PHARMACEUTICAL COMPOSITIONS COMPRISING PEPTIDE VARI ANTS AND
METHODS OF USE THEREOF

Cross-Reference to Related Applications

[0001] This application claims the benefit of prioritytbS. Serial No. 62/067,824 filed
October 23, 2014, which is incorporated hereindfgrence in its entirety.
1. Field

[0002] Provided herein are pharmaceutical compositionsditations and dosage forms
comprising variants of fibroblast growth factor (85F19) proteins and peptide sequences (and
peptidomimetics) and fusions of FGF19 and/or filtsbgrowth factor 21 (FGF21) proteins and
peptide sequences (and peptidomimetics), and vtarddrfusions of FGF19 and/or FGF21
proteins and peptide sequences (and peptidomimetitsthods of using the pharmaceutical

compositions, formulations and dosage forms am@ @isvided herein.
2. Background

[0003] Drug substances are usually administered as partamulation in combination

with one or more other agents that serve variedsagedialized pharmaceutical functions.
Dosage forms of various types may be made throalgttive use of pharmaceutical excipients.
As pharmaceutical excipients have various functammd contribute to the pharmaceutical
formulations in many different ways.g., solubilization, dilution, thickening, stabilizat,
preservation, coloring, flavoringic. The properties that are commonly considered when
formulating an active drug substance include bidabgity, ease of manufacture, ease of
administration, and stability of the dosage forue to the varying properties of active drug
substances being formulated, dosage forms typicadjyire pharmaceutical excipients that are
uniquely tailored to the active drug substancerdento achieve advantageous physical and
pharmaceutical properties.

[0004] Provided herein are formulations and dosage folwngpeising variants of fibroblast
growth factor 19 (FGF19) proteins and peptide sege® (and peptidomimetics) and fusions of
FGF19 and/or fibroblast growth factor 21 (FGF219tpms and peptide sequences (and

peptidomimetics), and variants of fusions of FGBRhf/or FGF21 proteins and peptide



sequences (and peptidomimetics). Such proteinpepiide sequences are useful in treating,
preventing and/or managing various disease or dissy including, but not limited to, bile acid-
related or associated disorders, hyperglycemicitiond, insulin resistance, hyperinsulinemia,
glucose intolerance, metabolic syndrome, and métatliseases, as well as certain cancers.
Thus, a need exists as to pharmaceutical compesiténd dosage forms of such proteins and
peptide sequences having advantageous physicg@emthaceutical properties. The present

invention satisfies this need and provides relatukfits.
3. Summary

[0005] In one aspect, provided herein a pharmaceuticaposition comprising a peptide or
peptide sequence, and pharmaceutically acceptabiierc In certain embodiments, the
pharmaceutically acceptable carrier comprises Tnetalose or polysorbate-20 (TWEEN-20), or
any combination thereof.

[0006] In some embodiments, the pharmaceutical composstonprises peptide selected
from a group consisting of variants of FGF19 pepsdquences, fusions of FGF19 and/or
FGF21 peptide sequences and variants of fusiomsi¢chs) of FGF19 and/or FGF21 peptide
sequences having one or more activities, suchlastid homeostasis modulating activity. Such
variants and fusions (chimeras) of FGF19 and/or EFGFeptide sequences include sequences
that are used for treating a bile acid-relatedsspaiated disorder. Such variants and fusions
(chimeras) of FGF19 and/or FGF21 peptide sequeadsesnclude sequences that do not
substantially or significantly increase or induapatocellular carcinoma (HCC) formation or
HCC tumorigenesis. Such variants and fusions (eras) of FGF19 and/or FGF21 peptide
sequences further include sequences that do natena substantial elevation or increase in lipid
profile.

[0007] In one embodiment, the peptide is a chimeric peptmmprising: a) an N-terminal
region comprising at least seven amino acid residine N-terminal region having a first amino
acid position and a last amino acid position, wimetiege N-terminal region comprises DSSPL
(SEQ ID NO:121) or DASPH (SEQ ID NOL122); and b}-derminal region comprising a
portion of SEQ ID NO:99 (FGF19), the C-terminalimgghaving a first amino acid position and
a last amino acid position, wherein the C-termnegion comprises amino acid residues 16-29 of
SEQ ID NO:99 (FGF19) (WGDPIRLRHLYTSG; SEQ ID NO:)6@herein the W residue



corresponds to the first amino acid position of@terminal region, to modulate bile acid
homeostasis or treat the bile acid-related or astsatdisorder.

[0008] In another embodiment, the peptide is a chimertide comprising: a) an N-
terminal region comprising a portion of SEQ ID NGOLFGF21), the N-terminal region having
a first amino acid position and a last amino a@difoon, wherein the N-terminal region
comprises amino acid residues GQV, and whereiVttesidue corresponds to the last amino
acid position of the N-terminal region; and b) ag@minal region comprising a portion of SEQ
ID NO:99 (FGF19), the C-terminal region havingratfiamino acid position and a last amino
acid position, wherein the C-terminal region corsgsi amino acid residues 21-29 of SEQ ID
NO:99 (FGF19), RLRHLYTSG (SEQ ID NO:185), and wherthe R residue corresponds to the
first position of the C-terminal region, to mod@dtile acid homeostasis or treat the bile acid-
related or associated disorder.

[0009] In a further embodiment, the peptide is a chimpeptide comprising: a) an N-
terminal region comprising a portion of SEQ ID NAGOL(FGF21), the N-terminal region having
a first amino acid position and a last amino a@sdifion, wherein the N-terminal region
comprises at least 5 contiguous amino acids of 8ER0:100 (FGF21) including the amino
acid residues GQV, and wherein the V residue cpamrgs to the last amino acid position of the
N-terminal region; and b) a C-terminal region coisipg a portion of SEQ ID NO:99 (FGF19),
the C-terminal region having a first amino acidipos and a last amino acid position, wherein
the C-terminal region comprises amino acid residdie89 of SEQ ID NO:99 (FGF19),
RLRHLYTSG (SEQ ID NO:185), and wherein the R residwrresponds to the first position of
the C-terminal region, to modulate bile acid hontasis or treat the bile acid-related or
associated disorder.

[0010] In an additional embodiment, the peptide comprsensists of any of: a) a FGF19
sequence variant having one or more amino aciditutins, insertions or deletions compared
to a reference or wild type FGF19; b) a FGF21 sega&ariant having one or more amino acid
substitutions, insertions or deletions compareal teference or wild type FGF21; c) a portion of
a FGF19 sequence fused to a portion of a FGF2lesequor d) a portion of a FGF19 sequence
fused to a portion of a FGF21 sequence, whereifr@#€19 and/or FGF21 sequence portion(s)

have one or more amino acid substitutions, insestar deletions compared to a reference or



wild type FGF19 and/or FGF21, to modulate bile dmdheostasis or treat the bile acid-related
or associated disorder.

[0011] In various particular embodiments, a chimeric ppsequence has an N-terminal
region with at least 6 contiguous amino acids o3B NO:100 (FGF21) including the amino
acid residues GQ; or has an N-terminal region aitleast 7 contiguous amino acids of SEQ ID
NO:100 (FGF21) including the amino acid residuesGQ

[0012] In some embodiments, the peptide comprises i) alBGEquence variant having one
or more amino acid substitutions, insertions oetiehs compared to a reference or wild type
FGF19; ii) a FGF21 sequence variant having oneareramino acid substitutions, insertions or
deletions compared to a reference or wild type FIGHZ a portion of a FGF19 sequence fused
to a portion of a FGF21 sequence; or iv) a portiba FGF19 sequence fused to a portion of a
FGF21 sequence, wherein the FGF19 and/or FGF2EBegyortion(s) have one or more amino
acid substitutions, insertions or deletions comgpaoea reference or wild type FGF19and/or
FGF21.

[0013] In various additional embodiments, a peptide segeidas amino-terminal amino
acids 1-16 of SEQ ID NO:100 (FGF21) fused to caybmxminal amino acids 21-194 of SEQ
ID NO:99 (FGF19), or the peptide sequence has@terminal amino acids 1-147 of SEQ ID
NO:99 (FGF19) fused to carboxy-terminal amino adid7-181 of SEQ ID NO:100 (FGF21)
(M41), or the peptide sequence has amino-termmat@acids 1-20 of SEQ ID NO:99
(FGF19) fused to carboxy-terminal amino acids 1T-aBSEQ ID NO:100 (FGF21) (M44), or
the peptide sequence has amino-terminal amino &e€ld6 of SEQ ID NO:100 (FGF21) fused
to carboxy-terminal amino acids 148-194 of SEQ ID:89 (FGF19) (M45), or the peptide
sequence has amino-terminal amino acids 1-20 of IBE{0:99 (FGF19) fused to internal
amino acids 17-146 of SEQ ID NO:100 (FGF21) or éusecarboxy-terminal amino acids 148-
194 of SEQ ID NO:99 (FGF19) (M46).

[0014] In various further embodiments, a peptide sequbaseat least one amino acid
substitution to amino acid residues 125-129 of 3BQIO:99 (FGF19), EIRPD; at least one
amino acid substitution to amino acid residues 128-of SEQ ID NO:99 (FGF19), IRP; or at
least one amino acid substitution to amino acidlues 127-128 of SEQ ID NO:99 (FGF19),
RP, or at least one amino acid substitution to ararid residues 1-124 of SEQ ID NO:99
(FGF19) and/or to amino acid residues 130-194 @ 8 NO:99 (FGF19). More specifically,



for example, a peptide sequence with a substitwiane of amino acid residues 127-128 of
SEQ ID NO:99 (FGF19), IRP, wherein at least onénaracid substitution is R127L or P128E.
[0015] Methods and uses provided herein can be practsiad any pharmaceutical
composition comprising a peptide or chimeric segaeas set forth herein. For example, a
sequence that includes or consists of any pep#igeesce set forth herein as M1-M98, M101 to
M160, or M200 to M207, or SEQ ID NOs:1 to 98, od 10 135, or 138 to 212. In other
embodiments, the peptide sequence includes orstertdiany sequence set forth in Table 1. In
yet other embodiments, the peptide sequence tbadies or consists of any sequence set forth
in the Sequence Listing herein. In certain embedits, the amino acid sequence of the peptide
comprises at least one amino acid substitutiohen_bop-8 region of FGF19, or the
corresponding FGF19 sequence thereof in a vargptige provided herein. In certain
embodiments, the amino acid sequence of the pepbicigprises one amino acid substitution to
the EIRPD (amino acids 2-6 of SEQ ID NO:190) amac@ sequence in the Loop-8 region of
FGF19. In some embodiments, the amino acid sequ#rtbe peptide comprises two amino acid
substitutions to the EIRPD (amino acids 2-6 of SEQNO:190) amino acid sequence in the
Loop-8 region of FGF19. In other embodiments, timina acid sequence of the peptide
comprises three amino acid substitutions to thePEIRamino acids 2-6 of SEQ ID NO:190)
amino acid sequence in the Loop-8 region of FGHKi8ertain embodiments, the amino acid
sequence of the peptide comprises four amino adidtgutions to the EIRPD (amino acids 2-6
of SEQ ID NO:190) amino acid sequence in the Loapegton of FGF19. In some embodiments,
the amino acid sequence of the peptide comprigesafnino acid substitutions to the EIRPD
(amino acids 2-6 of SEQ ID NO:190) amino acid segedan the Loop-8 region of FGF19. In
certain embodiments, the amino acid sequence qigpgde comprises one amino acid
substitution to the IRP (amino acids 3-5 of SEQND:190) amino acid sequence in the Loop-8
region of FGF19. In some embodiments, the aming sefuence of the peptide comprises two
amino acid substitutions to the IRP (amino acids@-SEQ ID NO:190) amino acid sequence in
the Loop-8 region of FGF19. In other embodimerits,amino acid sequence of the peptide
comprises three amino acid substitutions to the(B#no acids 3-5 of SEQ ID NO:190) amino
acid sequence in the Loop-8 region of FGF19. Itageembodiments, the amino acid sequence
of the peptide comprises one amino acid substituttdahe RP (amino acids 4-5 of SEQ ID

NO:190) amino acid sequence in the Loop-8 regioR@F19. In some embodiments, the amino



acid sequence of the peptide comprises two amiibsabstitutions to the RP (amino acids 4-5
of SEQ ID NO:190) amino acid sequence in the Loagpefon of FGF19. In certain
embodiments, the amino acid substitution to thgdRino acids 4-5 of SEQ ID NO:190) amino
acid sequence in the Loop-8 region of FGF19 is an(R) to Leu (L) substitution. In other
embodiments, the substitution to the RP (aminosagi@ of SEQ ID NO:190) amino acid
sequence in the Loop-8 region of FGF19 is a Praq®lu (E) substitution. In some
embodiments, the substitutions to the RP (amindsati5 of SEQ ID NO:190) amino acid
sequence in the Loop-8 region of FGF19 is an AngidR_eu (L) substitution and a Pro (P) to
Glu (E) substitution. In specific embodiments, thieegoing substitution(s) in the Loop-8 region
of FGF19 is in the corresponding FGF19 sequenaedh@ a variant peptide provided herein.
That is, said substitutions within a correspondi@f19 sequence (e.g., EIRPD, IRP or RP) of a
peptide variant provided herein is also contemglate

[0016] Methods and uses provided herein can be practsied a pharmaceutical
composition comprising a peptide or chimeric segeaeasf any suitable length. In particular
embodiments, the N-terminal or C-terminal regiohaf peptide or chimeric sequence is from
about 20 to about 200 amino acid residues in lentytlother particular aspects, a peptide or
chimeric sequence has 1, 2, 3,4, 5,6, 7, 8,911012, 13, 14, 15, 16, 17, 18, 19, 20 or more
amino acid deletions from the amino terminus, dudaxy-terminus or internally. In further
particular embodiments, a peptide or chimeric segedas an N-terminal region, or a C-
terminal region that includes or consists of anranacid sequence of about 5 to 10, 10 to 20, 20
to 30, 30 to 40, 40 to 50, 50 to 60, 60 to 70,o/8@, 80 to 90, 90 to 100 or more amino acids. In
additional more particular embodiments, a peptidehameric sequence has a FGF19 sequence
portion, or a FGF21 sequence portion that includesonsists of an amino acid sequence of
about 5 to 10, 10 to 20, 20 to 30, 30 to 40, 48050 to 60, 60 to 70, 70 to 80, 80 to 90, 90 to
100 or more amino acids of FGF19 or FGF21.

[0017] In yet additional embodiments, a peptide sequeneechimeric peptide sequence has
a WGDPI (SEQ ID NO:170) sequence motif correspogdo the WGDPI (SEQ ID NO:170)
sequence of amino acids 16-20 of SEQ ID NO:99 (FIJ;Hias a substituted, mutated or absent
WGDPI (SEQ ID NO:170) sequence motif correspondingGF19 WGDPI (SEQ ID NO:170)
sequence of amino acids 16-20 of FGF19; has a WGBS ID NO:170) sequence with one or

more amino acids substituted, mutated or absentarious other further aspects, the peptide



sequence is distinct from a FGF19 variant sequbaeig any of GQV, GDI, WGPI (SEQ ID
NO:171), WGDPV (SEQ ID NO:172), WGDI (SEQ ID NO:)7&DPI (SEQ ID NO:174), GPI,
WGQPI (SEQ ID NO:175), WGAPI (SEQ ID NO:176), AGDEEQ ID NO:177), WADPI

(SEQ ID NO:178), WGDAI (SEQ ID NO:179), WGDPA (SER NO:180), WDPI (SEQ ID
NO:181), WGDI (SEQ ID NO:182), WGDP (SEQ ID NO:188)FGDPI (SEQ ID NO:184)
substituted for the FGF19 WGDPI (SEQ ID NO:170)uge at amino acids 16-20.

[0018] In yet further embodiments, a peptide sequencecbiraeric peptide sequence has N-
terminal region comprises amino acid residues VH®EQ ID NO:101), wherein the N-
terminal region comprises amino acid residues DABRWG (SEQ ID NO:102), or the N-
terminal region comprises amino acid residues DS$PLG (SEQ ID NO:103). More
particularly, in one aspect the G correspondsedahkt position of the N-terminal region.

[0019] In various additional aspects, the N-terminal ragiomprises amino acid residues
DSSPLLQ (SEQ ID NO:104), where the Q residue iddlseamino acid position of the N-
terminal region, or comprises amino acid residuBSBPLLQFGGQV (SEQ ID NO:105), where
the V residue corresponds to the last positiomefN-terminal region.

[0020] In certain embodiments, an N-terminal region cosgsior consists of (or further
comprises or consists of): RHPIP (SEQ ID NO:108)ere R is the first amino acid position of
the N-terminal region; or HPIP (SEQ ID NO:107), \él is the first amino acid position of the
N-terminal region; or RPLAF (SEQ ID NO:108), whdtes the first amino acid position of the
N-terminal region; or PLAF (SEQ ID NO:109), wherésRhe first amino acid position of the N-
terminal region; or R, where R is the first amimadgposition of the N-terminal region.

[0021] In various other aspects, a peptide or chimeriasece has: amino acid residues
HPIP (SEQ ID NO:107), which are the first 4 amawid residues of the N-terminal region. In
various still further aspects, a peptide or chimeaquence has: an R residue at the first position
of the N-terminal region, or the first positiontbe N-terminal region is an M residue, or the first
and second positions of the N-terminal region id#&hsequence, or the first and second
positions of the N-terminal region is an RM sequere the first and second positions of the N-
terminal region is an RD sequence, or the firstsgwbnd positions of the N-terminal region is
an DS sequence, or the first and second positibted\-terminal region is an MD sequence, or
the first and second positions of the N-termingioa is an MS sequence, or the first through

third positions of the N-terminal region is an MB&juence, or the first through third positions



of the N-terminal region is an RDS sequence, offiteethrough third positions of the N-
terminal region is an MSD sequence, or the firstdlgh third positions of the N-terminal region
is an MSS sequence, or the first through thirdtpwss of the N-terminal region is an DSS
sequence, or the first through fourth positionthef N-terminal region is an RDSS (SEQ ID
NO:115), sequence, or the first through fourth poss of the N-terminal region is an MDSS
(SEQ ID NO:116), sequence, or the first througthfgositions of the N-terminal region is an
MRDSS (SEQ ID NO:117), sequence, or the firstulgtofifth positions of the N-terminal
region is an MSSPL (SEQ ID NO:113) sequence, ofitiethrough sixth positions of the N-
terminal region is an MDSSPL (SEQ ID NO:110) seqegror the first through seventh
positions of the N-terminal region is an MSDSSRREQ ID NO:111) sequence.

[0022] In various other particular aspects, a peptidehoneric sequence has at the N-
terminal region first amino acid position an “M’sidue, an “R” residue, a “S” residue, a “H”
residue, a “P” residue, a “L” residue or an “D”ickge. In various alternative particular aspects,
a peptide or chimeric sequence peptide sequencembddave a “M” residue or an “R” residue
at the first amino acid position of the N-terminagjion.

[0023] In further various other embodiments, a peptidehameric sequence has an N-
terminal region with any one of the following segoes: MDSSPL (SEQ ID NO:110),
MSDSSPL (SEQ ID NO:111), SDSSPL (SEQ ID NO:112),9%% (SEQ ID NO:113) or SSPL
(SEQ ID NO:114).

[0024] In various still additional aspects, a peptidelmmeric sequence has a residue at the
last position of the C-terminal region that cor@sgs to about residue 194 of SEQ ID NO:99
(FGF19). In still other embodiments, a peptideusege or a chimeric peptide sequence an
addition of amino acid residues 30-194 of SEQ ID:980(FGF19) at the C-terminus, resulting
in a chimeric polypeptide having at the last positof the C-terminal region that corresponds to
about residue 194 of SEQ ID NO:99 (FGF19). InHartother embodiments, a chimeric peptide
sequence or peptide sequence comprises all ottiarpof a FGF19 sequenced., SEQ ID
NO:99), positioned at the C-terminus of the peptatevhere the amino terminal “R” residue is
deleted from the peptide.

[0025] In more particular embodiments, a chimeric pepsielguence or peptide sequence
comprises or consists of any of M1-M98 variant ppsequences, or a subsequence or

fragment of any of the M1-M98 variant peptide sewas Methods and uses provided herein



can also be practiced using a peptide or chimedgaence, as set forth herein. For example, a
sequence that comprises or consists of any pegtigieence set forth herein as M1 to M98,
M101 to M160, or M200 to M207 or SEQ ID NOs:1 tg 981 to 135, 138 to 212, or a peptide
sequence that comprises of consists of any seqenderth in Table 1, or a peptide sequence
that comprises or consists of any sequence sétifothe Sequence Listing herein.

[0026] In various more particular embodiments, a peptetpisence comprises or consists of
any one of the following sequences:
RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARQ@SAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNV YRSEKHR
LPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSBETDSMDPF
GLVTGLEAVRSPSFEK (M3) (SEQ ID NO:3);

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARQ@SAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIREDGYNVYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFBSETDSMDP
FGLVTGLEAVRSPSFEK (M140) (SEQ ID NO:194);

RPLAFSDAGPHVHYGWGDPIRQRHLYTSGPHGLSSCFLRIRADGVVDCARGSAHSLLE
IKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYN VYRSEKH

RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMF8SETDSMDP
FGLVTGLEAVRSPSFEK (M160) (SEQ ID NO:196);

RDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHBEIKAVA
LRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSKHRLPVS
LSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLEBMDPFGLVT
GLEAVRSPSFEK (M69) (SEQ ID NO:69);

RDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSEIKAVALRT
VAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRPVSLSS
AKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMIFGLVTGL
EAVRSPSFEK (M52) (SEQ ID NO:52);

RHPIPDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQBALLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYREKHRLPV



SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M5) (SEQ ID NO:5);

HPIPDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSASHLEIKAVA
LRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSKHRLPVS
LSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLEBMDPFGLVT
GLEAVRSPSFEK (M5-R) (SEQ ID NO:160);

HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSPESQLKALK
PGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLEDGYNVYQSEHSLPLHLP
GNKSPHRDPAPRGPARFLPLPGLPPALPEPPGILAPQPPDVGSSDPLSNPSRGRSPSYA
S (M71) (SEQ ID NO:71);
HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSPESQLKALK
PGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLEDGYNVYQSEHGLPLHLP
GNKSPHRDPAPRGPARFLPLPGLPPAPPEPPGILAPQPPDVGSSDPLSMSQGRSPSYA
S (M72) (SEQ ID NO:72);

HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSPESQLKALK
PGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLEDGYNVYQSEHGLPLHLP
GNKSPHRDPAPRGPARFLPLPGLPPALPEPPGILAPQPPDVGSSDPLSNDDELQGVGG
EGCHMHPENCKTLLTDIDRTHTEKPVWDGITGE (M73) (SEQ ID NT3);

RPLAFSDASPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGSAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMF8SETDSMDP
FGLVTGLEAVRSPSFEK (M1) (SEQ ID NO:1 or 139);

RPLAFSDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARESAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMF8SETDSMDP
FGLVTGLEAVRSPSFEK (M2) (SEQ ID NO:2 or 140);

RDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSEIKAVALRT
VAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRPVSLSS

10



AKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMIFGLVTGL
EAVRSPSFEK (M48) (SEQ ID NO:48 or 6 or 148);

RPLAFSDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGASSLLEIKA
VALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLP
VSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPTEBSMDPFGL
VTGLEAVRSPSFEK (M49) (SEQ ID NO:49 or 7 or 149);

RHPIPDSSPLLQFGDQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSESLLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNVYRSEKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M50) (SEQ ID NO:50);

RHPIPDSSPLLQFGGNVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSESLLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYREKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M51) (SEQ ID NO:51 or 36 or 155);

MDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSHEIKAVALRT
VAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRPVSLSS
AKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMIFGLVTGL
EAVRSPSFEK (M53) (SEQ ID NO:192);

MRDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSASLLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M70) (SEQ ID NO:70);

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARQ@SAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILPDGYNVYRSEKHR
LPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSBPTDSMDPF
GLVTGLEAVRSPSFEK (M139) (SEQ ID NO:193); or

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGSAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILCDGYNV YRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMF88ETDSMDP
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FGLVTGLEAVRSPSFEK (M141) (SEQ ID NO:195);
RPLAFSDAGPHVHYGWGDPIRQRHLYTSGPHGLSSCFLRIRADGVVDCARTSAHSLLE
IKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYN VYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMF8SETDSMDP
FGLVTGLEAVRSPSFEK (M160) (SEQ ID NO:196);

or a subsequence or fragment thereof any of tregfong peptide sequences. In certain
embodiments of any of the foregoing peptide segegribe R terminal residue (R residue at the

N-terminus) is deleted.

[0027] In other embodiments, the peptide comprises oristsnsf:
RDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHMSBEIKAVA
LRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNVYRSEKHRLPVS
LSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLEBMDPFGLVT
GLEAVRSPSFEK (M200) (SEQ ID NO:197); or a subsegeaeor fragment thereof. In one
embodiment, the N-terminal R residue is deleted.

[0028] In some embodiments, the peptide comprises or stsnsi:
RPLAFSDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAREAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNV YRSEKHR
LPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSBETDSMDPF
GLVTGLEAVRSPSFEK (M201) (SEQ ID NO:198); or a sufsence or fragment thereof. In
one embodiment, the N-terminal R residue is deleted

[0029] In certain embodiments, the peptide comprises osists of:
RPLAFSDASPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG@SAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNV YRSEKHR
LPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSBETDSMDPF
GLVTGLEAVRSPSFEK (M202) (SEQ ID NO:199); or a sugasence or fragment thereof. In
one embodiment, the N-terminal R residue is deleted

[0030] In other embodiments, the peptide comprises oristsnsf:
RDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSEIKAVALRT
VAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNVYRSEKHRLPVSLSS
AKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMAIFGLVTGL
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EAVRSPSFEK (M203) (SEQ ID NO:200); or a subsequesrdeagment thereof. In one
embodiment, the N-terminal R residue is deleted.

[0031] In some embodiments, the peptide comprises or stns:
RHPIPDSSPLLQFGDQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSSLLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNVYRSEKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M204) (SEQ ID NO:201); or a subsetpe=or fragment thereof. In one
embodiment, the N-terminal R residue is deleted.

[0032] In certain embodiments, the peptide comprises osists of:
RDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSEIKAVALRT
VAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNVYRSEKHRLPVSLSS
AKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMAIFGLVTGL
EAVRSPSFEK (M205) (SEQ ID NO:202); or a subsequesrdeagment thereof. In one
embodiment, the N-terminal R residue is deleted.

[0033] In some embodiments, the peptide comprises or stsnsi:
RHPIPDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQBALLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNVYRSEKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M206) (SEQ ID NO:203); or a subsetpesor fragment thereof. In one
embodiment, the N-terminal R residue is deleted.

[0034] In other embodiments, the peptide comprises oristsnsf:
MRDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAF . LEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNVYRSEKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M207) (SEQ ID NO:204); or a subsetpe=or fragment thereof.

[0035] In some embodiments, the peptide is a variant geptesignated M139. In one
embodiment, the peptide comprises an amino acudeseg set forth in SEQ ID NO:193. In
other embodiments, the peptide consists of an aatitbsequence set forth in SEQ ID NO:193.
In some embodiments, the peptide is a variant geptesignated M140. In one embodiment, the
peptide comprises an amino acid sequence setifoBEQ ID NO:194. In other embodiments,

the peptide consists of an amino acid sequendersietin SEQ ID NO:194. In some
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embodiments, the peptide is a variant peptide daségl M141. In one embodiment, the peptide
comprises an amino acid sequence set forth in $ERQ:195. In other embodiments, the
peptide consists of an amino acid sequence sétifo@EQ ID NO:195. In some embodiments,
the peptide is a variant peptide designated M16@ne embodiment, the peptide comprises an
amino acid sequence set forth in SEQ ID NO:196otk®r embodiments, the peptide consists of
an amino acid sequence set forth in SEQ ID NO:18&ome embodiments, the peptide is a
variant peptide designated M200. In one embodimbatpeptide comprises an amino acid
sequence set forth in SEQ ID NO:197. In other ettithents, the peptide consists of an amino
acid sequence set forth in SEQ ID NO:197. In sembodiments, the peptide is a variant
peptide designated M201. In one embodiment, tptigeecomprises an amino acid sequence set
forth in SEQ ID NO:198. In other embodiments, pieptide consists of an amino acid sequence
set forth in SEQ ID NO:198. In other embodimettis, peptide is a variant peptide designated
M202. In some embodiments, the peptide comprisesrano acid sequence set forth in SEQ ID
NO:199. In other embodiments, the peptide consisé® amino acid sequence set forth in SEQ
ID NO:199. In certain embodiments, the peptide vai@ant peptide designated M203. In one
embodiment, the peptide comprises an amino acideseg set forth in SEQ ID NO:200. In

other embodiments, the peptide consists of an aatitbsequence set forth in SEQ ID NO:200.
In some embodiments, the peptide is a variant geplesignated M204. In one embodiment, the
peptide comprises an amino acid sequence setifoBEQ ID NO:201. In other embodiments,
the peptide consists of an amino acid sequendersietin SEQ ID NO:201. In another
embodiment, the peptide is a variant peptide desgghM205. In some embodiments, the
peptide comprises an amino acid sequence setifo8&Q ID NO:202. In other embodiments,
the peptide consists of an amino acid sequendersietin SEQ ID NO:202. In other
embodiments, the peptide is a variant peptide dasegl M206. In some embodiments, the
peptide comprises an amino acid sequence setifo8&Q ID NO:203. In other embodiments,
the peptide consists of an amino acid sequendersietin SEQ ID NO:203. In yet other
embodiments, the peptide is a variant peptide dasegl M207. In some embodiments, the
peptide comprises an amino acid sequence setifoBEQ ID NO:204. In other embodiments,
the peptide consists of an amino acid sequendersietin SEQ 1D NO:204.

[0036] In various additional particular aspects, the Nrieus of the peptide sequence

includes or consists of any of:
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HPIPDSSPLLQFGGQVRLRHLYTSG (M5-R) (amino acids 1-&BSEQ ID NO:160);
DSSPLLQFGGQVRLRHLYTSG (M6-R) (amino acids 2-22 &S ID NO:6);
RPLAFSDSSPLLQFGGQVRLRHLYTSG (M7) (amino acids 1-&7SEQ ID NO:7);
HPIPDSSPLLQWGDPIRLRHLYTSG (M8-R) (amino acids 2-@6SEQ ID NO:8);
HPIPDSSPLLQFGWGDPIRLRHLYTSG (M9-R) (amino acids & SEQ ID NO:9);
HPIPDSSPHVHYGWGDPIRLRHLYTSG (M10-R) (amino acid8-of SEQ ID NO:10);
RPLAFSDAGPLLQWGDPIRLRHLYTSG (M11) (amino acids 1-87 SEQ ID NO:11);
RPLAFSDAGPLLQFGWGDPIRLRHLYTSG (M12) (amino acid29-of SEQ ID NO:12);
RPLAFSDAGPLLQFGGQVRLRHLYTSG (M13) (amino acids 1-87SEQ ID NO:13);
HPIPDSSPHVHYGGQVRLRHLYTSG (M14-R) (amino acids 2-@6SEQ ID NO:14);
RPLAFSDAGPHVHYGGQVRLRHLYTSG (M15) (amino acids 1-27 SEQ ID NO:15);
RPLAFSDAGPHVHWGDPIRLRHLYTSG (M16) (amino acids 1-87 SEQ ID NO:16);
RPLAFSDAGPHVGWGDPIRLRHLYTSG (M17) (amino acids 1-87SEQ ID NO:17);
RPLAFSDAGPHYGWGDPIRLRHLYTSG (M18) (amino acids 1-87SEQ ID NO:18);
RPLAFSDAGPVYGWGDPIRLRHLYTSG (M19) (amino acids 1-87 SEQ ID NO:19);
RPLAFSDAGPVHGWGDPIRLRHLYTSG (M20) (amino acids 1-87SEQ ID NO:20);
RPLAFSDAGPVHYWGDPIRLRHLYTSG (M21) (amino acids 1-27 SEQ ID NO:21);
RPLAFSDAGPHVHGWGDPIRLRHLYTSG (M22) (amino acids T-2f SEQ ID NO:22);
RPLAFSDAGPHHGWGDPIRLRHLYTSG (M23) (amino acids 1-87SEQ ID NO:23);
RPLAFSDAGPHHYWGDPIRLRHLYTSG (M24) (amino acids 1-87 SEQ ID NO:24);
RPLAFSDAGPHVYWGDPIRLRHLYTSG (M25) (amino acids 1-27 SEQ ID NO:25);
RPLAFSDSSPLVHWGDPIRLRHLYTSG (M26) (amino acids 1-@7SEQ ID NO:26);
RPLAFSDSSPHVHWGDPIRLRHLYTSG (M27) (amino acids 1-@&7SEQ ID NO:27);
RPLAFSDAGPHVWGDPIRLRHLYTSG (M28) (amino acids 1-86SEQ ID NO:28);
RPLAFSDAGPHVHYWGDPIRLRHLYTSG (M29) (amino acids Baf SEQ ID NO:29);
RPLAFSDAGPHVHYAWGDPIRLRHLYTSG (M30) (amino acids29 of SEQ ID NO:30);
RHPIPDSSPLLQFGAQVRLRHLYTSG (M31) (amino acids 1-@6SEQ ID NO:31);
RHPIPDSSPLLQFGDQVRLRHLYTSG (M32) (amino acids 1&6SEQ ID NO:32);
RHPIPDSSPLLQFGPQVRLRHLYTSG (M33) (amino acids 1e268EQ ID NO:33);
RHPIPDSSPLLQFGGAVRLRHLYTSG (M34) (amino acids 1-@6SEQ ID NO:34);
RHPIPDSSPLLQFGGEVRLRHLYTSG (M35) (amino acids 1€f6SEQ ID NO:35);
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RHPIPDSSPLLQFGGNVRLRHLYTSG (M36) (amino acids 1-@6SEQ ID NO:36);
RHPIPDSSPLLQFGGQARLRHLYTSG (M37) (amino acids 16EQ ID NO:37);
RHPIPDSSPLLQFGGQIRLRHLYTSG (M38) (amino acids 1<465EQ ID NO:38);
RHPIPDSSPLLQFGGQTRLRHLYTSG (M39) (amino acids 126EQ ID NO:39);
RHPIPDSSPLLQFGWGQPVRLRHLYTSG (M40) (amino acids8«f SEQ ID NO:40);
DAGPHVHYGWGDPIRLRHLYTSG (M74-R) (amino acids 2-24 SEQ ID NO:74);
VHYGWGDPIRLRHLYTSG (M75-R) (amino acids 2-19 of SHQ NO:75);
RLRHLYTSG (M77-R) (amino acids 2-10 of SEQ ID NO)77
RHPIPDSSPLLQFGWGDPIRLRHLYTSG (M9) (amino acids 1<&8SEQ ID NO:9);
RHPIPDSSPLLQWGDPIRLRHLYTSG (M8) (amino acids 1-X6S&EQ ID NO:8);
RPLAFSDAGPLLQFGWGDPIRLRHLYTSG (M12) (amino acid2®8-of SEQ ID NO:12);
RHPIPDSSPHVHYGWGDPIRLRHLYTSG (M10) (amino acids 8-@ SEQ ID NO:10);
RPLAFSDAGPLLQFGGQVRLRHLYTSG (M13) (amino acids 1-87SEQ ID NO:13);
RHPIPDSSPHVHYGGQVRLRHLYTSG (M14) (amino acids 1-@6SEQ ID NO:14);
RPLAFSDAGPHVHYGGDIRLRHLYTSG (M43) amino acids 1-27 SEQ ID NO:43); or
RDSSPLLQFGGQVRLRHLYTSG (M6) (amino acids 1-22 of GED NO:6);

or any of the foregoing peptide sequences wherarttino terminal R residue is deleted.
[0037] In certain embodiments, the peptide comprises psists of any of:
HPIPDSSPLLQFGGQVRLRHLYTSG (M5-R) (amino acids 1-@5SEQ ID NO:160);
DSSPLLQFGGQVRLRHLYTSG (M6-R) (amino acids 2-22 &G ID NO:6);
RPLAFSDSSPLLQFGGQVRLRHLYTSG (M7) (amino acids 1&7SEQ ID NO:7);
HPIPDSSPLLQWGDPIRLRHLYTSG (M8-R) (amino acids 2-@6SEQ ID NO:8);
HPIPDSSPLLQFGWGDPIRLRHLYTSG (M9-R) (amino acids & SEQ ID NO:9);
HPIPDSSPHVHYGWGDPIRLRHLYTSG (M10-R) (amino acid8-of SEQ ID NO:10);
RPLAFSDAGPLLQWGDPIRLRHLYTSG (M11) (amino acids 1-87 SEQ ID NO:11);
RPLAFSDAGPLLQFGWGDPIRLRHLYTSG (M12) (amino acid2®8-of SEQ ID NO:12);
RPLAFSDAGPLLQFGGQVRLRHLYTSG (M13) (amino acids 1-87SEQ ID NO:13);
HPIPDSSPHVHYGGQVRLRHLYTSG (M14-R) (amino acids 2-@6SEQ ID NO:14);
RPLAFSDAGPHVHYGGQVRLRHLYTSG (M15) (amino acids 1-87 SEQ ID NO:15);
RPLAFSDAGPHVHWGDPIRLRHLYTSG (M16) (amino acids 1-87 SEQ ID NO:16);
RPLAFSDAGPHVGWGDPIRLRHLYTSG (M17) (amino acids 1-87SEQ ID NO:17);
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RPLAFSDAGPHYGWGDPIRLRHLYTSG (M18) (amino acids 1-87SEQ ID NO:18);
RPLAFSDAGPVYGWGDPIRLRHLYTSG (M19) (amino acids 1-87 SEQ ID NO:19);
RPLAFSDAGPVHGWGDPIRLRHLYTSG (M20) (amino acids 1-87SEQ ID NO:20);
RPLAFSDAGPVHYWGDPIRLRHLYTSG (M21) (amino acids 1-27 SEQ ID NO:21);
RPLAFSDAGPHVHGWGDPIRLRHLYTSG (M22) (amino acids T-2f SEQ ID NO:22);
RPLAFSDAGPHHGWGDPIRLRHLYTSG (M23) (amino acids 1-87SEQ ID NO:23);
RPLAFSDAGPHHYWGDPIRLRHLYTSG (M24) (amino acids 1-87 SEQ ID NO:24);
RPLAFSDAGPHVYWGDPIRLRHLYTSG (M25) (amino acids 1-27 SEQ ID NO:25);
RPLAFSDSSPLVHWGDPIRLRHLYTSG (M26) (amino acids 1-@7SEQ ID NO:26);
RPLAFSDSSPHVHWGDPIRLRHLYTSG (M27) (amino acids 1-@&7SEQ ID NO:27);
RPLAFSDAGPHVWGDPIRLRHLYTSG (M28) (amino acids 1-86SEQ ID NO:28);
RPLAFSDAGPHVHYWGDPIRLRHLYTSG (M29) (amino acids Baf SEQ ID NO:29);
RPLAFSDAGPHVHYAWGDPIRLRHLYTSG (M30) (amino acids29 of SEQ ID NO:30);
RHPIPDSSPLLQFGAQVRLRHLYTSG (M31) (amino acids 1-@6SEQ ID NO:31);
RHPIPDSSPLLQFGDQVRLRHLYTSG (M32) (amino acids 1&6SEQ ID NO:32);
RHPIPDSSPLLQFGPQVRLRHLYTSG (M33) (amino acids 1e265EQ ID NO:33);
RHPIPDSSPLLQFGGAVRLRHLYTSG (M34) (amino acids 1-@6SEQ ID NO:34);
RHPIPDSSPLLQFGGEVRLRHLYTSG (M35) (amino acids 1€f6SEQ ID NO:35);
RHPIPDSSPLLQFGGNVRLRHLYTSG (M36) (amino acids 1&6SEQ ID NO:36);
RHPIPDSSPLLQFGGQARLRHLYTSG (M37) (amino acids 16f6SEQ ID NO:37);
RHPIPDSSPLLQFGGQIRLRHLYTSG (M38) (amino acids 1&f6SEQ ID NO:38);
RHPIPDSSPLLQFGGQTRLRHLYTSG (M39) (amino acids 16#6EQ ID NO:39);
RHPIPDSSPLLQFGWGQPVRLRHLYTSG (M40) (amino acids&ef SEQ ID NO:40);
DAGPHVHYGWGDPIRLRHLYTSG (M74-R) (amino acids 2-24 SEQ ID NO:74);
VHYGWGDPIRLRHLYTSG (M75-R) (amino acids 2-19 of SHQ NO:75);
RLRHLYTSG (M77-R) (amino acids 2-10 of SEQ ID NO)77
RHPIPDSSPLLQFGWGDPIRLRHLYTSG (M9) (amino acids 1€#8SEQ ID NO:9);
RHPIPDSSPLLQWGDPIRLRHLYTSG (M8) (amino acids 1-Z6SEQ ID NO:8);
RPLAFSDAGPLLQFGWGDPIRLRHLYTSG (M12) (amino acids29-of SEQ ID NO:12);
RHPIPDSSPHVHYGWGDPIRLRHLYTSG (M10) (amino acids 8-@f SEQ ID NO:10);
RPLAFSDAGPLLQFGGQVRLRHLYTSG (M13) (amino acids 1-87SEQ ID NO:13);
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RHPIPDSSPHVHYGGQVRLRHLYTSG (M14) (amino acids 1-@6SEQ ID NO:14);
RPLAFSDAGPHVHYGGDIRLRHLYTSG (M43) amino acids 1-27 SEQ ID NO:43); or
RDSSPLLQFGGQVRLRHLYTSG (M6) (amino acids 1-22 of GED NO:6). In some
embodiments, the peptide comprise one of the fangggequences. In another embodiment, the
peptide consists of one of the foregoing sequenitesome embodiments, the peptide comprises
a C-terminal region comprising a portion of SEQND:99 (FGF19), the C-terminal region
having a first amino acid position and a last anaom position,

wherein the C-terminal region comprises amino aesidues 16-29 of SEQ ID NO:99 (FGF19),
WGDPIRLRHLYTSG (SEQ ID NO:169), wherein the W rastdcorresponds to the first amino
acid position of the C-terminal region.

[0038] In various further particular aspects, a peptidgisace includes or consists of:
HPIPDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHLEIKAVA
LRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSKHRLPVS
LSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLEBMDPFGLVT
GLEAVRSPSFEK (SEQ ID NO:160);

DSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLUEAVALRTV
AIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRIPVSLSSA
KQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMBBLVTGLE
AVRSPSFEK (SEQ ID NO:138 or 161);

RPLAFSDASPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARQSAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFBSETDSMDP
FGLVTGLEAVRSPSFEK (SEQ ID NO:1 or 139);

RPLAFSDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAREAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMF8S8ETDSMDP
FGLVTGLEAVRSPSFEK(SEQ ID NO:2 or 140); or

DSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHEEIKAVAL
RTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKIRLPVSL
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SSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETMSPFGLVT
GLEAVRSPSFEK (SEQ ID NO:141);

or a subsequence or fragment thereof any of tlegfong peptide sequences. In certain
embodiments of any of the foregoing peptide segegrthe R terminal residue is deleted.
[0039] In further embodiments, a peptide sequence congoiseonsists of:
MRDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAF . LEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYREKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M70) (SEQ ID NO:70), or a subsequeocfragment thereof.

[0040] In further embodiments, a peptide sequence congoiseonsists of:
RDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSBEIKAVA
LRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSKHRLPVS
LSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLEBMDPFGLVT
GLEAVRSPSFEK (M69) (SEQ ID NO:69), or a subsequemcigagment thereof.

[0041] In certain embodiments, a peptide sequence inclitndesddition of amino acid
residues 30-194 of SEQ ID NO:99 (FGF19) at ther@hteus, resulting in a chimeric
polypeptide. In some embodiments, a peptide sexguieas at least one amino acid substitution
to amino acid residues 125-129 of SEQ ID NO:99 (F§FEIRPD. In other embodiments, the
peptide sequence has at least one amino acid tstilestito amino acid residues 126-128 of SEQ
ID NO:99 (FGF19), IRP. In other embodiments, teptgle sequence has at least one amino
acid substitution to amino acid residues 127-128E® ID NO:99 (FGF19), RP. In other
embodiments, the peptide sequence has at leasineine acid substitution to amino acid
residues 1-124 of SEQ ID NO:99 (FGF19) and/or tacnamacid residues 130-194 of SEQ ID
NO:99 (FGF19). For example, in certain embodimea{septide sequence comprises
substitution to one of amino acid residues 127-d2BEQ ID NO:99 (FGF19), RP, wherein at
least one amino acid substitution is R127L or P128&id substitutions within a corresponding
FGF19 sequence.(., EIRPD, IRP or RP) of a peptide variant providedeiers also
contemplated. In certain embodiments, the peputaheprises both a R127L and P128E
substitution to amino acid residues 127-128 of 3BQO:99 (FGF19), RP, or the
corresponding FGF19 sequence thereof in a vargptige provided herein. In certain

embodiments, the amino acid sequence of the pepticiprises at least one amino acid
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substitution in the Loop-8 region of FGF19, or toeresponding FGF19 sequence thereof in a
variant peptide provided herein. In certain embudits, the amino acid sequence of the peptide
comprises one amino acid substitution to the EIR&®Dino acids 2-6 of SEQ ID NO:190)

amino acid sequence in the Loop-8 region of FGF190me embodiments, the amino acid
sequence of the peptide comprises two amino adistisutions to the EIRPD (amino acids 2-6
of SEQ ID NO:190) amino acid sequence in the Loapegton of FGF19. In other embodiments,
the amino acid sequence of the peptide comprises #mino acid substitutions to the EIRPD
(amino acids 2-6 of SEQ ID NO:190) amino acid segeen the Loop-8 region of FGF19. In
certain embodiments, the amino acid sequence qigpgde comprises four amino acid
substitutions to the EIRPD (amino acids 2-6 of SBQNO:190) amino acid sequence in the
Loop-8 region of FGF19. In some embodiments, thmaracid sequence of the peptide
comprises five amino acid substitutions to the EDRBmino acids 2-6 of SEQ ID NO:190)
amino acid sequence in the Loop-8 region of FGH18ertain embodiments, the amino acid
sequence of the peptide comprises one amino abgtiguion to the IRP (amino acids 3-5 of
SEQ ID NO:190) amino acid sequence in the Loopgdreof FGF19. In some embodiments,
the amino acid sequence of the peptide comprisegitano acid substitutions to the IRP (amino
acids 3-5 of SEQ ID NO:190) amino acid sequendben_oop-8 region of FGF19. In other
embodiments, the amino acid sequence of the pegpoitiprises three amino acid substitutions to
the IRP (amino acids 3-5 of SEQ ID NO:190) aminial aequence in the Loop-8 region of
FGF19. In certain embodiments, the amino acid secpief the peptide comprises one amino
acid substitution to the RP (amino acids 4-5 of SBQI0:190) amino acid sequence in the
Loop-8 region of FGF19. In some embodiments, thmaracid sequence of the peptide
comprises two amino acid substitutions to the RRr{a acids 4-5 of SEQ ID NO:190) amino
acid sequence in the Loop-8 region of FGF19. Itaceembodiments, the amino acid
substitution to the RP (amino acids 4-5 of SEQ ID0:N0) amino acid sequence in the Loop-8
region of FGF19 is an Arg (R) to Leu (L) substituti In other embodiments, the substitution to
the RP (amino acids 4-5 of SEQ ID NO:190) aminal aeiquence in the Loop-8 region of
FGF19 is a Pro (P) to Glu (E) substitution. In soembodiments, the substitutions to the RP
(amino acids 4-5 of SEQ ID NO:190) amino acid segeean the Loop-8 region of FGF19 is an
Arg (R) to Leu (L) substitution and a Pro (P) tai@E) substitution. In specific embodiments,
the foregoing substitution(s) in the Loop-8 regadrFGF19 is in the corresponding FGF19
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sequence thereof in a variant peptide providedimefaat is, said substitutions within a
corresponding FGF19 sequence (e.g., EIRPD, IRAP)ORa peptide variant provided herein is
also contemplated.

[0042] Peptide or chimeric sequences provided herein easf ny suitable length. In
particular embodiments, the N-terminal or C-terrhnegion of the peptide or chimeric sequence
is from about 20 to about 200 amino acid residodsngth. In further particular embodiments,
a chimeric peptide sequence or peptide sequencat fesst one amino acid deletion. In other
particular aspects, a peptide or chimeric sequkasd, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20 or more amino acid deletfams the amino terminus, the carboxy-
terminus or internally. In one embodiment, thersoracid substitution, or deletion is at any of
amino acid positions 8-20 of FGF19 (AGPHVHYGWGDBEQ ID NO:187). In further
particular embodiments, a peptide or chimeric segedas an N-terminal region, or a C-
terminal region that comprises or consists of amaracid sequence of about 5 to 10, 10 to 20,
20 to 30, 30 to 40, 40 to 50, 60 to 70, 70 to &tdA90, 90 to 100 or more amino acids. In
additional more particular embodiments, a peptidehimeric sequence has a FGF19 sequence
portion, or a FGF21 sequence portion that composesnsists of an amino acid sequence of
about 5 to 10, 10 to 20, 20 to 30, 30 to 40, 460050 to 60, 60 to 70, 70 to 80, 80 to 90, 90 to
100 or more amino acids of FGF19 or FGF21.

[0043] In various further embodiments, a peptide or chioeequence has an amino acid
substitution, an addition, insertion or is a sulbesge that has at least one amino acid deleted.
Such amino acid substitutions, additions, insestiand deletions of a peptide sequence can be 1,
2,3,4,5,6,7,8,9, 10 or more amino acid ne=ssd(10-20, 20-30, 30-40, 40-%ic.), for

example, at the N- or C-terminus, or internal. &mmmple, a subsequence that has 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18 209r more amino acid deletions from the amino
terminus, the carboxy-terminus or internally. Ipaaticular aspect, the amino acid substitution,
or deletion is at any of amino acid positions 8026GF19 (AGPHVHYGWGDPI) (SEQ ID
NO:187).

[0044] In various still more particular embodiments, atplgpor chimeric sequence includes
all or a portion of a FGF19 sequence set forth as:
PHGLSSCFLRIRADGVVDCARGQSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKM
QGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGHRLSHFLPML
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PMVPEEPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK (3D NO:188)
positioned at the C-terminus of the peptide, oraitmeno terminal “R” residue is deleted from the
sequence.

[0045] In various embodiments, a peptide or chimeric segaidas a function or activity
greater or less than a comparison sequence. thefyparticular embodiments, chimeric peptide
sequences and peptide sequences have particutdiofsor activities. In one aspect, a
chimeric peptide sequence or peptide sequence airasrdr increases a fibroblast growth factor
receptor 4 (FGFR4) mediated activity. In additicespects, a chimeric peptide sequence or
peptide sequendands to FGFR4 or activates FGFR4, or does notctaiey bind to FGFR4 or
activate FGFR4, or binds to FGFR4 with an affiditgs than, comparable to or greater than
FGF19 binding affinity for FGFRA4, or activates FGFf® an extent or amount less than,
comparable to or greater than FGF19 activates FGHR4ome embodiments, a chimeric
peptide sequence or peptide sequence providechresvates FGFR4 to an extent or amount
less than the extent or amount that FGF19 actie®R4. In one embodiment, a chimeric
peptide sequence or peptide sequence providechresvates FGFR4 to an extent or amount
comparable to the extent or amount that FGF19 atetsvFGFR4. In one embodiment, a
chimeric peptide sequence or peptide sequencedavierein activates FGFR4 to an extent or
amount greater than the extent or amount that FGEt@ates FGFR4.

[0046] In one embodiment, a chimeric peptide sequencemtige sequence provided herein
maintains a FGFR4 mediated activity. In one embedina chimeric peptide sequence or
peptide sequence provided herein increases a FGiedited activity. In some embodiments,
a chimeric peptide sequence or peptide sequeng@ptbherein binds to FGFR4 with an
affinity less than FGF19 binding affinity for FGFR#& one embodiment, a chimeric peptide
sequence or peptide sequence provided herein twrieiSFR4 with an affinity comparable to
FGF19 binding affinity for FGFR4. In some embodintse a chimeric peptide sequence or
peptide sequence provided herein binds to FGFR4 amtaffinity greater than FGF19 binding
affinity for FGFR4. In one embodiment, a chimeric peptide sequenceotige sequence
provided herein does not detectably bind to FGFRA4.

[0047] In further aspects, a chimeric peptide sequengeptide sequend®as reduced HCC
formation compared to FGF19, or a FGF19 variantisege having any of GQV, GDI, WGPI
(SEQ ID NO:171), WGDPV (SEQ ID NO:172), WGDI (SERQ NO:173), GDPI (SEQ ID
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NO:174), GPI, WGQPI (SEQ ID NO:175), WGAPI (SEQND:176), AGDPI (SEQ ID
NO:177), WADPI (SEQ ID NO:178), WGDAI (SEQ ID NO:2Qy, WGDPA (SEQ ID NO:180),
WDPI (SEQ ID NO:181), WGDI (SEQ ID NO:182), WGDPHRQ ID NO:183) or FGDPI (SEQ
ID NO:184) substituted for the WGDPI (SEQ ID NOO)7sequence at amino acids 16-20 of
FGF19; or has greater glucose lowering activity parad to FGF19, or a FGF19 variant
sequence having any of GQV, GDI, WGPI (SEQ ID NQ)1WGDPV (SEQ ID NO:172),
WGDI (SEQ ID NO:173), GDPI (SEQ ID NO:174), GPI, W®I (SEQ ID NO:175), WGAPI
(SEQ ID NO:176), AGDPI (SEQ ID NO:177), WADPI (SHQ NO:178), WGDAI (SEQ ID
NO:179), WGDPA (SEQ ID NO:180), WDPI (SEQ ID NO:38WGDI (SEQ ID NO:182),
WGDP (SEQ ID NO:183) or FGDPI (SEQ ID NO:184) sithited for the WGDPI (SEQ ID
NO:170) sequence at amino acids 16-20 of FGF19tesadipid increasing activity compared to
FGF19, or a FGF19 variant sequence having any of &GDI, WGPI (SEQ ID NO:171),
WGDPV (SEQ ID NO:172), WGDI (SEQ ID NO:173), GDEKEQ ID NO:174), GPI, WGQP!I
(SEQ ID NO:175), WGAPI (SEQ ID NO:176), AGDPI (SEQ NO:177), WADPI (SEQ ID
NO:178), WGDAI (SEQ ID NO:179), WGDPA (SEQ ID NO@8 WDPI (SEQ ID NO:181),
WGDI (SEQ ID NO:182), WGDP (SEQ ID NO:183) or FGOSEQ ID NO:184) substituted
for the WGDPI (SEQ ID NO:170) sequence at amindsdi6-20 of FGF19; or has less
triglyceride, cholesterol, non-HDL or HDL increagiactivity compared to FGF19, or a FGF19
variant sequence having any of GQV, GDI, WGPI (SEQI0:171), WGDPV (SEQ ID
NO:172), WGDI (SEQ ID NO:173), GDPI (SEQ ID NO:178GPI, WGQPI (SEQ ID NO:175),
WGAPI (SEQ ID NO:176), AGDPI (SEQ ID NO:177), WADESEQ ID NO:178), WGDAI
(SEQ ID NO:179), WGDPA (SEQ ID NO:180), WDPI (SERQ NO:181), WGDI (SEQ ID
NO:182), WGDP (SEQ ID NO:183) or FGDPI (SEQ ID N84} substituted for the WGDPI
(SEQ ID NO:170) sequence at amino acids 16-20 dfISGor the peptide sequence has less
lean mass reducing activity compared to FGF21.hSwections and activities can be
ascertainedn vitro orin vivo, for example, in ab/db mouse.

[0048] In one embodiment, a peptide or chimeric sequeasealtfunction or activity greater
or less than a comparison sequence. In some embotl, the comparison sequence is FGF19.
In another embodiment, the comparison sequend8&k. g variant sequence having any of
GQV, GDI, WGPI (SEQ ID NO:171), WGDPV (SEQ ID NO2)7 WGDI (SEQ ID NO:173),
GDPI (SEQ ID NO:174), GPI, WGQPI (SEQ ID NO:175)GAPI (SEQ ID NO:176), AGDPI
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(SEQ ID NO:177), WADPI (SEQ ID NO:178), WGDAI (SEQ NO:179), WGDPA (SEQ ID
NO:180), WDPI (SEQ ID NO:181), WGDI (SEQ ID NO:182YGDP (SEQ ID NO:183) or
FGDPI (SEQ ID NO:184) substituted for the WGDPE(HID NO:170) sequence at amino
acids 16-20 of FGF19In one embodiment, a peptide or chimeric peptidgieace provided
herein has greater glucose lowering activity cora@do a comparison sequence. In another
embodiment, a peptide or chimeric peptide sequprmaded herein has less lipid increasing
activity compared to a comparison sequence. lar@mbodiment, a peptide or chimeric
peptide sequence provided herein has lower or eztllijgid €.9., triglyceride, cholesterol, non-
HDL) activity compared to a comparison sequenceother embodiments, a peptide or chimeric
peptide sequence provided herein has more HDL asarg activity as compared to a
comparison sequence. In other embodiment, a peptidhimeric peptide sequence provided
herein has less lean mass reducing activity condpara comparison sequence or FGF21.
[0049] In further additional various embodiments, a peptd chimeric sequence includes
one or more L-amino acids, D-amino acids, non-radiuoccurring amino acids, or amino acid
mimetic, derivative or analogue. In still furtherious embodiments, a peptide or chimeric
sequence has an N-terminal region, or a C-term@tabn, or a FGF19 sequence portion, or a
FGF21 sequence portion, joined by a linker or space

[0050] In certain embodiments, a pharmaceutical composgiovided herein is in liquid
dosage form. In some embodiments, the peptideasancentration of from 1 to 10 mg/mL. In
one embodiment, the peptide is at a concentrafi@mog/mL. In another embodiment, the
peptide is at a concentration of 5 mg/mL. In soméediments, the peptide at a concentration of
10 mg/mL. In one embodiment, the peptide comprseamino acid sequence of SEQ ID
NO:70. In some embodiments, the peptide consisia amino acid sequence of SEQ ID
NO:70. In one embodiment, the peptide compriseoosists of an amino acid sequence of
SEQ ID NO:204.

[0051] In some embodiments of the pharmaceutical compaositprovided herein, Tris is
present in the range of 5 and 50 mM, 15 and 40 &vand 35 mM, 20 and 30 mM, or 20 and
25 mM. In one embodiment, the Tris is presentlam®1. In some embodiments, a formulation
volume of 1000 mL comprises 2.0, 2.1, 2.2., 2.3, 2.5, 2.6, 2.7, 2.8, 2.9 or 3.0 g of Tris, or
any range thereof. In one embodiment, the a faxtimrd volume of 1000 mL comprises from
2.4 10 2.5 g of Tris.
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[0052] In some embodiments of the various pharmaceutaajpositions provided herein,
trehalose is present in the range of 1 and 20860215%, 3 and 10%, 4 and 9.5%, 5 and 9.25%,
6 and 9%, 7 and 8.5%, 8 and 8.4%, or 8.1 and 8.8%ne embodiment, the trehalose is present
at 8.2%, 8.3% or 8.4%. In some embodiments,mdtation volume of 1000 mL comprises
92.0,92.1, 92.2,92.3, 92.4, 92.5, 92.6, 92.78,922.9 or 93.0 g of trehalose dihydrate. In one
embodiment, a formulation volume of 1000 mL comgsifrom 92.4 to 92.5 g of trehalose
dihydrate. In some embodiments, the molarityrefialose dehydrate is from 240 to 300 mM,
240 to 290 mM, 250 to 290 mM, 260 to 290 mM, 27@%0 mM, or 244 to 245 mM. In one
embodiment, the molarity of the trehalose dehydsasbout 280 mM.

[0053] In some embodiments of the various pharmaceutaajpositions provided herein,
the concentration of TWEEN-20 is in the range ofir0.001 to 0.1% (v/v), 0.0025 to 0.075%
(v/v), 0.005 to 0.05% (v/v), or 0.0075 to 0.025%vjv In one embodiment, the concentration of
TWEEN-20 is 0.01% (V/v).

[0054] In some embodiments of the various pharmaceutaajpositions provided herein,
the pharmaceutical composition has a pH in a raf@e and 9.5, 6.8 and 9.3, 7.0 and 9.0, 7.3
and 8.7, 7.5 and 8.5, or 7.7 and 8.2. In one ennbexdki, the pharmaceutical composition has a
pH of 7.3, 7.5, 8.0, or 8.5. In some embodimethis,pH is taken at°€. In one embodiment, the
pH is taken at 2Z&.

[0055] In some embodiments of the various pharmaceutaajpositions provided herein,
the compositions comprise 20 mM Tris, 8.37% (wfehalose, and 0.01% TWEEN-20. In one
embodiment of the various pharmaceutical composstirovided herein, the compositions
comprise 20 mM Tris, 8.3% (w/v) trehalose, and %00WEEN-20. In one embodiment of the
various pharmaceutical compositions provided hetéim compositions comprise 20 mM Tris,
8.2% (w/v) trehalose, and 0.01% TWEEN-20. In somé@diments of the various
pharmaceutical compositions provided herein, thepsitions comprise 20 mM Tris, 280 mM
trehalose, and 0.01% TWEEN-20. In one embodimbstpH is 8.0 at Z&. In some
embodiments, the polypeptide comprises SEQ ID NOlid®ther embodiments, the
polypeptide consists of SEQ ID NO:70. In some entbedts, the polypeptide comprises SEQ
ID NO:69. In other embodiments, the polypeptidasists of SEQ ID NO:69. In some
embodiments, the polypeptide is fused to a humébhady Fc fragment.
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[0056]  Also provided herein is a pharmaceutical compasitomprising: (A) a peptide
comprising or consisting of SEQ ID NO:70, and (B)rermaceutically acceptable carrier
comprising: (i) 20 mM Tris, (ii) from 8.2% to 8.4%w/v) trehalose, and (iii) 0.01% TWEEN-20.
Also provided herein is a pharmaceutical compasitiomprising: (A) a peptide comprising or
consisting of SEQ ID NO:69, and (B) a pharmaceilljiccceptable carrier comprising: (i) 20
mM Tris, (ii) from 8.2% to 8.4% (w/v) trehalose,daiii) 0.01% TWEEN-20. Also provided
herein is a pharmaceutical composition comprisfAya peptide comprising or consisting of
SEQ ID NO:70, and (B) a pharmaceutically acceptabteer comprising: (i) 20 mM Tris, (i)
from 8.37% (w/v) trehalose, and (iii) 0.01% TWEERN-2Also provided herein is a
pharmaceutical composition comprising: (A) a pepttdmprising or consisting of SEQ ID
NO:69, and (B) a pharmaceutically acceptable cacoenprising: (i) 20 mM Tris, (ii) from
8.37% (w/v) trehalose, and (iii) 0.01% TWEEN-20Iséprovided herein is a pharmaceutical
composition comprising: (A) a peptide comprisingconsisting of SEQ ID NO:70, and (B) a
pharmaceutically acceptable carrier comprising2@)mM Tris, (ii) from 8.3% (w/v) trehalose,
and (iii) 0.01% TWEEN-20. Also provided hereiraipharmaceutical composition comprising:
(A) a peptide comprising or consisting of SEQ ID 89 and (B) a pharmaceutically acceptable
carrier comprising: (i) 20 mM Tris, (ii) from 8.3%/v) trehalose, and (iii) 0.01% TWEEN-20.
Also provided herein is a pharmaceutical compasitiomprising: (A) a peptide comprising or
consisting of SEQ ID NO:70, and (B) a pharmaceilljicecceptable carrier comprising: (i) 20
mM Tris, (ii) from 8.2% (w/v) trehalose, and (iD)01% TWEEN-20. Also provided herein is a
pharmaceutical composition comprising: (A) a pepttdmprising or consisting of SEQ ID
NO:69, and (B) a pharmaceutically acceptable cacoenprising: (i) 20 mM Tris, (ii) from 8.2%
(w/v) trehalose, and (iii) 0.01% TWEEN-20. In soerabodiments, the polypeptide comprises
SEQ ID NO:70. In other embodiments, the polypeptidnsists of SEQ ID NO:70. In some
embodiments, the polypeptide comprises SEQ ID NOI6®ther embodiments, the
polypeptide consists of SEQ ID NO:69. In some entbedts, the polypeptide is fused to a
human antibody Fc fragment.

[0057]  Also provided herein is a pharmaceutical compasitomprising: (A) a peptide
comprising or consisting of SEQ ID NO:70, and (B)rermaceutically acceptable carrier
comprising: (i) 20 mM Tris, (ii) from 8.2% to 8.4%w/v) trehalose, and (iii) 0.01% TWEEN-20;

wherein the pH is 8.0 at 5. Also provided herein is a pharmaceutical contjgpos
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comprising: (A) a peptide comprising or consisttigsEQ ID NO:69, and (B) a
pharmaceutically acceptable carrier comprising2@)mM Tris, (ii) from 8.2% to 8.4% (w/v)
trehalose, and (iii) 0.01% TWEEN-20; wherein theipi8.0 at 25C. Also provided herein is a
pharmaceutical composition comprising: (A) a pepttdmprising or consisting of SEQ ID
NO:70, and (B) a pharmaceutically acceptable cacoenprising: (i) 20 mM Tris, (ii) from
8.37% (w/v) trehalose, and (iii) 0.01% TWEEN-20;estin the pH is 8.0 at 256. Also
provided herein is a pharmaceutical compositionising: (A) a peptide comprising or
consisting of SEQ ID NO:69, and (B) a pharmaceilljicecceptable carrier comprising: (i) 20
mM Tris, (ii) from 8.37% (w/v) trehalose, and (i0)01% TWEEN-20;wherein the pH is 8.0 at
25°C. Also provided herein is a pharmaceutical cortfpmscomprising: (A) a peptide
comprising or consisting of SEQ ID NO:70, and (B)rermaceutically acceptable carrier
comprising: (i) 20 mM Tris, (ii) from 8.3% (w/v)ehalose, and (iii) 0.01% TWEEN-20; wherein
the pH is 8.0 at Z&. Also provided herein is a pharmaceutical cortjgmscomprising: (A) a
peptide comprising or consisting of SEQ ID NO:6%d éB) a pharmaceutically acceptable
carrier comprising: (i) 20 mM Tris, (ii) from 8.3%a/v) trehalose, and (iii) 0.01% TWEEN-
20;wherein the pH is 8.0 at Z5. Also provided herein is a pharmaceutical contjosi
comprising: (A) a peptide comprising or consisttigsEQ ID NO:70, and (B) a
pharmaceutically acceptable carrier comprising2Qi)mM Tris, (i) from 8.2% (w/v) trehalose,
and (iii) 0.01% TWEEN-20; wherein the pH is 8.®&%C. Also provided herein is a
pharmaceutical composition comprising: (A) a pepttdmprising or consisting of SEQ ID
NO:69, and (B) a pharmaceutically acceptable cacoenprising: (i) 20 mM Tris, (ii) from 8.2%
(w/v) trehalose, and (iii) 0.01% TWEEN-20;wheréde tpH is 8.0 at Z&.

In some embodiments, the polypeptide comprises BERQO:70. In other embodiments, the
polypeptide consists of SEQ ID NO:70. In some enmnbedts, the polypeptide comprises SEQ
ID NO:69. In other embodiments, the polypeptidagsists of SEQ ID NO:69. In some
embodiments, the polypeptide is fused to a humébady Fc fragment.

[0058] In some embodiments of the various pharmaceutarapositions provided herein,
the pharmaceutical composition does not compriata In one embodiment, the

pharmaceutical composition does not comprise NacCl.
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[0059] In some embodiments of the various pharmaceutaajpositions provided herein,

the pharmaceutical composition is in a liquid fotmcertain embodiments, the pharmaceutical
composition is lyophilized.

[0060] In one embodiment of the various pharmaceuticalpmsitions provided herein, the
compositions comprise less than 20%, less than &% than 10%, less than 5% or less than
2% of peptide aggregates after a period of timsoime embodiments, the aggregates are
measured using an assay provided heeegn, {n the Experimental section). In one
embodiment, the composition comprises less than @Q8éptide aggregates after a period of
time. In one embodiment, the composition compriess than 15% of peptide aggregates after a
period of time. In one embodiment, the compositomprises less than 10% of peptide
aggregates after a period of time. In one emboxtinlkee composition comprises less than 5%
of peptide aggregates after a period of time. ne@ embodiment, the composition comprises less
than 2% of peptide aggregates after a period ad.timone embodiment of the various
pharmaceutical compositions provided herein, thepmsitions comprise less than 20%, less
than 15%, less than 10%, less than 5% or less2%aaf peptide precipitates after a period of
time. In some embodiments, the precipitates a@sored using an assay provided hereim,(

in the Experimental section). In one embodimédrg,domposition comprises less than 20% of
peptide precipitates after a period of time. le @mbodiment, the composition comprises less
than 15% of peptide precipitates after a periotinoé. In one embodiment, the composition
comprises less than 10% of peptide precipitates afperiod of time. In one embodiment, the
composition comprises less than 5% of peptide pitates after a period of time. In one
embodiment, the composition comprises less thamP8€éptide precipitates after a period of
time. In certain embodiments. the period of timé& day, 7 days, 14 days, 28 days, 2 months, 3
months, 4 months, 5 months, 6 months, 7 monthspri@ms, 9 months, 10 months, 11, months,
12 months, 18 months, 24 months or longer. In oniecgliment, the period of time is 1 day. In
one embodiment, the period of time is 7 days. la embodiment, the period of time is 14 days.
In one embodiment, the period of time is 21 day@rie embodiment, the period of time is 1
month. In one embodiment, the period of time isdhths. In one embodiment, the period of
time is 3 months. In one embodiment, the periotinoé is 4 months. In one embodiment, the
period of time is 5 months. In one embodiment,gbeod of time is 6 months. In one

embodiment, the period of time is 7 months. In emdodiment, the period of time is 8 months.
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In one embodiment, the period of time is 9 montih@ne embodiment, the period of time is 10
months. In one embodiment, the period of time isnbhths. In one embodiment, the period of
time is 12 months. In one embodiment, the periothed is 18 months. In one embodiment, the
period of time is 24 months. In some embodimehts pharmaceutical composition is stored at
-80°C. In one embodiment, the pharmaceutical compasiictored at®. In some
embodiments, the pharmaceutical composition igdtat 25C. In one embodiment, the
pharmaceutical composition is stored a7

[0061] In certain embodiments, a pharmaceutical compeosgiovided herein has a shelf

life of at least about 12 months, at least abound4ths or at least about 36 months. In certain
embodiments, a pharmaceutical composition proviggdin has a shelf life of at least about 12
months. In certain embodiments, a pharmaceutaraposition provided herein has a shelf life
of at least about 24 months. In certain embodisjenpharmaceutical composition provided
herein has a shelf life of at least about 36 maonthssome embodiments, the pharmaceutical
composition is stored at -80. In one embodiment, the pharmaceutical composisstored at
4°C. In some embodiments, the pharmaceutical connposs stored at 2. In one
embodiment, the pharmaceutical composition is dtate3PC.

[0062] In still additional embodiments, the chimeric pdptor peptide sequence is included
in a pharmaceutical composition, which in turn barused for practicing the methods and uses
provided herein. Such compositions include contimna of inactive or other active ingredients.
In one embodiment, a composition, such as a phautiaal composition includes chimeric
peptide sequence or peptide sequence and an &gestample, that improves bile acid
homeostasis

[0063] In one embodiment, provided herein is a methogrebenting a disease or disorder
in a subject having, or at risk of having, a digeasdisorder preventable by a peptide sequence
provided herein, comprising administering a phamunéical composition comprising a peptide
provided herein to a subject in an amount effediivgreventing the disease or disorder. In
another embodiment, provided herein is a methddeating a disease or disorder in a subject
having, or at risk of having, a disease or disottEatable by a peptide sequence provided
herein, comprising administering a pharmaceutioaiosition comprising a peptide provided
herein to a subject in an amount effective forttnggthe disease or disorder. In yet another

embodiment, provided herein is a method of managidigease or disorder in a subject having,

29



or at risk of having, a disease or disorder managday a peptide sequence provided herein,
comprising administering a pharmaceutical compaisiiomprising a peptide provided herein to
a subject in an amount effective for managing tseake or disorder. In one embodiment, the
disease or disorder is a bile acid-related diseasssociated disorder. In another embodiment,
the disease or disorder is a metabolic diseasesord#r. In other embodiments, the disease or
disorder is a cancer or tumor.

[0064] Non-limiting exemplary bile acid-related or assoethdisorders preventable,
treatable or manageable according to the methatlsises provided herein include: cholestasis,
including, for example diseases of intrahepatidestasis €.g., primary biliary cirrhosis (PBC),
primary familial intrahepatic cholestasis (PFI€)(, progressive PFIC), primary sclerosing
choangitis (PSC), pregnancy intrahepatic choles(&4C), neonatal cholestasis, and drug-
induced cholestasi®.()., estrogen)), and diseases of extrahepatic chselegay., bile cut
compression from tumor, bile duct blockade by gadhes); bile acid malabsorption and other
disorders involving the distal small intestine,luting ileal resection, inflammatory bowel
diseasesgg., Crohn’s disease and ulcerative colitis), showwdlosyndrome, disorders impairing
absorption of bile acids not otherwise characterizdiopathic)) leading to diarrhea.d., bile

acid diarrhea (BAD)) and Gl symptoms, and GI, Ij\ard/or biliary cancerg., colon cancer
and hepatocellular cancer); and/or bile acid sysithabnormalities, such as those contributing to
non-alcoholic steatohepatitis (NASH), cirrhosis adtal hypertensiore.g., in mammals, such
as humans. Additional bile acid-related or asgedidisorders include metabolic syndrome; a
lipid or glucose disorder; cholesterol or triglyider metabolism; type 2 diabetes. In one
particular embodiment, the bile acid-related opa&ded disorder is bile acid malabsorption. In
another particular embodiment, the bile acid-relateassociated disorder is diarrhea. In a still
further particular embodiment, the bile acid-retiate associated disorder is cholestasig. (
intrahepatic or extrahepatic cholestasis). Inlamoturther particular embodiment, the bile acid-
related or associated disorder is primary biliarshosis (PBC). In other particular
embodiments, the bile acid-related or associatearder is primary sclerosing cholangitis. In
another embodiment, the bile acid-related or aasegidisorder is PFI&(., progressive

PFIC). In another embodiment, the bile acid-relateassociated disorder is NASH. In another
embodiment, the bile acid-related or associateordés is a hyperglycemic condition. In a

specific embodiment, the bile acid-related or asged disorder is type 2 diabetes.
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[0065] In some embodiments, the pharmaceutical compoditidher comprises at least one
additional agent effective in modulating bile abmmeostasis or treating a bile acid-related or
associated disorder, wherein the additional agenaiglucocorticoid; CDCA; UDCA; insulin,

an insulin secretagogues, an insulin mimetic, foaylurea and a meglitinide; a biguanide; an
alpha-glucosidase inhibitors; a DPP-IV inhibitol,51, a GLP-1 agonists and a GLP-1 analog;
a DPP-IV-resistant analogue; a PPAR gamma ag@dital-acting PPAR agonist, a pan-acting
PPAR agonist; a PTP1B inhibitor; an SGLT inhibitan; RXR agonist; a glycogen synthase
kinase-3 inhibitor; an immune modulator; a betadBaergic receptor agonist; an 11beta-HSD1
inhibitor; amylin and an amylin analogue; a bitédasequestrant; or an SGLT-2 inhibitor. In
certain embodiments, the at least one additionathiagffective in modulating PBC is UDCA, an
FXR agonist, OCA, an ASBT inhibitor, an autoimmwagent, an anti-IL-12 agent, an anti-CD80
agent, an anti-CD20 agent, a CXCL10 neutralizinttbady, a ligand for CXCR3, a fibrate, fish
oil, colchicine, methotrexate, azathioprine, cyplms$ne, or an anti-retroviral therapy. In
particular embodiments, the at least one additiagaht effective in modulating PBC is UDCA,
OCA, an ASBT inhibitor, an anti-IL-12 agent, anig@D20 agent, or a fibrate.

[0066] Non-limiting exemplary disorders or conditions peatable, treatable or manageable
with the peptide formulations, methods and useetiigorovided herein, include metabolic
diseases and disorders. Non limiting examplessefases and disorders include: metabolic
syndrome; a lipid- or glucose-related disorder;lesi@rol or triglyceride metabolism; type 2
diabetes; cholestasis, including, for example dissaf intrahepatic cholestastq(, PBC,

PFIC, PSC, PIC, neonatal cholestasis, and drugetiaholestasi®(Q., estrogen)), and diseases
of extrahepatic cholestasisd., bile cut compression from tumor, bile duct blod&doy gall
stones); bile acid malabsorption and other diserdesolving the distal small intestine, including
ileal resection, inflammatory bowel diseaseg.( Crohn’s disease and ulcerative colitis),
disorders impairing absorption of bile acids ndtestvise characterized (idiopathic)) leading to
diarrhea €.g., BAD) and Gl symptoms, and Gl, liver, and/or bji@ancersé.g., colon cancer
and hepatocellular cancer); and/or bile acid sysithabnormalities, such as those contributing to
NASH, cirrhosis and portal hypertension. For tneat, peptide provided herein can be
administered to subjects in need of modulationilef é&cid homeostasis or having a bile-acid
related or associated disorder. Peptides provieéeein may also be useful in other

hyperglycemic-related disorders, including kidneyndige €.9., tubule damage or nephropathy),
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liver degeneration, eye damag@sg(, diabetic retinopathy or cataracts), and diakfetit

disorders; dyslipidemias and their sequelae sucfomaexample, atherosclerosis, coronary artery
disease, cerebrovascular disorders and the like.

[0067] Other conditions which may be associated with bwita syndrome, such as obesity
and elevated body mass (including the co-morbidlitmms thereof such as, but not limited to,
nonalcoholic fatty liver disease (NAFLD), nonalctibgteatohepatitis (NASH), and polycystic
ovarian syndrome (PCOS), and also include throngydsgercoagulable and prothrombotic
states (arterial and venous), hypertension (inolyighortal hypertension (defined as a hepatic
venous pressure gradient (HVPG) greater than 5 mg)nddrdiovascular disease, stroke and
heart failure; Disorders or conditions in whichlamhmatory reactions are involved, including
atherosclerosis, chronic inflammatory bowel disedsg., Crohn's disease and ulcerative
colitis), asthma, lupus erythematosus, arthritiytber inflammatory rheumatic disorders;
Disorders of cell cycle or cell differentiation pesses such as adipose cell tumors, lipomatous
carcinomas including, for example, liposarcomabdgamors, and neoplasms;
Neurodegenerative diseases and/or demyelinatiogdi#iss of the central and peripheral nervous
systems and/or neurological diseases involvingaieflammatory processes and/or other
peripheral neuropathies, including Alzheimer's aése multiple sclerosis, Parkinson's disease,
progressive multifocal leukoencephalopathy and l{anHBarre syndrome; Skin and
dermatological disorders and/or disorders of wolealing processes, including erythemato-
squamous dermatoses; and other disorders suclmd®ye X, osteoarthritis, and acute
respiratory distress syndrome.

[0068] In some embodiments, the disease or disorderasieec or tumor. In certain
embodiments, the cancer or tumor is a FGF19-deperdacer or tumor. In one embodiment,
the FGF19-dependent cancer or tumor is hepatoaettarcinoma. In some embodiments, the
FGF19 cancer or tumor is not hepatocellular caromon one embodiment, the cancer or tumor
is a colon cancer or tumor. In some embodimenésgc#mcer or tumor is a prostate cancer or
tumor. In one embodiment, the cancer or tumorlisig cancer or tumor. In some embodiments,
the method results in a reduction in tumor numtuenor size, or tumor weight.

[0069] In one embodiment, of the various methods provitsein, the subject is a human.

In certain embodiments, the subject is a subjeneed thereof.
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[0070] In some embodiments, the chimeric peptide sequenageptide sequence described
herein, either alone or in combination with at tease additional therapeutic agent or treatment
modality, is assessed to ensure that it does msecantoward adverse effects in the subject. In a
particular aspect, the combination of a chimerigtigee sequence or a peptide sequence
described herein and at least one additional tleetapagent or treatment modality is assessed to
ensure that it does not induce HCC in the subj8cich assessments may be performed before
initiation of therapy €.g., in a dose escalation study), during therapy.,(by evaluating a

marker correlating with HCC activity), or subsequentermination of therapye(., by

performing a liver biopsy). In some aspects, tweasment is performed in a suitable test
environment&.g., a validated animal model). One of ordinary skilthe art is familiar with
additional means for ensuring that the combinati@napy described herein is suitable for the
particular subject, or a subject population repnegéve of the particular subject, taking into
consideration all relevant factors including, faample, the severity of the subject’s bile acid-
related or associated disordeg(, PBC) and the other medications be taken by thgestu

4. Description of the Drawings

[0071] FIG. 1 depicts the results of visual observation of téfeient formulation buffers
under the following conditions: concentration ofiae ingredient 1 mg/mL; temperature®87

after 4 weeks. Samples were re-suspended priastiahscoring and photo. Scoring system: 0 —
Clear; 1 — Slightly Hazy; 2 — Slightly Cloudy; 3Gloudy; 4 — Very Cloudy; 5 — Extremely
cloudy.

[0072] FIG. 2 depicts the results of visual observation of téfeent formulation buffers
under the following conditions: concentration ofiae ingredient 10 mg/mL; temperature®@7
after 4 weeks. Samples were re-suspended priastahscoring and photo. Scoring system: 0 —
Clear; 1 — Slightly Hazy; 2 — Slightly Cloudy; 3Gloudy; 4 — Very Cloudy; 5 — Extremely
cloudy.

[0073] FIG. 3 depicts the results of HPLC analysis based on SHC Af absorbance at
Azi0for 1 mg/mL samples, showing the percentage (Y afomer at each time point.

[0074] FIG. 4 depicts the results of HPLC analysis based on SHC Af absorbance at
Az10in Buffer 7 for 1 mg/mL samples.

[0075] FIG. 5 depicts the results of HPLC analysis based on S8HC of absorbance at

Az1ofor 10 mg/mL samples, showing the percentage )amnomer at each time point.

33



[0076] FIG. 6 depicts the results of HPLC analysis based on SHC Af absorbance at
A>10in formulation Buffer 7 for 10 mg/mL samples.

[0077] FIGS. 7A-7B depict SDS-PAGE gel electrophoresis for formulafidhBuffer 7 at 4
weeks for concentration @A) 1 mg/mL, andB) 10 mg/mL.

[0078] FIG. 8 depicts IEC-HPLC for Buffer 7 at 3C, a concentration of 1 mg/mL at t=0
weeks, 1 week, 2 weeks, and 4 weeks.

[0079] FIG. 9 depicts IEC-HPLC for Buffer 7 at 3, a concentration of 10 mg/mL at t=0
weeks, 1 week, 2 weeks, and 4 weeks.

[0080] FIG. 10 depicts RP-HPLC for Buffer 7 at Z, a concentration of 1 mg/mL at t=0
weeks, 1 week, 2 weeks, and 4 weeks.

[0081] FIG. 11 depicts RP-HPLC for Buffer 7 at 82, a concentration of 10 mg/mL at t=0
weeks, 1 week, 2 weeks, and 4 weeks.

[0082] FIG. 12 depicts stability data after freeze/thaw cyclearoM70 formulation
comprising 20mM Tris pH 8.0 (26), 8.3% (w/v) trehalose, 0.01% polysorbate-20 (TBME
20) (“TTP buffer”).

5. Detailed Description

[0083] Before the present disclosure is further descrilieslto be understood that the
disclosure is not limited to the particular emboents set forth herein, and it is also to be
understood that the terminology used herein isiferpurpose of describing particular
embodiments only, and is not intended to be lirgitin

5.1 Definitions
[0084] The terms “patient” or “subject” are used interopeably to refer to a human or a
non-human animak(g., a mammal).
[0085] The terms “treat”, “treating”, treatment” and thieel refer to a course of action (such
as administering a polypeptide or a pharmaceutimalposition comprising a polypeptide)
initiated after a disease, disorder or conditiara symptom thereof, has been diagnosed,
observed, and the like so as to eliminate, redugepress, mitigate, or ameliorate, either
temporarily or permanently, at least one of theaulyihg causes of a disease, disorder, or
condition afflicting a subject, or at least ondltd symptoms associated with a disease, disorder,

condition afflicting a subject. Thus, treatmentludes inhibiting i(e., arresting the development
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or further development of the disease, disordeoadition or clinical symptoms association
therewith) an active disease.

[0086] The term “in need of treatment” as used hereinrsdfea judgment made by a
physician or other medical professional that aettiyjequires or will benefit from treatment.
[0087] The terms “prevent”, “preventing”, “prevention” atite like refer to a course of
action (such as administering a polypeptide oraplceutical composition comprising a
polypeptide) initiated in a mannexd., prior to the onset of a disease, disorder, candir
symptom thereof) so as to prevent, suppress, intilseduce, either temporarily or permanently,
a subject’s risk of developing a disease, disor@mndition or the like (as determined by, for
example, the absence of clinical symptoms) or detpthe onset thereof, generally in the
context of a subject predisposed to having a paatiadisease, disorder or condition. In certain
instances, the terms also refer to slowing the ngssgon of the disease, disorder or condition or
inhibiting progression thereof to a harmful or athise undesired state.

[0088] The term “in need of prevention” as used hereiarsefo a judgment made by a
physician or other medical professional that aettiyjiequires or will benefit from preventative
care.

[0089] The phrase “therapeutically effective amount” refeer the administration of an agent
to a subject, either alone or as a part of a pheentacal composition and either in a single dose
or as part of a series of doses, in an amouniditapable of having any detectable, positive
effect on any symptom, aspect, or characterisfiesdisease, disorder or condition when
administered to a patient. The therapeuticallgai¥e amount can be ascertained by measuring
relevant physiological effects. For example, ia tase of a hyperglycemic condition, a
lowering or reduction of blood glucose or an imgment in glucose tolerance test can be used
to determine whether the amount of an agent ic&feto treat the hyperglycemic condition.
For example, a therapeutically effective amourmnsamount sufficient to reduce or decrease any
level e.g., a baseline level) of fasting plasma glucose (Fm@&grein, for example, the amount

is sufficient to reduce a FPG level greater thab @@/dl to less than 200 mg/dl, wherein the
amount is sufficient to reduce a FPG level betweEEmnmg/dl and 200 mg/dl to less than the
starting level, wherein the amount is sufficienteéduce a FPG level between 150 mg/dl and 175
mg/dl to less than the starting level, whereinahmunt is sufficient to reduce a FPG level
between 125 mg/dl and 150 mg/dl to less than sy level, and so ore(., reducing FPG
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levels to less than 125 mg/dl, to less than 12@mty less than 115 mg/dl, to less than 110
mg/dl, etc.). Moreover, in the case of HbAlc levels, the efifee amount is an amount sufficient
to reduce or decrease levels by more than aboutt@®%b, by more than about 9% to 8%, by
more than about 8% to 7%, by more than about 7684pby more than about 6% to 5%, and so
on. More particularly, a reduction or decreaselbAlc levels by about 0.1%, 0.25%, 0.4%,
0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1%, 1.5%, 2%, 3%, 3%, 10%, 20%, 30%, 33%, 35%, 40%,
45%, 50%, or more is contemplated by the presesctature. The therapeutically effective
amount can be adjusted in connection with the dosgimen and diagnostic analysis of the
subject’s condition and the like.

[0090] The phrase “in a sufficient amount to effect a deirmeans that there is a detectable
difference between a level of an indicator measbeddre €.9., a baseline level) and after
administration of a particular therapy. Indicatordude any objective parametexd;, level of
glucose or insulin) or subjective parameteg.( a subject’s feeling of well-being).

[0091] The phrase “glucose tolerance”, as used hereiergéd the ability of a subject to
control the level of plasma glucose and/or plasmsalin when glucose intake fluctuates. For
example, glucose tolerance encompasses the sshgddlity to reduce, within about 120
minutes, the level of plasma glucose back to al ldetrmined before the intake of glucose.
[0092] Broadly speaking, the terms “diabetes” and “diatje®fer to a progressive disease
of carbohydrate metabolism involving inadequatedpodion or utilization of insulin, frequently
characterized by hyperglycemia and glycosuria. t€h@s “pre-diabetes” and “pre-diabetic”
refer to a state wherein a subject does not havelthracteristics, symptoms and the like
typically observed in diabetes, but does have dbariatics, symptoms and the like that, if left
untreated, can progress to diabetes. The preséticese conditions can be determined using,
for example, either the fasting plasma glucose (RB& or the oral glucose tolerance test
(OGTT). Both usually require a subject to fastdbteast 8 hours prior to initiating the test. In
the FPG test, a subject’s blood glucose is measaftedthe conclusion of the fasting; generally,
the subject fasts overnight and the blood glucesedasured in the morning before the subject
eats. A healthy subject would generally have a EBfi@entration between about 90 and about
100 mg/dl, a subject with “pre-diabetes” would gatlg have a FPG concentration between
about 100 and about 125 mg/dI|, and a subject wiidbetes” would generally have a FPG level

above about 126 mg/dl. Inthe OGTT, a subject®blglucose is measured after fasting and
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again two hours after drinking a glucose-rich bager Two hours after consumption of the
glucose-rich beverage, a healthy subject genehnallya blood glucose concentration below about
140 mg/dl, a pre-diabetic subject generally hakadglucose concentration about 140 to about
199 mg/dl, and a diabetic subject generally ha®adoglucose concentration about 200 mg/dl or
above. While the aforementioned glycemic valuesggeto human subjects, normoglycemia,
moderate hyperglycemia and overt hyperglycemiseatéed differently in murine subjects. A
healthy murine subject after a four-hour fast wogdderally have a FPG concentration between
about 100 and about 150 mg/dl, a murine subjedtt \pite-diabetes” would generally have a
FPG concentration between about 175 and about 2@ snd a murine subject with “diabetes”
would generally have a FPG concentration above tadsmg/dl.

[0093] The term “insulin resistance” as used herein ref@escondition where a normal
amount of insulin is unable to produce a normalgaiiggical or molecular response. In some
cases, a hyper-physiological amount of insulimeziendogenously produced or exogenously
administered, is able to overcome the insulin taste, in whole or in part, and produce a
biologic response.

[0094] The term "metabolic syndrome” refers to an assediatuster of traits that includes,
but is not limited to, hyperinsulinemia, abnormilapse tolerance, obesity, redistribution of fat
to the abdominal or upper body compartment, hypsita, dysfibrinolysis, and dyslipidemia
characterized by high triglycerides, low high dgnBpoprotein (HDL)-cholesterol, and high
small dense low density lipoprotein (LDL) particleSubjects having metabolic syndrome are at
risk for development of type 2 diabetes and/or otheorders €.9., atherosclerosis).

[0095] The phrase “glucose metabolism disorder” encompgaamsg disorder characterized

by a clinical symptom or a combination of clinisgimptoms that is associated with an elevated
level of glucose and/or an elevated level of insiria subject relative to a healthy individual.
Elevated levels of glucose and/or insulin can beifaated in the following diseases, disorders
and conditions: hyperglycemia, type Il diabetesstgtional diabetes, type | diabetes, insulin
resistance, impaired glucose tolerance, hyperinsalia, impaired glucose metabolism, pre-
diabetes, other metabolic disorders (such as mitaymdrome, which is also referred to as
syndrome X), and obesity, among others. The ppltypes of the present disclosure, and

compositions thereof, can be used, for examplagchieve and/or maintain glucose homeostasis,
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e.g., to reduce glucose level in the bloodstream artd/oeduce insulin level to a range found in
a healthy subject.

[0096] The term “hyperglycemia”, as used herein, refers tondition in which an elevated
amount of glucose circulates in the blood plasma siibject relative to a healthy individual.
Hyperglycemia can be diagnosed using methods knowre art, including measurement of
fasting blood glucose levels as described herein.

[0097] The term “hyperinsulinemia”, as used herein, refera condition in which there are
elevated levels of circulating insulin when, condamtly, blood glucose levels are either
elevated or normal. Hyperinsulinemia can be cabgadsulin resistance which is associated
with dyslipidemia, such as high triglycerides, hidiolesterol, high low-density lipoprotein

(LDL) and low high-density lipoprotein (HDL); higlric acids levels; polycystic ovary
syndrome; type Il diabetes and obesity. Hyperingaohia can be diagnosed as having a plasma
insulin level higher than about 2 pU/mL.

[0098]  As used herein, the phrase “body weight disorded similar terms refer to

conditions associated with excessive body weigtt@renhanced appetite. Various parameters
are used to determine whether a subject is ovehwe@mpared to a reference healthy
individual, including the subject’s age, heightx s&d health status. For example, a subject can
be considered overweight or obese by assessméme sfibject’'s Body Mass Index (BMI),

which is calculated by dividing a subject’s weighkilograms by the subject’s height in meters
squared. An adult having a BMI in the range of 518 ~24.9 kg/rhis considered to have a
normal weight; an adult having a BMI between ~28 aB9.9 kg/m can be considered
overweight (pre-obese); and an adult having a BMi3® kg/n? or higher can be considered
obese. Enhanced appetite frequently contributesd¢essive body weight. There are several
conditions associated with enhanced appetite, dmaty) for example, night eating syndrome,
which is characterized by morning anorexia and exgepolyphagia often associated with
insomnia, but which can be related to injury to lilgpothalamus.

[0099] The terms “polypeptide,” “peptide,” and “proteinised interchangeably herein, refer
to a polymeric form of amino acids of any lengtjet can include genetically coded and non-
genetically coded amino acids, chemically or biocizally modified or derivatized amino acids,
and polypeptides having modified polypeptide bacidso The terms include fusion proteins,

including, but not limited to, fusion proteins wihheterologous amino acid sequence, fusion

38



proteins with heterologous and homologous leadguesgces, with or without N-terminus
methionine residues; immunologically tagged praeand the like. It will be appreciated that
throughout this disclosure reference is made toaracids according to the single letter or three
letter codes.

[00100] As used herein, the term “variant” encompassegal@ttoccurring variantsgg.,
homologs and allelic variants) and non-naturallgtsdng variants€.g., muteins). Naturally-
occurring variants include homolog<., nucleic acids and polypeptides that differ inleatde

or amino acid sequence, respectively, from oneigpéc another. Naturally-occurring variants
include allelic variantd,e., nucleic acids and polypeptides that differ inleatide or amino acid
sequence, respectively, from one individual to heowithin a species. Non-naturally-occurring
variants include nucleic acids and polypeptides ¢banprise a change in nucleotide or amino
acid sequence, respectively, where the changeguresee is artificially introducee,g., the
change is generated in the laboratory or othelitiaby human intervention (“hand of man”).
[00101] The term “native”, in reference to FGF19, referdimogically active, naturally-
occurring FGF19, including biologically active, nedlly-occurring FGF19 variants. The term
includes the 194 amino acid human FGF19 maturecsegu

[00102] The terms “label”, “labeling” and the like, whenelig the context of a polypeptide or
nucleic acid (or antibody, as appropriate) of thespnt disclosure are meant to refer broadly to
any means useful in, for example, polypeptide pation, identification, isolation and
synthesis. Labels are generally covalently booriti¢ polypeptide of interest and can be
introduced in any manner known in the art, inclgdittachment to a mature polypeptide
(generally at the N- or C-terminus), incorporatéuring solid-phase peptide synthesis, or
through recombinant means. Examples include, teubet limited to, fluorescence,
biotinylation, and radioactive isotopes. Polypégtand nucleic acid molecules can be labeled
by bothin vitro andin vivo methods. Labeling reagents and kits can be daddgmom a number
of commercial source®.f., Thermo Fischer Scientific, Rockford, IL; and Moléar Probes/Life
TechnologiesGrand Island, NY).

[00103] The term “muteins” as used herein refers broadiyttated recombinant proteins,
i.e., a polypeptide comprising an artificially introcietchange in amino acid sequeresg., a
change in amino acid sequence generated in theakaloy or other facility by human

intervention (*hand of man”). These proteins ubuearry single or multiple amino acid
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substitutions and are frequently derived from ctbgenes that have been subjected to site-
directed or random mutagenesis, or from completghthetic genes.

[00104] As used herein in reference to native human FGFERGF19 mutein, the terms
“modified”, “modification” and the like refer to @or more changes that enhance a desired
property of human FGF19, a naturally-occurring F&Fariant, or a FGF19 mutein, wherein the
change(s) does not alter the primary amino acidesace of the FGF19. Such desired properties
include, for example, enhancing solubility, prolorggthe circulation half-life, increasing the
stability, reducing the clearance, altering the vmwgenicity or allergenicity, improving aspects
of manufacturability €.g., cost and efficiency), and enabling the raisingaticular antibodies
(e.g., by introduction of unique epitopes) for use itedéion assays. Changes to human FGF19,
a naturally-occurring FGF19 variant, or a FGF19emuthat can be carried out include, but are
not limited to, pegylation (covalent attachmenbo& or more molecules of polyethylene glycol
(PEG), or derivatives thereof); glycosylatiax, N-glycosylation), polysialylation and
hesylation; albumin fusion; albumin binding throufr example, a conjugated fatty acid chain
(acylation); Fc-fusion; and fusion with a PEG mimmetSome particular embodiments entalil
modifications involving polyethylene glycol, othgarticular embodiments entail modifications
involving albumin, and still other particular mogddtions entail modifications involving
glycosylation.

[00105] The terms “DNA”, “nucleic acid”, “nucleic acid matale”, “polynucleotide” and the
like are used interchangeably herein to referpolgmeric form of nucleotides of any length,
either deoxyribonucleotides or ribonucleotidesamalogs thereof. Non-limiting examples of
polynucleotides include linear and circular nuckeeds, messenger RNA (mMRNA),
complementary DNA (cDNA), recombinant polynucleesgvectors, probes, primers and the
like.

[00106] The term “probe” refers to a fragment of DNA or Rérresponding to a gene or
sequence of interest, wherein the fragment has labefed radioactivelye(g., by incorporating
32p or3S) or with some other detectable molecule, sudfia#, digoxygen or fluorescein. As
stretches of DNA or RNA with complementary sequences ytbridize, a probe can be used,
for example, to label viral plaques, bacterial oiés or bands on a gel that contain the gene of
interest. A probe can be cloned DNA or it can sgrethetic DNA strand; the latter can be used

to obtain a cDNA or genomic clone from an isolgbedtein by, for example, microsequencing a
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portion of the protein, deducing the nucleic a@duence encoding the protein, synthesizing an
oligonucleotide carrying that sequence, radioladgelhe sequence and using it as a probe to
screen a cDNA library or a genomic library.

[00107] The term “heterologous” refers to two componenét Hre defined by structures
derived from different sources. For example, mm¢bntext of a polypeptide, a “heterologous”
polypeptide can include operably linked amino agduences that are derived from different
polypeptides. Similarly, in the context of a palgteotide encoding a chimeric polypeptide, a
“heterologous” polynucleotide can include operdiriiged nucleic acid sequences that can be
derived from different genes. Exemplary “heteralag’ nucleic acids include expression
constructs in which a nucleic acid comprising aicgdequence is operably linked to a
regulatory element(g., a promoter) that is from a genetic origin differ&om that of the

coding sequence.., to provide for expression in a host cell of ietty which can be of
different genetic origin than the promoter, theingdgsequence or both). In the context of
recombinant cells, “heterologous” can refer toghesence of a nucleic acid (or gene product,
such as a polypeptide) that is of a different gerggigin than the host cell in which it is present
[00108] The term “operably linked” refers to linkage betwearolecules to provide a desired
function. For example, “operably linked” in the ¢ext of nucleic acids refers to a functional
linkage between nucleic acid sequences. By waxaimple, a nucleic acid expression control
sequence (such as a promoter, signal sequenceagrod transcription factor binding sites) can
be operably linked to a second polynucleotide, winethe expression control sequence affects
transcription and/or translation of the second pobjeotide. In the context of a polypeptide,
“operably linked” refers to a functional linkagetiween amino acid sequencegy(, different
domains) to provide for a described activity of godypeptide.

[00109] As used herein in the context of the structure pblgpeptide, “N-terminus” (or
“amino terminus”) and “C-terminus” (or “carboxylrteinus”) refer to the extreme amino and
carboxyl ends of the polypeptide, respectively,levthe terms “N-terminal” and “C-terminal”
refer to relative positions in the amino acid seopeeof the polypeptide toward the N-terminus
and the C-terminus, respectively, and can inclbeéa¢sidues at the N-terminus and C-terminus,
respectively. “Immediately N-terminal” or “immed&y C-terminal” refers to a position of a
first amino acid residue relative to a second anaicid residue where the first and second amino

acid residues are covalently bound to provide digoous amino acid sequence.
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[00110] “Derived from”, in the context of an amino acid seqce or polynucleotide sequence
(e.g., an amino acid sequence “derived from” a FGF19geptide), is meant to indicate that the
polypeptide or nucleic acid has a sequence thHzsed on that of a reference polypeptide or
nucleic acid €.9., a naturally occurring FGF19 polypeptide or a F&Ehcoding nucleic acid),
and is not meant to be limiting as to the sourcenethod in which the protein or nucleic acid is
made. By way of example, the term “derived froméludes homologues or variants of
reference amino acid or DNA sequences.

[00111] In the context of a polypeptide, the term “isoldtexfers to a polypeptide of interest
that, if naturally occurring, is in an environmelifferent from that in which it can naturally
occur. “Isolated” is meant to include polypeptidlest are within samples that are substantially
enriched for the polypeptide of interest and/owhich the polypeptide of interest is partially or
substantially purified. Where the polypeptide @& naturally occurring, “isolated” indicates the
polypeptide has been separated from an environmevtich it was made by either synthetic or
recombinant means.

[00112] *“Enriched” means that a sample is non-naturallyipidated €.g., by a scientist or a
clinician) so that a polypeptide of interest isg@et in a) a greater concentratiery(, at least 3-
fold greater, at least 4-fold greater, at leasbl8-greater, at least 64-fold greater, or moreh tha
the concentration of the polypeptide in the stgrsample, such as a biological samplg.(a
sample in which the polypeptide naturally occurgarhich it is present after administration),
or b) a concentration greater than the environnmewhich the polypeptide was madeqg, as in

a bacterial cell).

[00113] “Substantially pure” indicates that a compone.( a polypeptide) makes up greater
than about 50% of the total content of the compmsitand typically greater than about 60% of
the total polypeptide content. More typically, bstantially pure” refers to compositions in
which at least 75%, at least 85%, at least 90%areraf the total composition is the component
of interest. In some cases, the polypeptide wakenup greater than about 90%, or greater than
about 95% of the total content of the composition.

[00114] The terms “measuring” or “assaying” and grammatieaiations thereof are used
interchangeably herein and refer to either qual#adr quantitative determinations, or both
gualitative and quantitative determinations. Wttenterms are used in reference to detection,

any means of assessing the relative amount is ropfeiéed, including the various methods set
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forth herein and known in the art. For exampleyegexpression can be assayed or measured by
a Northern blot, Western blot, immunoprecipitatassay, or by measuring activity, function or
amount of the expressed protein.
[00115] The terms “antibodies” (Abs) and “immunoglobulir{&js) refer to glycoproteins
having the same structural characteristics. Wdmiligbodies exhibit binding specificity to a
specific antigen, immunoglobulins include both batlies and other antibody-like molecules
which lack antigen specificity.
[00116] The term “monoclonal antibody” refers to an antipothtained from a population of
substantially homogeneous antibodies, that isinti@idual antibodies comprising the
population are identical except for possible ndlyi@curring mutations that can be present in
minor amounts. Monoclonal antibodies are highlgcsiic, being directed against a single
antigenic site. In contrast to polyclonal antibguigparations, which can include different
antibodies directed against different determinéepitopes), each monoclonal antibody is
directed against a single determinant on the amtige
[00117] In the context of an antibody, the term “isolateefers to an antibody that has been
separated and/or recovered from contaminant conmg®é its natural environment; such
contaminant components include materials which imiglerfere with diagnostic or therapeutic
uses for the antibody, and can include enzymesntioes, and other proteinaceous or
nonproteinaceous solutes.
[00118] As used herein, the term “FGF19-dependent” andairterms, as used in the context
of a disease, disorder or condition, refers toseake, disorder or other condition that is caused
all, or in part, by the expression of FGF19. In&@e embodiments, the expression of FGF19 is
amplified as compared to a control. In some embedis, the expression of FGF19 is amplified
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%4, T %, 65%, 70%, 75%, 80%, 85%,
90%, 95% or more, or any numerical range ther@o$oime embodiments, the amplified
expression of FGF19 directly results in the diseds®rder or condition, or a symptom thereof.
In other embodiments, the amplified expression@FE9 indirectly results in the disease
disorder or condition, or a symptom thereof.

5.2  Pharmaceutical Compositions
[00119] In one aspect, provided herein are “pharmaceutmalpositions,” which include a

peptide sequence (or sequences) provided hereloding subsequences, variants and modified
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forms of the exemplified peptide sequenaeg.(sequences listed in the Sequence Listing or
Table 1), and one or more pharmaceutically accéptatphysiologically acceptable diluents,
carriers or excipients. In certain embodiments,ghptide sequences are provided in
combination with, or separate from, one or moratamthl agents. Also provided is a
composition comprising such one or more additi@ggnts and one or more pharmaceutically
acceptable or physiologically acceptable diluecastiers or excipients. In particular
embodiments, a peptide sequence or sequences auldidional agent(s) are present in a
therapeutically acceptable amount. The pharmaz@wtompositions may be used in accordance
with the methods and uses provided herein. Tilougxample, the pharmaceutical
compositions can be administer@advivo or in vivo to a subject in order to practice treatment
methods and uses provided herein. Pharmaceutinga@sitions provided herein can be
formulated to be compatible with the intended mdtboroute of administration; exemplary
routes of administration are set forth herein.

[00120] In one embodiment, provided are pharmaceutical csitipns and dosage forms of
chimeric and peptide sequences that modulate titkh@mmeostasis and are able to treat a bile-
acid related or associated disorder. In anothdrogliiment, provided are pharmaceutical
compositions and dosage forms of chimeric and degequences that modulate hyperglycemic
condition, insulin resistance, hyperinsulinemiaiagise intolerance, metabolic syndrome, or
related disorders. In another embodiment, provatedoharmaceutical compositions and dosage
forms of chimeric and peptide sequences that meéelalaancer or tumor.

[00121] In some aspects, the pharmaceutical compositiogsumtner comprise other
therapeutically active agents or compounds disdidseein or known to the skilled artisan
which can be used in the treatment or preventioragbus diseases and disorders as set forth
herein. As set forth above, the additional thenéipally active agents or compounds may be
present in a separate pharmaceutical compositioEg@mplary dosing parameters and
regimens are described herein.

[00122] Pharmaceutical compositions typically compriseadheutically effective amount of
at least one of the peptide sequences providedhareluding subsequences, variants and
modified forms of the exemplified peptide sequenegs, sequences listed in the Sequence
Listing or Table 1) and one or more pharmaceuficatid physiologically acceptable formulation
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agents. In certain embodiments, the pharmaceuwticaposition further comprises one or more
additional agents described herein.

[00123] In one embodiment, a pharmaceutical compositionprm®s a peptide provided
herein. In some embodiments, a pharmaceutical cemnpo comprises a therapeutically
effective amount of a peptide provided herein. cdrtain embodiments, the pharmaceutical
composition comprises a pharmaceutically accepiabbdysiologically acceptable diluent,
carrier or excipient. In a specific embodimeng geptide comprises an amino acid sequence of
SEQ ID NO:70. In another embodiment, the peptmesists of an amino acid sequence of SEQ
ID NO:70. In a specific embodiment, the peptidenpases an amino acid sequence of SEQ ID
NO:204. In another embodiment, the peptide camsisan amino acid sequence of SEQ ID
NO:204. In certain embodiments, the pharmaceutiealposition further comprises one or
more additional agents described herein.

[00124] In certain embodiments, the pharmaceutical comiposttomprises the peptide at a
concentration of from 0.1 -100 mg/mL. In some etibwnts, the pharmaceutical composition
comprises the peptide at a concentration of fram 10 mg/mL. In certain embodiments, the
pharmaceutical composition comprises the peptidecaincentration of 1 mg/mL. In another
embodiment, the peptide is at a concentrationmafyimL. In certain embodiments, the
pharmaceutical composition comprises the peptidecaincentration of 10 mg/mL.

[00125] Suitable pharmaceutically acceptable or physioltyacceptable diluents, carriers
or excipients include, but are not limited to, aridants é.g., ascorbic acid and sodium
bisulfate), preservative®.§., benzyl alcohol, methyl parabens, ethyl or n-ptopy
hydroxybenzoate), emulsifying agents, suspendimgisg dispersing agents, solvents, fillers,
bulking agents, buffers, vehicles, diluents, anditjuvants. For example, a suitable vehicle may
be physiological saline solution or citrate buffésaline, possibly supplemented with other
materials common in pharmaceutical compositionpéwenteral administration. Neutral
buffered saline or saline mixed with serum albuama further exemplary vehicles. Those
skilled in the art will readily recognize a variaif/buffers that could be used in the
pharmaceutical compositions and dosage forms useiih Typical buffers include, but are not
limited to pharmaceutically acceptable weak acisak bases, or mixtures thereof. Buffer

components also include water soluble materialb asghosphoric acid, tartaric acids, lactic
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acid, succinic acid, citric acid, acetic acid, abaoacid, aspartic acid, glutamic acid, and salts
thereof.

[00126] In a specific embodiment, the pharmaceutical contiposcomprises potassium
phosphate. In one embodiment, the pharmaceuticapasition comprises sodium chloride. In a
another embodiment, the pharmaceutical compostthomprises Tromethamine (Tris). In other
embodiments, the pharmaceutical composition compti€halose dihydrate. In another
embodiment, the pharmaceutical composition compfI8¥EEN-20 (polysorbate 20). In a yet
another embodiment, the pharmaceutical compositiomprises hydrochloric acid. In a certain
embodiment, the pharmaceutical composition comprigger. Any combination of two, three,
four, five, six or all seven of the foregoing compats are also contemplated.

[00127] Thus, in one embodiment, the pharmaceutical cortippstomprises potassium
phosphate, sodium chloride, Tromethamine (Trisgh@fose dehydrate, TWEEN-20,
hydrochloric acid, water, or any combination thérdo a specific embodiment, the
pharmaceutical composition comprises potassiumgtaie, sodium chloride, Tromethamine
(Tris), Trehalose dihydrate, TWEEN-20, hydrochtactid, and water.

[00128] In one embodiment, the molarity of Tris usefullie pharmaceutical compositions
provided herein is in the range of between 5 anthBD In another embodiment, the molarity of
Tris is in the range of 10 and 45 mM. In anothebediment, the molarity of Tris is in the range
of 15 and 40 mM. In another embodiment, the molaritTris is in the range of 20 and 35 mM.
In another embodiment, the molarity of Tris ighe range of 20 and 30 mM. In another
embodiment, the molarity of Tris is in the range26fand 25 mM. In one particular
embodiment, the molarity of Tris is 20 mM. In camtambodiments, a formulation volume of
1000 mL comprises from 2 to 3 g of Tris. In som#ediments, a formulation volume of 1000
mL comprises 2.1, 2.2, 2.3., 2.4, 2.5, 2.6, 2.8, 2.9 or 3.0 g of Tris. In some embodiments, a
formulation volume of 1000 mL comprises 2.1 g asTrin some embodiments, a formulation
volume of 1000 mL comprises 2.2 g of Tris. In segngbodiments, a formulation volume of
1000 mL comprises 2.3 g of Tris. In some embodisyemformulation volume of 1000 mL
comprises 2.4 g of Tris. In some embodimentsymddation volume of 1000 mL comprises 2.5
g of Tris. In some embodiments, a formulation woduof 1000 mL comprises 2.6 g of Tris. In
some embodiments, a formulation volume of 1000 mngrises 2.7 g of Tris. In some

embodiments, a formulation volume of 1000 mL cosgsi2.8 g of Tris. In some embodiments,
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a formulation volume of 1000 mL comprises 2.9 goé. In some embodiments, a formulation
volume of 1000 mL comprises 3.0 g of Tris. In segngbodiments, a formulation volume of
1000 mL comprises from 2.4 to 2.5 g of Tris.

[00129] In one embodiment, the concentration of trehalalsgddate useful in the
pharmaceutical compositions provided herein i©ierange of between 1% and 20% (w/v). In
another embodiment, the concentration of trehaldsgdrate is in the range of 2% and 15%
(w/v). In one embodiment, the concentration of &teke dihydrate is in the range of 3% and
10% (w/v). In another embodiment, the concentratibtrehalose dihydrate is in the range of
4% and 9.5% (w/v). In one embodiment, the concéntraf trehalose dihydrate is in the range
of 5% and 9.25% (w/v). In another embodiment,dbiecentration of trehalose dihydrate is in
the range of 6% and 9% (w/v). In one embodiméra,concentration of trehalose dihydrate is in
the range of 7% and 8.5% (w/v). In another embediimthe concentration of trehalose
dihydrate is in the range of 8% and 8.4% (w/v)oire embodiment, the concentration of
trehalose dihydrate is in the range of 8.1 and &8#¢). In one particular embodiment, the
concentration of trehalose dihydrate is 8.2%. la particular embodiment, the concentration of
trehalose dihydrate is 8.3% (w/v). In certain edibents, a formulation volume of 1000 mL
comprises from 92 to 93 g of trehalose dihydrdtesome embodiments, a formulation volume
of 1000 mL comprises 92.0, 92.1, 92.2, 92.3, 92245, 92.6, 92.7, 92.8, 92.9 or 93.0 g of
trehalose dihydrate. In some embodiments, a flaton volume of 1000 mL comprises 92.0 g
of trehalose dihydrate. In some embodiments, mditation volume of 1000 mL comprises 92.1
g of trehalose dihydrate. In some embodimentsyradlation volume of 1000 mL comprises
92.2 g of trehalose dihydrate. In some embodimentisrmulation volume of 1000 mL
comprises 92.3 g of trehalose dihydrate. In somiogliments, a formulation volume of 1000
mL comprises 92.4 g of trehalose dihydrate. Ines@mbodiments, a formulation volume of
1000 mL comprises 92.5 g of trehalose dihydratesoime embodiments, a formulation volume
of 1000 mL comprises 92.6 g of trehalose dihydrdtesome embodiments, a formulation
volume of 1000 mL comprises 92.7 g of trehalosegdiite. In some embodiments, a
formulation volume of 1000 mL comprises 92.8 grehalose dihydrate. In some embodiments,
a formulation volume of 1000 mL comprises 92.9 grehalose dihydrate. In some
embodiments, a formulation volume of 1000 mL cosgsi93.0 g of trehalose dihydrate. In

some embodiments, a formulation volume of 1000 ngrises from 92.4 to 92.5 g of
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trehalose dihydrate. In certain embodimentsibéarity of the trehalose dehydrate is from 240
to 300 mM. In other embodiments, the molarityha trehalose dehydrate is from 240 to 290
mM. In some embodiments, the molarity of the trebaldehydrate is from 250 to 290 mM. In
other embodiments, the molarity of the trehalodeydeate is from 260 to 290 mM. In some
embodiments, the molarity of the trehalose dehgdsafrom 270 to 290 mM. In certain
embodiments, the molarity of the trehalose dehgdsafrom 244 to 245 mM. In other
embodiments, the molarity of the trehalose dehgdsabout 280 mM.

[00130] In one embodiment, the concentration of hydrochladid useful in the
pharmaceutical compositions provided herein i©ierange of from 0.01 to 1% (v/v). In another
embodiment, the concentration of hydrochloric asioh the range of from 0.025 to 0.75% (v/v).
In another embodiment, the concentration of hydwrahacid is in the range of from 0.05 to
0.5% (v/v). In another embodiment, the concentratibhydrochloric acid is in the range of
from 0.075 to 0.25% (v/v). In one particular embodnt, the concentration of hydrochloric acid
is 0.1% (v/v). In certain embodiments, a formdatvolume of 2000 mL comprises from 0.8 to
1.1 mL of hydrochloric acid. In a specific emboeéimh, a formulation volume of 1000 mL
comprises from 0.9 to 1.0 mL of hydrochloric acid.certain embodiments, a formulation
volume of 1000 mL comprises 0.90, 0.91, 0.92, 00934, 0.95, 0.96, 0.97, 0.98, 0.99 or 1.00
mL of hydrochloric acid. In certain embodiment$oamulation volume of 1000 mL comprises
0.90 mL of hydrochloric acid. In certain embodingra formulation volume of 1000 mL
comprises 0.91 mL of hydrochloric acid. In certambodiments, a formulation volume of 1000
mL comprises 0.92 mL of hydrochloric acid. In certambodiments, a formulation volume of
1000 mL comprises 0.93 mL of hydrochloric acidcémtain embodiments, a formulation
volume of 1000 mL comprises 0.94 mL of hydrochl@aid. In certain embodiments, a
formulation volume of 1000 mL comprises 0.95 mlhgtirochloric acid. In certain
embodiments, a formulation volume of 1000 mL comsgsi0.96 mL of hydrochloric acid. In
certain embodiments, a formulation volume of 10Q0aomprises 0.97 mL of hydrochloric
acid. In certain embodiments, a formulation voluwh@000 mL comprises 0.98 mL of
hydrochloric acid. In certain embodiments, a foratioih volume of 1000 mL comprises 0.99
mL of hydrochloric acid. In certain embodiment$oamulation volume of 1000 mL comprises
1.00 mL of hydrochloric acid.
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[00131] In one embodiment, the concentration of TWEEN-2&fuisn the pharmaceutical
compositions provided herein is in the range offi@001 to 0.1% (v/v). In another
embodiment, the concentration of TWEEN-20 is inrdnege of from 0.0025 to 0.075% (v/v). In
one embodiment, the concentration of TWEEN-20 ihérange of from 0.005 to 0.05% (v/v).
In another embodiment, the concentration of TWEHENs2n the range of from 0.0075 to
0.025% (v/v). In one particular embodiment, theaamiration of TWEEN-20 is 0.01% (v/v). In
certain embodiments, a formulation volume of 10Q0aomprises 0.1 mL TWEEN-20.

[00132] In one embodiment, the molarity of potassium phagplseful in the pharmaceutical
compositions provided herein is in the range oiMeen 5 and 50 mM. In one embodiment, the
molarity of potassium phosphate is in the ranggénd 40 mM. In another embodiment, the
molarity of potassium phosphate is in the rangeoénd 35 mM. In one embodiment, the
molarity of potassium phosphate is in the rang&énd 30 mM. In another embodiment, the
molarity of potassium phosphate is in the ranggoénd 25 mM. In one embodiment, the
molarity of potassium phosphate is in the rang&énd 20 mM. In one particular embodiment,
the molarity of potassium phosphate is 10 mM. la particular embodiment, the molarity of
potassium phosphate is 20 mM.

[00133] In specific embodiments, the pharmaceutical contjposdoes not comprise
potassium phosphate.

[00134] In one embodiment, the molarity of sodium chloneful in the pharmaceutical
compositions provided herein is in the range ofiMeen 50 and 250 mM. In another
embodiment, the molarity of sodium chloride ishie tange of 75 and 225 mM. In one
embodiment, the molarity of sodium chloride ishe tange of 100 and 200 mM. In another
embodiment, the molarity of sodium chloride ishe tange of 125 and 175 mM. In one
embodiment, the molarity of sodium chloride ishe tange of 130 and 160 mM. In another
embodiment, the molarity of potassium phosphate e range of 140 and 150 mM. In one
particular embodiment, the molarity of sodium clderis 125 mM. In one particular
embodiment, the molarity of sodium chloride is TdBl. In one particular embodiment, the
molarity of sodium chloride is 150 mM.

[00135] In specific embodiments, the pharmaceutical conjposdoes not comprise a salt.
In other specific embodiments, the pharmaceuticaiposition does not comprise sodium

chloride.
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[00136] In one embodiment, the pharmaceutical compositaving a pH in a range of 6.5
and 9.5. In another embodiment, the pharmaceuwtaalposition having a pH in a range of 6.8
and 9.3. In one embodiment, the pharmaceutical ositipn having a pH in a range of 7.0 and
9.0. In another embodiment, the pharmaceutical ositipn having a pH in a range of 7.3 and
8.7. In one embodiment, the pharmaceutical comipaoditaving a pH in a range of 7.5 and 8.5.
In another embodiment, the pharmaceutical compositaving a pH in a range of 7.7 and 8.2.
In one particular embodiment, the pH of the phaenécal composition is 7.3. In one particular
embodiment, the pH of the pharmaceutical compasi8.5. In one particular embodiment, the
pH of the pharmaceutical composition is 8.0. In padicular embodiment, the pH of the
pharmaceutical composition is 8.5. The measurentdritee pH can be taken at the temperature
of 4°C.

[00137] In a one embodiment, a pharmaceutical compositionigeed herein comprises

20mM Tris €.9., 2.423 g in 1000 mL solution). In another emboditarpharmaceutical
composition provided herein comprises 8.2% (w/@h&lose dihydratee(@., 92.55 g in 1000 mL
solution). In another embodiment, a pharmaceuticadposition provided herein comprises
0.01% (v/v) TWEEN-20€.g., 0.1 mL in 1000 mL solution). In yet another emboeit, a
pharmaceutical compositing provided herein compribgdrochloric acid, N.Fe(g., 0.94 mL in
1000 mL solution), and, in certain embodimentsthierr comprises water WFI quality (added to
999 mL). Any combination of two, three, four, fige all six of the foregoing components are
also contemplated. In some embodiments, a phautieagkecomposition provided herein has a
pH from 7.7 to 8.2, such as above 7.7, above b&ea7.9, above 8.0 or above 8.1, when
measured at 2&. In some embodiments, a pharmaceutical compogitiovided herein has a

pH above 7.7, when measured at@5n some embodiments, a pharmaceutical compasitio
provided herein has a pH above 7.8, when measuZg@ In some embodiments, a
pharmaceutical composition provided herein has alpbVe 7.9, when measured at@5 In
some embodiments, a pharmaceutical compositioriggdvherein has a pH above 8.0, when
measured at 2&. In some embodiments, a pharmaceutical compogtovided herein has a
pH above 8.1, when measured a@5In one embodiment, a pharmaceutical composition
provided herein has a pH of from 7.9 to 8.1, foaraple, when measured at’€5 In certain
embodiments, a pharmaceutical composition provigedin has a pH of 8.0, for example, when
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measured at 2&. In some embodiments, a pharmaceutical compagitiovided herein has a
pH of 8.5, for example, when measured®a.4

[00138] Thus, in one embodiment, the pharmaceutical cortippstomprises potassium
phosphate, sodium chloride, Tromethamine (Trisgh@fose dihydrate, TWEEN-20,
hydrochloric acid, water, or any combination thérela a specific embodiment, the
pharmaceutical composition comprises potassiumpdtaie, sodium chloride, Tromethamine
(Tris), Trehalose dihydrate, TWEEN-20, hydrochdaacid, and water.

[00139] In a specific embodiment, a pharmaceutical comjpwsfirovided herein comprises
20mM Tris (2.423 g on 1000 mL solution), 8.2% (whehalose dihydrate (92.55 g in 1000 mL
solution), 0.01% (v/v) TWEEN-20 (0.1 mL in 1000 rsblution), hydrochloric acid, N.F. (0.94
mL in 1000 mL solution), and water WFI quality (&dicto 999 mL), and has a pH of 8.5
(measured at°C).

[00140] In specific embodiments, a pharmaceutical compmsiprovided herein does not
comprise salt. In certain embodiments, a pharnta@yrovided herein comprises a sugar,
such as trehalose. In specific embodiments, anpdxagutical composition provided herein
comprises a sugar, but does not comprise a saorhe embodiments, a pharmaceutical
composition provided herein has a pH from 7.7 & &hen measured at Za

[00141] In some embodiments, the pharmaceutical compoditsnan osmolality from 250 to
350 Osmol/L. In some embodiments, the pharmacduwt@mposition has an osmolality from
275 to 325 Osmol/L. In some embodiments, the phaeutical composition has an osmolality
from 295 to 305 Osmol/L. In some embodiments pi@maceutical composition has an
osmolality of 295 Osmol/L. In some embodiments,gharmaceutical composition has an
osmolality of 296 Osmol/L. In some embodiments, pharmaceutical composition has an
osmolality of 297 Osmol/L. In some embodiments, pharmaceutical composition has an
osmolality of 298 Osmol/L. In some embodiments, pharmaceutical composition has an
osmolality of 299 Osmol/L. In some embodiments, pharmaceutical composition has an
osmolality of 300 Osmol/L. In some embodiments, pharmaceutical composition has an
osmolality of 301 Osmol/L. In some embodiments, pharmaceutical composition has an
osmolality of 302 Osmol/L. In some embodiments, pharmaceutical composition has an
osmolality of 303 Osmol/L. In some embodiments, pharmaceutical composition has an
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osmolality of 304 Osmol/L. In some embodiments, pharmaceutical composition has an
osmolality of 305 Osmol/L.

[00142] Although certain numbers (and numerical rangestif¢iare provided, it is
understood that, in certain embodiments, numeviakales withine.g., 2%, 5%, 10%, 15% or
20% of said numbers (or numerical ranges) areastemplated. Other exemplary
pharmaceutical compositions are provided in theelirpental section below.

[00143] A primary solvent in a vehicle may be either aqueounon-aqueous in nature. In
addition, the vehicle may contain other pharmacailyi acceptable excipients for modifying or
maintaining the pH, osmolarity, viscosity, steyildr stability of the pharmaceutical
composition. In certain embodiments, the pharmiéaly acceptable vehicle is an aqueous
buffer. In other embodiments, a vehicle comprig@sexample, sodium chloride and/or sodium
citrate.

[00144] Pharmaceutical compositions provided herein mayatorstill other
pharmaceutically-acceptable formulation agentsrfodifying or maintaining the rate of release
of a peptide and/or an additional agent, as desgtierein. Such formulation agents include
those substances known to artisans skilled in pirggpaustained-release formulations. For
further reference pertaining to pharmaceuticallg physiologically acceptable formulation
agents, see, for example, Remington’s Pharmacé&otances, 18th Ed. (1990, Mack
Publishing Co., Easton, Pa. 18042) pages 1435-Tti?Merck Index, 12th Ed. (1996, Merck
Publishing Group, Whitehouse, NJ); and PharmacauBiinciples of Solid Dosage Forms

(1993, Technonic Publishing Co., Inc., Lancastar).PAdditional pharmaceutical compositions
appropriate for administration are known in theaardl are applicable in the methods and
compositions provided herein.

[00145] A pharmaceutical composition may be stored in alste@al as a solution,
suspension, gel, emulsion, solid, or dehydratdgiaphilized powder. Such compositions may
be stored either in a ready to use form, a lyopédiform requiring reconstitution prior to use, a
liquid form requiring dilution prior to use, or @hacceptable form. In some embodiments, a
pharmaceutical composition is provided in a singde-containerg(g., a single-use vial,
ampoule, syringe, or autoinjector (similar ég., an EpiPen®)), whereas a multi-use container
(e.g., a multi-use vial) is provided in other embodingenAny drug delivery apparatus may be

used to deliver peptides and the other agentsitesddnerein, including implantg.g.,
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implantable pumps) and catheter systems, both afhwdre known to the skilled artisan. Depot
injections, which are generally administered susmsebusly or intramuscularly, may also be
utilized to release peptides and/or other agergsribeed herein over a defined period of time.
Depot injections are usually either solid- or adlsed and generally comprise at least one of the
formulation components set forth herein. The eHilartisan is familiar with possible
formulations and uses of depot injections. Inaiarembodiments, the use of Nano Precision
Medical's depot delivery technology (Nano PrecisMadical; Emeryville, CA) is contemplated.
The technology utilizes a titania nanotube membthatproduces zero-order release rates of
macromolecules, such as protein and peptide thetiape The biocompatible membrane is
housed in a small, subcutaneous implant that pesviong-termé.g., up to one year), constant-
rate delivery of therapeutic macromolecules. Huhmology is currently being evaluated.,

for the delivery of GLP-1 agonists for the treatmeiType Il diabetes.

[00146] A pharmaceutical composition can be formulatedea@dampatible with its intended
route of administration. Thus, pharmaceutical cosipns include carriers, diluents, or
excipients suitable for administration by routeduling parenteralk(g., subcutaneous (s.c.),
intravenous, intramuscular, or intraperitoneallyadermal, oral€.g., ingestion), inhalation,
intracavity, intracranial, and transdermal (topic@lther exemplary routes of administration are
set forth herein.

[00147] Pharmaceutical compositions may be in the formsikale injectable agueous or
oleagenous suspension. This suspension may bel&ded using suitable dispersing or wetting
agents and suspending agents disclosed hereiroamkio the skilled artisan. The sterile
injectable preparation may also be a sterile iajglet solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, formegke, as a solution in 1,3-butane diol.
Acceptable diluents, solvents and dispersion miédibmay be employed include water,
Ringer’s solution, isotonic sodium chloride soluti€remophor EL™ (BASF, Parsippany, NJ)
or phosphate buffered saline (PBS), ethanol, pdlgl, glycerol, propylene glycol, and liquid
polyethylene glycol), and suitable mixtures therelof addition, sterile, fixed oils are
conventionally employed as a solvent or suspengiiedium. For this purpose any bland fixed
oil may be employed, including synthetic mono- myyterides. Moreover, fatty acids such as
oleic acid find use in the preparation of injectshl Prolonged absorption of particular injectable
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formulations can be achieved by including an agjesitdelays absorptioe.¢., aluminum
monostearate or gelatin).

[00148] In one embodiment, the pharmaceutical composifpwogided herein may be
administered parenterally by injection, infusionjraplantation, for local or systemic
administration. Parenteral administration, as us=din, include intravenous, intraarterial,
intraperitoneal, intrathecal, intraventricular ratrethral, intrasternal, intracranial, intramuseul
intrasynovial, and subcutaneous administration.

[00149] In one embodiment, the pharmaceutical composifwogided herein may be
formulated in any dosage forms that are suitabi@éoenteral administration, including
solutions, suspensions, emulsions, micelles, lipesy microspheres, nanosystems, and solid
forms suitable for solutions or suspensions initlqarior to injection. Such dosage forms can be
prepared according to conventional methods knovthdee skilled in the art of pharmaceutical
science %ee, e.g., Remington,The Science and Practice of Pharmacy, supra).

[00150] In one embodiment, the pharmaceutical compositiatended for parenteral
administration may include one or more pharmaceall§i@cceptable carriers and excipients,
including, but not limited to, aqueous vehiclestavaniscible vehicles, non-aqueous vehicles,
antimicrobial agents or preservatives against tbevth of microorganisms, stabilizers, solubility
enhancers, isotonic agents, buffering agents,adaats, local anesthetics, suspending and
dispersing agents, wetting or emulsifying agerdsyglexing agents, sequestering or chelating
agents, cryoprotectants, lyoprotectants, thickeagents, pH adjusting agents, and inert gases.
[00151] In one embodiment, suitable aqueous vehicles ieglbdt are not limited to, water,
saline, physiological saline or phosphate buffesathe (PBS), sodium chloride injection,
Ringers injection, isotonic dextrose injectionygawater injection, dextrose and lactated
Ringers injection. Non-aqueous vehicles includg,ave not limited to, fixed oils of vegetable
origin, castor oil, corn oil, cottonseed oil, olig@, peanut oil, peppermint oil, safflower oil,
sesame oil, soybean oil, hydrogenated vegetaldglgiirogenated soybean oil, and medium-
chain triglycerides of coconut oil, and palm se#d W/ater-miscible vehicles include, but are
not limited to, ethanol, 1,3-butanediol, liquid pethylene glycol€.g., polyethylene glycol 300
and polyethylene glycol 400), propylene glycol,aglsin, N-methyl-2-pyrrolidoneN,N-
dimethylacetamide, and dimethyl sulfoxide.
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[00152] In one embodiment, suitable antimicrobial agentgreservatives include, but are not
limited to, phenols, cresols, mercurials, benzgbhbl, chlorobutanol, methyl and propyl p-
hydroxybenzoates, thimerosal, benzalkonium chlofedg, benzethonium chloride), methyl-

and propyl-parabens, and sorbic acid. Suitabl®motagents include, but are not limited to,
sodium chloride, glycerin, and dextrose. Suitahi#dring agents include, but are not limited to,
phosphate and citrate. Suitable antioxidants areetlas described herein, including bisulfite and
sodium metabisulfite. Suitable local anestheticdude, but are not limited to, procaine
hydrochloride. Suitable suspending and dispersggnes are those as described herein,
including sodium carboxymethylcelluose, hydroxypiamethylcellulose, and
polyvinylpyrrolidone. Suitable emulsifying agentgiude those described herein, including
polyoxyethylene sorbitan monolaurate, polyoxyethglsorbitan monooleate 80, and
triethanolamine oleate. Suitable sequestering elating agents include, but are not limited to
EDTA. Suitable pH adjusting agents include, butretlimited to, sodium hydroxide,
hydrochloric acid, citric acid, and lactic acid.itdble complexing agents include, but are not
limited to, cyclodextrins, including-cyclodextrin,3-cyclodextrin, hydroxypropyf3-

cyclodextrin, sulfobutyletheff-cyclodextrin, and sulfobutylether@cyclodextrin

(CAPTISOL®, CyDex, Lenexa, KS).

[00153] In one embodiment, the pharmaceutical composifwogided herein may be
formulated for single or multiple dosage administra The single dosage formulations are
packaged in an ampoule, a vial, or a syringe. Thkipte dosage parenteral formulations may
contain an antimicrobial agent at bacteriostatituagistatic concentrations. All parenteral
formulations must be sterile, as known and pradtinghe art.

[00154] In one embodiment, the pharmaceutical compositwagprovided as ready-to-use
sterile solutions. In another embodiment, the plaentical compositions are provided as sterile
dry soluble products, including lyophilized powdarsl hypodermic tablets, to be reconstituted
with a vehicle prior to use. In yet another embaghinthe pharmaceutical compositions are
provided as ready-to-use sterile suspensions.tlangher embodiment, the pharmaceutical
compositions are provided as sterile dry insolydstucts to be reconstituted with a vehicle
prior to use. In still another embodiment, the phaceutical compositions are provided as ready-

to-use sterile emulsions.
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[00155] In one embodiment, the pharmaceutical composifwogided herein may be
formulated as immediate or modified release dosages, including delayed-, sustained,
pulsed-, controlled, targeted-, and programmedassldorms.

[00156] In one embodiment, the pharmaceutical compositioag be formulated as a
suspension, solid, semi-solid, or thixotropic ldyuior administration as an implanted depot. In
one embodiment, the pharmaceutical compositiongigied herein are dispersed in a solid inner
matrix, which is surrounded by an outer polymerenmbrane that is insoluble in body fluids but
allows the active ingredient in the pharmaceutcahpositions diffuse through.

[00157] In one embodiment, suitable inner matrixes inclpdiymethylmethacrylate,
polybutyl-methacrylate, plasticized or unplasticizelyvinylchloride, plasticized nylon,
plasticized polyethylene terephthalate, naturabeuppolyisoprene, polyisobutylene,
polybutadiene, polyethylene, ethylene-vinyl acetatgolymers, silicone rubbers,
polydimethylsiloxanes, silicone carbonate copolysnagdrophilic polymers, such as hydrogels
of esters of acrylic and methacrylic acid, collagenoss-linked polyvinyl alcohol, and cross-
linked partially hydrolyzed polyvinyl acetate.

[00158] In one embodiment, suitable outer polymeric memésanclude polyethylene,
polypropylene, ethylene/propylene copolymers, ethglethyl acrylate copolymers,
ethylene/vinyl acetate copolymers, silicone rubppatydimethyl siloxanes, neoprene rubber,
chlorinated polyethylene, polyvinylchloride, vingthloride copolymers with vinyl acetate,
vinylidene chloride, ethylene and propylene, ionop@yethylene terephthalate, butyl rubber
epichlorohydrin rubbers, ethylene/vinyl alcohol otymer, ethylene/vinyloxyethanol
copolymer, and ethylene/vinyl acetate/vinyl alcotespolymer.

[00159] Pharmaceutical compositions may be in a form slétédy oral use, for example, as
tablets, capsules, troches, lozenges, agueous/@usipensions, dispersible powders or
granules, emulsions, hard or soft capsules, opsygplutions, microbeads or elixirs.
Pharmaceutical compositions intended for oral uag be prepared according to any method
known to the art for the manufacture of pharmacalitompositions. Such compositions may
contain one or more agents such as sweeteningsadienbring agents, coloring agents and
preserving agents in order to provide pharmacdiytielegant and palatable preparations.
Tablets containing a peptide provided herein majnkadmixture with non-toxic

pharmaceutically acceptable excipients suitabléfermanufacture of tablets. These excipients
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include, for example, diluents, such as calciunboaate, sodium carbonate, lactose, calcium
phosphate or sodium phosphate; granulating andtdggiating agents, for example, corn starch,
or alginic acid; binding agents, for example staggiatin or acacia, and lubricating agents, for
example magnesium stearate, stearic acid or talc.

[00160] Tablets, capsules and the like suitable for oratiatstration may be uncoated or they
may be coated by known techniques to delay disiategm and absorption in the gastrointestinal
tract and thereby provide a sustained action ovenger period. For example, a time delay
material such as glyceryl monostearate or glyodistearate may be employed. They may also
be coated by techniques known in the art to formaig therapeutic tablets for controlled
release. Additional agents include biodegradabl@acompatible particles or a polymeric
substance such as polyesters, polyamine acidspg@etipolyvinyl pyrrolidone, polyanhydrides,
polyglycolic acid, ethylene-vinylacetate, methylakise, carboxymethylcellulose, protamine
sulfate, or lactide/glycolide copolymers, polylaetiglycolide copolymers, or
ethylenevinylacetate copolymers in order to cordigdivery of an administered composition.
For example, the oral agent can be entrapped irooapsules prepared by coacervation
techniques or by interfacial polymerization, by tlee of hydroxymethylcellulose or gelatin-
microcapsules or poly (methylmethacrolate) micrecegs, respectively, or in a colloid drug
delivery system. Colloidal dispersion systemsudel macromolecule complexes, nano-
capsules, microspheres, microbeads, and lipid-baysgdms, including oil-in-water emulsions,
micelles, mixed micelles, and liposomes. Methddsreparing liposomes are described in, for
example, U.S. Patent Nos. 4,235,871, 4,501,7284#88¥,028. Methods for the preparation of
the above-mentioned formulations will be apparerthbse skilled in the art.

[00161] Formulations for oral use may also be presentdthaggelatin capsules wherein the
active ingredient is mixed with an inert solid @iht, for example, calcium carbonate, calcium
phosphate, kaolin or microcrystalline celluloseasrsoft gelatin capsules wherein the active
ingredient is mixed with water or an oil mediun;, é&xample peanut oil, liquid paraffin, or olive
oil.

[00162] Aqueous suspensions contain the active materiadnmxture with excipients
suitable for the manufacture thereof. Such exnigiare suspending agents, for example sodium
carboxymethylcellulose, methylcellulose, hydroxyppylmethylcellulose, sodium alginate,

polyvinyl-pyrrolidone, gum tragacanth and gum aaadispersing or wetting agents may be a
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naturally-occurring phosphatide, for example ldaitlor condensation products of an alkylene
oxide with fatty acids, for example polyoxy-ethyéestearate, or condensation products of
ethylene oxide with long chain aliphatic alcohdts,example heptadecaethyleneoxycetanol, or
condensation products of ethylene oxide with pleeséers derived from fatty acids and a hexitol
such as polyoxyethylene sorbitol monooleate, odeasation products of ethylene oxide with
partial esters derived from fatty acids and hexatdhydrides, for example polyethylene sorbitan
monooleate. The aqueous suspensions may alsarcong&or more preservatives.

[00163] Oily suspensions may be formulated by suspendiagttive ingredient in a
vegetable oil, for example arachis oil, olive sggsame oil or coconut oil, or in a mineral oil such
as liquid paraffin. The oily suspensions may cionéathickening agent, for example beeswax,
hard paraffin or cetyl alcohol. Sweetening agentsh as those set forth above, and flavoring
agents may be added to provide a palatable orphpxgon.

[00164] Dispersible powders and granules suitable for pegjwa of an aqueous suspension
by addition of water provide the active ingredienadmixture with a dispersing or wetting
agent, suspending agent and one or more presesatiuitable dispersing or wetting agents
and suspending agents are exemplified herein.

[00165] Pharmaceutical compositions provided herein may ladsin the form of oil-in-water
emulsions. The oily phase may be a vegetabléaniexample olive oil or arachis oil, or a
mineral oil, for example, liquid paraffin, or mixes of these. Suitable emulsifying agents may
be naturally-occurring gums, for example, gum acacigum tragacanth; naturally-occurring
phosphatides, for example, soy bean, lecithin,esmtelrs or partial esters derived from fatty
acids; hexitol anhydrides, for example, sorbitamoweate; and condensation products of
partial esters with ethylene oxide, for exampldypwyethylene sorbitan monooleate.

[00166] Pharmaceutical compositions can also include aarteeprotect the composition
against rapid degradation or elimination from tbey such as a controlled release formulation,
including implants, liposomes, hydrogels, prodragd microencapsulated delivery systems.
For example, a time delay material such as glyaaegmostearate or glyceryl stearate alone, or in
combination with a wax, may be employed. Prolongesbrption of injectable pharmaceutical
compositions can be achieved by including an atiexttdelays absorption, for example,
aluminum monostearate or gelatin. Prevention efattion of microorganisms can be achieved

58



by various antibacterial and antifungal agentsefample, parabens, chlorobutanol, phenol,
ascorbic acid, thimerosal, and the like.
[00167] Also provided herein are peptides and/or one oremadditional agents described
herein in the form of suppositories for rectal adistration. The suppositories can be prepared
by mixing a peptide and/or one or more additiongrds described herein with a suitable non-
irritating excipient which is solid at ordinary teeratures but liquid at the rectal temperature and
will therefore melt in the rectum to release thegdr Such materials include, but are not limited
to, cocoa butter and polyethylene glycols.

5.3 Peptides

[00168] In certain embodiments, the pharmaceutical comiposit formulations and dosage
forms provided herein comprise one or more pepilggeptide sequences provided herein. In
certain embodiments, the pharmaceutical compositimmmulations and dosage forms provided
herein comprise one or more variants of FGF19 gdetequences, fusions of FGF19 and/or
FGF21 peptide sequences and variants of fusiomséchs) of FGF19 and/or FGF21 peptide
sequences having one or more activities assoomtadhe treatment and/or prevention of a bile
acid-related or associated disordeg.( PBC), a metabolic disorder or a cancer or tunhor.
certain embodiments, the activity is a glucose lawgeactivity. Such variants and fusions
(chimeras) of FGF19 and/or FGF21 peptide sequanckgle sequences that do not
substantially increase or induce HCC formation @Q-Htumorigenesis and/or do not induce a
substantial elevation or increase in lipid profile.

[00169] In one embodiment, a chimeric peptide sequenceades! or consists of an N-
terminal region having at least seven amino agiltees and the N-terminal region having a
first amino acid position and a last amino acidifms, where the N-terminal region has a
DSSPL (SEQ ID NO:121) or DASPH (SEQ ID NO:122) s=aee; and a C-terminal region
having a portion of FGF19 and the C-terminal rediaxing a first amino acid position and a last
amino acid position, where the C-terminal regiatiudes amino acid residues 16-29 of FGF19
(WGDPIRLRHLYTSG; SEQ ID NO:169) and the W residwgresponds to the first amino acid
position of the C-terminal region. In particulamleodiments, the variant is M70:
MRDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAFLLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYREKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLES16MDPFG
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LVTGLEAVRSPSFEK (SEQ ID NO:70). In particular enthments, the variant is M69:
RDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSBEIKAVA
LRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSKHRLPVS
LSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLEBMDPFGLVT
GLEAVRSPSFEK (M69) (SEQ ID NO:69).

[00170] In another embodiment, a chimeric peptide sequerbedes or consists of an N-
terminal region having a portion of FGF21 and thteNninal region having a first amino acid
position and a last amino acid position, whereNFerminal region has a GQV sequence and
the V residue corresponds to the last amino acsitipa of the N-terminal region; and a C-
terminal region having a portion of FGF19 and thgefninal region having a first amino acid
position and a last amino acid position where tHer@inal region includes amino acid residues
21-29 of FGF19 (RLRHLYTSG; SEQ ID NO: 185) and teesidue corresponds to the first
position of the C-terminal region.

[00171] In particular aspects, modifications to the Loopegion of FGF19 are disclosed
herein that possess favorable metabolic paramettrsut exhibiting substantial tumorigenicity.
Herein, FGF19 residues 127-129 are defined asitatimgj the Loop-8 region, although in the
literature the Loop-8 region is sometimes defingthaluding or consisting of other residues
(e.g., residues 125-129). Certain combinations of R12ad P128E substitutions to the FGF19
framework had an unexpectedly positive effect orCHGrmation. Even more surprisingly, a
combination of R127L and P128E substitutions asdlsstitution of GIn (Q) for Leu (L) in the
FGF19 core region had an even more significantetie preventing HCC formation.

[00172] Accordingly, variants of FGF19 Loop-8 region arelirled since they can reduce or
eliminate substantial, measurable or detectable F@Gation. Furthermore, the effect of
reducing HCC formation may be enhanced by modiboatto amino acid residues outside of
the Loop-8 regiondg., substitutions of amino acid residues in the eeggon, such as the
region corresponding to amino acids 21-29 of SEQIM99). In some embodiments, the
Loop-8 modified variant comprises a substitutiothe FGF19 Loop-8 region corresponding to
amino acids 127-129 of SEQ ID NO:99. In certairbediments, the Loop-8 modified variant
comprises a substitution in the FGF19 Loop-8 regimmesponding to (i) a R127L substitution,
(i) a P128E substitution, or (iii) a R127L substibn and a P128E substitution. In some

embodiments, the FGF19 variant comprises or furtberprises a substitution in the core region
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corresponding to amino acids 21-29 of SEQ ID NO:BBcertain embodiments, the FGF19
variant comprises or further comprises a substituith the core region corresponding to a L22Q
substitution. In certain embodiments, the amind aequence of the peptide comprises one
amino acid substitution to the EIRPD (amino acigsd SEQ ID NO:190) amino acid sequence
in the Loop-8 region of FGF19. In some embodimeihis,amino acid sequence of the peptide
comprises two amino acid substitutions to the EIR&Mino acids 2-6 of SEQ ID NO:190)
amino acid sequence in the Loop-8 region of FGK18ther embodiments, the amino acid
sequence of the peptide comprises three amincsabistitutions to the EIRPD (amino acids 2-6
of SEQ ID NO:190) amino acid sequence in the Loagpegfon of FGF19. In certain
embodiments, the amino acid sequence of the pepbiciprises four amino acid substitutions to
the EIRPD (amino acids 2-6 of SEQ ID NO:190) amaca sequence in the Loop-8 region of
FGF19. In some embodiments, the amino acid sequdribe peptide comprises five amino acid
substitutions to the EIRPD (amino acids 2-6 of SBQNO:190) amino acid sequence in the
Loop-8 region of FGF19. In certain embodiments,aimeno acid sequence of the peptide
comprises one amino acid substitution to the IRRir{a acids 3-5 of SEQ ID NO:190) amino
acid sequence in the Loop-8 region of FGF19. Inessembodiments, the amino acid sequence of
the peptide comprises two amino acid substituttorte IRP (amino acids 3-5 of SEQ ID
NO:190) amino acid sequence in the Loop-8 regioR@F19. In other embodiments, the amino
acid sequence of the peptide comprises three aacidosubstitutions to the IRP (amino acids 3-
5 of SEQ ID NO:190) amino acid sequence in the E8wpgion of FGF19. In certain
embodiments, the amino acid sequence of the pepbicigprises one amino acid substitution to
the RP (amino acids 4-5 of SEQ ID NO:190) aminal aeiquence in the Loop-8 region of
FGF19. In some embodiments, the amino acid sequ#rtbe peptide comprises two amino acid
substitutions to the RP (amino acids 4-5 of SEQNID:190) amino acid sequence in the Loop-8
region of FGF19. In certain embodiments, the amaicid substitution to the RP (amino acids 4-5
of SEQ ID NO:190) amino acid sequence in the Loagpegion of FGF19 is an Arg (R) to Leu

(L) substitution. In other embodiments, the substn to the RP (amino acids 4-5 of SEQ ID
NO:190) amino acid sequence in the Loop-8 regioR@F19 is a Pro (P) to Glu (E) substitution.
In some embodiments, the substitutions to the Ritn@acids 4-5 of SEQ ID NO:190) amino
acid sequence in the Loop-8 region of FGF19 is an(R) to Leu (L) substitution and a Pro (P)

to Glu (E) substitution. In specific embodiments foregoing substitution(s) in the Loop-8
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region of FGF19 is in the corresponding FGF19 segai¢hereof in a variant peptide provided
herein. That is, said substitutions within a cquoesling FGF19 sequence (e.g., EIRPD, IRP or
RP) of a peptide variant provided herein is alsatemplated.

[00173] In some embodiments, the Loop-8 modified variaM7:
MRDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSASLLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYREKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLE$16MDPFG
LVTGLEAVRSPSFEK (SEQ ID NO:70), comprising a suhsion in the FGF19 Loop-8 region
(underlined). In certain embodiments, the Loopiified M70 variant comprises a substitution
in the FGF19 Loop-8 region (underlined) correspogdo (i) a R127L substitution, (ii) a P128E
substitution, or (iii) a R127L substitution and B2BE substitution (SEQ. ID NO:204). In certain
embodiments, the Loop-8 modified M70 variant furtbemprises or further comprises a
substitution in the FGF19 core region. In some @fitbents, the Loop-8 modified M70 variant
comprises a L18Q substitution.

[00174] In some embodiments, the Loop-8 modified variaM@9:
RDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHEEIKAVA
LRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSKHRLPVS
LSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLEBMDPFGLVT
GLEAVRSPSFEK (M69) (SEQ ID NO:69), comprising a stitution in the FGF19 Loop-8
region (underlined). In certain embodiments, tbep-8 modified M69 variant comprises a
substitution in the FGF19 Loop-8 region (underlinedrresponding to (i) a R100L substitution,
(i) a P101E substitution, or (iii) a R100L substibn and a P101E substitution. In certain
embodiments, the Loop-8 modified M69 variant furtbemprises or further comprises a
substitution in the FGF19 core region. In some @itbents, the Loop-8 modified M69 variant
comprises a L17Q substitution.

[00175] In some embodiments, the Loop-8 modified variamhjgnses a substitution in the
FGF19 Loop-8 region corresponding to amino acid&129 of SEQ ID NO:3. In certain
embodiments, the Loop-8 modified variant compresesibstitution in the FGF19 Loop-8 region
corresponding to (i) a R127L substitution, (ii) B2BE substitution, or (iii) a R127L substitution
and a P128E substitution. In some embodiments:@1el9 variant comprises or further

comprises a substitution in the core region coordmg to amino acids 21-29 of SEQ ID NO:3.
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In certain embodiments, the FGF19 variant compasdarther comprises a substitution in the
core region corresponding to a L22Q substitution.

[00176] In further embodiments, a peptide sequence incladesnsists of a FGF19 variant
having one or more amino acid substitutions, insestor deletions compared to a reference or
wild type FGF19. In additional embodiments, a mEpsequence includes or consists of a
FGF21 sequence variant having one or more amimbsadistitutions, insertions or deletions
compared to a reference or wild type FGF21. Inagilitional embodiments, a peptide sequence
includes or consists of a portion of a FGF19 segednsed to a portion of a FGF21 sequence.
In still additional embodiments, a peptide sequenckides or consists of a portion of a FGF19
sequence fused to a portion of a FGF21 sequenaewie FGF19 and/or FGF21 sequence
portion(s) have one or more amino acid substitstiamsertions or deletions compared to a
reference or wild type FGF19 and/or FGF21. Exampfesuch sequences are disclosed in PCT
Pub. No. WO 2013/006486 and US Pub. No. 2013/0023#well as PCT Publ. No. WO
2014/085365, published June 5, 2014. Table 1la&équence Listing also sets forth
representative sequences that may be used in tiwdseprovided herein.

[00177] In some embodiments, the treatment peptides prdvideein include variants and
fusions of FGF19 and/or FGF21 peptide sequengesné embodiment, the treatment peptides
include one or more variant or fusion FGF19 an&GF21 peptide. In other embodiments, the
methods provided herein include contacting or agstenng to a subject one or more nucleic
acid molecules encoding a variant or fusion FGRid@ FGF21 peptide sequence (for
example, an expression control element in opelaikage with the nucleic acid encoding the
peptide sequence, optionally including a vectorgm amount effective for treating a bile acid-
related or associated disorder.

[00178] A representative reference or wild type FGF19 seqeés set forth as:
RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARQ@SAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMF8SETDSMDP
FGLVTGLEAVRSPSFEK (SEQ ID NO:99).

[00179] A representative reference or wild type FGF21 seqaés set forth as:
HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSPESQLKALK
PGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLEDGYNVYQS&HGLPLHLP
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GNKSPHRDPAPRGPARFLPLPGLPPALPEPPGILAPQPPDVGSSDPLSNPBERGRSPSYA

S (SEQ ID NO:100). FGF21 allelic variants includg,, M70, M71 and M72.

[00180] The terms “peptide,” “protein,” and “polypeptidedguence are used interchangeably
herein to refer to two or more amino acids, orittass,” including chemical modifications and
derivatives of amino acids, covalently linked byaamide bond or equivalent. The amino acids
forming all or a part of a peptide may be from agtime known 21 naturally occurring amino
acids, which are referred to by both their singléelr abbreviation or common three-letter
abbreviation. In the peptide sequences providegifteconventional amino acid residues have
their conventional meaning. Thus, “Leu” is leugilie=” is isoleucine, “Nle” is norleucine, and
SO on.

[00181] In various particular aspects, a peptide or chicnggquence provided herein has at
the N-terminal region first amino acid position“&fi’ residue, an “R” residue, a “S” residue, a
“H” residue, a “P” residue, a “L” residue or an “B&sidue. In various alternative particular
aspects, a peptide or chimeric sequence peptideseg does not have a “M” residue or an “R”
residue at the first amino acid position of theditinal region.

[00182] Also provided herein are subsequences, variantsrmaified forms of the

exemplified peptide sequences (including the FGHI®FGF21 variants and subsequences
listed in the Sequence Listing, or Table 1), s@laa the foregoing retains at least a detectable or
measureable activity or function. Also, certaiemyplified variant peptides, for example, those
having all or a portion of FGF21 sequence at thmasterminus, have an “R” residue positioned
at the N-terminus, which can be omitted. Similadgrtain exemplified variant peptides, include
an “M” residue positioned at the N-terminus, whaan be appended to or further substituted for
an omitted residue, such as an “R” residue. Maréiqularly, in various embodiments peptide
sequences at the N-terminus include any of: RCBEERXID NO:115), DSS, MDSS (SEQ ID
NO:116) or MRDSS (SEQ ID NO:117). Furthermore, wiae‘M” residue is adjacent to a “S”
residue, the “M” residue may be cleaved such that'®™M” residue is deleted from the peptide
sequence, whereas when the “M” residue is adjdoceamtD” residue, the “M” residue may not
be cleaved. Thus, by way of example, in varioub@iiments peptide sequences include those
with the following residues at the N-terminus: MERL (SEQ ID NO:119), MSDSSPL (SEQ

ID NO:120) (cleaved to SDSSPL (SEQ ID NO:112)) M@&SPL (SEQ ID NO:113) (cleaved to
SSPL (SEQ ID NO:114)).
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[00183] Exemplified herein are peptide sequences, distinot reference FGF19 and FGF21
polypeptides set forth herein, that modulate baiel Aomeostasis, hyperglycemic conditions,
insulin resistance, hyperinsulinemia, glucose er@mhce, metabolic syndrome, or related
disordersjnvivo (e.g., Table 1 and the Sequence Listing). Non-limitragticular examples are
a peptide sequence with amino-terminal amino aktitlé of FGF21 fused to carboxy-terminal
amino acids 21-194 of FGF19; a peptide sequendeamitino-terminal amino acids 1-147 of
FGF19 fused to carboxy-terminal amino acids 147-dfSAGF21; a peptide sequence with
amino-terminal amino acids 1-20 of FGF19 fusedaidoxy-terminal amino acids 17-181 of
FGF21; a peptide sequence with amino-terminal armoids 1-146 of FGF21 fused to carboxy-
terminal amino acids 148-194 of FGF19; and a peg&juence with amino-terminal amino
acids 1-20 of FGF19 fused to internal amino acidd46 of FGF21 fused to carboxy-terminal
amino acids 148-194 of FGF19.

[00184] Additional particular peptides sequences have a WIGBEQ ID NO:170) sequence
motif corresponding to the WGDPI sequence of anaicids 16-20 of FGF19 (SEQ ID NO:99),
lack a WGDPI (SEQ ID NO:170) sequence motif coroesjing to the WGDPI sequence of
amino acids 16-20 of FGF19 (SEQ ID NO:99), or haweibstitutedi (., mutated) WGDPI
(SEQ ID NO:170) sequence motif corresponding to FSWGDPI sequence of amino acids 16-
20 of FGF19 (SEQ ID NO:99).

[00185] Particular peptide sequences provided herein atdade sequences distinct from
FGF19 and FGF2l(@., as set forth herein), and FGF 19 variant sequehaeing any GQV,
GDI, WGPI (SEQ ID NO:171), WGDPV (SEQ ID NO:172),G®I (SEQ ID NO:173), GDPI
(SEQ ID NO:174), GPI, WGQPI (SEQ ID NO:175), WGABEQ ID NO:176), AGDPI (SEQ
ID NO:177), WADPI (SEQ ID NO:178), WGDAI (SEQ ID N©79), WGDPA (SEQ ID
NO:180), WDPI (SEQ ID NO:181), WGDI (SEQ ID NO:182YGDP (SEQ ID NO:183) or
FGDPI (SEQ ID NO:184) substituted for FGF19 WGIREEQ ID NO:170) sequence at amino
acids 16-20. Accordingly, the wild-type FGF19 &@F21 €.9., as set forth herein as SEQ ID
NOS:99 and 100, respectively) may be excluded sempse and FGF19 having any of GQV,
GDI, WGPI (SEQ ID NO:171), WGDPV(SEQ ID NO:172), WG(SEQ ID NO:173), GDPI
(SEQ ID NO:174), GPI, WGQPI (SEQ ID NO:175), WGABEQ ID NO:176), AGDPI (SEQ
ID NO:177), WADPI (SEQ ID NO:178), WGDAI (SEQ ID N0©O79), WGDPA (SEQ ID
NO:180), WDPI (SEQ ID NO:181), WGDI (SEQ ID NO:182yYGDP (SEQ ID NO:183) or
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FGDPI (SEQ ID NO:184) substituted for the WGDPI (B NO:170) sequence at amino
acids 16-20 of FGF19 may also be excluded. Thitusion, however, does not apply to where a
sequence has, for example, 3 FGF21 residues fade@F19 having, for example, any of GQV,
GQV, GDI, or GPI, or 2 FGF21 residues fused to ehWGPI (SEQ ID NO:171), WGDI (SEQ
ID NO:173), GDPI (SEQ ID NO:174), WDPI (SEQ ID N@1), WGDI (SEQ ID NO:182), or
WGDP (SEQ ID NO:183).

[00186] Particular non-limiting examples of peptide seq@snoaclude or consist of all or a
part of a sequence variant specified herein as M8-BEQ ID NOs:1-52, 192, and 54-98,
respectively). More particular non-limiting exareplof peptide sequences include or consist of
all or a part of a sequence set forth as:
HPIPDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSSHLEIKAVA
LRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSKHRLPVS
LSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLEBMDPFGLVT
GLEAVRSPSFEK (M5-R) (SEQ ID NO:160) (FGF21 sequencan also include an “R”
residue at the amino terminus);
DSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLIKAVALRTV
AIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRIPVSLSSA
KQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMBEBLVTGLE
AVRSPSFEK (SEQ ID NO:138 and 161);
RPLAFSDASPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGSAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFB8SETDSMDP
FGLVTGLEAVRSPSFEK (M1) (SEQ ID NO:1 or 139);
RPLAFSDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAREAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFB8SETDSMDP
FGLVTGLEAVRSPSFEK (M2) (SEQ ID NO:2 or 140);
DSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHEEIKAVAL
RTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKIRLPVSL
SSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETBI®PFGLVT
GLEAVRSPSFEK (SEQ ID NO:141);

66



RDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSBEIKAVA
LRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLPVS
LSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLEBMDPFGLVT
GLEAVRSPSFEK (M69) (SEQ ID NO:69);
RDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSEIKAVALRT
VAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRPVSLSS
AKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMIFGLVTGL
EAVRSPSFEK (M52) (SEQ ID NO:52);
HPIPDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSASHLEIKAVA
LRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLPVS
LSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLEBMDPFGLVT
GLEAVRSPSFEK (M5-R) (SEQ ID NO:160);
HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSPESQLKALK
PGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLEDGYNVYQSEHSLPLHLP
GNKSPHRDPAPRGPARFLPLPGLPPALPEPPGILAPQPPDVGSSDPLSNPSRGRSPSYA
S (M71) (SEQ ID NO:71);
HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSPESQLKALK
PGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLEDGYNVYQSEHGLPLHLP
GNKSPHRDPAPRGPARFLPLPGLPPAPPEPPGILAPQPPDVGSSDPLSMSQGRSPSYA
S (M72) (SEQ ID NO:72);
HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSPESQLKALK
PGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLEDGYNVYQSEHGLPLHLP
GNKSPHRDPAPRGPARFLPLPGLPPALPEPPGILAPQPPDVGSSDPLSNDDELQGVGG
EGCHMHPENCKTLLTDIDRTHTEKPVWDGITGE (M73) (SEQ ID NJ3);
RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGSAHSLLE]
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNV YRSEKHR
LPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSBETDSMDPF
GLVTGLEAVRSPSFEK (M3) (SEQ ID NO:3);
RDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSEIKAVALRT
VAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRPVSLSS
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AKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMIEGLVTGL
EAVRSPSFEK (M48) (SEQ ID NO:48, 6 or 148);
RPLAFSDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARG@SSLLEIKA
VALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLP
VSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPTBSMDPFGL
VTGLEAVRSPSFEK (M49) (SEQ ID NO:49, 7 or 149);
RHPIPDSSPLLQFGDQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQHESLLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYNVYRSEKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M50) (SEQ ID NO:50);
RHPIPDSSPLLQFGGNVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQHESLLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYREKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M51) (SEQ ID NO:51, 36 or 155);
MDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSHEIKAVALRT
VAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRPVSLSS
AKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMIEGLVTGL
EAVRSPSFEK (M53) (SEQ ID NO:192);
MRDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSASLLEIKAV
ALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLPV
SLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLESMDPFGLV
TGLEAVRSPSFEK (M70) (SEQ ID NO:70);
RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGSAHSLLE]
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILPDGYNV YRSEKHR
LPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSBETDSMDPF
GLVTGLEAVRSPSFEK (M139) (SEQ ID NO:193);
RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGSAHSLLE]
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIREDGYNVYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMF8SETDSMDP
FGLVTGLEAVRSPSFEK (M140) (SEQ ID NO:194);

68



RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARQ@SAHSLLEI
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILCDGYNV YRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFB8SETDSMDP
FGLVTGLEAVRSPSFEK (M141) (SEQ ID NO:195); or
RPLAFSDAGPHVHYGWGDPIRQRHLYTSGPHGLSSCFLRIRADGVVDCARGSAHSLLE
IKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDGYN VYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMF8SETDSMDP
FGLVTGLEAVRSPSFEK (M160) (SEQ ID NO:196);

or a subsequence or fragment thereof any of tregfong peptide sequences. In certain
embodiments of any of the foregoing peptide segegribe R terminal residue is deleted.
[00187] Additional particular non-limiting examples of pej# sequences, having at the N-
terminus, a peptide sequence including or congistfrall or a part of any of:
HPIPDSSPLLQFGGQVRLRHLYTSG (M5-R) (amino acids 1-@5SEQ ID NO:160);
DSSPLLQFGGQVRLRHLYTSG (M6) (M6-R) (amino acids 2-82SEQ ID NO:6);
RPLAFSDSSPLLQFGGQVRLRHLYTSG (M7) (amino acids 1&7SEQ ID NO:7);
HPIPDSSPLLQWGDPIRLRHLYTSG (M8-R) (amino acids 2-@6SEQ ID NO:8);
HPIPDSSPLLQFGWGDPIRLRHLYTSG (M9-R) (amino acids @& SEQ ID NO:9);
HPIPDSSPHVHYGWGDPIRLRHLYTSG (M10-R) (amino acid8-of SEQ ID NO:10);
RPLAFSDAGPLLQWGDPIRLRHLYTSG (M11) (amino acids 1-87 SEQ ID NO:11);
RPLAFSDAGPLLQFGWGDPIRLRHLYTSG (M12) (amino acid2®8-of SEQ ID NO:12);
RPLAFSDAGPLLQFGGQVRLRHLYTSG (M13) (amino acids 1-87SEQ ID NO:13);
HPIPDSSPHVHYGGQVRLRHLYTSG (M14-R) (amino acids 2-@6SEQ ID NO:14);
RPLAFSDAGPHVHYGGQVRLRHLYTSG (M15) (amino acids 1-87 SEQ ID NO:15);
RPLAFSDAGPHVHWGDPIRLRHLYTSG (M16) (amino acids 1-87 SEQ ID NO:16);
RPLAFSDAGPHVGWGDPIRLRHLYTSG (M17) (amino acids 1-87SEQ ID NO:17);
RPLAFSDAGPHYGWGDPIRLRHLYTSG (M18) (amino acids 1-87SEQ ID NO:18);
RPLAFSDAGPVYGWGDPIRLRHLYTSG (M19) (amino acids 1-87 SEQ ID NO:19);
RPLAFSDAGPVHGWGDPIRLRHLYTSG (M20) (amino acids 1-87SEQ ID NO:20);
RPLAFSDAGPVHYWGDPIRLRHLYTSG (M21) (amino acids 1-27 SEQ ID NO:21);
RPLAFSDAGPHVHGWGDPIRLRHLYTSG (M22) (amino acids XZ-2f SEQ ID NO:22);
RPLAFSDAGPHHGWGDPIRLRHLYTSG (M23) (amino acids 1-@7SEQ ID NO:23);
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RPLAFSDAGPHHYWGDPIRLRHLYTSG (M24) (amino acids 1-87 SEQ ID NO:24);
RPLAFSDAGPHVYWGDPIRLRHLYTSG (M25) (amino acids 1-27 SEQ ID NO:25);
RPLAFSDSSPLVHWGDPIRLRHLYTSG (M26) (amino acids 1-@7SEQ ID NO:26);
RPLAFSDSSPHVHWGDPIRLRHLYTSG (M27) (amino acids 1-@&7SEQ ID NO:27);
RPLAFSDAGPHVWGDPIRLRHLYTSG (M28) (amino acids 1-86SEQ ID NO:28);
RPLAFSDAGPHVHYWGDPIRLRHLYTSG (M29) (amino acids B»f SEQ ID NO:29);
RPLAFSDAGPHVHYAWGDPIRLRHLYTSG (M30) (amino acids29 of SEQ ID NO:30);
RHPIPDSSPLLQFGAQVRLRHLYTSG (M31) (amino acids 1-@6SEQ ID NO:31);
RHPIPDSSPLLQFGDQVRLRHLYTSG (M32) (amino acids 1&@6SEQ ID NO:32);
RHPIPDSSPLLQFGPQVRLRHLYTSG (M33) (amino acids 16268EQ ID NO:33);
RHPIPDSSPLLQFGGAVRLRHLYTSG (M34) (amino acids 1-@6SEQ ID NO:34);
RHPIPDSSPLLQFGGEVRLRHLYTSG (M35) (amino acids 146EQ ID NO:35);
RHPIPDSSPLLQFGGNVRLRHLYTSG (M36) (amino acids 1-@#6SEQ ID NO:36);
RHPIPDSSPLLQFGGQARLRHLYTSG (M37) (amino acids 1465EQ ID NO:37);
RHPIPDSSPLLQFGGQIRLRHLYTSG (M38) (amino acids 1f6SEQ ID NO:38);
RHPIPDSSPLLQFGGQTRLRHLYTSG (M39) (amino acids 1e26EQ ID NO:39);
RHPIPDSSPLLQFGWGQPVRLRHLYTSG (M40) (amino acids8 &t SEQ ID NO:40);
DAGPHVHYGWGDPIRLRHLYTSG (M74-R) (amino acids 2-24 SEQ ID NO:74);
VHYGWGDPIRLRHLYTSG (M75-R) (amino acids 2-19 of SHR NO:75);

RLRHLYTSG (M77-R) (amino acids 2-10 of SEQ ID NO)77
RHPIPDSSPLLQFGWGDPIRLRHLYTSG (M9) (amino acids 1 8SEQ ID NO:9);
RHPIPDSSPLLQWGDPIRLRHLYTSG (M8) (amino acids 1-265&EQ ID NO:8);
RPLAFSDAGPLLQFGWGDPIRLRHLYTSG (M12) (amino acid2®8-of SEQ ID NO:12);
RHPIPDSSPHVHYGWGDPIRLRHLYTSG (M10) (amino acids &-@f SEQ ID NO:10);
RPLAFSDAGPLLQFGGQVRLRHLYTSG (M13) (amino acids 1-87SEQ ID NO:13);
RHPIPDSSPHVHYGGQVRLRHLYTSG (M14) (amino acids 1-@6SEQ ID NO:14);
RPLAFSDAGPHVHYGGDIRLRHLYTSG (M43) amino acids 1-27 SEQ ID NO:43); or
RDSSPLLQFGGQVRLRHLYTSG (M6) (amino acids 1-22 of GED NO:6);

and for any of the foregoing peptide sequencearthieo terminal R residue may be deleted.
[00188] Peptide sequences provided herein additionallydethose with reduced or absent

induction or formation of HCC compared to FGF19ad¥fGF 19 variant sequence having any of
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GQV, GDI, WGPI (SEQ ID NO:171), WGDPV (SEQ ID NO2)7 WGDI (SEQ ID NO:173),
GDPI (SEQ ID NO:174), GPI, WGQPI (SEQ ID NO:175)GAPI (SEQ ID NO:176), AGDPI
(SEQ ID NO:177), WADPI (SEQ ID NO:178), WGDAI (SHQ NO:179), WGDPA (SEQ ID
NO:180), WDPI (SEQ ID NO:181), WGDI (SEQ ID NO:182YGDP (SEQ ID NO:183) or
FGDPI (SEQ ID NO:184) substituted for the WGDPE(HID NO:170) sequence at amino
acids 16-20 of FGF19. Peptide sequences providegirhalso include those with greater
glucose lowering activity compared to FGF19, oiGFFR.9 variant sequence having any of
GQV, GDI, WGPI, WGPI (SEQ ID NO:171), WGDPV (SEQ NID:172), WGDI (SEQ ID
NO:173), GDPI (SEQ ID NO:174), GPI, WGQPI (SEQ IDN75), WGAPI (SEQ ID
NO:176), AGDPI (SEQ ID NO:177), WADPI (SEQ ID NO8)7 WGDAI (SEQ ID NO:179),
WGDPA (SEQ ID NO:180), WDPI (SEQ ID NO:181), WGIEBEQ ID NO:182), WGDP (SEQ
ID NO:183) or FGDPI (SEQ ID NO:184) substituted foe WGDPI (SEQ ID NO:170)
sequence at amino acids 16-20 of FGF19. Peptaleesees provided herein moreover include
those with less lipidgg., triglyceride, cholesterol, non-HDL or HDL) incisag activity
compared to FGF19, or a FGF 19 variant sequendadiany of GQV, GDI, WGPI (SEQ ID
NO:171), WGDPV (SEQ ID NO:172), WGDI (SEQ ID NO:)78DPI (SEQ ID NO:174), GP!I,
WGQPI (SEQ ID NO:175), WGAPI (SEQ ID NO:176), AGDEEEQ ID NO:177), WADPI
(SEQ ID NO:178), WGDAI (SEQ ID NO:179), WGDPA (SER NO:180), WDPI (SEQ ID
NO:181), WGDI (SEQ ID NO:182), WGDP (SEQ ID NO:188)FGDPI (SEQ ID NO:184)
substituted for the WGDPI (SEQ ID NO:170) sequeatcamino acids 16-20 of FGF19.
[00189] Typically, the number of amino acids or residuea peptide sequence provided
herein will total less than about 258g;, amino acids or mimetics thereof). In variougipaftar
embodiments, the number of residues comprise fioonta20 up to about 200 residuesy(,
amino acids or mimetics thereof). In additionabeaiments, the number of residues comprise
from about 50 up to about 200 residueg.( amino acids or mimetics thereof). In further
embodiments, the number of residues comprise filmontal 00 up to about 195 residuesy(
amino acids or mimetics thereof) in length.

[00190] Amino acids or residues can be linked by amideyandn-natural and non-amide
chemical bonds including, for example, those formél glutaraldehyde, N-
hydroxysuccinimide esters, bifunctional maleimidasiN, N’-dicyclohexylcarbodiimide (DCC).

Non-amide bonds include, for example, ketomethylangnomethylene, olefin, ether, thioether
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and the like (seeg., Spatola in Chemistry and Biochemistry of Amino dgii Peptides and
Proteins, Vol. 7, pp 267-357 (1983), “Peptide amdibone Modifications,” Marcel Decker,
NY). Thus, when a peptide provided herein incluai@®rtion of a FGF19 sequence and a

portion of a FGF21 sequence, the two portions me¢de joined to each other by an amide
bond, but can be joined by any other chemical maetonjugated together via a linker moiety.
[00191] In some embodiments, the treatment peptides prdvideesin also include
subsequences, variants and modified forms of teenpkfied peptide sequences (including the
FGF19 and FGF21 variants and subsequences listeable 1 and Sequence Listing), so long as
the foregoing retains at least a detectable or umeable activity or function. For example,
certain exemplified variant peptides have FGF1@@inal sequence,
PHGLSSCFLRIRADGVVDCARGQSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKM
QGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGHLSHFLPML
PMVPEEPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK (B NO:188) at
the C-terminal portiorg.g., following the “TSG” amino acid residues of theiaat.

[00192] Also, certain exemplified variant peptides, for exde, those having all or a portion

of FGF21 sequence at the amino-terminus, have are$tdue positioned at the N-terminus,
which can be omitted. Similarly, certain exemplifivariant peptides, include an “M” residue
positioned at the N-terminus, which can be appended further substituted for an omitted
residue, such as an “R” residue. More particujanyarious embodiments peptide sequences at
the N-terminus include any of: RDSS (SEQ ID NO:113$S, MDSS (SEQ ID NO:116) or
MRDSS (SEQ ID NO:117). Furthermore, in cells wiaeiM” residue is adjacent to a “S”
residue, the “M” residue may be cleaved such that'®™M” residue is deleted from the peptide
sequence, whereas when the “M” residue is adjdoeamtD” residue, the “M” residue may not

be cleaved. Thus, by way of example, in varioub@hments peptide sequences include those
with the following residues at the N-terminus: MERL (SEQ ID NO:119), MSDSSPL (SEQ

ID NO:120) (cleaved to SDSSPL(SEQ ID NO:112)) an83PL (SEQ ID NO:113) (cleaved to
SSPL (SEQ ID NO:114)).

[00193] Accordingly, in some embodiments, the “peptide 8peptide,” and “protein”
sequences provided herein include subsequenceasntgaand modified forms of the FGF19 and
FGF21 variants and subsequences listed in Talthel Baquence Listing, and the FGF19/FGF21

fusions and chimeras listed in Table 1 and Sequkistiag, so long as the subsequence, variant
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or modified form €.g., fusion or chimera) retains at least a detectablizity or function.e.g.,
glucose lowering activity and/or modulation of bdeid homeostasis.

[00194] As used herein, the term “modify” and grammaticaliations thereof, means that the
composition deviates relative to a reference comipossuch as a peptide sequence. Such
modified peptide sequences, nucleic acids and ettrapositions may have greater or less
activity or function, or have a distinct functionaxtivity compared with a reference unmodified
peptide sequence, nucleic acid, or other composiiomay have a property desirable in a
protein formulated for therapg.g. serum half-life), to elicit antibody for use irdatection

assay, and/or for protein purification. For exampl peptide sequence provided herein can be
modified to increase serum half-life, to increaseitro and/orin vivo stability of the protein,

etc.

[00195] Particular examples of such subsequences, vaaadtsnodified forms of the peptide
sequences exemplified heregxy, a peptide sequence listed in the Sequence Listifigble 1)
include substitutions, deletions and/or insertiadditions of one or more amino acids, to or
from the amino-terminus, the carboxy-terminus ¢erinally. One example is a substitution of
an amino acid residue for another amino acid reswithin the peptide sequence. Another is a
deletion of one or more amino acid residues froengéptide sequence, or an insertion or
addition of one or more amino acid residues inepgblptide sequence.

[00196] The number of residues substituted, deleted ortedadded are one or more amino
acids ég., 1-3, 3-5, 5-10, 10-20, 20-30, 30-40, 40-50, 506170, 70-80, 80-90, 90-100, 100-
110, 110-120, 120-130, 130-140, 140-150, 150-160;170, 170-180, 180-190, 190-200, 200-
225, 225-250, or more) of a peptide sequence. ,(ThESF19 or FGF21 sequence can have few
or many amino acids substituted, deleted or ind&tieled €.9., 1-3, 3-5, 5-10, 10-20, 20-30,
30-40, 40-50, 50-60, 60-70, 70-80, 80-90, 90-1@®-110, 110-120, 120-130, 130-140, 140-
150, 150-160, 160-170, 170-180, 180-190, 190-200;225, 225-250, or more). In addition, a
FGF19 amino acid sequence can include or consast aimino acid sequence of about 1-3, 3-5,
5-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-708@P80-90, 90-100, 100-110, 110-120, 120-
130, 130-140, 140-150, 150-160, 160-170, 170-180;190, 190-200, 200-225, 225-250, or
more amino acids from FGF21; or a FGF21 amino acgkequence can include or consist of an
amino acid sequence of about 1-3, 3-5, 5-10, 1®@480, 30-40, 40-50, 50-60, 60-70, 70-80,
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80-90, 90-100, 100-110, 110-120, 120-130, 130-140;150, 150-160, 160-170, 170-180, 180-
190, 190-200, 200-225, 225-250, or more amino goas FGF19.

[00197] Specific examples of substitutions include substitya D residue for an L-residue.
Accordingly, although residues are listed in thes&émer configuration, D-amino acids at any
particular or all positions of the peptide sequenu®vided herein are included, unless a D-
isomer leads to a sequence that has no detectalrieasurable function.

[00198] Additional specific examples are non-conservativé eonservative substitutions. A
“conservative substitution” is a replacement of an@no acid by a biologically, chemically or
structurally similar residue. Biologically similareans that the substitution is compatible with a
biological activity,e.g., activity that improves PBC and/or the manifestasi thereof.

Structurally similar means that the amino acidsehside chains with similar length, such as
alanine, glycine and serine, or having similar sarethe structure of a first, second or additional
peptide sequence is maintained. Chemical simjlan#ans that the residues have the same
charge or are both hydrophilic and hydrophobicrti®dar examples include the substitution of
one hydrophobic residue, such as isoleucine, vaiueine or methionine, for another, or the
substitution of one polar residue for another, sagthe substitution of arginine for lysine,
glutamic for aspartic acids, or glutamine for aggare, serine for threoninetc. Routine assays
can be used to determine whether a subsequenantvar modified form has activiteg.,

activity that improves PBC and/or the manifestaditirereof.

[00199] Particular examples of subsequences, variants awiifigd forms of the peptide
sequences exemplified herein have 50%-60%, 60%-70%;75%, 75%-80%, 80%-85%, 85%-
90%, 90%-95%, or 96%, 97%, 98%, or 99% identity teference peptide sequence. The term
“‘identity” and “homology” and grammatical variati®thereof mean that two or more referenced
entities are the same. Thus, where two aminosemgdences are identical, they have the
identical amino acid sequence. “Areas, regiondoonains of identity” mean that a portion of
two or more referenced entities are the same. ,Minsre two amino acid sequences are
identical or homologous over one or more sequeag®ns, they share identity in those regions.
[00200] The extent of identity between two sequences caasbertained using a computer
program and mathematical algorithm known in the &uch algorithms that calculate percent
sequence identity (homology) generally accounsémuence gaps and mismatches over the

comparison region. For example, a BLAKIY(, BLAST 2.0) search algorithm (sexg.,
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Altschulet al., J. Mol. Biol. 215:403 (1990), publicly availalilrough NCBI) has exemplary
search parameters as follows: Mismatch -2; gap &8pgap extension 2. For peptide sequence
comparisons, a BLASTP algorithm is typically usec¢ombination with a scoring matrix, such
as PAM100, PAM 250, BLOSUM 62 or BLOSUM 50. FAST&g., FASTA2 and FASTA3)
and SSEARCH sequence comparison programs are sgsld@ quantitate the extent of identity
(Pearsoret al., Proc. Natl. Acad. Sci. USA 85:2444 (1988); Peayddethods Mol Biol. 132:185
(2000); and Smitlet al., J. Mol. Biol. 147:195 (1981)). Programs for gtitating protein
structural similarity using Delaunay-based topatajimapping have also been developed
(Bosticket al., Biochem Biophys Res Commun. 304:320 (2003)).

[00201] In the peptide sequences, including subsequenagants and modified forms of the
peptide sequences exemplified herein, an “amind’ aci“residue” includes conventional alpha-
amino acids as well as beta-amino acids; alphaaasubstituted amino acids; and N-
substituted amino acids, wherein at least onedide is an amino acid side chain moiety as
defined herein. An “amino acid” further includesalkyl alpha-amino acids, wherein the N-
terminus amino group has a © G linear or branched alkyl substituent. The termifso acid”
therefore includes stereoisomers and modificatadmsaturally occurring protein amino acids,
non-protein amino acids, post-translationally miedifamino acidsgg., by glycosylation,
phosphorylation, ester or amide cleavage), enzymatically modified or synthesized amino
acids, derivatized amino acids, constructs or sires designed to mimic amino acids, amino
acids with a side chain moiety modified, derivatiZzeom naturally occurring moieties, or
synthetic, or not naturally occurringc. Modified and unusual amino acids are includethe
peptide sequences provided herein (see, for exampBynthetic Peptides: A User’s Guide;
Hrubyet al., Biochem. J. 268:249 (1990); and Toniolo C., liitPeptide Protein Res. 35:287
(1990)).

[00202] In addition, protecting and modifying groups of amacids are included. The term

“amino acid side chain moiety” as used herein idekiany side chain of any amino acid, as the
term “amino acid” is defined herein. This therefancludes the side chain moiety in naturally
occurring amino acids. It further includes sidaiohmoieties in modified naturally occurring
amino acids as set forth herein and known to orgkitifin the art, such as side chain moieties in
stereoisomers and modifications of naturally odogrprotein amino acids, non-protein amino

acids, post-translationally modified amino acidg\enatically modified or synthesized amino
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acids, derivatized amino acids, constructs or sires designed to mimic amino acids,. For
example, the side chain moiety of any amino acsdldsed herein or known to one of skill in the
art is included within the definition.

[00203] A “derivative of an amino acid side chain moietg’included within the definition of
an amino acid side chain moiety. Non-limiting exédes of derivatized amino acid side chain
moieties include, for example: (a) adding one orersaturated or unsaturated carbon atoms to
an existing alkyl, aryl, or aralkyl chain; (b) stibging a carbon in the side chain with another
atom, such as oxygen or nitrogen; (c) adding aitexhgroup to a carbon atom of the side chain,
including methyl (--CH), methoxy (--OCH), nitro (--NQ&), hydroxyl (--OH), or cyano (--C=N);
(d) for side chain moieties including a hydroxyiptlor amino groups, adding a suitable
hydroxy, thiol or amino protecting group; or (e} &de chain moieties including a ring
structure, adding one or more ring substituentduding hydroxyl, halogen, alkyl, or aryl

groups attached directly or througly., an ether linkage. For amino groups, suitablégotong
groups are known to the skilled artisan. Provislech derivatization provides a desired activity
in the final peptide sequenaed., activity that improves PBC and/or the manifestagithereof).
[00204] An “amino acid side chain moiety” includes all swrivatization, and particular
non-limiting examples include: gamma-amino butyaid, 12-amino dodecanoic acid, alpha-
aminoisobutyric acid, 6-amino hexanoic acid, 4-(@methyl)-cyclohexane carboxylic acid, 8-
amino octanoic acid, biphenylalanine, Boc--t-buttatyponyl, benzyl, benzoyl, citrulline,
diaminobutyric acid, pyrrollysine, diaminopropioracid, 3,3-diphenylalanine, orthonine,
citrulline, 1,3-dihydro-2H-isoindolecarboxylic acidthyl, Fmoc—fluorenylmethoxycarbonyl,
heptanoyl (CH-(CHy)s--C(=0)--), hexanoyl (Ckt-(CH.)s--C(=0)--), homoarginine,
homocysteine, homolysine, homophenylalanine, honmesemethyl, methionine sulfoxide,
methionine sulfone, norvaline (NVA), phenylglycimeppyl, isopropyl, sarcosine (SAR), tert-
butylalanine, and benzyloxycarbonyl.

[00205] A single amino acid, including stereoisomers andifieations of naturally occurring
protein amino acids, non-protein amino acids, p@stslationally modified amino acids,
enzymatically-synthesized amino acids, non-natyi@turring amino acids including
derivatized amino acids, an alpha, alpha disulietitamino acid derived from any of the
foregoing {.e., an alpha, alpha disubstituted amino acid, wheatlaast one side chain is the

same as that of the residue from which it is defjyva beta-amino acid derived from any of the
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foregoing {.e., a beta-amino acid which, other than for the presef a beta-carbon, is the same
as the residue from which it is derivesti}., including all of the foregoing can be referred to
herein as a “residue.” Suitable substituentsdufitaon to the side chain moiety of the alpha-
amino acid, include €to Gs linear or branched alkyl. Aib is an example ofafysha, alpha
disubstituted amino acid. While alpha, alpha dssited amino acids can be referred to using
conventional L- and D-isomeric references, it ibéounderstood that such references are for
convenience, and that where the substituents atlpia-position are different, such amino acid
can interchangeably be referred to as an alphhaalsubstituted amino acid derived from the
L- or D-isomer, as appropriate, of a residue whth designated amino acid side chain moiety.
Thus (S)-2-Amino-2-methyl-hexanoic acid can benref@ to as either an alpha, alpha
disubstituted amino acid derived from L-Nle (nod&e) or as an alpha, alpha disubstituted
amino acid derived from D-Ala. Similarly, Aib cée referred to as an alpha, alpha
disubstituted amino acid derived from Ala. Wheneue alpha, alpha disubstituted amino acid is
provided, it is to be understood as including Rl &nd (S) configurations thereof.

[00206] An “N-substituted amino acid” includes any aminadagherein an amino acid side
chain moiety is covalently bonded to the backbanaa group, optionally where there are no
substituents other than H in the alpha-carbon ijpositSarcosine is an example of an N-
substituted amino acid. By way of example, sarmsan be referred to as an N-substituted
amino acid derivative of Ala, in that the aminodaside chain moiety of sarcosine and Ala is the
samej.e.,, methyl.

[00207] In certain embodiments, covalent modificationshaf peptide sequences, including
subsequences, variants and modified forms of thageesequences exemplified herein are
provided. An exemplary type of covalent modificatincludes reacting targeted amino acid
residues with an organic derivatizing agent thagisable of reacting with selected side chains or
the N- or C-terminal residues of the peptide. {arzation with bifunctional agents is useful,

for instance, for cross-linking peptide to a wateseluble support matrix or surface for use in
the method for purifying anti-peptide antibodiesd aice-versa. Commonly used cross linking
agents includeg.g., 1,1-bis(diazoacetyl)-2-phenylethane, glutaraldkhy-hydroxysuccinimide
esters, for example, esters with 4-azidosalicydid,ahomobifunctional imidoesters, including
disuccinimidyl esters such as 3,3’-dithiobis(suguidylpropionate), bifunctional maleimides
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such as bis-N-maleimido-1,8-octane and agents asichethyl-3-[(p-azidophenyl)dithio]
propioimidate.

[00208] Other modifications include deamidation of glutayhiand asparaginyl residues to
the corresponding glutamyl and aspartyl residuesgectively, hydroxylation of proline and
lysine, phosphorylation of hydroxyl groups of sesyithreonyl residues, methylation of the
alpha-amino groups of lysine, arginine, and hisgdside chains (T. E. Creighton, Proteins:
Structure and Molecular Properties, W.H. Freemdba8, San Francisco, pp. 79-86 (1983)),
acetylation of the N-terminal amine, amidation oy £-terminal carboxyl grougtc.

[00209] Exemplified peptide sequences, and subsequenag&mtgsand modified forms of the
peptide sequences exemplified herein can alsodedilterations of the backbone for stability,
derivatives, and peptidomimetics. The term “peptidmetic” includes a molecule that is a
mimic of a residue (referred to as a “mimetic”)luding but not limited to piperazine core
molecules, keto-piperazine core molecules and giagecore molecules. Unless otherwise
specified, an amino acid mimetic of a peptide sageerovided herein includes both a carboxyl
group and amino group, and a group correspondiag @mino acid side chain, or in the case of
a mimetic of Glycine, no side chain other than loggn.

[00210] By way of example, these would include compounds ithimic the sterics, surface
charge distribution, polaritytc. of a naturally occurring amino acid, but needl®an amino
acid, which would impart stability in the biologiystem. For example, Proline may be
substituted by other lactams or lactones of swetalde and substitution; Leucine may be
substituted by an alkyl ketone, N-substituted amédewell as variations in amino acid side
chain length using alkyl, alkenyl or other subgiits, others may be apparent to the skilled
artisan. The essential element of making suchtsutisns is to provide a molecule of roughly
the same size and charge and configuration aetigue used to design the molecule.
Refinement of these modifications will be made bglgzing the compounds in a functional
(e.g., glucose lowering) or other assay, and compahegstructure-activity relationship. Such
methods are within the scope of the skilled artisarking in medicinal chemistry and drug
development.

[00211] The term “bind,” or “binding,” when used in refepento a peptide sequence, means

that the peptide sequence interacts at the molelewel. Specific and selective binding can be
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distinguished from non-specific binding using asskayown in the artgg., competition binding,
immunoprecipitation, ELISA, flow cytometry, Westdstotting).

[00212] Peptides and peptidomimetics can be produced aftataesl using methods known in
the art. Peptides can be synthesized, in whale part, using chemical methods (seg,,
Caruthers (1980). Nucleic Acids Res. Symp. Ser; Bithn (1980); and Banga, A.K.,
Therapeutic Peptides and Proteins, Formulatior;d3sing and Delivery Systems (1995)

Technomic Publishing Co., Lancaster, PA). Pepgigehesis can be performed using various
solid-phase techniques (segy., Roberge Science 269:202 (1995); Merrifield, Meho

Enzymol. 289:3 (1997)) and automated synthesis Imeagchievede.g., using the ABI 431A
Peptide Synthesizer (Perkin Elmer) in accordandk thie manufacturer’s instructions. Peptides
and peptide mimetics can also be synthesized esimdpinatorial methodologies. Synthetic
residues and polypeptides incorporating mimeticshEmasynthesized using a variety of
procedures and methodologies known in the art ésgeOrganic Syntheses Collective
Volumes, Gilmanet al. (Eds) John Wiley & Sons, Inc., NY). Modified pejgs can be

produced by chemical modification methods (seegk@mple, Belousov, Nucleic Acids Res.
25:3440 (1997); Frenkel, Free Radic. Biol. Med.313: (1995); and Blommers, Biochemistry

33:7886 (1994)). Peptide sequence variationsyaléres, substitutions and modifications can

also be made using methods such as oligonucleotatiated (site-directed) mutagenesis,
alanine scanning, and PCR-based mutagenesisdiftded mutagenesis (Cargtal., Nucl.
Acids Res., 13:4331 (1986); Zolletral., Nucl. Acids Res. 10:6487 (1987)), cassette
mutagenesis (Wella al., Gene 34:315 (1985)), restriction selection muteges (Wellst al.,
Philos. Trans. R. Soc. London SerA 317:415 (1986)) other techniques can be performed on
cloned DNA to produce peptide sequences, variuggns and chimeras provided herein, and
variations, derivatives, substitutions and modtfmas thereof.

[00213] A “synthesized” or “manufactured” peptide sequeisca peptide made by any
method involving manipulation by the hand of m&uch methods include, but are not limited
to, the aforementioned, such as chemical synthesismbinant DNA technology, biochemical
or enzymatic fragmentation of larger molecules, emhbinations of the foregoing.

[00214] Peptide sequences provided herein including sulesegs, sequence variants and
modified forms of the exemplified peptide sequer(ess, sequences listed in the Sequence

Listing or Table 1), can also be modified to forrahameric molecule. In certain embodiments,
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provided herein are peptide sequences that inaudeerologous domain. Such domains can be
added to the amino-terminus or at the carboxyl-tensiof the peptide sequence. Heterologous
domains can also be positioned within the peptidpisnce, and/or alternatively flanked by
FGF19 and/or FGF21 derived amino acid sequences.

[00215] The term “peptide” also includes dimers or multim@ligomers) of peptides. In
certain embodiments, dimers or multimers (oligomefghe exemplified peptide sequences are
provided herein, as well as subsequences, vaaatsnodified forms of the exemplified peptide
sequences, including sequences listed in the Sequésting or Table 1.

[00216] In certain embodiments, a peptide sequence provwidezin comprises an amino acid
sequence set forth in Table 1. In other embodimenpeptide sequence provided herein

consists of an amino acid sequence set forth imeThb

Table 1
SEQ Amino Acid Sequence
ID
NO.
1. RPLAFSDASPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR

QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

2. RPLAFSDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

3. RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEILEDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

4, RPLAFSDAGPHVHYAWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
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EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

RHPIPDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGAS
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

RDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHBL
EIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDG

YNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRG

HLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

RPLAFSDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQ
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

RHPIPDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG®&H
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

RHPIPDSSPLLQFGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

10.

RHPIPDSSPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARE
SAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEE
EIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEE|
PEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

D

11.

RPLAFSDAGPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

12.

RPLAFSDAGPLLQFGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
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EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE|
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

13.

RPLAFSDAGPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

14.

RHPIPDSSPHVHYGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARG®AS
HSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEI

RPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPE
DLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

15.

RPLAFSDAGPHVHYGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQ
SAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEE
EIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEE
PEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

16.

RPLAFSDAGPHVHWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGS)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

17.

RPLAFSDAGPHVGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

18.

RPLAFSDAGPHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

19.

RPLAFSDAGPVYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGS)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

20.

RPLAFSDAGPVHGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
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AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

21.

RPLAFSDAGPVHYWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG®)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

22.

RPLAFSDAGPHVHGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR®
SAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEE
EIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEE|
PEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

23.

RPLAFSDAGPHHGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

24.

RPLAFSDAGPHHYWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

25.

RPLAFSDAGPHVYWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG®)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

26.

RPLAFSDSSPLVHWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

27.

RPLAFSDSSPHVHWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR&EQ
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK
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28.

RPLAFSDAGPHVWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQ@S
HSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEI
RPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPE
DLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

29.

RPLAFSDAGPHVHYWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
SAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEE
EIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEE|
PEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

30.

RPLAFSDAGPHVHYAWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

31.

RHPIPDSSPLLQFGAQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARG®@H
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

32.

RHPIPDSSPLLQFGDQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARG@AH
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

33.

RHPIPDSSPLLQFGPQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGAIS
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

34.

RHPIPDSSPLLQFGGAVRLRHLYTSGPHGLSSCFLRIRADGVVDCARG®H
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

35.

RHPIPDSSPLLQFGGEVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGAS
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
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RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

36.

RHPIPDSSPLLQFGGNVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGAH
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

37.

RHPIPDSSPLLQFGGQARLRHLYTSGPHGLSSCFLRIRADGVVDCARGAS
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

38.

RHPIPDSSPLLQFGGQIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGAS

SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

39.

RHPIPDSSPLLQFGGQTRLRHLYTSGPHGLSSCFLRIRADGVVDCARGAS
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

40.

RHPIPDSSPLLQFGWGQPVRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
SAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEE

EIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEE
PEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

41.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPEPRG
LAPQPPDVGSSDPLSMVGPSQGRSPSYAS

42.

HPIPDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSS&
LLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPEPPGILAFR)
PDVGSSDPLSMVGPSQGRSPSYAS

43.

RPLAFSDAGPHVHYGGDIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG®
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
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IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

44,

RPLAFSDAGPHVHYGWGDPIRQRYLYTDDAQQTEAHLEIREDGTVGGAAD
QSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRE
LLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARFLPLPGLPPALPEH
GILAPQPPDVGSSDPLSMVGPSQGRSPSYAS

45.

HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSFE
LLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLEB
YNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARFLPLPGLPPALPMVPEEPE
DLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

46.

RPLAFSDAGPHVHYGWGDPIRQRYLYTDDAQQTEAHLEIREDGTVGGAAD
QSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRE
LLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARFLPLPGLPPALPER
GILAPQPPDVGSSDPLSMVGPSQGRSPSYASPMVPEEPEDLRGHLESD®HR
PLETDSMDPFGLVTGLEAVRSPSFEK

S

47.

HPIPDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSS
LLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

48.

RDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHEL
EIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDG

YNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRG

HLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

D

49.

RPLAFSDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQ
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

50.

RHPIPDSSPLLQFGDQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGEH
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILE
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK
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51.

RHPIPDSSPLLQFGGNVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGEH
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

52.

RDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHBL
EIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDG

YNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRG

HLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

53.

MDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAH
LLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

54,

RPLAFSDAGPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

D

55.

RPLAFSDAGPHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

56.

RPLAFSDAGPVYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

57.

RPLAFSDAGPVHGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

58.

RPLAFSDAGPVHYWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG®)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
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EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

59.

RPLAFSDAGPHHGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG&)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

60.

RPLAFSDAGPHHYWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGS)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

61.

RPLAFSDAGPHVGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

62.

RPLAFSDAGPHVYWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG®)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

63.

RPLAFSDAGPHVHWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

64.

RPLAFSDSSPLVHWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

65.

RPLAFSDSSPHVHWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR&EQ
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

66.

RPLAFSDAGPHLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGE)
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
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IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

67.

RPLAFSDAGPHVWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQ@S
HSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEI

RPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPE
DLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

68.

RPLAFSDAGPHVHYWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
SAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEE

EIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEE
PEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

69.

RDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAH
LLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP

DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

70.

MRDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSA
HSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEI

RPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPE
DLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

71.

HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSFEE
LLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLELS
YNVYQSEAHSLPLHLPGNKSPHRDPAPRGPARFLPLPGLPPALPEPPGRA
QPPDVGSSDPLSMVGPSQGRSPSYAS

72.

HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSFEE
LLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLELS
YNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARFLPLPGLPPAPPEPPGRA
QPPDVGSSDPLSMVGPSQGRSPSYAS

73.

HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAADQSFE
LLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSFRELLLEB

YNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARFLPLPGLPPALPEPPGIRA
QPPDVGSSDPLSMVVQDELQGVGGEGCHMHPENCKTLLTDIDRTHTEKPV
WDGITGE
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74.

RDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAH
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP

DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDIL
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

75.

RVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLLIKI
AVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYN

VYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHL
ESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

76.

RGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLLEIKAVART

VAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKH
RLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMF8S
LETDSMDPFGLVTGLEAVRSPSFEK

7.

RRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLLEIKAVALRTVA

KGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRL
PVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPL
TDSMDPFGLVTGLEAVRSPSFEK

78.

RAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHS
LLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDL
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

79.

RGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSL
EIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDG

YNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRG
HLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

80.

RPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSIH
IKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGY

NVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGH
LESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

81.

RHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLLUE
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGY
NVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGH
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LESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

82.

RPLAFSAAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE

EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

83.

RPLAFSDAAPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE

EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE|
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

84.

RPLAFSDAGAHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
GQSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAF
EEEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVP
EEPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

85.

RPLAFSDAGPHVHYGAGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

86.

RPLAFSDAGPHVHYGWGAPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE

EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

87.

RPLAFSDAGPHVHYGWGDAICARGQSAHSLLEIKAVALRTVAIKGVHSVR
YLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLPVSLSSAK
QRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMDP
GLVTGLEAVRSPSFEK

88.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPAGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE

EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLAHFLPMLPMVPE|
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

89.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPAGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
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EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSAFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

90.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAAQAQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

91.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE

EEIRPDGYNVYRSEKHRLPVSLSSAAQRQLYKNRGFLPLAHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

92.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAAQRQLYKNRGFLPLSAFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

93.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQAQLYKNRGFLPLAHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

94.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLAAFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

95.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAAQRQLYKNRGFLPLSAFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

96.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAAQAQLYKNRGFLPLAHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

97.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
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QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAAQAQLYKNRGFLPLSAFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

98.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCAR
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAAQAQLYKNRGFLPLAAFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

138.

DSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLLE
KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGY
NVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGH
LESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

139.

RPLAFSDASPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

140.

RPLAFSDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

141.

DSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSL
LEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPD
GYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLR
GHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

142.

RHPIPDSSPLLQFGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQ
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE

IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP|
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

143.

RHPIPDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSEA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP

DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDL
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK
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144.

RPLAFSDAGPLLQFGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE|
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

145.

RHPIPDSSPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG(
SAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEE

EIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEE|
PEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

146.

RPLAFSDAGPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQS
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

U

147.

RHPIPDSSPHVHYGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSH/
HSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEI
RPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPE
DLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

Pad

148.

RDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLI
EIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDG

YNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRG

HLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

149.

RPLAFSDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQS$

AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

150.

RHPIPDSSPLLQFGAQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

151.

RHPIPDSSPLLQFGDQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQHA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
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RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

152.

RHPIPDSSPLLQFGPQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQBA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP

DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

153.

RHPIPDSSPLLQFGGAVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

154.

RHPIPDSSPLLQFGGEVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQHBHA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

155.

RHPIPDSSPLLQFGGNVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

156.

RHPIPDSSPLLQFGGQARLRHLYTSGPHGLSSCFLRIRADGVVDCARGQBA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

157.

RHPIPDSSPLLQFGGQIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQBA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP

DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

158.

RHPIPDSSPLLQFGGQTRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQBA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

159.

RHPIPDSSPLLQFGWGQPVRLRHLYTSGPHGLSSCFLRIRADGVVDCARG(
SAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEE
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EIRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEE|
PEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

160.

HPIPDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAH
LLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

161.

DSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLLE

KAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGY
NVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGH
LESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

162.

HPIPDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAH
LLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

163.

HPIPDSSPLLQFGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGAS
HSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEI
RPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPE
DLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

164.

HPIPDSSPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQS
AHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEE
IRPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEP
EDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

165.

HPIPDSSPHVHYGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAF
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

= =

166.

DAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHS
LLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRP
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDI,
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

167.

VHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLLEIKA
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VALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNV
YRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLE
SDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

168.

RLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLLEIKAVALRTVAIK

GVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLP
VSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLE
DSMDPFGLVTGLEAVRSPSFEK

188.

PHGLSSCFLRIRADGVVDCARGQSAHSLLEIKAVALRTVAIKGVHSVRYLC
MGADGKMQGLLQYSEEDCAFEEEIRPDGYNVYRSEKHRLPVSLSSAKQR(
LYKNRGFLPLSHFLPMLPMVPEEPEDLRGHLESDMFSSPLETDSMDPFGLYV
TGLEAVRSPSFEK

192.

MDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLL
EIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIRPDG
YNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRG
HLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

193.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEILPDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

194.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEIREDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

195.

RPLAFSDAGPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEILCDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

196.

RPLAFSDAGPHVHYGWGDPIRQRHLYTSGPHGLSSCFLRIRADGVVDCAR
GQSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAF
EEEILEDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVP
EEPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK
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197.

U)J

RDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAH;
LLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILE

DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDIL
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

198.

RPLAFSDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEILEDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

199.

RPLAFSDASPHVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARG
QSAHSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFE
EEILEDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPE
EPEDLRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

200.

RDSSPLLQWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLL
EIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDG
YNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRG
HLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

201.

RHPIPDSSPLLQFGDQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILE
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDL
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

202.

RDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSAHSLL
EIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILEDG
YNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDLRG
HLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

203.

RHPIPDSSPLLQFGGQVRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQHA
SLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEILE
DGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPEDIL
RGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

204.

MRDSSPLVHYGWGDPIRLRHLYTSGPHGLSSCFLRIRADGVVDCARGQSA
HSLLEIKAVALRTVAIKGVHSVRYLCMGADGKMQGLLQYSEEDCAFEEEIL
EDGYNVYRSEKHRLPVSLSSAKQRQLYKNRGFLPLSHFLPMLPMVPEEPED
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LRGHLESDMFSSPLETDSMDPFGLVTGLEAVRSPSFEK

[00217] In one embodiment, the peptide sequence compnisamao acid sequence set forth
in SEQ ID NO:1. In another embodiment, the pepseguence comprises an amino acid
sequence set forth in SEQ ID NO:2. In other eminedits, the peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:3. na embodiment, the peptide sequence
comprises an amino acid sequence set forth in SERQ:4. In another embodiment, the
peptide sequence comprises an amino acid sequehiceth in SEQ ID NO:5. In other
embodiments, the peptide sequence comprises am atith sequence set forth in SEQ ID
NO:6. In one embodiment, the peptide sequence Ksagpan amino acid sequence set forth in
SEQ ID NO:7. In another embodiment, the peptidgisace comprises an amino acid sequence
set forth in SEQ ID NO:8. In other embodimentg, peptide sequence comprises an amino acid
sequence set forth in SEQ ID NO:9. In one embodintbe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:10ariather embodiment, the peptide sequence
comprises an amino acid sequence set forth in $ERQ:11. In other embodiments, the
peptide sequence comprises an amino acid sequeniceth in SEQ ID NO:12. In one
embodiment, the peptide sequence comprises an amiticequence set forth in SEQ ID
NO:13. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:14. In other embodiments, tlepide sequence comprises an amino acid
sequence set forth in SEQ ID NO:15. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:16ariather embodiment, the peptide sequence
comprises an amino acid sequence set forth in SERQ:17. In other embodiments, the
peptide sequence comprises an amino acid sequetniceth in SEQ ID NO:18. In one
embodiment, the peptide sequence comprises an awit@equence set forth in SEQ ID
NO:19. In another embodiment, the peptide sequeoicgrises an amino acid sequence set
forth in SEQ ID NO:20. In other embodiments, tle@ide sequence comprises an amino acid
sequence set forth in SEQ ID NO:21. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:22anaother embodiment, the peptide sequence
comprises an amino acid sequence set forth in $EQ:23. In other embodiments, the
peptide sequence comprises an amino acid sequehiceth in SEQ ID NO:24. In one
embodiment, the peptide sequence comprises an amiticequence set forth in SEQ ID

NO:25. In another embodiment, the peptide sequeocgrises an amino acid sequence set
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forth in SEQ ID NO:26. In other embodiments, tleptde sequence comprises an amino acid
sequence set forth in SEQ ID NO:27. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:28anather embodiment, the peptide sequence
comprises an amino acid sequence set forth in SERQ:29. In other embodiments, the
peptide sequence comprises an amino acid sequehieth in SEQ ID NO:30. In one
embodiment, the peptide sequence comprises an awit@equence set forth in SEQ ID
NO:31. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:32. In other embodiments, tleptde sequence comprises an amino acid
sequence set forth in SEQ ID NO:33. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:34arlather embodiment, the peptide sequence
comprises an amino acid sequence set forth in SERQ:35. In other embodiments, the
peptide sequence comprises an amino acid sequeticeth in SEQ ID NO:36. In one
embodiment, the peptide sequence comprises an amiticequence set forth in SEQ ID
NO:37. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:38. In other embodiments, tleptde sequence comprises an amino acid
sequence set forth in SEQ ID NO:39. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:40ariather embodiment, the peptide sequence
comprises an amino acid sequence set forth in $ERQ:41. In other embodiments, the
peptide sequence comprises an amino acid sequeticeth in SEQ ID NO:42. In one
embodiment, the peptide sequence comprises an awitcequence set forth in SEQ ID
NO:43. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:44. In other embodiments, tlegide sequence comprises an amino acid
sequence set forth in SEQ ID NO:45. In one embodijribe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:46anather embodiment, the peptide sequence
comprises an amino acid sequence set forth in SERQ:47. In other embodiments, the
peptide sequence comprises an amino acid sequehieth in SEQ ID NO:48. In one
embodiment, the peptide sequence comprises an awit@equence set forth in SEQ ID
NO:49. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:50. In other embodiments, tlegide sequence comprises an amino acid
sequence set forth in SEQ ID NO:51. In one embedinthe peptide sequence comprises an

amino acid sequence set forth in SEQ ID NO:52anaother embodiment, the peptide sequence
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comprises an amino acid sequence set forth in $ERQ:53. In other embodiments, the
peptide sequence comprises an amino acid sequehieth in SEQ ID NO:54. In one
embodiment, the peptide sequence comprises an awit@equence set forth in SEQ ID
NO:55. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:56. In other embodiments, tlegide sequence comprises an amino acid
sequence set forth in SEQ ID NO:57. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:58anather embodiment, the peptide sequence
comprises an amino acid sequence set forth in $ERQ:59. In other embodiments, the
peptide sequence comprises an amino acid sequehieth in SEQ ID NO:60. In one
embodiment, the peptide sequence comprises an amiticequence set forth in SEQ ID
NO:61. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:62. In other embodiments, tlepide sequence comprises an amino acid
sequence set forth in SEQ ID NO:63. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:64anather embodiment, the peptide sequence
comprises an amino acid sequence set forth in $ERQ:65. In other embodiments, the
peptide sequence comprises an amino acid sequeticeth in SEQ ID NO:66. In one
embodiment, the peptide sequence comprises an amiticequence set forth in SEQ ID
NO:67. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:68. In other embodiments, tleptde sequence comprises an amino acid
sequence set forth in SEQ ID NO:69. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:70ariather embodiment, the peptide sequence
comprises an amino acid sequence set forth in SERQ:71. In other embodiments, the
peptide sequence comprises an amino acid sequehieth in SEQ ID NO:72. In one
embodiment, the peptide sequence comprises an awit@equence set forth in SEQ ID
NO:73. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:74. In other embodiments, tlegide sequence comprises an amino acid
sequence set forth in SEQ ID NO:75. In one embodijribe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:76ariather embodiment, the peptide sequence
comprises an amino acid sequence set forth in SERQ:77. In other embodiments, the
peptide sequence comprises an amino acid sequeticeth in SEQ ID NO:78. In one

embodiment, the peptide sequence comprises an awit@equence set forth in SEQ ID
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NO:79. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:80. In other embodiments, tlegide sequence comprises an amino acid
sequence set forth in SEQ ID NO:81. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:82anather embodiment, the peptide sequence
comprises an amino acid sequence set forth in $ERQ:83. In other embodiments, the
peptide sequence comprises an amino acid sequehieth in SEQ ID NO:84. In one
embodiment, the peptide sequence comprises an awit@equence set forth in SEQ ID
NO:85. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:86. In other embodiments, tlegide sequence comprises an amino acid
sequence set forth in SEQ ID NO:87. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:88anather embodiment, the peptide sequence
comprises an amino acid sequence set forth in $EQ:89. In other embodiments, the
peptide sequence comprises an amino acid sequeticeth in SEQ ID NO:90. In one
embodiment, the peptide sequence comprises an amiticequence set forth in SEQ ID
NO:91. In another embodiment, the peptide sequencgrises an amino acid sequence set
forth in SEQ ID NO:92. In other embodiments, tleptde sequence comprises an amino acid
sequence set forth in SEQ ID NO:93. In one embedinthe peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:94anather embodiment, the peptide sequence
comprises an amino acid sequence set forth in $EQ:95. In other embodiments, the
peptide sequence comprises an amino acid sequehieth in SEQ ID NO:96. In one
embodiment, the peptide sequence comprises an amiticequence set forth in SEQ ID
NO:97. In another embodiment, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:98. In other embodiments, tlepide sequence comprises an amino acid
sequence set forth in SEQ ID NO:138. In one embedt, the peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:13%nother embodiment, the peptide sequence
comprises an amino acid sequence set forth in $ERQ:140. In other embodiments, the
peptide sequence comprises an amino acid sequeniceth in SEQ ID NO:141. In one
embodiment, the peptide sequence comprises an amiticequence set forth in SEQ ID
NO:142. In another embodiment, the peptide seqeamprises an amino acid sequence set
forth in SEQ ID NO:143. In other embodiments, pleptide sequence comprises an amino acid

sequence set forth in SEQ ID NO:144. In one embedt, the peptide sequence comprises an
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amino acid sequence set forth in SEQ ID NO:145another embodiment, the peptide sequence
comprises an amino acid sequence set forth in $ERQ:146. In other embodiments, the
peptide sequence comprises an amino acid sequeniceth in SEQ ID NO:147. In one
embodiment, the peptide sequence comprises an awitcequence set forth in SEQ ID
NO:148. In another embodiment, the peptide seqeamprises an amino acid sequence set
forth in SEQ ID NO:149. In other embodiments, pleptide sequence comprises an amino acid
sequence set forth in SEQ ID NO:150. In one embedt, the peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:15lanother embodiment, the peptide sequence
comprises an amino acid sequence set forth in $ERQ:152. In other embodiments, the
peptide sequence comprises an amino acid sequetniceth in SEQ ID NO:153. In one
embodiment, the peptide sequence comprises an awit@equence set forth in SEQ ID
NO:154. In another embodiment, the peptide sequeamprises an amino acid sequence set
forth in SEQ ID NO:155. In other embodiments, pleptide sequence comprises an amino acid
sequence set forth in SEQ ID NO:156. In one embedt, the peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:157another embodiment, the peptide sequence
comprises an amino acid sequence set forth in $EQ:158. In other embodiments, the
peptide sequence comprises an amino acid sequeniceth in SEQ ID NO:159. In one
embodiment, the peptide sequence comprises an awitcequence set forth in SEQ ID
NO:160. In another embodiment, the peptide sequeamprises an amino acid sequence set
forth in SEQ ID NO:161. In other embodiments, pieptide sequence comprises an amino acid
sequence set forth in SEQ ID NO:162. In one emhbedit, the peptide sequence comprises an
amino acid sequence set forth in SEQ ID NO:163another embodiment, the peptide sequence
comprises an amino acid sequence set forth in $ERQ:164. In other embodiments, the
peptide sequence comprises an amino acid sequeniceth in SEQ ID NO:165. In one
embodiment, the peptide sequence comprises an awit@equence set forth in SEQ ID
NO:166. In another embodiment, the peptide seqeamprises an amino acid sequence set
forth in SEQ ID NO:167. In other embodiments, pleptide sequence comprises an amino acid
sequence set forth in SEQ ID NO:168. In anothdsaiment, the peptide sequence comprises
an amino acid sequence set forth in SEQ ID NO:182ther embodiments, the peptide
sequence comprises an amino acid sequence seif@EQ ID NO:193. In one embodiment,

the peptide sequence comprises an amino acid segjgehforth in SEQ ID NO:194. In another
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embodiment, the peptide sequence comprises an amiticequence set forth in SEQ ID
NO:195. In other embodiments, the peptide sequeocgrises an amino acid sequence set
forth in SEQ ID NO:196. In one embodiment, thetmipsequence comprises an amino acid
sequence set forth in SEQ ID NO:197. In anothdsaiment, the peptide sequence comprises
an amino acid sequence set forth in SEQ ID NO:18&ther embodiments, the peptide
sequence comprises an amino acid sequence seif@HQ ID NO:199. In one embodiment,

the peptide sequence comprises an amino acid segjgehforth in SEQ ID NO:200. In another
embodiment, the peptide sequence comprises an amiticequence set forth in SEQ ID
NO:201. In other embodiments, the peptide sequencgrises an amino acid sequence set
forth in SEQ ID NO:202. In one embodiment, thetmipsequence comprises an amino acid
sequence set forth in SEQ ID NO:203. In anothdsatiment, the peptide sequence comprises
an amino acid sequence set forth in SEQ ID NO:204ertain embodiments of the various
peptide sequences provided herein, the R residine &-terminus is deleted.

[00218] In yet other embodiments, the peptide sequencastsrd an amino acid sequence

set forth in SEQ ID NO:1. In another embodimelng peptide sequence consists of an amino
acid sequence set forth in SEQ ID NO:2. In otmebediments, the peptide sequence consists of
an amino acid sequence set forth in SEQ ID NOr3onle embodiment, the peptide sequence
consists of an amino acid sequence set forth in EERO:4. In another embodiment, the
peptide sequence consists of an amino acid seqsenéarth in SEQ ID NO:5. In other
embodiments, the peptide sequence consists of amoauid sequence set forth in SEQ ID

NO:6. In one embodiment, the peptide sequenceasteraf an amino acid sequence set forth in
SEQ ID NO:7. In another embodiment, the peptidpisace consists of an amino acid sequence
set forth in SEQ ID NO:8. In other embodimentg, pleptide sequence consists of an amino acid
sequence set forth in SEQ ID NO:9. In one embodintbe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:10anaother embodiment, the peptide sequence
consists of an amino acid sequence set forth in RERRO:11. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:12. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID

NO:13. In another embodiment, the peptide sequeoksists of an amino acid sequence set
forth in SEQ ID NO:14. In other embodiments, tleptde sequence consists of an amino acid

sequence set forth in SEQ ID NO:15. In one embedinthe peptide sequence consists of an
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amino acid sequence set forth in SEQ ID NO:16ariather embodiment, the peptide sequence
consists of an amino acid sequence set forth in RERRO:17. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:18. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:19. In another embodiment, the peptide sequeosists of an amino acid sequence set
forth in SEQ ID NO:20. In other embodiments, tlegiide sequence consists of an amino acid
sequence set forth in SEQ ID NO:21. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:22arlather embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERRO:23. In other embodiments, the
peptide sequence consists of an amino acid seqsenéarth in SEQ ID NO:24. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:25. In another embodiment, the peptide sequeoksists of an amino acid sequence set
forth in SEQ ID NO:26. In other embodiments, tleptde sequence consists of an amino acid
sequence set forth in SEQ ID NO:27. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:28arlather embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:29. In other embodiments, the
peptide sequence consists of an amino acid seqsenéarth in SEQ ID NO:30. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:31. In another embodiment, the peptide sequeoisists of an amino acid sequence set
forth in SEQ ID NO:32. In other embodiments, tle@ide sequence consists of an amino acid
sequence set forth in SEQ ID NO:33. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:34anaother embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERRO:35. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:36. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:37. In another embodiment, the peptide sequeoksists of an amino acid sequence set
forth in SEQ ID NO:38. In other embodiments, tlepide sequence consists of an amino acid
sequence set forth in SEQ ID NO:39. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:40another embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:41. In other embodiments, the

peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:42. In one
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embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:43. In another embodiment, the peptide sequeoiasists of an amino acid sequence set
forth in SEQ ID NO:44. In other embodiments, tle@iide sequence consists of an amino acid
sequence set forth in SEQ ID NO:45. In one embodijbke peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:46anaother embodiment, the peptide sequence
consists of an amino acid sequence set forth in RERRO:47. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:48. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:49. In another embodiment, the peptide sequeoigsists of an amino acid sequence set
forth in SEQ ID NO:50. In other embodiments, tleptde sequence consists of an amino acid
sequence set forth in SEQ ID NO:51. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:52arlather embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:53. In other embodiments, the
peptide sequence consists of an amino acid seqsenéarth in SEQ ID NO:54. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:55. In another embodiment, the peptide sequeoisists of an amino acid sequence set
forth in SEQ ID NO:56. In other embodiments, tleptde sequence consists of an amino acid
sequence set forth in SEQ ID NO:57. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:58arlather embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERRO:59. In other embodiments, the
peptide sequence consists of an amino acid seqsenéarth in SEQ ID NO:60. In one
embodiment, the peptide sequence consists of amoagwid sequence set forth in SEQ ID
NO:61. In another embodiment, the peptide sequeoksists of an amino acid sequence set
forth in SEQ ID NO:62. In other embodiments, tlegide sequence consists of an amino acid
sequence set forth in SEQ ID NO:63. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:64another embodiment, the peptide sequence
consists of an amino acid sequence set forth in RERO:65. In other embodiments, the
peptide sequence consists of an amino acid seqsenéarth in SEQ ID NO:66. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:67. In another embodiment, the peptide sequeoksists of an amino acid sequence set

forth in SEQ ID NO:68. In other embodiments, tle@ide sequence consists of an amino acid
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sequence set forth in SEQ ID NO:69. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:70anaother embodiment, the peptide sequence
consists of an amino acid sequence set forth in RERO:71. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:72. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:73. In another embodiment, the peptide sequeoissists of an amino acid sequence set
forth in SEQ ID NO:74. In other embodiments, tlegpide sequence consists of an amino acid
sequence set forth in SEQ ID NO:75. In one embodintbe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:76anaother embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:77. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:78. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:79. In another embodiment, the peptide sequeoisists of an amino acid sequence set
forth in SEQ ID NO:80. In other embodiments, tleptde sequence consists of an amino acid
sequence set forth in SEQ ID NO:81. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:82arlather embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:83. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:84. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:85. In another embodiment, the peptide sequeoiesists of an amino acid sequence set
forth in SEQ ID NO:86. In other embodiments, tleptde sequence consists of an amino acid
sequence set forth in SEQ ID NO:87. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:88anather embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:89. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:90. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:91. In another embodiment, the peptide sequeoksists of an amino acid sequence set
forth in SEQ ID NO:92. In other embodiments, tleptde sequence consists of an amino acid
sequence set forth in SEQ ID NO:93. In one embedinthe peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:94arlather embodiment, the peptide sequence

consists of an amino acid sequence set forth in BERRO:95. In other embodiments, the
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peptide sequence consists of an amino acid seqsenéarth in SEQ ID NO:96. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:97. In another embodiment, the peptide sequeoiasists of an amino acid sequence set
forth in SEQ ID NO:98. In other embodiments, tle@ide sequence consists of an amino acid
sequence set forth in SEQ ID NO:138. In one emhedt, the peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:13%nother embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:140. In other embodiments, the
peptide sequence consists of an amino acid seqsenéarth in SEQ ID NO:141. In one
embodiment, the peptide sequence consists of amoagwid sequence set forth in SEQ ID
NO:142. In another embodiment, the peptide sequeansists of an amino acid sequence set
forth in SEQ ID NO:143. In other embodiments, pleptide sequence consists of an amino acid
sequence set forth in SEQ ID NO:144. In one emhbedi, the peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:145another embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:146. In other embodiments, the
peptide sequence consists of an amino acid seqsenéarth in SEQ ID NO:147. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:148. In another embodiment, the peptide sequeansists of an amino acid sequence set
forth in SEQ ID NO:149. In other embodiments, pleptide sequence consists of an amino acid
sequence set forth in SEQ ID NO:150. In one emhbedi, the peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:151another embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:152. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:153. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:154. In another embodiment, the peptide sequeansists of an amino acid sequence set
forth in SEQ ID NO:155. In other embodiments, pleptide sequence consists of an amino acid
sequence set forth in SEQ ID NO:156. In one emhedt, the peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:157another embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:158. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:159. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID

NO:160. In another embodiment, the peptide seqeansists of an amino acid sequence set
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forth in SEQ ID NO:161. In other embodiments, pleptide sequence consists of an amino acid
sequence set forth in SEQ ID NO:162. In one embedt, the peptide sequence consists of an
amino acid sequence set forth in SEQ ID NO:163another embodiment, the peptide sequence
consists of an amino acid sequence set forth in BERO:164. In other embodiments, the
peptide sequence consists of an amino acid seqsehéarth in SEQ ID NO:165. In one
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:166. In another embodiment, the peptide seqeansists of an amino acid sequence set
forth in SEQ ID NO:167. In other embodiments, pleptide sequence consists of an amino acid
sequence set forth in SEQ ID NO:168. In anothdyaiment, the peptide sequence consists of
an amino acid sequence set forth in SEQ ID NO:l@2ther embodiments, the peptide
sequence consists of an amino acid sequence g8eif@EQ ID NO:193. In one embodiment,
the peptide sequence consists of an amino aciceseqset forth in SEQ ID NO:194. In another
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:195. In other embodiments, the peptide sequeosists of an amino acid sequence set
forth in SEQ ID NO:196. In one embodiment, thetmipsequence consists of an amino acid
sequence set forth in SEQ ID NO:197. In anothdvaaiment, the peptide sequence consists of
an amino acid sequence set forth in SEQ ID NO:18&ther embodiments, the peptide
sequence consists of an amino acid sequence geif@EQ ID NO:199. In one embodiment,
the peptide sequence consists of an amino aciceseqset forth in SEQ ID NO:200. In another
embodiment, the peptide sequence consists of amoaawid sequence set forth in SEQ ID
NO:201. In other embodiments, the peptide sequeosists of an amino acid sequence set
forth in SEQ ID NO:202. In one embodiment, thetmipsequence consists of an amino acid
sequence set forth in SEQ ID NO:203. In anothdyaiment, the peptide sequence consists of
an amino acid sequence set forth in SEQ ID NO:204ertain embodiments of the various
peptide sequences provided herein, the R residile 8-terminus is deleted.

5.4  Particular Modifications to Enhance Peptide Functio
[00219] Itis frequently beneficial, and sometimes impeamtto improve one of more
physical properties of the treatment modalitiesldsed herein and/or the manner in which they
are administered. Improvements of physical pregerhclude, for example, modulating
immunogenicity; methods of increasing solubilitigdvailability, serum half-life, and/or

therapeutic half-life; and/or modulating biologieattivity. Certain modifications may also be

109



useful to, for example, raise of antibodies for unsdetection assaye.(., epitope tags) and to
provide for ease of protein purification. Such mements must generally be imparted without
adversely impacting the bioactivity of the treatmerodality and/or increasing its
immunogenicity.
[00220] Pegylation of is one particular modification contdated herein, while other
modifications include, but are not limited to, ghgylation (N- and O-linked); polysialylation;
albumin fusion molecules comprising serum albureig.(human serum albumin (HSA), cyno
serum albumin, or bovine serum albumin (BSA)); albubinding through, for example a
conjugated fatty acid chain (acylation); and Fadogroteins.

5.4.1 Pegylation
[00221] The clinical effectiveness of protein therapeuiscsften limited by short plasma half-
life and susceptibility to protease degradatiotudi&s of various therapeutic proteiesy(,
filgrastim) have shown that such difficulties mag dovercome by, for example, conjugating or
linking the protein to any of a variety of nonprioceous polymer,.g., polyethylene glycol
(PEG), polypropylene glycol, or polyoxyalkyleneBhis is frequently effected by a linking
moiety covalently bound to both the protein andrtheproteinaceous polymexg., a PEG.
Such PEG-conjugated biomolecules have been shoposiess clinically useful properties,
including better physical and thermal stabilityptection against susceptibility to enzymatic
degradation, increased solubility, longewrivo circulating half-life and decreased clearance,
reduced immunogenicity and antigenicity, and reduosicity. In addition to the beneficial
effects of pegylation on pharmacokinetic paramefeegylation itself may enhance activity.
[00222] PEGs suitable for conjugation to a polypeptide sega are generally soluble in
water at room temperature, and have the generaularR(O-CH-CH>):O-R, where R is
hydrogen or a protective group such as an alkgnoalkanol group, and where n is an integer
from 1 to 1000. When R is a protective groupgeimerally has from 1 to 8 carbons. The PEG
conjugated to the polypeptide sequence can berlordaranched. Branched PEG derivatives,
“star-PEGs” and multi-armed PEGs are contemplayetthéd present disclosure. A molecular
weight of the PEG used in embodiments providedihésenot restricted to any particular range,
and examples are set forth elsewhere herein; byoivayample, certain embodiments have
molecular weights between 5kDa and 20kDa, whileoémbodiments have molecular weights
between 4kDa and 10kDa.
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[00223] In other embodiments, provided herein are compmostdf conjugates wherein the
PEGs have different n values, and thus the vaddteyrent PEGs are present in specific ratios.
For example, some compositions comprise a mixthiogjugates where n=1, 2, 3 and 4. In
some compositions, the percentage of conjugatesewtwl is 18-25%, the percentage of
conjugates where n=2 is 50-66%, the percentagergfigates where n=3 is 12-16%, and the
percentage of conjugates where n=4 is up to 5%h 8ampositions can be produced by
reaction conditions and purification methods knawhe art. Cation exchange chromatography
may be used to separate conjugates, and a frastiban identified which contains the conjugate
having, for example, the desired number of PEGh#&d, purified free from unmodified protein
sequences and from conjugates having other nurob&BGs attached.

[00224] Pegylation most frequently occurs at the alpha argnoup at the N-terminus of the
polypeptide, the epsilon amino group on the siderchf lysine residues, and the imidazole
group on the side chain of histidine residues.c&most recombinant polypeptides possess a
single alpha and a number of epsilon amino anddmute groups, numerous positional isomers
can be generated depending on the linker chemistry.

[00225] General pegylation strategies known in the artleaapplied herein. PEG may be
bound to a polypeptide provided herein via a teaniaactive group (a “spacer” or “linker”)
which mediates a bond between the free amino toggt groups of one or more of the
polypeptide sequences and polyethylene glycol. AB& having the spacer which may be
bound to the free amino group includes N-hydroxgsudimide polyethylene glycol which may
be prepared by activating succinic acid ester tfgibylene glycol with N-
hydroxysuccinylimide. Another activated polyethgeglycol which may be bound to a free
amino group is 2,4-bis(O-methoxypolyethyleneglyg®ihloro-s-triazine, which may be
prepared by reacting polyethylene glycol monomegtiyer with cyanuric chloride. The
activated polyethylene glycol which is bound to tiee carboxyl group includes
polyoxyethylenediamine.

[00226] Conjugation of one or more of the polypeptide segas provided herein to PEG
having a spacer may be carried out by various aaiomeal methods. For example, the
conjugation reaction can be carried out in soluéiba pH of from 5 to 10, at temperature from
4°C to room temperature, for 30 minutes to 20 houtibzing a molar ratio of reagent to protein

of from 4:1 to 30:1. Reaction conditions may blested to direct the reaction towards
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producing predominantly a desired degree of suhidit. In general, low temperature, low pH
(e.g., pH=5), and short reaction time tend to decrelasentimber of PEGs attached, whereas
high temperature, neutral to high pélg, pH>7), and longer reaction time tend to increase the
number of PEGs attached. Various means knowreithmay be used to terminate the
reaction. In some embodiments, the reaction miteated by acidifying the reaction mixture and
freezing ate.g., -20°C. Pegylation of various molecules is disewkin, for example, U.S. Pat.
Nos. 5,252,714, 5,643,575; 5,919,455; 5,932,46@;5885,263.
[00227] In some embodiments, also provided herein are afSBEG mimetics. Recombinant
PEG mimetics have been developed that retain thbudes of PEG€.g., enhanced serum half-
life) while conferring several additional advantage properties. By way of example, simple
polypeptide chains (comprising, for example, Aldy,&ly, Pro, Ser and Thr) capable of
forming an extended conformation similar to PEG lbarproduced recombinantly already fused
to the peptide or protein drug of interesg(, XTEN technology; Amunix; Mountain View, CA).
This obviates the need for an additional conjugeasi®p during the manufacturing process.
Moreover, established molecular biology technigereable control of the side chain composition
of the polypeptide chains, allowing optimizationimimunogenicity and manufacturing
properties.

5.4.2 Glycosylation
[00228] As used herein, “glycosylation” is meant to broadifer to the enzymatic process by
which glycans are attached to proteins, lipidstbeborganic molecules. The use of the term
“glycosylation” herein is generally intended to mealding or deleting one or more
carbohydrate moieties (either by removing the ulydey glycosylation site or by deleting the
glycosylation by chemical and/or enzymatic meaasjl/or adding one or more glycosylation
sites that may or may not be present in the natggience. In addition, the phrase includes
gualitative changes in the glycosylation of theveaproteins involving a change in the nature
and proportions of the various carbohydrate maqtiesent.
[00229] Glycosylation can dramatically affect the physigedperties €.g., solubility) of
polypeptides and can also be important in protehikty, secretion, and subcellular
localization. Glycosylated polypeptides may alghilit enhanced stability or may improve one

or more pharmacokinetic properties, such as haf-lin addition, solubility improvements can,
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for example, enable the generation of formulatiose suitable for pharmaceutical
administration than formulations comprising the fgbycosylated polypeptide.
[00230] Addition of glycosylation sites can be accomplishgdltering the amino acid
sequence. The alteration to the polypeptide mayndae, for example, by the addition of, or
substitution by, one or more serine or threonirsgdiees (for O-linked glycosylation sites) or
asparagine residues (for N-linked glycosylatiorsjit The structures of N-linked and O-linked
oligosaccharides and the sugar residues foundcim type may be different. One type of sugar
that is commonly found on both is N-acetylneuramamid (hereafter referred to as sialic acid).
Sialic acid is usually the terminal residue of bithinked and O-linked oligosaccharides and, by
virtue of its negative charge, may confer acidiopgarties to the glycoprotein. A particular
embodiment comprises the generation and use of/dbgylation variants.
[00231] The polypeptide sequences provided herein may mgitiobe altered through
changes at the nucleic acid level, particularlyrytating the nucleic acid encoding the
polypeptide at preselected bases such that codergererated that will translate into the desired
amino acids.
[00232] Various cell lines can be used to produce protiiasare glycosylated. One non-
limiting example is Dihydrofolate reductase (DHFR)eficient Chinese Hamster Ovary (CHO)
cells, which are a commonly used host cell forgrmduction of recombinant glycoproteins.
These cells do not express the enzyme beta-galdetapha-2,6-sialyltransferase and therefore
do not add sialic acid in the alpha-2,6 linkag&ltbnked oligosaccharides of glycoproteins
produced in these cells.

5.4.3 Polysialylation
[00233] In certain embodiments, also provided herein isugeof polysialylation, the
conjugation of polypeptides to the naturally ocmgyr biodegradable-(2—8) linked polysialic
acid (“PSA”) in order to improve the polypeptidasability and in vivo pharmacokinetics.

[00234] Albumin Fusion: Additional suitable components amolecules for conjugation

include albumins such as human serum albumin (H&&)p serum albumin, and bovine serum
albumin (BSA).

[00235] In some embodiments, albumin is conjugated to g dralecule €.g., a polypeptide
described herein) at the carboxyl terminus, thenarterminus, both the carboxyl and amino
termini, and internally (see,g., US Pat Nos. 5,876,969 and 7,056,701).
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[00236] In the HSA—drug molecule conjugates embodimentsigenal herein, various forms
of albumin may be used, such as albumin secretieis@guences and variants thereof,
fragments and variants thereof, and HSA variaBisch forms generally possess one or more
desired albumin activities. In additional embodmse fusion proteins are provided herein
comprising a polypeptide drug molecule fused diysmt indirectly to albumin, an albumin
fragment, an albumin variardic., wherein the fusion protein has a higher plasmailgiathan
the unfused drug molecule and/or the fusion pratetains the therapeutic activity of the
unfused drug molecule. In some embodiments, tthedct fusion is effected by a linker, such as
a peptide linker or modified version thereof.
[00237] As alluded to above, fusion of albumin to one orenaolypeptides provided herein
can, for example, be achieved by genetic manimriaguch that the nucleic acid coding for
HSA, or a fragment thereof;, is joined to the nuchid coding for the one or more polypeptide
sequences.

5.4.4 Alternative Albumin Binding Strategies
[00238] Several albumin — binding strategies have beenldpeé as alternatives to direct
fusion and may be used with the agents describesimheBy way of example, in certain
embodiments, provided herein is albumin bindingtigh a conjugated fatty acid chain
(acylation) and fusion proteins which comprise Brumin binding domain (ABD) polypeptide
sequence and the sequence of one or more of tipgmiides described herein.
[00239] Fusion of albumin to a peptide sequence can, famgie, be achieved by genetic
manipulation, such that the DNA coding for HSA (ramserum albumin), or a fragment thereof,
is joined to the DNA coding for a peptide sequentbkereatfter, a suitable host can be
transformed or transfected with the fused nucleosielquence in the form of, for example, a
suitable plasmid, so as to express a fusion polygep The expression may be effecteditro
from, for example, prokaryotic or eukaryotic cettsjn vivo from, for example, a transgenic
organism. In some embodiments, the expressiomeofusion protein is performed in
mammalian cell lines, for example, CHO cell lines.
[00240] Further means for genetically fusing target pra@npeptides to albumin include a
technology known as Albufuse® (Novozymes Biopha/a; Denmark), and the conjugated

therapeutic peptide sequences frequently becomé moce effective with better uptake in the
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body. The technology has been utilized commesctallproduce Albuferon® (Human Genome
Sciences), a combination of albumin and interfer&B used to treat hepatitis C infection.
[00241] Another embodiment entails the use of one or maredn domain antibodies (dAb).
dAbs are the smallest functional binding units eiffan antibodies (IgGs) and have favorable
stability and solubility characteristics. The teology entails a dAb(s) conjugated to HSA
(thereby forming a “AlbudAb"; see,g., EP1517921B, W0O2005/118642 and WO2006/051288)
and a molecule of interestd., a peptide sequence provided herein). AlbudAbséen
smaller and easier to manufacture in microbial eggion systems, such as bacteria or yeast, than
current technologies used for extending the seralfdlife of peptides. As HSA has a half-life
of about three weeks, the resulting conjugated cutdeimproves the half-life. Use of the dAb
technology may also enhance the efficacy of theemaé of interest.

5.4.5 Conjugation with Other Molecules
[00242] Additional suitable components and molecules farjugation include, for example,
thyroglobulin; tetanus toxoid; Diphtheria toxoidylpamino acids such as poly(D-lysine:D-
glutamic acid); VP6 polypeptides of rotavirusesiuenza virus hemagglutinin, influenza virus
nucleoprotein; Keyhole Limpet Hemocyanin (KLH); amepatitis B virus core protein and
surface antigen; or any combination of the foregoin
[00243] Thus, in certain embodiments, conjugation of oneore additional components or
molecules at the N- and/or C-terminus of a polyjgepsequence, such as another polypeptide
(e.g., a polypeptide having an amino acid sequencedletgus to the subject polypeptide), or a
carrier molecule is also contemplated. Thus, amglary polypeptide sequence can be
provided as a conjugate with another componentadecule.
[00244] A polypeptide may also be conjugated to large, Blametabolized macromolecules
such as proteins; polysaccharides, such as seghagesose, cellulose, or cellulose beads;
polymeric amino acids such as polyglutamic acidyaylysine; amino acid copolymers;
inactivated virus particles; inactivated bactettadins such as toxoid from diphtheria, tetanus,
cholera, or leukotoxin molecules; inactivated baateand dendritic cells. Such conjugated
forms, if desired, can be used to produce antitsoaigainst a polypeptide provided herein.

5.4.6 Fc-fusion Molecules
[00245] In certain embodiments, the amino- or carboxylmieus of a polypeptide sequence

provided herein is fused with an immunoglobulinrégion to form a fusion conjugate (or
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fusion molecule). In a specific embodiment, thenmmoglobuling Fc region is a human Fc
region. Fusion conjugates have been shown toaserthe systemic half-life of
biopharmaceuticals, and thus the biopharmaceytroaluct may require less frequent
administration. In certain embodiments, the hi#édfik increased as compared to the same
polypeptide that is not fused to an immunoglobukicgregion.

[00246] Fc binds to the neonatal Fc receptor (FCRn) in ghedial cells that line the blood
vessels, and, upon binding, the Fc fusion moleisutgotected from degradation and re-released
into the circulation, keeping the molecule in clation longer. This Fc binding is believed to be
the mechanism by which endogenous IgG retainsiitg plasma half-life. More recent Fc-
fusion technology links a single copy of a biophaceutical to the Fc region of an antibody to
optimize the pharmacokinetic and pharmacodynanapgties of the biopharmaceutical as
compared to traditional Fc-fusion conjugates.

[00247] In some embodiments, provided herein is a fusioMdd to a human antibody Fc
fragment. In some embodiments, provided heremfission of M69 to a human antibody Fc
fragment. Such fusions can be useful in the treatraf bile acid related disorders and other
metabolic disorders provided herein. In some enmbedts, the Fc-fusion of M70 has a longer
half-life. In specific embodiments, the longerfHdé of the Fc-fusion of M70 is as compared to
M70 that is not an Fc-fusion. In some embodimethis Fc-fusion of M69 has a longer half-life.
In specific embodiments, the longer half life of thc-fusion of M69 is as compared to M69 that
is not an Fc-fusion. Such a long half-life makessthfusions suitable for once weekly, or less
frequent dosing.

[00248] In some embodiments, the Fc-fusion comprises @tinExemplary flexible linkers
include glycine polymers (& glycine-serine polymers, glycine-alanine polymetfanine-serine
polymers, and other flexible linkers. In certamt®mdiments, the linker is (&. In some
embodiments, the linker is ((&9), where n is an integer of at least one. In somigoeliments,
the linker is ((&)S). Glycine and glycine-serine polymers are relativatgtructured, and
therefore may serve as a neutral tether betweepaoents. In some embodiments, the glycine-
serine polymer is (G&)where n is an integer of at least one. In somiecgliments, the glycine-
serine polymer is GSGGEEQ ID NO:129), where n is an integer of at |leamt. In some
embodiments, the glycine-serine polymer is GGGEQ ID NO:130), where n is an integer of

at least one. In certain embodiments, the linkengrises an additional G residue at the N’
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terminus of SEQ ID NO:130. In one embodiment,lihieer is GGSG (SEQ ID NO:131). In
one embodiment, the linker is GGSGG (SEQ ID NO:182pne embodiment, the linker is
GSGSG (SEQ ID NO:133). In one embodiment, the link&SGGG (SEQ ID NO:134). In one
embodiment, the linker is GGGSG (SEQ ID NO:189)te embodiment, the linker is GSSSG
(SEQ ID NO:135).

5.4.7 Purification
[00249] Additional suitable components and molecules farjugation include those suitable
for isolation or purification. Particular non-litmg examples include binding molecules, such as
biotin (biotin-avidin specific binding pair), ant@vody, a receptor, a ligand, a lectin, or
molecules that comprise a solid support, includiogexample, plastic or polystyrene beads,
plates or beads, magnetic beads, test strips, antbnanes.
[00250] Purification methods such as cation exchange chiagrephy may be used to
separate conjugates by charge difference, whidtiely separates conjugates into their
various molecular weights. For example, the cagiwchange column can be loaded and then
washed with ~20 mM sodium acetate, pH ~4, and ¢heted with a linear (0 M to 0.5 M) NaCl
gradient buffered at a pH from 3 to 5.5, such g&-at4.5. The content of the fractions obtained
by cation exchange chromatography may be identifiecholecular weight using conventional
methods, for example, mass spectroscopy, SDS-PAGEher known methods for separating
molecular entities by molecular weight. A fractisrthen identified which contains the
conjugate having the desired number of PEGs attagheified free from unmodified protein
sequences and from conjugates having other nurob&BGs attached.

5.4.8 Other Modifications
[00251] In certain embodiments, also provided herein isugeeof other modifications,
currently known or developed in the future, to ioy® one or more properties. Examples
include hesylation, various aspects of which amedeed in, for example, U.S. Patent Appin.
Nos. 2007/0134197 and 2006/0258607, and fusioncutds comprising SUMO as a fusion tag
(LifeSensors, Inc.; Malvern, PA).
[00252] In still other embodiments, a peptide sequenceigeavherein is linked to a chemical
agent é.g., an immunotoxin or chemotherapeutic agent), inalgobut are not limited to, a
cytotoxic agent, including taxol, cytochalasin Bamicidin D, mitomycin, etoposide,

tenoposide, vincristine, vinblastine, colchicinxdoubicin, daunorubicin, and analogs or
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homologs thereof. Other chemical agents incluoieexample, antimetabolites.d.,
methotrexate, 6-mercaptopurine, 6- thioguaninegreygine, 5-fluorouracil decarbazine);
alkylating agentsgg., mechlorethamine, carmustine and lomustine, clgolthamide,
busulfan, dibromomannitol, streptozotocin, mitonmy€, and cisplatin); antibiotice.g.,
bleomycin); and anti-mitotic agentad., vincristine and vinblastine). Cytotoxins can be
conjugated to a peptide provided herein using lin&ehnology known in the art and described
herein.
[00253] Further suitable components and molecules for gatjon include those suitable for
detection in an assay. Particular non-limitingragées include detectable labels, such as a
radioisotoped.g., 129; 3°S,32P; 33P), an enzyme which generates a detectable pr¢elgst
luciferase p-galactosidase, horse radish peroxidase and atkphosphatase), a fluorescent
protein, a chromogenic protein, dyey, fluorescein isothiocyanate); fluorescence engttin
metals €.g., 1°%Eu); chemiluminescent compounasy(, luminol and acridinium salts);
bioluminescent compounde.d., luciferin); and fluorescent proteins. Indireagbéls include
labeled or detectable antibodies that bind to aigpegequence, where the antibody may be
detected.
[00254] In certain embodiments, a peptide sequence providezin is conjugated to a
radioactive isotope to generate a cytotoxic radhoptaceutical (radioimmunoconjugates) useful
as a diagnostic or therapeutic agent. Examplssici radioactive isotopes include, but are not
limited to, iodine'3%, indiumtty, yttrium ®°and lutetiumt’’. Methods for preparing
radioimmunoconjugates are known to the skilledsarti Examples of radioimmunoconjugates
that are commercially available include ibritumomtlxetan, and tositumomab.

5.4.9 Linkers
[00255] Linkers and their use have been described abovg. oAthe foregoing components
and molecules used to modify the polypeptide secggeprovided herein may optionally be
conjugated via a linker. Suitable linkers incldflexible linkers” which are generally of
sufficient length to permit some movement betwéenmodified polypeptide sequences and the
linked components and molecules. The linker mdéscare generally about 6-50 atoms long.
The linker molecules may also be, for example, acgtylene, ethylene glycol oligomers

containing 2-10 monomer units, diamines, diacidsna acids, or combinations thereof.
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Suitable linkers can be readily selected and caof bay suitable length, such as 1 amino acid
(eg., Gly), 2,3,4,5,6,7,8,9, 10, 10-20, 20-30;50 or more than 50 amino acids.

[00256] Exemplary flexible linkers include glycine polymé€fS),, glycine-serine polymers
(for example, (GS) GSGGSR(SEQ ID NO:129) and GGGS$SEQ ID NO:130), where nis an
integer of at least one), glycine-alanine polymalanine-serine polymers, and other flexible
linkers. Glycine and glycine-serine polymers alatively unstructured, and therefore may
serve as a neutral tether between components. Bagnflexible linkers include, but are not
limited to GGSG (SEQ ID NO:131), GGSGG (SEQ ID N8}, GSGSG (SEQ ID NO:133),
GSGGG (SEQ ID NO:134), GGGSG (SEQ ID NO:189), ai856G (SEQ ID NO:135). In
certain embodiments, the linker is ¢S) In some embodiments, the linker is ¢&))), where n

is an integer of at least one. In some embodimémdjnker is ((&JS)). In some embodiments,
the glycine-serine polymer is (GSyvhere n is an integer of at least one. In somiecgliments,
the glycine-serine polymer is GSGESEQ ID NO:129), where n is an integer of at leams. In
some embodiments, the glycine-serine polymer is GQ6EQ ID NO:130), where n is an
integer of at least one. In certain embodimehts Jinker comprises an additional G residue at
the N’ terminus of SEQ ID NO:130. In one embodimdéme linker is GGSG (SEQ ID NO:131).
In one embodiment, the linker is GGSGG (SEQ ID N&2)1 In one embodiment, the linker is
GSGSG (SEQ ID NO:133). In one embodiment, the limk&SGGG (SEQ ID NO:134). In one
embodiment, the linker is GGGSG (SEQ ID NO:189)me embodiment, the linker is GSSSG
(SEQ ID NO:135).

[00257] Peptide sequences provided herein, including thelP&nd FGF21 variants and
subsequences and the FGF19/FGF21 fusions and @sitiged in Table 1 and Sequence
Listing, as well as subsequences, sequence vaaadtmodified forms of the sequences listed in
Table 1 and Sequence Listing have one or moreitkesi\as set forth herein. One example of an
activity is modulating bile acid homeostasis. Aretexample of an activity is reduced
stimulation or formation of HCC, for example, asngared to FGF19. An additional example
of an activity is lower or reduced lipi@.g., triglyceride, cholesterol, non-HDL) or HDL
increasing activity, for example, as compared t&-EG A further example of an activity is a
lower or reduced lean muscle mass reducing actifatyexample, as compared to FGF21. Yet
another example of an activity is binding to FGFBdactivating FGFR4, for example, peptide
sequences that bind to FGFR4 with an affinity coraple to or greater than FGF19 binding
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affinity for FGFR4; and peptide sequences thavatdi FGFR4 to an extent or amount
comparable to or greater than FGF19 activates FGFSl further examples of activities
include treating a bile acid-related or associatiedrder. Activities such as, for example,
modulation of bile acid homeostasis, glucose lomge&ctivity, analysis of a bile acid-related or
associated disorder, HCC formation or tumorigendipisl increasing activity, or lean mass
reducing activity can be ascertained in an aniswath as ab/db mouse. Measurement of
binding to FGFR4 or activation of FGFR4 can be dagged by assays disclosed herein or
known to the skilled artisan.

[00258] Various methodologies can be used in the screamdgliagnosis of HCC and are
well known to the skilled artisan. Indicators FCC include detection of a tumor maker such as
elevated alpha-fetoprotein (AFP) or des-gamma capirothrombin (DCP) levels. A number of
different scanning and imaging techniques are la¢dpful, including ultrasound, CT scans and
MRI. In certain embodiments, evaluation of whethgreptide€.g., a candidate peptide)
exhibits evidence of inducing HCC may be determimedvo by, for example, quantifying HCC
nodule formation in an animal model, suchdb&lb mice, administered a peptide, compared to
HCC nodule formation by wild type FGF19. Macroscafly, liver cancer may be nodular,
where the tumor nodules (which are round-to-ovay@r green, well circumscribed but not
encapsulated) appear as either one large massligplenamaller masses. Alternatively, HCC
may be present as an infiltrative tumor which ffudie and poorly circumscribed and frequently
infiltrates the portal veins. Pathological assesgméhepatic tissue samples is generally
performed after the results of one or more of floeegnentioned techniques indicate the likely
presence of HCC. Thus, methods provided hereinfméyer include assessing a hepatic tissue
sample from ain vivo animal model €.g., adb/db mouse) useful in HCC studies in order to
determine whether a peptide sequence exhibits eegdef inducing HCC. By microscopic
assessment, a pathologist can determine whethesfahe four general architectural and
cytological types (patterns) of HCC are presest, (fibrolamellar, pseudoglandular (adenoid),
pleomorphic (giant cell) and clear cell).

[00259] More particularly, peptide sequences provided Ineiecluding the FGF19 and
FGF21 variants and subsequences and the FGF19/HG$i@fhs and chimeras listed in Table 1
and Sequence Listing, as well as subsequenceantaeand modified forms of the sequences

listed in Table 1 and Sequence Listing include ¢hogh the following activities: peptide
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sequences modulating bile acid homeostasis oiirigeatbile acid-related or associated disorder
while having reduced HCC formation compared to F&GEL a FGF 19 variant sequence having
any of GQV, GDI, WGPI (SEQ ID NO:171), WGDPV (SERQ NO:172), WGDI (SEQ ID
NO:173), GDPI (SEQ ID NO:174), GPI, WGQPI (SEQ IDN75), WGAPI (SEQ ID

NO:176), AGDPI (SEQ ID NO:177), WADPI (SEQ ID NO8) WGDAI (SEQ ID NO:179),
WGDPA (SEQ ID NO:180), WDPI (SEQ ID NO:181), WGIBEQ ID NO:182), WGDP (SEQ
ID NO:183) or FGDPI (SEQ ID NO:184) substituted flle WGDPI (SEQ ID NO:170)
sequence at amino acids 16-20 of FGF19; peptideesegs having greater bile acid modulating
activity compared to FGF19, or FGF 19 variant seqgaéaving any of GQV, GDI, WGPI (SEQ
ID NO:171), WGDPV (SEQ ID NO:172), WGDI (SEQ ID NI¥3), GDPI (SEQ ID NO:174),
GPI, WGQPI (SEQ ID NO:175), WGAPI (SEQ ID NO:178):DPI (SEQ ID NO:177),

WADPI (SEQ ID NO:178), WGDAI (SEQ ID NO:179), WGDRSEQ ID NO:180), WDPI
(SEQ ID NO:181), WGDI (SEQ ID NO:182), WGDP (SEQ ND:183) or FGDPI (SEQ ID
NO:184) substituted for the WGDPI (SEQ ID NO:1g8jjuence at amino acids 16-20 of
FGF19; peptide sequences having less lipid inangasitivity €.9., less triglyceride,

cholesterol, non-HDL) or more HDL increasing adindompared to FGF19, or a FGF 19
variant sequence having any of GQV, GDI, WGPI (SEQI0O:171), WGDPV (SEQ ID
NO:172), WGDI (SEQ ID NO:173), GDPI (SEQ ID NO:178GPI, WGQPI (SEQ ID NO:175),
WGAPI (SEQ ID NO:176), AGDPI (SEQ ID NO:177), WADESEQ ID NO:178), WGDAI
(SEQ ID NO:179), WGDPA (SEQ ID NO:180), WDPI (SERQ NO:181), WGDI (SEQ ID
NO:182), WGDP (SEQ ID NO:183) or FGDPI (SEQ ID N&4) substituted for the WGDPI
(SEQ ID NO:170) sequence at amino acids 16-20 d¢flEGand peptide sequences having less
lean mass reducing activity as compared to FGF21.

[00260] More particularly, peptide sequences provided hetacluding the FGF19 and
FGF21 variants and subsequences and the FGF19/HG$i@fhs and chimeras listed in Table 1
and Sequence Listing, as well as subsequenceantaeand modified forms of the sequences
listed in Table 1 and the Sequence Listing inclimbse with the following activities: peptide
sequences that modulate bile acid homeostasisgpeggiquences that treat a bile acid-related or
associated disorder, peptide sequences that bir@E&R4, or activate FGFR4, such as peptide
sequences that bind to FGFR4 with an affinity corabke to or greater than FGF19 binding

affinity for FGFR4; peptide sequences that acti®-R4 to an extent or amount comparable to
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or greater than FGF19 activates FGFR4; peptidesses that down-regulate or reduce aldo-
keto reductase gene expression, for example, cadpar-GF19; and peptide sequences that
up-regulate or increase solute carrier family liier 2 (Slcla2) gene expression as compared
to FGF21.
[00261] As disclosed herein, variants include various Maiaal modifications and/or
truncations of FGF19, including variants in whibtleite has been a substitution of one or several
N-terminal FGF19 amino acids with amino acids fie@F21. Such variants include variants
having glucose lowering activity, as well as a fiaade lipid profile and are not measurably or
detectably tumorigenic.

5.5  Dosing and Administration
[00262] Peptide sequences provided herein including sulesegs, sequence variants and
modified forms of the exemplified peptide sequer(ess, sequences listed in the Sequence
Listing or Table 1), may be formulated in a unisdr unit dosage form. In a particular
embodiment, a peptide sequence is in an amourttieEdo treat a subject in need of treatment,
e.g., due to abnormal or aberrant bile acid homeostasth as metabolic syndrome; a lipid- or
glucose-related disorder; cholesterol or triglygenmetabolism; type 2 diabetes; cholestasis,
including, for example diseases of intrahepatidestasis €.9., PBC, PFIC, PSC, PIC, neonatal
cholestasis, and drug induced cholestasgg, (estrogen)), and diseases of extrahepatic
cholestasis€g., bile cut compression from tumor, bile duct blod&doy gall stones); bile acid
malabsorption and other disorders involving theéadlismall intestine, including ileal resection,
inflammatory bowel diseasead., Crohn’s disease and ulcerative colitis), dissdempairing
absorption of bile acids not otherwise characterizéiopathic)) leading to diarrhea.g., BAD)
and Gl symptoms, and Gl, liver, and/or biliary canrsce.g., colon cancer and hepatocellular
cancer); and/or bile acid synthesis abnormaligash as those contributing to NASH, cirrhosis
and portal hypertension. Exemplary unit dosesedrngm about 25-250, 250-500, 500-1000,
1000-2500 or 2500-5000, 5000-25,000, 25,000-50@)@rom about 25-250, 250-500, 500-
1000, 1000-2500 or 2500-5000, 5000-25,000, 25,D0E® pg; and from about 25-250, 250-
500, 500-1000, 1000-2500 or 2500-5000, 5000-25,25M00-50,000 mg.
[00263] Peptide sequences provided herein including sulesegs, sequence variants and
modified forms of the exemplified peptide sequer(ess, sequences listed in the Sequence

Listing or Table 1) can be administered to proviteintended effect as a single dose or multiple
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dosages, for example, in an effective or sufficembunt. Exemplary doses range from about
25-250, 250-500, 500-1000, 1000-2500 or 2500-56000-25,000, 25,000-50,000 pg/kg; from
about 50-500, 500-5000, 5000-25,000 or 25,000-80r@fkg; and from about 25-250, 250-500,
500-1000, 1000-2500 or 2500-5000, 5000-25,000,63D,000 pg/kg. Single or multiple
doses can be administered, for example, multiptegiper day, on consecutive days, alternating
days, weekly or intermittenthe(., twice per week, once every 1, 2, 3, 4, 5, 6, & weeks, or
once every 2, 3, 4, 5 or 6 months).

[00264] Peptide sequences provided herein including sulesegs, variants and modified
forms of the exemplified peptide sequenag.(sequences listed in the Sequence Listing or
Table 1) can be administered and methods may loiged via systemic, regional or local
administration, by any route. For example, a plepsiequence can be administered parenterally
(e.g., subcutaneously, intravenously, intramusculantyntraperitoneally), orallyeg., ingestion,
buccal, or sublingual), inhalation, intradermaihtracavity, intracranially, transdermally
(topical), transmucosally or rectally. Peptidelsstres provided herein including subsequences,
variants and modified forms of the exemplified pgptsequence®.(., sequences listed in the
Sequence Listing or Table 1) and methods providgdih including pharmaceutical
compositions can be administered via a (micro)eswdaped delivery system or packaged into an
implant for administration.

[00265] A particular non-limiting example of parenteralg, subcutaneous) administration
entails the use of Intarcia’s subcutaneous deliggsgem (Intarcia Therapeutics, Inc.; Hayward,
CA). The system comprises a miniature osmotic ptimapdelivers a consistent amount of a
therapeutic agent over a desired period of tinmeaddition to maintaining drug levels within an
appropriate therapeutic range, the system candzwith formulations that maintain the

stability of proteinaceous therapeutic agents atdrubody temperature for extended periods of
time.

[00266] Another non-limiting example of parenteral admiragbn entails the use of
DUROS®-type implantable osmotic pumps (froag., DURECT Corp.). The DUROS®

system can be used for therapies requiring systensite-specific administration of a drug. To
deliver drugs systemically, the DUROS® system &cet just under the skin, for example in the
upper arm, in an outpatient procedure that is ceteglin just a few minutes using local

anesthetic. To deliver a drug to a specific siimiaturized catheter technology can be used.
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The catheter can be attached to the DUROS® systetinect the flow of a drug to the target
organ, tissue or synthetic medical structure, sisch graft. Site-specific delivery enables a
therapeutic concentration of a drug to be admiresit¢o the desired target without exposing the
entire body to a similar concentration. The prerissize and performance of the DUROS®
system will allow for continuous site-specific deliy to a variety of precise locations within the
body.

[00267] Yet another non-limiting example of parenteral agistration entails the use of an
on-body delivery systeneg., the Neulasta® Delivery Kit by Amgen). This ondyadelivery
system includes an on-body injector, which is alkringhtweight, injection system applied on
the same day as a doctor visit (such as the delgevhotherapy). It is designed to deliver a dose
of the therapeutic agent the next day, or in thee iture of the doctor visit, so that the patient
does not need to return to the doctor’s officesteive the injection.

5.6  Methods of Preventing, Treating and Managing Disea&s and Disorders
[00268] In one embodiment, provided herein is a methogreVenting a disease or disorder
in a subject having, or at risk of having, a digeasdisorder preventable by a peptide sequence
provided herein, comprising administering a phamunéical composition comprising a peptide
provided herein to a subject in an amount effediivgreventing the disease or disorder. In
another embodiment, provided herein is a methddeating a disease or disorder in a subject
having, or at risk of having, a disease or disottEatable by a peptide sequence provided
herein, comprising administering a pharmaceutioaiosition comprising a peptide provided
herein to a subject in an amount effective forttnggthe disease or disorder. In yet another
embodiment, provided herein is a method of managidgease or disorder in a subject having,
or at risk of having, a disease or disorder manalgday a peptide sequence provided herein,
comprising administering a pharmaceutical compaisiiomprising a peptide provided herein to
a subject in an amount effective for managing tseake or disorder. In one embodiment, the
disease or disorder is a bile acid-related diseasssociated disorder. In another embodiment,
the disease or disorder is a metabolic diseasesord#r. In other embodiments, the disease or
disorder is a cancer or tumor.

[00269] Administration of various FGF19 and/ FGF21 variaartd fusion peptide sequences
to mice successfully modulated bile acid homeostasd hyperglycemia (data not shown).

Furthermore, in contrast to FGF19, certain pepeuences did not stimulate or induce HCC
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formation or tumorigenesis in mice (data not showH)us, administration of peptides provided
herein, including subsequences, variants and neatliirms of the exemplified peptide
sequences (including the FGF19 and FGF21 variaatsabsequences listed in Table 1 and the
Sequence Listing, and the FGF19/FGF21 fusions himderas listed in Table 1 and the
Sequence Listing), into an animal, either by dirdndirectin vivo or byex vivo methods€.g.,
administering the variant or fusion peptide, a eiechcid encoding the variant or fusion peptide,
or a transformed cell or gene therapy vector exgimgshe variant or fusion peptide), can be
used to treat various disorders, such as biletataded or associated disorders, and metabolic
disorders, such as disorders related to high degals, hyperglycemic conditions, insulin
resistance, hyperinsulinemia, glucose intoleranwgabolic syndrome, or related disorders, as
set forth herein,

5.6.1 Methods of Preventing, Treating and Managing Bile A&id-Related or

Associated Disorders

[00270] As used herein, the phrases “bile acid-relatedrdesg’ “bile acid-related or
associated disorder,” and the like, when usedfgreace to a condition of a subject, means a
disruption of bile acid homeostasis, which may rfestiitself as, for example, an acute, transient
or chronic abnormal level of a bile acid or onemare bile acids. The condition can be caused
by inhibition, reduction or a delay in bile acidhélyesis, metabolism or absorption such that the
subject exhibits a bile acid level not typicallyfal in normal subjects.
[00271] Also provided herein an@ vitro, ex vivo andin vivo (e.g., on or in a subject) methods
and uses. Such methods and uses can be praciibeany of the peptide sequences set forth
herein. In various embodiments, the methods irchaministering a peptide sequence, such as
a FGF19 or FGF21 variant, fusion or chimera dissdidserein€.g., in the Sequence Listing or
Table 1), or a subsequence, a variant or modibeah of a FGF19 or FGF21 variant, fusion or
chimera disclosed hereipn.g., the Sequence Listing or Table 1), to a subjeahimmount
effective for treating a bile acid-related or asated disorder.
[00272] In certain embodiments, the peptide is administeredmbination with an additional
therapeutic agent(s) and/or treatment modaliegg, @n agent useful in the treatment and/or
prevention of PBC). The additional therapeuticra¢® can be administered before, with, or
following administration of the peptides descrilhestein.
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[00273] Also provided here are methods of preventimg.(in subjects predisposed to having
a particular disorder(s)), delaying, slowing oribiting progression of, the onset of, or treating
(e.g., ameliorating) a bile acid-related or associatedrder relative to an appropriate matched
subject of comparable age, gender, rate). Thus, in various embodiments, a method provided
herein for, for example, modulating bile acid hostasis or treating a bile acid-related or
associated disorder includes contacting or adneinimj one or more peptides provided herein
(e.g., a variant or fusion of FGF19 and/or FGF21 ada¢h in the Sequence Listing or Table 1)
in an amount effective to modulate bile acid honesis or treat a bile acid-related or associated
disorder. In certain embodiments the method furtbenprises contacting or administering at
least one additional therapeutic agent or treatmmedality that is useful in the treatment or
prevention of a bile acid-related or associatedrdesr €.g., PBC).

[00274] The term “subject” refers to an animal. Typicatlye animal is a mammal that would
benefit from treatment with a peptide sequenceideal’herein. Particular examples include
primates €.g., humans), dogs, cats, horses, cows, pigs, angshee

[00275] Subjects include those having a disoredy., a bile acid-related or associated
disorder, such as cholestasis, including, for exardizeases of intrahepatic cholestasig.

PBC, PFIC, PSC, PIC, neonatal cholestasis, andidduged cholestasig.¢., estrogen)), and
diseases of extrahepatic cholestasis.,(bile cut compression from tumor, bile duct blod&doy
gall stones); bile acid malabsorption and otheordiers involving the distal small intestine,
including ileal resection, inflammatory bowel disea é.g., Crohn’s disease and ulcerative
colitis), short bowel syndrome, disorders impairaiggorption of bile acids not otherwise
characterized (idiopathic)) leading to diarrhea.( BAD) and Gl symptoms, and Gl, liver,
and/or biliary cancerse(g., colon cancer and hepatocellular cancer); andlerbid synthesis
abnormalities, such as those contributing to NA&Hhosis and portal hypertension; or subjects
that do not have a disorder but may be at riskeoktbping the disorder.

[00276] Non-limiting exemplary bile acid-related or assoethdisorders preventable,
treatable or manageable according to the methatlsisas provided herein include: cholestasis,
including, for example diseases of intrahepatidestasis €.g., primary biliary cirrhosis (PBC),
primary familial intrahepatic cholestasis (PFI€)(, progressive PFIC), primary sclerosing
choangitis (PSC), pregnancy intrahepatic choles{®C), neonatal cholestasis, and drug-

induced cholestasi®.¢)., estrogen)), and diseases of extrahepatic chelsstay., bile cut
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compression from tumor, bile duct blockade by gadhes); bile acid malabsorption and other
disorders involving the distal small intestine luting ileal resection, inflammatory bowel
diseasesqg., Crohn’s disease and ulcerative colitis), showwdlosyndrome, disorders impairing
absorption of bile acids not otherwise characterz@iopathic)) leading to diarrheea.d., bile

acid diarrhea (BAD)) and Gl symptoms, and GI, Ij\ard/or biliary cancergg., colon cancer
and hepatocellular cancer); and/or bile acid sysithabnormalities, such as those contributing to
non-alcoholic steatohepatitis (NASH), cirrhosis @adtal hypertensiore.g., in mammals, such
as humans. Additional bile acid-related or asgedidisorders include metabolic syndrome; a
lipid or glucose disorder; cholesterol or triglyicer metabolism; type 2 diabetes. In one
particular embodiment, the bile acid-related ooaided disorder is bile acid malabsorption. In
another particular embodiment, the bile acid-relateassociated disorder is diarrhea. In a still
further particular embodiment, the bile acid-reliate associated disorder is cholestasig.
intrahepatic or extrahepatic cholestasis). Inla@oturther particular embodiment, the bile acid-
related or associated disorder is primary biliarshosis (PBC). In other particular
embodiments, the bile acid-related or associateardér is primary sclerosing cholangitis. In
another embodiment, the bile acid-related or aasegidisorder is PFI@&(., progressive

PFIC). In another embodiment, the bile acid-relaieassociated disorder is NASH. In another
embodiment, the bile acid-related or associateordés is a hyperglycemic condition. In a
specific embodiment, the bile acid-related or asged disorder is type 2 diabetes.

[00277] In some embodiments, the pharmaceutical compoditidther comprises at least one
additional agent effective in modulating bile abmmeostasis or treating a bile acid-related or
associated disorder, wherein the additional agenaiglucocorticoid; CDCA; UDCA; insulin,

an insulin secretagogues, an insulin mimetic, foaylurea and a meglitinide; a biguanide; an
alpha-glucosidase inhibitors; a DPP-IV inhibitol,51, a GLP-1 agonists and a GLP-1 analog;
a DPP-IV-resistant analogue; a PPAR gamma ag@dital-acting PPAR agonist, a pan-acting
PPAR agonist; a PTP1B inhibitor; an SGLT inhibitan; RXR agonist; a glycogen synthase
kinase-3 inhibitor; an immune modulator; a betadBeaergic receptor agonist; an 11beta-HSD1
inhibitor; amylin and an amylin analogue; a bitédasequestrant; or an SGLT-2 inhibitor. In
certain embodiments, the at least one additionahiagffective in modulating PBC is UDCA, an
FXR agonist, OCA, an ASBT inhibitor, an autoimmwagent, an anti-1L-12 agent, an anti-CD80
agent, an anti-CD20 agent, a CXCL10 neutralizintbady, a ligand for CXCR3, a fibrate, fish
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oil, colchicine, methotrexate, azathioprine, cyplms$ne, or an anti-retroviral therapy. In
particular embodiments, the at least one additiagaht effective in modulating PBC is UDCA,
OCA, an ASBT inhibitor, an anti-IL-12 agent, anig@D20 agent, or a fibrate.

[00278] Additional bile acid-related or associated disosdeéat may be treated or prevented
with the peptide sequences provided herein includ&bolic syndrome, a lipid or glucose
disorder, cholesterol or triglyceride metabolismabetes €.g., type 2 diabetes), other
hyperglycemic-related disorders, including kidneyndige €.9., tubule damage or nephropathy),
liver degeneration, eye damagsg(, diabetic retinopathy or cataracts), and diakfetit

disorders, and dyslipidemias and their sequelae asicfor example, atherosclerosis, coronary
artery disease, cerebrovascular disorders andkine |

[00279] Other conditions which may be associated with n@talsyndrome, such as obesity
and elevated body mass (including the co-morbidlitimms thereof such as, but not limited to,
nonalcoholic fatty liver disease (NAFLD), nonalctibsteatohepatitis (NASH), and polycystic
ovarian syndrome (PCOS)), and also include throeddsypercoagulable and prothrombotic
states (arterial and venous), hypertension (inolyighortal hypertension (defined as a hepatic
venous pressure gradient (HVPG) greater than 5 rginddrdiovascular disease, stroke and
heart failure; Disorders or conditions in whichlamhmatory reactions are involved, including
atherosclerosis, chronic inflammatory bowel disedgg., Crohn’s disease and ulcerative
colitis), asthma, lupus erythematosus, arthritiytber inflammatory rheumatic disorders;
Disorders of cell cycle or cell differentiation pesses such as adipose cell tumors, lipomatous
carcinomas including, for example, liposarcomabgdgamors, and neoplasms;
Neurodegenerative diseases and/or demyelinatinogddiss of the central and peripheral nervous
systems and/or neurological diseases involvingaeflammatory processes and/or other
peripheral neuropathies, including Alzheimer’'s ds& multiple sclerosis, Parkinson’s disease,
progressive multifocal leukoencephalopathy and l{anHBarre syndrome; Skin and
dermatological disorders and/or disorders of woluealing processes, including erythemato-
squamous dermatoses; and Other Disorders sucmdsosye X, osteoarthritis, and acute
respiratory distress syndrome.

[00280] Treatment of a bile acid-related or associatedrdesog.g., NASH) may have the
benefit of alleviating or abolishing a disorder@adary thereto. By way of example, a subject

suffering from NASH may also have depression olietgxdue to NASH; thus, treating the
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subject’'s NASH may also indirectly treat the depi@s or anxiety. The use of the therapies
disclosed herein to target such secondary disorsi@so contemplated in certain embodiments.
[00281] In particular embodiments, the subject has or rssktof having PBC. In other
particular embodiments, the subject has or issataf having NASH.

[00282] Subjects at risk of developing a bile acid-relatedssociated disorder (such as the
disorders described above) include, for examptesétwho may have a family history or genetic
predisposition toward such disorder, as well thekese diet may contribute to development of
such disorders.

[00283] As disclosed herein, treatment methods includeamtiniy or administering a peptide
as set forth hereire@., a variant or fusion of FGF19 and/or FGF21 ada#h in the Sequence
Listing or Table 1) in an amount effective to acl@i@ desired outcome or result in a subject. A
treatment that results in a desired outcome oltrgsiiudes decreasing, reducing or preventing
the severity or frequency of one or more symptofite@condition in the subjeat,g., an
improvement in the subject’s condition or a “beaoiali effect” or “therapeutic effect.”

Therefore, treatment can decrease or reduce oeptréve severity or frequency of one or more
symptoms of the disorder, stabilize or inhibit pessgion or worsening of the disorder, and in
some instances, reverse the disorder, transiesgly for 1-6, 6-12, or 12-24 hours), for medium
term @.9., 1-6, 6-12, 12-24 or 24-48 days) or long teen.( for 1-6, 6-12, 12-24, 24-48 weeks,
or greater than 24-48 weeks). Thus, in the casebile acid-related or associated disorder,
treatment can lower or reduce one or more symptoreffects of the bile acid-related or
associated disorders described above.

[00284] In certain embodiments, the various methods praviteein further include
contacting or administering one or more additiag#nts or therapeutic modalities useful in the
treatment or prevention of a bile acid-relatedssogiated disorder, such as those agents or
therapeutic modalities described herein, in an arhefiective to achieve a desired outcome or
result in a subject.

[00285] An “effective amount” or a “sufficient amount” farse and/or for treating a subject
refers to an amount that provides, in single ortiplel doses, alone, or in combination with one
or more other agents, treatments, protocols, saf®itic regimens, a detectable response of any
duration of time (transient, medium or long termyjesired outcome in or an objective or

subjective benefit to a subject of any measurablietectable degree or for any duration of time
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(e.g., for hours, days, months, years, in remissioruoed). Such amounts typically are effective
to ameliorate a disorder, or one, multiple or diferse symptoms, consequences or
complications of the disorder, to a measurablergxsdthough reducing or inhibiting a
progression or worsening of the disorder, is cargid a satisfactory outcome.

[00286] As used herein, the term “ameliorate” means anawgment in the subject’s
disorder, a reduction in the severity of the disoydr an inhibition of progression or worsening
of the disorderdg., stabilizing the disorder). In the case of a hitéd-related or associated
disorder such as those described above, includiolpstasis€.g., PBC), disorders impairing
absorption of bile acids leading to diarrhe@.( BAD) and bile acid synthesis abnormalities
(e.g., NASH), an improvement can be a lowering or a ¢dida in one or more symptoms or
effects of the disorder.

[00287] A therapeutic benefit or improvement therefore neettbe complete ablation of any
one, most or all symptoms, complications, consegegor underlying causes associated with
the disorder or disease. Thus, a satisfactory@nds achieved when there is a transient,
medium or long term, incremental improvement injact’s condition, or a partial reduction in
the occurrence, frequency, severity, progressioduaation, or inhibition or reversal, of one or
more associated adverse symptoms or complicatioognsequences or underlying causes,
worsening or progressior.g., stabilizing one or more symptoms or complicatiohthe
condition, disorder or disease), of the disordetisease, over a duration of time (hours, days,
weeks, monthstc.).

[00288] Thus, in the case of a disorder treatable by agepequence provided herein, either
alone or in combination with an additional agehg amount of the peptide (and optionally the
additional agent) sufficient to ameliorate a disordill depend on the type, severity and extent,
or duration of the disorder, the therapeutic efteadutcome desired, and can be readily
ascertained by the skilled artisan. Appropriat@ants will also depend upon the individual
subject €.9., the bioavailability within the subject, gendegegetc.). For example, a transient,

or partial, restoration of normal bile acid homess in a subject can reduce the dosage amount
or frequency of the peptides and agents describesirhin order to treat the bile acid-related or
associated disorders described previously evergthoamplete freedom from treatment has not
resulted. An effective amount can be ascertained, for exanipyleneasuring one or more

relevant physiological effects.
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[00289] Methods and uses provided herein for treating gestiare applicable for prophylaxis
to prevent or reduce the likelihood of a disoraea isubject, such as a bile acid-related or
associated disorder. Accordingly, methods and pemsded herein for treating a subject
having, or at risk of developing, a bile acid-rethbr associated disorder can be practiced prior
to, substantially contemporaneously with, or follogvadministration or application of another
agent useful for the treatment or prevention oil@dxcid-related or associated disorder, and/or
can be supplemented with other forms of therapypp#mentary therapies include other
glucose lowering treatments, such as insulin, anlin sensitivity enhancer and other drug
treatments, a change in diet (low sugar, f&ts), weight loss surgery- (reducing stomach
volume by gastric bypass, gastrectomy), gastriclioan gastric balloon, gastric sleees;. For
example, a method or use provided herein for mgadihyperglycemic or insulin resistance
disorder can be used in combination with drugstieeiopharmaceutical compositions that lower
glucose or increase insulin sensitivity in a subjec
[00290] In one embodiment, a method or use includes cantpot administering to a subject
one or more variant or fusion FGF19 and/or FGF2Zitide sequences in an amount effective for
preventing a bile-acid related or associated desodd one embodiment, a method or use
includes contacting or administering to a subjed or more variant or fusion FGF19 and/or
FGF21 peptide sequences in an amount effectiviedating a bile-acid related or associated
disorder. In one embodiment, a method or use irdwbntacting or administering to a subject
one or more variant or fusion FGF19 and/or FGF2itide sequences in an amount effective for
managing a bile-acid related or associated disorder

5.6.1.1PBC and Therapy with Agents Effective in the Treatnent or

Prevention Thereof

[00291] Primary biliary cirrhosis (PBC), the most commomlestatic liver disease, is a
progressive hepatic disease that primarily restdta autoimmune destruction of the bile ducts
that transport bile acids out of the liver. As thgease progresses, persistent toxic build-up of
bile acids causes progressive liver damage markethtonic inflammation and fibrosis.
Because patients with PBC have an increased rislC&, therapy with the variants of FGF19
peptide sequences, fusions of FGF19 and/or FGHatldeesequences and variants of fusions
(chimeras) of FGF19 and/or FGF21 peptide sequeattessibed herein is of particular import, as
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such sequences do not induce, or do not substgntiatease, HCC formation or HCC
tumorigenesis.

[00292] Although patients with PBC are often asymptomaititha time of initial diagnosis,
most present, or subsequently develop, one or ofdres following: pruritus; fatigue; jaundice;
xanthoma; disorders associated with an extrahepat@mmune disordeeg., Sjogren’s
Syndrome and rheumatoid arthritis); and complicetithat result from cirrhosis or portal
hypertensiond.g., ascites, esophageal varices and hepatic encggattiay).

[00293] While a definitive cause of PBC has not been idieti most research suggests that it
is an autoimmune disorder. There appears to lemetig predisposition, and genetic studies
have indicated that part of the IL-12 signalingoaate, including IL-12A and I-12RB2
polymorphisms, is important in the etiology of tfisease.

[00294] There is no definitive means of diagnosing PBhegtassessment of a number of
factors is generally required. Moreover, diagna$iBBC requires that other conditions with
similar symptomseg., autoimmune hepatitis and primary sclerosing afgitzgs) by ruled out;

by way of example, abdominal ultrasound or CT ssarsually performed to rule out blockage
of the bile ducts.

[00295] Diagnostic blood tests include deranged liver fiomctests (gamma-glutamyl
transferase and alkaline phosphatase) and thengeesé particular antibodies
(antimitochondrial antibody (AMA) an antinucleartidmody (ANA)). Antinuclear antibodies are
believed to be prognostic indicators of PBC. Wht#rer tests and procedures are indicative of
PBC, a liver biopsy is frequently performed to dgonfdisease. Endoscopic retrograde
cholangiopancreatography (ERCP), an endoscopicatiah of the bile duct, may also be
employed to confirm disease.

[00296] PBC is classified into four stages marking the pesgion of disease. Stage 1 (Portal
Stage) is characterized by portal inflammation iemild bile duct damage; Stage 2 (Periportal
Stage) is characterized by enlarged triads, paapbbrosis or inflammation; Stage 3 (Septal
Stage) is characterized by active and/or pasdiveuds septa; and Stage 4 (Biliary Cirrhosis) is
characterized by the presence of hepatic nodlle®r biopsy is required to determine the stage
of disease.

[00297] Serum bilirubin is an indicator of PBC progressamd prognosis. Patients with a

serum bilirubin level of 2—6 mg/dL have a mean swaitime of 4.1 years, patients with a serum
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bilirubin level of 6-10 mg/dL have a mean survitiale of 2.1 years, and patients with a serum
bilirubin level above 10 mg/dL have a mean surviiak of 1.4 years. Liver transplantation is
an option in advanced cases of PBC, although thenmence rate may be as high as 18% at 5
years, and up to 30% at 10 years.

[00298] Although disease progression may be slowed, phauatigal intervention with
currently used therapies is neither curative nfaotiive in all patient populations. In order to
improve the therapeutic outcome of pharmacolodloalapy, one aspect pertains to the use of
one or more current therapies in combination wéhants of FGF19 peptide sequences, fusions
of FGF19 and/or FGF21 peptide sequences and vaémisions (chimeras) of FGF19 and/or
FGF21 peptide sequences having one or more aeti\associated with the treatment and/or
prevention of PBC and associated diseases, disoater conditions. The most commonly used
and/or promising agents for combination therapysatdorth hereafter, although it is to be
understood that these agents are illustrative nabe@xclusionary.

[00299] PBC treatment most frequently involves the bilelasisodeoxycholic acid (Urosdiol,
UDCA). UDCA therapy is helpful in reducing the dbstasis and improving the liver function
tests in PBC patients; however, it does not dennablstimprove symptoms and has a
guestionable impact on prognosis. UDCA has beewstio reduce mortality, adverse events
and the need for transplantation in PBC. AlthoU@ICA is considered the first-line therapy,
approximately one-third of patients may be non-oaspve and remain at risk of progressive
liver disease and are candidates for alternatigdditive therapy.

[00300] There are several alternative and adjuvant thesap@me of which are currently in
clinical development, that can be used in combimatvith variants of FGF19 peptide sequences,
fusions of FGF19 and/or FGF21 peptide sequencesanmhts of fusions (chimeras) of FGF19
and/or FGF21 peptide sequences provided hereimgp@vie or more activities associated with
the treatment and/or prevention of PBC and asstidiseases, disorders and conditions.
[00301] Farnesoid-X-receptor agonists represent a promidass of agents that may be used
in combination therapy. One of the primary funei®f agonists of FXR, a nuclear receptor
expressed at high levels in the liver and intesiméhe suppression of cholesteral 7
hydroxylase-1 (CYP7A1), the rate-limiting enzymetie synthesis of bile acids from
cholesterol. Obeticholic acid (OCA; Intercept Rhaceuticals, NY) is a bile acid analog and

FXR agonist derived from the primary human biledadhienodeoxycholic acid, or CDCA. OCA
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is currently being evaluated for patients havingreadequate therapeutic response to ursodiol or
who are unable to tolerate ursodiol.

[00302] Inhibitors of the apical sodium-dependent bile dacaahsporter (ASBT) represent
another class of agents that may be used in comdmnaith the variants of FGF19 peptide
sequences, fusions of FGF19 and/or FGF21 peptaleesees and variants of fusions (chimeras)
of FGF19 and/or FGF21 peptide sequences descrirethifor the treatment and/or prevention
of PBC and associated diseases. ASBT, a memitke sbdium/bile-salt co-transport family
coded by gene SLC10AZ2, is currently thought toHgepgrimary mechanism for bile acid
reabsorption in the intestine. Examples of ABSfibitors include LUMOO1 and SC-435, both
of which are being developed by Lumena Pharmaadsat(San Diego, CA).

[00303] Bile acid sequestrants also find use in the treatoEPBC. Cholestyramine and
colestipol are the best known bile acid sequestraHbwever, their use is sometimes limited
because they are only available in powder formaedot tolerated by many patients, often
because of the poor texture and taste of the pesirder. The bile acid sequestrant colesevelam
is available in tablet form and is often betteetated. All bile acid sequestrants are capable of
binding other compounds, including the fat-solubtamins A, D, E and K, and deficiencies of
these vitamins many necessitate supplementatioportantly, the PBC patient population
inherently has poor lipid-dependent absorptionitaimins A, D, E and K, and thus patients
taking bile acid sequestrants are at particul&rfos deficiency of those vitamins.

[00304] Agents associated with immune and inflammatory fiencare candidates for
combination therapy with the variants of FGF19 mkpsequences, fusions of FGF19 and/or
FGF21 peptide sequences and variants of fusiomsi¢chs) of FGF19 and/or FGF21 peptide
sequences having one or more activities assoocmtadhe treatment and/or prevention of PBC
and associated diseases, disorders and conditions.

[00305] The interleukin IL-12 is linked with autoimmunityData indicate that the IL-12
signaling pathway plays a key role in the effech@chanisms that lead to biliary destruction.
Targeting the p40 subunit of IL-12 has also beeawshto ameliorate experimental immune-
mediated cholangiopathy. Thus, anti-IL-12 ageeats,(monoclonal Ab inhibitors) provide a
promising treatment. Furthermore, because polyhisnps in CD80 have been identified as
conferring an increased susceptibility to PBC, kémle of co-stimulation between T cells and

antigen-presenting cells through CD80 by use drairCD80 agent could represent an
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important therapeutic approach for the treatmef®BE. In addition, improvement in IgM titre
and an increase in intrahepatic regulatory T-aathber using the anti-CD20 antibody rituximab
(RITUXAN) have shown promise.

[00306] The immune-mediated destruction of small-sized dhilets in PBC is predominantly
cell-mediated, characterized by Th1 cells, CD8+ells¢NK cells and NKT cells which express
CXCR3. Therefore, neutralizing antibodies to CXO0L4& ligand for CXCR3, may offer the
possibility to interfere with one of the key inflamatory processes and contribute to immune-
mediated biliary destruction in PBC. Similarlypbkade of co-stimulatory signals between T
cells expressing CD28 and antigen-presenting egfpsessing CD80e(g. cholangiocytes,
antibody-secreting B cells) might represent an irtgga approach for the treatment of
autoimmune diseases.

[00307] The variants of FGF19 peptide sequences, fusioR&6719 and/or FGF21 peptide
sequences and variants of fusions (chimeras) oflB@Rd/or FGF21 peptide sequences
described herein can be used alone or in combmatith other agents for the treatment and/or
prevention of those bile acid-related or associdisdrders referenced herein that have an
immune and/or inflammatory component, including, it limited to, PBC and associated
diseases, disorders and conditions. Examplesobf sther agents include, for example, non-
steroidal anti-inflammatory drugs (NSAID); stergidgtokine suppressive anti-inflammatory
drug(s) (CSAIDs); antibodies to, or antagonistsotifier human cytokines or growth factors
(eg., IL-2, IL-6, or PDGF); TNF antagoniste.g., agents such as REMICADE, p75TNFRIgG
(ENBREL) or pS5TNFR1gG (LENERCEPT)); interfer@aa (AVONEX); interferong1b
(BETASERON); and immune checkpoint inhibitors, imting PD1 (associated agents include
the antibodies nivolumab and lambrolizumab), PDRTI.A, CTLA4 (associated agents include
the fully humanized CTLA4 monoclonal antibody ipilimab (YERVOY), TIM3, LAG3, and
A2aR.

[00308] Fibrates have been shown to improve various aspé&BC, including liver function
tests, both as monotherapy and in combination WiICA non-responders. In certain
embodiments, a fibrate is a member selected frengtbup of bezafibrate (BEZALIP),
ciprofibrate (MODALIM), gemfibrozil (LOPID), clofibate, and fenofibrate (TRICOR). Fish oll
has exhibited similar benefits.
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[00309] In PBC patients demonstrating certain charactesigif hepatitis on biopsy,
corticosteroids such as budesonide may improve ligtology and biochemistry, particularly
when used in combination with UDCA. Colchicine agn shown to improve liver function
tests €.9., AST and ALP) and represents another alternateagrment for PBC.
[00310] Though not an exhaustive list, other drugs thaeh&hown promise include
methotrexate as an immunomodulatory treatmenthegatne, cyclosporine, and certain agents
used in anti-retroviral therapg.g., combivir).
[00311] Various treatments exist for the sequelae assaciwith PBC. For example, itching
can be relieved by the bile acid sequestrant ctyolesine, or alternatively naltrexone and
rifampicin. The fatigue associated with PBC magdively be treated with modafinil (Provigil;
Teva (formerly Cephalon)) without damaging the divAs patients with PBC have increased
risk of developing osteoporosis and esophageatesmcompared to the general population (and
others with liver disease), screening and treatraktitese complications is an important part of
the management of PBC. Variants of FGF19 pepedeences, fusions of FGF19 and/or
FGF21 peptide sequences and variants of fusiomséchs) of FGF19 and/or FGF21 peptide
sequences having one or more activities assoordtdhe treatment and/or prevention of PBC
and associated diseases, disorders and condigismsovided herein, either alone or in
combination with other agents, offer novel, promgsalternatives to the management of such
sequelae.

5.6.1.2NASH and NAFLD and Therapy with Agents Effective inthe

Treatment or Prevention Thereof

[00312] Non-alcoholic steatohepatitis (NASH), considered p&a spectrum of non-alcoholic
fatty liver diseases (NAFLD), causes inflammatiowl accumulation of fat and fibrous tissue in
the liver. Although the exact cause of NASH ismmkn, risk factors include central obesity,
type-2 diabetes mellitus, insulin resistance (IR]) dyslipidemia; combinations of the foregoing
are frequently described as the metabolic syndradmeddition, certain drugs have been linked
to NASH, including tamoxifen, amiodarone and st@sdg.g., prednisone and hydrocortisone).
Non-alcoholic fatty liver disease is the most comrmoause of chronic liver disease in the United
States, and the estimated prevalence of NAFLD i38@® and for NASH it is estimated at 3.5-
5%. (Seee.g., Abrams, G.A.gt al., Hepatology, 2004. 40(2):475-83; Moreira, R.K.ciAr
Pathol Lab Med, 2007. 131(11):1728-34).
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[00313] NASH frequently presents with no overt symptomsnplicating its diagnosis. Liver
function tests generally begin the diagnostic psscevith levels of AST (aspartate
aminotransferase) and ALT (alanine aminotransfé@raewated in about 90% percent of
individuals with NASH. Other blood tests are oftesed for ruling out other causes of liver
disease, such as hepatitis. Imaging tesgs, (ltrasound, CT scan, or MRI) may reveal fat
accumulation in the liver but frequently cannofetiéntiate NASH from other causes of liver
disease that have a similar appearance. A liwdyiis required to confirm NASH.

[00314] The prognosis for individuals suffering from NAS#$idifficult to predict, although
features in the liver biopsy can be helpful. Thestserious complication of NASH is cirrhosis,
which occurs when the liver becomes severely sgaritehas been reported that between 8 and
26 percent of individuals with NASH develop cirrilmysand it is predicted that NASH will be the
leading indication for liver transplantation by 202

[00315] At the present time, treatment of NASH focuses prilm on pharmacological and
non-pharmacological management of those medicalitons associated with it, including
hyperlipidemia, diabetes and obesity. Althoughawttive, pharmacological intervention of
NASH itself includes treatment with vitamin E, plibgzone, metformin, statins, omega-3 fatty
acids, and ursodeoxycholic acid (UDCA (ursodiother agents being evaluated, currently
approved for different indications, include losartand telisartan, exenatide, GLP-1 agonists,
DPP IV inhibitors, and carbamazepine.

[00316] In view of the deficiencies of the aforementionedrent therapies, therapy with
agents having distinct mechanisms of action offgpsomising new avenue for the treatment and
prevention of NASH and NAFLD. Addressing such diefncies is contemplated, for example,
by using the variants of FGF19 peptide sequenasgris of FGF19 and/or FGF21 peptide
sequences and variants of fusions (chimeras) ofiB@Rd/or FGF21 peptide sequences as
taught herein. In certain embodiments, the peptade used in combination with other
therapeutic agents and/or treatment modalitieso Alovided herein is the prophylactic and/or
therapeutic use of these variants of FGF19 pegtdeences, fusions of FGF19 and/or FGF21
peptide sequences and variants of fusions (chimefasGF19 and/or FGF21 peptide sequences,
either alone or in combination with therapies depel in the future, for the treatment or
prevention of NASH and NAFLD.

137



5.6.1.3Therapy for the Treatment or Prevention of Other Bie Acid-Related
Disorders and Associated Diseases, Disorders andriiitions

[00317] Also provided herein is the use of variants of F&péptide sequences, fusions of
FGF19 and/or FGF21 peptide sequences and varigfitsions (chimeras) of FGF19 and/or
FGF21 peptide sequences having one or more aef\agsociated with the treatment and/or
prevention of other bile acid-related disorders assbciated diseases, disorders and conditions
besides PBC. In certain embodiments, the peptidesised in combination with other
therapeutic agents and/or treatment modalities.
[00318] By way of example, patients with bile acid diarrisegondary to Crohn’s ileitis will
be helped with glucocorticoid treatment. Microscaglitis is also helped by steroids. In
patients with a short-bowel syndrome (a bile a@fiaiency occurs in the proximal intestine that
leads to impaired micellar solubilization), chobfisosine (cholyl-N-methylglycine), a synthetic
bile acid analogue, has been shawvincrease lipid absorption.
[00319] Administration of the primary bile acid chenodeoxgtic Acid (CDCA) has been
shown to decrease biliary cholesterol secretiongradual dissolution of gallstones. Because
CDCA is slightly hepatotoxic, it was gradually rapéd by UDCA. Despite the efficacy and
safety of UDCA administration for cholesterol gadise dissolution, it is not frequently used
today because of the success of laparoscopic grstémtomy, which provides a rapid cure for
symptomatic disease. Medical therapy, in contrasilires months of therapy, does not always
dissolve stones, and is followed by gradual recuogan some patients.
[00320] Bile acid replacement is used in inborn errorsitef &cid biosynthesis, usually with a
mixture of CDCA or UDCA and cholic acid, to supmélke synthesis of cytotoxic bile acid
precursors and restore the input of primary bildsamto the enterohepatic circulation.
[00321] In addition to the agents and therapeutic modalgeg forth above, combination
therapy with numerous additional agents (and ctagseof) is also contemplated, including.
but not limited to, 1) insulir.g., bolus and basal analogs), insulin mimetics arhisgthat
entail stimulation of insulin secretion, includiaglfonylureas€.g., chlorpropamide, tolazamide,
acetohexamide, tolbutamide, glyburide, glimepirigleizide) and meglitinidese(g., repaglinide
(PRANDIN) and nateglinide (STARLIX)); 2) biguanidésg., metformin (GLUCOPHAGE))
and other agents that act by promoting glucoseatibn, reducing hepatic glucose production

and/or diminishing intestinal glucose output; 3ra-glucosidase inhibitors.§., acarbose and
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miglitol) and other agents that slow down carbolyeldigestion and consequently absorption
from the gut and reduce postprandial hyperglyced)jighiazolidinedionese(g., rosiglitazone
(AVANDIA), troglitazone (REZULIN), pioglitazone (ATOS), glipizide, balaglitazone,
rivoglitazone, netoglitazone, troglitazone, engiiae, ciglitazone, adaglitazone, darglitazone
that enhance insulin actioa.d., by insulin sensitization), thus promoting glucosgiézation in
peripheral tissues; 5) glucagon-like-peptides iditcig DPP-IV inhibitors €.9., vildagliptin
(GALVUS) and sitagliptin (JANUVIA)) and Glucagon4e Peptide-1 (GLP-1) and GLP-1
agonists and analogad., exenatide (BYETTA and ITCA 650 (an osmotic puimgerted
subcutaneously that delivers an exenatide analegat2-month period; Intarcia, Boston,

MA)); 6) and DPP-IV-resistant analogues (incretimetics), PPAR gamma agonists, dual-
acting PPAR agonists, pan-acting PPAR agonists,1BTifhibitors, SGLT inhibitors, insulin
secretagogues, RXR agonists, glycogen synthasse®anhibitors, immune modulators, beta-3
adrenergic receptor agonists, 11beta-HSD1 inhtit@nd amylin analogues.

[00322] Other exemplary agents that can be used, in cetabodiments, in combination

with the peptides and methods provided herein dellipeptidyl peptidase-4 (DPP-4) inhibitors,
bromocriptine formulationse(g. and bile acid sequestraneyy, colesevelam), and SGLT-2
inhibitors. Appetite suppression drugs are alsth kveown and can be used in combination with
the compositions and methods provided herein. Bopmtary therapies can be administered
prior to, contemporaneously with or following metlscand uses provided herein

5.6.2 Methods of Preventing, Treating and Managing Metablbic Disorders

[00323] Also provided herein ari@ vitro, ex vivo andin vivo (e.g., on or in a subject) methods
and uses. Such methods and uses can be praciibeginy of the peptide sequences set forth
herein. In various embodiments, the methods irechdiministering a peptide sequence, such as
a FGF19 or FGF21 variant, fusion or chimera dissdidserein€.g., in the Sequence Listing or
Table 1), or a subsequence, a variant or modibeah bf a FGF19 or FGF21 variant, fusion or
chimera disclosed herein.g., the Sequence Listing or Table 1), to a subjeanimmount

effective for treating a metabolic or associatexbrtier.

[00324] In certain embodiments, the peptide is administeremmbination with an additional
therapeutic agent(s) and/or treatment modaliegg, @n agent useful in the treatment and/or
prevention of PBC). The additional therapeuticra¢g can be administered before, with, or

following administration of the peptides descrilheatein.
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[00325] Also provided here are methods of preventimg.(in subjects predisposed to having
a particular disorder(s)), delaying, slowing oribiting progression of, the onset of, or treating
(e.g., ameliorating) a metabolic or associated disorditive to an appropriate matched subject
of comparable age, gender, ragte,). Thus, in various embodiments, a method provitsEein

for, for example, modulating bile acid homeostasitreating a metabolic or associated disorder
includes contacting or administering one or mongtiges provided hereire., a variant or

fusion of FGF19 and/or FGF21 as set forth in thgu8ace Listing or Table 1) in an amount
effective to modulate bile acid homeostasis orttaeaetabolic or associated disorder. In certain
embodiments the method further comprises contactiragiministering at least one additional
therapeutic agent or treatment modality that isul$e the treatment or prevention of a
metabolic or associated disordeg(, PBC).

[00326] The term “subject” refers to an animal. Typicatlye animal is a mammal that would
benefit from treatment with a peptide sequenceideal’herein. Particular examples include
primates €.g., humans), dogs, cats, horses, cows, pigs, angshee

[00327] Subjects include those having a disore@sy.,, a metabolic or associated disorder, or
subjects that do not have a disorder but may biskabf developing the disorder.

[00328] Non-limiting exemplary disorders or conditions peatable, treatable or manageable
with the peptide formulations, methods and useetigrovided herein, include metabolic
diseases and disorders. Non limiting examplessgfages and disorders include: metabolic
syndrome; a lipid- or glucose-related disorder;lesierol or triglyceride metabolism; type 2
diabetes; cholestasis, including, for example dissaf intrahepatic cholestastg(, PBC,

PFIC, PSC, PIC, neonatal cholestasis, and druggtiaholestasi®(., estrogen)), and diseases
of extrahepatic cholestasisd., bile cut compression from tumor, bile duct blad&doy gall
stones); bile acid malabsorption and other diserdesolving the distal small intestine, including
ileal resection, inflammatory bowel diseaseg.( Crohn’s disease and ulcerative colitis),
disorders impairing absorption of bile acids ndtestvise characterized (idiopathic)) leading to
diarrhea €.g., BAD) and Gl symptoms, and Gl, liver, and/or bji@ancersé.g., colon cancer

and hepatocellular cancer); and/or bile acid sysithebnormalities, such as those contributing to
NASH, cirrhosis and portal hypertension. For tneatt, peptide sequences provided herein can
be administered to subjects in need of modulatfdrile acid homeostasis or having a bile-acid

related or associated disorder. Peptide sequ@mnoegled herein may also be useful in other
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hyperglycemic-related disorders, including kidneynége €.9., tubule damage or nephropathy),
liver degeneration, eye dama@ggy(, diabetic retinopathy or cataracts), and dialfeti¢

disorders; dyslipidemias and their sequelae sucfoaexample, atherosclerosis, coronary artery
disease, cerebrovascular disorders and the like.

[00329] Other conditions which may be associated with n@talsyndrome, such as obesity
and elevated body mass (including the co-morbidlitmms thereof such as, but not limited to,
nonalcoholic fatty liver disease (NAFLD), nonalctibateatohepatitis (NASH), and polycystic
ovarian syndrome (PCOS)), and also include throeddsypercoagulable and prothrombotic
states (arterial and venous), hypertension (inalgigiortal hypertension (defined as a hepatic
venous pressure gradient (HVPG) greater than 5 rginddrdiovascular disease, stroke and
heart failure; Disorders or conditions in whichlamhmatory reactions are involved, including
atherosclerosis, chronic inflammatory bowel disedag., Crohn's disease and ulcerative
colitis), asthma, lupus erythematosus, arthritiytber inflammatory rheumatic disorders;
Disorders of cell cycle or cell differentiation pesses such as adipose cell tumors, lipomatous
carcinomas including, for example, liposarcomabgdgamors, and neoplasms;
Neurodegenerative diseases and/or demyelinatiogdi#iss of the central and peripheral nervous
systems and/or neurological diseases involvingaieflammatory processes and/or other
peripheral neuropathies, including Alzheimer's a@ss multiple sclerosis, Parkinson's disease,
progressive multifocal leukoencephalopathy andl@aiBarre syndrome; Skin and
dermatological disorders and/or disorders of woluealing processes, including erythemato-
squamous dermatoses; and other disorders sucimn@®ye X, osteoarthritis, and acute
respiratory distress syndrome.

[00330] In one embodiment, a subject has a hyperglycenmdition (e.g., diabetes, such as
insulin-dependent (type 1) diabetes, type |l diabebr gestational diabetes), insulin resistance,
hyperinsulinemia, glucose intolerance or metab®hmdrome, is obese and/or has an undesirable
body mass.

[00331] In particular aspects of the methods and usesptideesequence or chimeric peptide
sequence provided herein is administered to a suinj@n amount effective to improve glucose
metabolism in the subject. In more particular aspea subject has a fasting plasma glucose
level greater than 100 mg/dl or has a hemoglobia &ibAlc) level above 6%, prior to

administration.
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[00332] In further embodiments, a use or method of treatroka subject is intended to or
results in reduced glucose levels, increased imsalnsitivity, reduced insulin resistance,
reduced glucagon, an improvement in glucose toberaor glucose metabolism or homeostasis,
improved pancreatic function, or reduced triglydericholesterol, IDL, LDL or VLDL levels, or
a decrease in blood pressure, a decrease in irttickening of the blood vessel, or a decrease
in body mass or weight gain.

[00333] Treatment of a metabolic or associated disordgr, (hyperglycemia) may have the
benefit of alleviating or abolishing a disorder@adary thereto. By way of example, a subject
suffering from hyperglycemia may also have depogser anxiety due to the hyperglycemia;
thus, treating the subject’s hyperglycemia may aidoectly treat the depression or anxiety.
The use of the therapies disclosed herein to tawget secondary disorders is also contemplated
in certain embodiments.

[00334] In particular embodiments, the subject has or rssktof having hyperglycemia. In
other particular embodiments, the subject has at sk of having diabetes, such as Type 2
diabetes.

[00335] Subjects at risk of developing a metabolic or aisged disorder (such as the
disorders described above) include, for examptesetwho may have a family history or genetic
predisposition toward such disorder, as well thekese diet may contribute to development of
such disorders.

[00336] As disclosed herein, treatment methods includeamtiniy or administering a peptide
as set forth hereire@., a variant or fusion of FGF19 and/or FGF21 ada#h in the Sequence
Listing or Table 1) in an amount effective to acl@i@ desired outcome or result in a subject. A
treatment that results in a desired outcome oltrasiiudes decreasing, reducing or preventing
the severity or frequency of one or more symptofrte@condition in the subjeat,g., an
improvement in the subject’s condition or a “beai effect” or “therapeutic effect.”

Therefore, treatment can decrease or reduce oepiréve severity or frequency of one or more
symptoms of the disorder, stabilize or inhibit pesgion or worsening of the disorder, and in
some instances, reverse the disorder, transiesgly for 1-6, 6-12, or 12-24 hours), for medium
term 9., 1-6, 6-12, 12-24 or 24-48 days) or long teen.( for 1-6, 6-12, 12-24, 24-48 weeks,

or greater than 24-48 weeks). Thus, in the casenoétabolic or associated disorder, treatment
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can lower or reduce one or more symptoms or effgdise metabolic or associated disorders
described above.

[00337] In certain embodiments, the various methods praviteein further include
contacting or administering one or more additiag#nts or therapeutic modalities useful in the
treatment or prevention of a metabolic or assodidisorder, such as those agents or therapeutic
modalities described herein, in an amount effedtivachieve a desired outcome or result in a
subject.

[00338] An “effective amount” or a “sufficient amount” farse and/or for treating a subject
refers to an amount that provides, in single ortiplel doses, alone, or in combination with one
or more other agents, treatments, protocols, safieitic regimens, a detectable response of any
duration of time (transient, medium or long termjjesired outcome in or an objective or
subjective benefit to a subject of any measurabtietectable degree or for any duration of time
(e.g., for hours, days, months, years, in remissioruoed). Such amounts typically are effective
to ameliorate a disorder, or one, multiple or diferse symptoms, consequences or
complications of the disorder, to a measurablergxsdthough reducing or inhibiting a
progression or worsening of the disorder, is cargd a satisfactory outcome.

[00339] As used herein, the term “ameliorate” means anavgment in the subject’s
disorder, a reduction in the severity of the disoydr an inhibition of progression or worsening
of the disorderd.g., stabilizing the disorder). In the case of a fnelia or associated disorder
such as those described above, an improvementecaridwering or a reduction in one or more
symptoms or effects of the disorder.

[00340] A therapeutic benefit or improvement therefore neettbe complete ablation of any
one, most or all symptoms, complications, consege®nr underlying causes associated with
the disorder or disease. Thus, a satisfactory@nts achieved when there is a transient,
medium or long term, incremental improvement iujasct’'s condition, or a partial reduction in
the occurrence, frequency, severity, progressiodugation, or inhibition or reversal, of one or
more associated adverse symptoms or complicatioosrmsequences or underlying causes,
worsening or progressior.., stabilizing one or more symptoms or complicatiohthe

condition, disorder or disease), of the disordetdisease, over a duration of time (hours, days,

weeks, monthsgtc.).
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[00341] Thus, in the case of a disorder treatable by agepequence provided herein, either
alone or in combination with an additional agehg amount of the peptide (and optionally the
additional agent )sufficient to ameliorate a disordill depend on the type, severity and extent,
or duration of the disorder, the therapeutic efteadutcome desired, and can be readily
ascertained by the skilled artisan. Appropriat®ants will also depend upon the individual
subject €.9., the bioavailability within the subject, gendegegetc.). For example, a transient,

or partial, restoration of normal bile acid homesst in a subject can reduce the dosage amount
or frequency of the peptides and agents describesirhin order to treat the metabolic or
associated disorders described previously evergthoamplete freedom from treatment has not
resulted. An effective amount can be ascertained, for exanigyléneasuring one or more
relevant physiological effects.

[00342] Methods and uses provided herein for treating gestiare applicable for prophylaxis
to prevent or reduce the likelihood of a disoraea isubject, such as a metabolic or associated
disorder. Accordingly, methods and uses provida@in for treating a subject having, or at risk
of developing, a metabolic or associated disorderle practiced prior to, substantially
contemporaneously with, or following administratimnapplication of another agent useful for
the treatment or prevention of a metabolic or assed disorder, and/or can be supplemented
with other forms of therapy. Supplementary thexapnclude other glucose lowering treatments,
such as insulin, an insulin sensitivity enhancer atiner drug treatments, a change in diet (low
sugar, fatsetc.), weight loss surgery- (reducing stomach volumeastric bypass, gastrectomy),
gastric banding, gastric balloon, gastric sleet®, For example, a method or use provided
herein for treating a hyperglycemic or insulin s¢gnce disorder can be used in combination
with drugs or other pharmaceutical compositions lilnaer glucose or increase insulin
sensitivity in a subject.

[00343] In one embodiment, a method or use includes contpot administering to a subject
one or more variant or fusion FGF19 and/or FGF2ttige sequences in an amount effective for
preventing a metabolic or associated disordelonimembodiment, a method or use includes
contacting or administering to a subject one oren@riant or fusion FGF19 and/or FGF21
peptide sequences in an amount effective for trgatimetabolic or associated disorder. In one
embodiment, a method or use includes contactirgglorinistering to a subject one or more
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variant or fusion FGF19 and/or FGF21 peptide seceeim an amount effective for managing a
metabolic or associated disorder.

5.6.3 Methods of Preventing, Treating and Managing Cancer

[00344] Also provided herein an@ vitro, ex vivo andin vivo (e.g., on or in a subject) methods
and uses. Such methods and uses can be praciibeany of the peptide sequences set forth
herein. In various embodiments, the methods irechdministering a peptide sequence, such as
a FGF19 or FGF21 variant, fusion or chimera disdidserein €.g., in the Sequence Listing or
Table 1), or a subsequence, a variant or modibeah bf a FGF19 or FGF21 variant, fusion or
chimera disclosed herein.g., the Sequence Listing or Table 1), to a subjeanimmount
effective for treating a cancer, tumor or assodiaisorder.

[00345] In certain embodiments, the peptide is administeredmbination with an additional
therapeutic agent(s) and/or treatment modaliegg, @n agent useful in the treatment and/or
prevention of PBC). The additional therapeuticra® can be administered before, with, or
following administration of the peptides descrilhextein.

[00346] Also provided here are methods of preventimg.(in subjects predisposed to having
a particular disorder(s)), delaying, slowing oribiting progression of, the onset of, or treating
(e.g., ameliorating) a cancer, tumor or associated desarelative to an appropriate matched
subject of comparable age, gender, rate). Thus, in various embodiments, a method provided
herein for, for example, preventing or treatinggaaer, tumor or associated disorder includes
contacting or administering one or more peptidesiged hereind.g., a variant or fusion of
FGF19 and/or FGF21 as set forth in the Sequendmdiisr Table 1) in an amount effective to
prevent or treat a cancer, tumor or associateddabso In certain embodiments the method
further comprises contacting or administering asteone additional therapeutic agent or
treatment modality that is useful in the treatm@mprevention of a cancer, tumor or associated
disorder é.g., PBC).

[00347] The term “subject” refers to an animal. Typicatlye animal is a mammal that would
benefit from treatment with a peptide sequenceideal’herein. Particular examples include
primates €.g., humans), dogs, cats, horses, cows, pigs, angshee

[00348] Subjects include those having a disore@dy., a cancer, tumor or associated disorder;

or subjects that do not have a disorder but magt sk of developing the disorder.
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[00349] Non-limiting exemplary disorders or conditions peatable, treatable or manageable
with the peptide formulations, methods and useetifgrovided herein, include cancer, tumors
and associated diseases and disorders. Non lgr@kamples of diseases and disorders include:
[00350] In certain embodiments, the cancer or tumor isl@actumor or a hepatic tumor.
[00351] Treatment of a cancer, tumor or associated disandgrhave the benefit of

alleviating or abolishing a disorder secondaryéter By way of example, a subject suffering
from a cancer or tumor may also have depressiamxety due to the cancer or tumor; thus,
treating the subject’s cancer or tumor may alsaéotly treat the depression or anxiety. The
use of the therapies disclosed herein to targdt secondary disorders is also contemplated in
certain embodiments.

[00352] Subjects at risk of developing a cancer, tumorsspaiated disorder (such as the
disorders described above) include, for examptesetwho may have a family history or genetic
predisposition toward such disorder, as well thekese diet may contribute to development of
such disorders.

[00353] In some embodiments, the cancer or tumor is a,loaon, prostate or lung cancer or
tumor. In some embodiments, the cancer or tumbemsgn. In other embodiments, the cancer
or tumor is malignant.

[00354] In certain embodiments, the subject has or iss&taf developing a FGF19-
dependent disease, disorder or condition. In semgodiments, the FGF19-dependent disease,
disorder or condition is a liver (hepatocellulaigehse, disorder or condition, such as cirrhosis or
cholestasis. In some embodiments, the liver diseadesorder is a chronic liver disease or
disorder. In some embodiments, the FGF19-depernttisedse, disorder or condition is cancer or
tumor, such as HCC. In other embodiments, the PG&tependent disease, disorder or condition
is not a liver disease, disorder or condition, sagltirrhosis or cholestasis. In some
embodiments, the FGF19-dependent disease, dismrdendition is not a cancer or tumor, such
as HCC. In some embodiments, the FGF19-dependssdse, disorder or condition is a colon
cancer or tumor. In certain embodiments, the coborcer or tumor is a colon adenocarcinoma.
In some embodiments, the FGF19-dependent diseigseger or condition is a prostate cancer
or tumor. In yet other embodiments, the FGF19-ddpent disease, disorder or condition is a
lung cancer or tumor. In certain embodiments, timg lcancer or tumor is a lung squamous cell

carcinoma. In some embodiments, FGF19 is expildase primary or metastatic cancer or
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tumor cell. In certain embodiments, the FGF19-ddpahdisease, disorder or condition is pre-
cancerous. For example, cirrhosis and cholessasietimes to lead to liver cancers, such as
HCC, and methods of treating or preventing sucérldiseases and disorders are contemplated.
In certain embodiments, the subject is a subjenerd of prevention or treatment thereof. In
some embodiments, administration of the FGF19 maraintains bile acid homeostasis in the
subject.

[00355] Also provided herein is a method of treating a eame tumor, such as a FGF19-
dependent cancer or tumor, or a symptom thereeaf simbject, comprising administering to the
subject a therapeutically effective amount of a E&fariant. In certain embodiments, the
administration results in an improvement in thecegntumor or symptom thereof in the subject.
In some embodiments, the method results in a remuict tumor number, tumor size, or tumor
weight. Also provided herein is a method of preirena cancer or tumor, such as a FGF19-
dependent cancer or tumor, or a symptom thereeaf simbject, comprising administering to the
subject a therapeutically effective amount of a E&fariant. In some embodiments, the
administration results in prevention of the cant@mor, or symptom thereof in the subject. In
some embodiments, the method results in a reduictioomor number, tumor size, or tumor
weight. In a specific embodiment, the cancer orduim a FGF19-dependent cancer or tumor. In
certain embodiments, the cancer or tumor is hepltdar carcinoma. In some embodiments,
the cancer or tumor is not hepatocellular carcindmane embodiment, the cancer or tumor is a
colon cancer or tumor. In some embodiments, thearaor tumor is a prostate cancer or tumor.
In certain embodiments, the cancer or tumor isg kkancer or tumor. In certain embodiments,
the FGF19 variant is a polypeptide comprising aimaracid sequence set forth in SEQ ID
NO:70. In some embodiments, the FGF19 variantslgpeptide consisting of an amino acid
sequence set forth in SEQ ID NO:70. In certain eithents, the subject is a subject in need
thereof.

[00356] As disclosed herein, treatment methods includeamtiniy or administering a peptide
as set forth hereire@., a variant or fusion of FGF19 and/or FGF21 ada#h in the Sequence
Listing or Table 1) in an amount effective to aslei@ desired outcome or result in a subject. A
treatment that results in a desired outcome oltrasiiudes decreasing, reducing or preventing
the severity or frequency of one or more symptofite@condition in the subjeat,g., an

improvement in the subject’s condition or a “beai effect” or “therapeutic effect.”
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Therefore, treatment can decrease or reduce oeptréve severity or frequency of one or more
symptoms of the disorder, stabilize or inhibit pesgion or worsening of the disorder, and in
some instances, reverse the disorder, transiemgly for 1-6, 6-12, or 12-24 hours), for medium
term @.g., 1-6, 6-12, 12-24 or 24-48 days) or long teen.( for 1-6, 6-12, 12-24, 24-48 weeks,
or greater than 24-48 weeks). Thus, in the casecaihcer, tumor or associated disorder,
treatment can lower or reduce one or more symptoreffects of the cancer, tumor or
associated disorders described above.

[00357] In certain embodiments, the various methods pravideein further include
contacting or administering one or more additiag#nts or therapeutic modalities useful in the
treatment or prevention of a cancer, tumor or dasedt disorder, such as those agents or
therapeutic modalities described herein, in an arhefiective to achieve a desired outcome or
result in a subject.

[00358] An “effective amount” or a “sufficient amount” farse and/or for treating a subject
refers to an amount that provides, in single ortiplel doses, alone, or in combination with one
or more other agents, treatments, protocols, safieitic regimens, a detectable response of any
duration of time (transient, medium or long termyjesired outcome in or an objective or
subjective benefit to a subject of any measurabtietectable degree or for any duration of time
(e.g., for hours, days, months, years, in remissioruoed). Such amounts typically are effective
to ameliorate a disorder, or one, multiple or diferse symptoms, consequences or
complications of the disorder, to a measurablergxsdthough reducing or inhibiting a
progression or worsening of the disorder, is cargd a satisfactory outcome.

[00359] As used herein, the term “ameliorate” means anawgment in the subject’s
disorder, a reduction in the severity of the disoydr an inhibition of progression or worsening
of the disorderdg., stabilizing the disorder). In the case of a eantumor or associated
disorder such as those described above, an impevaran be a lowering or a reduction in one
or more symptoms or effects of the disorder.

[00360] A therapeutic benefit or improvement therefore neettbe complete ablation of any
one, most or all symptoms, complications, consegegor underlying causes associated with
the disorder or disease. Thus, a satisfactory@nts achieved when there is a transient,
medium or long term, incremental improvement inujsct’s condition, or a partial reduction in

the occurrence, frequency, severity, progressiodugation, or inhibition or reversal, of one or
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more associated adverse symptoms or complicatioognsequences or underlying causes,
worsening or progressior.., stabilizing one or more symptoms or complicatiohthe

condition, disorder or disease), of the disordetdisease, over a duration of time (hours, days,
weeks, monthstc.).

[00361] Thus, in the case of a disorder treatable by agepequence provided herein, either
alone or in combination with an additional agehg amount of the peptide (and optionally the
additional agent )sufficient to ameliorate a disordill depend on the type, severity and extent,
or duration of the disorder, the therapeutic efteadutcome desired, and can be readily
ascertained by the skilled artisan. Appropriat@ants will also depend upon the individual
subject €.g., the bioavailability within the subject, gendegegetc.). For example, a transient,

or partial, restoration of normal bile acid homesst in a subject can reduce the dosage amount
or frequency of the peptides and agents describesirhin order to treat the cancer, tumor or
associated disorders described previously evergthoomplete freedom from treatment has not
resulted. An effective amount can be ascertained, for exanipyléneasuring one or more
relevant physiological effects.

[00362] Methods and uses provided herein for treating gestiare applicable for prophylaxis
to prevent or reduce the likelihood of a disoraea isubject, such as a cancer, tumor or
associated disorder. Accordingly, methods and pemsded herein for treating a subject
having, or at risk of developing, a cancer, tumoassociated disorder can be practiced prior to,
substantially contemporaneously with, or followamministration or application of another
agent useful for the treatment or prevention cdrcer, tumor or associated disorder, and/or can
be supplemented with other forms of therapy. Serpphtary therapies include other glucose
lowering treatments, such as insulin, an insulimsga/ity enhancer and other drug treatments, a
change in diet (low sugar, fattc.), weight loss surgery- (reducing stomach volumegastric
bypass, gastrectomy), gastric banding, gastrioballgastric sleeveic. For example, a

method or use provided herein for treating a hylyeggnic or insulin resistance disorder can be
used in combination with drugs or other pharmacautompositions that lower glucose or
increase insulin sensitivity in a subject.

[00363] In one embodiment, a method or use includes contpot administering to a subject
one or more variant or fusion FGF19 and/or FGF2Zitide sequences in an amount effective for

preventing a cancer, tumor or associated disorthleone embodiment, a method or use includes

149



contacting or administering to a subject one oren@riant or fusion FGF19 and/or FGF21
peptide sequences in an amount effective for trgaticancer, tumor or associated disorder. In
one embodiment, a method or use includes contactiagministering to a subject one or more
variant or fusion FGF19 and/or FGF21 peptide seceeim an amount effective for managing a
cancer, tumor or associated disorder.

5.7  Nucleic Acid Molecules
[00364] Also provided are nucleic acid molecules encodiegtiole sequences provided
herein, including subsequences, sequence variadtsadified forms of the sequences listed in
the Sequence Listing (and in PCT Pub. No. WO 20&186 and US Pub. No. 2013/0023474,
as well as PCT Publ. No. WO 2014/085365) or Tabkndl vectors that include nucleic acid
encoding the peptides used in the methods desdnéxeih. Accordingly, “nucleic acids”
include those that encode the exemplified peptdgiences disclosed herein, as well as those
encoding functional subsequences, sequence vaaadtsodified forms of the exemplified
peptide sequences, so long as the foregoing raté@ast detectable or measureable activity or
function useful in the treatment or prevention diila acid-related or associated disoradeg.(
PBC).
[00365] Nucleic acid, which can also be referred to heasim gene, polynucleotide,
nucleotide sequence, primer, oligonucleotide obproefers to natural or modified purine- and
pyrimidine-containing polymers of any length, eitpelyribonucleotides or
polydeoxyribonucleotides or mixed polyribo-polydgako nucleotides and-anomeric forms
thereof. The two or more purine- and pyrimidineiaaning polymers are typically linked by a
phosphoester bond or analog thereof. The termbearsed interchangeably to refer to all forms
of nucleic acid, including deoxyribonucleic acidNB) and ribonucleic acid (RNA). The
nucleic acids can be single strand, double, oletxidinear or circular. Nucleic acids include
genomic DNA and cDNA. RNA nucleic acid can be sptdi or unspliced mRNA, rRNA, tRNA
or antisense. Nucleic acids include naturally ogog, synthetic, as well as nucleotide analogs
and derivatives.
[00366] As a result of the degeneracy of the genetic cihdenucleic acid molecules provided
herein include sequences degenerate with respacicteic acid molecules encoding the peptide
sequences useful in the methods provided herdins,Tdegenerate nucleic acid sequences

encoding peptide sequences, including subsequerar@snts and modified forms of the peptide
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sequences exemplified heregxy, in the Sequence Listing or Table 1), are provid€de term
“‘complementary,” when used in reference to a nu@deid sequence, means the referenced
regions are 100% complementairg,, exhibit 100% base pairing with no mismatches.

[00367] Nucleic acid can be produced using any of a vanéinown standard cloning and
chemical synthesis methods, and can be alteredtiotally by site-directed mutagenesis or
other recombinant techniques known to one skilhetthé art. Purity of polynucleotides can be
determined through, for example, sequencing, getelphoresis, and UV spectrometry.
[00368] Nucleic acids may be inserted into a nucleic aoistruct in which expression of the
nucleic acid is influenced or regulated by an “@gsion control element,” referred to herein as
an “expression cassette.” The term “expressiotrobelement” refers to one or more nucleic
acid sequence elements that regulate or influexygeession of a nucleic acid sequence to which
it is operatively linked. An expression contraémlent can include, as appropriate, promoters,
enhancers, transcription terminators, gene silsneestart codore@., ATG) in front of a
protein-encoding geneic.

[00369] An expression control element operatively linkeé toucleic acid sequence controls
transcription and, as appropriate, translatiorhefriucleic acid sequence. The term “operatively
linked” refers to a juxtaposition wherein the refgced components are in a relationship
permitting them to function in their intended mann@&ypically, expression control elements are
juxtaposed at the 5’ or the 3’ ends of the gené<én also be intronic.

[00370] Expression control elements include elements tttatede transcription

constitutively, that are inducible.€,, require an external signal or stimuli for actiga), or
derepressiblé €., require a signal to turn transcription off; whee signal is no longer present,
transcription is activated or “derepressed”). Alsduded in the expression cassettes provided
herein are control elements sufficient to renderegexpression controllable for specific cell
types or tissues.g., tissue-specific control elements). Typicallyclselements are located
upstream or downstreamg, 5’ or 3’) of the coding sequence. Promotersganmeerally

positioned 5’ of the coding sequence. Promotamjuyred by recombinant DNA or synthetic
techniques, can be used to provide for transcrnipgicthe polynucleotides provided herein. A
“promoter” typically means a minimal sequence elenseifficient to direct transcription.

[00371] Nucleic acids may be inserted into a plasmid fansformation into a host cell and

for subsequent expression and/or genetic manipualath plasmid is a nucleic acid that can be
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stably propagated in a host cell; plasmids mayoolly contain expression control elements in
order to drive expression of the nucleic acid. u&ed herein, a vector is synonymous with a
plasmid. Plasmids and vectors generally contaieastt an origin of replication for propagation
in a cell and a promoter. Plasmids and vectors atsyinclude an expression control element
for expression in a host cell, and are therefoefuligor expression and/or genetic manipulation
of nucleic acids encoding peptide sequences, esipgepeptide sequences in host cells and
organisms, or producing peptide sequences, for pkeam

[00372] As used herein, the term “transgene” means a polgotide that has been introduced
into a cell or organism by artifice. For exampiea cell having a transgene, the transgene has
been introduced by genetic manipulation or “transfation” of the cell. A cell or progeny
thereof into which the transgene has been intradligceeferred to as a “transformed cell” or
“transformant.” Typically, the transgene is inchadin progeny of the transformant or becomes a
part of the organism that develops from the cétansgenes may be inserted into the
chromosomal DNA or maintained as a self-replicaptagsmid, YAC, minichromosome, or the
like.

[00373] Bacterial system promoters include T7 and indugiibemoters such as pL of
bacteriophage, plac, ptrp, ptac (ptrp-lac hybrid promoter) aattdcycline-responsive
promoters. Insect cell system promoters includesttutive or inducible promoters.g.,
ecdysone). Mammalian cell constitutive promotacdude SV40, RSV, bovine papilloma virus
(BPV) and other virus promoters, or inducible préens derived from the genome of
mammalian cellsgg., metallothionein IlA promoter; heat shock promptarfrom mammalian
viruses €.g., the adenovirus late promoter; the inducible maouaenmary tumor virus long
terminal repeat). Alternatively, a retroviral gem® can be genetically modified for introducing
and directing expression of a peptide sequencpprogriate host cells.

[00374] As methods and uses provided herein incimdévo delivery, expression systems
further include vectors designed forvivo use. Particular non-limiting examples include
adenoviral vectors (U.S. Patent Nos. 5,700,4705n8l1,172), adeno-associated vectors (U.S.
Patent No. 5,604,090), herpes simplex virus vedtdrS. Patent No. 5,501,979), retroviral
vectors (U.S. Patent Nos. 5,624,820, 5,693,508%at,703), BPV vectors (U.S. Patent No.
5,719,054), CMV vectors (U.S. Patent No. 5,561,@68) parvovirus, rotavirus, Norwalk virus

and lentiviral vectors (seeg., U.S. Patent No. 6,013,516). Vectors includeditbat deliver
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genes to cells of the intestinal tract, including stem cells (Croylet al., Gene Ther. 5:645
(1998); S.J. Henning, Adv. Drug Deliv. Rev. 17:349297), U.S. Patent Nos. 5,821,235 and
6,110,456). Many of these vectors have been apdrtor human studies.

[00375] Yeast vectors include constitutive and induciblenpoters (sees.g., Ausubelet al.,

In: Current Protocols in Molecular Biology, Vol. h. 13, ed., Greene Publish. Assoc. & Wiley
Interscience, 1988; Grasatal. Methods in Enzymology, 153:516 (1987), eds. Wu &$5man;
Bitter Methods in Enzymology, 152:673 (1987), éBlstger & Kimmel, Acad. Press, N.Y.; and,
Stratherret al., The Molecular Biology of the Yeast Saccharomyd€82) eds. Cold Spring
Harbor Press, Vols. | and II). A constitutive yigaomoter such as ADH or LEU2 or an
inducible promoter such as GAL may be used (R. &eth In:_ DNA Cloning, A Practical
Approach, Vol.11, Ch. 3, ed. D.M. Glover, IRL Pred#ash., D.C., 1986). Vectors that

facilitate integration of foreign nucleic acid segges into a yeast chromosome, via homologous

recombination for example, are known in the areast artificial chromosomes (YAC) are
typically used when the inserted polynucleotidestao large for more conventional vectors
(e.g., greater than about 12 Kb).

[00376] Expression vectors also can contain a selectablkemeonferring resistance to a
selective pressure or identifiable markeg. beta-galactosidase), thereby allowing cells hgvin
the vector to be selected for, grown and expanddtrnatively, a selectable marker can be on a
second vector that is co-transfected into a hdbwith a first vector containing a nucleic acid
encoding a peptide sequence. Selection systertuglédut are not limited to, herpes simplex
virus thymidine kinase gene (Wigletrral., Cell 11:223 (1977)), hypoxanthine-guanine
phosphoribosyltransferase gene (Szybaésled., Proc. Natl. Acad. Sci. USA 48:2026 (1962)),
and adenine phosphoribosyltransferase (Leingt., Cell 22:817 (1980)) genes that can be
employed in tk-, hgpstor aprt cells, respectively. Additionally, antimetabolisistance can be
used as the basis of selection for dhfr, which emnfesistance to methotrexate (O'Hetral.,
Proc. Natl. Acad. Sci. USA 78:1527 (1981)); the gge, which confers resistance to
mycophenolic acid (Mulligaet al., Proc. Natl. Acad. Sci. USA 78:2072 (1981)); necmy
gene, which confers resistance to aminoglycosidd &{Colberre-Garapid al., J. Mol. Biol.
150:1(1981)); puromycin; and hygromycin gene, whdohfers resistance to hygromycin
(Santerreet al., Gene 30:147 (1984)). Additional selectable geneside trpB, which allows

cells to utilize indole in place of tryptophan; biswhich allows cells to utilize histinol in place
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of histidine (Hartmaret al., Proc. Natl. Acad. Sci. USA 85:8047 (1988)); arld@(ornithine
decarboxylase), which confers resistance to thehame decarboxylase inhibitor, 2-

(difluoromethyl)-DL-ornithine, DFMO (McConlogue (89) In: Current Communications in

Molecular Biology, Cold Spring Harbor Laboratory).
5.8 Cell Lines and Animal Models
[00377] In certain embodiments, also provided is a tramséal cell(s) i vitro, ex vivo andin

vivo) and host cells that produce a variant or fusioR@F19 and/or FGF21 as set forth herein,
where expression of the variant or fusion of FGRA8/or FGF21 is conferred by a nucleic acid
encoding the variant or fusion of FGF19 and/or FGF&s used herein, a “transformed” or
“host” cell is a cell into which a nucleic acidirgroduced that can be propagated and/or
transcribed for expression of an encoded peptigeesece. The term also includes any progeny
or subclones of the host cell. Transformed and telts that express peptide sequences
provided herein typically include a nucleic acidttencodes the peptide sequence. In one
embodiment, a transformed or host cell is a prakaycell. In another embodiment, a
transformed or host cell is a eukaryotic cell.vémious aspects, the eukaryotic cell is a yeast or
mammalian €.g., human, primatestc.) cell.

[00378] Transformed and host cells include but are nottéichto microorganisms such as
bacteria and yeast; and plant, insect and mammedilsn For example, bacteria transformed
with recombinant bacteriophage nucleic acid, plasmicleic acid or cosmid nucleic acid
expression vectors; yeast transformed with recoamtigeast expression vectors; plant cell
systems infected with recombinant virus expressextors €.g., cauliflower mosaic virus,

CaMV; tobacco mosaic virus, TMV) or transformedtwiécombinant plasmid expression
vectors €é.g., Ti plasmid); insect cell systems infected witbambinant virus expression vectors
(e.g., baculovirus); and animal cell systems infectethwecombinant virus expression vectors
(e.g., retroviruses, adenovirus, vaccinia virus), onsfarmed animal cell systems engineered for
transient or stable propagation or expression.

[00379] For gene therapy uses and methods, a transforniethnée in a subject. A cellin a
subject can be transformed with a nucleic acid ¢énabdes a peptide sequence as set forth herein
invivo. Alternatively, a cell can be transformiedvitro with a transgene or polynucleotide, and
then transplanted into a tissue of subject in otdeffect treatment. Alternatively, a primary

cell isolate or an established cell line can besfarmed with a transgene or polynucleotide that
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encodes a variant of FGF19 and/or FGF21 or a fidiimeric sequence (or variant) thereof,
such as a chimeric peptide sequence including @alportion of FGF19, or including all or a
portion of FGF21, and then optionally transplarited a tissue of a subject.

[00380] Non-limiting target cells for expression of peptgEguences, particularly for
expressionn vivo, include pancreas cells (islet cells), musclescaliucosal cells and endocrine
cells. Such endocrine cells can provide indugisteluction (secretion) of a variant of FGF19
and/or FGF21, or a fusion/chimeric sequence (aemgrthereof, such as a chimeric peptide
sequence including all or a portion of FGF19, atuding all or a portion of FGF21. Additional
cells to transform include stem cells or other ipolent or pluripotent cells, for example,
progenitor cells that differentiate into the vasquancreas cells (islet cells), muscle cells,
mucosal cells and endocrine cells. Targeting stelts provides longer term expression of
peptide sequences provided herein.

[00381] As used herein, the term “cultured,” when usedefenence to a cell, means that the
cell is growninvitro. A particular example of such a cell is a callaged from a subject, and
grown or adapted for growth in tissue culture. theo example is a cell genetically manipulated
invitro, and transplanted back into the same or a diffexaiject.

[00382] The term “isolated,” when used in reference tola oeans a cell that is separated
from its naturally occurringn vivo environment. “Cultured” and “isolated” cells miag
manipulated by the hand of man, such as genetitraligformed. These terms include any
progeny of the cells, including progeny cells thmaty not be identical to the parental cell due to
mutations that occur during cell division. Thenerdo not include an entire human being.
[00383] Nucleic acids encoding peptide sequences providegirhcan be introduced for
stable expression into cells of a whole organi§uach organisms, including non-human
transgenic animals, are useful for studying theafbf peptide expression in a whole animal and
therapeutic benefit. For example, as disclosedihgproduction of a variant of FGF19 and/or
FGF21 or a fusion/chimeric sequence (or variargjdabf, such as a chimeric peptide sequence
including all or a portion of FGF19, or includinly er a portion of FGF21 as set forth herein, in
mice.

[00384] Mice strains that develop or are susceptible teebigng a particular diseased.,
diabetes, degenerative disorders, carate, are also useful for introducing therapeutic prete

as described herein in order to study the effeth@fapeutic protein expression in the disease-
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susceptible mouse. Transgenic and genetic anirdéls that are susceptible to particular
disease or physiological conditions, such as sigepocin (STZ)-induced diabetic (STZ) mice,
are appropriate targets for expressing varianiEG#19 and/or FGF21, fusions/chimeric
sequences (or variant) thereof, such as a chirpeptide sequence including all or a portion of
FGF19, or including all or a portion of FGF21, asferth herein. Thus, in certain
embodiments, there are provided non-human transgemmals that produce a variant of FGF19
and/or FGF21, or a fusion/chimeric sequence (aamgrthereof, such as a chimeric peptide
sequence including all or a portion of FGF19, atuding all or a portion of FGF21, the
production of which is not naturally occurring metanimal which is conferred by a transgene
present in somatic or germ cells of the animal.

[00385] The term “transgenic animal” refers to an animabsdsomatic or germ line cells
bear genetic information received, directly or nedily, by deliberate genetic manipulation at the
subcellular level, such as by microinjection oertfon with recombinant virus. The term
“transgenic” further includes cells or tissues.( “transgenic cell,” “transgenic tissue”) obtained
from a transgenic animal genetically manipulatedescribed herein. In the present context, a
“transgenic animal” does not encompass animalsymexdi by classical crossbreedingrovitro
fertilization, but rather denotes animals in whaste or more cells receive a nucleic acid
molecule. Transgenic animals provided herein @aither heterozygous or homozygous with
respect to the transgene. Methods for producergstgenic animals, including mice, sheep, pigs
and frogs, are well known in the art (seg,, U.S. Patent Nos. 5,721,367, 5,695,977, 5,650,298,
and 5,614,396) and, as such, are additionally dezdu

[00386] Peptide sequences, nucleic acids encoding pepgleeaces, vectors and
transformed host cells expressing peptide sequenclesie isolated and purified forms. The
term “isolated,” when used as a modifier of a cosipan provided herein, means that the
composition is separated, substantially, complet#iyat least in part, from one or more
components in an environment. Generally, compwsstihat exist in nature, when isolated, are
substantially free of one or more materials withalitthey normally associate with in nature, for
example, one or more protein, nucleic acid, lig@hibohydrate or cell membrane. The term
“isolated” does not exclude alternative physicaihfs of the composition, such as variants,
modifications or derivatized forms, fusions andneiras, multimers/oligomersic., or forms

expressed in host cells. The term “isolated” alges not exclude forme.§., pharmaceutical

156



compositions, combination compositioes;.) in which there are combinations therein, any one
of which is produced by the hand of man. An “isetd composition can also be “purified”

when free of some, a substantial number of, or mioatl of one or more other materials, such as
a contaminant or an undesired substance or material

[00387] As used herein, the term “recombinant,” when used modifier of peptide
sequences, nucleic acids encoding peptide sequetcemeans that the compositions have
been manipulated.é., engineered) in a fashion that generally doeoootrr in naturegg., in
vitro). A particular example of a recombinant pegtwould be where a peptide sequence
provided herein is expressed by a cell transfesiida nucleic acid encoding the peptide
sequence. A particular example of a recombinaaleiiacid would be a nucleic acied.,
genomic or cDNA) encoding a peptide sequence clamed plasmid, with or without 5’, 3’ or
intron regions that the gene is normally contigueitkin the genome of the organism. Another
example of a recombinant peptide or nucleic acalhgbrid or fusion sequence, such as a
chimeric peptide sequence comprising a portion@®FE and a portion of FGF21.

[00388] In accordance with the methods provided hereingthee provided compositions and
mixtures of peptide sequences provided hereinudicf subsequences, variants and modified
forms of the exemplified peptide sequences (incgdhe FGF19 and FGF21 variants and
subsequences listed in Table 1 and the Sequeniieg,.iand the FGF19/FGF21 fusions and
chimeras listed in Table 1 and the Sequence Listingone embodiment, a mixture includes
one or more peptide sequences and a pharmaceutcakptable carrier or excipient. In
another embodiment, a mixture includes one or mepide sequences and an adjunct drug or
therapeutic agent, such as a bile acid homeostaxisilating or anti-diabetic, or glucose
lowering, drug or therapeutic agent. Combinati@ugh as one or more peptide sequences in a
pharmaceutically acceptable carrier or excipieritty wne or more of a bile acid homeostasis
modulating or a treatment for a bile acid-relatedssociated disorder, or anti-diabetic, or
glucose lowering drug or therapeutic agent are gievided. Such combinations of a peptide
sequence provided herein with another drug or agech as a bile acid homeostasis modulating
or acid related disorder treating, or glucose lomgedrug or therapeutic agent, for example are
useful in accordance with the methods and usesged\herein, for example, for treatment of a

subject.
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[00389] Combinations also include incorporation of pepsdguences or nucleic acids
provided herein into particles or a polymeric sahses, such as polyesters, carbohydrates,
polyamine acids, hydrogel, polyvinyl pyrrolidon¢hyene-vinylacetate, methylcellulose,
carboxymethylcellulose, protamine sulfate, or detglycolide copolymers,
polylactide/glycolide copolymers, or ethylenevirggtate copolymers; entrapment in
microcapsules prepared by coacervation techniqubg imterfacial polymerization, for
example, by the use of hydroxymethylcellulose datygmicrocapsules, or poly
(methylmethacrolate) microcapsules, respectivelgpiporation in colloid drug delivery and
dispersion systems such as macromolecule compleans;capsules, microspheres, beads, and
lipid-based system®(., N-fatty acyl groups such as N-lauroyl, N-oledgkty amines such as
dodecyl amine, oleoyl aminetc., see US Patent No. 6,638,513), including oil-iztay
emulsions, micelles, mixed micelles, and liposorf@sexample.
[00390] The peptides provided herein including subsequemegmnts and modified forms of
the exemplified peptide sequences (including th& FBGand FGF21 variants and subsequences
listed in Table 1 and the Sequence Listing, andBE19/FGF21 fusions and chimeras listed in
Table 1 and the Sequence Listing) as set forthitnees be used to modulate glucose
metabolism and facilitate transport of glucose fittwn blood to key metabolic organs such as
muscle, liver and fat. Such peptide sequencebegroduced in amounts sufficient or effective
to restore glucose tolerance and/or to improverovige normal glucose homeostasis.

59 Kits
[00391] Also provided herein are kits including, but notied to, peptide sequences
provided herein and/or one or more additional agéortthe treatment of a disease, disorder or
condition, or a composition comprising the foregpiand one or more pharmaceutically
acceptable or physiologically acceptable diluecastiers or excipients, optionally in further
combination with one or more therapeutic agentsndisfrom those described above,
compositions and pharmaceutical compositions thiepaekaged into suitable packaging
material. A kit may include a label or packagingert including a description of the
components or instructions for usevitro, in vivo, orex vivo, of the components therein.
Exemplary instructions include instructions foratiraent and/or prevention of a disease or

disorder. In one embodiment, the disease or disasch bile acid-related or associated disorder
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provided herein. In another embodiment, the deseaslisorder is a metabolic disorder or
associated condition. In yet another embodiméetdisease or disorder is a cancer or tumor.
[00392] The term “packaging material” refers to a phys&talicture housing the components
of the kit. The packaging material can maintam¢bmponents sterilely, and can be made of
material commonly used for such purposeg.(paper, corrugated fiber, glass, plastic, foil,
ampules, vials, tubestc.).

[00393] Kits provided herein can include labels or insettabels or inserts include “printed
matter,”e.g., paper or cardboard, separate or affixed to a ook, a kit or packing material
(e.g., a box), or attached to, for example, an ampulg or vial containing a kit component.
Labels or inserts can additionally include a coreputadable medium, such as a desl.{ hard
disk, card, memory disk), optical disk such as GEOBVD-ROM/RAM, DVD, MP3, magnetic
tape, or an electrical storage media such as RAWRDM or hybrids of these such as
magnetic/optical storage media, FLASH media or mgrntype cards. In some embodiments,
the instructions recite a method provided herein.

[00394] Labels or inserts can include, among other thiitgstifying information of one or
more components therein, dosing parameters, amdéwmation on the clinical pharmacology of
the active ingredient(s), including mechanism dice; pharmacokinetics and
pharmacodynamics. Labels or inserts can inclufiermation identifying manufacturer
information, lot numbers, manufacturer location date.

[00395] Labels or inserts can include information on a conl disorder, disease or
symptom for which a kit component may be used. elsbr inserts can include instructions for
the clinician or for a subject for using one or mof the kit components in a method, treatment
protocol or therapeutic regimen. Instructions cenude dosage amounts, frequency or
duration, and instructions for practicing any o thethods, treatment protocols or therapeutic
regimens set forth herein. Exemplary instructioredude instructions for treatment or use of a
peptide sequence as set forth herein and/or thefusseadditional agent or treatment modality
useful in treating a bile acid-related or assodatisorder, or a disorder of bile acid homeostasis.
Kits provided herein therefore can additionallyliate labels or instructions for practicing any of
the methods and uses provided herein, includiragrtirent methods and uses.

[00396] Labels or inserts can include information on anydfie that a component may

provide, such as a prophylactic or therapeutic fienkeabels or inserts can include information
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on potential adverse side effects, such as warnotse subject or clinician regarding situations
where it would not be appropriate to use a paricobmposition. Adverse effects could also
occur when the subject has, will be, or is cursetgtking one or more other medications that
may be incompatible with the composition, or thbjsat has, will be, or is currently undergoing
another treatment protocol or therapeutic regimbiclivwould be incompatible with the
composition and, therefore, instructions couldude information regarding such
incompatibilities.

[00397] Kits provided herein can additionally include otbemponents. Each component of
the kit can be enclosed within an individual com¢aiand all of the various containers can be
within a single package. In certain embodimerits,d&e designed for cold storage. Kits
provided herein can further be designed to corgaptide sequences provided herein, or that
contain nucleic acids encoding peptide sequeniés.provided herein can also be designed to
contain, either separately or in combination wite peptide sequences provided herein, one or
more additional agents useful in the treatmentevgntion of a disease or disorder provided
herein. Any cells in the kit can be maintained emappropriate storage conditions until ready to
use.

[00398] Unless otherwise defined, all technical and sdiertierms used herein have the same
meaning as commonly understood by one of ordinkitlyis the art to which this invention
belongs. Although methods and materials similagqurivalent to those described herein can be
used in the practice or testing of the inventiamtable methods and materials are described
herein.

[00399] In case of conflict, the specification, includinefigitions, will control. As used

LIS

herein and in the appended claims, the singulanddia,” “an,” and “the” include plural

referents unless the context clearly dictates wtiser Thus, for example, reference to “a peptide
sequence” or “a treatment,” includes a pluralityso€h sequences, treatments, and so forth. It is
further noted that the claims can be drafted tduebecany optional element. As such, this
statement is intended to serve as antecedentfbasise of such exclusive terminology such as
“solely,” “only” and the like in connection with érecitation of claim elements, or use of a
“negative” limitation.

[00400] Where a range of values is provided, it is undexstbat each intervening value, to

the tenth of the unit of the lower limit unless ttentext clearly dictates otherwise, between the
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upper and lower limit of that range and any othatesl or intervening value in that stated range,
is encompassed within the invention. The upperlawdr limits of these smaller ranges can
independently be included in the smaller ranged,aa@ also encompassed within the invention,
subject to any specifically excluded limit in thtated range. Where the stated range includes
one or both of the limits, ranges excluding eithieboth of those included limits are also
included in the invention.

[00401] As used herein, numerical values are often predenta range format throughout

this document. The use of a range format is mdoglgonvenience and brevity and should not
be construed as an inflexible limitation on thepsrof the invention unless the context clearly
indicates otherwise. Accordingly, the use of geaxpressly includes all possible subranges,
all individual numerical values within that ranged all numerical values or numerical ranges
including integers within such ranges and fractiohthe values or the integers within ranges,
unless the context clearly indicates otherwiseis Thnstruction applies regardless of the breadth
of the range and in all contexts throughout thiepedocument. Thus, for example, reference to
a range of 90-100% includes 91-99%, 92-98%, 93-3BP48%, 91-97%, 91-96%, 91-95%, 91-
94%, 91-93%, and so forth. Reference to a ran@®-df00% also includes 91%, 92%, 93%,
94%, 95%, 96%, 97%ic., as well as 91.1%, 91.2%, 91.3%, 91.4%, 91.&%0,92.1%, 92.2%,
92.3%, 92.4%, 92.5%jc., and so forth. In addition, reference to a ranige-8, 3-5, 5-10, 10-

20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-80, 80980100, 100-110, 110-120, 120-130, 130-
140, 140-150, 150-160, 160-170, 170-180, 180-190;200, 200-225, 225-250 includes 1, 2, 3,
4,5,6,7,8,9,10,11,12, 13, 14, 15, 16, B71D, 20¢tc. In a further example, reference to a
range of 25-250, 250-500, 500-1000, 1000-2500, Z&WD, 5000-25,000, or 5000-50,000
includes any numerical value or range within or@npassing such valuesg., 25, 26, 27, 28,
29...250, 251, 252, 253, 254....500, 501, 502, 503,.5C#c. The use of a series of ranges
includes combinations of the upper and lower ranggsovide another range. This construction
applies regardless of the breadth of the rangaraalli contexts throughout this patent document.
Thus, for example, reference to a series of raagel as 5-10, 10-20, 20-30, 30-40, 40-50, 50-
75, 75-100, 100-150, includes ranges such as 5-20, 5-40, 5-50, 5-75, 5-100, 5-150, and 10-
30, 10-40, 10-50, 10-75, 10-100, 10-150, and 280, 20-75, 20-100, 20-150, and so forth.
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[00402] For the sake of conciseness, certain abbreviaiomsised herein. One example is
the single letter abbreviation to represent amuid eesidues. The amino acids and their

corresponding three letter and single letter abbtens are as follows:

alanine Ala (A)
arginine Arg (R)
asparagine Asn (N)
aspartic acid Asp (D)
cysteine Cys ©)
glutamic acid Glu (E)
glutamine GIn (Q)
glycine Gly (G)
histidine His (H)
isoleucine lle ()
leucine Leu (L)
lysine Lys (K)
methionine Met (M)
phenylalanine Phe (F
proline Pro P)
serine Ser (S)
threonine Thr (M)
tryptophan Trp (W)
tyrosine Tyr YY)
valine Val V)

[00403] The invention is generally disclosed herein usiffignaative language to describe the
numerous embodiments. The invention also spetiificecludes embodiments in which
particular subject matter is excluded, in full ompiart, such as substances or materials, method
steps and conditions, protocols, procedures, assagsalysis. Thus, even though the invention
is generally not expressed herein in terms of wmainvention does not include, aspects that are
not expressly included in the invention are newaess disclosed herein.

[00404] Particular embodiments of this invention are désttiherein, including the best

mode known to the inventors for carrying out theemtion. Upon reading the foregoing
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description, variations of the disclosed embodirm@may become apparent to individuals
working in the art, and it is expected that thdsbesl artisans may employ such variations as
appropriate. Accordingly, it is intended that theention be practiced otherwise than as
specifically described herein, and that the inv@nincludes all modifications and equivalents of
the subject matter recited in the claims appen@edtb as permitted by applicable law.
Moreover, any combination of the above-describedhehts in all possible variations thereof is
encompassed by the invention unless otherwiseateticherein or otherwise clearly
contradicted by context.

[00405] All publications, patent applications, accessiombars, and other references cited in
this specification are herein incorporated by mfiee in its entirety as if each individual
publication or patent application were specificalhd individually indicated to be incorporated
by reference. The publications discussed hereimpeaovided solely for their disclosure prior to
the filing date of the present application. Nothiverein is to be construed as an admission that
the present invention is not entitled to antedatd publication by virtue of prior invention.
Further, the dates of publication provided can ifferént from the actual publication dates
which can need to be independently confirmed.

[00406] A number of embodiments of the invention have biestribed. Nevertheless, it will
be understood that various modifications may beewaithout departing from the spirit and
scope of the invention. Accordingly, the descdpt in the Experimental section are intended to

illustrate but not limit the scope of invention debed in the claims.
6. Experimental

[00407] The following is a description of various methoasl anaterials used in the studies,
and are put forth so as to provide those of orgis&ill in the art with a complete disclosure and
description of how to make and use the presenniimwe, and are not intended to limit the scope
of what the inventors regard as their invention arerthey intended to represent that the
experiments below were performed and are all oettperiments that may be performed. It is to
be understood that exemplary descriptions writtetiné present tense were not necessarily
performed, but rather that the descriptions capdséormed to generate the data and the like
associated with the teachings of the present inwentEfforts have been made to ensure
accuracy with respect to numbers used.(amounts, temperaturetc.), but some experimental

errors and deviations should be accounted for.
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[00408] Unless indicated otherwise, parts are parts by ergolecular weight is weight
average molecular weight, temperature is in degtetsius (°C), and pressure is at or near
atmospheric. Standard abbreviations are usedidimg the following: bp = base pair(s); kb =
kilobase(s); s or sec = second(s); min = minutdé(g};, hr = hour(s); aa = amino acid(s); kb =
kilobase(s); nt = nucleotide(s); pg = picogram/iganogrampug = microgram; mg =
milligram; g = gram; kg = kilogram; pl or pL = pit@r(s); dl or dL = deciliterpl or pL =
microliter; ml or mL = milliliter; | or L = liter;uM = micromolar; mM = millimolar; M = molar;
kDa = kilodalton; i.m. = intramuscular(ly); i.p.irtraperitoneal(ly); SC or SQ =
subcutaneous(ly); QD = daily; BID = twice daily; Q¥Weekly; TIW = three times a week; QM
= monthly; HPLC = high performance liquid chromatgghy; BW = body weight; U = unit; ns
= not statistically significant; PBS = phosphatdféred saline; PCR = polymerase chain
reaction; NHS = N-Hydroxysuccinimide; HSA = humaamen albumin; BSA = bovine serum
albumin; DMEM = Dulbeco’s Modification of Eagle’s@édium; GC = genome copy; EDTA =
ethylenediaminetetraacetic acid.

6.1 Example 1 - Liquid Formulation of M70
[00409] Provided below is a liquid formulation design.

Component Trometham| Trehalos| Water, | Hydrochlor | Onmi- | pH Osmolalit
ne e WEFI ic Acid, Free (25°C y
USP dihydrat | quality | N.F. TWEE (Osmol/L
e N-20 ) )
Vendor JT Baker, Pfanstie | Cornin | JT Baker, | EMD
Avantor hl Inc. g Avantor
Catalog No. 4102-01 6138- | 25- 9544-02 9480
23-4 055-
CM
GMP Yes Yes No No
multicompendi
al
Target amount| 2.423g 92.55g | Addtq 0.94mL 0.1mL | 8.000 300
per 1000 mL 999
solution mL
Target 20 mM 244.8m
. M
molarity
Trial 1 2479 92.48g | Addto0.97mL 0.1mL | 8.023 299
999
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mL
Trial 2 2.439g 92.84g | Addto0.94mL 0.1mL | 7.95| 303
999
mL
Trial 3 2.42¢g 92.43g | Addto0.94mL 0.1mL | 7.983 301
999
mL
6.2 Example 2 —Stability/Formulation Study Design
[00410] All stability studies were performed with proteionzentrations of 1 mg/mL and 10
mg/ml with the osmolity of 300 Osmol/L for the dticen of O to 24 weeks.
[00411] The volume in vials was 0.5-1 mL/vial at temperafu80C; 2-8C, and 37C at
time points of 0 weeks, 1 week, 2 weeks, 4 weekspBths and 6 months.
[00412] M70 was concentrated to 10+ mg/mL based esp MW=21320, E=16180).

Concentrated stock was diluted to 1 mg/mL or 10mhgwith 1xPBS, and TWEEN-20 (0.01%

v/v) was added prior to dialysis step.

Buffer Composition Spec pH (4C) | Actual pH (4C
1 10 mM Kphos, 150 mM NacCl, 0.01% TWEEN-2D 7.3 7.252
2 20 mM Kphos, 125 mM NacCl, 0.01% TWEEN-2p 7.3 7.261
3 20 mM Kphos, 125 mM NacCl, 0.01% TWEEN-20 7.5 7.540
4 20 mM Kphos, 125 mM NacCl, 0.01% TWEEN-20 8.0 8.120
5 20 mM Tris, 8.2% Trehalose, 0.01% TWEEN-2Q 7.5 7.586
6 20 mM Tris, 8.2% Trehalose, 0.01% TWEEN-20 8 8.053
7 20 mM Tris, 8.2% Trehalose, 0.01% TWEEN-2Q 8.5 8.562
8 20 mM Tris, 140 mM NacCl, 0.01% TWEEN-20 7.5 7.499
9 20 mM Tris, 140 mM NacCl, 0.01% TWEEN-20 8 8.075
10 20mM Tris, 140mM NacCl, 0.01% TWEEN-20 8.5 8.507
[00413] Trehalose used for these studies was Cat. No. BR2@8sher).

A Tris pH temperature dependence was also noted:
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5°C 25°C 37°C
pH 7.50 6.92 6.72
pH 8.00 7.42 7.15
pH 8.50 7.92 7.64
[00414] The samples were dialyzed overnight into each buleng Slide-A-Lyzer® cassette

with 10 KMWCO. All vials were flushed with air temove dust, and then autoclaved on dry
cycle for 2 hours at 12C to ensure sterility. Samples were sterile ftethrough 0.22 uM

filter in fumehood. The vials fills were performedtissue culture fumehood to ensure stability.
[00415]
throughout the examples provided herein.

In total, 60 conditions per time point were test&tial numbering are used

Vial # Buffer Temp Concentration Inject volume
1 1 -80°C 1 mg/mL 20
2 1 4C 1 mg/mL 20
3 1 37C 1 mg/mL 20
4 1 -80°C 10 mg/mL 2
5 1 4C 10 mg/mL 2
6 1 37C 10 mg/mL 2
7 2 -80°C 1 mg/mL 20
8 2 4C 1 mg/mL 20
9 2 37C 1 mg/mL 20
10 2 -80°C 10 mg/mL 2
11 2 4C 10 mg/mL 2
12 2 37C 10 mg/mL 2
13 3 -80°C 1 mg/mL 20
14 3 4C 1 mg/mL 20
15 3 37C 1 mg/mL 20
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16 3 -80°C 10 mg/mL 2
17 3 4C 10 mg/mL 2
18 3 37C 10 mg/mL 2
19 4 -80°C 1 mg/mL 20
20 4 4LC 1 mg/mL 20
21 4 3PC 1 mg/mL 20
22 4 -80°C 10 mg/mL 2
23 4 4C 10 mg/mL 2
24 4 37C 10 mg/mL 2
25 5 -80°C 1 mg/mL 20
26 5 4C 1 mg/mL 20
27 5 3PC 1 mg/mL 20
28 5 -80°C 10 mg/mL 2
29 5 4C 10 mg/mL 2
30 5 37C 10 mg/mL 2
31 6 -80°C 1 mg/mL 20
32 6 4LC 1 mg/mL 20
33 6 37C 1 mg/mL 20
34 6 -80°C 10 mg/mL 2
35 6 4C 10 mg/mL 2
36 6 37C 10 mg/mL 2
37 7 -80°C 1 mg/mL 20
38 7 4C 1 mg/mL 20
39 7 37C 1 mg/mL 20
40 7 -80°C 10 mg/mL 2
41 7 4C 10 mg/mL 2
42 7 37rC 10 mg/mL 2
43 8 -80°C 1 mg/mL 20
44 8 4C 1 mg/mL 20
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45 8 37C 1 mg/mL 20
46 8 -80°C 10 mg/mL 2
a7 8 4C 10 mg/mL 2
48 8 37C 10 mg/mL 2
49 9 -80°C 1 mg/mL 20
50 9 4C 1 mg/mL 20
51 9 37C 1 mg/mL 20
52 9 -80°C 10 mg/mL 2
53 9 4C 10 mg/mL 2
54 9 37C 10 mg/mL 2
55 10 -80C 1 mg/mL 20
56 10 £C 1 mg/mL 20
57 10 3PrC 1 mg/mL 20
58 10 -80C 10 mg/mL 2
59 10 £C 10 mg/mL 2
60 10 3PrC 10 mg/mL 2
[00416] The osometer values of buffers, with or without phesence of M70 was also
determined on an Advanced Instruments 3300 machitie 20 L nominal injection volume:
Buffer 1mg/mL 10mg/mL
vibos | Wigm | Mo
(mOsm) (mOsm) (mOsm)
Standard 100 mmol/kg 98 /97 - -
Standard 290 mmol/kg 284 | 284 - -
Standarg 1000 mmol/kg 987 / 986 - -
1 NaCl. 0.01% Tween-2g 3% 316 314
P | e e | | o
s | mamee s | ws | o
4 20 mM Kphos, 125 mM 258 253 254
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NacCl, 0.01% TWEEN-20

20 mM Tris, 8.2%

5 Trehalose, 0.01% 352 360 362
TWEEN-20
20 mM Tris, 8.2%

6 Trehalose, 0.01% 350 351 350
TWEEN-20
20 mM Tris, 8.2%

7 Trehalose, 0.01% 348 342 349
TWEEN-20
20 mM Tris, 140 mM

8 NaCl, 0.01% TWEEN-20 302 301 303
20 mM Tris, 140 mM

9 NaCl, 0.01% TWEEN-2d 227 302 302

10 20 mM Tris, 140 mM 166 162 160

NaCl, 0.01% TWEEN-20

[00417] Visual turbidity assessment was then performediidh@samples at 0, 1, 2, 4 weeks.
Samples were vortexed to re-suspend any precigitdtee bottom of the tube. The scoring
system used was as follows: 0 — Clear; 1 — SligHtyy; 2 — Slightly Cloudy; 3 — Cloudy; 4 —
Very Cloudy; and 5 — Extremely cloudy.

[00418] AssdAzsomeasurement was performed at 4 weeks (Nanodropn pathlength), and
each sample was blanked against respective foriomlatffer.

[00419] Analysis for visual turbidity was performed for sales at 37C at 4 weeks. Results
regarding visual observation of samples with thegin concentration of 1 mg/mL is depicted in
FIG. 1. Results regarding visual observation of sampl#s thre protein concentration of 10
mg/mL is depicted ifFIG. 2.

[00420] The studies showed no evidence of visual precgaiaggregate for any condition
in the samples at -80 and 4C and at any time point. Variable aggregation veasrded for
samples at I (data not shown), which was pH and protein deggeddent.

[00421] Trehalose was noted to be a superior tonicity niexddver NaCl in Tris-containing
buffers. Indeed, significant differences in aggitéan state at IC between 20 mM Tris (pH

8.5) with 8.2% trehalose (buffer 7) or 140 mM Ndkuffer 10) were observed.

[00422] Buffer 7 (20 mM Tris, 8.2% Trehalose, 0.01% TWEE®)-was the only

formulation buffer without evidence of visual prgitates an any condition, concentration, or

time point, and thus was chosen for use in furshedies.
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6.3 Example 3 SEC-HPLC analysis

[00423] HPLC analysis was performed on samples with noenad of precipitation based on
Azgd/Azqo (ratio ratio< 0.07) and visual inspection (no visual precipitateder the following
conditions:

Hardware - HPLC 1200 series

Mobile phase - 1xPBS in 5% ethanol (v/v)

Flow rate - ImL/min

Sample run time - 15 min/run

Column - Tosoh TSKgel3000

Temperature - 2&

Injection volume(s) - 20 pL for 1 mg/mL sample (2@ load); or

2 puL for 10 mg/mL sample (20 pg load)
[00424] A PBS blank run was performed between every irgectb ensure minimal sample
carry-over on subsequence injections. A percentré@agvery based on time=0 total AUC for
each time point (t=1, 2 and 4 weeks) was also deu
[00425] The data for HPLC analysis based on SEC AUC of ilasce at Aio for 1 mg/mL
in various buffers is shown RIG. 3; andFIG. 4 shows the data for HPLC analysis based on
SEC AUC of absorbance atA for Buffer 7 at 1 mg/mL. The same data is shoamilD
mg/mL samples ifrIG. 5 andFIG. 6, respectively.
[00426] The results demonstrated that percent (%) recdvasgd on total AUC was higher
than 92% for all analyzed samples, and which waseuently confirmed by orthogonal
method (AUGyv) (data not shown). Buffer 7 also demonstratedna-tilependent increase in
percent dimer/aggregate formation at@G7The overall trends suggest that the higher Hhe p
the higher the propensity for dimer and MW aggregatver time in liquid formulation.
Moreover, increasing the concentration of M70 drdg a minimal effect on the propensity for
dimer and higher MW aggregates over time®at ih liquid formulation.
6.4 Example 4. SDS-PAGE gel analysis

[00427] SDS-PAGE gel analysis was performed on samplesmatbvidence of precipitation
based on £gd/Aza0 and visual inspection (buffers 1-10) under théofeing conditions:

Hardware - Novex 4-20% Tris-Glycine gel

Sample treatment buffer - Lamelli 3x running bu#400 mM DTT.
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[00428] Samples were diluted to 0.1 pg/pl in 1x Lamelliming buffer. Samples were
centrifuged at 9% for 5 min., and then loaded at 10 pL/lane (1jiglX@n the gel. A t=0
reference standard was also used. After completengel was fixed in 1% acetic acid (v/v) for
30 min., washed in Milli-Q™ water for 15 minutetaiged in coomassie biosafe stain for 1 hour,
and then destained overnight in Milli-Q™ water.
[00429] The SDS-PAGE gels for Buffer 7 (left) and Buffefrght), for both 1 mg/ml and 10
mg/ml are shown i¥1G. 7A andFIG. 7B, respectively (other buffers; data not shown)e Th
results showed that minimal degradation of main M&ak intensity was observed for all
samples tested. Buffer 7 contains a non-disulfideer band that does not break down upon
reduction, with approximately 5% of total proteamé intensity at 4 weeks, ®7and 10 mg/ml.
For the 10 mg/ml sample at@ at 4 weeks, there was no significant increase ineet=0
reference standard for the dimer band. Moreovergtivas no evidence of high molecular
weight aggregates in the lane wells for any sani@ewas tested.
[00430] Based on the data from this and the prior experim¢he top 3 buffers were chosen
for further analysis. Buffer rank orders were lobse the following analysis at t=0, 1, 2 and 4
week time analysis points:

- Visual inspection (Example 2)

- Azad/Azsoturbity (Example 2)

- SEC-HPLC (Example 3)

- SDS-PAGE Gel (Example 4)
[00431] With respect to the criteria for selection, theu®evas on the 10mg/mL sample
analysis to de-risk high concentration formulatfap to 20mg/mL) for clinical needs. An
additional focus was on thé@ samples, which could provide a base for liquidnfalation
storage conditions.
[00432] In view of the above criteria, Buffers 1, 7 andvl€re chosen for further analysis.
Buffer 1 had 100% recovery for the 10 mg/mL sanfgleveeks a%C), and 98.9% monomer at
time point analysis. Moreover, there was mininat-gisulfide covelant dimer at t=4wk using
other methods for analysis, and showed long-té¥@nsfability (data not shown). Buffer 7 had
no precipitation at L at 10mg/mL, at t=4wk; and minimal degradatiorhpatys were

observed for 10mg/mL for 4 weeks &C4(98.9% monomer). Buffer 10 was essentially
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equivalent to Buffer 7; however with NaCl formutatifor tonicity (data not shown), and added
diversity for the excipient range.
6.5 Example 5 lon Exchange Chromatograph-High Performance Liquid
Chromatography (IEC-HPLC) analysis
[00433] IEC-HPLC analysis of Buffer 7 was performed under following conditions:
Hardware: HPLC 1200 series
Mobile phase: (A) 20mM Tris HCL; pH 8.5; 20% amitrile
(B) 20mM Tris HCL; pH 8.5; 20% acetonitrile; &M NacCl
Flow rate: 0.5 mL/min with increasing linear grattief %B
Column: Tosoh TSKgel Q-5PW anion exchange colunbmm x 75mm (PN
18257)
Injection volume: 20 pL for 1 mg/mL sample
2 puL for 10 mg/mL sample
Time point analysis of samples: Buffer 7 at 1 mg/amd 10 mg/mL at t=0, 1, 2
and 4 weeks; Reference standard v8C3teat-stressed samples at t=0, 1, 2 and 4
weeks.
[00434] FIG. 8 depicts IEC-HPLC for Buffer 7 at 3C, a concentration of 1 mg/mL at t=0
weeks, 1 week, 2 weeks, and 4 we@k&. 9 depicts IEC-HPLC for Buffer 7 at 3Z, a
concentration of 10 mg/mL at t=0 weeks, 1 weeke2ks, and 4 weeks.
6.6 Example 5. Reversed Phase High Performance Liquidhromatography
(RP-HPLC) analysis
[00435] RP-HPLC analysis was performed on samples withvideace of precipitation
based on AwA280 and visual inspection under the following condiso
Hardware: HPLC 1200 series
Mobile phase: (A) 0.1 TFA
(B) 0.1 TFA, 90% CAN
Flow rate: 0.4 mL/min
Column Phenomenox™ C4-Jupiter column
Injection volume: 20 pL for 1 mg/mL sample
2 pL for 10 mg/mL sample
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Time-point analysis of samples: Buffer 7 at 1 mg/amd 10 mg/mL at t=0, 1, 2

and 4 weeks; Reference standard v8C3reat-stressed samples at t=0, 1, 2 and 4

weeks.
[00436] FIG. 10 depicts RP-HPLC for Buffer 7 at 370C, aaantration of 1 mg/mL at t=0
weeks, 1 week, 2 weeks, and 4 weeks. FIG. 11 deRietHPLC for Buffer 7 at 370C, a
concentration of 10 mg/mL at t=0 weeks, 1 weeke2ks, and 4 weeks.

6.7 Example 7 — Freeze-Thaw Analysis

[00437] This analysis was conducted to analyze the effie®1d0 formulations of multiple
freeze/thaw cycles.
[00438] M70 was provided at a concentration of 10 mg/mld tre Osmol/L target was 300
Osmol/L. The following buffer composition (similty Buffer 7) was used: 20mM Tris pH 8.0
(25°C), 8.3% (w/v) trehalose, 0.01% TWEEN-20. Thevdlume in vials was 1.0 mL/vial, and
6 aliquots were housed in glass vials that werd uséhe formulations stability studies
discussed above.
[00439] The following freeze/thaw conditions were used:

Number of freeze/thaw cycles: 1, 3,5

Freeze conditions: Place in -80C for 30 mins.

Thaw conditions: (A) Room temperature until thawhour)

(B) 2C until thawed (1hour)
[00440] Stability was then assessed using one or more éfiREC, SEC-HPLC or AIEX-
HPLC.
[00441] FIG. 12 shows the stability of the M70 formulation aftee tmultiple freeze/thaw
cycles. Freezel/thaw cycles do not impact the prostability in the buffer. M70 in 20mM Tris
pH 8.0 (25C), 8.3% Trehalose (w/v), 0.01% Polystet20 (“TTP” buffer) is stabile during
freeze/thaw cycling from -80C to room temperatuf@ere is no detectable differences vs. input
(ref. std.) for any of the sample conditions orlgsas. Moreover, there is no evidence of
reversible oligomer formation via SEC-HPLC usingPTds the mobile phase.
7. Sequence Listing

[00442] The present specification is being filed with a poter readable form (CRF) copy of
the Sequence Listing. The CRF entitled 13370-028-3EQLIST.txt, which was created on
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October 14, 2015 and is 255,604 bytes in siz&lgntical to the paper copy of the Sequence
Listing and is incorporated herein by referencedgrentirety.
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CLAIMS

1. A pharmaceutical composition comprising:

a. a peptide having an amino acid sequence comprising or consisting of SEQ ID
NO:70 at a concentration of from 1 to 10 mg/mL, and
b. a pharmaceutically acceptable carrier comprising:
i. 20 mM Tris,

ii. trehalose that is present in the range of between 4 and 9.5% (w/v),

and

ii.  0.01% (v/v) polysorbate-20.

2. The pharmaceutical composition of claim 1, wherein the peptide is fused with an
immunoglobulin Fc region.

3. The pharmaceutical composition of claim 1 or 2, wherein the peptide has an amino
acid sequence comprising SEQ ID NO:70.

4.  The pharmaceutical composition of claim 1 or 2, wherein the peptide has an amino
acid sequence consisting of SEQ ID NO:70.

5. The pharmaceutical composition of any one of claims 1 to 4, wherein the peptide is at
a concentration of 1 mg/mL.

6.  The pharmaceutical composition of any one of claims 1 to 4, wherein the peptide is at
a concentration of 5 mg/mL.

7. The pharmaceutical composition of any one of claims 1 to 4, wherein the peptide is at
a concentration of 10 mg/mL.

8.  The pharmaceutical composition of any one of claims 1 to 7, wherein the trehalose is
present in the range of 5 and 9.25%.

9.  The pharmaceutical composition of any one of claims 1 to 7, wherein the trehalose is
present in the range of 6 and 9%.

10. The pharmaceutical composition of any one of claims 1 to 7, wherein the trehalose is
present in the range of 7 and 8.5%.

11. The pharmaceutical composition of any one of claims 1 to 7, wherein the trehalose is
present in the range of 8 and 8.4%.

12. The pharmaceutical composition of any one of claims 1 to 7, wherein the trehalose is
present at 8.2%.
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13. The pharmaceutical composition of any one of claims 1 to 7, wherein the trehalose is
present at 8.3%.

14. The pharmaceutical composition of any one of claims 1 to 7, wherein the trehalose is
present at 8.4%.

15. The pharmaceutical composition of any one of claims 1 to 7, wherein the trehalose is
present in the range of 9.2% and 9.3%.

16. The pharmaceutical composition of any one of claims 1 to 7, wherein the trehalose is
present at 9.3%

17. The pharmaceutical composition of any one of claims 1 to 16, wherein the
pharmaceutical composition has a pH in a range of 7.0 and 9.0 at 4°C or 25°C.

18. The pharmaceutical composition of any one of claims 1 to 16, wherein the
pharmaceutical composition has a pH in a range of 7.5 and 8.5 at 4°C or 25°C.

19. The pharmaceutical composition of any one of claims 1 to 16, wherein the
pharmaceutical composition has a pH of 8.0 at 4°C.

20. The pharmaceutical composition of any one of claims 1 to 16, wherein the
pharmaceutical composition has a pH of 8.0 at 25°C.

21. A pharmaceutical composition comprising:

a. a peptide having an amino acid sequence consisting of SEQ ID NO:70 at a
concentration of from 1 to 10 mg/mL, and

b. a pharmaceutically acceptable carrier comprising:
I 20 mM Tris,

ii. from 8.2% to 8.4% (w/v) trehalose, and
iii. 0.01% (v/v) polysorbate-20;

wherein the pharmaceutical composition has a pH of 8.0 at 25°C.

22. A pharmaceutical composition comprising:

a. a peptide having an amino acid sequence consisting of SEQ ID NO:70 at a
concentration of from 1 to 10 mg/mL, and
b. a pharmaceutically acceptable carrier comprising:

I. 20 mM Tris,

ii. from 9.2% to 9.3% (w/v) trehalose, and

iii. 0.01% (v/v) polysorbate-20;
wherein the pharmaceutical composition has a pH of 8.0 at 25°C.
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23. The pharmaceutical composition of claim 21 or 22, wherein the peptide is present at a
concentration of 1 mg/mL.

24. The pharmaceutical composition of claim 21 or 22, wherein the peptide is present at a
concentration of 5 mg/mL.

25. The pharmaceutical composition of claim 21 or 22, wherein the peptide is present at a
concentration of 10 mg/mL.

26. The pharmaceutical composition of any one of claims 21 to 25, wherein the peptide is
fused with an immunoglobulin Fc region.

27. The pharmaceutical composition of any one of claims 1 to 26, wherein the
pharmaceutical composition does not comprise a salt.

28. The pharmaceutical composition of any one of claims 1 to 27, wherein the
pharmaceutical composition is in a liquid form.

29. The pharmaceutical composition of any one of claims 1 to 28, wherein less 10% of
the peptide aggregates after a period of time when stored at 4°C or 37°C.

30. The pharmaceutical composition of any one of claims 1 to 28, wherein less 5% of the
peptide aggregates after a period of time when stored at 4°C or 37°C.

31. The pharmaceutical composition of any one of claims 1 to 28, wherein less 2% of the
peptide aggregates after a period of time when stored at 4°C or 37°C.

32. The pharmaceutical composition of any one of claims 29 to 31, wherein the period of
time is 4 weeks at 4°C.

33. The pharmaceutical composition of any one of claims 29 to 31, wherein the period of
time is 4 weeks at 37°C.

34. The pharmaceutical formulation of any one of claims 1 to 33, wherein the formulation
is provided in a single-use container.

35. The pharmaceutical formulation of any one of claims 1 to 33, wherein the formulation
is provided in a syringe or an autoinjector.

36. Use of the pharmaceutical composition of any one of claims 1 to 33 in the
manufacture of a medicament for preventing, treating or managing a bile acid-related or
associated disorder in a subject in need thereof, wherein the bile acid-related or associated
disorder is selected from the group consisting of cholestasis, intrahepatic cholestasis,
primary biliary cirrhosis (PBC), primary familial intrahepatic cholestasis (PFIC),
progressive PFIC, primary sclerosing choangitis (PSC), pregnancy intrahepatic cholestasis
(PIC), neonatal cholestasis, and drug induced cholestasis, diseases of extrahepatic
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cholestasis, bile acid malabsorption, bile acid diarrhea (BAD), bile acid synthesis
abnormalities, non-alcoholic steatohepatitis (NASH), and cirrhosis.

37. The use of claim 36, wherein the bile acid-related or associated disorder is NASH.

38. Use of a pharmaceutical composition of any one of claims 1 to 33 in the manufacture
of a medicament for preventing, treating or managing a glucose-related disorder in a subject
in need thereof, wherein the glucose-related disorder is a hyperglycemic condition, insulin
resistance, hyperinsulinemia, or glucose intolerance.

39. Use of a pharmaceutical composition of any one of claims 1 to 33 in the manufacture
of a medicament for preventing, treating or managing an FGF19-dependent cancer or tumor
in a subject in need thereof.

40. The use of claim 39, wherein the cancer or tumor is a hepatocellular carcinoma, colon
cancer or tumor, prostate cancer or tumor, or lung cancer or tumor.
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