTTTAAGGCCTGOGCAGTGGCTAGGTTGAGC
CAGAGGTTCCCCAAGGCGCAGTTTGCCCGAAGTGTCCAAGCTCGT
GACTCACCTGACTAAAGTCCATACCCAATGCTGCCACGGCGATC
TCCTCCAATGCGCAGATGACCOGGCCGATTITCGCCAAGTACATT
TCCCAAAACCAAGACTCCATAAGCTCCAAGCTCAAGOAGTGCTG
TGAAAAGCCTCTGCTCGAGAAGTCCCACTGTATCGCCGAGGTGG
AGAACGACGAAATGCCGGCAGACCTCCCTAGCCTGGCAGCCGAL
TTCGTCGAATCCAAGGACGTGTGCAAGAACTACGUCGAAGCGAA
GGACGTGTTCCTGGGAATGTTCCTGTACGAGTACGCCAGACGGC
ATCCAGACTACTCCOTGGTGCTTCTCTITGCGGCTGGCCAAGACTT
ATGAAACGACCCTGGAGAAATGTTIGCGCTGCTGCTGACCCACALC
GAGTGCTACGCCAAAGTGTTCGACGAGTITAAGCCTCTCOTGGA
GGAACCCCAGAACCTCATCAAGCAGAACTGCGAACTTTTCGAGO
AGCTCGGGGAGTACAAGTTCCAAAACGCGUTGCTTGTCCGCTAL
ACCAAGAAAGTGCCGCAAGTGTCCACACCGACCCTCGTGGAAGT
GTCCAGGAACCTGGUOCAAAGTCOUAAGCAAATOTTGCAAGCALCC
CCGAAGCCAAGCGCATGCCGTGCGCAGAGGACTACCTTICCGETG
GTGTTGAACCAGCTCTGCOTCCTGCACGAAAAGACCUCGOTOTC
AGACCGCOTOACCAAGTOCTGTACCGAAAGCCTCGTCGAATCGGL
GCCCCTGCTICTCGOCCCTGGAGGTGGACGAAACTTACGTGLCG
AAAGAGTTCAACGCGCAAACCTTCACCTTTCATGCCGATATCTG
CACCCTGTCCGAGAAGGAGCGGCAGATCAAGAAGCAGACCGCC
CTGGTGGAGCTTGTGAAACACAAGCCGAAGGCCACTAAGGAAC
AGCTGAAGGCCGTCATGCACGATTTICGCTGCCTTCGTCGAGAAG
TCGCTGCAAGGCCGACGACAAGGAGACTTGCTTCGCTGAAGAAGG
GAAGAAGCTTGTGGCCGCTAGCCAGGCTGCACTGGGACTGGGTA
GCGOGTGGAGGGGGATCAGGGGGTGGTGGATCGGGAGGAGGAGG
ATCAGGAGGTGGCGGCTCAGGAGGAGGCGGATCAGGCGOTGGA
GGATCCGGAGGCGGAGGATOGGGTGGAGGAGGUTCAGATCATT
GTCCCCTTGGACCGGGTAGATGCTGTCGCCTGCACACTGTIGEGE
GCTTCACTGGAGGACCTCGGCTGGGCTGACTGGGTGCTGTCCCC
ACGGGAGGTCGCAAGTGACCATGTGCATCGGCGCCTGTOCTTCGC
AATTCCGGGCOGUGAATATCCACGCCCAGATCAAGACCTCCCTG
CATCGCCTCAAGCCCGACACTETGCCTGCTCCATGOTOTGTGLCG
GCCTCCTATAACCCCATGGTGUCTGATCCAGAAAACCGATACCGG
CGTCAGCCTGCAGACGTATGATGATCTGCTGGCCAAGGACTGCC
ATTCGCATC
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11

HSA(C348)-GS-
(GGGGS)s-
{Deletion 5)

GDFIS

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLGSGGGG
SGQGGSGOGGSGCGHSGCGESGOEESGCGEGSOGGGGSHCPLGPOR
CCRLHTVRASLEDLGWADWVLSPREVOVIMCIGACPSQFRAANM
HAQIKTSLHRLKPDTVPAPCCVPASYNEMVLUICKTDTGVSLOTYDD
LEAKDCHCY

HSA(C348)-GS-
(GGGGS)s-
{deketion 14)

GDF15

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLGQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTIKVHTECCHGDLLECADDRADLAKYICENQDISISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLIRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKONCELFEQLGEYKFONALLVR
YTKKVPOQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSY
VINQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKEQLEKAV
MDDFAAFVEKCCEADDKETCFAEEGKKIVAASQAALGLGSGGGE
SGGGGSGGGGSGGGGSGGGGSGGGGSGGGEEGGGGSCRLHTVRA
SLEDLGWADWVLSPREVOVTMCIGACPSQFRAANMHAQIKTSLHR
LEKPDTVPAPCCVPASYNPMVLIQKTDTGVSLOTYDDLLAKDCHCI

{Deletion 2)
HSA(C348)-GS-
(GGGGS)s-
(deletion 4)

GDF15

HESEVAHRFKDLGEENFKALVLIAFAQYLQOSPFEDHVKLVNEVTE
FAKTCVADESAENCDKSEHTLFGDKLCTVATLRETYGEMADCCAK
QEPERNECFLOHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKEYL
YEIARRHPYFYAPELLFFAKRYKAARTECCQAADKAACLLPKLDEL
RDEGKASSAKQRLEKCASLOKFGERAFKAWAVARLSQRFPKAEFAE
VERLVTDLTREVHTECCHGDLLECADDRADLAKYICENQDSISSKLK
ECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEA
KDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPH
ECYAKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFONALLVRYTE
KVPOVSTPTLVEVSRNLGKVGSKCCKHPEARRMPCAEDYLSVVLN
QLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPEEFNA
ETFTFHADICTLSEKERQIKKQTALVELVEHKPKATKEQLKAVMDD
FAAFVEKCCKADDKETCFAEEGKKLVAASQAALGLGRGGGGRGGG
GSGOGGGSGOGGGESGGGESGGGESGGGESGHOESDHCPLGPGRECR
LEHTVRASLEDLGWADWVLEPREVOVTMCIGACPSQFRAANMHAQL
KTSLHRLKPDTVPAPCCVPASYNPMVLIQKTDTGVSLOTYDDLLAK
DCHCI
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114

DNA for SEQ
D NO: 113

{Deletion 2)

HSA(C348)-GS-

(GGGOS)-
{deletion 4)

GDF15

CACAAGAGTCAGGTTGCTCATCOOTTTAAAGATTTGGGAGAAGA
AAATTTCAAAGCCTTOGGTGTTGATTGCCTTTGCTCAGTATCTTCA
GCAGTCCCCATTTGAAGATCATGTAAAATTAGTGAATGAAGTAA
CTGAATTTGCAAAAACATGTGTTGCTGATGAGTCAGCTGAAAAT
TOTCGACAAATCACTTCATACCCTTITTIGGAGACAAATTATGCACA
GTTGCAACTCTTCGTGAAACCTATGGTGAAATGGCTGACTGOTET
GCAAAACAAGAACCTGAGAGAAATGAATGUTICTIGCAACACAA
AGATGACAACCCAAACCTCCCCCGATTIGGTGAGACCAGAGOTTG
ATGTCGATGTGCACTGCTTTICATGACAATGAAGAGACATTTTTIGA
AAAAATACTTATATGAAATTGCCAGAACACATCCTTACTTTTATG
CCCCOCAACTCCTTITCTITTGCTAAAAGGTATAAAGCTGCTTTITA
CAGAATGTTGCCAAGCTGCTGATAAAGCTGCCTGCCTOGTTGCCA
AAGCTCGATCAACTTCCOGGATCAAGGGAAGGCTTCGTCTGCCAA
ACAGAGACTCAAGTOGTGCCAGTCTCCAAAAATTTGOGAGAAAGAG
CTTTCAAAGCATGGGCAGTAGCTCGCCTGAGCCAGAGATTTCCC
AAAGCTGAGCTTTGCAGAAGTTTCCAAGTTAGTGACAGATCTTAC
CAAAGTCCACACGGAATGCTGCCATGCGAGATCTGCTTGAATGTG
CTGATGACAGGGCGCGACCTTGCCAAGTATATCTGTCAAAATCAA
GATTCGATCTCCAGTAAACTCGAAGCGAATGCTGTGAAAAACCTCT
GTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAATGATGAGA
TGCCTGCTCGACTTIGCCTTCATTAGCTGCTGATTTTGTTGAAAGTA
AGGATGTITTGCAAAAACTATGCTGAGGCAAAGGATGTCTTCCTG
GGCATGTTTTTGTATGAATATGCAAGAAGGCATCCTGATTACTCT
GTCGTGCTGCTGCTGAGACTTGCCAAGACATATGAAACCACTCT
AGAGAAGTGUTGTGCCGUTGCAGATCCTCATGAATGCTATGCCA
AAGTGTICGATGAATITAAACCTCTTGTGGAAGAGCCTCAGAAT
TTAATCAAACAAAATTIGTGAGUTTTTTGAGCAGUTTGGAGAGTA
CAAATTCCAGAATGCGCTATTAGTTCGTTACACCAAGAAAGTALC
CCCAAGTGTCAACTCCAACTCTTGTAGAGGTCTCAAGAAACCTA
GOAAAAGTGOGCAGCAAATGTTGTAAACATCCTGAAGCAAAAA
GAATGCCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAACCAG
TTATGTGTGTTGCATGAGAAAACGCCAGTAAGTGACAGAGTCALC
CAAATGCTGCACAGAATCCTTOOTGAACAGGCCGACCATGCTTTY
CAGCTCTGGAAGTCGATGAAACATACGTTCCCAAAGAGTTTAAT
GCTGAAACATTCACCTTCCATGCAGATATATGCACACTTICTGAG
AAGGACGAGACAAATCAAGAAACAAACTGCACTTGTTGAGCTCGT
GAAACACAAGCCCAAGGCAACAAAAGAGCAACTCGAAAGCTGTT
ATGCATCGATTTCGCAGCTTTTGTAGAGAAGTGCTGCAAGGCTGA
CGATAAGGAGACCTGCTTTGCCGAGGAGGGTAAAAAACTIGTTG
CTGCAAGTCAAGCTGCCTTAGGGCTTGGAAGCGGCGGAGGGGGO
AGTGGCGGCOGETGGCTCCGGGGOGGECGEATCCGGUGOAGGGE
GCAGCGGGGGTGGAGGGAGTGGCGGGGGAGGATCAGGGGGAGO
AGGATCAGGAGGGGCUGGAAGTGATCATTGCCCTCTCGOGGCCCS
GACGGTGTTGCCGCCTCCACACTGTGAGGGCTTCACTTGAAGAC
CTTGGATGGGCCGACTGGGTGCTGTCCCCAAGAGAGGTACAAGT
CACAATGTGTATIGGLGCCTGCCCCAGCCAGTTICGLGCCGLTAA
CATGCACGCCCAGATAAAAACCAGCCTGCACCGCOTGAAGCCCG
ACACGOGTGCCAGCGCCCTGCTGCOTGCCCGCCAGCTACAATCCT
ATGOTGCTCATTCAAAAGACCCACACCGGGOTOTCGUTCCAGAL
CTATGATGACTTGTTAGCCAAAGACTOCCACTGCATA
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HSA(C348)-
GA-(GGGGA)s-
{deletion 4)

GDFIS

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKEKL VAASQAALGLGAGGGG
AGGGCGAGGCCAGGCCGAGGCGAGCGGAGCGGAGGOGADHCPLG
PGRCCRLHTVRASLEDLGWADWVLSPREVOVTMCIGACPSQFRAA
NMHAQIKTSLHRLKPDTVPAPCCVPASYNPMVLIOQKTDTGVSLOTY
DBLLAKDCHCI




WO 2017/196647

PCT/US2017/031197

116

DNA for SEQ
IDNG: 113
HSA(C348)-
GA-(GGGGA)-
{deletion 4)

GDF1S

GATGCACACAAGAGTCGAGGTTGCTCATCOGTTITAAAGATTTGGO
AGAAGAAAATTTCAAAGCCTTIGGTGTTGATTGCCTTTGCTCAGTA
TCTTCAGCAGTCCCCATTTGAAGATCATGTAAAATTAGTGAATGA
AGTAACTGAATTTOGCAAAAACATGTGTTGCTGATGAGTCAGCTG
AAAATTGTGACAAATCACTICATACCCTTTTTGGAGACAAATTAT
GCACAGTTGCAACTCTTCGTGAAACCTATGGTGAAATGGCTGAL
TCCTGTGCAAAACAAGAACCTGAGAGAAATCGAATGOTICTIGCA
ACACAAAGATGACAACCCAAACCTCCCCCGATTGGTGAGACCAG
AGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAGACA
TTTTTGAAAAAATACTTATATGAAATTGCCAGAAGACATCCTTAC
TTTTATGCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCT
GCTTTTACAGAATGTTGCCAAGCTGCTGATAAAGCTGQCCTGCCTG
TTGCCAAAGCTCGATCAACTTCGGGATCAAGGCAAGGCTTICGTC
TOCCAAACAGACGACTCAAGTOTGCCAGTCTCCAAAAATTTOGAG
AAAGAGCTTTCAAAGCATGGGCAGTAGCTCGCCTGAGCCAGAGA
TTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGAT
CTTACCAAAGTCCACACGGAATGCTGCCATGCAGATCTGCTTGA
ATGTGCTGATCACAGGGCGCGACCTTGCCAAGTATATCTGTGAAA
ATCAAGATTCGATCTCCAGTAAACTGAAGGAATGCTGTGAAAAA
CCTCTGTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAATGA
TGAGATGCCTOGCTGACTTGCCTTCATTAGCTGCTGATTTTOTTGA
AAGTAAGGATGTTTGCAAAAACTATGCTGAGGCAAAGGATGTCT
TCCTOGGCATGTTITTGTATGAATATGCAAGAAGGCATCCTGATT
ACTCTGTCGTGCTGCTGCTGAGACTTIGCCAAGACATATGAAACC
ACTCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATGAATGCTA
TGCCAAAGTOTTCGATCGAATTTAAACCTCTTIGTGGAAGAGCCTC
AGAATTTAATCAAACAAAATTGTGAGCTTTTITGAGCAGCTTGGA
GAGTACAAATTCCAGAATGCGCTATTAGTICGTITACACCAAGAA
AGTACCCCAAGTGTCAACTCCAACTCTTGTAGAGGTICTCAAGAA
ACCTAGGAAAAGTGGGCAGCAAATGTTIGTAAACATCCTGAAGCA
AAAAGAATGCCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAA
CCAGTTATGTGTGTTGCATCGAGAAAACGCCAGTAAGTGACAGAG
TCACCAAATGCTGCACAGAATCCTTGGTGAACAGGCGACCATGC
TTTTCAGCTCTGGAAGTCGATGAAACATACGTTICCCAAAGAGTTT
AATGCTGAAACATTICACCTTCCATGCAGATATATGCACACTTICT
GAGAAGGAGAGACAAATCAAGAAACAAACTGCACTTGTTGAGC
TCOCTCAAACACAAGCCCAAGGCAACAAAAGAGCAACTGAAAGC
TCTTATGCATGATTTCCCAGCTTTTCTAGAGAAGTGCTOGCAAGGC
TCACGATAAGGAGACCTGCTTTGCCGAGGAGGGTAAAAAACTTG
TTGCTGCAAGTCAAGCTGCCTTAGGGCTTGGTGCTGGAGGAGGC
GGGGCGGGCGGCGHGGETGCCGETGOGGGETGGCGCAGGOGGAG
GTGGTGCGGETGETGGTGGGGCTGGTGGGGGAGGTGCAGGUGO
TCGCGGTGCCGEOGEGEHGETCGCCCGGATCATTGLCCTCTCGGEC
CCGGACGGTGTTGCCGCCTCCACACTGTGAGGGCTTCACTTGAA
GACCTTGGATGOGCCGACTGGGTGUTGTCCCCAAGAGAGHTACA
AGTCACAATCTCTATTGGCGCCTGCCCCAGCCAGTTTCGLGLCGO
TAACATCGCACGLCCCAGATAAAAACCAGCCTGCACCGUCTGAAGO
CCCGACACGGTCGCCAGCGCCCTOUTGLGTGCCCGCCAGCTACAAT
CCCATGOTOCTCATTCAAAAGACCGACACCGOGOTOTCCCTCCA
GACCTATGATGACTTGTTAGCCAAAGACTGCCACTGCATA
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117

HSA(C348)-
{AP)o-{deletion

4) GDF13

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLAPAPAPA
PAPAPAPAPAPAPDHCPLGPGRCCRLHTVRASLEDLGWADWYVLSP
REVOVTMCIGACPSQFRAANMHAQIKTSLHRLEPDTVPAPCCVPAS
YNPMVLIOKTDTGVSLOTYDDLLAKDCHCI




PCT/US2017/031197

WO 2017/196647
118 | DNA for SEQ
IDNO: 117
HSA(C348)-

{APhoe-{deletion

4) GDF1S

GATGCACACAAGAGTCGAGGTTGCTCATCOGTTITAAAGATTTGGO
AGAAGAAAATTTCAAAGCCTTIGGTGTTGATTGCCTTTGCTCAGTA
TCTTCAGCAGTCCCCATTTGAAGATCATGTAAAATTAGTGAATGA
AGTAACTGAATTTOGCAAAAACATGTGTTIGCTGATGAGTCAGCTG
AAAATTGTGACAAATCACTICATACCCTTTTTGGAGACAAATTAT
GCACAGTTGCAACTCTTCGTGAAACCTATGGTGAAATGGCTGAL
TCCTGTGCAAAACAAGAACCTGAGAGAAATCGAATGOTICTIGCA
ACACAAAGATGACAACCCAAACCTCCCCCGATTGGTGAGACCAG
AGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAGACA
TTTTTGAAAAAATACTTATATGAAATTGCCAGAAGACATCCTTAC
TTTTATGCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCT
GCTTTTACAGAATGTTGCCAAGCTGCTGATAAAGCTGQCCTGCCTG
TTGCCAAAGCTCGATCAACTTCGGGATCAAGGCAAGGCTTICGTC
TOCCAAACAGACGACTCAAGTOTGCCAGTCTCCAAAAATTTOGAG
AAAGAGCTTTCAAAGCATGGGCAGTAGCTCGCCTGAGCCAGAGA
TTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGAT
CTTACCAAAGTCCACACGGAATGCTGCCATGCAGATCTGCTTGA
ATGTGCTGATCACAGGGCGCGACCTTGCCAAGTATATCTGTGAAA
ATCAAGATTCGATCTCCAGTAAACTGAAGGAATGCTGTGAAAAA
CCTCTGTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAATGA
TGAGATGCCTOGCTGACTTGCCTTCATTAGCTGCTGATTTTOTTGA
AAGTAAGGATGTTTGCAAAAACTATGCTGAGGCAAAGGATGTCT
TCCTOGGCATGTTITTGTATGAATATGCAAGAAGGCATCCTGATT
ACTCTGTCGTGCTGCTGCTGAGACTTIGCCAAGACATATGAAACC
ACTCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATGAATGCTA
TGCCAAAGTOTTCGATCGAATTTAAACCTCTTIGTGGAAGAGCCTC
AGAATTTAATCAAACAAAATTGTGAGCTTTTITGAGCAGCTTGGA
GAGTACAAATTCCAGAATGCGCTATTAGTICGITACACCAAGAA
AGTACCCCAAGTGTCAACTCCAACTCTTGTAGAGGTICTCAAGAA
ACCTAGGAAAAGTGGGCAGCAAATGTTIGTAAACATCCTGAAGCA
AAAAGAATGCCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAA
CCAGTTATGTGTGTTGCATCGAGAAAACGCCAGTAAGTGACAGAG
TCACCAAATGCTGCACAGAATCCTTGGTGAACAGGCGACCATGC
TTTTCAGCTCTGGAAGTCGATGAAACATACGTTICCCAAAGAGTTT
AATGCTGAAACATTICACCTTCCATGCAGATATATGCACACTTICT
GAGAAGGAGAGACAAATCAAGAAACAAACTGCACTTGTTGAGC
TCOCTCAAACACAAGCCCAAGGCAACAAAAGAGCAACTGAAAGC
TCTTATGCATGATTTCCCAGCTTTTCTAGAGAAGTGCTOGCAAGGC
TCACGATAAGGAGACCTGCTTTGCCGAGGAGGGTAAAAAACTTG
TTGCTGCAAGTCAAGCTGCCTTAGGGCTTGCACCAGCCCCTGCCC
CTGCACCTGCACCTGCTCCCGCACCGOGCTCCAGCCCCAGCTCCG
GATCATTGCCCTCTCGGGCCCGGACGGTGTTGCCGCCTCCACALT
GTGAGGGCTTCACTTGAAGACCTTIGGATGGGCCGACTGGOGTGLT
GTCCCCAAGAGAGGTACAAGTCACAATGTGTATTGGCGCCTGCC
CCAGCCAGTTITCGCGCCGCTAACATGCACGCCCAGATAAAAACC
AGCCTGCACCGLCTGAAGCCOGACACGHGTGCCAGCGCOCTGOTG
CGTGCCCGCCAGCTACAATCCCATGGTGCTCATICAAAAGALCCG
ACACCGGGOTOTCGCTCCAGACCTATGATGACTTGTTAGCCAAA
GACTGCCACTGCATA




PCT/US2017/031197

WO 2017/196647
119 | HSA(C348)-
{AP)iz-{deletion
4y GDF15

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRLAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLAPAPAPA
PAPAPAPAPAPAPAPAPDHCPLGPGRCCRUHTVRASLEDLGWADW
VLSPREVOVIMCIGACPSOFRAANMHAQIKTSLHRLEKPDTVPAPCC
VEASYNPMVLIQKTDTGVSLOTYDDLLAKDCHCI




PCT/US2017/031197

WO 2017/196647
120 | DNA for SEQ
ID NO: 119
HSA(C348)-

{AP)-{deletion

4) GDF1S

GATGCACACAAGAGTCGAGGTTGCTCATCOGTTITAAAGATTTGGO
AGAAGAAAATTTICAAAGCOTTIGGTGTTIGATTGCCTTTGCTCAGTA
TCTTCAGCAGTCCCCATTTGAAGATCATGTAAAATTAGTGAATGA
AGTAACTGAATTTOGCAAAAACATGTGTTIGCTGATGAGTCAGCTG
AAAATTGTGACAAATCACTICATACCCTTTTTGGAGACAAATTAT
GCACAGTTGCAACTCTTCGTGAAACCTATGGTGAAATGGCTGAL
TCCTGTGCAAAACAAGAACCTGAGAGAAATCGAATGOTICTIGCA
ACACAAAGATGACAACCCAAACCTCCCCCGATTGGTGAGACCAG
AGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAGACA
TTTTTGAAAAAATACTTATATGAAATTGCCAGAAGACATCCTTAC
TTTTATGCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCT
GCTTTTACAGAATGTTGCCAAGCTGCTGATAAAGCTGQCCTGCCTG
TTGCCAAAGCTCGATCAACTTCGGGATCAAGGCAAGGCTTICGTC
TOCCAAACAGACGACTCAAGTOTGCCAGTCTCCAAAAATTTOGAG
AAAGAGCTTTCAAAGCATGGGCAGTAGCTCGCCTGAGCCAGAGA
TTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGAT
CTTACCAAAGTCCACACGGAATGCTGCCATGCAGATCTGCTTGA
ATGTGCTGATCACAGGGCGCGACCTTGCCAAGTATATCTGTGAAA
ATCAAGATTCGATCTCCAGTAAACTGAAGGAATGCTGTGAAAAA
CCTCTGTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAATGA
TGAGATGCCTOGCTGACTTGCCTTCATTAGCTGCTGATTTTOTTGA
AAGTAAGGATGTTTGCAAAAACTATGCTGAGGCAAAGGATGTCT
TCCTOGGCATGTTITTGTATGAATATGCAAGAAGGCATCCTGATT
ACTCTGTCGTGCTGCTGCTGAGACTTIGCCAAGACATATGAAACC
ACTCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATGAATGCTA
TGCCAAAGTOTTCGATCGAATTTAAACCTCTTIGTGGAAGAGCCTC
AGAATTTAATCAAACAAAATTGTGAGCTTTTITGAGCAGCTTGGA
GAGTACAAATTCCAGAATGCGCTATTAGTICGTITACACCAAGAA
AGTACCCCAAGTGTCAACTCCAACTCTTGTAGAGGTICTCAAGAA
ACCTAGGAAAAGTGGGCAGCAAATGTTIGTAAACATCCTGAAGCA
AAAAGAATGCCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAA
CCAGTTATGTGTGTTGCATCGAGAAAACGCCAGTAAGTGACAGAG
TCACCAAATGCTGCACAGAATCCTTGGTGAACAGGCGACCATGC
TTTTCAGCTCTGGAAGTCGATGAAACATACGTTICCCAAAGAGTTT
AATGCTGAAACATTICACCTTCCATGCAGATATATGCACACTTICT
GAGAAGGAGAGACAAATCAAGAAACAAACTGCACTTGTTGAGC
TCOCTCAAACACAAGCCCAAGGCAACAAAAGAGCAACTGAAAGC
TCTTATGCATGATTTCCCAGCTTTTCTAGAGAAGTGCTOGCAAGGC
TCACGATAAGGAGACCTGCTTTGCCGAGGAGGGTAAAAAACTTG
TTGCTGCAAGTCAAGCTGCCTTAGGGCTTGCACCAGCCCCTGCCC
CTGCACCTGCACCTGCTCCCGCACCGOGCTCCAGCCCCAGCTCCG
GCTCCAGCTCCTGATCATTGCCCTCTCGGGCCCGGACGGTGTTGC
CGCCTCCACACTGTGAGGGUTTCACTTGAAGACCTTGGATGGGC
CGACTGGGTGCTGTCCCCAAGAGAGGTACAAGTCACAATGTIGTA
TTGGCGCCTGCCCCAGCCAGTTTCGCGCCGCTAACATGCACGOCC
AGATAAAAACCAGCCTGCACCGCOTCAAGCCCGACACGGTGCCA
GOGCCCTGCTGCGTGUCCGCCAGCTACAATCCCATGGTGOTCATY
CAAAAGACCGACACCGOGGOTOTCOGUTCCAGACCTATGATGACTT
GTTAGCCAAAGACTGCCACTGCATA
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WO 2017/196647
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121

HSA(C345)-
GGS-
(EGKSSGSGSE
SKS8T)-GGS-
{deletiond)

GDF1S

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLGGSEGES
SGSGSESKSTEGKSSGSGSESKSTEGKSSGSGSESKSTCGGSDHCPLGP
GRCCRLHTVRASLEDLGWADWVLSPREVOVTMCIGACPSOFRAAN
MHAGIKTSLHRLKPDTVPAPCCVPASYNPMVLIQKTDTGVSLOTYD
DELAKDCHCI
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122

DNA for SEQ
D NG 121
HSA(C348)-
GGS-
(EGKSSGSGSE
SKST)3-GGS-
{deletiond)

GDF15

GATGCACACAAGAGTCGAGGTTGCTCATCOGTTITAAAGATTTGGO
AGAAGAAAATTTCAAAGCCTTIGGTGTTGATTGCCTTTGCTCAGTA
TCTTCAGCAGTCCCCATTTGAAGATCATGTAAAATTAGTGAATGA
AGTAACTGAATTTOGCAAAAACATGTGTTIGCTGATGAGTCAGCTG
AAAATTGTGACAAATCACTICATACCCTTTTTGGAGACAAATTAT
GCACAGTTGCAACTCTTCGTGAAACCTATGGTGAAATGGCTGAL
TCCTGTGCAAAACAAGAACCTGAGAGAAATCGAATGOTICTIGCA
ACACAAAGATGACAACCCAAACCTCCCCCGATTGGTGAGACCAG
AGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAGACA
TTTTTGAAAAAATACTTATATGAAATTGCCAGAAGACATCCTTAC
TTTTATGCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCT
GCTTTTACAGAATGTTGCCAAGCTGCTGATAAAGCTGQCCTGCCTG
TTGCCAAAGCTCGATCAACTTCGGGATCAAGGCAAGGCTTICGTC
TOCCAAACAGACGACTCAAGTOTGCCAGTCTCCAAAAATTTOGAG
AAAGAGCTTTCAAAGCATGGGCAGTAGCTCGCCTGAGCCAGAGA
TTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGAT
CTTACCAAAGTCCACACGGAATGCTGCCATGCAGATCTGCTTGA
ATGTGCTGATCACAGGGCGCGACCTTGCCAAGTATATCTGTGAAA
ATCAAGATTCGATCTCCAGTAAACTGAAGGAATGCTGTGAAAAA
CCTCTGTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAATGA
TGAGATGCCTOGCTGACTTGCCTTCATTAGCTGCTGATTTTOTTGA
AAGTAAGGATGTTTGCAAAAACTATGCTGAGGCAAAGGATGTCT
TCCTOGGCATGTTITTGTATGAATATGCAAGAAGGCATCCTGATT
ACTCTGTCGTGCTGCTGCTGAGACTTIGCCAAGACATATGAAACC
ACTCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATGAATGCTA
TGCCAAAGTOTTCGATCGAATTTAAACCTCTTIGTGGAAGAGCCTC
AGAATTTAATCAAACAAAATTGTGAGCTTTTITGAGCAGCTTGGA
GAGTACAAATTCCAGAATGCGCTATTAGTICGTITACACCAAGAA
AGTACCCCAAGTGTCAACTCCAACTCTTGTAGAGGTICTCAAGAA
ACCTAGGAAAAGTGGGCAGCAAATGTTIGTAAACATCCTGAAGCA
AAAAGAATGCCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAA
CCAGTTATGTGTGTTGCATCGAGAAAACGCCAGTAAGTGACAGAG
TCACAAAATGCTOCTACTGAGAGCTTGOTCAACAGGCGGCCOTOC
TTCAGCGCCCTCGAGOTGGATCAGACTTATOCTCCCAAAGGAGTT
TAATGCGGAAACTTITACTTTCCACGCAGACATTTGCACCTTGTC
TCAAAAGCAAAGACACGATTAAGAAACAGACTGCTCTTGTGGAA
CTGGTAAAACATAAACCAAAAGCTACGAAGGAGCAGCTTAAGG
CTGTTATGOATGATTTCGCCOGCGTTTGTCGAGAAGTGCTGCAAAG
CGGACGATAAGGAAACTTGCTTTGCAGAGGAAGGTAAGAAACTC
GTAGCGGCAAGTCAGGCTGCGCTTGGCCTTGGAGGCAGTGAAGG
CAAATCCTCTGGGAGTGGCTCTGAAAGTAAATCCACCGAGGGCA
AATCCAGTGGATCTGGOGTCTGAATCTAAGTCTACCGAGGGGAAG
TCTTCTGGCAGTGOGGTCAGAATCTAAATCTACAGGUGOGUTCTGA
CCATTGCCCGTTGGGACCAGGACGCTGCTGTCGCCTTCATACAGT
GCGAGCGAGTTTGGAAGACCTGGGLTGGGCTGACTGGGTGLTTA
GCCCTCGGGAGGTCCAGGTCACAATOTGCATTGGCGLGTGTCCC
AGTCAATITAGAGCAGCAAATATGCACGCCCAAATAAAAACCTC
CCTGCATAGGCTTAAGCCAGATACTGTCCCCGCACCATGOTGTET
GCCTGCTTCTTACAATCCTATGGTACTCATCCAGAAGACCCACAC
GGGAGTTAGCCTCCAGACTTATOACGACCTCTTGGCTAAAGATT
GCCATTGTATT
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123

HSA(C3483-GS-
(PGGGS )s-
{deletion4)GDF

~
A
-

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFOQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKEKL VAASQAALGLGSPGGGS
PGGGSPGOGSPOCGSPGOGSIPGGOSPGGUGSPCGGSDHCPLGPORLC
RLHTVRASLEDLGWADWVLSPREVOVTIMCIGACPSQFRAANMHA
QIKTSLERLKPDTVPAPCCVPASYNPMVLIQKTDTGVSLOTYDDLL
AKDCHCI
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DNA for SEQ
IDNG: 123
HSA((C348)-GS-
(PGGGS)s-
{deletiondyGDF T

5

GATGCACACAAGAGTCGAGGTTGCTCATCOGTTITAAAGATTTGGO
AGAAGAAAATTTCAAAGCCTTIGGTGTTGATTGCCTTTGCTCAGTA
TCTTCAGCAGTCCCCATTTGAAGATCATGTAAAATTAGTGAATGA
AGTAACTGAATTTOGCAAAAACATGTGTTIGCTGATGAGTCAGCTG
AAAATTGTGACAAATCACTICATACCCTTTTTGGAGACAAATTAT
GCACAGTTGCAACTCTTCGTGAAACCTATGGTGAAATGGCTGAL
TCCTGTGCAAAACAAGAACCTGAGAGAAATCGAATGOTICTIGCA
ACACAAAGATGACAACCCAAACCTCCCCCGATTGGTGAGACCAG
AGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAGACA
TTTTTGAAAAAATACTTATATGAAATTGCCAGAAGACATCCTTAC
TTTTATGCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCT
GCTTTTACAGAATGTTGCCAAGCTGCTGATAAAGCTGQCCTGCCTG
TTGCCAAAGCTCGATCAACTTCGGGATCAAGGCAAGGCTTICGTC
TOCCAAACAGACGACTCAAGTOTGCCAGTCTCCAAAAATTTOGAG
AAAGAGCTTTCAAAGCATGGGCAGTAGCTCGCCTGAGCCAGAGA
TTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGAT
CTTACCAAAGTCCACACGGAATGCTGCCATGCAGATCTGCTTGA
ATGTGCTGATCACAGGGCGCGACCTTGCCAAGTATATCTGTGAAA
ATCAAGATTCGATCTCCAGTAAACTGAAGGAATGCTGTGAAAAA
CCTCTGTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAATGA
TGAGATGCCTOGCTGACTTGCCTTCATTAGCTGCTGATTTTOTTGA
AAGTAAGGATGTTTGCAAAAACTATGCTGAGGCAAAGGATGTCT
TCCTOGGCATGTTITTGTATGAATATGCAAGAAGGCATCCTGATT
ACTCTGTCGTGCTGCTGCTGAGACTTIGCCAAGACATATGAAACC
ACTCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATGAATGCTA
TGCCAAAGTOGTTCGATCGAATTTAAACCTCTTIGTGGAAGAGCCTC
AGAATTTAATCAAACAAAATTGTGAGCTTTTITGAGCAGCTTGGA
GAGTACAAATTCCAGAATGCGCTATTAGTICGTITACACCAAGAA
AGTACCCCAAGTGTCAACTCCAACTCTTGTAGAGGTICTCAAGAA
ACCTAGGAAAAGTGGGCAGCAAATGTTIGTAAACATCCTGAAGCA
AAAAGAATGCCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAA
CCAGTTATGTGTGTTGCATCGAGAAAACGCCAGTAAGTGACAGAG
TCACGAAATQTTGCACAGAGTCACTGGTCAACAGGAGACCTTGC
TTCTCCGCTCTTGAGGTTIGACGAAACGTATGTCCCAAAAGAGTTC
AACGCCOAAACGTTTACGTTTCATGCGGACATATGCACTCTCAGT
GAGAAGGAGCGACAAATCAAAAAACAGACTGCTCTTGTAGAGTT
GOTAAAACACAAACCTAAAGCAACAAAAGAGCAATTGAAAGCT
GTGATGGACGATTTTGCAGCTTTCGTAGAAAAGTGCTGCAAGGC
CGACGATAAAGAAACCTGTTTCGCTGAAGAAGGCAAAAAACTTG
TTGCGGCATCTCAGGCCGCTCTTGGACTTGGGAGCCCGGETGGC
GGGTCTCCAGGCGGAGGUTICTCCGGOGCGUGAGGTAGTCCCGGAGE
GGGTAGTCCGGGCGGCGOTTCTCCAGGTGGAGGTTCTCCTIGETG
GTGGCAGTCCTGGCGGAGGATCTGATCACTGTCCCCTTGGGCCC
GGGAGGTGCTGCCGACTTCATACAGTTCGCGCCAGCCTTGAAGA
TTTGGOGTGGGCCCGACTGOGOTGTTIGAGCCCGAGAGAGGTCCAAG
TCACGATGTGTATTGGAGCCTGTCCCTCTCAATTCCGAGUCGCAA
ATATGCATGCGCAAATAAAGACGAGTCTCCATCGGTTGAAGCCT
GATACTGTCCCAGCTCCGTGCTGCGTCCCCGCGAGTTATAATCCC
ATGGTCCTTATACACAAAACAGACACTGGTGTCAGCCTTCAGAC
GTATGACGATTTGCTTGCTAAAGACTGTCATTGTATT
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HSA(C3483-GS-
(AGGGS)s-
{deletion 4)

GDFIS

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOQAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLGSAGGG
SAGGGSAGGGSAGGGSAGGGSAGGGSAGGGSAGGGSDHCPLGPG
RCCRLHTVRASLEDEGWADWVLSPREVOVTMCIGACPSQFRAANM
HAQIKTSLHRLKPDTVPAPCCVPASYNEMVLUICKTDTGVSLOTYDD
LEAKDCHCY
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DNA for SEQ

D NG 125

GATGCACACAAGAGTCGAGGTTGCTCATCOGTTITAAAGATTTGGO
AGAAGAAAATTTCAAAGCCTTIGGTGTTGATTGCCTTTGCTCAGTA
TCTTCAGCAGTCCCCATTTGAAGATCATGTAAAATTAGTGAATGA
AGTAACTGAATTTOGCAAAAACATGTGTTIGCTGATGAGTCAGCTG
AAAATTGTGACAAATCACTICATACCCTTTTTGGAGACAAATTAT
GCACAGTTGCAACTCTTCGTGAAACCTATGGTGAAATGGCTGAL
TCCTGTGCAAAACAAGAACCTGAGAGAAATCGAATGOTICTIGCA
ACACAAAGATGACAACCCAAACCTCCCCCGATTGGTGAGACCAG
AGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAGACA
TTTTTGAAAAAATACTTATATGAAATTGCCAGAAGACATCCTTAC
TTTTATGCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCT
GCTTTTACAGAATGTTGCCAAGCTGCTGATAAAGCTGQCCTGCCTG
TTGCCAAAGCTCGATCAACTTCGGGATCAAGGCAAGGCTTICGTC
TOCCAAACAGACGACTCAAGTOTGCCAGTCTCCAAAAATTTOGAG
AAAGAGCTTTCAAAGCATGGGCAGTAGCTCGCCTGAGCCAGAGA
TTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGAT
CTTACCAAAGTCCACACGGAATGCTGCCATGCAGATCTGCTTGA
ATGTGCTGATCACAGGGCGCGACCTTGCCAAGTATATCTGTGAAA
ATCAAGATTCGATCTCCAGTAAACTGAAGGAATGCTGTGAAAAA
CCTCTGTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAATGA
TGAGATGCCTOGCTGACTTGCCTTCATTAGCTGCTGATTTTOTTGA
AAGTAAGGATGTTTGCAAAAACTATGCTGAGGCAAAGGATGTCT
TCCTOGGCATGTTITTGTATGAATATGCAAGAAGGCATCCTGATT
ACTCTGTCGTGCTGCTGCTGAGACTTIGCCAAGACATATGAAACC
ACTCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATGAATGCTA
TGCCAAAGTOTTCGATCGAATTTAAACCTCTTIGTGGAAGAGCCTC
AGAATTTAATCAAACAAAATTGTGAGCTTTTITGAGCAGCTTGGA
GAGTACAAATTCCAGAATGCGCTATTAGTICGTITACACCAAGAA
AGTACCCCAAGTGTCAACTCCAACTCTTGTAGAGGTICTCAAGAA
ACCTAGGAAAAGTGGGCAGCAAATGTTIGTAAACATCCTGAAGCA
AAAAGAATGCCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAA
CCAGTTATGTGTGTTGCATCGAGAAAACGCCAGTAAGTGACAGAG
TCACTAAATCTTCTACCCGAGTCTCTTOTTAATAGGCGOCCATGCT
TCAGTCGCATTGCAAGTCCGACCGAAACCTATGTACCAAAGGAGTTC
AACGCAGAAACATTTACATTICCATGCTGATATCTGCACATTGAG
CGAGAAAGAGAGACAGATTAAGAAACAGACAGCGCTTGTTGAA
CTGGTTAAACACAAACCAAAAGCTACCAAGCAGCAGCTTAAGGC
ACGTAATGCGATGACTTCGCGGCCTTTGTCGAGAAATOTTGTAAAG
CGGATGATAAAGAGACATGCTTCGCCGAAGAGGGCAAAAAACT
TCTAGCGOCAAGCCAGGCCOGCACTGGOTCTCGGTACTCCGGGLG
GTGGTTCAGCGGGGGGAGGATCTGCAGGTGGTGGCTCAGCGGGT
GGCGGTAGCGCTGGGGGGGGCTCCGCAGGTGGGGGATCAGCAG
GUOGGCGGATCAGCCGGLGETGGATCCGACCACTGTCCTCTCGEGE
CCTGGTCGGTGTTGCCGCCTCCATACTGTGCGCGCGTCTCTTGAG
GATCTGGOGTGGGCTGATTIGGOTTCTICTCTCCCCGCGAAGTGCA
GGTGACCATGTGTATTGOTOUTTGCCCAAGTCAATTCCGAGCAG
CTAACATGCACGCCCAGATCAAGACTAGCCTGCATCGGCTTAAG
CCCGACACTGTTCCTGCCCCTTGCTGTGTTCCTGCATCTTATAATC
CAATOGOTCCTCATCCAGAAAACCGATACGGUGTOTATCATTGCAA
ACATACGACGACTTCGCTTGUCAAAGATTGCCATIGCATT
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HSA(C345)-
GGS-
(EGKSSGSGSE
SK8TR-GGS-
{deletiond)

GDF1S

DAHKSEVAHRFKDUGEENFKALVLIAFAQYLOQOSPFEDHVKLVNEV
TEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCC
AKQEPERNECFLOHEKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFARRYKAAFTECCOAADRKAACLLPEL
DELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAE
FAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISS
KLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNY
AEAKDVFLGMFLYEY ARRHPDYSVVLLLRUAKTYETTLEKCCAAA
DPHECY AKVFDEFKPLVEEPOQNLIKQNCELFEQLGEYKFQNALLVR
YTREVPOVSTPTLVEVIRNLGKVGSKCCKHPEAKRMPCAEDYLSV
VENQLCVLHEKTPVSDRYTKCCTESLVNRRPCFSALEVDETYVPKE
FNAETFTFHADICTLSEKERQIKKQTALVELVKHKPEKATKEQLK AV
MDDFAAFVEKCCKADDKETCFAEEGKKL VAASQAALGLGGSEGES
SGSGSESKSTEGKSSGSGSESKSTGGSDHCPLGPGRCCRLHTVRASL
EDLGWADWVLSPREVOVIMCIGACPSQFRAANMHAQIKTSLHRLK
PDTVPAPCCVPASYNPMVLIOKTDTGVSLOTYDDLLAKBCHCT
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DNA for SEQ

IDNO: 127

GATGCACACAAGAGTCAGOTIGCTCATCGGTTITAAAGATTTGGO
AGAAGAAAATTTCAAAGCCTTGGTGTTGATTGCCTTTGCTCAGTA
TCTTCAGCAGTCCCCATTTGAAGATCATGTAAAATTAGTGAATGA
AGTAACTCGAATTTGCAAAAACATGTGTTGCTGATCGAGTCAGCTG
AAAATTGTGACAAATCACTTCATACCOCTTTTTIGGAGACAAATTAT
GCACAGTTGCAACTCTTCGTGAAACCTATGETGAAATGGUTGAL
TCCTGTGCAAAACAAGAACCTGAGAGAAATCGAATGCTICTIGCA
ACACAAAGATGACAACCCAAACCTCCCCCGATTGGTGAGACCAG
AGGTTGATGTGATGTGCACTGCTTTICATGACAATGAAGAGACA
TTTTTGAAAAAATACTTATATGAAATTGCCAGAAGACATCCTTAC
TTTTATGCCCCGGAACTCCTTTTCTTITGCTAAAAGGTATAAAGCT
GCTTTTACAGAATGTTGCCAAGCTGCTGATAAAGCTGQCCTGCCTG
TTGCCAAAGCTCGATCAACTTCGGGATGAAGGCAAGGCTTICGTC
TOCCCAAACAGAGACTCAAGTOTGCCAGTCTCCAAAAATTTOGAG
AAAGAGCTTTCAAAGCATGGGCAGTAGCTCGCCTGAGCCAGAGA
TTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGAT
CTTACCAAAGTCCACACGGAATGCTCCCATGCACGATCTGCTTIGA
ATGTGCTGATGACAGGGCOGGACCTTGCCAAGTATATCTGTGAAA
ATCAAGATTCGATCTCCAGTAAACTGAAGGAATGUTGTGAAAAA
CCTCTGTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAATGA
TGAGATGCCTCGCTGACTTCGCCTTCATTAGCTGCTGATTTTGTTGA
AAGTAAGGATGTTTGCAAAAACTATGCTGAGGCAAAGGATGTCT
TCCTOGGGCATGTTTTTGTATGAATATGCAAGAAGGCATCCTGATT
ACTCTGTCGTGCTGCTGCTGAGACTTIGCCAAGACATATGAAACC
ACTCTAGAGAAGTGOTGTGLCGCTCCAGATOCTCATGAATGCTA
TGCCAAAGTOTTCGATGAATTTAAACCTCOTIGTGGAAGAGCCTC
AGAATTTAATCAAACAAAATTGTGAGCTTTTTGAGCAGCTTGGA
GAGTACAAATTCCAGAATGCGCTATTAGTTCGTTACACCAAGAA
AGTACCCCAAGTGTCAACTCCAACTUTTGTAGAGGTICTCAAGAA
ACCTAGGAAAAGTGGGCAGCAAATOTIGTAAACATCCTGAAGCA
AAAAGAATCCCCTGTGUCAGAACGACTATCTATCCGTGGTCCTGAA
CCAGTTATOTOTOTIGCATCGAGAAAACGCCAGTAAGTGACAGAG
TCACGAAATGCTGTACAGAATCCCTCGTGAATAGAAGGCCCTGC
TTCTCTGCCCTTGAGOTOGCACGAGACTTACGTCCCTAAGGAGTTT
AACGCCOGAGACCTTTACTTTTCATGCTGATATTTGCACCCTTTCC
GAAAAGGCAGCGGCAGATCAAGAAACAAACAGCCTTGGTGGAAC
TCOCTAAAACATAAACCCAAAGCCACCAAGGAACAACTTAAAGCT
GTTATGGATCACTTCGCAGCCTTCGTCCAGAAATCGTTGCAAGGC
GGATGATAAGGAAACGTGTTTTGUTGAGGAAGGGAAGAAGTTG
GTTGCTGCCTCTCAAGCGGUTCTGGGGUTTGGCGGATCAGAGGG
GAAGTCCTCCGOGGTCCGOTAGCGAGTCCAAATCTACGGAAGGGA
AGTCATCCGOTTCTGGGTCAGAGTCCAAATCCACAGGAGGATCA
GACCATTGCCCATTIGGGACCAGGACGATGTTGTCGCCTGCATAL
GGTAAGAGCGTCTCTGGAGGATCTCGGCTGGGCCGATTGOGTTIC
TCTCACCACGAGAAGTACAGGTCACAATGTGCATAGGAGCTTGT
CCOAGCLAATICOGGGLGOGLTAATATCGCACGCACAGATCAAGAL
CTCTTIGCACCGUTTGAAGCCCCGATACCGTGCCAGCACCGTGTIC
CGTCCCAGCATCTTACAACCCTATGOTTTTGATACAGAAAALTGA
CACAGCTOTCAGCCTCCAGACATATGATCATTTGCTCGGLTAAGG
ATTCGCCACTGTATA
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Claims

1. A fusion protein comprising: a. the amino acid sequence of SEQ ID NO: 2; b. a linker having a
length of 35-48 amino acids and comprising the amino acid sequence of (GGGGS)n, wherein n is 7 or
8 (SEQ ID NO: 42 or 43); and c. a truncated GDF15 consisting of the amino acid sequence of SEQ ID
NO: 8; wherein the fusion protein is arranged from N-terminus to C-terminus in the order (a)-(b)-(c),
and the C-terminus of the amino acid sequence of SEQ ID NO: 2 is fused to the N-terminus of the
truncated GDF15 through the linker.

2. The fusion protein of claim 1, wherein the linker comprises the sequence (GGGGS)n, wherein n is
8 (SEQ ID NO: 43).

3. A fusion protein of claim 1, wherein the linker consists of the amino acid sequence of SEQ ID NO:
12.

4. An isolated nucleic acid molecule comprising a nucleotide sequence encoding the fusion protein of
claim 1.

5. The isolated nucleic acid molecule of claim 4 comprising a nucleotide sequence selected from the
group consisting of SEQ ID NOs: 97-99.

6. A vector comprising a nucleic acid molecule encoding the fusion protein of claim 1.

7. The vector of claim 6 comprising a nucleotide sequence selected from the group consisting of SEQ
ID NOs: 97-99.

8. A host cell comprising a nucleic acid molecule encoding the fusion protein of claim 1.
9. A method of producing the fusion protein of claim 1, comprising: (1) culturing a host cell
comprising a nucleic acid molecule encoding the fusion protein under a condition that the fusion

protein is produced; and (2) recovering the fusion protein produced by the host cell.

10. A pharmaceutical composition comprising the fusion protein of claim 1 and a pharmaceutically
acceptable carrier.

11. A fusion protein comprising the amino acid sequence of SEQ ID NO: 92.

12. A pharmaceutical composition comprising the fusion protein of claim 11 and a pharmaceutically
acceptable carrier.

13. An isolated nucleic acid molecule comprising a nucleotide sequence encoding the fusion protein
of claim 11.

14. The isolated nucleic acid molecule of claim 13, comprising the nucleotide sequence of SEQ ID
NO: 95.

15. A vector comprising a nucleic acid molecule encoding the fusion protein of claim 11.
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16. A host cell comprising a nucleic acid molecule encoding the fusion protein of claim 11.
17. A method of producing the fusion protein of claim 11, comprising: (1) culturing a host cell
comprising a nucleic acid molecule encoding the fusion protein under a condition that the fusion

protein is produced; and (2) recovering the fusion protein produced by the host cell.

18. The isolated nucleic acid molecule of claim 13, comprising the nucleotide sequence of SEQ ID
NO: 110.
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