FGF21 MUTANTS AND USES THEREOF This application claims priority benefit of U.S.
Provisional Patent Application No. 61/058,861 filed June 4, 2008, U.S. Provisional Patent Application
No. 61/058,919 filed 5 June 4, 2008, U.S. Provisional Patent Application No. 61/164,364 filed Mar 27,
2009, and U.S. Provisional Patent Application No. 61/175,736 filed May 5, 2009, each of which is
incorporated herein in its entirety. BACKGROUND OF THE INVENTION 101.Field of the Invention
The invention relates to nucleic acid molecules encoding FGF21 mutant polypeptides, FGF21 mutant
polypeptides, pharmaceutical compositions comprising FGF21 mutant polypeptides, and methods for
treating metabolic disorders using ${¢R2AUAEIE ANIHS Adely heERIFE OR Blodf maceutical compositions.
15 2.Background of the Invention FGF21 is a secreted polypeptide that belongs to a subfamily of
fibroblast growth factors (FGFs) that includes FGF19, FGF2l, and FGF23 (lItoh et al., 2004, Trend
Genet. 20: 563-69). FGEB12pp dgpeeppitams ot thenifisdfdparitraviiped derenaAgificatimoisas 20a
hormone in the regosation @ialucasa, haisk, and ansleyMetRRONSYicafGaNed. WaBigdpjadfiom a

liver cDNA library as a hepatic secreted factor. It is highly expressed in liver and pancreas and is the
only member of H¥FG Tty SoTevptirnaliKaiseh resRbchonvEe: FlalidytbfciieddBucroxgiéssing
FGF21 exhibit mataboic pheniypes atsiowghewibhrale, o plasmarglicoss andikglysatidsrlevels,
and an 25 absenlgée of aﬁg-associé\éed type 2 diabetes, islet hyperplasia, and obesity. Pharmacological
administration o fREOMBTAERPESE ¢ BbERIS BNt and primate models results in normalized levels
of plasma glucose, reduced triglyceride and cholesterol levels, and improved glucose tolerance and
insulin sensitivity. In addition, FGF21,re %%[\gﬁ!%i] ( increasing energy
expenditure, physical 30activity, an r‘%g:agojili‘éi rate’Exp Wﬁgg provides support for the
pharmacofogicaladmidigtiétibtheflFr@Rdarfor the treatment of type 2 diabetes, obesity, dyslipidemia,
and other metabolic co%tim&goqlis%g?gé i h%ra ns. . .. Human.EGE21 has aﬁ.ﬂl!%r half-life in vivo.
In mice, the half-life of human FGF21 is lto 2 ours%}f?]éﬁhdc%@%%ﬁsuseﬁgﬁwgys, e%a?%yltl éﬁis 2.5to
3 hours. In 5 develspimgden FEF21 proter foplupertides tnbrapectisiialtotmpotinen obtypeigliabetes,
an increase in halfite would he dssialle. E@RAAMIRShaVINo A AANANGed falfits woud allow

for less frequent dosing of patients being administered the protein. Such proteins are described herein.
10SUMMARY CRCHAEREGERITRIN des apharmasriir 9pRDrsiieBYides an isolated polypeptide
comprising an amino acid sequence of SEQ ID NO:4, further comprising the substitution of any amino
acid for: the alar}ine regdlge atg;ré)%sitlicig 4:15 the leucine residue at position 86, the leucine residue at
position 98, the &lanine f PositidR e alanine residue at position 129, the 15 glycine
residue at position 170F @ bislinesesidyegbpasitahad Fdienthe seribexrasidferiatQositigndd2, and
combinations th ime i pol [ omprises sybstitution of any
amino acid for: t?]e{g[ ?e];a@rﬁ%ﬁé?@J@%ﬁ)%%ﬁ%ﬁ1§§%Eegé?%ﬁ£§§£g§§emgtfff "02r éth&"fﬁ%glg}ﬁ@ﬁﬁ‘e residue
at position 98 artdthé3ppBlinEGESHiscenrpasitidAGR in thabicsHepembodipedttherid Glatespolypeptide
comprises e SBBIRN 2oL LA RLLORO G ey eakiyp 2 postion 98 and the

e

proline residue at position 171. resent disclosure alsoprovides an Isolated polypeptide
comprising an amino acféFdéqrsriedsesomp Rior dDREVilbras patrldartitnecemipddastid slilistitution
that is: (i) a glutanping JeauciNg. Iy siRepiasidue Ak RSl A9 a histidine drugings & 89
phenylalanine residue, at position 20; (iii) an isoleucine, phenylalanine, tyrosine, or valiné residue at
position 21; (iv) Bﬁ%&lgﬂﬂ@swgﬁnir%?’&?&?&%’é“@s‘?ﬂﬁ@%%rﬁﬁﬁﬁd%‘pﬁl(\?)déhﬂa@‘?m]?@l& arginine
residue at positiphed&@pévibanlataningwa vali)adesilumat pesitiondd kigwid-aistiding, Jaucipe,
phenylalanipe, or valine residue at positign 152; (viii) an alanine, a,sparagine, aspartic acid, cysteine,
glutamic agc%, gﬁjbtsaeﬁlﬁﬁe,Opﬁoﬁ%%',a%roﬁﬁlgé%rinéypéesiaéue %%%%%ﬁtioﬁs%o;h@@f?ﬁaﬁ%niﬁag ardiR:
asparagine, aspBitivracitpgysteidmigkstarioie aficicghitarmind;Gptineohistidinedlysined sefinge
threonine, trypt , sipe.r cjdL t position:.171: (x) aleucine or. threonine residue at position
172 or () an s B Bt R e b i 28
substitution thatdsel@yterelaleyitlinenglurnrivedciiyenst yeitrenesitdaaupositiont28y (i faaddigimne,
glutamic acid, gEADINRANRIN®.AY EONING JesIdYS.Ats anlég%ﬂlg%h@ugg&}gs&&fg%,;g]ﬁﬁ%&%@
position 52; (iv) a cysteine, glutamic acid, glycine, or serine residu€ at position 58; (v alanine,
arginine, glUtanfé¥cie, 874 yRIFebRlisduatat poBirsHBenta)) rasraethimeo ddgninupeyteivie, BE histidine
residue at position 78; (vii) a cysteine or threonine residue at position 86; (viii) an alanine, arginine,
glutamic acid, lysine, or serine residue at position 88; (ix) an arginine, cysteine, glutamic acid, 10
glutamine, lysine, or threonine residue at position 98; (x) an arginine, aspartic acid, cysteine, or
glutamic acid residue at position 99; (xi) a lysine or threonine residue at position 111; (xii) an arginine,
asparagine, aspartic acid, glutamic acid, glutamine, histidine, or lysine residue at position 129; or (xiii)
an arginine, glutamic acid, histidine, lysine, or tyrosine residue at position 134; and combinations
thereof. In one embodiment 15 the residue at position 98 is arginine and the residue at position 171 is
proline, and in another embodiment the polypeptide can comprise an amino acid sequence that is at

least 85 percent identical to the amino acid sequence of SEQ ID NO: 4, but wherein the at least one
aminn acid crithetitiitinon of (aY(NDN-(v1) and (BY(ND=(viii) iec not fiirther modified



The present disclosure additionally provides an isolated polypeptide comprising 20 an amino acid
sequence of SEQ ID NO: 4 having at least one amino acid substitution that is: (a) a glutamine, lysine
or isoleucine residue at position 19; (b) a histidine, leucine, or phenylalanine residue at position 20; (c)
an isoleucine, phenylalanine, tyrosine, or valine residue at position 21; (d) an isoleucine,
phenylalanine, or valine residue at position 22; (e) an alanine or arginine residue at position 150; (f) an
alanine or valine residue at 25 position 151; (g) a histidine, leucine, phenylalanine, or valine residue at
position 152; (h) an alanine, aspartic_acid, cysteine, or proline residue at position 170; (i) an alanine,
arginine, asparabfifEParg e AR %ﬁg?éi%%lﬁﬁﬁktgéia}edﬁ%%ﬁé?ﬁw%&ﬁ%ﬁ’(‘;ﬁﬁe‘?bﬁ@ﬁe, serine,
threonine, tryptophap;derivl estneesiskienalipesiiniodd & Giarirucinauesidue at position 172; or (k) an
arginine or glutamic acid residue at position 173; a %gOcom_binations_thereof. In one embodiment the
residue at position 171%%?’8”%@:%&1% ﬁn%‘l‘l’férhé’% Riitheftthe porisentife e £ b AN amino
acid sequence thaH31als|¢ast2 8bpereedtiidenicablquthe@ihige, acichsgqiferice oftSBQJRNG;: 4, but
wherein the_at legst pne ami id supstitution of (a)-(k) is not further modified he present
disclosure fartheaﬁeg?o%algsa%%%}s%?aﬁ%@ Sgh?éreﬁ ﬁ:laéscac}rl#ﬁ)ﬁ%?ﬁgméﬁ {é}lr%%%?ln%%?atsoefq%er}%éi? 5 g‘ﬁQ ID NO:
4 having at leastonermsng asltHskbstitldibn dhatdbles Y argininehghitgmicalcidoal hysiideresidue
at position 26; ( ini i ' amine. lvsine,: reonine residue at.position 45; (c)
a threonine resi%%ggﬁ%)gftri%%ﬁ %ngazg%@%ﬁﬁ%%#céa%(? g 8 yc?lér:}é?hgé égﬁﬁ?éﬁr%%ﬁ%ga%%%slﬁioﬁ ; () an
alanine, arginin€rgicitirie dsieritd heiria-residue at position 60; (0 an alanine, arginine, or histidine
residue at position 78; (g) an alanine residue at position 88; (h) an arginine, 10 glutamic acid,
glutamine, lysine, or threonine residue at position 98; (i) an arginine, aspartic acid, cysteine, or
glutamic a%%j residue at position 99; (j)°% {PEcbREd 18 osition 111; (k) an arginine,
asparagine, aspartic agig ghiamicafdslglpmamineahisidiag pelysiad esitmaabResitian:Ry or (1)
an arginine, glutamic acid %is idine é}/si e, or tyrosine, residue at position, 134; and comhinations

S

p !
thereof In one 15°8RSBERRNRAE theY fd%‘é‘*ﬁ?b%‘gﬁ@ﬁ’@g TS RPSHEA @ IAHNTINR? 25HbEgitENnt the

polypeptide can dempriseiduk amjposideidise ducheeitibatisdat leapb 8Bopetcetiddanticakéeidhe amino
acid sequence of SEQ | . 4, but wherein the at.lea amino acid substitution of (a)-(1) is not
further modified Pfi¥ %égﬁo%é'\%grenﬁ%ﬂ?ﬁﬁéﬁ%‘?‘fﬁép%ci?}élg%t@e%q(%%c 58ed ﬁees%é;}lric GR cfﬁﬁﬂ%rl é%)’m&b%ise 20 at
least one aminomtdlsmtédw@mkiapisi’(&) tagqbteﬁytaﬂegime,apmﬂ@ai@mlﬁriine&&eﬁriaeqmg’@aﬁrae. at
position 179; ()3 gdiays agld YRG0 URE8F ST LBRAAR PR ANBB.A¥EIne.
threonine, alanine, leucine, or proline at position 181 and can further comprise 1 to 1( amino acid
residues fused t6fRBICEhRIFNSIERNE PORYeHIHS dhd tanthe lansinmittslec i, Hosigxafipldecone or
more residues sgigGHRAS R the 9T BGERAISIRGIRORLAYE NG RIGIRG A cRmPBiIAUqag dhegeof  In

various embodiments, the polypeptides disclosed herein can comprise (a) an amino-terminal

truncation of no PREFEPthAR 8 Wanthat et Daisplaete berpkls e isah 51 82bF WeRing blood
glucose inzomawiaal; fhieocanacsyitermirakiitineatinn el A0 serks ekl RMiRNiACiE fasidues,
wherein the poly&e&tide l.? capable of 30lowering blood glucose in a mammal, or (c) an amino-terminal
truncation of no MOrE Ph!':ml8 amino acid residues and a carboxyl-terminal truncation of no more than
12 amino acid residue$huvresein divelpoiypeptigenid dzapalite lefddwesipgptiieadghitogean aninammal.

In some embodi the tj isclosed herein cap be covalently linked to one, or more
polymers, such é@ﬁﬂﬁ%@ ncgt %ﬁ%@%ﬁf?ﬁ%ﬁ?‘t " f‘;}%%%su&‘e‘% %%%%ag%srlé%?n ?r?\l}et% ion @n be
fused to a heterel@jdasramingkodnse gudpses optidnallst iasiitinke?; iith dsstidine, leucine, or
GGGGGSGGG : 23N e b ol [ ' .an 1lgG
constant dgos?ﬁair? %%ﬁé%%e%%o%%ﬂ%ﬁ%sﬁe%% 6@%3%@%(%%%1 %?I%q(gﬁ%g%eg%%p%ﬁ%h fusion
polypeptides distdtides HarsiienA lales) arriselutinte Ricroipiainee & vetnscloddre aloosiionidds
pharmaceutical composiigns &0m%ﬂﬁi@%&1@&0;&2(@%5{%%51@@{95%&1@5%&@@@3{@%@%%{0&'|y

acceptable formulation agent. Such pharmaceutical corrpé%gsitions can be used in a method for treating

a metabolic disoP8EHEntPthd MbtbaidRfplresRa RS aiEcRs YRikaFPTdRR At RPTERR thdreof a

pharmaceutical ¢aihpoesiiaref tipaprgsenispuenton, Metaheligidisprdamdhateanle pibeatad
include diapetes and obesity. .~ Also r(i\g'(sj‘e Zre isolated nucleic acid molecules encodirng the
polypeptidas of AisdbsEa hareth, Bk 1 SL B GETEA ERAER Y AREGIE S nd host
cells comprisingsutimauciditaasid modecglesrdingncatedfarnssofithe pighipeptidamef SERQAnYO:4 are
also disclosed. In 20 various embodiments the polypeptide can comprise: (a) an amino-tetininal
truncation of no more than 8 amino acid residues, wherein the polypeptide is capable of lowering blood
glucose in a mammal; (b) a carboxyl-terminal truncatio? of no more than 12 amino acid residues,
wherein the polypeptide is capable of lowering blood glucose in a mammal; or (c) an amino-telminal
truncation of no more than 8 amino acid residues and 25 a carboxyl-terminal truncation of no more
than 12 amino acid residues, wherein the polypeptide is capable of lowering blood glucose in a
mammal. The present disclosure additionally provides an isolated fusion protein that can comprise:

(a) an IgG constant domain; (b) a linker sequence fused to the IgG constant domain; and (c) an
ECE?21 miitant fiiced to the linker ceadiience and comnricina the amino 20aciAd ceandiience nf SEO ID



the leucine residue at position 98 and a glycine residue has been substituted for the proline residue at
position 171. In one embodiment, the linker sequence can comprise GGGGGSGGGSGGGGS (SEQ
ID NO:23) and in another the IgG constant domain can comprise SEQ ID NO: 13. In another
embodiment, the linker sequence comprises GGGGGSGGGSGGGGS (SEQ ID NO:23) and the 1gG
constant domain comprises the 5 amino acid sequence of SEQ ID NO: 13. In still another embodiment
the N terminus of the linker is fused to the C terminus of the IgG constant domain and the N terminus
of the FGF21 mutant is fused to the C terminus of the linker. The disclosed fusion proteins can form

multimers. In vafiBRiS b oiHERES KGO PPTERIN] THe EGEATRIDtaPR EoRIPEITCTRSERS 20
comprise at leag/.QRRaAMINLACIH) uhstibtienthakisnm(aha Phamlalaning:Rroline .alaning: getine or
glycine at position 179; (b) a glutamic acid, glycine, proline, or serine at pgsition 180; or (c) a lysine,
glycine, threonirfBHBHRe2 KL EHRE B PR Ififle it HoShiIGREB ARt AR PEIRPRSET 8 amino
acid residues fugegdtionte; Gitelamingsafethg ftioki b tantaatgihigsinto 30 @rabadaciekigsidues, and
can be any amino acid, for example, one or more.residyes selected fiom the group consisting of
glycine, profine gﬁggn@éiré gi ﬁ%%oangéﬁ%ogﬁg%EGSIdu?na%ﬁﬁSci)?ﬁ%S ghﬁ)@&i ﬁ%’éﬁf&%ﬁﬁ@fﬁ%i%%%ﬁ%&ﬂ?’the
FGF21 mutant corsporersican gomgtise:5&)(anaamlmodtermifainkugicatioie efidpomigumthaki&iamino
acid residues, wherein. the polypeptide is capable of lowering hlood.glucose in.a mammal; (b).a 20
carboxyl-termina %ﬂ%%é%egg ’o&ﬁoagn%?gl?ﬁhﬁpﬁl 1§?hlc g%&%f rgéz}gggg?ev{/ﬁér%?na%ﬁg sf?é?%pt{‘é@ is
capable of Iowgﬁiﬁgﬂmﬁ@dogltmg@éﬂn widameh absdiqe)ten Gifiingntelotingl argindatieiutfmio mdke than 8
amino acid resiqygsangd a sarboxysierminal funation efno.marsihan teaminoaeidiesides.

wherein the polypeptide is capable of lowering blood glucose in a mammal. In andther embodiment,

the FGF21 fhutdhteBiisohamory J5rf0Ribh dem dapcstioprife &1 amirisiatie ssaudaceithat is at
least 85 percentidenticabio 08amina AcidiseI4eRes R @ NGy dnd it Whesgin-thaatginine and

glycine residues are not further modified. = The present disclosure also provides pharmaceutical
compositions corfipfiSthd e filioAT FEERistIBERE REraifP 4R 25k {#icsify Seepiapie
formulation agemist20f)ch pRarmagiauticabesimposiionrs can)he usddii, anmethiedf, heating,a
metabolic disorder, the method comprising administering to g human patient in need thereof a
pharmaceuti(:alqéfg%i“ioosrig‘\r{"fl(;‘l’scl)lﬁﬁ%s1 f s‘ietﬁglt0 ﬁ%%%’ﬁ%gfxﬁ ﬁgt%roaﬁ%%}%? 1) ’altﬂbgﬂebcén%%ﬁl?nclude
diabetes ah@l obisityesidue ahisosipkovitted argiisotased ructeitdacidt malecnldS Encoditigethenduision
protein disclose ar ' I asvectrs ¢ prising such nucleic acid,malecules and host cells
Boomprising sucli o e R AT S AL B R R SRR AT

become evidentStarererrt foHeiiva doiiorentateiied thasenptiohSSiEERAIN embedifenis tadttlsestlaims.

BRIEF DESCRIBHQNQETHERBAMINGS ARFguURs BB ShauInELesHlis offp ELK-luciferase
activity assay perfoiuied on the FGF21 truncation mutants 7-181 and 8-181 (Figure 1A) and the

FGF21 truncation mutaits REepsst disglppurp. sddtignsily -pewidery aRaspbyed a6k pamtlcsrRAns oS results

obtained fona humanikSiuid conteabedoure Ishawsitha resulte ot ancBliniciieraseretivityassay
performed on a 15£§man FGF21 control an(fl the FGF21 truncation mutants 3-181, 4-181, 5-181,

7-181, 8- 181, 11448 1 HY@Minrlysing oigisqlaqueinc rosydie ah pasijon 413; g & usidipg. ygine. okigyre 3
shows the bloodgtugbsenievelsitras yedihdicgdnjeciedenithc-PRSr{dalidibar)yfogmani-aizl control

(open bar), or the FGF21 truncation mutants 8-181 (gra r).and 9-181 (stippled bar)..20Fjgure 4
shows the percgﬁ%ﬁ%fa\é leﬁta%c?é]g@éaé%g é%/uecll%l %g%%}{ﬁagd)ﬁ'ﬁnﬁﬁi%%fgétree f\gfi\ﬁ%aﬁgél S0 tircles),
an Fc-FGF21 cdpireh (WaRjnope mginches keordteat pesitibe - FEHE21) fusidmproteinstompising @mino
acid resid 5- id-triangles).qr. 7- 181 langles). Fi 0 he.percent. change in
blood gluc%egse I ‘%/(ges}é&ﬁﬂagé}u@ﬁrﬁ %@@%ﬁrgﬂé@t q&%ﬁ{%@é%s% (%Bﬁ%%? §s ?%%t%§£§f-§cgéﬁrol (WT)
(open circles), a#fruhesifed FBEYS - FidusSisieprateinreobngrisinguee sidprsstivn 730sGlidiriakgies), or a
truncated FcFGR2lprotein £9mpYisind AMipR ASiddRRIGHERhid 14 (OPRRIIARYSRne, niiRES 6A-6D

show the results of quufd chromatography-mass spectrometry (LC-MS) analysis of a human
Fc(5)FGF2I contf&TSanfBiaeHiyEra B ) AP eArpIds Brostiecisydesrai Pasiinn Aok Wice'eB hours
(Sample D6; Figusai6Bht 28RS {SURIAS an arginine or glutamic acid residue at position 173; and

30  combinations thereof. In one embodiment the residue at position 171 is proline, and in

another embodiment the polypeptide can comprise an amino acid sequence that is at least



D24; Figure 6C), and 48 hours (Sample D48; Figure 6D) after injection. Figures 7A-7D show the
results if LC-MS analysis of a mammalian-derived human FGF21(3)Fc control sample (Figure 7A) and
samples of FGF21(3)Fc drawn from mice at 6 hours (Sample E6; Figure 7B), 24 hours (Sample E24;
Figure 7C), and 48 hours (Sample E48; Figure 7D) after injection. 5Figures 8A-8D show the results of
LC-MS analysis of an Fc(15)FGF21 control sample (Figure BA) and samples of Fc(15)FGF21 drawn
from mice at 6 hours (Figure 8B), 24 hours (Figure 8C), and 48 hours (Figure 8D) after injection.
Figures 9A-9D show the results of LC-MS analysis of an FGF21(l 5}Fc cqntrol sample _(Fi%ure 9A) and
samples of FGF2I @EfeBldAHiFHoth e it asLIs TsBer et 858) DA uts Rrtigthe se fhaat 48
nalysis of Fe(15)EOR2L (Fiure ToA, SEG. IDNOI0) A FOR21 e (Figure 108, SEQ Ib NO:25)
analysis of Fc igure o :38). an c (Figure .. ;
| fusioyn proteins injected %ﬁté‘?r%ﬁ%rg. @Fﬁlﬂ%”i‘f Jhols @f@‘ﬂ%@&@lbﬁ?ﬁ@@ &%}??ﬂgg&ﬁ%ﬁ’wm@c@%jected
(aray bar), EcS)GR2LPIT1A (Sipplectban, FAUSIEGE21 E172L (open dingonaly eypsshaiched
ray bar), Ec P stippled, bar), Fc : : iagonally crpsshatche
), FoL5TF GIAL BT BT D FoL (Oo e T 2B oL R e L B P Ik 0151
(open diagonallpadosshiateived lysite.Faguhecd@ishowsitheapersentichiings m thivodggucssedevels
measured in mice 20 injected wj lighgircl : ) cirgle :
Fc(15)FGF21 gtgﬁgsﬂ rl“:g%lg fé&%{nﬁe%%% %%%%r%n%%s }Esfg?é;dg(gg%?@% 1§7é1i\‘)')(:)3 égringﬁ%eﬁgles),
Fc(15)FGF21 Sugipingsalidteiimenids prroeis) rerhe @t postipn 70a/E)1 s eltepsn diginiohd), or
Fc(15)FOF21 Ghadfifsolidi sou1aremkifidure, kjg)sxww&ﬁﬁ% Pé%qeg&@%%ﬁilﬁlvgéﬁ mgasUsRdRMIce
injected with PBS 25 (solid bar), Fc(15)FGF21 (open bar), or the Fc(15)FGF21 mutants Fc(15)FGF21
P150A/G 15 A1 BUSIYq Grag: bR s SR QT OB IS piss A g rRfF R S8k did il & e
Fc(15)FGF21 01403(RLéA (gsandiaganatinty asshaished HansBiof 6L ) @ Lkl Gf #RERSAS 2L
(open diagonally cr sshatched.bag. . igure 14 shows the percent change. in hlood glucose levels
measured in mic&$8h;8cBEWRA PBS (Qiflignscfﬁ%‘f@gsf PEPFEYERSE B HE n28kha koL 5F tARd:
Fc(lS)FGFZl_mgltaatﬁ:ﬁc@ﬁ?)ﬂﬁi&;ﬂllzili:ﬁé)?mﬁz . 197,@6@Eb/1s15187h/ (S?jicf;i@gttleﬂgﬂafglg%ﬁﬁgﬁfGFﬂ
6170E (open inverted triangles), Fc . solid circles), or
D170/ 721 (Q R R IS e & RS ol RS | B it Theinjctec
with PBS {solid brabedimikat F8{(d 53@#E2 ktnposams P8(15)EGRRE @i 0k {opbar bambdEaiidFGH21 5 Gl
70A (gray bar), 91(;8@;: ; t e E A d white
bar),(gc(i/S)FC); 21 1%6?{%%%%%%8&1%?%\%%%%@ gr cﬁ%}&gg%%ei%gg(ﬁggﬁgﬁé%ﬁ%%ed bar).
Figure 16 showdbthap@rceftdchiigech Bioddgicdse 1dvais mbasindbeininrestigiectsaWittrHBS (solid
circl_es) or the Fg@@ﬁﬁﬁgggﬁgﬁq@y@f&@%@ﬁggﬁ@yOE 10 (open circles), Fc(l_5)EGF21 G170A
(solid triangles), Fc(15)FGF21 G170C (open triangles), F¢c(15)FGF21 0170D (saolid diamonds),
Fc(15)FGF21 G170N (SpéiarsrfiBiRadimeriecasrrerpti ¢t e arb RUaIR SR fahGTe9mPIssigure
17 shows the bleog gtusesenieveisimeastireshintmice: injeciadwithapBS fseliskbamnaietherfne(d5)FGF21
mutants Fc(15)FGF21 0170E. (o bar), Fc(15)FGF21 15 P171E.(gray bar), Fc(15)FGE21 P171H
(S0l crosshatc ARG R RS 5 e PO R o S A PESEBE R G 1
change in b160d gyenoe forels MeASuIoH st ISEIEA AN PR, (S0l ereles) o he Fp(LEFGR21
change in bloo e easured.in. mice.injecte solid circles) ar the
i LS e TR R T e R G
P171H (open trihﬁg@@%ﬁﬁ@(]@@)ﬁ@?@%ﬁb@(@dﬁd@&m@ﬂ@@% FRi¢BIHBRE2hPI0LP (opesting
diamonds), or Fgf E@g;%goﬁl}ggn\é E%%qrﬁ%%%%reof Figures 19A-19D show the results of LC-MS

analysis of an Fc(I5)FGF21 control sample (Figure 19A) and samples drawn from mice at time 6
hours (Figure 19B), 24125 HirHs TrRAFEIYS) herRphp Hbides (gl d b FHftnisRBEBH (2) Rigures

20A-20D show thairgsielisiahl G analysisef apkctimFERa1R1 ok crptbsanpleLrighe 20A)
and samples of F¢(15)FGF2I G | 7OETdrawn,from mice at 6 hours (Figure 20B), 24 hours (Figure 20C),
and 48 hours (FRAWBDEES) WrtePAREGIoR ™ eigts 094 RIS SHAWHETE IR BIEENmS SRl of an

Fc(15)FGF21 PitGhéution of no more than 12 amino acid residues, wherein the polypeptide is capable of
30  lowering blood glucose in a mammal; or (¢) an amino-terminal truncation of no more

than 8 amino acid residues and a carboxyl-terminal truncation of no more than 12 amino



30control sample (Figure 21A) and samples of Fc(15)FGF21 P171A drawn from mice at 6 hours
(Figure 21B), 24 (Figure 21C), and 48 hours (Figure 21D) after injection. Figures 22A-22D show
the results of LC-MS analysis of an Fc(15)FGF21 8172L control sample (Figure 22A) and samples of
Fc(15)FGF21 S172L drawn from mice at 6 hours (Figure 22B), 24 hours (Figure 22C), and 48 hours
(Figure 22D) after injection. Figures 23A-23D show the cleavage sites identified by LC-MS analysis of
5 Fc(15)FGF21 (Figure 23A, SEQ ID NO:38), Fc(15)FGF21 0170E (Figure 23B, SEQ ID NO: 39),
Fc(15)FGF21 P171A (Figure 23C, SEQ ID NO: 40), and Fc(15)FGF21 5172L (Figure 23D, SEQ ID
NO: 41) fusion froteifrsifietedmseidas POWZ@AQQE@%%WW?@@U#@@@ HUERK-liciferase
activity assay petfgamerd on the FGF21 mutants FGF21 L99R, FGF21 L99D, and FGF21 Al 11T
(Figure 24A); the 10 FGF21 mutants FGF21 AI29D, FGF21 Al29Q, and FGF21 A134K (Figure 24B);
and the FGF21 mutan B\‘%WfSFé?ETWf@HESﬁW]I@@ Feraipete Geigora o finksdn panel
shows the results ohtainesbferpalinimarsidb k2 PEGNtR otheFightiesiAbAs2 52 shyepiadestits of an
ELK-luciferase activity assa nerforlg1eeglo%the Fe;:FO 21 mutants Fc-:FGF21 P 1 7lG,&Fe-FGF21
P1715, and Fc-FGE: B B INESaA T BREPORNE ST IR A FR PSPy VB A FOF21
P171W, and FcHioka] Raly ¢ GLigire 368y Fe(IBISGERQ, He(Wo)F G2 ITAd hkileol éins antdioGF21
A45K (Figure 25C); E P171E and Fe(15)FGF21 AASK/G170E (Figure
25D); each pan%%?h%%%%%%%@%g %t%gﬁg%%;%?gﬁﬁ?ﬁnaﬂgﬁ%% Erit E%gﬁff)o%lz 5 Fais%e&sn% aﬁ%show the
aggregation as &cfisefoRoPEREHONRiIS tySuch Atsics POiFpaptides isidersdBRAN tautantsioBigure 26A
shows the changg,ipgtcent aggregation for an FGF21 control (WT, solid diamonds) and FGF21
A45K (solid circles) following incubation of 65 mg/mL protein at 4C for 1, 2, and 4 days, while Figure
26B showe the change i BErEh (G RER AR BPUfCETRPTESHIGH GV EHP FGPPTTRIBCIP 78R, 25

L86T, L86R, LIOgElyhaftReAlilbsA200:iA129Q oARRBKn ALIMS I A 130 ad Al3didal 1ahsled on the
tion of 65 mg/mL protein at 400 for 1, 6, and 10 days. Figure 27 shows the

plot) following in ‘E‘Jﬁ?@ ' _ )

results of an ELI§- i?gﬁggécgﬁl?/ RUIRRFHER FAR PO s f i AP RS THORERINENY Theabelie21
mutants FGF21 dskbdier ~GE 2He lth2Rodinonfeik lad3aif8n S igur a8 issaqioishew the-altange in
aggregation levels for the Fc(15)FGFE21 mutants Fc(15)FOF21 6-181/G1.70E (sqlid diamonds),
Fc(15)FGF21 AEE%‘TB@WSEF fé’pé’r?%&ﬁ%r%s%,gﬁrgfiﬁ%égl—”ﬁtﬁ?1 e{é‘gﬁ]@%rﬁgﬁ’ég&%f (i%‘}gjélzzl Pl
71A (crossds), Fo@s)FOfR 6peEs(apbrbtséngles) , and an FGF21 control (solid circles) following
incubation at 4C for 1, 4 d Eigwr is.abar.ar aph also.showing the dresults of the
incubation. Eigure%ggs .gqusq %{?ﬁg‘%& é%@i@%\%% nrgéfsu%r%defﬁc%dllg fnjeg?é@\?\ﬁ{ﬁ?gé)g
(vehicle) (solid (iaspoPEHET- e PR oF PacofsteaTy i EsHet rodeisid G ieBiopehhuistiel),

FC(15)FGF21 A4SKARALQ SO tERNEShofifeE15)FOF21 L98R/P1710 (open triangles). 10Figure 30
is a plot showing the results of an ELK-luciferase activity assay performed on human FOF21 (solid
circles, solid line), Fo(157Eeses tspsrPEithre 8obmmatinie PArtRe iP5 s £ 216 g /sciose(sdiid
triangles, dattedvifiehs embbdgueatdihis pBigipHaewing-theprescent highmeleeuias weightggegates
observed after nine days.at rgom temperature (Figure 31A) and at 4C (Figure 313) for 15FQF21 (solid
circles, solid linéY, IJ—I(X:((%SB%’F%J? %B%rg%l iy ﬁ‘fi"gfeé}?\ hﬁc?f%ﬁ@#?ﬂi%?@/}ﬁﬁ?f@w%
triangles, dottedblire) gRicnseeiB2 isaenseiigh)of dMidhbilmassnapectomeinyiacas-showinyakaserved
changes in Fc(15)FGEZ 8R/{P17 t various points over a 168 hour. time, period. Figure 33 is a
plot showing the %grgg%g% Sgér%{éell;:éﬁugl%%%d Riuds: gﬁgvlglscflﬁ %Eol%d 8%318%?513 %oglggihggfcgs% BY Jehicle
control (open cifekesiaNi-tgpermuinretfoF2d tsolidtsyueles)nardtthe $@Fad midanisit98R] P1710
(nverted seyd Uangigsl L8 Wil.A82 Aapendiamends) Andd 983 4IRS, ARaR {cplld circles).
- -Figure 34 is a plot showing the percent change in blood glucose levels In ob/o

polypeptide 1s capable of lowering blood glucose in a mammal.

The present disclosure additionally provides an isolated fusion protein that can
comprise: (a) an IgG constant domain; (b) a linker sequence fused to the IgG constant
domain; and (c) an FGF21 mutant fused to the linker sequence and comprising the amino

30 acid sequence of SEQ ID NO: 4 wherein the an arginine residue has been substituted for

the leucine residue at position 98 and a glycine residue bhas been substituted for the



mice for each of a PBS vehicle control (solid circles), and the FOF21 mutants L9811., 25P1710 (solid
triangles); L98R, P1710, 1820, 1830 (open triangles), L98R, P1710, 1820 (solid diamonds) and L98R,
P1710, 182P (open diamonds). Figure 35 is a plot showing the percent change in blood glucose
levels in db/db mice for each of a PBS vehicle control (open circles), and the FGF21 mutants L98R,
P17I10 (solid squares); L98R, P1710, Y179S (open triangles), L98R, P1710, Y179A 30(inverted solid
triangles), L98R, P171G, 1808 (open diamonds) and L98R, P1710, Al 800 (solid circles). Figure
36 is a plot Showing the percent change in blood glucose |levels db/db mice for each of a PBS vehicle

control (solid cirfleEfe i dhe 2 Br34 M dtdntd L 9BRSPROLIIBH dhe SR IsFSTUCOBRE D 1P IPTiFF7OF
(solid triangles),@HAGS8BGBEGIOGARA8B@PENIIBY LS n Shigkee B¢ i5@ diagramigranhically
depicting the study desigp far a six-week dose escalation study performed in Rhesus monkeys; in the
figure shaded sﬁﬁ%%’?ﬁn%%@t@b;g% (fr:l;w nina?r%%?és?@ﬁ’% i dP&PpRsE SBBRE MEREESE blood
draws in the fedGHIGFIGHES GBGGRISSEReTR NG My tsndehicting bawihedhesuscoenkeysiwere 10
randomized.on QGTT profiles, QUIT, ﬁ:ﬁq(&b y-weight; Figure 38A depicts eline glucose
levels in 061 ii, s%)m Osacﬁarsg “5#’%%8& sto group A, Is%ﬁhqgﬁ% é,eéoﬁ%a%ﬁémégﬁré‘%ﬁ%%’%%%r%ﬁp B and
open circle, dasﬂ@diﬂhgf éfoﬁns@b@rths torgroup O bibfoieCompeuntiseiveniche Wessrassigifetbto each
group: Figure S§R;Aepiftz.ARReHEAl A% IRYERIlPR] a0 R HRBLRTRIRPAGRR.IGUP A
solid circle, solid line corresponds 15 to group 13 and open circle, solid line corres onds to group C
before compourfﬁ%mvgﬁi@@-were assigned to each group; Figure 380 shows baseline glucose levels

for 001 is | and 2 showg inRiHeRbAHfentd® SRR CRIFESRORETI HHaUR Anihemhaded bar

corresponds to group B and the open bar corresponds to group C; and Figure 38D shows baseline
body weight, thé SHBRREdHEF R ePHuRtd Yot aoniasiv &@aﬁry@f@aﬁ@sm%@wap B and
the open bar coesRondgIiREOUD Bsition FIgHy g3 :issaplal shewing tha £fests of Mehislg, RGF21
and Fc-FGFZl(RG?t.on t{ggy Wiigghtin Rhesus.mo%%e s, shaded bars 1 and 2 cqrrespond.to weeks 1
and 2 at the low 8888  opsen Bals) 3 A% B aLhoAtF P8 e AR G WIAERE PG HoleP SilitPbars 5
and 6 corresponid teedeekstbrtiied Gabthe highldessanaatipplddddisea, 18 trd Seamaspanedo 2

Sweeks 7-9 duri washout period igure 40 is,a plgt showing the percent.change in fasted
insulin relative tg %ggsgl?ﬁ%%&ev%#‘é%? FICSEZ@ grrlnélnl{—)ca-t %Sf%%%ﬁG?noyn%ls%gﬁnn%ﬁﬁmgv@%ﬁn(ﬁhesus
monkeys; Shadedderisland @ venespohgteavesksibarticanthedusistinse! gyeindarsiBaani4
correspond to wegks, 3 and 4 at.the Mid dose, solid bars 5 and 6 correspond to 30weeks 5 and 6 at the
high dose and stippled bars 7 and 8 correspond to weeks 7 and 8 during the washout period.

Figure 41 is a plot shoWiglirsheressasipeniciel the ipioarniatelr drRAGRE) it eamipetsigh dose,
on fed insulin leyglscafRhasys)agnkens-asaiuad:dningyeeks adedii ek thaistHdydseldhars

correspond to week 5 and shaded hars_correspond to week 6. 5Figure 42 is a plot showing the
glucose profiles BIFETHS FORBITRRLF alb17aPERY SHRNEHE G/ QMO SRS T athigBalitiD) a
Fc-FGF21£RG);adlisk giraienisalidlinestiot espandsde: vehicle 2 opams il es-diaied lingeasresponds to

FGF21 and solid triangle, solid line corresponds to Fc-FGF21(RG). Figure 43 is a plot showing the
insulin profiles 090(@%&%1 epltser%]igr%bg% (g'{lﬁw“é el %? 9 %ﬁ%‘é‘%@&&%&‘e‘éﬁfﬂﬁ%zd’aéﬁ ﬁﬁﬁfﬁ\%ﬁ%ﬁw&
Fc-FGF21(RG);tsoi@ttincte, rsotithtin son f espondsitbrvehicle aop e atiuayb rdofied finscatstesponds to

FGF21 and solid friangle, solid line corr 10 Fe-FGFRI(RG). _ .Figure 44 js aplot showing the
glucose OGTT AUCI-3 etem%n%’?a% t %ﬁggg%i"g’agﬁe %%egﬁéeﬁ%%’?%%?erﬁf’dcg gb elg fqd%véeér)m(% the
Rhesus monkeydoepehissesiearrespontl 15 woivC3ntaibiniatedfrortfllcoserheaspeementsiduring

OGTTS3, sghid baysisRHRAANIIRAHGE %ﬂ'&%@&f&%@h@éﬂ&@ﬁ%ﬁ@&%ﬁﬁ%?'ﬂ%?o‘%ﬂ{éf&ﬁ%%(g%ﬁy and

shaded bars correspond to AUCS calculated from glucose measurements during O ) Figure
45 is a graph shSH AT TReAfectEBreoehieRkl BENS! Aiwtrebesi2heRrE sedditionarrditsom
baseline of the fagtgst plasmasighyceride levels from each group of 20 Rhesus monkeys; shaded bars
| and 2 correspond to weeks | an%iz t the low dose, open bars 3 and 4 correspond to weeks 3 and 4
at the mid dose, solid BAPPESGTH St‘fg?ﬂ%?p%ﬁ%H@W@%@ﬁ@é@ﬂﬁ@%@ﬁ%&%ﬁrﬁ%%ﬁ bars 7,
8 and 9 correspéinthtopuseks dsBlokudneibia washoyh petiodutibiglyradbpisngraphshpwing:ied plasma

trlglycerldg &eve§u£r§%}1§rax§&&{8&8 %I)mposiiions can be used in a method for treating a metabolic

disorder, the method comprising administering to a human patient in need thereof a



25 the Rhesus monkeys; as measured during the fifth and sixth weeks of treatment with vehicle,
FGF21 or Fc-FGF21(RG) at the high dose; shaded bars correspond to week 5 and solid bars
correspond to week 6. Figure 47 is a plot showing individual monkey FGF21 levels measured at
pre-dose, and 5, 12, 19, and 26 days, with samples acquired at approximately 21 hours after 30 each
injection. Figure 48 is a plot showing individual monkey Fc-FGF2I(RG) levels measured at pre-dose,
and 5, 12, 19, and 26 days, with samples acquired approximately 5 days after each injection.

Figure 49 is a plot showing mean concentrations of FGF21 and Fc-FGF21(RG) levels measured from
the three OGTTBIBEMATHEEAIARTMARIOACH SPENIISHN! FRIRRSHIGFAREYE JisprdaiArsa8 difespond
to OGTT3 at thenlgiedestudatidiaisseasespgnd to OGTT4 at the mid dose and open bars correspond
to OGTT5 at the high %(i?e. DETAILED Dli%CRIP ION OF THE INVENTION A human FGF21 protein
having enhanced propefied UMFALEn iRIFSMF RiGrAfE FPTUITT FRIERSHadtiendiigitan be
prepared using thieinethbasigdiaclostdheseirarapianaasddnelettlerdiatadyciethad oD pebnally, the
half-life can5be fgrthergstiexteggged t%)g/.fus(i:ri}(g H@&e%mgody, or portion thereof, to the N-teiminal or
C-terminal &nd 6f lel}g-stypenl111 =) sequence. It is also possible to further extend the half-life or
decrease aggregation Sfati8avifcgpienBCGH 21 ihoteirsdy invedimingidntiemacidgdbstifutionsdnto
L5the protein. Sy nadiierl BreliRsAs SIS InE SR ARALIRNK, §E BRRRL mutants, and form
embodiments of the present invention. Recombinant nucleic acid methods used herein, including
in the Examples, are generally those set forth in Sambrook et al., Molecular Cloning: A Laboratory

Manual 20 (Cold Spring Harbor Lgheraiqsy rese g maf el enk Rieiagels in Molecular Biology

(Ausubel et al., eds., Green Publishers Inc. and Wiley and Sons 1994), both of which are incorporated

herein by réterence fof Sy dipdde stow St iseihtoRs gt btemicisditeenasiémaridmolecule”
refers to a nuclefgcapiskmolasidieiof thatnvention that 1) haghees separates:irprat leashabout 50
percent of proteins, lipids, carbohydrates, or other materials with which it is naturally found when total
P Loloio acid is (ZBHEED fféﬁhé'Eﬁ&?é%%sﬁ%ié%t%ﬁ%@ 105 6P ﬁﬁﬁ%n%‘?‘ﬁ%&?nﬁ@f tide to
which the "isolatgdaimsdéic abidnmolgdile cisitioked in nature, (3) is operably linked to a
30polynucleotide which.it is npt linked, to in naturg, or.(4).does not occut in nature art of a larger

- polynucleotide sequen%1 s rreﬁ?nggif/%er?g%%tgg '%yﬂu(I:EI(!é%qe}lc‘:i1 ‘Mo e%cu%ltgf %ﬁseayp?%sg'r%?év%nnﬁon is
substantiall freéfrom Bah2dthertod redrttraliog Hutleicsticidmusiesuiedr HtHEY, cetitiufini&ht§that are
found in its natuggh epyiggNIErRL N3k quigdnieriara wilh isysein polypeRtidepradyction or its

therapeutic, diagnostic, prophylactic or research use. 5The term "vecétor" is used to refer to any
molecule (e.g., nucleictagi Plasattd, B iterd giket leupisfarcesui mfoiasatiorries aridsFBEIl.

The term "expresginh ¥astormigfersio 8 vaatel ptismyitahenfortansfaimation ofahaskagl and
contains nucleic acid sequences that direct and/or control the expression of inserted heterologous
nucleic acid seqtEHERE) B raL&TRRIEHBL but is not limited 10to, processes such as transcription,
translationz and RNA spiigiftg4 ikintensarepiesenbnge mhgdednliepasabhslinkednigdseddierein to
refer to an arrangement of, flapki uences wherein the flanki uences so described are
configured or as%é%gfle lécl)%gsgt %@?f%irrr%et eﬁnus(ﬂgeﬁr}%t?cﬁ%?#mg%fgﬁ%ﬂﬁc élq L?éﬁ%“f%e ably
linked to a codingedeGiEin besiomayrbeicapablersiraffecimg 4bid reploation] &tafsstiptiangdesl/@r Translation
of 15 the codingl%?qgf%c%a§%e$ample, a coding sequence is operably linked to a promoter when the
promoter is capable of directing transcription of that coding sequence. A flanking sequence need not
be contiguous with thefigeing sbqueribe, modutigchenizdundiiond ebrrestlyeehusfomesdamplace
intervening yntraslated.yet Bee6iRed RRAYGACAEISANRE BIESPTHRAINGER ARt seguence and

the coding sequence and the 20promoter sequence can still be considered "operably linked" to the
coding sequencECF21 Fisclusion Prsitcetmpsisaedes Fasertd 2 denlidiiimelas vach st fied, or is

capable of being=transiaunes st -anedsimasiddaseadence. andthen ehexprigssing a selected gene of
interest. The tei in incluges the %rg eny of the parent cell, whether or not the progeny is identical in

morphology or in genefiEEHEKEE b tREbfntasBts e, ligyd chromatography-mass: spectrometry
: (LC-MS) analysis of a human Fc(5)FGF21 control sample (Figure 6A) and samples of

30  Fe(5)PGF2] drawn from mice at 6 hours (Sample D6; Figure 6B), 24 hours (Sample
D24 Figure 6C), and 48 hours (Sample D48; Figure 6D) after injection.



25long as the selected gene is present. The term "isolated polypeptide" refers to a polypeptide of
the present invention that (1) has been separated from at least about 50 percent of polynucleotides,
lipids, carbohydrates, or other materials with which it is naturally found when isolated from the source
cell, (2) is not linked (by covalent or noncovalent interaction) to all or a portion of 30a polypeptide to

which the "isolated polypepiiee7is-linkebkin natures (®) i dpeddblyalinked (bf sovatemebrndadstdlent:

interaction) to a polypeptide with which it is not. linked in.nature, or (4) dog ot i g
Preferably, the isSlféd hotypept ST TSI v'free f&%ﬁ%&@?ﬂ@oﬁrﬁé@rﬁﬁﬁg g(})f{])v/%ggg{)%@es or
other contaminangs; that alefeuShimlsitaEiaiefdjobiient tHarwpie B4 tdHewe With AvdHérbpsatic,
diagnostic, proph}‘(éacé@ﬁo%g arch %f g'lfrhg%eggn"naturally occurring” when used in connection with
biological materialS %tk | i€ ac'dameolieéufes, polypeptides, host cells, and the like, refers to
materials whigh are fourRign ssaures BndawethotroraliipeldSdvby makysSinfilamy ol SR AR A Lrol
occurring” as used hetein refers to a material that i Rl | re.or h gally
modified or synthé@ﬁéa %l'%%gé‘&/r?é’gﬁ 583%? i 8%?#@%?5? \%jtlh'ar%c ecﬁi?(j&ésgl;H iiég fﬁhsgbt%?rglksﬁr_?};lt%%lly
occurring" refers gBthediases Eipnns)andyidsine( C)igyoabine{@) infmatdte (T), and uracil (V).
When used in connection with aming, acids, the - Ay Ing; he A@amigacids
alanine (A), cysteine (C%ﬁﬁ%lﬁg%gggdsgﬁyéﬁﬁté%%%%%%%&%ﬁ%%&%ﬁﬁl%&nsg (G), histidine
(H), isoleucine (1) sdysiie (fapte totneuttsamplkionfndCie) (AaPar dgine (ﬁﬂ?’p%!ﬁ?eaﬁlﬁ),hﬁ’l‘ﬁﬁ%ﬁtﬁﬁér@),
arginine 15(R), serine{s), thregnine i _ ) Liviegsine (Y). The term
"FGF21 polé?ept%%&‘ réeafsgl%l E%?aﬁ‘ﬁ?t%%w?g%ﬁ’%ﬁﬁ%%@e@%%gﬁ?& expressed in humans. For
purposes of this disclosiigythe térm'EG Emmp dhppelsatiascc sHB e deuifrftebeh g8 ¥efe o any
full-length FGF21 ide, e, I By Whie i H 209 amning @k residees) amd
which is encodedpgg%gﬁﬁwpg ﬁdgfg})fﬁg%’%gﬁeb? oﬁ%ﬁgﬂ%ﬁp a"r%/ ggﬁ%m of the 0
polypeptide, e.g., SEQSIFuN o droitiichitisasis g6 8E- amino acid residues and which is encoded by
the nucleotide sequenceF%[U?eEQ IRNQ B @mmmg@tt@gg RARNAQRACIH eRidugsatdheith PBS
amino-teintinal end of the Tull-length FGF21 polypeptide (i.e,, which constitut_elrgrg g)lgg%ﬁzela ig ) have
been removiedl, arfebiidrimntsheéPBEEE Tivetehds, pake T é@sgﬁﬁ&eqﬁﬁf&ﬁ LAY EEEL Priutant”
refer to an FGF21polypeptige yajiantin winehanaspiallyascasinyRGe2 1samino(aeid sbegreaty has
been modified. Such modl'ficatlons include, but are_not li (I:]tl?l‘?t ne or more a irip a};%i(gj shatched.
substitutions, in(-;ll@ﬁ?ﬁ@@ﬁkﬁ%iﬁﬁﬁ)ﬂ%ﬁg\}iw&ﬁ%ﬁdaﬁfﬁ ﬁ%gm‘?ﬁ%hac? Ié%%}(?gg, End truncations.
Thus, FGF21 poImgﬁggW@lgtﬁr@;sjm(dn@@A%@aﬁ@{@bﬂmiieﬂdmmwma@diﬁected FGF21 mutants,
truncated FGF21 polypeptides, proteolysis-resistant FGF21 mutants, aggregation-r IRG: 21
mutants, FGF21 combin %%‘ﬁeﬁgtélh?é’fsaﬂ’& PesESY Cf%?éﬁ Blr'rgl}%’ﬁﬁgs,s-l% %Si%%ésdrﬁg%r%#%%gg{r:?h%%
purpose of iggntifyiperthe spactsdryasationsian aniifoRERL substitutionk:Df the BEFZ(IMIERES of

the present invention, the numbering of t ing acid residu a [ERRAR sto
that of the matureni‘étfl-}tés‘f&gesfgggi S’J@b%?ﬁ%%&&?%%%é’ ﬁ@%ﬁeﬁh sqéﬁt.#é ﬁggfgﬁ inventl%n, an
FGF21 polypeptidp/myiaareemprists deotitinteaciddsgqueqrsithatis dOIGAE RboAES b@méﬁﬁm

identical to the amino acid sequenc NO: 4,.but wherein specific residues conferring a
desirable propertﬁfﬁ‘ﬁ?@dﬁbgﬂc@é@géﬁig}#?&t%%?léégs?%arlgtszblysis-resistance,_ir]creasec! half life or
aggregation-reducing prepertiesasshaanti rtdtionethersofetrivernatied miumike imectwb S 7Y other
words, with the exceptjon of resi inthe FGF21 mutant seq Hhaye,heen modified,in prder
to confer prmgolyé?gﬁés%gn% &Lé%srégg%ioﬁ%eaujg%, g?o%%ergg%iﬁg?%gu%ﬁhﬁmeﬁ ﬂ?‘fél %Ib
other amino acid residugs 16 thel FGF X rmutea).sEqliénteictn be/fHodifies. MeE HES 'EGF21
mutant Q173E, ug to, 1 L, ap i ' thaotheglitamic seidyasigagwhich
was substituted fc%aié %‘&%ﬁﬁgﬁ)&%}b&é@%}rﬁ f‘?g g%%%lfgg%}gggédﬁ%n still othertmbodi(?ng:%sﬁ: an
170F21 polypepti@1m@1ﬂ@mm¢eﬁ@mlwﬁhm'€mlwséqhéme that is at least about 90 percent, or
about 95, 96, 97, 98, or in? n%cﬁptsfﬁo% tlzq%l) é%}%_@@lﬂ!&@%jb?@%’%ﬂ%@ REQ IR NQrdd bytyykerein

the specific residues con ngthe lypeptide miutant's proteolysis-resistance or. :
aggregationaredudinigqropeiticE Baveotiot tareflrthel mbael (o rserrarot Beyirpadeitlants
possess at least o agfvi e i e ERT21,00 renide: jncHas ey estionso:
passes a nucleic acl ecule encoding an FGF2I polypeptide mutant comprising an amino
acid sequence that is at least about 85 percent identical to the amino acid sequence of SEQ ID NO: 4,
but wherein specific 25 residues conferring a desirable property to the FGF21 polypeptide mutant,
e.g., proteolysis-resistance, increased half life or aggregafion-reducing properties and combinations
thereof have not been further modified. In other words, with the exception of nucleotides that encode
residues in the FGF21 mutant sequence that have been modified in order to confer
proteolysis-resistance, aggregation-reducing, or other 30properties, about 15 percent of all other
nucleotides in the FGF21 mutant sequence can be modified. For example, in the FGF21 mutant
Q173E, up to 15 percent of all nucleotides other than the nucleotides encoding the glutamic acid

residue, which was substituted for glutamine at position 173, could be modified. The present invention
fiirthear encomnaccac a niiclaie acid moleciile encodina an ECE21 nolvvnentide miitant comnricin an



The present invention also encompasses a nucleic acid molecule comprising a 10 nucleotide
sequence that is at least about 85 percent identical to the nucleotide sequence of SEQ ID NO: 3, but
wherein the nucleotides encoding amino acid residues conferring the encoded FGF21 polypeptide
mutant's proteolysis-resistance, aggregation-reducing or other properties have not been further
modified. In other words, with the exception of residues in the FGF21 mutant sequence that have been
modified in order to confer 15 proteolysis-resistance, aggregation-reducing, or other properties, about
15 percent of all gther amino acid re;idu_es in the FGE21 mutant Sf@uence can be modified. For

example, in the B&P51 n TpEees JaideniOr all Aiftrddidiresidaid dekthafthe

glutamic acid reBigugR@RhGIasBEbItluiestfotiglistamine at position 173, could be modified. The
present invention furthgr enc asses a pucleic, acid molecule comprising 20.a nucleofi quence
that is at least about 9 EE%IFC(S%T, oorvéso%ﬁt %’Jg()g@l@cfs 9 ?%%595‘?33«5}15%31fl?dﬁ?f”cgp?gtﬁ#e‘ﬂﬁ%é% ide
sequence of SEGplid k@) &, thathietiSiEiGRAE muctentithe $5RGHAIn G Bitlkh opetdbeesiduds ddiietring the
encoded FGF2 ' ' lysi i tions ] r ies have
ot beon fuither T L e A e
possessing at 2&Edstehehidtiviey oF & WidEY SR ORD fsplidy propsiteched tring tel|FebidiBgiHlly active

FGF21 polypeptifesaytaeh ¢eRrdaay.RGF21 polypeptide mutant described herein that possesses
an activity of the Wild-tgpe FGF21 polypeptide, such as the ability to lower blood glucose, insulin,

triglyceride, or cholest&t8¥ietfusonsdsvesgitaraafrovlogh chue 1o krahe aeErgy IBxpsaditure, or
30insulin sensitivify:tegoatgless P thedyna RENBMBRr PfMMedicationsthat have)pesn intiesced into
the FGF21 poly gg(;ide_mut nt, FéFZl aly (? ide mut(m possessing a si(\éwewhat decreased level.
of FGF21 BRI 5 thE SRS PR3] ol BU A eRRroRIRSIECE B {CieFierto be
biologically activeidngIE31 FolyPEGHRI MAATID. (solihe demmsdeffectves sragunt” anwoithei@peutically
effective amount: each, refer.to . FGF2 eptide mutant used to support an
observable Ievefglo (?r?gsg St gﬁ&}rge?@lo 65@2?{@1&@&?@%&%@%#@@' FGF21 polypeptide, such as the
ability to lower blood glugese} insuwling thiglykeridguorsehiviedterahiavelsinreducanadhyd weih RBST
improve glucosq.IglaTaNe, GEFY SHRSAIYIG ARSI SERs I o[0F EmrRhamgagutically
acceptable carrier” or "physiologica ;ﬁaﬁi:cepta tle carrieras use ereilg fe ers té one or more

formulatiohMmat&ialE dgrabheth FeOboEsTHpliShingbfsotidanembptiiecd dliwbridt B GEE A plypeptide
mutant.  Thederm ANNGARhIETELS (& IBHEFHe BT A ORIl BIPPI6PWe Rakds-saRARIROf being
bound by an antibody, and additionally that is capable of being used in"an animal to produce

antibodies that AR &FRBRIERBINGIg to an epitope of that antigen. An antigen may have one or more

epitopes. 15{)hedt_ern; 'Mgﬁx\eezlécé'trfi_@r&;@ga@l;@@w@@g@faqvﬁﬁjlafaegc;@gngaiﬁin&sthgeﬁﬁ%agm&eﬁ@cfea
non-antigen-binding fragm sulting from digestjon ntibody or produced by other means,
whether in moné%egFFé? (3?’ ﬁﬁu%#ﬁe?ﬁ@ anﬁlf‘& @5ndé% ﬁ?t%{l#iﬁg?ﬁﬂ gBYEGts rf théj%ﬁ%apmm
immunoglaloulin(epericeinidhe FalilBFcH3prefétablysofihuman:egirFatid carbe @y iaf thepen
immunoglobulins, altho e prefeiled. 20 Native. F I are made up of
monomeric poly%lggﬁ%?é%%gm I%ﬁe@#ﬁ%ﬁ irﬁ%%%ng% %%ﬁﬁm)g%ﬁ%?r%we@d)\%eﬁnﬁ%# disulfide
bonds) and non%éﬂréléﬂlf@g%bﬁh’ﬁ@ﬁ(ﬁﬁﬁé sawaroex. of intermolecular disulfide bonds between
monomeric subunits ofaive [ PghieFanaas o LR deReadinaonalpsE s Jg,loA and

IgE) or subclass (e.g., I9G 1, 19G2, IgG3, IgAl, and IgGA2). One example of a native Fc is a 25
disulfide-bondedie r FasuringArbrip apamedigestiv ArefamirgGH{ seecHil ko e HEuro 8B Natleic
Acids Res; 30: 434 Biglhe RN RAiN e dies B3HILIITSrei i$geRsHC to the monomeric, dimeric, and

multimeric forms An example of an Pc polypeptide sequence is presented in SEQ ID NO:13. The

term "Pc variant” refer§ 85 dRaNR shekfiferrenlthat Imbeifrav s of 38BHAGVEEE b AR
comprises a bincing ditafoidhipisalyage yesepiaipke RN HNeoatERl (I ETEPIRLvIRemational

Publication Nos, WO 97/346, O 96/3247 scri xemplary Fc varignts, as well as
interaction with H1&" ga‘%}gﬁiée ;?ge?&%r\,é\é?{a re'He Qgﬁ’iﬁ%%%ﬁ% Sg’%l]éefépéﬁc CFHIECHAR term "Fe
variant" can comprise HiguoteClle-di Batjoenbe téraftsdilirGaviz edaliein & aorduMBGRAINET FL.

Furthei , ive,F ' ' hat b t ide st I
foatures of b OOy Ay b o 1Ey B b Ao e VP EGROT Hiar

e fusion molecule mutants of
the present invetioh (Hiaws, Ih8)terh Fiaeatidnt aodiiphises Einolell®) oftsoigisstioe that lacks one or
more native Fc sites or residues, or in which one or more Fc sites or residues has be modified, that
affect or are involved in: (I) disulfide bond formation, (2) incompatibility with a selected host cell, (3)
N-terminal heterogeneity upon expression in 10 a selegted host cell, (4) glycosylation, (5) interaction
with complement, (6) binding to an Fc receptor other than a salvage receptor, or (7)
antibody-dependent cellular cytotoxicity (ADCC). Fc variants are described in further detail hereinafter.
The term "Fc domain" encompasses native Fe and Fc variants and sequences as defined above. As
with Fc variants and native Fe molecules, the term "Fe domain” 15 includes molecules in monomeric

or multimeric form, whether digested from whole antibody or produced by other means. In some
oambodimente nf the nrecent invventinn an Ee domain can bhe fiiced tn ECE?21 or a ECE?21 miitant



The term "site-specific FGF21 mutant" or "substituted FGF21 mutant" refers to 25 an FGF21 mutant
polypeptide having an amino acid sequence that differs from the amino acid sequence of a naturally
occurring FGF21 polypeptide sequence, e.g., SEQ ID NOs:2 and 4 and variants thereof Site-specific
FGF21 mutants can be generated by introducing amino acid substitutions, either conservative or

non-conservative and ysing naturally.or.non-naturally ogeurring aming acids, j itons of
the FGF21 polypeptide. ]%g%oar%&e?%%lg\%Ofm%%%%%éﬂ%%ﬁh%ﬁ%&r% anl{g\%/le}aé@ﬁ irjS%Jtpl?t;io_l%qggtest)native
amino acid residuefiod saenpbsiciguieulichreadgiven posifibn(of IRE FildStyf3é. Farm I palybistidé
sequence) with a nonnative residue (i.e., a fesid ti . i [ iti f.the wild-type
FGF21 polypept% e q1 ﬁ%ef?é(lc%{rtl%ﬁh@? is ?t%le%?%%jgffgg%dr@ﬁ%r%g ari}[s/ﬁ(%@rga%iﬁ the
amino acid residue at tRanpasitidA-Bohsborative atnmnegcidisabsknitins aysd erdémpanysis of
non-naturally ocguyri ino.acid resi " AYP) ' Ry, chemigalgpeptide
synthesis r her%ﬁgﬁﬁgg&@ sr?nggg’luggglgq%tsﬁ?%f %@gﬁkﬁg%ﬁdpe@ﬁﬁ@%ﬁ%gg gir%)other

reversed or inveNed 8ot dfARHTe heit Moidtipse 23 ERINY SHeufingpresialies Bah e ildded into
classes based op.com el R pr ies: hohic: narleucine, Met, Ala, Val, Leu, lle;
Mgk %@Cﬁﬁﬁgﬁ epaiies; Bty rnenatienal

(2) neutral hydro ) acidic: Asp, Gin; ( gﬁsasm:'Asn, Gin, His, Lys, Ar% (5)
residues that influence BigainscHhtatiomhayihpiesdirdof 5t drBriegiferssp 2ty tp a2y PEIGHEEative

substitutions can.inyalye:the gxchange-eha member el pneds (heseclanses foraralhey membe of the

same class. Non-conservative substitutions can involve the exchange of a member of one of these

classes foil & meRGHEH fromaatiofNer Hlads2 B sTieh2dnivé Heirad e ohd Yiinéihareonedhaie or
non-conservative) Capg9pg, deleimingd Py those skiled in fhgmrt.at thermesuok Suhstitytions are

desired. An exemplary (but not limiting) list of amino acid substitutgons is set forth in Table 1. Table 1
Amino Acid Subsﬁ@htnﬁ%l@r@ﬂ@éh?@idt?@&%&@ﬁﬁ?&}‘%%&ﬁ@ﬁoh§°RT'§’}'VaI, Leu, lle Arg | Lys, Gin,
Asn Asn Gin Asp 1 GlupGySes 25A-25D show the results of an ELK-tuciferase activity assay performed

on the Fe-FGF21 mutants Fe-FGF21 P171G, Fe-FGF21 P1718, and Fe-FGF21 P171T

15  (Figure 25A); the Fc-FGF21 mutants Fe-FGF21 P171Y, FCTFGFZI P171W, and Fc-

| FGE21 P171C (lé.igure 25B); Fe(15)FGF21, Fc(iﬁ)_FGFZl A45K/GIT0E, and FGF21

A45K (Figire 25C), and Fo(15)FGF21, Fc(15)FGF21 PI71E, and Fc(lS)FGFEE

.'A4SI§/Gl7UE (Figure 25D); each panel shows the results obtained for a human FGF21
control. ‘ '

20 Figures 26A-B show the aggregation as a function of time for wild type mature
FGF21 and various FGF21 mutants; Pi.gure 26A shows the change in percent aggregation
for an FGF21 control (WT, solid diamonds) and FGF21 A45K (solid circlesj following
incubation of 65 mg/mL protein at 4°C for 1, 2, and 4 days, while Figure 268 shows the

: change 1in percén‘t aggregation for an FGF21 control (WT) and FGF21 P78C, PR,

25  LB6T, LSGR, LO98C, LO8R, AT1YT, A129D, A129Q, AT29K, A134K, A134Y, and
A134E (all labeled on the plot) following incubation of 65 mg/mlL protein at 4oC for 1, 6,
and 10 days. '

Figure 27 shows the results of an ELK-luciferase activity assay performed on a
human FGEF21 control and the FGF21 mutants FGF21 A45K, FGF21 L52T, and FGF21

30 LS5S8E.

Figure 28A is a plot show the change in aggregation levels fer- the Fe(15)FGF21

10



| Ser, Ala GIn 1 Asn Glu | ? Asp Gly I Pro, Ala His | Asn, Gin, Lys, Arg I[gél Leu, Valet Ala, Phe u Tie,
Va, Met Ala, Ph Lys Arg, Gin, Asn Met Leu, Phe, lle Phe Leu, Val, lle, Ala Tyr Pro Ala Ser Thr, Ala,
Cys ThrSe Trpl Tyr, Phe Tyrl Trp, Phe, Thr, Ser Val Tie, Met, Leu, The, Ala

mutants Fe(15)FGF21 6-181/G170E (solid diamonds), Fe(15)FGF21 A45K/G170E (open

squares), Fc(15)FGF21 P171E (solid iriangles), Fe(15)FGF21 P171A (crosses),

Fc(15)PGF21 G170 (open triangles) , and an FGF21 control (solid circles) following

incubation at 4°C for 1, 4, and 8 days, and Figure 288 is a bar graph also showing the
5  results of the incubation.

Figure 29 shows the blood glucose levels measured in mice injected with PBS
(vehicle) (solid circles) or the Fe(15)FGF21 mutants Fo(15)FGF21 A45K/G170E (open
circles), Fe(15)FGF21 A4SK/P171G (solid triangles), or Fe(15)FGF21 L98R/PI7IG
(open triangl'es).

10 Figure 30 is a plot showing the results of an ELK-luciferase activity assay
performed on human FGF21 (solid circles, solid line), Fo(15)FGF21 {open circles, solid
line) and Fe(15)FGF21 L98R/P171G (solid triangles, dotted line).

Figure 31 is a plot showing the percent high molecular weight aggregates
observed after nine days at room temperature (Figure 31A) and at 4°C (Figure 31B) for

15  FGF21 (solid circles, solid line), Fe(15)FGF21 (open circle, solid line) and Fe(15)FGF21
LORR/P171G (solid triangles, dotted line).

Figure 32 is a series of MALDI mess spectrometry traces showing observed
changes in Fe(15)FGF21 LOSR/P171G at various points over a 168 hour time period.

Figure 33 is a plot showing the percent change in blood glucose levels in db/db

20 rmice for each of a PBS vehicle conirol (open circles), wild-type mature FGF21 (solid
sguares), and the FGF21 mutants L98R, P171G (inverted solid triangles); L98R, P171G,
182P {open diamonds), and L98R, P171G, 182G (solid circles).

.Figure 34 is a plot showing the percent change in blood glucose levels in ob/ob
mice for each of 2 PBS vehicle control (solid circles), and the FGF21 mutants L9ER,

25  P171G (solid triangles); L98R, P171G, 182G, 183G (open triangles), LI9SR, P171G,

182G (solid diamonds) and L98R, P171G, 182F (open dlamonds)

Figure 35 is a plot showing the percent change in blood ghicose levels in db/db
mice fcr each of a PBS vehicle control (open circles), and the FGF21 mutants L8R,
P171G (solid squé.res); T98R, P171G, Y1798 (open triangles), L98R, P171G, Y179A

30  (inverted solid triangles), L98R, P171G, 180S (open diamonds) and LO9ER, P171G,
A180G (solid circles).

11



3.Truncated FGF21 Polvneptides One embodiment of the present invention is directed to
truncated forms of the mature FGF21 polypeptide. This embodiment of the present invention arose
from an 5 effort to identify truncated FGF21 polypeptides that are capable of providing an activity that
is similar, and in some instances superior, to untruncated foul's of the mature FGF2 | polypeptide.

As used herein, the term "truncated FGF21 polypeptide" refers to an FGF21 polypeptide in which
amino acid residues haligusedf reapvedframaites annfoltehamienin o/qed KierpsiHan eAE/ 6P tHEFGF21
polypeptide, amipo acid resigies haya PesnMAYACHFOR hesarkaxkiarminal (oL Sstermingd) end of

the FGF21 polypeptide, or amino acid residues have been removed from both the amino-tat minal and
carboxyl-teiminaloprdsofaive) FEIRR1 Pbly e ptide Fiiel afions srhneadibAs uiddidedhbraR W
prepared as desgirmﬁ)q]m‘rein Examples 3 and 6. 15The activity of N-terminally truncated FGF21
polypeptides-and C-terminally truncated FGF21 polypeptides can be assayed using an in yitro -
ELK-luciferdse assay aBigsscbich ifimsarm srarkioafhidiid dutaifaectids At asasis e deite

used to examine,the Activity,8f thaneated FE RadsRolpertides can befosnddnExgmpledinihearactivity
of the truncated FGF21 polypeéptides of the present invention can also 20 be assfﬁssed, in bﬁg e1n Vivo

assay, such as ¢BpoB Hicesas hedripl Sampidssraly #yabsialctrddeed Havh Wy ity of a
truncated FGF21:palypeptide, the truncated FGF21 polypeptide can be administered to a test animal
intraperitoneally. After a desired incubation period (e.g., one haur qr more%, %blood sa é)le can be
drawn, and blood glucdd84eserSdaR b8 masdtted. BSLtiAtPiEIAg lgﬁh@ n’ ﬁfé’sa&%’ég Rat Car

at can be
used to exagmingthie.astivityof truneatadfGF2Gpalypertidescandie fatigid:irF ipxanples Beaiuis?. a.
N-terminal Truncations In some emb,odir_nentf of_tBe resent inventc'ﬁonCS N-terminal i Qi%a’téopo .
comprise 5 1, 2,28581% Husoss lgvaihidiild el eSO ENOBIIhEICERS of the matlite FoF21
polypeptide. As damansitpteddne fproaxample, dpxaripti: SdasicbFigure@rtspnodted EGHE2 Ciofppeptides
having N-terminal truncations of fewer than 9 amino acid resid_u}gs retasjgéh&ai%'{lsit%{a%ﬁ@le majure
FGF21 polypeptid& RIS PHISHF G MtBESTH ATt 4 AR SIEIRG Y h Particurar embodiments, the
present invention.eAGGMDEISES tulcaiesdOfaumoeithenaipre KEE 2irge)ppbipiie opE@HELs
polypeptide mutants having N- terminal truncations of 1, 2, 3, 6,7, 0r iNo acid resi . b.
C-terminalFrundaigiig? Ir?s?i}ﬁe‘:’@?ﬁb%ﬁ{r%ﬁ@‘gf? e %Oﬂggéé’rﬂ%ﬁrﬁ/?a%l%%?%- ergrér;@l%raél ﬁ)ﬁﬁggqt%%:g?
comprise 1, 15 2yBicde Swéte TasdifhelOlol addr §Rv@miRigaeid ksishuessfimyetine @leenyeinkdvslidior the
mature FGF21 polypeptide. As demonstrated in,.f ample. Ex le 4 igure runcated
FGF21 polypept'ﬁiég'ﬁ% iﬁé‘%ité ‘l’ﬁ%lif‘rﬁ%stig%sggge%]vgrsfw EI\@?? %rr%%%%gg?g %%?d%j%%uéx%g%d an
efficacy of at leagi&R¥Haf thereffioady tof wilts tHped- GE2bdn bar rwwitspoBIK HueiferasSe asdaygure

indicating that these FGF21 mutants retain the ability of , GF21 polypeptisle da kwer

blood glucose infg}siﬁ \W&é&.ﬁ E(’:%OP |¥1§T§1 El%%?t%é@%aéﬁfo%m%%gdi% b%%@e%?ﬁvgr%ion '

encompasges trunnated:fdsmszofith@rmadube FEFD potygspptideto BRCGF21 polypeptide mutants having

C-termina truncations of Jy 253 &5yl (i B e 10k b2 A0 Feiiesidues. Raedtiatyiaal and
0

C-terminal Truncations n some embodiments of the present invention, truncated FGF21

polypeptides carbbdwereigdrmbitimion obN:esshsided e tendih aprraTRanioRs srkn ELRd %élﬂﬁ
polypeptides haying 4 complpalion oL Iepinaland Caielinioaljuneaions 0aig Wedeiity afz

corresponding truncate 21 polypeptides having either the N-terminal or 30C-terminal trupcations

alone. In other wordsiesprshtedvEG 319561 sé PrdashavsagbtHmledrism - Puidti GRS BIHERREP than
9 amino acjd residues j—rbddgﬁ %igqjagm?gggg._of fewer than 13 amino acid residues possess
: ¥

similar or gréater blood glucosé-lowering activity as truncated FGF21 polypeptides having N-terminal

truncations of fewer thanDiesmifoiacidiresiabreEIBE (i PSIEENE CRPLH My pEpTEHENING ER& Hinal

truncations of fewerthan 43 amine apidresidues: Ascordinaty, ismpartiedlasamhodisents, theepresent
5 invention encompasses truncated forms of the mature FGF21 polypeptide or FGF21 gpog%glptigie
fr88iGuER And

mutants having BesKsE MmEtRERE diHs oo spd s vgeks he a%ﬁh@%g

C-terminal truncafians af desdodd 4o Sweké Bai 10atlibeanit2 amineagiddasiuns. AsowitkpatlFGF2|
mutants of the present invention, truncated FGF21 10 %o%/(}gep?tid?g éca_n IFogtiongl% %«Oer&?sfi%eag g
amino-terniiflal kS nirE@ddsRive S WHIEHesh 58 HPBIICRH by BeESTTRZHOA oF a8 result of a
bacterial expressign fy @eessshout Pagdauncated FGF21 polypeptides of the present invention can be

prepared as described in Examples 3 and 6. Those of ordinary skill in the art, familiar with standard
molecular biology techniques, can employ that knowledge, coupled with the instant
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15 disclosure, to make and use the truncated FGF21 polypeptides of the present invention. Standard
techniques can be used for recombinant DNA, oligonucleotide synthesis, tissue culture, and
transformation (e.g., electroporation, lipofection). See, e.g., Sambrook etal., Molecular Cloning: A
Laboratory Manual, supra, which is incorporated herein by reference for any purpose. Enzymatic
reactions and purification techniques can be 20 performed according to manufacturer's specifications,
as commonly accomplished in the art, or as described herein. Unless specific definitions are provided,
the nomenclatures utilized in connection with, and the laboratory procedures and techniques of,

analytical chemistry, syIHE digAmOTAMMIBS S RTRBREINER S pHAM AEUtitAErettiiSthy
described hereigia¢e ihoschivklbkagwin Radeolinmnenrly sBRE-NV{henakeStandatd 2bieghrnigkes can be

used for chemical syntheses: chemical analyses; rmagceutical preparation, foiululation, and
deiivery: an ol B SR e P S AP iRt BOERrIEe of e ECE e Hikntion can

also be fused tabanother entity, which can impart additional properties to the truncated FGF21

polypeptide, In one e gnt. of t jnvent 1 ptide. 30¢an be
fused to ar(1915 Fc seque?c%of" rl?'&? %L%sé)%%c%{ﬁ‘%%{éa%o%{léﬁgﬁ§35§§§§f§§/v%%§§%§€ﬁ§%§§l methods
ancUor the guid#né;ﬁ p%@id’é@lh_ér@hdﬂfﬁe bestein O’Y@mﬁﬁfi@@d (@@pépﬁde@i}‘%lg v@@ﬂi@sﬁ_ﬁmethods
for making such.fsignnalvpeptidespis discksserdn moeAatahhersipctAraiaqlsisstesinant
FGF21 Mutants 5As described in Example 8, mature FGF21 was found to be undergoing in vivo
degradation, wHitbh4as issatadsde fpel tB @lse from proteolytic attack. The in vivo degradation

Orf mature FGF21 w?s Ej@gﬁl%hltp il@lﬁgliﬁ ﬁ&%ﬂﬁglﬂé@%&MﬁuHﬁéfﬁi&%de\ﬁlbi@w&lﬁfi@ﬂ%ﬁg&%yd@@%?f%ig ,
therapeutic poteptial of a malecule. Accordingly, a directed study was performed to ideptify FGF21
mutants tht ex itf&?egfrgﬁémga&%%e&%@% K PSS o i atiBnictheLfted the
mature FGF21 potypepiitiedhahwyegategming ddadieipatietdaiby GLscEgibiesial gonteatysiscinclude
the peptide bond Pg ween the ar(rglino gcigéﬁi%ﬁ% at positions 4-5, 20-21, 151-152, and 171-172.

A broad but foc(i&éd and direetet SSE)J ﬁ'was performed to identify particular substitutions that eliminate
the observed proteolytiegeffeds vehilelnotlaffectnbethractiVvitG Th alihé-proteimiocdrnuthacodptible
degree. Tables ighli fi tant twere nr nd tested. cribed

S,ap onsé éll%'& %B%EC%H%S &Nd ﬁlf_gg‘é*%é‘e’} Seia R%%ﬁs %%%Eéﬁ% a?gﬁm g%%% c%ré%}&?

in, for example, Examp and 14, not al 1 'mutants exhibite rofile; some mutants

conferred bPotedtydis¢é sidruiieddiient shewe snoisesmprtndivaek SIS astidtherothaespenatons
retained FGF21 agtiviity Rifelig @9&2@9&5&&@&9%%&&@%%@6@@%&% m&&@@%&%@&@gp&éor

example, 20FGF21 P171G, retained a similar level of activity as wild-type FGF21 while also exhibiting
resistance to prifeiftic GEGHABAERT SO SREHBR RS fdehtifying desirable
proteolysiS-resEtant hFﬁE&é mug?mgsigw@%mﬁh@m@@ﬂgﬂm ?NBE&E@ ﬁ@kmﬁm&E@sﬁfHﬁ@Mthe same
as, or greater than, the activity of wild-type EGF21. Therefore, another emhodiment of the present 25
venion s direb RS EES ALY TP alae BSIER b OO P TS B vt i
essentiallythe skbaeasmonkeyreaterdibbyrwvildtyRechtkRhdAtihagh less desithblevindsssnepeases,
FGF21 mutants hatare resistant o proteolysis bl exhipit somewha decreased sty In another
embodiment of H‘le present IAVENioN. T SoMme Cases it Can' be desirablé to maintain a egllj'ee of
proteolysis, andteoresisdemiyt RGER hidndosarasdistpriidwess M dedréeofspotablysistbsctBur also
foim another empodiment ofithe. Bg%gqt invention. As with all FGF21 mutants of the present
invention, the proteolysis-resistant FGF21 mutants of the present invention can be prepared as
described herein. Tho$égsreotdifapycskihiphavangtiob plagen pialprrsd vl omisatasaae $holecular
biology teghniquges. gaRemRIRX-{RakknAveae scauplad with hieinsantdisclosure.da-makerand 5

use the proteolysis-resistant FGF21 mutants of the present invention. Standard techniques can be
used for recombifEfCDRADIigoATERHdERyhahdarshigdsdescuthiade dbrisuersrsierade ey’

electroporation, dipbiekiiony Sespodd Dambik@ok a al., Molecular Cloning: A Laboratory Manual,

supra, which is incorpqrated hgr.ein by reference for. any pur se.CF matic reactions and purification
tochniques can be 10 BTG ab PG T AN A P s a0 e He B e
accomplished indtize, artd 6r 8% desernihad bereinilinless spegiicedefinitons arggydidedythéer
nomencla%es %géiﬁ%gei&iggnnection with, and the laboratory procedures and techniques of, analytical
chemistry, synthetic o}ganlc'chemistry, and medicinal and pharmaceutical chemistry described herein
are those well known dnghtohriionijaisbovitnghediridsthmgake 1 Be-IERAIGRES baplbeusendor
chemical syntheses; chemical analyses; pharmaceutical preparation, formulation, and delivery; and
treatment of patients. The proteolysis-resistant FGF2 1 mutants of the present invention can be
fused to another entity, which can impart additional preperties to the proteolysis-resistant FGF2 1
mutant. In one embodiment of the present invention, a proteolysis-resistant FGF21 20 mutant can be
fused to an 1gG Fc sequence, e.g., SEQ ID NO:13. Such fusion can be accomplished using known
molecular biological methods and/or the guidance provided herein. The benefits of such fusion
polypeptides, as well as methods for making such fusion polypeptides, are known and are discussed

in more detail herein. 255.Aggregation-reducing FGF21 Mutants As described in Example 15, one
nronartyy of the wild-t\ine ECE21 nolvvnentide ic ite nroneancityy 10 anareaate At concantratinne avver



30Aggregation can prove to be a challenge when working with wild-type FGF2 | at these
concentrations, such as in the context of a therapeutic formulation. Accordingly, a directed study was
performed to identify FGF21 mutants that exhibit reduced FGF21 aggregation. The resulting FGF21
mutants were then tested for the propensity to aggregate at various concentrations. A broad but
focused and directed study was performed to identify particular 5 substitutions that eliminate or
reduce the observed aggregation effect of wild-type FGF21 while not affecting the activity of the
protein to an unacceptabl %1&3- ee.The roach far identifying suitable aggregatiqn-reducing mutants
2 doscribed in XD 48 T a0t T AUt e Bl BHE AL I e Shlg ot A0 testect
As described ins#dr myantmple, Example 17, not all FGF2 | mutants exhibited an ideal profile. Some
mutants, 10 such as EEE2LYSEE had sampemissd FREALAGKYb: Artversnol silishiyyther.
Other mutations, such as FGF21 A134E, reta%efaF(fFlzl activﬁy but did not confer re u_cﬁé
aggregation progerticsessuias: alomutam threu e ad Frer2mgsiRllpsmasdcE GF fr detivingidnadalso
exhibited reducgd pagregatinn{ns DtaN.GE HoA13K tnsisingly exhibited rregead HGF21

activity while also_exhibiting reduced aggregation properties. 15 One selection criteria for identifying
desirable aggre§atfor-rbdticing AesEad PRAB RIS FAERAthie QeTity af threhtabgose mutant be

essentially similar to, or greater than, the activity of wild-type FGF21. Therefore, another embodiment

of the present invention is directed to FGF. t ving reduced aggregation properties while still
retaining an FGF21 activity th&#fém éﬁgﬁmﬁﬁﬁ Wil -‘t%/%g BN o0 Although less
desirable in some casasyki PGRIUtais ihdvivigy echiceddaggregadicnrapaities dut e khibithag
somewhaagecreag/ed GF21CFctivit limn anoiiper embodiment %f the Br%secpti vention..In sgme

. aljd/Or GFI'BaSQ & re,)éa 1011 Can D¢ Preparc simmg the methods 180[5)88 ?;éljn_ 3l
cases it may be desirable to marmtai ac?egr.eeo aggregatiorr, and consequently, mutants that
allow some degseedsfdygtegatidndegeaattalide fOrcmabihdremibddinvenboffthbpresenttdnbention.
25As with all PG, mtaniaf (e R INEntens e aogsppation-1eduping (Gl agciants of the

okt )f/ a@ ‘ {be(ﬁ i %aéerys%ﬁ]%cﬁo e'?}ﬂ@

present invention can be prepared as descr erein. Those of ordina in the art, familiar with

standard molectiiat bigloly @iishiguedt snalempeyidsatoksiiadeecedibtebpliitiaine idesrsate
disclosure, to make-anehWse the Augresatioredusing FEH21muykanisohihg iesenkinvention.

Standard techniques can be used for 30recombinant DNA, oligonucleotide synthesis, tissue culture,
and transfbiillati®h PECl e SktibpBrfion PrsTat At gmd © ferdnatdratints: o FUbRcodreoning: A
Laboratoly Manual, fetpambwbiehissisearppreted hesgivby reference for any purpose. Enzymatic
reactions and purification techniques can be perfoimed according to manufacturer's specifications, as
commonly accomplished in the art, or as described herein. Unless specific definitions are provided, the
nomenclatures utilizeRivaahineatianclbiwibidamdtbbdslabaidtaniprochdiresarid tEehnidere suef,
analytical chemistr nghetic arganic chemistry, and,medicinal a harmageutical chemistry
described herei eggéa?ﬁ/ogshgsvevesﬁ)[k%g%lvﬁna%% (!:Décr)r%(lr'?]g)l[r]}?)g U)sejegé% i t‘l"{eeag?t.zggfarr%dg? %’éacﬁgai(i%m%%u%én be

used for chemio&lcsdgimprineBadiverhidwiraionhess, JREMNecEutical PrepardtionMolkewiatidn/and

delivery; and treaftman of 9}%%%??64&%%919&{&9%@Qﬂ@%@%}%ﬁ&%ﬁ} TOSARNSR LG SR

invention can be fused to another entity, which can impart additional properties to the
aggregation-redfempe e herpibyfelinre BRIy dvARMEof the present invention, an
aggregation-reducing FGF21 mutant can be fused to an IgG Fc sequence, e.g., SEQ ID NO:13. Such
fusion can be accomplished using known molecular biological methods and/or the guidance provided
15 herein. The Qenefh@%ﬁﬂ@ggﬁ%q%ot)peptides, as well as methods for making such fusion
polypeptides, are discusseshin‘mora-datail fHierail @&kl Comhinatondbitants Asieesenbed herein,
the wild-type FGF21 seque 0ssesses several. propertie tle can pose significant.challenges
whon FOR21 15 (00 B0 Th o HeR e arEe e ATREn g e R G e o B 0
susceptibility to cegrbthtion, andtis prefpenbityfbregdgregatiomuat! highuvodneentiatid mudifteraai
Sxhaustive effor Qe e bakAbRob PIRIASS Ihet YELEANIR SRChALIear.SOIRNIERA rected

study was perfoime etermine whether the’amino acid substitutions confer

proteolysis-resistiittelzndspbigibaecton terfmplygtegatloked dushtgpropestiesreblyl diedsntbined in
an additive or sypergisticdastianinia sndlenlyRentids seabensaydile mainaining actvilevels that
are equal to or greater than the activity of wild-type FGF21. This represented a significant challenge,
as it is known inoﬁ?elﬁ'&ef’riﬁli’ﬁ{éci]ﬁ%‘%ﬁjﬁ%ﬁ%ﬁm%‘lﬁiﬁré%{uféﬁé%afﬁdan&ﬁ}%‘ﬁ pafpefsal che
sometimes adversely affect the expression, activity, and 30subsequent manufacture of the protein.
Surprisingly, as demonstrated in, for example, Examples 19 and 20, it was found that the desirable
properties of several FGF21 mutants could indeed bepmbined in an additive or synergistic fashion to
generate an FGF21 mutant having enhanced pharmaceutical properties. FGF2 1 mutants that are
resistant to proteolysis, have a 5Sreduced rate of aggregation, and which still retain activity that is the
same as, or greater than, wild-type FGF21, are disclosed herein. One selection criteria for
identifying desirable FGF21 combination mutants was that the activity of the FGF21 mutant be similar

to, or greater than, the activity of wild-type FGF21. Therefore, another embodiment of the present
imnzention ic directed to 10 ECE21 miitante that are nrotenhi/cic-racictant and have rediiced acaranation




15 desirable to maintain a degree of proteolysis and/or aggregation, and consequently, FGF21
mutants that allow some degree of proteolysis and/or aggregation also form another embodiment of
the present invention. As with all FGF21 mutants of the present invention, the FGF21 combination
mutants of the present invention can be prepared as described. herein. Those of ordinary 20 skill in the
art, familiar with standard molecular biology techniques, can employ that knowledge, coupled with the
instant disclosure, to make and use the FGF21 combination mutants of the present invention.
Standard techniqr%ggn aigvbgty%egsf%r ggtcowainagt le\_lrémo.légé)ng Igrotigg $ rilﬁhegis, ntis§ue %%Iéure, and
transfol illation (%.g., electreopgratlon, Ipo ecﬂtl(‘}/n). geee, €.g., Sam FOOK eii al., ?i}ilol%culfgre&onmg: A
Laboratory Manuels28suprathwhicinistmcorpdrated thévend by refersmeé for aoynputpbse wenzymatic
reactions and purification.techni pe ' n ' {fications, as -
commonly accoyré{g%%g} #r?gf{gg %%ségaﬁsg fécgenﬁggg&%?’é?r% 9 %%‘ldldgégsa%ﬁgggf%& e#r%?géﬁﬁ%%%ided, the
nomenclatures gtiliggdrit @8hnection with, and the laboratory procedures and techniques of, analytical
chemistry, synthetic 0fﬁﬁé‘i&ﬁh%ﬂ%fyd@ﬁ?é?:@&@@f&q&%h?%%ﬁ[&%ﬁ%@}ﬁlﬁ%&%ﬁ@%ﬁlsﬁ@cﬁ%bed

herein are those well known and commonly used in the art. Standard techniques can be used for

chemical synthe48%) wsdinidanaiannsias piamaticsipchoiesdration, fouuulation, and delivery; and

treatrr]nent of patients. TheTaﬁF@%?gkﬁ&m%aii%ﬂa@t@r%ar@itﬁa%fﬁwﬁtéawmmtmed to
another entity, which can impart additional properties to the FGE21 compination mutant. In one 5
cmbodiment of 16 FYSCEH TS TIBH S EGF ST COMBTAR B oA LT SR PR
sequence, e.g., SEQErNE13Biduch dusidn sad beyascempiishedsitsng:knkwrboaleculdmiidogical
methods and/or the guidance provided herein. The, benefit ch.fusion polypeptides, as well as
ethods foymabig Rk S SR S bR e BB P38 Fosion
Proteins  As used HEreienthéotemdliFiBkad fusisadpolype pideton BEGERb fusion pfdlemingfers to a
fusion of one or i o ' ( : ' j

Naerminus or G B R e SRR e e
peptides and polyprspoaashasuaa! Buediennot hivsite dleek mg spitspectonsidviyidpkive theteedibizand/or
isolation of an FGE21, polypeplide mndait. fdrans MerRiane se CRMQMRIR IB-alA RerinRdhereof, such

as an extracellular domain or a transmembrane and intracellular domain; a ligand or a portion thereof
which bindSto 2BR0CRARERABIC FRICEIIBPISIGtERAEH SAYSHHE rABEIRIN RSOl HREAmSter
catalytically activgiea pelypeptide ot pepiide whith-iameteseligiomerzalioosuehsaguahasicine zipper
domain; a potypﬁgﬁjde oréaeptide which increases stabilit ,Eﬁu h asﬁan immu_noglobul'n constant
region; a functional SPhSHIHET o1& altio %ly‘:“’é??%‘i‘?@éw‘%1 fioht"CAtiR H78PEBF Al A°BBIYébtide
which has an acfimityipssictoasaltherdpesitidactbxgynddfenent vieommgthen 2on &2 Ipolypeptidel mutants

of the present in\ée%i&n. Als %n%gng)i:a&% egegyathr% !;%(rgsent invention are FGF21 mutants H‘ﬁ%d to
human serum afbumin ?F—i%a,&) PR E

&1 sequepte and COa1 SCguence an
usion-proteins can be made %y ugﬁ]g eterologous
sequences @t eitliemtiier Neqeenvino otilbtheiordnvpattn EGeD oty pepideamutass. As
described herein, a hetgfolaggus seQURNGe £ ReBRADINCACISAIMRNEEPLAIRRAMRING i
acid-containing 30polymer. Heterologous sequences can be fused either directly to the FGF21
polypeptide mutédebiovf inrersvaapteriblecitdeis fakkpemaaspiad Hiefierispebae or
more amino acidJiesistlesh{Qlrmers. erfle thind irdlddR.16s froBeRf Sriasishies: (I Mercbelgrably
from 10 to 50 amino acid residues (or -mers), e.g., 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35,
40, 45, or 50 re<RFURTOERY.{iefSRteH MBIETHIRTE B &I B35 ¥R ATl aEE b omers). A
linker or adaptensnglacileseroredse e dasigaed Swith a cleavage site for a DNA restriction
endonuclease or for a %ot?ase‘m ?I%ogv for the sgepar ion}E of thq%]setgdmo%e% ies. a.F¢ Fusions In one
embodiment of the prese%tefﬁr\r}erﬁf)o%,ear? BBt pol§/ep8r6ti e Ut I 1§ 1iged 1 Bhe or more
domains of an Fhedlorkef hemamig@edhitibodie e nmporisesfivocfunction atjyindépeidentpdsts, a
variable domain nas.' " that bin n anti n in kn "Fe," that is
involved in effec%%gg)u\%ﬁrg%%ﬁg%ggﬁﬁgikﬁﬁgfggﬁtﬁ%ﬁib%%ﬁgdﬂ aﬁﬁtzgc\gndg;‘%aﬁgé&%%? freg s.lE en Fc has
a long serum hatires velefhis aardbkgldhyrediaen| Capueeiadint iIgggcNatuie 837 5pgBM)oWhen
joined 15 togethgrwith a.taerapeuiic RIRtei, AR S Aompinoan Rpvidedonagrhallile Q-igggrporate

such functions as Fc'receptor binding, protein A binding, complement fixation, and perhaps even
placental transfdi¥Eadgbi pralentoggoyoncospaRt dimaieae dRinetRIEFANA s M kel tHa Hihan
FGF21 has a short half-life of about 1 hour in mice due to rapid clearance and in vivo degradation.
Therefore, to 20 extend the half-life of FGF21 an Fc sequence was fused to the N- or C-terminal end
of the FGF21 polypeptide. The fusion of an Fe region tg wild type F'GF2 1, in particularly Fc fused to
the N-terminus of wild type FGF2 1, did not extend the half-life as expected, however, which led to an
investigation of the proteolytic degradation of FGF21 in vivo and the identification of FGF21 mutants
that were resistant to such degradation. Such



25 mutants are described in, for example, Examples 8 and 11, and exhibit longer half-lives than
wild-type FGF21. These and other FGF21 fusion proteins form embodiments of the present invention.
Throughout the disclosure, Fc-FGF21 refers to a fusion protein in which the Fc sequence is fused to
the N-teiminus of FGF21. Similarly, throughout the disclosure, 30FGF21-Fc refers to a fusion protein in
which the Fc sequence is fused to the C-terminus of FGF21. The resulting FGF21 fusion protein
can be purified, for example, by the use of a Protein A affinity column. Peptides and proteins fused to
an Fc region haﬁe ba?n found to %hébit a substantially greater half-life in vivo than the unfused
counterpart. Als8™ 5B SR HEeaR HE rEGFS MAIRTTE St BRNEFiZ AfitirTpRi e rsRtisA BRLmSRLidh
polypeptide. 5Thebkianegigriiearrbm amadtiallyoacauinng g psbgiguidos oanther aberad tanmprave
certain qualities, such as.therapeutic qualifies, circulation time,.or reduced . aggregation. Useful
modications of S AL D T TR e ain oF SR TR arae
discussed in detaitihsthtinaticasFuldication No. WO 00/024782, which is hereby incorporated by
reference inyis entiretyry iz logument discnings 1RUDKaaP oA ENIsI AEh RRRAGINMERe dlycol

(PEG), dextran, or an Fc region. b.Fusion Protein Linkers ootling the ftision proteins of the

present inventiofica BAREEEEaBd rrded st PR Repplesclbsi\ieln présbatlikiserifice te whtsmvtsal
structure may nqiigritical, Singe it haserves RRMBHY.A% R RRACE!- ThE IRKGNSH PRMALEHR,0f amino

acids linked together by peptide bonds. In some embodiments of the present invention, the linker is

made up of fronPEWEHE ainitshErASHAREE 1Y HaBtEbERas Hnkdrand teatiinerdbiidarbestlected

from the 20 natugalbt ety HiBg BIN0s 3eMEisiBdVeyinKs ewhediments ctha ctderfiarming-asids, are
selected from tht apinq‘acids}%lycine,.se,r,in?_ alanige proline, 20 aragine, %I tamine, and lysine.
In some efmbodifelTe" aMREI s OIS o STAS I OHEATATAE Qbitls TREP R Ste SREMY K Hindered,
such as glycine @ychmlariine.ainl smadl €iipodivhentasdhkersaneaalyghicinesiisuchias (@dy)4A4SEQ ID
NO:29) and (Gly)5 (SEQ 1D NO:30)), polyalanines, combinations of glycine and alanine (such as
poly(GlyAla)), or%&%&rﬁéﬁa 10N 81gg fél%seygrl}% serfrl%}“?guac 1'353 %%ﬁ?é%%%%%%ﬁ?é‘r LHIEBIEDS linkers
include: (Gly)5-$@)-@biB:iS er{GR)) piBay (BEDH PN C28)¢ (Gly MsStind Gi)) 4soBaci(@ f)4+Ber(SEQ ID
NO:31), (Gly)3-Lys-( ( NO: ly)3-Asn-GhSel- NO;33), ..
(GIy)3-Cys—(GIyI)(%§(S%}]I% %%%‘%“ g’%@yrﬁo aséhgglﬁ/ V'( ré%@@f\%%%ﬁ%i@% iker of 15
amino acid PesidBessprare 8 b ibfsomiaad oripa iculariontinfoy k arbtyfess Bloteins, the present
invention contemplatesrfiakess:0f-32am lenatpQrRempesiion, . Fslnkersdassinadihgrein are
exemplary, and linkers that are much longer and which include other residues arc cont%nc}g ated by the
present inventioRCIKRSRISOHFEEARE I8 drinsish CBRtdmmIatey Byt Prebsrientention. Filample,
alkyl linkers suchogpdiiti{ Ctin)be GEOY- inmdetiein &b 2:60r20r aotd beiusesth THEsE akyhipkess can
further 5 be substit pon:sterically hinderi roup,.including, byt nat Limited to, a lower
alkyl (e.g., Cl-C%%’ré\;‘%v%rq?ca}ﬁéh%Iggme%g (ceor@s%gaog%w . ]f\?l-%l orref)’g% ffnﬁﬁ‘%%‘rﬁio‘fg?ﬁ%gr%beptide
Linker is azgolyethytenkgljcotinker; offidiaiiliedink enhasarm tlecuwihyeighpgititef:to. F0Q kD, for
example, 100 to,50Q. }cD. L ically-modified FGF21 Mutants hemically modified.forms of
the FGF21 pol%%p%(?é mtﬁ%%{ls%%%g&gbgg %%?efr%%oclﬁc F:ée 1((i)utersuFluc'"fcaitt(‘e’v ?)hrrﬁ;s %%I%@Z%’ ggcribed
herein, can be g}é@aqaéid@biﬁm@&ﬂfeﬂﬁﬁ the Mi; éi\/@ﬁith)e\fdlwdb@s deiseriped leeidies Bubh
chemically modified, FGE2ZL mulanisre.alerethsushihat g shpmpicallymediied & fekiant s
different from the 15 unmodified FGF21 mutant, either in the type or location of the molecules naturally
attached to the PEPESY) RvtabPReCKEITEH I hodiRes figeol mutants can include molecules fin med by

the deletiopsof one or nrpsadiailIraliyrattasiedhRMicak@roMRSFGFIN AR.SMRodinent Hpf21
polypeptide mutants of the present inyention can be modified by the covalent attachment of one or
more polymers. ¥ YT RS BORMGE Ao LEE e I8 ESIRA W ATERR S REE TR DRI Hbtein to
which it is attachestitfrels rivichregipifataitnameaquedus envieningnid sucbnasca physialagicadid
environment. Incl within. the scope .of suitable polymers is a mixture .of polymers. Preferably, for
B BB o TP 1T B ST AN e R

d
therapeutic use ot the en -product prepara on,%he ymer
Non-water solubiedpivhperéicssodjugaie0Hd]F8F2Eppdhy peptide innitdntdaf 25the firesehtdnsiention also

form an aspect ' ion. empl S e olecula ight and can
pe branchay o CRBISRcho T B T e R o
between about 2kf3atte st 00 R Ed (A1 Tapents. IRdictisembaeimpropardtiond 56421
water-soluble polymer, some molecules will weigh more and some less than the stated 30molecular
weight). The average molecular weight of each polymer is preferably between about 5 kDa and about
50 kDa, more preferably between about 12 1(0a and agout 40 kDa, and most preferably between
about 20 IcDa and about 35 IcDa. Suitable water-soluble polymers or mixtures thereof include, but
are not limited to, N-linked or O-linked carbohydrates, sugars, phosphates, polyethylene glycol (PEG)



5 (including the forms of PEG that have been used to derivatize proteins, including mono(CL-C10),
alkoxy-, or aryloxy-polyethylene glycol), monomethoxy-polyethylene glycol, dextran (such as low
molecular weight dextran of, for example, about 6 kD), cellulose, or other carbohydrate based
polymers, poly-(N-vinyl pyrrolidone) polyethylene glycol, propylene glycol homopolymers,
polypropylene oxide/ethylene oxide co-polymers, 10 polyoxyethylated polyols (e.g., glycerol), and
polyvinyl alcohol. Also encompassed by the present invention are bifunctional crosslinicing molecules
that can be used to prepare covalently att cged. FGF21 polypeptide mytant multimers. Also
encompassed b%?‘%’g ﬁ?’%’%@ﬁf’in‘r\'fer#l’% %?g &S nhFRtRE VAR atdriiy s fotyshafdiScid. In
some embodimentsafdiespdeseivirventiontian e b2 haBGREliseomaiesthheqrdbmhienicalty,
modified to incl le one or ma vgaatelrl-l%o&jg Ileeggl}/m rs, ichJdin . tbtulanot Iimite% to, tﬁoéyefztg%lene
glycol (PEG), polyoxye ﬁyﬂe%we glfycéﬂ or p& yprépyff%ne%ﬁ%ol.o §ee,ae<?g.?€f§r.<§.pgla B REL ,640,835;
4,496,689; 4,30hd44; 4 673407 FERDped2epnde4,179,337. In some embodiments of the present
invention, an FGF21 ' Y includi t )tgl ited

an AL AMAGIRRR A0S PLD e BRVIRRIRANC T IRE ROl O IS Moo

monomethoxy-polyethylene glycol, 20 dextran, cellulose, another carbohy olymer,
poly-(N-vinyl pyffonpiéTee Ripgiyeesaehecgiyeet, thrbpyie Has ot thonrepehirtsmsical peisremiiene
oxide/ethylene a&@%&ﬁ@ewﬁsww%wlms&%&ﬁ@bégﬁ@g,O%kzggbé' 2lgehaker

mixtures of such polymers. In some embodiments of the present invention, an 21 mutant is

covalently- 2 5 RSBFEIWRA PEE SnpuRmi(R QuHw-shidanirehisisshushinpofectrated- s iUk
polymers are bandgghatoiiehQtdeke; SPReKiER0SHIDIS Hiohexswn nieraithead:tepmins) afthg FGF21
mutant. In_.some emhodiments, one Qr more water-saluble. polymers are randomly attached to one or
more sidelsonainrgo E%QF%%&\‘G’?&E?? Wftéotﬁ'?eeé?ﬁ%‘&‘?rﬂgﬁ?@,dﬁeééni%ﬂﬁg td PRt S s Hierapeutic
capacity of an R 2w btentnicéifiath isusismethodfapeodfdistursethics, axarmpltoinrddiddatent No.
6,133,426, which is.hereby incorpprated by reference for any purpgse.. n e iments of the
present invention \?s&ﬁgfrgﬁﬁﬁgegbfﬁ%‘éﬁ Ss E&{-ﬁﬁgég@ﬁg%ﬁg&%ﬁggﬁg ug‘?l)l/nc%ﬁvenieg]tm héiécular
weight, and cansteiinsaraortsrarnchizet. The averads molecil@rleightofQhe3PE® grddppwiltmreferably
range from aboyt 21 kD).t0 ahout 100, KDan and.mare arefera 'éééﬁ%'&?dﬂ@%ﬁéﬂ‘%%% Eﬁg%ﬁ%%ﬁ%rkpa’ g,
10, 20, 30, 5 40, or 50 IcDa. The PEG groups will generally be attached to the FGF21 mutant via
acylation 8Pred&bivaaRcH AosHIMrdlghcardaltiveodiBep ofntielPeiEnmmibadimagisarmalddiilde,

amino, thiol, or 5@1%%5%991&% e YRR Ha@%%?&%m&@m €11 ABRICRNYLRAMNO, Or
ester group). The PEGylation of a pog/é)eptlde, including the FGF21 mutants of the present 10

invention, can BPetificaty catied SuPHERY e Br @ s KRR art. Such
reactions are desctibedyfiersgxammplepdoifice fallovdngsafereneesicFamEN epalpkBds Fasusmen Growth
Factors 3: 4-10; El€ro ean Patent Nos. 0 154.316 and 0 401 384;£2d U.S, Patent No. 4,#%\%1337. For
example, PEGYFAHIGH ¢an be tarried SEETE AR AHER PERGER g%néﬁk@?gﬁ B With a
reactive palyethyteha® g2 migiaguid: Toutenarpanaiogolsaseact etivitie S dlublél polymBras
described hereigoggéﬁzg acylation reactions, a selected polymer should have a single reactive ester
group. For reductive dl yFétion, a selected polymer should have a single reactive aldehyde group. A
reactive aldehyde is, fdhexaniphé, ipoipticny e giyesppsspionaltéhy dejdvinicledsiovateoditabla or mono
CI-C10 alicoxy peslay deriatives hereat5es, S:Gmbhs -RRENNR525% 1 D201 508

embodiments of the presént invention, a useful strategy for the attachment of the PEG group to a
polypeptide inv@REsEdfisBiifitlgitisLInRefif rednsacsT of TrRgR N Rikhdaunvdsisibspesibieptide and
a PEG maiety, @@s@&u@ﬁ%@ﬂ%&ﬁ@eﬁia&ék{%i@nﬁmjﬁ@ﬁtﬂ@ mHauedy reagtiue dowardibeather, The
peptides can be easily prepared with.conventional solid phase synthesis. The peptides are
"preactivated” RSB ApPEprfate Haietthard oﬁ‘éeatoé PR AR TS PRe AUPRETESS r e irified
and fully charactetibéchpsior ttereddiing nathdbe REG mottsd. igatoohtigspeptidecdtbpit usually
takes place in agueo hase .and can. be easily monjtor reverse phase analytical HPLC. The
PEGylated pept‘?g]e%uggﬁﬁﬁ bdgeseé%#yeﬁlﬁﬂ e Si/(ﬁpl)%lsepigrg?ﬁlf g&b%}% hAPRETE - 8 o) Ahakftital HPLC,
amino acid analysidiBet laserdiesdrptionfmazs@0spactesimairy, Polysactharid®mpodymerstke another

type of Wast%r-s%l e-pabpsthaberRbes it et anatRieiracieatan: Wigisias, e fGrg!
mutants of the present invention fused to a polysaccharide polymer form em odirtents of the present
invention. Dextrégified pERfsaeatfide PelyiaErd conapriSdd B%.inditiddatsoptt nifaibhyiicoiks
predominantly linked by alpha 1-6 linkages. The dextran itself is available in many molecular weight 5
ranges, and is readily available in molecular weights from about 1 IcD to about 70 Id). Dextran is a
suitable water-soluble polymer for use as a vehicle byjiself or in combination with another vehicle
(e.g., Fc). See, e.g., International Publication No. WO 96/11953. The use of dextran conjugated to
therapeutic or diagnostic immunoglobulins has been reported. See, e.g., European Patent Publication
No. 0 315 456, which is hereby 10 incorporated by reference. The present invention also
encompasses the use of dextran of about 1 kD to about 20 IcD. In general, chemical modification

can be performed under any suitable condition used to react a protein with an activated polymer
moleciile Methnde for nrenarina chemicallyvy modified nolvvnentidace will aenarallyy comnrice the ctence Nnf:



disclosed herein can have additional activities, enhanced or reduced biological activity, or other
characteristics, such as increased or decreased half-life, as compared to unmodified FGF21 mutants.
Therapeutic Compositions of FGF21 Mutants and Administration Thereof Therapeutic
compositions comprising FGF21 mutants are within the scope of the present invention, and are
specifically contemplated in light of the identification of several mutant FGF21 sequences exhibiting
enhanced properties. Such FGF21 mutant phatinaceutical compositions can comprise a
therapeutically effective amount of an 10FGF21 polypeptide mutant in admixture with a
pharmaceuticalff ¥ FHPSIOITHE LR A ehstng fMpRafoi dguhtesee S Seiirtwathhe mode
of administratioplufeeeptaliesicom bl couidaie inld fireferablyrarennontoxientreeipietimpidhe dosages
and concentratig)ns qmgloc){gd. 'Ehe harm eutic%l i?po?tiontc n cotnt in formulation materials for
modifying, 15 maflr‘ft%\%lnag, orr%?ees?gr%iﬁréc,o C}P%%élmp e, hgoﬁﬁ),cgs]rﬁo ANty \ﬁ%%lggﬁ?,gcfglri?ﬁ '€lor,
isotonicity, odorcsdesditysrstalbilityjsratd @bdibsoiudid paceelcasebadstiption? br {¥enetbatiper@hthe
compositiog. SHE&M@J‘%’%M&%%I&ré@éﬁ%ﬂ&é%?fsﬁi‘ﬁi&ﬁfﬁﬁ%"E%‘E%%E?eg?%‘é‘%@& Fi
glycine, glutamine, asparagine, arginine, or lysine), antimicrobials, antioxidants (such as ascorbic acid,
sodium sulfite, 6p&GHIE MRIrE§ER- 2 BrhuRE b utErstsuplvias! PosarsidoerbonategPEsipIC 1,
citrates, phosphals; o AHRRFUGARIC R itS), RIHKINGRERNIS (SUCh RSHPRRRILRLOPANGINE) | Sheiating

agents (such as ethylenediamine tetraacetic acid (EDTA)), complexing agents (such as caffeine,

polyvinylpyrrolid8iéc ety el e ddidimpoF QY dtaaprepiibeta-cyclodextrin), fillers, monosaccharides,

disaccharides, and othafeCarehy MRS UED a5 AMEaSRs MANRSE . RIRmslexilinsd-Reigins (such as
serum albumin, gelatin, or immunoglobulins) colorin%éflavoring and diluting agents, emulsifying

agents, hydtopfHe USRS AR HTAS H 8lyary MO BREF b R AR R s Fpade s,
salt-forming cowftBEQNED(3iChXdsodismin piesanlaitues (sitoking hehcadkintciidehkletafmignzoic
acid, salicylic acjd, thimer. engthyl alcohol, methylparaben,. propylparaben, chlarhexidine, sorbic
3 Dacid of hyar LS L B e R e B AR o,
sugar alcohols @b@hm&_ﬁm&iwit@ifc)msb}:bimIfuﬁh@pandiﬁgdaghnmh@'umfadmmﬁmhwemngiag@rﬁ_ts (such
as pluronics; Pk SQIDIAR,eSERLE) P %P%E%ﬁe%‘d%ht}ﬁ% RONEBLIR'S SO AP AYSRIRAS BQidhlion:
tromethamine; lecithin; cholesterol or tyloxapal), stability enhancing agents (such as sucrose or
sorbitol), thicitpieHiebyitirngsitens eusteaoatiedipigaphalithe Propestisrabhpeobiurarernpofagsium
chloride - or magypitolserbitelh Asliewymdneniptes HiuanLS EXHPIERS RaE Rhajpacertal

adjuvants (see,.e.a%., Remington 's Pharmaceutical Sciences (18th Ed., A.R. Gennaro, ed., Mack
Publishing ComBaiy 1956], BHESuB3&eth KultoPE P sdreinAcsisraidirhetin Bimrdierence for
any purpose). glutamihecpiissriuphanmaceuticabsempesiio piwihbecdeteurined 11y ackilledeartisan

' for%at, and desired

10d di , le, the intend te of administration, del
dosage (506, o BOMESEBI S PHAPYHURD LA S ER AE A S s BN EAS ER Fuence

the physicat statepstiioilitl, sajecotentivivasreldese, shodt rdbepofdenyivo eteardiicdaf de FGH239
polypeptide mulant. Jne;primany eficls,of carfier n, a phagpageyial gompositon,gande gither 15
aqueous or non-aqueous’in nature. For example, a suitable vehicie or carrier for |nJec%'|Ion can be
water, physiologicdbeadiere sohding, ariastificibires fabsospifiatifigidhpossidhd SR8 nreitechtdth other

materials commgp, in,.ComRositiansfornareple) ISUAHOR, %%%9%%%#@&@%@&“06

mixed with serum albumin are further exemplary vehicles. Other éxemplary phaimaceutica

compositions coREHEE TRYBUFRSICE OO apderubt 20085 GF Acarerhierphaporessrisig 5.5, which
can furtheg gnclqggtsgi@g&mm@@ds@ggmglIB%ﬁmgodiment of the present invention,

FGF21 polypeptide mutant compositions can be prepared for storage by mixing the selected
composition having the He&irey Jejpeirdbp ety Wi optREPfaiiR R agelsts (REMINGton s
PharmaceuticaliBpieaaed: suipaa) frdhebidilliafia appdizedeake eriaty 25 aguenisypelutdmeiFurther,

the FGF21 polypeptide .mutant product can be folu ulatedp S g lyophilizate using, appropriate excipients
such as sucroseg.g@pe?%%Fé‘f—%el apsolé:'p?egg% ' gym%te;iﬁfv ﬁﬁa %gge)éﬁ%gf%orlﬁﬁ‘%%]tiotﬁ@ gﬁﬁgﬁ%’ sélected for
parenteral delivehyletiteshatideby, théycongusiichsparvbelselectaddaninhalatigneepdodidetivery
through the digestiye,1agl seh as.arly, Thepreparalion,of sueh Sopharmasekallacgepable
compositions is within the skill ‘of t © art, 'si'he ormulation components are present In concentrations
that are acceptabledycedansitdhoffbairmintshanphidraneanpld Buftdyseatilesadrnss medsrsimgiie
composition at physiological pH or at a slightly lower pH, typically within a pH range of from about 5 to
about 8. When parenteral administration is contemplated, the therapeutic compositions for 5 use in
this invention can be in the form of a pyrogen-free, paggnterally acceptable, agueous solution
comprising the desired FGF21 polypeptide mutant in a pharmaceutically acceptable vehicle. A
particularly suitable vehicle for parenteral injection is sterile distilled water in which an FGF21
polypeptide mutant is formulated as a sterile, isotonic solution, properly preserved. Yet another
preparation can involve the 10 formulation of the desired molecule with an agent, such as injectable

microspheres, bioerodible particles, polymeric compounds (such as polylactic acid or polyglycolic
acridll baade or linnenmec that nrovidecec for the controlled or crictained releaace Nnf the nrodrict which



15 means for the introduction of the desired molecule include implantable drug delivery devices. In
one embodiment, a pharmaceutical composition can be formulated for inhalation. For example, an
FGF21 polypeptide mutant can be formulated as a dry powder for inhalation. FGF21 polypeptide
mutant inhalation solutions can also be 20 formulated with a propellant for aerosol delivery. In yet
another embodiment, solutions can be nebulized. Pulmonary administration is further described in
International Publication No. WO 94/20069, which describes the pulmonary delivery of chemically
modified proteins. It is als contefm I teﬁ that certain formulations can be administered orally. In 25

one embodimeriPBITHREhIELEATS iShI EEFLABYIVIERINE R RaATE tHEP & IR n this
fashion can be formlattdivwithosoniideut tedscotsloitrs iousiora ady Alsaslipthrlcannpagnding of solid
dosage forms such as.tablets and.capsules. Far example, a ule.can be designed,to release the
active portion of the fo}tr%eu%%?%sn é%fccgvﬁcﬁnollhn hgné%g]i{r)%ﬁ?teeus%{? riggyt‘%fgai\}\yﬁear?lﬁ%lgvg?%}bﬁﬁ@r%
maximized and fieasystemica3ddebadetigrepsidninintize dsad ditiomabagentb carble lactlidédrto facilitate

chsorlon f I G2 LpRBEPIe U DU v (el porigs, e

ing agents, tablet disintegratirig agents, a ndérs can also ployed.
Another pharmde&gtibipebaiprestionsslin. iml@xesTads eechiviestpiahtinelt FOmz1bodlypeigitieomutants in
a mixture with npRsIoXGRXGIRIGIISINAL afe-syitRRls far e an AR viaciye,of tablets. By dissolving the

tablets in sterile water, or another appropriate vehicle, solutions can be prépared in unit-dose foini.
Suitable excipients inclideteHat FerrBtaRHicd orirgediR eatEesuen absriRr el rsagrEdSodium

carbonate or bicarbierate, kastoser« GatsiymdPhpspBate Rt bipginGage s Sub agisigchygelatin, or
acacia; or Jubricatin agf?#ts such as ma ne‘i%t;m ste raf %%earic acid, or talc. 10Additional FGF21
%ﬁ Sitihewinise 55

polypeptide’mutiiP BeSLAEar L SWift hPEORHEESINEG N the art, including
foimulations involving FeRaptlypeptidersnutantmincsukiaine gotibe@ftioleitaddivery {eemuiations.
Techniques for formulating a variety of gther sustained- or.controlled-delivery.means, sych as
Liposome carriecﬁsr, 510 rg(g'l%iie rﬁiggg)ﬁgﬂ?g%é St p(%trgd%%0 %lzft%s% g?ﬂsqpea 8&’\{?%]%%1%%1 4 1ésreegafl}:slcgL 'known to
those 15 skilleczimmhktapr¢dees entjhotiterthatioralaPaliticdihomn Mo WO @86 2T 2havhitigclestnibes the
controlled reIeaﬁgt%feg%gyﬁaggIgﬁg%rli%mjé:%gggéggles for the delivery of pharmaceutical compositions,
and Wischke & Schwendeman, 2008, Int. .1. Pharm. 364: 298-327, and Freiberg & Zhu, 2004, mm. .1.
Pharm. 2852 1-18, whidhadiausaaveros presrey taictoisaricts prapacatiompnsnsay popudiional
examples of SU%@QT@&&%&H@%‘%@Q&%M@%&%@ig@ﬁ&‘ﬁ%@'%ﬂﬁ%ﬁ%&ﬁ%lﬁ%&ﬁc@@o@i'" of

shaped articles, e.g. films, or microcapsules. Sustained release matrices can include polyesters,

hydrogels, polylAEFad85Tss "PatkiH NomenPmEed PamiiEmeiedABaiit KE. 6°05848E) RsSolymers
of L-glutamic aciestiid gepmagetay irhrgldtpnsigifSisrandgtat, 1483, BIapiwRessi? 2 3thmned),
poly(2- 25 hydroxyethyl-methacrylate) (Langer et at, 1981, J. Bigmed, Matey. Res. 15: 167-277 and
Canger. 1982 AT FA-10015¢ G800y FUTGHRE Ty B (B G it g gy eered
poly-D(+32ydraXytrutyffic moldc(tsrepeandatpnd Nooth 38 O 88)y Spstein dokirelmabe Eampasidions can
also include lipo , which can be prepared by any.of. several methods known in the art. See, e.g.,
Cpstein ot ol B0 st MRS AR e O R oS M R0 O
676, 0 088 046,a8s¢BtDA3 Jho numbeT ioé BEERLgsolypdstdicarhoalsthshasenaventivaticoniposition to be
used for in vivo @ﬁﬁg{ﬂi@@e@%@a&mm&xg@y%ﬁmw!@@ﬁ be.aceomplishediby.fitiaden through

sterile filtration membranes. Where the composition is lyophilized, sterilization using this method can

be conducted eiths #dE B, U bHRg ¢ AmEAtitd d8H/S Fe CORsatatme Phe BaYpdEitivR for

parenterabadmi ai&irﬁzi@r&&macbg@{&r@gsﬂwgMﬂﬁeﬁéﬂ%{nd@géﬂiénsgh%@ fedn @editipRopasenteral
compositions g(l—:'}%grall are plac;%d into a container having a sterile access port, for example, an
intravenous sol ﬁ’ﬁéﬁ%’ﬁﬁéf Roigl e <t pher picteédBle B dieRRiCFER IS R SEAIS,
Once the phaimieeniiaaheoinpaiiion, has beenifairulaies. it ean Heraiosedfinn10csiRmedpals as a
solution, suspension, gel, emulsjon, solid, a gdehydrated or lyophilized powder. Such fol
mutations can bséeté‘tlsﬁt]g%% eé??#@?e%&@&éafgl,' or in a form (e.g., lyophilized) requiring
reconstitution prior to ddmimistrétiorvariantinrafspeoificrashizobimentqthecprirae it myédifitdisndicected to
its for progleing.a ainglglasn adminisitation wk Josdiseaneach oniainath afistgoptaner
having a 15 drleé protein and a second containerhaving an aquegus ormiilation. AlSo nclided within
the scope of thigdeREsplonlaraigtresntaibliegtisingieant th AfiHerm are VS eOfiliEH S rikgedte.g.,
liquid syringes and lyosyringes). The effective amount of an FGF21 polypeptide mutant
pharmaceutical composition to be employed therapeutically will depend, for example, upon the 20
therapeutic context and objectives. One skilled in the qg will appreciate that the appropriate dosage
levels for treatment will thus vary depending, in part, upon the molecule delivered, the indication for
which the FGF21 polypeptide mutant is being used, the route of administration, and the size (body
weight, body surface, or organ size) and condition (the age and general health) of the patient.
Accordingly, the clinician can titer 25 the dosage and modify the route of administration to obtain the
optimal therapeutic effect. A typical dosage can range from about 0.1 jig/kg to up to about 100 mg/kg

nr more Adenendina on the farcrtnre mentinned abhove In nther embondimente the docecande fcan ranae



300 itg/kg, 350 jig/kg, 400 jig/kg, 450 ug/kg, 500 jig/kg, 550 jig/kg, 600 jig/kg, 650 ug/kg, 700 jig/kg,
750 tig/kg, 800 ,ug/kg, 850 jig/kg, 900 ug/kg, 950 jig/kg, 100 ug/kg, 200 jig/kg, 300 jig/kg, 400 gg/kg,
500 jig/kg, 600 jig/kg, 700 jig/kg, 800 jig/kg, 900 ug/kg, 1000 ug/kg, 2000 jig/kg, 3000 pg/kg, 4000
jig/lkg, 5000 ug/kg, 6000 jig/kg, 7000 5jig/kg, 8000 jig/kg, 9000 tig/kg or 10 mg/kg. The frequency of
dosing will depend upon the pharmacokinetic parameters of the FGF2I polypeptide mutant in the
foimulation being used. Typically, a clinician will administer the composition until a dosage is reached
that achieves the desired effect. The composition can therefore be administered as a single dose, as
two or more doSBERATKH L HRASofmEs nbt BEFESethe SR ME SthEah BT MeTdas 8t MoRbeule) over
time, or as a coitiaumistidfbsiontsienan iMplantaitcoraeviee ontaitteten. Farherrefineraam of the
appropriate dosage is rogjtiglell hmade. beyétﬂose of orqanar skill,in t?e arg %@%is within thée a;Pbit of
tasks routinely peHormed by them- Appropriate dosages can be ascertalie iidtigh 188 61 ©
appropriate dosesrgspensegiata 16T erouerahadeitistrationief theophir maceutit alceampasition is in
accord W'th5k”°¥\{£ﬁ1 %ﬁi%@évb%g%a%?é'lﬁ g ngdl @u?%ﬁf}%‘é‘ﬁﬁl‘%é‘%f%ﬂ%r%%%riiﬁ‘.’%%%{n%@&%acerebra'
(intraparenchymal), htracere oventrlcu?ar, Ihtramuscular, intraocular, intraarterial, intraportal, or
intralesional roufespisyestisteineenreldas ety stamFEicinm agrapssase midecad) cobdaydneplaatation
devices. Wheredasital he sempRIiRNs:cas: baidnadanisisres b debis-niecten g gatinuously by

infusion, or by implantation device. Alternatively or additionally, the composition can be

administered lo@afyb§idnasplishtatich sffecmempiadevadpehds; ébotisrEEproprhiormatatal @hto which
the desired molggidgdiasiieeniabsoshet orencansuatedMheraaadnplantation deyicads wsed, the

device can be implanted jnto an éiit ble tissue or_organ, and delivery of the g@sire_ 25molecule can
be via diffd§ion, AREEFEREEEHolIS SOHESHARMS A HTRTEGRIGH SO PHErSe (IS i eF21
Polvpentide Mutanisceptor ofh&FRibh polyipegdide:dpisiants TrambiBodgalliendeat cdiapnosatamealjorate, or
prevent a numb iseases, disorders, or conditions, including, but not limited to metabolic
30disorders. In g‘%lgl—é'%ﬁbe(%i\rﬁgﬁ ,%tﬁreeﬁileeg%bgf?cl%%g%ér& galfeeflfeué eﬁﬁri's diabetes, e.g., type 2
diabetes.In another erfﬂchlmeﬁEaIdaMéboﬁngﬁx@bﬁsRydﬁhe’rar'embcad&meq_asrimlame
metabolic condifjgrs.r.dispraets suah A> delipdimes Iupeensiaepafosianptonio hgh-as
non-alcoholic steatohepatitis (NASH); cardiovascular disease, such as atherosclerosis; an(} aging. In
applicatior,>a disstdeéssometasditionisgaresdiabutesuinvisifproantietrendidegedyfmaministering an
FGF21 polypeptiggmitaphaseacriPeddereindo @ RaterkiRoRerhinerent dhgamantota

therapeutically effective dose. The administration can be performed as described herein, such as by IV
injection, intrapdiftdRBAMiaBRsnIIHaln JEEtHdr dhje &t birsrant (ndwedingh BractdPBr Rjuid
formation. In maastustio PSR Uesitas)dosage sample, delerminesbhy Fealinigian msddasesibad herein,
and can 10 repres therapeutically effective dase of the FGF21 mutant polypeptide. It will be
apparent to tho§§eoﬁ@tﬁﬂ iﬁeﬂl%gnﬁﬁ tﬁﬁ%ﬁ{ﬁéﬁﬁéﬁﬁ@ﬁlﬁ?‘é e %@Soﬁglﬁé%ﬁgﬂ?ﬁfé?ﬂ %eptide
will depenzip intefcatiamaponathie ladmihistratisiosghedine qhk theit dogerméantigen agpainistered,
whether the nucl%ge%ﬂdvr&%gcule or polypeptide is administered in combination with other therapeutic
agents, the immune Status and the health of the 15 recipient. The term "therapeutically effective
dose," as used herein, means that amount of FGF21 mutant polypeptide that elicits the biological or
medicinal response in @ fissUe sysieih apimalk.or human being sought by a researcher, medical
doctor, or other clinician, wélcﬁ“lncluaes alleviation of the symptoms of the disease or disorder being
treated. 20 11.Antibodids termAntitrsptetia ACERTiTo T aghmenbstiRbe G FEERE ANy IR RECerGF21
mutant pohpeptides;eb theRreseal ieyeationart g RahsnerifiicaliyabingdLoavvildstye FiE Ritno

polypeptides are contemplated and are within the scope of the present invention. The 25 antibodies
can be polyclon&F4rEAmRRG MLty CFaRRIB AT AR RSBrs AL NFABE) CFet Smbitait Yfieric;
humanized, suchhds: camplamentesibytlesassining s eGpm (GlaRkoraitee ;e singieehaig; and/or
bispecific; as well as fragments; variants;hor chemically modified molecules thereof. Antib?dérF
fragments include TTo28 DOMONE BFHE BT AL S SEHEAT Ao 8 A b OB TR Er21
mutant polypeptide-130Exsnuptes ofisucindragisentpanchidepesih and FfaPFFAdmantegeierated by
enzymatic,geavage of.fJengiheniiRedies OIscAiRgnd fipaments indlds ose geparaled by
recombinant DNA techniques, such as the expression o recombinant plasmids containing nucleic acid
sequences encaditny asiiboedvarlable aagithes. founpotyelariedrantbitaie sfdibecrati towak&a FGF21
mutant polypeptide generally are produced in animals (e.g., rabbits or mice) by means of multiple
subcutaneous or 5 intraperitoneal injections of the FGF21 mutant polypeptide and an adjuvant. It can
be useful to conjugate an FGF2I mutant polypeptide tg carrier protein that is immunogenic in the
species to be immunized, such as keyhole limpet hemocyanin, serum, albumin, bovine thyroglobulin,
or soybean trypsin inhibitor. Also, aggregating agents such as alum are used to enhance the immune
response. After immunization, the animals are



10bled and the serum is assayed for anti-FGF21 mutant antibodly titer. Monoclonal antibodies
directed toward FGF21 mutant polypeptides can be produced using any method that provides for the
production of antibody molecules by continuous cell lines in culture. Examples of suitable methods for
preparing monoclonal antibodies include the hybridoma methods of Kohler et al., 1975, Nature 256:
495-97 and 15 the human B-cell hybridoma method (Kozbor, 1984, J. Immunot 133: 3001; Brodeur et
at, Monoclonal Antibody Production Techniques and Applications 51-63 (Marcel Dekker, Inc., 1987).
Also provided by the invention are hybridoma cell lines that produce monoclonal antibodies reactive
with FGF21 muisht Bl tEs N BHB ABRRP ARFISHIE 5 thé FveHRhRESPBHeHIRdER uUse as
therapeutics. 20pbsidoe efMmbedihenipéBARDNgRINSERtiba)eiss wiiMmakcTRRIRod N which a

portion of the he (H) and/ar light (L) chain is identical with or homologous.to a corresponding
sequence in antle%%c{c)‘)é%eoé2 g‘eeri’\jl‘ga oM ﬁ%ﬁéﬁﬁgﬁjlﬁlresap%i&%g% 5%1{51H5i?‘;‘g&i‘8%5’??é?ﬁ§ul P%?ﬁ%%ﬂ'ﬁ class or
subclass, while thememaisdestiofttues ehmintspistare identitalailith @uhrometogousitbrestirresponding

sequence iR antibod; [ .Speci e ing.to anpther antibqdy.class or
subclass. Also |%%%jé%%%%ﬁg%%%h&t%%%@&&%ﬁt%§é%§sggs§ o%r%gIé?s(“]rtaf1&(13‘%}~ e%xﬁxllb?ﬁh%’n (ﬁeleé\él]fseén biological
activity. See, e.giologapstgemnol i1 BdBle MpAdooHrREtins, PO8BIRroey s hdaikrBetIIS A, 81:
6851-55. In grgther embodiment, a monoclonal antibody of the invention is a "humanized"
antibody. Methods for humanizing non-human antibodies are well known in the art. See, 30e.g., U.S.
Patent Nos. 5,585,089 ¥Ha5605cvEmaceHaranyF28 htitiaiieedinalstss Raso e 6PmiBre adfino acid
residues introduggshipieiérfreyn a source that is non-human. Humanization can be performed, for
example, using methogls) desc% in the arﬁ (see, e.g., Jones et al., 1986, Nature 321: 522-25;
Riechmann’t aL, 1998 Natd E?@Es%,Woé/?ﬁénﬁ?aY?ﬁég‘&Iéeeience 239: 1534-36), by
substituting at least a portiomefirafdgariptoeplementaritydetermining region for the corresponding
regions of a human 5a éibOd(%/éidiC' ,%Eo sﬂgpmpassed by the invention are human antibodies that bind
the FGF21 mutant polxg3 eptides of t eppresént invention. Using transgenic animals (e.g., mice) that are
capable of producing d4eperbeiie: ofkyiién dimibodidsgn the absence of endogenous immunoglobulin
production such antibqgdies : ' izafl ith a F21 mutant antigen (i.e.,
having at least 6 cont%@ousﬁ%ﬁ%%%%%%%é%%%ﬁ%ﬁ c%lﬁ%égg}t%nd rt?g%g) gg??i%?.%iSee, e.g., Jakobovits et
al., 1993, PPoc. Natl. Aéad. SeprrSAToD: B5ALE5; Jakobovits et al., 1993, Nature 362: 255-58;
Bruggermann et al., 1993 ¥6ah JMINRn{ 38 #ReMetRafySHeR IransasRicnimals.ae

produced by incapacitating the endogenous loci encoding the heavy and light immunoglobulin chains
therein, and 15 ﬁ%@ﬁ?ﬁ@flw%ﬁﬁﬁiﬁ%&h%ﬁ%%@ﬁW% Rt EHATBIG SRS oIS Yoo thereof

Partially modifieghautanatsels? « aRinRisITavingrigssdbiantieiud eempiementabmedifigations, are then
cross-bred to obtain an animal having.all of the desiregl immune system modifications. When
administered an immu??(?aﬁ%, feee #é YRR %?888%9%{%@%%%%%%@&&?& than,
e.g., murirs) antindaeichised|beribes; 2dlindlidihg sarialile regionsithabaiafivunurodpeeific far these
antigens. See, e.g., International Putgtlic To), %lyos, W0 .96/33735 and WO,94/02 dditional
methods are degg?l%é%%q%%&o % en n&%‘“ﬁg 4%1,%1&)07% h%%%g‘{%%g?%‘ﬁg?%g 1|4(t){‘n}“]f\lajcgg}s,%.1 0 91/10741 and
WO 90/04036, and in European Patent No. 0 546 073. Human antibodies can also be produced by the
expression of recombinant DNA in host cells or by eppyession in 25hybridoma cells as described
herein. In an alternative embodiment, human antibodies can also be produced from phage-display
libraries (see, e.g., Hoogenboom et al, 19%nipaidEisbspitqtioss) - Marks et al., 1991, J. Mot Biol.
222: 581). These processes mimiCARGIHRERRIRGEORIRIPFEVRGIHIGRIAY Y |antibody repertoires on the
surface of filamentous bacteriophage, 30and SUDSEqUgNE SEIRETion of phage by their binding to an
antigen of choice. One such technique s ggscribed i, Intgrhafighal Publication No. WO 99/10494,
which describes the isolation of high affipify and Tungfjphal agonistic antibodies for MPL- and
mskreceptors using such an apprpach.” 4 JChimeric; ;DR grafted, and humanized antibodies are
typically produced by recombinan methodg, NUCIEIGagidg.encoding the ant bodies are introduced into
host cells and expressed using materials@gd procedies described herein. In one embodiment, the
antibodies are produced in mammalian hggj cells, such as CHO cefls. Mondclonal (e.g., human)
antibodies can be produced by the expreggion of regegiipant DNA N host ¢ells or by expression in
hybridoma cells as described her¢in. Therggfi-FGF2A uganiaRiiRedies of qhe invention can be
employed in any 10 known assay method, such as competitive binding assays, direct and indirect
sandwich assays, and immunoprecipitation assays (see, e.g., Sola, Monoclonal Antibodies: A Manual
of Techniques 147-158 (CRC Press, Inc., 1987), incorpprated herein by reference in its entirety) for
the detection and quantitation of FGF21 mutant polypeptides. The antibodies will bind FGF21 mutant
polypeptides with an affinity that is appropriate for 15 the assay method being employed. For
diagnostic applications, in certain embodiments, anti-FGF21 mutant antibodies can be labeled with a
detectable moiety. The detectable moiety can be any one that is capable of producing, either directly

or indirectly, a detectable signal. For -, example, the detectable moiety can be a radioisotope, such as
QH 1AC R2/2 B 12B1 "Tr 20 1111n or KR7Ca a fliinrececant or cheamiliiminececent comnoiind <rich




Competitive binding assays rely on the ability of a labeled standard (e.g., an FGF21 mutant
polypeptide, or an immunologically reactive portion thereof) to compete 25 with the test sample analyte
(e.g., an FGF2 1 mutant polypeptide) for binding with a limited amount of anti-FGF21 mutant antibody.
The amount of an FGF21 mutant polypeptide in the test sample is inversely proportional to the amount
of standard that becomes bound to the antibodies. To facilitate determining the amount of standard
that becomes bound, the antibodies typically are insolubilized before or after the competition, 30so that

the standard and analyte that are bound to-the-antibodies can conveniently be separated from the
standard and analyte that remain unbount® Sandiiich?ac¥sanidilly involve the use of two
antibodies, each capable of binding-to-a Hf¥¥erent imHsuN bt gdaiche o epitope, of the protein to be
detected and/or quantitated. In a $ T n ~tHd e SH8aBle analyte is typically bound by a first
antibody that is immobilized on a solid-sdfiffort,-and H5BrERRelS secand antjbody 5 binds to the
analyte, thus forming an insoluble-th ::e:: Ft compldsdaldlg. Aledatent No. 4,376,110. The
second antibody can itself be labeled with™8 detectail@ moiety (direct sandwich assays) or can be
measured using an anti-immunoggbuhn-ﬁﬁ‘iibody—t. alistabetdd with-a-detectable moiety (indirect
sandwich assays). For example, cne#p&ﬂsandmdéﬂassas;@an_enzyme:linked immunosorbent

assay (ELISA), in which case the e anti-FGF2I mutant

antibodies of the present inventioh-are-alsd-tsefulf Ao itagiig. A tibody Labeled with a
detectable moiety can be adminisLeFed-teY&h@fnimél,—lﬁp Rpintethe bloodstream, and the
presence and Location of the labeled antibody in the host assayed. The antibody can be labeled with
any moiety that3s 15 Ueieecialdle@ranmnimakidégether by nuclear magnetic resonance, radiology, or
other detection means.known in.the art. The FGF21 mutant antibqdies of the jnyention. gan be
used as therapeutics. et Oéiéglﬁgbt(i)g g}ﬁe%rt%s%nreué‘é nélr%rh)llsatggﬁ% "86&%&&%8%@4%}‘% they
either enhance orteduceFidspastivphdcat Hastcortedfittve bidtbgipalsentilntiestiohanrdsG Eah nutant 20

polypeptide, In ' %%Iz tibodies e invention are antibodies or binding
fragments %ere%%vﬁ%ﬁ?ﬁﬁ%%%%%& specﬁ%ﬁ%‘% ?rw%g%t gﬁelga]ﬁoglf mutant ﬁgﬁ/ﬁ%s |%‘éﬁ§nd which
are capable of ifHibisipigndareintnatpghes kst shpdramti ity e dt@ Farnmef gt petypeltidelin vivo or

in vitro. In some,g igaents, the antagonist antibody will inhibit the functional activity of an FGF21

mutant polypeptide by at least 25 about 50%, and preferably by at least at;out 80%. In another
embodiment, the antiF&SFRchIERTaibb SRS Bapeive 5@%%%&%%1@?%@5@{%@0%@5@@@6% an

'FG|F21 m OllJtant pelypentideianchan Eﬁﬁd%@%ﬁ@iéj@ﬂ@ﬁ%&%@%&&%i&Eﬁ@%ﬂ&aﬁﬁ%&ﬁrﬂﬂﬁ@m
polypeptide_actiyity. in vitro qr in vivQ. Agonist and antagonist anti-FGF21 mutant antibodies are
identified BY scrééy&ﬁibe%&aésen%?%%e%amm PO AGE LS AT P rematenesed kit
comprising FGH2dnmhtanitiantjbedieman@d:otherteagesid usefulfordetedtipepideFadamutaatid
polypeptide levels in biglogical samples. Such reagents.can include a detectable label, blocking
serum, positive ?ﬁg%eesglgﬁlgb%%nﬁo Oggfin[%‘?ené,bgndt%ee%ggﬁgﬁc@a@%n Ié‘.i EX e ﬁ%%)?gmples
that follow are ilthstfiilel opeiyecificle mBddirvemissof theatwentitnjoand hamkousvesesiireredfafhey are

set forth for exp/aRAtar RLUPR$SS,Q lé(s g:\glquémuld not be construed as limiting the scope of the
invention in any way. EXAMPLE 1 I0Preparation of FGF21 Expression Constructs A nucleic acid

sequenceléncoding themeielyGHE 2N -Forpebiideunescdbiiiad ipplybtniisiessench&irtamzvain (PCR)
amplification usiaghpriRAers RAVINGNIEIRRIASSEAYEACES GIRESPNTING 19 R ard3.e0d5.0f the

mature FGF21 sequence, Table 2 lists the primers that were used to amplify the mature FGF21

sequence. 15 TEBIE e ERBATRIFS tor PREER T REF1 ot pHmE: BegtEnss 310 1D NO:

examine the activity of truncated FGF21 polypeptides can be found in Example 4.

The activity of the truncated FGF21 polypeptides of the present invention can also

20  be assessed in an in vivo assay, such as ob/ob mice as shown in Examples 5 and 7.
Generally, to assess the in vivo activity of a truncated FGF21 polypeptide, the truncated
FGF21 polypeptide can be administered to a test animal intraperitoneally. After a desired
incubation period {e.g., onc hour or more), a blood sample can be drawn, and blood

glucose levels can be measured. Specific details of the in vivo assays that can be used to
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Sense 5'-AGGAGGAATAACATATGCATCCAATTCCAGATTCTTOTCC-3 5 Antisense
5-TAGTGAGOTCGAATTOTTAGGAAGCGTAGOTGG-3' 6 The primers used to prepare the FGF21
expression construct incorporated 2 0 restriction endonuclease sites for directional cloning of the
sequence into a suitable expression vector (e.g., pET30 (Novagen/EMD Biosciences; San Diego, CA)
or pAMG33 (Amgen; Thousand Oaks, CA)). The expression vector pAMG33 contains a low-copy
number R-100 origin of replication, a modified lac promoter, and a kanamycinresistance gene. The
expression vector pET30 contains a pBR322-derived origin of 2 5 replication, an inducible T7

promoter, and & K&REIH S ATESIRhEENGRIRE NRAmE RtBPEREHsH ?F@rheﬁﬂ‘m@?mﬁﬁd‘% be higher,

pET30 was found to be a more reliable cloning vector. Thus, the majority of the constructs described in
the instant application were stt ener ed |n1pET30 and then screened for efficacy. Selected
sequences were then ﬁm&%p%%further amplification. The FGF21 sequence was
amplified in a reactlonlmsdmﬂeewmémmgsm 6 presid? O EplidafulitnanihReactiandasiffemitix), 1.25 'l

T, anch e D R BRASTREIEIA08 Pudrlsl, LRLEARSH PRI (10

uM), and 1 pt usion H olymerase (Stratagene; mplification
reactions were pelfornieds. bﬁ‘-héﬁﬂﬁgﬁiﬁ’@teﬁ minenesamgsGxooledony syl eseeegd @220

seconds, 60Cf ?g% cRRds it an-additional.LGns WpractediRet GYale) » AR 2GS0 15 the

seconds/kilobase |red product; followed by 20 cycles at 94C for 20 seconds, 55C for 20
seconds, and 720i6¢ fg dscorekiIBEEE oph@siadepto devter Olronbwiagosy TRCTomdimtkes.

Amplification pr@@@@%&ﬁ\g@ye ﬂlgﬁﬁﬁ@@lﬁ&ll%ﬂk&fﬁ@fﬁﬁ@@ enelepucioases NaebrbRkandEaeR!; ligated

into a suitable vector; a then transformed into competent cells. EXAMPLE 2 15Pur|f|cat|on of FGF21
Proteins frbn BRI e THIE: BleLURRIIS Uit FeSh PRt TG R IRTPREAE

wild-type FGF2kaalitpéplidestitnnofted, RGH 2] Qalypeplities kaR2didmants, and FGF2I fusion
proteins, were expressed in a bacterial expression system. After expression, which is described below,
the FGF21 proteins were purlfled as described in this Example, unless 20otherwise indicated. To
purify the wild-type FGE T tnupgated FGF21 polypeptides, and FGF21 mutants from

bacterial inclusion bod WiBgs) were solubilized in a. ubI|I2atIOI’I
buffer containing guanl meﬁi)f%légrk % \ﬁﬁgge an%‘yé%%]%ﬁq%ﬁ%&%ér&i%p na?tﬁm Ogggml xg]%g?or’ one hour
at room tehiperatutedapdi2 =tﬁe%dlgbll izatiol rair e tid seaties fiom téwtbmﬂeﬂ}c@mmﬁ thg urea,
arginine, Cystelnﬁataféds@yﬁi@rﬁﬂék% Qf@CJ&LO&QEO%Me%%@ dhensmised 24 DoLE é@(see

e.g., Clarke, 1998, Cur; @% otechnol. 9: 157-63; Mannall et at, 2607, Blotechnol ioe
1523-34: Rudolflnseind 1667 mebiamgisobairiae %F%ﬁ%#&%@ﬁ%ﬁ*ﬁ%ﬁr%&%&hﬂbma@ﬁqmlghton

edI tI)\llew York, Md é@%&hﬁe%xmﬂdﬁvi@@i&?i@bﬁﬁﬁmﬁq{@@e&@@@m tlﬁwtﬁmlnﬁin F;pllfwmg
solubilization and ref e mixture was filtered thr micron filter, The refold pool was
then concentrat8&'§ gg?ﬁ?ﬁ%ﬁﬁﬁg%fd ﬁag%% ’i%é%e@?ﬂﬁﬁ&@f&?ﬁ R AEBH SO ‘tgﬁssette at
a transmembranmpxmﬁ(ﬂ@ﬁp&%qﬁﬂ& psucam dﬂhkﬁtﬁt@]ﬁdmth&ﬁ&hﬂhﬁdﬂ@lumﬂe&@fda%mwmris, pH
8.0 at a TMP of 20 The clarified sam as the sub ected to X X
chromatograph)? usmg a%lf 03 ar((gl)sétjfz-;fll ersee”’smm c ﬁggre Saltt aS €f’ént of ??etcg%%%mﬁfhﬁ%&lm 20 mM
Ti-is was run at BFrngbmﬂdeeak ﬁ@Eﬂd)mglwm@fldnaiymsw&@SIPﬁQEnahmmins of 1,The AEX
eluate pool Was3th@r3361bje§tgd1t@ py%’p@%ﬁdgﬁ@@%&hrommography (HIC) using a Phenyl

Sepharose HP resin. Protein was eluted using a 10 decreasing linear gradient of 0.7 M to 0 M
ammonium sulfate at pH 8.0 and ambient temperature. Peak fractions were analyzed by SDS-PAGE

(Laemmli,z970, Naturg 227:163Q:8): P Poiestnal TREklGs pool was concentrated with a 10 IcD

molecular weight cut-off Pall Omega 0.2 m2 cassette to 7 mg/mL at a TMP of 20 psi. The concentrate
was dialfiltered In some embodiments of the present invention, truncated FGE21 polypeptides can

-->

have a combination of N-terminal and C-terminal truncations. Truncated FGF21
polypeptides having a combination of N-terminal and C-terminal truncations share the
activity of corresponding truncated FGF21 polypeptides having either the N-terminal or
30  C-terminal truncations alone. In other words, truncated FGF21 polypeptides having both

N-terminal truncations of fewer than 9 amino acid residues and C-terminal truncations of
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15 with 5 column volumes of 10 trtM ICPO4, 5% sorbitol, pH 8.0 at a TMP of 20 psi, and the recovered
concentrate was diluted to 5 mg/mL. Finally, the solution was filtered through a Pall mini-Kleenpac 0.2
p.M Posidyne membrane. To purify FGF21 fusion proteins and FGF21 fusion mutant proteins from
bacterial inclusion bodies, double-washed inclusion bodies (DWIBs) were solubilized in 20 a
solubilization buffer containing guanidine hydrochloride and DTT in Tris buffer at pH 8.5 and then
mixed for one hour at room temperature, and the solubilization mixture was added to a refold buffer
containing urea, arginine, %steine, and cystamine hydrochloride at pH 9.5 and then mixed for 24

hours at 5C (se€SEh DiflatRe 1H92EL FFSIOPTH. D8RSSR B o st NS a8 R Op O wIEE,
Biotechnol. Bioengvidy ad b3 Ratipbeeip2fiabs 4994 Raldingnretatisions ete BUnsion: A
Practical Approach (Crej hto&, ed., New Yor?#%? Press 57&99' and Is$ibashi t al., 2Q05, Protein
Expr. Purif 42 LB “ORJOMNG Lol BITISHdR AR POBRARGIShE e e B8 S Se aBaist 5
volumes of 20 nidw & ribapH3S:Bivsing d @ dBrdialysisstdhiply, Thpapkhdd:theshdlyzed rdiolgrysas adjusted

to 5.0 with 50%.. i€.aci hen clarifie centrifygation for minutes af 4K, larified
sample Wasg theh%%s%%?%%té%b%gg%%# g(uc cgtﬁge?{m(?lgc%%o%g%araﬁéﬁh |?r11§ Y %1 e?)’haEr[;})([-:sézeq HP resin.
A linear salt grapiémepfidetopsotainyviigbetinPemindliswesginm of bH.804at56. RPeak frmotions were

analyzed by SDSFAGE: (L GHIelc 58 NAIAART:OB0:85) and popledoThe AEX eluaje, ool was

then subjected to hydrophobic interaction 5 chromatography (HiC) using @ Phenyl Sepharose HP
resin. Protein wad®igs $¥sing a decreasing linear gradient of 0.6 M to 0 M ammonium sulfate at pH

8.0 at ambient temperatyre;:Real fragtions werenalyzed by 3RS-BAGEANRAekRd rgFallowing
the HIC step, the pool %s then dialyzed 60 volumes of 10 mM lIris, 2.2% sucrose, 3.3% sorbitol, pH

8.5. The didlyzetPFBEPUNSS &8hEBARYCH SO HAG /AL TR AT S RSB e Aeg e 86U EBh was

filtered through seRatomicidieenpaedmutioR esigyne:far b daeEX AMRLE.R Rrpayation and
Expression of Truncat%g FtGF2 Férig ' ? 1 Cons’gluct encoding the truncated FGF21 pggteins listed
in Table 3 were prepared bY'PE an%%l?f'cgﬁ RO |&Efy85‘*?9 FOYBRpPeSelon VEEREF4s*escribed

below (the constrsctiberdof tReawittbd e B G.F2hosx pifassinary ekitiriis:ble sarifed linrExgmgpdedi)d Table 3
i(fFlcgng Truncalpns AMHRRAF t BERHLe S NHIRSL )T RESITUG S Fen Rl IR MHAUS L iyncations

15  disclosure, to make and use the truncated FGF21 polypeptides of the present invention.

Standard techniques can be used for recombinant DNA, oligonucieotide synthesis, tissue

culture, and transformation (e.g., electroporation, lipofection). See, e.g., Sambrook erf al.,

Molecular Cloning: A Labomto:y Manual, supra, which is incorporated herein by

reference for any purpose. Enzymatic' reactions and purification techniques can be

20  performed according to manufacturer's specifications, as commonly accomplished in the

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

utilized in connection with, and the laboratory procedures and techniques of, analytical

chemistry, synthetic organic chemistry, and medicinal and pharmaceutical chemistry

described herein are those well known and commonly used in the art. Standard

25  techniques can be used for chemical syntheses; chemical analyses, pharmaceutical

preparation, formulation, and delivery; and treatment of patients.

The truncated FGF21 polypeptides of the present invention can also be fused to

another entity, which can impart additional properties to the truncated FGF21

polypeptide. Inone embodiment of the present invention, a truncated FGF21 polypeptide

30  can be fused to an Fc sequence. Such fusion can be accomplished using known

molecular biological methods and/or the guidance provided herein. The benefits of such
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1-17921-17831-17741-17651-17561-17471-17381-17291-171101-169 12

fusion polypeptides, as well as methods for making such fusion polypeptides, are

discussed in more detail herein.

4. Proteolvsis-resistant FGF21 Mutants

5 As described in Example 8, mature FGF21 was found to be ﬁndergoing in vivo
degradation, which was ultimately determined to arise from proteolytic attack. The in
vivo degradation of mature FGF21 was found to lead to shorter effective half-life, which
can adversely affect the therapeutic potential of a molecule. Accordingly, a directed
study was performed to identify FGF21 mutants that exhibit a resistance to proteolysis.

10  As a result of this investigation, the sites in the mature FGF21 polypeptide that were
determined to be particularly susceptible to proteolysis imciude the peptide bond between
the amino acid residues at positions 4-5, 20-21, 151152, and 171-172.

A broad but focused and directed study was performed fo identify particular

substitutions that eliminate the observed proteolytic effect while not affecting the activity

15  of the protein to an unacceptable degree. Tables 8 and 11 highlight some of the mutants
that were prepared and tested. As described in, for example, Examples 13 and 14, not all
FGF21 mutants exhibited an ideal profile; some mutants conferred proteolysis resistance
but at the cost of compromised FGF21 activity. Other mutations retained FGF21 activity
but did not confer proteolysis resistance. Several mutants, including, for example,

20 FGF21 P171G, retained a similar level of activity as wild-type FGF2! while also
exhibiting resistance to proteolytic degradation.

One selection criteria for identifying desirable proteolysis-resistant FGF21
mutants was that the activity of the FGF21 mutant be essentially the same as, or greater
than, the activity of wild-type FGF21. Therefore, another embodiment of the present

25  invention is directed to FGF21 mutants that are resistant to proteolysis and still retain
activity that is essentially the same as, or greater than, wild-type FGF21. Although less
desirable in some cases, FGF21 mutants that are resistant to proteclysis but exhibit
somewhat decreased activity form another embodiment of the present invention. In some
cases it can be desirable to maintain a degree of proteolysis, and consequently, FGF21

30  mutants that allow some degree of proteolysis to occur also form another embodiment of

the present invention.
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1-16813 167141-166151-165161-164171-160211-156251-152291-149321-113
68 N-terminus Truncations2-181 3-18124-181 3

As with all FGF21 mutants of the present invention, the proteolysis-resistant
FGF21 mutants of the present invention can be prepared as described herein. Those of
ordinary skill in the art, for example, those familiar with standard molecular biology
techniques, can employ that knowledge, coupled with the instant disclosure, to make and

5 use the proteolysis-resistant FGF21 mutants of the present invention. Standard
techniques can be used for recombinant DNA, oligonucleotide synthesis, tissue culture,
and transformation (e.g., electroporation, lipofection). See, e.g., Sambrook er al,
Molecular Cloning: A Laboratory Manual, supra, which is incorporated herein by
reference for any purpose. Enzymatic reactions and purification techniques can be

10  performed according to manufacturer's specifications, as commonly accomplished in the
art, or as described herein. Unless specific definitions are provided, the nomenclatures
utilized in connection with, and the laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, and medicinal and pharmaceutical chemistry
described herein are those well known and commonly used in the art. Standard

15  techniques can be used for chemical syntheses; chemical analyses, pharmaceutical
preparation, formulation, and delivery; and treatment of patients.

The proteolysis-resistant FGF21 mutants of the present mmvention can be fused to
another entity, which can impart additional properties to the proteolysis-resistant FGF21
mutant. In one embodiment of the present invention, a proteolysis-resistant FGF21

20  mutant can be fused to an IgG Fe sequence, e.g., SEQ ID NO:13. Such fusion can be
accomplished using known molecular biological methods and/or the guidance provided
herein. The benefits of such fusion polypeptides, as well as methods for making such

fusion polypeptides, are known and are discussed in more detail herein,

25 5. Avcoregation-reducing FGI21 Mutants

As described in Example 15, one property of the wild-type FGF21 polypeptide is
its propensity to aggregate. At concentrations over about 5 mg/mL, the aggregation rate
1s high at room temperature. As shown and described herein, the aggregation rate for the
wild-type FGF21 polypeptide is both concentration and temperature dependent.

30 Aggregation can prove to be a challenge when working with wild-type FGF21 at

these concentrations, such as m the context of a therapeutic formulation, Accordingly, a

26



5-18146-18157-18168-1817 9-181 8 C- and N-terminus Truncations 5-174117-17217 9 -
169209-1494015-169 26 15-149 46 15 - 113 82 * relative to mature FGF21 polypeptide
Truncated FGF21 protein constructs were prepared using primers having sequences that are
homologous to regions upstream and downstream of a codon (or 5 codons) to be deleted (resulting in
the truncation). The primers used in such amplification reactions also provided approximately 15
nucleotides of overlapping sequence to allow for recircularization of the amplified product, namely the

ire vector noy having the desired mutant. An exemplary truncated FGF21 construct, encoding an
Eg::z 1 protein &5%}%[1 lgfggy was performed to identify FGFZ21 mutants that exhibit reduced FGF21 J

aggregation. The resulting FGF2] mutants were then tested for the propensity to
aggregate at various concentrations.

A broad but focused and directed study was performed to identify particular

5 substitutions that climinate or reduce the observed aggregation effect of wild-type FGF21

while not affecting the activity of the protein to an unacceptable degree. The approach

for identifying suitable aggregation-reducing mutants is described in Example 15. Table

16 highlights some of the mutants that were prepared and tested. As described in, for

example, Example 17, not all FGF21 mutants exhibited an ideal profile, Some mutants,

10 such as FGFZI L358E had compromised FGF21 activity and were not studied further,
Other mutations, such as FGF21 A134E, retained FGF21 activity but did not confer
reduced aggregation properties. Several mutants, such as FGF21 L98R, retained FGF21
activity and also exhibited reduced aggregation. One mutant, FGF21 A45K, surprisingly
exhibited increased FGF21 activity while also exhibiting reduced aggregation properties.

15 One selection criteria for identifying desirable aggregation-reducing FGF21
mutants was that the activity of the FGF21 mutant be essentially similar to, or greater
than, the activity of wild-type FGF21. Therefore, another embodiment of the present
invention is directed to FGF21 mutants having reduced aggregation propertics while still
retaining an FGF21 activity that is similar to, or greater than, wild-type FGF21.

20 Although less desirable in some cases, FGF21 mutants having reduced aggregation
properties but exhibiting somewhat decreased FGF21 activity form another embodiment
of the present invention. In some cases it may be desirable fo maintain a degree of
aggregation, and consequently, FGF21 mutants that allow some degree of aggregation to
occur also form another embodiment of the present invention.,

25 As with all FGF21 mutants of the present invention, the aggregation-reducing
FGF21 mutants of the present invention can be prepared as described herein. Those of
ordinary skill in the art, familiar with standard molecular biology techniques, can employ
that knowledge, coupled with the instant disclosure, to make and use the aggrepation-
reducing FGF21 mutants of the present invention. Standard techniques can be used for

30  recombinant DNA, oligonucleotide synthesis, tissue culture, and transformation (e.g.,

electroporation, hpofection). See, eg, Sambrook et al, Molecular Cloning: A
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10histidine residue at position 1 of the mature FGF21 sequence (i.e., the 2-181 truncation mutant),
was prepared using the primers shown in Table 4. Table 4 PCR Primers for Preparing Exemplary
Truncation FGF21 Mutant Primer Sequence SEQ ID NO: Sense
5-GGAGATATACATATGCCAATTOCAGATTCTTOTCCATTATT-3' 7 Anfisense
5r-CATATGTATATCTOCTICTTAAAGTTAAACAAAA-3' 8 The primers shown in Table 4 allow for the
deletion of the histidine residue as 5 shown below, wherein the upper sequence (SEQ ID NO: 10) is a
portion of a mature FGF21 polypeptide comprising a N-terminal methionine, the second sequence is
 the sense primer {SESID MEH, TH thitd Sid JAFIHRAEHGE IEEET S OF BT Ness oL PRhaHDYEre
portions of an FEfRinekpressitvhconatryatrifogitie fithisgesenes issheanfisrasaqrimek(SEQ ID
NO: 9): 10 MetHisPralleProAspSerSerProLeu . : .

B COAGATAT AR AT R ARG PSP SRR in the an, or as desribed
ITTTGTTTAACHEEAAGAAG SAMERTRTACAF AFGONIET AA TTOGAGATTGIHECTTOGATEART

AAAACAAATT , TG.= CGTAGGT TAAGGT CTAAGAAGAGGTAATAA 15
PLAPIACA%AT%%%%EC@?%%%AXE%%%‘T%%—ggqpes °$rﬁ%aé e ﬁp%‘??ﬂ ot gohstructs
were prepared WSkigiesdrtaiy. thed Porictaditioh e esoriseder Elemigty Hesmpiifidation products
were digested withithg destisiipn.endantciesse el g then iiansfol e inlo.cemPaleRtgells. The

resulting 20clones were sequenced to confiiili the absence of polymerase-génerated errors.
Truncated FGFZHPHS®ITE SR e xhrassel Biplrasisishngcesspe APBLIN DEabBL2 indtar

(Invitrogen; Carlgha@r& dndaediaath dheagepstruct encoding a particular truncated FGF21 protein.
Transformants were grE@\E/fyn overnight wijth limited geration in TB media supplemented with 40 fig/mL

kanamycirt, Wwere aerateltf 198 RE PSR Ghd [HRERALS bR SETTaRIIERBRR frerRSifestdd in 0.4

mM IPTG. FGF2lahutaniByvetechamesiga-byddantidligatienidS hb ot afiemnneucionrEXAMPLE 4

In vitro Activity ongl'{tg%gc%egng%gl%%d%r}%%IQ? the present invention, an aggregation-reducing FGF21

mutant can be fused to an IgG Fc sequence, e.g., SEQ ID NO:13. Such fusion can be
accomplished using known molecular biological methods and/or the guidance provided
15  herein. The benefits of such fusion polypeptides, as well as methods for making such

fusion polypeptides, are discussed in more detail herein.

6. FGF21 Combination Mutants

As described herein, the wild-type FGF21 sequence possesses several properties

20  that can pose significant challenges when FGF21 is used as a therapeutic molecule.
Arnong these challenges are the protein's susceptibility to degradation and its propensity

for aggregation at high concentration. After an exhaustive effort to identify FGF21
polypeptides that overcome each of these challenges, a directed study was performed to
determine whether the amino acid substitutions conferring proteolysis-resistance and

25  those conferring aggregation-reducing properties could be combined in an additive or
synergistic fashion in a single polypeptide sequence while maintaining activity levels that

are equal fo or greater than the activity of wild-type FGF21. This represented a
significant challenge, as it is known in the art that the introduction of multiple mutations

in a given polypeptide can sometimes adversely affect the expression, activity, and

30  subsequent manufacture of the protein.

28



Experiments were performed to identify truncated FGF21 proteins that retain wild-type FGF21 activity
in an ELK-luciferase in vitro assay. Table 5 summarizes the 5 results obtained for FGF21 proteins
having truncations at the N-terminus, the C-terminus, or at both the N-terminus and C-terminus.
ELK-luciferase assays were performed using a recombinant human 293T kidney cell system, in which
the 293T cells overexpress betaklotho and luciferase reporter constructs. These constructs also
contain sequences encoding GAL4-ELK1 and 5xUAS-Luc, a luciferase reporter driven by a promoter
10 containing five tandem copies of the Gal4 binding site. Beta-klotho is a co-receptor that is.required

by FGF21 for activatiotUOiHaNEE F el ptBr e drl T GEH 8 nr AREMAA Y SigPhEt SRIRBR which in
turn leads to Erkhanch&EbKipidhs phapatadiont deveitdrBGE Zictivitynis eaiateiddyihedewel«f in an

phosphorylateda%gg{ELKl, and is ll;glﬁed fIo indirectly monj[tor an @Eﬁ?“% FGF21 activit

15ELK-luciferase aéggygrw eeﬁi ) ocrmél%lhg))rf cuftu 3nﬂé’rtar@ 793 Sin %%nf)res%ﬁl(ge g%'h cﬁ?fgfient

concentrations phwitdidype# GFQLorckGFZIF dutantpilyeptide forahodwspancbipen dssaying the

cell lysates for lyciferas jvity, Eigures 1A- e f -luciferase activity assay
performed gn th%dé%egﬁt%%%]é%%gé%ﬁhnﬁé ‘;’ﬁi‘éﬁ?%}?]{d}%%ﬁ%ﬁ EE%E)L{E%E%E @G tgr%}r(]cation
mutants 1-172, thary wili-1gg, Fade1- 264120l¢rigdneseiiB). The luminescence obtained in ELK-luciferase

assays for each of thedrGRaLINCAHOR MYANS Fladilile PaBY Lok BidBimdaSQuad-178,
1-177,1-176, 1-175, 1-174,1-173, 1-172, 9-181, and 1-149 is shown in Figure 2. FGF21 mutant

polypeptides webg!d8misaraty wittha Rk pureds bs sispat ncPaaEr it SKoiHdrankiildacy of at

least 50% of thegffiqasy20f witdehypad- Giiiversedisonsisiered asfavingnablost Heked astivity and
were assigned g "+" in Table 5, Table 5 Truncated FGF21 Proteins: in vjtro Assay C-terminus

Truncatiorts’ Amfiféf ALEPRENHITEE Bt QP RISy 1< HB6 5308680 PeSfRFeRPYIct 77
112.0% 1 - 176wi0%.8%l Ietaining an FGF21 activity that is similar to, or greater than, wild-type

FGF21. Althdugh less desirable in some cases, FGF21 mutants that are proteolysis-

resistant and have reduced aggregation properties but exhibit somewhat decreased FGF21

activity form another embodiment of the present invention. In some cases it may be

15  desirable to maintain a degree of proteolysis and/or aggregation, and consequently,

FGF21 mutants that allow some degree of proteolysis and/or aggregation also form
another embodiment of the present invention.

As with all FGF21 mutants of the present invention, the FGF21 combination

mutants of the present invention can be prepared as described herein. Those of ordinary

20 skill i the art, familiar with standard molecular biology téchniques, can employ that

knowledge, coupied with the instant disclosure, to make and use the FGF21 combination

mutants of the present invention. Standard techniques can be used for recombinant DNA,

oligonucleotide synthesis, tissue culture, and transformation (e.g., electroporation,

lipofection). See, e.g., Sambrook et al., Molecular Cloning: A Laboratory Manual,

25  supra, which is incorporated herein by reference for any purpose. Enzymatic reactions

and purification techniques can be performed according to manufacturer's specifications,

as commonly accomplished 1 the art, or as described herein. Unless specific definitions

are provided, the nomenclatures utilized in connection with, and the laboratory

procedures and techniques of, analytical chemistry, synthetic organic chemistry, and

30  medicinal and pharmaceutical chemistry described herein are those well known and

commonly used in the art. Standard techniques can be used for chemical syntheses;
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-174104.6% 1-17396.1% 1-17297.5% 1-171113.0% 1-169 84,9% 1 - 167 20% 1 - 166
20% 1 - 165 10% ,

chemical analyses; pharmaceutical preparation, formulation, and delivery; and treatment

of patients,
The FGF21 combination mutants of the present invention can be fused to another
entity, which can impart additional properties to the FGF21 combination mutant. In one
5 embodiment of the present invention, an FGF21 combination mutant can be fused to an
IgG Fc sequence, e.g., SEQ ID NO:13. Such fusion can be accomplished using known
molecular biological methods and/or the guidance provided herein. The benefits of such
fusion polypeptides, as well as methods for making such fusion polypeptides, are

discussed in more detail herein.

10
7. FGF21 Fusion Proteins
As used herein, the term “FGF21 fusion polypeptide” or “FGF21 fusion protein”
refers to a fusion of one or more amino acid residues (such as a heterologous protein or
peptide) at the N-terminus or C-terminus of any FGF21 polypeptide mutant described
15  herein.

Heterologous peptides and polypeptides include, but are not limited to, an epitope

to allow for the detection and/or isolation of an FGF21 polypeptide mutant; a

transmembrane receptor protein or a portion thereof, such as an extraceliular domain or a

transmembrane and intracellular domain; a ligand or a portion thereof which binds to a

20  transmembrane receptor protein; an enzyme or portion thereof which is catalytically

active; a polypeptide or peptide which promotes oligomerization, such as a leucine zipper

domain; a polypeptide or peptide which increases stability, such as an immunogiobulin

constant region; a functional or non-functional antibody, or a heavy or light chain thereof;,

and a polypeptide which has an activity, such as a therapeutic activity, different from the

25  FGF21 polypeptide mutants of the present invention. Also encompassed by the present
invention are FGF21 mutants fused to human serum albumin (HSA).

FGF21 fusion proteins can be made by fusing heterologous sequences at either the

N-terminus or at the C-terminus of an FGF21 polypeptide mutant. As described herein, a

heterologous sequence can be an amino acid sequence or a non-amino acid-containing

30  polymer. Heterologous sequences can be fused either directly to the FGF21 polypeptide

mutant or via a linker or adapter molecule. A linker or adapter molecule can be one or
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N-terminus Truncations Amino Acid Residues EfficacyActivity (+1-) 2 - 181 112.5% 3 - 181 130.3% +
4-181117.0% +5-181119.6% 7 -18174.2% 8-18124.9% 9

more amino acid residues (or ~-mers), eg., 1,2, 3,4, 5, 6, 7, 8, or 9 residues (or -mers),
preferably from 10 to 50 amino acid residues (or -mers), e.g., 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 25, 30, 35, 40, 45, or 50 residues (or -mers), and more preferably from 15
to 35 amino acid residues (or -mers). A linker or adapter molecule can also be designed
5  with a cleavage site for a DNA restriction endonuclease or for a protease to allow for the

separation of the fused moieties.

a. Fe¢ Fusions

In one embodiment of the present invention, an FGF21 polypeptide mutant is
10  fused to one or more domains of an Fc region of human IgG. Antibodies comprise two
functionally independent parts, a variable domain known as “Fab,” that binds an antigen,
and a constant domain known as “F¢,” that is involved in effector functions such as
complement activation and attack by phagocytic cells. An Fc has a long serum half-life,
whereas a Fab is short-lived (Capon et al., 1989, Nature 337: 525-31). When joined
15  together with a therapeutic protein, an Fc¢ domain can provide longer half-life or
incorporate such functions as Fc receptor binding, protein A binding, complement
fixation, and perhaps even placental transfer (Capon ez al., 1989).
In vivo pharmacokinetic analysis indicated that human FGF21 has a short half-iife
of about 1 hour in mice due to rapid clearance and in vivo degradation. Therefore, to
20  extend the half-life of FGF21 an Fec sequence was fused to the N- or C-terminal end of
the FGF21 polypeptide. The fusion of an Fc region to wild type FGF21, in particularly
Fc fused to the N-terminus of wild type FGF21, did not extend the half-life as expecfed,
however, which led to an investigation of the proteolytic degradation of FGF21 in vivo
and the identification of FGF21 mutants that were resistant to such degradation. Such
25  mutants are described in, for example, Examples 8 and 11, and exhibit longer half-lives
than wild-type FGF21. These and other FGF21 fusion proteins form embodiments of the
present invention.
Throughout the disclosure, Fc-FGF21 refers to a fusion protein in which the Fc
sequence 1§ fused to the N-terminus of FGF21. Similarly, throughout the disclosure,

30  FGF21-Fc refers to a fusion protein in which the Fc sequence is fused to the C-terminus
of FGF21.
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- 181 12.5% Collectively, the results presented in Table 5 indicate that C-teuninal deletions of 14
or more amino acid residues (i.e., a C-terminally truncated FGF21 protein consisting of amino acid
residues 1-167 and shorter proteins) eliminate the activity of FGF21. In 5 addition, Table 5 indicates
that N-teuninal deletions of 7 or more amino acid residues (i.e., an N-terminally truncated FGF21
protein consisting of amino acid residues 8-181 and shorter proteins) eliminate the activity of FGF21.
Not surprisingly, truncated FGF21 proteins possessing both an N-terminal truncation of 8 to 14
residues and a C-terminal truncation of 12 or 32 residues were found to lack activity in ELK-luciferase
assays. 10 Consistent MtiIHE L bré MR TP FIbES PhraHta: PERS TSI Pebhdss ading
N-terminal trungatiens QffEwiey taarnh amipadacichiesiciips congtitite enbedimants sidhepiesent
invention. Similarly, H. ncated FGF21 pol ﬁeeg%%%s having C-teultinal t%méations of few [vthan 13
amino acid residU&s &%ﬁ%tﬁﬂ SR d%eg {fs TBH PR L8, PR Hfo R PECE SMBRE S IHSRE Activity
of Truncated FG&2dn Ryetelfisrde G 2llopaste sEesrazaioniner ofeidtagicad itkiVitidsn imdigeingithe ability
to lower blgod gluc insulin, triglyceride, or cho rol levels; reduce body weight; or improve
glucose tolgrangleﬁfeeﬁge?%% Ié)é%%éa%ﬁ%%é%%%gé ﬁ%ﬁ%ﬁiﬁﬁ}%’r%%%tea %859%0()%} 6)§StF Ié%%vere
further analyzedifeliigsvinnst-G HRTageustyubytierrodod g tHaeunicad it FGEREpBigpeptides into insulin
resistant ob/ob mice, anddneastringthe sy} BtapamicyiRn WG RGE A PelyRRRiide to tower
blood glucose. The truncated FGF2I potypeptide to be tested 'was injected intraperitoneally into an 8
week old ob/ob MheusEracksen Lsensrator))deimd Bidaaanmprish F%B’@amdgﬁ?\%ﬁ%ﬁg@ne points
following a singl@ﬂﬁiqui%x&g-i&oﬁv&ﬁea byl 20eRNe 168 hoursAfler imigstignuBloRdigiease levels
were measured with a OneTauch Glucometer (LifeScan, Inc. Milpitas, 10 CA), and the results
expressed-3s a [RREHL AL 6T BIShASJOBEEY ke il %CES;QW@I&@M%%IUCO% (i.e., at
time 0). The results of one experiment are provided in Figure 3, which shows the amount of blood
glucose detected in m'!ce injelygelgnvg%htéhe F.gFZSl truncation mutants 8-181 and 9-181. This
experiment demonstrate Unc fusion proteins comprising 15 amino acid residues
8-181 exhibit blood glutbse foweninthadtisiity protbrms nd\thever:thet activitiots sligltly desshiltardhe activity
of wild-type FGE nd 6.h ter injegtion that frunc FGF21 fusion proteins.
comprising amiﬁégég%dg?@%ggéws%€£§)8%néi &e%cr)lll Egllicn%a%%lg\%t%ﬁ} %ﬁge the fﬁggfi/%oﬂ%%rgéi%/%%g of
truncated F&F2%epehypeptitbsdnaiseaed. thBthakde leaiobeohegs tapobmimueozasils froeedtitegsthearminus of
mature FGF21 20 dagsnol-akolighhe m&%a%&@@%gg@&ﬂ%@a&e%@mm%d@ jtro

analysis, which su g%sted that the deletion of 7 amino acids from the N-telminus of mature FGF2I
would abolish aeﬁ\%ﬁ%‘? 1 tori@ amppaAntsidsstinkedobimsatitRnbpafc A RIRahf ARIRPLATER 8 FGF21
polypeptides (e.glckedH2dn8tA8 1) iRatir¥itiooape-ihyaias SeiE Can RLiexpanediRyiiehds irferaction
of FGF21 with beta-klotho and FGF receptar in effecting signal transduction. In particular, FGF21
activates a dual ToCEHS E6HHpER CORHGNG The Eo:PRREp RSB eEaBNF o SHIF ARt BRATFGER),
which initiates aasjgnaling ghseade:jnualvipgyrodineckinasebddimdttermiiitsrofshadd2l fpsbeen
shown involvedrir?atcn)irq in %qua%tivaati n.of Fqg%a hile the g:-t rmiqlus ofFGFZlcils Eeoiuireq for
beta-klotho interactio (Yiee a?l%} > EEs (:I;{P.’ H.JL%rf ).Slll'ﬁeaéﬁk}ifﬁ%elf%lrlas%%I%/eitronassay is
perfoillied in 293&ignaybedisdntwhidtethercpakyebsiosshietaikiotiolis:d &@Iprék3dd)and KHBR is
expressed at nouge) ipyRle JP AmAR Al GRRiRdan B plative Indhabaloglaikletha aad he ratio
GFR in 293Cells 1s

of beta-klotho to F ells is therefore non-physioldgical, which may affect réceptof complex

formation and ulilately feyabiaasipeine hrraetivadicrroe SR ay helpd3linSett sPétentubtars to be
more vuln@@bleﬁtﬁé\ﬂst@m{a@!lx@w&%ﬁ@ﬁ@ﬁ@@y&&p@% apyl m@fprwﬁgym@%gwwd

loss of activity results for a few of the N-terminally truncated mutants tested, such as FGFZ1 8-181.

Thus, in determififi§bRetE ARG :ﬁlieﬁﬁ{méﬂ?fﬁﬁé%égf% @1Wé%ﬁ@faﬁﬁ%ﬂivﬁlﬁitype
FGF21 activity, the-@eiyityselihat RGB2)L uaatin-tieyin Wrnassanas, easidered-sheispositive.
Accordingly, trungat olypeptides having N-terminal truncations 100of fewer than 8 amino
acid resiauss art B SHRIRTh 5y L SN O AMBLE L B e E Pt
Truncated FGF2ktrhusioty Rrdidms Betafiseothe dalidifbopzprotevecdmbeiteipasadibiefusihg the
protein to ap Fc_15,sequence, fusion proteins comprising truncated FGF21 polypeptides were
prepared agr?d ariagﬁ/}z%l . 1‘e% %ﬂ %ﬁleo 'FGF2I fusion proteins listed in Table 6 were prepared from
amplified FGF21 sequences by SOEing (gene splicing by overlap extension) PCR. FGF21 fusion

proteins were prepared such that the Fc portion of the human immunoglobulin IgG1 gene (SEQ ID NO:
13) was fused to either the N-terminus or the
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20C-tetminus of the FGF21 protein. Table 6 Truncated FGF21 Fusion Proteins Amino Acid Residues
Fe Position Linker C-terminus Truncations 1-178 -NH2 151 -175-NH2141-175-COOH 151 -
171 -NH2 151 -171 -COOH 151 - 170 -COOH 15 N-terminus Truncations 5 - 181 -NH2

The linkers described herein are exemplary, and linkers that are much longer and
which include other residues are contemplated by the present invention. Non-peptide
linkers are also contemplated by the present invention. For example, alkyl linkers such as
-NH-{CH,}s-C(O}-, wherein s = 2 to 20, could be used. These alkyl linkers can further

5  be substituted by any non-sterically hindering group, including, but not limited to, a
lower alkyl (e.g., C1-C6), lower acyl, halogen (e.g., Cl, Br), CN, NH,, or phenyl. An
exemplary non-peptide linker is a polyethylene glycol linker, wherein the linker has a

molecular weight of 100 to 5000 kD, for example, 100 to 500 kD.

i0 8. Chemicallv-modified FGF2] Mutants

Chemically modified forms of the FGF21 polypeptide mutants described herein,
mcluding the truncated forms of FGF21 described herein, can be prepared by one skilled
in the art, given the disclosures described herein. Such chemically modified FGF21
mutants are altered such that the chemically modified FGF21 mutant is different from the

15  unmodified FGF21 mutant, either in the type or location of the molecules naturally
attached to the FGF21 mutant. Chemically modified FGF21 mutants can include
molecules formed by the deletion of one or more naturally-attached chemical groups.

In one embodiment, FGF21 polypeptide mutants of the present invention can be
modified by the covalent attachment of one or more polymers. For example, the polymer

20  selected is typically water-soluble so that the protein to which it is attached does not
precipitate in an aqueous environment, such as a physiological environment. Included
within the scope of suitable polymers is a mixture of polymers. Preferably, for
therapeutic use of the end-product preparation, the polymer will be pharmaceutically
acceptable. Non-water soluble polymers conjugated to FGF21 polypeptide mutants of

25  the present invention also form an aspect of the invention.

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

30  molecular weight). The average molecular weight of each polymer is preferably between
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155-181 -COOH 15 7 -181 -NH2 157 - 181 -COOH 15 C- and N-terminus Truncations 5- 175 -NH2
155-175-COOH 155-171 -NH2 155 -171 -COOH 156 - 170 -COOH 157 - 178 -COOH 35

about 5 kDa and about 50 kDa, more preferably between about 12 kDa and about 40 kDa,
and most preferably between about 20 kDa and about 35 kDa.
Suitable water-soluble polymers or mixtures thereof include, but are not limited
to, N-linked or O-linked carbohydrates, sugars, phosphates, polyethylene .giycol (PEG)
5 (including the forms of PEG that have been used to derivatize proteins, including mono-
(C;-Cyp), alkoxy-, or aryloxy-polyethylene glycol), monomethoxy-polyethylene glycol,
dextran {such as low molecular weight dextran of, for example, about 6 kD), cellulose, or
other carbohydrate based polymers, poly-(N-vinyl pyrrolidone) polyethylene glycol,
propylene glycol homopolymers, polypropylene oxide/ethylene oxide co-polymers,
10  polyoxyethylated polyols {e.g., glycerol), and polyviayl alcohol. Also encompassed by
the present invention are bifunctional crosslinking molecules that can be used {o prepare
covalently attached FGF21 polypeptide mutant multimers. Also encompassed by the
present invention are FGF21 mutants covalently attached to polysialic acid.
In some embodiments of the present invention, an FGF21 mutant is covalently, or
15  chemically, modified to include one or more water-soluble polymers, including, but not
limited to, polyethylene glycol (PEG), polyoxyethylene glycol, or polypropylene glycol.
See, e.g., U.S. Patent Nos. 4,640,835; 4,496,689, 4,301,144; 4,670,417, 4,791,192; and
4,179,337, In some embodiments of the present mvention, an FGF21 mutant comprises
one or more polymers, including, but not limited to, monomethoxy-polyethylene glycol,
20  dextran, cellulose, another carbohydrate-based polymer, poly-(N-vinyl pyrrolidone)-
polyethylene glycol, propylene glycol homopolymers, a polypropylene oxide/ethylene
oxide co-polyvmer, polyoxyethylated polyols (e.g., glycerol), polyvinyl alcohol, or
mixtures of such polymers.
In some embodiments of the present invention, an FGF21 mutant is covalently-
25  modified with PEG subunits. In some embodiments, one or more water-soluble polymers
are bonded at one or more specific positions (for example, at the N-terminus) of the
FGF21 mutant. In some embodiments, one or more water-solubie polymers are randomly
attached fo one or more side chains of an FGF21 mutant. In some embodiments, PEG 1s
used to improve the therapeutic capacity of an FGF21 mutant. Certain such methods are
30  discussed, for example, in U.S. Patent No. 6,133,426, which is hereby incorporated by

reference for any purpose.
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7-175-NH2157-175-COOH 157 - 174 -COOH 357 -172 -COOH 357 - 171 -NH2 15 7-171

-COOH357-171-COOH 15

In particular, FGF21 fusion protein constructs (including those

encoding truncated FGF21 fusion proteins) were prepared in a series of three amplification reactions
using essentially the reaction conditions described in Example 1. In the first 5 reaction, a pair of
primers was designed to produce a sequence containing an Ndel cloning site, Fc region, and linker
sequence. In the second reaction, a pair of primers was designed to produce a sequence containing
an overlapping portion of trh nker a ion of the FGF21 codin nce, an% cg@]
Sie. Finaly, 1 the tnrH AT A 5 BF FIFERE TSRS B Tor e D00 BF i H
of the first two J@onea(ahdﬁsoﬂmemmmamtsmodﬁqntwmgm tind camndtrusitan @f frenkksE2 Tl 181 is
listed in Table 7 Table 7 PCR Primers fp{hgrﬁgéng% Exer pla%r&ﬁ':ﬂ Fu on Pro telri %Bntstruct

Primer Sequence

10

15

20

25

320

bmolecu ar weight o up Sl pre y Tange HOMh b

about 100 kDa, and more preferably from about 5 kDa to about 50 kDa, e.g., 10, 20, 30,
40, or 50 kDa. The PEG groups will generally be attached to the FGF21 mutan{ via
acylation or reductive alkylation through a reactive group on the PEG moiety (e.g., an
aldehyde, amino, thiol, or ester group) to a reactive group on the FGF21 mutant (e.g., an
aldehyde, amino, or ester group).

The PEGylation of a polypeptide, including the FGF21 mutants of the present
invention, can be specifically carried out using any of the PEGylation reactions known in
the art. Such reactions are described, for example, in the following references: Francis ef
al., 1992, Focus on Growth Factors 3. 4-10; European Patent Nos, 0 154 316 and 0 401
384; and U.S. Patent No. 4,179,337, For example, PEGylation can be carried out via an
acylation reaction or an alkylation reaction with a reactive polyethylene glycol molecule
{or an analogous reactive water-soluble polymer) as described herein. For the acylation
reactions, a sclected polymer should have a single reactive ester group. For reductive
alkylation, a selected polymer should have a single reactive aldehyde group. A reactive
aldehyde is, for example, polyethylene glycol propionaldehyde, which is water stable, or
mono C;-Cyg alkoxy or aryloxy derivatives thereof (see, e.g., U.S. Patent No. 5,252,714).

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

spectrometry,

Polysaccharide polymers are another type of water-soluble polymer that can be

35

loning
products



ID NO: Reaction | Sense 5' -AGGAGGAATAACATATGGAOAAAACTOACCACATG-3 ' 14 Antisense 5
-GGATCCACCACCACCGCTACCAC-3 "' 15 Reaction 2 Sense
5'-GGTGGTGGTGGATO00ATCCAATTCCAGATTOTTOTCCA-3 16 An sense
5-TAGTGAGCTOGAATTOTTAGGAAGCGTAGOTGG-3' 17 Reaction 3 Sense
5-AGGAGGAATAACATATGGACAAACTCACACATG-3' 14 Antisense 5'
-TAGTGAGCTCGAATTOTTAGGAAGCGTAGCTIGG-3 ' 17 The product of the final reaction was
digested with the restriction endonucleases Ndel and EcoRl, ligated into the pET30 vector, and then

transformed imdlﬁ%%ﬁﬁéﬁgﬁt%@?#ﬁ&ar@unﬂ%@ﬁ%&b&?@é& GRS & SRR S5ERR e of

polymerase- S5génatmicd ssraischXAMRINmé | forivenfieiiiineat Truneptecit GRvadtbnsiDafateins

[ i isi run FGF21 nce f F n .
Fusion proteins gr%nﬁg{)lrgégghgédlél p% %%rs Cc;ompri%gl %? 1r(1: twﬁgﬁs%%l?ﬂts %fs gelﬂlélgsecgg'edommanﬂy

linked by alpha 1-6 linkages. The dextran itself is available in many molecular weight

5  ranges, and is readily available in molecular weights from about 1 kD to about 70 kD,

Dextran is a suitable water-soluble polymer for wse as a vehicle by itself or in

combination with another vehicle (e.g., Fc). See, e.g., International Publication No. WO

96/11953. The use of dextran conjugated to therapeutic or diagnostic immunoglobulins

has been reported. See, e.g., European Patent Publication No. 0 315 456, which 1s hereby

10  incorporated by reference. The present invention also encompasses the use of dextran of
about 1 kD to about 20 kD.

In general, chemical modification can be performed under any suitable condition
used to react a protein with an activated polymer molecule. Methods for preparing
chemically modified polypeptides will generally comprise the steps of (a) reacting the

15  polypeptide with the activated polymer molecule (such as a reactive ester or aldehyde
derivative of the polymer molecule) under conditions whereby a FGF21 polypeptide
mutant becomes attached to one or more polymer molecules, and (b) obtaining the
reaction products. The optimal reaction conditions will be determined based on known
parameters and the desired result. For example, the larger the ratio of polymer molecules

20  to protein, the greater the percentage of attached polymer molecule. In one embodiment
of the present invention, chemicaily modified FGF21 mutants can have a single polymer
molecule moiety at the amino-terminus (see, e.g., U.S, Patent No. 5,234,784)

In another embodiment of the present mvention, FGF21 polypeptide mutants can
be chemically coupled to biotin. The biotin/FGF21 polypeptide mutants are then allowed

25 to bind to avidin, resulting in tetravalent avidin/biotin/FGF21 polypeptide mutants.
FGF21 polypeptide mutants can also be covalently coupled to dinitrophenol (DNP) or
trinitrophenol (TNP) and the resulting conjugates precipitated with anti-DNP or anti-
TNP-IgM to form decameric conjugates with a valency of 10.

Generally, conditions that can be alleviated or modulated by the administration of

30 the present chemically modified FGF21 mutants include those described herein for

FGF21 polypeptide mutants. However, the chemically meodified FGF21 nutants

36



10 were generated and assayed for in vivo activity. Truncated FGF21 fusion proteins were prepared
by fusing an IgG1 Fc molecule to either the N-terminal or C-terminal end of a truncated FGF2I protein
to form a single contiguous sequence. To distinguish between N-terminal and C-terminal fusions,
FGF21 fusion proteins in which the Pc molecule was fused to the N-terminal end of the FGF21 protein
are designated as Fc-FGF21, and fusion 15 proteins in which the Fc molecule was fused to the
C-terminal end of the FGF21 protein are designated as FGF21-Fc. FGF21 possesses a number of
biological activities, incjuding the ability to lower blood glugose, insulin, triglyceride, or cholesterol
evela: recuce ORI B H RS G A e, ARG CIE OBF TAEi Sty To
assess in vivo k@Gike2dh20@otisits, REE 24 ipokgeptiddsqeGER hatflitznt podypeptidesyanddEEdF21 fusion
polypeptides W?@ﬂ?}md%’a%%g into insulin resistant ob/ob mice, and the ability of a particular FGF21
protein to lower blood rSfﬁcosé levels was measured. The FGF21 polypeptide, FGF21 mutant
polypeptide, or FGF21 fusion polypeptide to be tested was injected intraperitoneally into 8 week old

ob/ob micegJackson Vg I tai ) i ime points following
g(Jack lﬂ%ﬁ{ﬁ%ﬂ Wi o@lﬂ%@s 2P ISGMRIRAWGIS OR ﬂ&]ﬁ%%)&él%%ﬁe?éﬂ?

a single injection, €.g-, ours after injection. glucose levels were

y O, , ) , a 0
measured with a One THGERGHScHHEasHiRneosmisiie RRlpilagueny gaaiHeyduopxpfdited as a
percent changepiipod.Qlusasearplativesie i drselnedayelaf flosdolicase e @dime &). 30The

results of one experiment are provided in Figure 4, which shows the percent change in blood glucose
levels observed iy FicBHFEEET ot ST BBE T GHBI ST PR %ﬁﬁ&@gﬁﬁﬁ%‘i% amino
acid residues 1pl@marelnivtatethfaibéak 2Zbdusimaietaingsepaphising amiag acichtasiduesb-181 or
7-181. This expgrimeant demonstrated that truncated Fc:EFGF21 fusion profeins cgmprising amino acid
residues 5151 b7 718105 BRI SHEGH gllicHD K ErLTauON TRACHS SHNa0 10 L CLeRUA of
wild-type FcFGRat@tid dhiburs:kfien injectieinciddisr theabiviyovathahysisodt trimtabedtfatdn2 1
polypeptides indicated,t Ll deletio PAQ ing-.acids from the N-termjnus.of mature FGF21
(ocs mot affect the ol e g e T I e
ability of truncarbuaeerad pulgpuptivas aomdwyed blood 10 glucose was reduced and that blood
glucose levels returnedip fiaseling Al tipps aicinisclion (SimIALESUIS N GO RIgIRR U
wild-type FGF21). The short in vivo a_ctlv%y was found to be a result of the proteolytic degradation of
FGF21, ad HescAbEHREXMPISET e 85 HaBhlandth oxpuRNEHY afdsproiid SHTHFi§OME:5, which

shows the 15 pesegnitiehasgeriniage, glueesryevals osanveduibmice ipiRated WitBrpd3B Sgeontrol, a
wild-type FGF21-Fc control comprising aminolgéid residues 1-181, a truncated FGF2IFc fusion protein

comprising residGeE 107500 tHIRERREPRC- © o B & it i Pré stiu8t1-171.
This experimentidgimbnstratesdhaidhesnild-dy pgyieiad; 2dHtadan pusing:ar)ina-acid residues:1-181 has
a sustained glucaose-loweri ga%(tzlti\{{iit&/arrl?s Iti SZQS(i:rC}rgiredu tior&of bIo% eglucos lev, Isdof
approximately 3 hover t 3’tlme0per|oa lgc’%l éif ours 1o 139 c?ﬁréufgll%lwmg c|)ﬁjse% ion. %héoﬁﬁnﬁcated
Fc-FGF212groteivi o prisieng dsnihozacitrésiduestbibld diidi€ldelayed, bibogitesose wvering
activity evident gply, at /2 f) U&Sﬁ]ﬁfﬁ%{dEéﬁ&“&ﬂcﬁ'ng"r%}iﬁﬁitﬁleo?(‘gﬁ%%eﬂf’%é%%ﬂéfﬁg%%%m&aa% the

activity of wild-type FGF21-Fc. The truncated FGF21-Fc fusion“protein compri residues 1-175 25is
not active in vivetWylakEamgB I 0sHaRsE6sacid (EdTéatvetympleiim caai eldvetinfenterdeseribed
herein demonsiyglg gl fasala. G2, SIORRHOIBIH ARG AN eI ARSAIODRAIDI blood
glucose lowering activity that is similar to that of the wiId-tyEe F21 fusion protein, and further, that
truncated FGF2T90RiBFirdtsmslitrtrhiciithert tiseetiRP R HER SRR BV IRENISBIHiftal end of

the truncated F@&2dnprotenexbibitdnore asthtyathaniiusienProteinsdmwbightinaSC priasyle has
been fused to the C-terminal end of the truncate FF%FH grotei(}é E{)é% PLE Obser\%g%}in Vivo
Degradation of ErRFESFEF u&@érﬁ&&?ﬁ%ﬁ AL TIEPEL&EFIEY Wit 118 fé’i%n( effi
constructs as destyibeg parEkctanple Todn wviveqtkarmacikinetigrapalesis sdditatedgheddngriam FGF21
has a short half-life ,of al%é)é%liour inmice dﬁe 9 gg%i clearance %nd in v%/o degr%gc?tiso& 'Iiherefore,

Chas . prescrvatives (s lorid
to extend the halt- |Fé of N se!aue ce was fused 10 the N- or C-terrinal end of the FGF21

polypeptide. Hq@@édéqhimmqﬁﬁj@h@ﬁﬁwlﬁéﬂgbmmm@rﬁb@mmﬁt@&b@smh@mihmmi$ert3sue since
fusion protgins in.which AR e PROUERES WaRMSRAdP %@Hﬁ,%}%ﬂ@%ﬁ%i%#@&%ﬁfy%ﬁe

polypeptide (and in particular FCFGF21 fusions, i.e., in which the Pc sequence is fused to the
N-terminus of MR FEEE 13l aRP o eshasittRRnER pei fSEDHOLIV BHErRRAIEY, 285Hn SEERGIEY &Found to
maintain blood glucose lowering activity for no more than 24 hours in ob/ob mice. As described 15 in
Figure 4, Fc-FGF21 fusion proteins reduced blood glucose levels by about 30-40% at 6 hours after
injection, while the blood glucose levels returned to baseline levels at 24 hours. The proteolytic
degradation of wild-type FGF21 was subsequently investigated, and the rapid loss of in vivo activity
with Fc-FGF21 fusion proteins was found to be the 20 result of in vivo degradation of FGF21.
Proteolytic degradation leads to decreased biological activity of the molecule in vivo and thus a shorter
effective half-life, and such degradation adversely impacts the therapeutic use of that molecule.

Accordingly, the observed degradation of FGF21 Pc fusion proteins led to the investigation of the
nrotenhvtiec dearadation of ECE?21 in vivo and tno identifvy ECE21 miitante that wara 2GRracictant tn <i1ich




various time points after injection into male C57B6 mice. The Edman sequencing helped confirm
whether the N-terminal or C-terminal end of the protein was undergoing 30 degradation. When an Fc
sequence was fused to the N-terminus of human FGF21, degradation was found to occur at the
peptide bond between amino acid residues 151 and 152 and between amino acid residues 171 and
172 of the human FGF21 portion of the fusion molecule (the residue numbering above is based on the
mature FGF21 sequence and does not include the Fc portion of the fusion protein). The degradation at
171-172 was found to occur first, and was followed by degradation at 151-152. Degradation at 5
171-172 appeard 81 Ha P AR hitiR"SEFsahb 1YL Hab RS HRE WANTHHE DIt 4h BRI @ hen an
Fc sequence was tuspsljiotbeCsteraions @il g egratatianotasfols taepun aktbaigeptide
bond between %nHQO acid restidt;esh4 and 5 and betsgz?i% ?min.o acid residues 20 qn% 21. As a result of
these experimenite. L was datarmised IHAEME Poseuifeh d8 8P a s Brote e thE S fio At the
FGF21 sequencecthidiabdadjapertbtab]2Gdafekerspreenee HidoridegradationtdAreanali)sisetf-¢the in vivo
degradation of wild-type F L EC-FG i rqtei s further conducted in cynpmolgus
monkeys. 'rl'%hes\éyélég'[iu |és%§§?ﬁ%h%%%§a{%nf gl%t?goéf\;%ge&s%ceggi%z\g% V%%Esagi%%eé §é&d redidl }ésmf71-172 is
the major site of Gegracatisa’intermkeyd BhdihatAHis dienofideddadonk P cblibérget deparaen

murine and primatey) 1a,FX0MELES J8aaHlicatian ofFE rech HEAlRANRIRR &3/ SiaatMitants,,

Suitable FGF21 mutants were identified by experimentally determining the positions of the Wlﬁd-type
FGF21 sequend¥fithre sites of major proteolytic activity, and 20 specific amino acid substitutions

were introduced at thepe:sifsAMina-Reid sias bR Wereilaseg-REREAL seaupnce-copservation
with other species (as.described in Exa pl{%(g) and biochemical conservation with other amino acid

residues. Adist GPATHE 2B s (FTRETS OrR Nl raREann s R WRITRh G F 21
protein is providigiiadT alole &; altbquglhy.TakienBiisanly Bxemplatyaind Sthersubsiguiions Sam be
made. The 25 UmBRIRAL S RORIIans glvan nJable B.eolenand 1o NS Loaidie positian i the
mature FGF21 protein, which consists o mino acid residued. Taie'8 FEF 1R {tfe&Mmutated
Amino Acid Posiisivd\atarenResidhe IMiltitiprisitottlegn@iantle, Lys 20 Tyr His, Leu, Phe 21 Leu lle,
Phe, Tyr, Val 22 The primary vehicle or carrier in a pharmaceutical composition can be either
15  aqueous or non-aqueous in nature, For example, a suitable vehicle or carrier for injection
can be water, physiological saline solution, or artificial cerebrospinal fluid, possibly
supplemented with other materials common 1in compositions for parenteral
administration. Neutral buffered saline or saline mixed with serum albumin are further
exemplary vehicles. Other exemplary pharmaceutical compositions comprise Tris buffer
20  of about pH 7.0-8.5, or acetate buffer of about pH 4.0-5.5, which can further include
sorbitol or a suitable substitute. In one embodiment of the present invention, FGF21
polypeptide mutant compositions can be prepared for storage by mixing the selected
composition having the desired degree of purity with optional formulation agents
(Remington's Pharmaceutical Sciences, supra) in the form of a lyophilized cake or an
25 aqueous solution. Further, the FGF21 polypeptide mutant product can be formulated as a
lyophilizate using appropriate excipients such as sucrose.
| The FGF21 polypeptide mutant pharmaceutical compositions can be selected for
parenteral delivery. Alternatively, the compositions can be selected for inhalation or for
delivery through the digestive tract, such as orally. The preparation of such

30  pharmaceutically acceptable compositions 1s within the skill of the art.

The formulation components are present in concentrations that are acceptable 1o
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Tyr lle, Phe, Val 150 Pro Ala, Arg 151 Gly Ala, Val 152 lle His, Leu, Phe, Val 170 Gly Ala, Asn, Asp,
Cys, GIn, Glu, Pro, Ser 171 Pro Ala, Arg, Asn, Asp, Cys, Glu, Gin, Gly, His, Lys, Ser, Thr, Trp, Tyr 172
Ser Leu, Thr 173 Gin Arg, Glu EXAMPLE 10 In vivo Analysis of Fe-FGF21 and FGF21-Fe
Degradation The stability of FGF21 Fe fusion proteins in vivo was determined by injecting 5 mice with
a fusion protein, drawing blood from the mice at various time points, and analyzing the serum by liquid
chromatography-mass spectrometry (LC-MS). In particular, mice were intraperitoneally injected with

10 mg/kg of Fc(B)FGF21 (expressed in E. coil and purified as described.in Example 2) or FGF21(3)Fc
(expressed in n(%)?zn%%ﬁ ﬁ(%%%ésgﬁ%oﬁurl%’écf’}é%%gd%&g%%fgﬁdﬁ?é IO GrsyarR &y° SRITPHARL dawn from
10 the mice at Gyh24icardcdi8pHontr st aftéipinjettioa (EabieR)andcollectétiinig: bDféntubes pretreated
with protease in%)ibliltt cocktails (Roche Diagnostics). Plasma was separated by centrifuging the
samples at 12,0 0 g for 10 minutes, FGF21 proteins were affinity purified from blood using an
anti-human-Fe agaros® hesipartGTmbleiginistration is contemplated, the therapeutic compositions for

5 use i this imvention can be in the form of a pyrogen-free, parenterally acceptable,
aqueous solution comprising the desired FGF21 polypeptide mutant in a
pharmaceutically acceptable vehicle. A particularly suitable vehicle for parenteral
injection is sterile distilied water in which an FGF21 polypeptide mutant is formulated as
a sterile, isotonic solution, properly preserved. Yet another preparation can involve the

10  formulation of the desired molecule with an agent, such as injectable microspheres, bio-
erodible particles, polymeric compounds (such as polylactic acid or polyglycolic acid),
beads, or liposomes, that provides for the controlled or sustained release of the product
which can then be delivered via a depot injection. Hyaluronic acid can also be used, and
this can have the effect of promoting sustained duration in the circulation. Other suitable

15  means for the introduction of the desired molecule include implantable drug delivery
devices.

In one embodiment, a pharmaceutical composition can be formulated for
inhalation. For example, an FGF21 polypeptide mutant can be formulated as a dry
powder for inhalation. FGF21 polypeptide mutant inhalation solutions can also be

20  formulated with a propellant for aerosol delivery. In yet another embodiment, solutions
can be nebulized, Pulmonary administration is further described in International
Publication No. WO 94/20069, which describes the pulmonary delivery of chemically
modified proteins.

It is also contemplated that certain formulations can be administered orally. In

25 one embodiment of the present invention, FGF2l polypeptide mutants that are
administered in this fashion can be formulated with or without those carriers customarily
used in the compounding of solid dosage forms such as tablets and capsules. For
example, a capsule can be designed to release the active portion of the formulation at the
point in the gastrointestinal tract when bioavailability is maximized and pre-systemic

30  degradation is minimized. Additional agents can be included to facilitate absorption of

the FGF21 polypeptide mutant. Diluents, flavorings, low melting point waxes, vegetable
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FGF21 Samples Sample Protein Administered Blood Withdrawn D6 Fc-FGF21 6 hours D24 Fc-FGF21
24 hours D48 Fc-FGF21 48 hours E6 FGF21-Fc 6 hours E24 FGF21-Fc 24 hours E48 FGF21-Fc 48
hours Prior to analyzing the affinity purified samples by LC-MS, Fc-FGF21 and FGF21-Fc protein
standards were analyzed as a reference. Protein standards were either reduced with
tris[2-carboxyethyl] phosphine (TCEP) or not reduced. Reduced and non-reduced standards were
analyzed by LC-MS using an ACE cyano 0.3 mm x 30 cm column with the column effluent spraying
into an LCQ Clasgic,ion-trap mass spectrometer iin e.the deconvoluted spectra of the reduced
camples wiare CRinBPIHE AR ST Sar I (VeP Rt b AEHDr T BNE SHAPER TS The
observed massesifitssttte reduced Fc(5)FGF21 standard and samples D6, D24, and D48 are shown in
Figures 6A-6D. The o%sn%%ed @asses fo Eltlhce0 redu%ed FGF.Z%?{)Fe st?ﬁndt?rd and a_glrgp , E24,

r
. or SULic OSITION) €8N 1 Ve an erffeCitve quantr
and E48 are shown in'Figures KA E e BFthe Standard and sample eluates were subjected to

Edman sequengislyieptidentcastniirn théxt@eNwishmienrosicaproteinshan dheitabin dotstes

determined:by ;M3 Resisnlihed,Casiangyispldhe sandedsand samplesgpiyded in
Table 10. Table 10

vehicle, solutions can be prepared in unit-dose form. Suitable excipients include, but are
not limited to, inert diluents, such as calcium carbonate, sodium carbonate or bicarbonate,
lactose, or calcium phosphate; or binding agents, such as starch, gelatin, or acacia; or
lubricating agents such as magnesium stearate, stearic acid, or tale,

10 Additional FGF21 polypeptide mutant pharmaceutical compositions will be
evident to those skilled in the art, including formulations involving FGF21 polypeptide
mutants in susteined- or controlled-delivery formulations. Techniques for formulating a
variety of other sustained- or controlled-delivery means, such as liposome carriers, bio-
erodible microparticles or porous beads and depot injections, are also known to those

15 skilled in the art (see, e.g., International Publication No. WO 93/15722, which describes
the controlled release of porous polymeric microparticles for the delivery of
pharmaceutical compositions, and Wischke & Schwendeman, 2008, Int. J. Pharm. 364:
298-327, and Freiberg & Zhu, 2004, Int. J. Pharm. 282: 1-18, which discuss
microsphere/microparticle preparation and use).

20 Additional examples of sustained-release preparations include semipermeable
polymer matrices in the form of shaped articles, e.g. films, or microcapsules. Sustained
release matrices can include polyesters, hydrogels, polylactides (U.S. Patent No.
3,773,919 and European Patent No. 0 058 481), copolymers of L-glutamic acid and
gamma ethyl-L-glutamate (Sidman et al, 1983, Biopolymers 22: 547-56), poly(2-

25  hydroxyethyl-methacrylate) (Langer ef al, 1981, J. Biomed. Mater. Res. 15: 167-277 and
Langer, 1982, Chem. Tech. 12: 98-105), ethylene vinyl acetate (Langer et al., supra) or
poly-D{-)-3-hydroxybutyric acid (European Patent No. 0 133 988). Sustained-release
compositions can also include liposomes, which can be ‘prepared by any of several
methods known in the art. See, e.g., Epstein ef al., 1985, Préc. Natl. Acad. Sci. U.S.A.

30  82:3688-92; and European Patent Nos. 0 036 676, 0 088 046, and 0 143 949,
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Results of LC-MS Analysis and Predicted Fragments FGF21 Sample Major Observed Masses
Fragment Intact N-terminus? Fc(5)FGF21 standard 45,339 Da 1-414 Yes D6 45,338 Da 1-414 Yes
44,317 Da 1-404 D24 44,321 Da 1-404 Yes D48 44,327 Da 1-404 Yes 42,356 Da ? FGF21(3)Fc
standard

The FGF21 polypeptide mutant pharmaceutical composition to be used for in vivo
administration typically must be sterile. This can be accomplished by filtration through
sterile filtration membranes. Where the composition is Iyophilized, sterilization using |
this method can be conducted either prior to, or following, lyophilization and

5  reconstitution. The composition for parenteral administration can be stored in lyophilized
form or in a solution. In addition, parenteral compositions generally are placed into a
container having a sterile access port, for example, an intravenous solution bag or vial
having a stopper pierceable by a hypodermic injection needle.

Once the pharmaceutical composition has been formulated, it can be stored in

10  sterile vials as a solution, suspension, gel, emulsion, solid, or as a dehydrated or
lyophilized powder. Such formulations can be stored either in a ready-to-use form or in a
form (e.g., lyophilized) requiring reconstitution prior to administration,

In a specific embodiment, the present invention is directed to kits for producing a
single-dose administration unit. The kits can each contain both a first container having a

15  dried protein and a second container having an aqueous formulation. Also included
within the scope of this invention are kits containing single and multi-chambered pre-
filled syringes (e.g., liquid syringes and lyosyringes).

The effective amount of an FGF21 polypeptide mutant pharmaceutical
composition to be employed therapeutically will depend, for example, upon the

20  therapeutic context and objectives. One skilled in the art will appreciate that the
appropriate dosage levels for {reatment will thus vary depending, in part, upon the
molecule delivered, the indication for which the FGF21 polypeptide mutant is being used,
the route of administration, and the size (body weight, body surface, or organ size) and
condition (the age and general health) of the patient. Accordingly, the clinician can titer

25  the dosage and modify the route of administration to obtain the optimal therapeutic effect.
A typical dosage can range from about 0.1 pg/ke to up to about 100 mg/kg or more,
depending on the factors mentioned above. In other embodiments, the dosage can range
from 0.1 pg/kg up to about 100 mg/kg; or 1 ug/kg up to about 100 meg/ke; or 5 ng/kg, 10
ne/ke, 15 pglke, 20 pug/ke, 25 ug/ke, 30 pg/kg, 35 pg/kg, 40 ngke, 45 ug/ke, 50 pe/ke,

30 55 pg/ke, 60 ug/ke, 65 ngke, 70 ughke, 75 pglkg, up to about 100 mg/ke. In yet other
embodiments, the dosage can be 50 pg/kg, 100 ng/ke, 150 pe/ke, 200 ugkg, 250 ug/kg,
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46,408 Da (glycosylated, GOP) 1-410 Yes 44,964 Da (non-glycosylated) 1-410 E6 45,963 Da
(glycosylated, GOF) 5-410 No 44,516 Da (non-glycoylated) 5-410 E24 45,963 Da (glycosylated,
GOF) 5-410 No 44,526 Da (non-glycosylated) 5-410 44,130 Da (glycosylated, GOP) 21-410 E48
45,984 Da 5-410?

300 ng/kg, 350 pgke, 400 pgkg, 450 ug/kg, 500 ngke, 550 uglke, 600 pgke, 650
ug/kg, 700 ug/ke, 750 ugkg, 800 ugkg, 850 ng/keg, %00 ng'kg, 950 ngke, 100 ne/ke,
200 pg/kg, 300 pg/ke, 400 pg/kg, 500 ng/keg, 600 ug/ke, 700 pg/kg, 800 pg/kg, 900
ug’kg, 1000 ng/kg, 2000 pg/kg, 3000 ugkg, 4000 pg/ke, 5000 welke, 6000 ug/kg, 7000
5  pgkg, 8000 ng/kg, 9000 ng/kg or 10 mg/kg.

The frequency of dosing will depend upon the pharmacokinetic parameters of the
FGF21 polypeptide mutant in the formulation being used. Typically, a clinician will
administer the composition until a dosage is reached that achieves the desired effect. The
composition can therefore be administered as a single dose, as two or more doses (which

10 may or may not contain the same amount of the desired molecule) over time, or as a
continuous infosion via an iﬁnpiantatidn device or catheter. Further refinement of the
appropriate dosage is routinely made by those of ordinary skill in the art and is within the
ambit of tasks routinely performed by them. Appropriate dosages can be ascertained
through use of appropriate dose-response data.

15 The route of administration of the pharmaceutical compeosition is in accord with
known methods, eg., orally; through injection by intravenous, intraperitoneal,
intracerebral (intraparenchymal), intracerebroventricular, intramuscular, intraocular,
intraarterial, intraportal, or intralesional routes; by sustained release systems (which may
also be injected); or by implantation devices. Where desired, the compositions can be

20  administered by bolus injection or continuously by infusion, or by impiantation device.

Alternatively or additionally, the composition can be administered locally via
implantation of a membrane, sponge, or other appropriate material onto which the desired
molecule has been absorbed or encapsulated. Where an implantation device is used, the
device can be impianted into any suitable tissue or organ, and delivery of the desired

25  molecule can be via diffusion, timed-release bolus, or continuous administration.

10. Therapeutic Uses of FGF21 Polvpeptide Mutants

FGFZ1 polypeptide mutants can be used to treat, diagnose, ameliorate, or pravent
a number of diseases, disorders, or conditions, including, but not limited to metabolic
30 disorders. In one embodiment, the metabolic disorder to be treated is diabetes, e.g., type

2 diabetes. In another embodiment, the metabolic disorder is obesity. Other
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No 44,130 Da 21-410 44,022 Da ? 15 As indicated in Table 10, all of the affinity purified
samples showed some degree of degradation after only 6 hours of circulation. After 24 hours of
circulation, the major product of Fc-FGF21 was a fragment consisting of amino acid residues 1-404,
which was seen in both the D and E samples. In the E samples, however, the major product of
FGF2I-Fc was a fragment consisting of amino acid residues 5-410. For both of the fusion proteins
tested, the FGF21 portion of the fusion protein was more susceptible to degradation than the Fc
portion of the protein. SEXAMPLE 11 Preparation and Expression of Proteolvsis-Resistant FGF21
Mutants and FuSTBRPdRsiEmsinclude o Ritholdice rikBditighne TG B MtRastslisted idvFapBnis were

prepared by PCRgerplifisationfhibedildstype fiG 2dsexassionoreciQiandgstikedkalgw.(the 10
construction of the wild-type FEGF2l expression vector is described in Example 1). The goal of these

experiments waS10' EHEY eSS YRt S RIDSHRSE KrasreS8(h#§88 proteolysis and exhibit longer
half-Lives. Table 11 15Pippéiolyisis-Resistant frGE2ditMutants A dtatian( 9 bedsinkesiRdOdeaRl91

-COOH 15 Blgléy administering an FGF21 polypeptide mutant as described herein to a patient in need
thereof in the amount of a therapeutically effective dose. The administration can be
performed as described herein, such as by IV injection, intraperitoneal injection,
intramuscular injection, or orally in the form of a tablet or liquid formation. In most
sttuations, a desired dosage can be determined by a clinician, as described herein, and cen

10  represent a therapeutically effective dose of the FGF21 mutant polypeptide, It will be
apparent to those of skill in the art that a therapeutically effective dose of FGF21 mutant
polypeptide will depend, inter afia, upon the administration schedule, the unit dose of
antigen administered, whether the nucleic acid molecule or polypeptide is administered in
combination with other therapeutic agents, the immune status and the health of the

15  recipient. The term “therapeutically effective dose,” as used herein, means that amount
of FGF21 mutant polypeptide that elicits the biological or medicinal response in a tissue
system, animal, or human being sought by a researcher, medical doctor, or other
clinician, which. includes alleviation of the symptoms of the disease or disorder being
treated.

20
[1.  Antibodies

Antibodies and antibody fragments that specifically bind to the FGF21 mutant

polypeptides of the present invention but do not specifically bind to wild-type FGF21
polypeptides are contemplated and are within the scope of the present invention. The
25  antibodies can be polyclonal, including monospecific polyclonal; monoclonal (MAbs);
recombinant; chimeric; humanized, such as complementarity-determining region (CDR)-
grafied; human; single chain; and/or bispecific; as well as fragments; variants; or
chemically modified molecules thereof. Antibody fragments include those portions of
the antibody that specifically bind to an epitope on an FGF21 mutant polypeptide.
30  Examples of such fragments include Fab and F(ab’) fragments generated by enzymatic
cleavage of full-length antibodies. Other binding fragments include those generated by

43



R19K -COON 15 RI 9Q R19Q -COOH 15 R19K, Y20H R19K, Y20H -COON 15 R191C, L211
R19K, L211 -COON 15 R19K, Y20H, L211 R191C, Y201-1, L211 -COOH 15 Y20F

recombinant DNA techniques, such as the expression of recombinant plasmids containing
nucleic acid sequences encoding antibody variable regions.

Polyclonai antibodies directed toward an FGF21 mutant polypeptide generally are
produced in animals (e.g., rabbits or mice) by means of multiple subcutaneous or

5  infraperitoneal injections of the FGF21 mutant polypeptide and an adjuvant, It can be
useful to conjugate an FGF21 mutant polypeptide to a carrier protein that is immunogenic
in the species fo be immunized, such as keyhole limpet hemocyanin, serum, albumin,
bovine thyroglobulin, or soybean trypsin inhibitor. Also, aggregating agents such as
alum are used to enhance the tmmune response. After immunization, the animals are

10  bled and the serum is assayed for anti-FGF2 1 mutant antibody titer,

Monoclonal antibodies directed toward FGF21 mutant polypeptides can be
produced using any method that provides for the production of antibody molecules by
continuous cell lines in culture, Examples of suitable methods for preparing monoclonal
antibodies include the hybridoma methods of Kohler ef al., 1975, Nature 256: 495-97 and

15  the human B-cell hybridoma method (Kozbor, 1984, J. Immunol. 133: 3001; Brodeur et
al., Monoclonal Antibody Production Technigques and Applications 51-63 (Marcel
Dekker, Inc., 1987). Also provided by the invention are hybridoma cell lines that
produce monoclonal antibodies reactive with FGF21 mutant polypeptides.

Monoclonal antibodies of the invention can be modified for use as therapeutics.

20  In one embodiment, the monoclonal antibody is a “chimeric” antibody in which a portion
of the heavy (H) and/or light (L) chain 1s identical with or homologous to a
corresponding sequence in antibodies derived from a particular species or belonging to a
particular antibody class or subclass, while the remainder of the chain(s) is/are identical
with or homologous to a corresponding sequence in antibodies derived from another

25  species or belonging to another antibody class or subclass. Also included are fragments
of such antibodies, so long as they exhibit the desired biological activity. See, e.g., US.
Patent No. 4,616,567, Morrison ef al., 1985, Proc. Nail, Acad. Sci. U.S.A. 81: 6851-55.

In another embodiment, a monoclonal antibody of the invention is a “humanized”
antibody. Methods for humanizing non-human antibodies are well known in the art. See,

30 eg, U.S. Patent Nos. 5,585,089 and 5,693,762, Generally, a humanized antibody has

one or more amino acid residues mtroduced into it from a source that 1s non-human.
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Y20F -COOH 15 Y20H Y20H -COOH 15 Y20L Y20L -COOH 15 Y20H, L211 Y20H, L211
-COOH 15 L211 L211-COOH 15

Humanization can be performed, for example, using methods described in the art (see,

e.g., Jones er al., 1986, Nature 321: 522-25; Riechmann et al., 1998, Nature 332: 323-27,

Verhoeyen et al., 1988, Science 239: 1534-36), by substituting at least a portion of a

rodent complementarity-determining region for the corresponding regions of a human
5 antibody.

Also encompassed by the invention are human antibodies that bind the FGF21
mutant polypeptides of the present invention. Using transgenic animals {e.g., mice) that
are capable of producing a repertoire of human antibodies in the absence of endogenous
immunoglobulin production such antibodies are produced by immunization with an

10 FGF21 mutant antigen (i.e., having at least 6 contiguous amino acids), optionally
conjugated to a carrier. See, e.g., Jakobovits ef al., 1993, Proc. Natl. Acad. Sci. U.S.A.
90: 2551-55; Jakobovits et al., 1993, Nature 362: 255-58; Bruggermann ef al., 1993, Year
in Immuno. 7: 33. In one method, such transgenic antmals are produced by mcapacitating
the endogenous loci encoding the heavy and light immunoglobulin chains therein, and
15  inserting loci encoding human heavy and light chain proteins into the genome thereof.
Partially modified animals, ie., animals having less than the full complement of
modifications, are then cross-bred to obtain an animal having all of the desired immune
system modifications. When administered an immunogen, these transgenic animals
produce antibodies with human (rather than, ¢.g., murine) amino acid sequences,
20  including variable regions that are immunospecific for thesel antigens.  See, e.g.,
International Publication Nos. WO 96/33735 and WO 94/02602. Additional methods are
described in U.S. Patent No. 5,545,807, International Publication Nos. WO 91/10741 and
WO 90/04036, and in European Patent No. 0 546 073. Human antibodies can also be
produced by the expression of recombinant DNA in host cells or by expression in
25  hybridoma cells as described herein.

In an alternative embodiment, human antibodies can also be produced from
phage-display libraries (see, e.g., Hoogenboom et al., 1991, J. Mol Biol. 227: 381,
Marks et al., 1991, J. Mol Biol. 222: 581). These processes mimic immune selection
through the display of antibody repertoires on the surface of filamentous bacteriophage,

30  and subsequent selection of phage by their binding Tto aﬁ antigen of choice. One such

technique is described in International Publication No. WO 99/10494, which describes
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the isolation of high affinity and functional agonistic antibodies for MPL- and msk-
receptors using such an approach. _ | |

Chimeric, CDR grafted, and humanized antibodies are typically produced by
recombinant methods, Nucleic acids encoding the antibodies are introduced into host

5  cells and expressed using materials and procedures described herein. In one embodiment,
the antibodies are produced in mammalian host cells, such as CHO cells. Monoclonal
(e.g., human) antibodies can be produced by the expression of recombinant DNA in host
cells or by expression in hybridoma cells as described herein.

The anti-FGF21 mutant antibodies of the invention can be employed in any

10 known assay method, such as competitive binding assays, direct and indirect sandwich
assays, and immunoprecipitation assays (see, e.g., Sola, Monocional Antibodies: A
Manual of Techniques 147-158 (CRC Press, Inc., 1987), incorporated herein by reference
in its entirety) for the detection and quantitation of FGF21 mutant polypeptides. The
antibodies will bind FGF21 mutant polypeptides with an affinity that is appropriate for

15  the assay method being employed.

For diagnostic applications, in certain embodiments, anti-FGF21 mutant
antibodies can be labeled with a detectable moiety. The detectable moiety can be any one
that is capable of producing, either directly or indirectly, a detectable signal. For
example, the detectable moiety can be a radioisotope, such as “H, "“C, **p, ’S, *°1, *T¢,

20  MIn, or “Ga; a fluorescent or chemiluminescent compound, such as fluorescein
isothiocyanate, rhodamine, or luciferin; or an enzyme, such as alkaline phosphatase, -
galactosidase, or horseradish peroxidase (Bayer et al., 1990, Meth. Enz. 184: 138-63).

Competitive binding assays rely on the ability of a labeled standard (e.g., an
FGF21 mutant polypeptide, or an immunologically reactive portion thereof) to compete

25  with the test sample analyte (e.g, an FGF2! mutant polypeptide) for binding with a
limited amount of anti-FGF21 mutant antibody. The amount of an FGF21 mutant
polypeptide in the test sample is inversely proportional to the amount of standard that
becomes bound to the antibodies. To facilitate determining the amount of standard that
becomes bound, the antibodies typically are insolubilized before or after the competition,

30  so that the standard and analyte that are bound to the antibodies can conveniently be

separated from the standard and analyte that remain unbound.
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15Y22V Y22V -COOH 15 P150A P150A -NH2 15 PISOR -NH2 15 P150A, G151A P150A, G151A
-NI-12 15 P150A, 1 52V P150A, 1152V -NH2 15 P150A, G15IA, 1152V

Sandwich assays typically involve the use of two antibodies, each capable of
binding to a different immunogenic portion, or epitope, of the protein to be detected
and/or quantitated. In a sandwich assay, the test sample analyte is typically bound by a
first antibody that is immobilized on a solid support, and thereafter a second antibody

5  binds to the analyte, thus forming an insoluble three-part complex. See, e.g., U.S. Patent
No. 4,376,110. The second antibody can itself be labeled with a detectable moiety (direct
sandwich assays) or can be measured using an anti-immunoglobulin antibody that is
labeled with a detectable moiety (indirect sandwich assays). For example, one type of
sandwich assay is an enzyme-linked immunosorbent agsay (ELISA), in which case the

10  detectable moiety is an enzyme.

The anti-FGF21 mutant antibodies of the present invention are also useful for in
vivo imaging. An antibody labeled with a detectable moiety can be administered to an
animal, preferably into the bloodstream, and the presence and location of the labeled
antibody in the host assayed. The antibody can be labeled with any moiety that is

15  detectable in an animal, whether by nuclear magnetic resonance, radiology, or other
detection means known in the art,

The FGF21 mutant antibodies of the invention can be used as therapeutics. These
therapeutic agents are generally agonists or antagonists, in that they either enhance or
reduce, respectively, at least one of the biological activities of an FGF21 mutant

20  polypeptide. In one embodiment, antagonist antibodies of the invention are antibodies or
binding fragments thereof which are capable of specifically binding to an FGF21 mutant
polypeptide and which are capable of inhibiting or eliminating the functional activity of
an FGF21 mutant polypeptide in vivo or in vifro. In some embodiments, the antagonist
antibody will inhibit the functional activity of an FGF21 mutant polypeptide by at least

25  about 50%, and preferably by at least about 80%. In another embodiment, the anti-
FGF21 mutant antibody is capable of interfering with the interaction between an FGF21
mutant polypeptide and an FGF receptor thereby inhibiting or eliminating FGF21 mutant
polypeptide activity in vitro or in vive. Agonist and antagonist anti-FGF21 mutant
antibodies are identified by screening assays that are well known in the art.

30 The invention also relates to a kit comprising FGF2 1- mutant antibodies and other

reagents useful for detecting FGF21 mutant polypeptide levels in biological samples.
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P 50A, G151A, 1152V -NH2 15 G151A 6151A -NH2 15 G151V 0151V -NH2 15 0151A, 1152V
G151A, 1152V -NH2 15 1152F 1152F -NH2 15 1152H

Such reagents can include a detectable label, blocking serum, positive and negative

control samples, and detection reagents.

EXAMPLES
5 The Exemples that follow are illustrative of specific embodiments of the
invention, and various uses thercof. They are set forth for explanatory purposes only, and

shouid not be construed as limiting the scope of the invention in any way.

EXAMPLE 1

10 Preparation of FGF21 Expression Constructs

A nucleic acid sequence encoding the mature FGF21 polypeptide was obtained by
polymerase chain reaction (PCR) amplification wusing primers having nucleotide
sequences corresponding to the 57 and 37 ends of the mature FGF21 sequence. Table 2
lists the primers that were used to amplify the mature FGF21 sequence.

15
JTable2
PCR Primers for Preparing FGF21 Constract

SEQ
Primer | Sequence ID NO:
Sense 5'-AGGAGGAATAACATATGCATCCARTTCCAGATTCTTCTCC-3 " 5
Antisense | 5' —~TAGTGAGCTCGAATTCT TAGGAAGCGTAGCTGG-3 " 6

The primers used to prepare the FGF21 expression construct incorporated

20  restriction endonuclease sites for directional cloning of the sequence into a suitable
expression vector (e.g., pET30 (Novagen/EMD Biosciences; San Diego, CA) or
pAMG33 (Amgen; Thousand Oaks, CA)). The expression vector pAMG33 contains a
low-copy number R-100 origin of replication, a modified /ac promoter, and a kanamycin-
resistance gene. The expression vector pET30 contains a pBR322-derived origin of

25  replication, an inducible T7 promoter, and a kanamycin-resistance gene. While
expression from pAMG33 was found to be higher, pET30 was found to be a more
reliable cloning vector. Thus, the majority of the constructs described in the instant

application were first generated in pET30 and then screened for efficacy. Selected
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[152H -NH2 15 1152L 1152L -NH2 15 1152V G170A G170A -NH2 15 G170C GI70C -NH2 15
G170D G170D -NH2

sequences were then transferred to pAMG33 for further amplification.
The FGF21 sequence was amplified in a reaction mixture containing 40.65 ul
dH,0, 5pL PfuUltra IT Reaction Buffer (10x), 1.25 yL dNTP Mix (40 mM ~ 4 x 10mM),
0.1 yL Template (100 ng/mL), I pL Primer] (10 uM), 1 pl Primer2 (10 M), and 1 plL
5  PfuUltra 1T fusion HS DNA Polymerase (Stratagene; La Jolla, CA). Amplification
reactions were performed by heating for 2 minutes at 95°C; followed by ten cycles at
95°C for 20 seconds, 60°C for 20 seconds (with an additional 1°C subtracted per cycle),
and 72°C for 15 seconds/kilobase of desired product; followed by 20 cycles at 94°C for
20 seconds, 55°C for 20 seconds, and 72°C for 15 seconds/kilobase of desired product;
10  followed by 72°C for 3 minutes. Amplification products were digested with the
restriction endonucleases Ndel, Dpnl, and EcoRY; ligated into a suitable vector; and then

transformed into competent cells.

EXAMPLE 2

15 Purification of FGF21 Proteins from Bacteria

In the Examples that follow, various FGF21 proteins, including the wild-type
FGF21 polypeptide, truncated FGF21 polypeptides, FGF21 mutants, and FGF21 fusion
proteins, were expressed i a bacterial expression system. After expression, which is
described below, the FGF21 proteins were purified as described in this Example, unless
20 otherwise indicated.
- To purify the wild-type FGFZ1 polypeptide, truncated FGF21 polypeptides, and
FGF2] mutants from bacterial inclusion bodies, doubie-washed inclusion bodies
(DWIBs) were solubilized in a solubilization buffer containing guamdine hydrochloride
and DTT in Tris buffer at pH 8.5 and then mixed for one hour at room temperature, and
25  the solubilization mixture was added to a refold buffer containing urea, arginine,
cysteine, and cystamine hydrochloride at pH 9.5 and then mixed for 24 hours at 5°C (see,
e.g., Clarke, 1998, Curr. Opin. Biotechnol. 9. 157-63; Mannall et al., 2007, Biotechnol.
Bioeng. 97. 1523-34; Rudolph er al., 1997, "Folding proteins,” Protein Function: A
Practical Approach (Creighton, ed., New York, IRL Press) 57-99; and Ishibashi er al.,
30 2005, Protein Expr. Purif. 42: 1-6).

Following solubilization and refolding, the mixture was filtered through a 0.45
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15 G170E 0170E -NH2 150170N G170N -NH2 15 GI7OP  0170P -NH2 15 G170Q 6170Q -NH2
15 0170S

micron filter. The refold pool was then concentrated approximately 10-fold with a 10 kD
molecular weight cut-off Pall Omega cassette at a transmembrane pressure (TMP) of 20
psi, and dialfiltered with 3 column volumes of 20 mM Tris, pH 8.0 at a TMP of 20 psi.
The clarified sample was then subjected to anion exchange (AEX)
5  chromatography using a Q Sepharose HP resin. A linear salt gradient of 0 to 250 mM
NaCl in 20 mM Tris was run at pH 8.0 at 5°C. Peak fractions were analyzed by SDS-
PAGE and pooled.
The AEX cluate pool was then subjected to hydrophobic interaction
chromatography (HIC) using a Phenyl Sepharose HP resin. Protein was eluted using a
10 decreasing linear gradient of 0.7 M to 0 M ammonium sulfate at pH 8.0 and ambient
temperature. Peak fractions were analyzed by SDS-PAGE (Lacmmli, 1970, Nature 227:
680-85) and pooled.
The HIC pool was concentrated with a 10 kD molecular weight cut-off Pall
Omega 0.2 m” cassette to 7 mg/mL at a TMP of 20 psi. The concentrate was dialfiltered
15 with 5 column volumes of 10 mM KPO,, 5% sorbitol, pH 8.0 at a TMP of 20 psi, and the
recovered concentrate was diluted to 5 mg/mL. Finally, the solution was filtered through
a Pall mini-Kleenpac 0.2 pM Posidyne membrane.
To purify FGF21 fusion proteins and FGF21 fusion mutant proteins from
bacterial inclusion bodies, double-washed inclusion bodies (DWIBs) were solubilized in
20  a solubilization buffer containing guanidine hydrochloride and DTT in Tris buffer at pH
8.5 and ther mixed for one hour at room temperature, and the solubilization mixture was
added to a refold buffer containing urea, arginine, cysteine, and cystamine hydrochloride
at pH 9.5 and then mixed for 24 hours at 5°C (see, e.g., Clarke, 1998, Curr. Opin.
Biotechnol. 9: 157-63;, Mannall et al., 2007, Biotechnol. Bioeng. 97: 1523-34; Rudolph et
25 al., 1997, “Folding protems,” Protein Function: A Practical Approach (Creighton, ed.,
New York, IRL Press) 57-99; and Ishibashi ef al., 2005, Protein Expr. Purif. 42: 1-6).
Foliowing solubilization and refolding, the mixture was dialyzed against 3
volumes of 20 mM Tris, pH 8.0 using 10 kD dialysis tubing. The pH of the dialyzed
refold was adjusted to 5.0 with 50% acetic acid, and then clarified by centrifugation for
30 30 minutes at 4K,

The clarified sample was then subjected to anmion exchange (AEX)
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0170S -NH2 15 G170E, P17IA 6170E, P171A -NH2 15 G170E, S172L G170E, Sl 72L -NH2 15
0170E, P171A, S172L G170E, P171A, S172L -NH2 15 P17 1A P171A -NH2 15 P171C -NH2 15

chromatography using a Q Sepharose HP resin. A linear salt gradient of 0 to 250 mM
NaCl in 20 mM Tris was run at pH 8.0 at 5°C. Peak fractions were analyzed by SDS-
PAGE (Laemmli, 1970, Nature 227: 680-85) and pooled.

The AEX cluate pool was then subjected to hydrophobic interaction

5  chromatography (HIC) using a Phenyl Sepharose HP resin. Protein was eluted using a

decreasing linear gradient of 0.6 M to 0 M ammonium sulfate at pH $.0 at ambient
temperature. Peak fractions were analyzed by SDS-PAGE and pooled.

Following the HIC step, the pool was then dialyzed 60 volumes of 10 mM Tris,

2.2% sucrose, 3.3% sorbitol, pH 8.5, The dialyzed pool was concentrated to 5 mg/mL

10  using ajumbosep. Finally, the solution was filtered through a Pall mini-Kleenpac 0.2 pM

Posidyne membrane.

EXAMPLE 3

Preparation and Expression of Truncated FGF21 Proteins

15 Constructs encoding the truncated FGF21 proteins listed in Table 3 were prepared
by PCR amplification of the wild-type FGF21 expression vector as described below (the

construction of the wild-type FGF21 expression vector is described in Example 1).

Table 3
20 FG¥21 Truncations
Number of
Amino Acid Residues
Residues Troncated*
C-terminus Truncations
1 - 180 1
1179 2
1-178 3
1-177 4
1-176 5
1-175 6
1-174 7
1173 8
1-172 9
1-171 10
1-169 12
1-168 13

51



P171D -NH2 15 P171E -NH2 15 P1710 -NH2 15 P17IH -NH2 15 P171K -NH2 15 P171N -NH2 15
P171Q -NH2 15 P1715 -NH2 15 P171T -NH2 15 P171W -NH2 15

I -167 14
1166 15
1-165 ' 16
1-164 17
1-160 21
1-136 25
1-152 29
1--149 32
1-113 68
N-terminns Truncations
2— 181 1
3181 2
4~ 181 3
5181 4
6— 181 5
7181 6
8- 181 7
9. 181 8
C- and N-terminus Truncations
5-174 11
7-172 17
0— 169 20
9— 149 40
15-169 26
15 - 149 46
15~ 113 82

* relative to mature FGF21 polypeptide

Truncated FGF21 protein constructs were prepared using primers having
sequences that are homologous to regions upstream and downstream of 2 codon {or
5 codons) to be deleted (resulting in the truncation). The primers used in such
amplification reactions also provided approximately 15 nucleotides of overlapping
sequence to alléw for recircularization of the amplified product, namely the entire vector
now having the desired mutant.
An exemplary truncated FGF21 construct, encoding an FGF21 protein lacking the
10  histidine residue at position 1 of the mature FGF21 sequence (i.e., the 2-181 truncation

mutant), was prepared using the primers shown in Table 4,
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P171Y -NH2 15 P17IA, S172L P171A, S172L -NH2 15 S172L -NH2 15 S172T 51721 -NH2 15
Q173E QI73E -NH2 15 Q173R Q173R -NH2 15

Table 4
PCR Primers for Preparing Exemplary Truncation FGF21 Mutant

_ SEQ
Primer | Sequence 1D NO:
Sense 5'-GGAGATATACATATGCCARTTCCAGATTCTTCTCCATTATT -3 7
Antisense | 5' ~CATATGTATATCTCCTTCTTALAGT TAAACAAAA -3 R

The primers shown in Table 4 allow for the deletion of the histidine residue as
5  shown below, wherein the upper sequence (SEQ ID NO: 10) is a portion of a mature
FGF21 polypeptide comprising a N-terminal methionine, the second sequence is the
sense primer (SEQ ID NO: 7), the third and fourth scquences (SEQ ID NOs: 11 and 12)
are portions of an FGF21 expression construct, and the fifth sequence is the antisense
primer (SEQ 1D NO: 9):
10C

MetHisProlleProlAspSerSerProleu
5" -GGAGATATACATATG~~-~CCAATTCCAGATTCTTCTCCATTATT
TTTIGTTIAACTTTAAGAAGGAGATATACATATGCATCCART TCCAGATTCTTCTCCATTATT
AARACAAATTGAAATTICTICCICIATATGIATACGTAGGTTAAGGTCTAAGAAGAGGTAATAA
15 BRARACAARTTGAAATTCTTICCTCTATATGTATAC~S!

Truncated FGF21 protein constructs were prepared using ecssentially the PCR
conditions described in Example 1. Amplification products were digested with the
restriction endonuclease Dpnl, and then transformed into competent cells. The resulting

20  clones were sequenced to confirm the absence of poiymerase-genérated Srrors.

Truncated FGF21 proteins were expressed by transforming competent BL21
(DE3) or BL21 Star (Invitrogen; Carlsbad, CA) cells with the construct encoding a
particular truncated FGF21 protein. Transformants were grown overnight with timited
acration in TB media supplemented with 40 ug/mL kanamycin, were acrated the next

25  moming, and after a short recovery period, were induced in 0.4 mM IPTG. FGF21

mutants were harvested by centrifugation 18-20 hours after induction,
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FGF21 mutant constructs were prepared using primers having sequences that are homologous to
regions upstream and downstream of a codon (or codons) to be mutated. The primers used in such
amplification reactions also provided approximately 15 5nucleotides of overlapping sequence to allow
for recircularization of the amplified product, namely the entire vector now having the desired mutant.
An exemplary FGF21 mutant construct, encoding an FGF21 mutant having a glutamic acid residue at
position 170 instead of the native glycine residue (i.e., the 0170E mutant) was prepared using the
primers shown in Table 12. 5Table 12 PCR Primers for Preparing Exemplary FGF21 Mutant Primer
Sequence SEQ' 1E1 N1101: Sense 5r-ATGGTGEAAEIEH00AGGGCCGAAGC-3' 18 Anus ense 5' - -
GGATIGG TT CC AC 0 AT GCT TG GGG I s eated BGE21 Bhgtpryers shown in Table 12
allow for the substitutign of the nqlsycine resipue itF a ﬁglutt mitc acid éeglﬁ%lg as shown below, wherein
the upper sequence is the Sense 10 pri eerro(@l‘é% B Ko 18) WHeEae hdRFRS SRR (SEQ
ID NOs: 20 and R¥-aypepoiiidn sof dty BGER Eldkdressianccanstractssand Théitobiithrseatiendgds the
antisense pgime NO:; 5 ) C CA CGAAGC 1 .
CTCCTCGéAC%%%C%Il;(%A%QC&%%Gg %%%&@%%%%ké%&%aggﬁ%%&%@ﬁ C-terminus,
GAGGAGOCTGGEATAETEGTACCACTE FOGARGE ETodoacoTrCeEGGEE Tormed using 2
AGOCTGGGAGACTORRAEACGITREAN GG S HGR AT muankconstucin wers. pipnandyising

essentially the PCR conditions 20 described in Example 1. Amplification products w gested with

the restriction efftRSAR I8d B EBRSAAEPIRISH GaNSItthed ThesccoPREGIEHT abiis CTHaiRe s WoNes
were Sequence@ﬁ@o@ﬂfﬁiMMM@Woiﬂ@MGEﬁ%%'g@&%@E@dfﬁf&%- FSobCh¢ la Al R 21-Fc
fusion prz&eins were .ﬂ%ne ated desctib_ec%%er in, %g. in Exarg e 6. FGF21 mutants were
expressed By tr&RSH| '%é%% RifPBES 2L R ST BrdP s eiiindgdn 2 CatsiRipr#AY cells
with the construt exeadinbyaRGaE dtar satiitaitn TansbBPastsprese g ouervighttwikilinited
aeration in TB medig supplemented with. 40 itg/mL. kan cin erated the next mogning, and
after a short rec%%% pae%ig)oaft\lf\?gfev%i %cl&%l‘ rﬁg Of%%&l%néégf anﬁgiﬁ rﬁqg@?}%pt&ﬂ& Wgrge
harvested by cewttifilyatorcB2d boths &fter dfighosidrurylated Erk/ELK 1, and is used to indirectly
monitor and quantify FGF21 activity,

15 ELK-luciferase assays were performed by culturing the 293T cells in the presence
of different concentrations of wild-type FGF21 or FGF21 mutant polypeptide for 6 hours,
and then assaying the cell lysates for luciferase activity. Figures 1A-1B show the results
of an ELK-luciferase activity assay performed on the FGF21 truncation mutants 7-181
and §-181 (Figure 1A) and the FGF21 truncation mutants 1-172, 1-171, 1-169, and 1-164

20  (Figure 1B). The luminescence obtained in ELK-luciferase assays for each of the FGF21
truncation mutants 3-181, 4-181, 5-181, 7-181, 8-181, 1-180, 1-178, 1-177, 1-176, 1-175,
1-174, 1-173, 1-172, 9-181, and 1-149 is shown in Figure 2.

FGF21 mutant polypeptides were compared with a wild-type FGF21 standard and
mutants showing an efficacy of at least 50% of the efficacy of wild-type FGF21 were

25  considered as having not lost FGF2! activity and were assigned a “+” in Table 3.

Table 5
Truncated FGF21 Proteins: in vitro Assay

C-termings Truncations
Amino Acid Residues | Efficacy | Activity (+/-)
1180 93.2% +
1-178 95.0% +
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FGF21 mutants were also analyzed for predicted immunogenicity. Immune responses against proteins
are enhanced by antigen processing and presentation in the major histocompatability complex (MHC)
class Il binding site. This interaction is required for T cell help in maturation of antibodies that
recognize the protein. Since the 5 binding sites of MHC class Il molecules have been characterized, it
is possible to predict whether proteins have specific sequences that can bind to a series of common
human alleles. Computer algorithms have been created based on literature references and MEIC class

mutations in particular FGF21 mutan
Based on an analysis of the lingarpr

Il crystal structures to determine-whetherlinear-amino-aeid-peptide-seguenees have the potential to
break immune tolerance. The IEM@P—%‘CUHputer Bf ,J,Liﬁ;z; s-used-te-10-determine if point
Qutants-would-inereas 3%'33"‘. specifig T-eells in a majority of humans.
ct\,iﬁirzfj"ucncc of-d 4*% /!9(:!:21 n‘fut_ant, none of the mutants was
AAPLE 12 154508 of Link

predicted to enhance immunogerieiy- EC ALY
herthd it

Degradation

sequence and the FGF21 sequer
proteins in which the Fc region wa
having the sequence GGGGGS
mice at various time points, and
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48 hours, and drawn blood was

analyzed as a reference. Protei
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10

(i.e., an N-terminally truncated FGF21 protein consisting of amino acid residues 8-181
and shorter proteins) eliminate the activity of FGF21. Not surprisingly, truncated FGF21
proteins possessing both an N-terminal truncation of 8 to 14 residues and a C-terminal
truncation of 12 or 32 residues were found to lack activity in ELK-luciferase assays.
Consistent with the data presented in Table 5, truncated FGF21 polypeptides
having N-terminal truncations of fewer than 7 amino acid residues constitute
embodiments of the present invention. Similarly, truncated FGF21 polypeptides having
C-termunal truncations of fewer than 13 amino acid residues constitute embodiments of

the present invention.

EXAMPLE 5
In vivo Activity of Troncated FGF21 Proteins

FGF21 possesses a number of biclogical activities, including the ability to lower
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1-424 Yes 6 hours 44,978 Da 35% 1-414 Fc(15)FGF21 44,978 Da 85% 1-414 Yes 24 hours 43,022
Da 15% 1-394 Fc(15)FGF21 44,976 Da 60% 1-414 Yes 48 hours 43,019 Da 40% 1-394
FGF21(15)Fc standard 45,999 Da 100%

blood glucose, insulin, triglyceride, or cholesterol levels; reduce body weight; or improve
glucose tolerance, energy expenditure, or insulin sensitivity. Truncated FGE21
polypeptides were further analyzed for in vive FGF21 activity, by introducing the
truncated FGF21 polypeptides into insulin resistant ob/ob mice, and measuring the ability
5 of a particular truncated FGF21 polypeptide to lower blood glucose.  The truncated
FGF21 polypeptide to be tested was injected intraperitonezlly into an 8 week old ob/ob .
mouse (Jackson Laboratory), and blood samples were obtained at various time points
following a single injection, e.g., 0, 6, 24, 72, 120, and 168 hours after injection. Blood
glucose levels were measured with a OneTouch Glucometer (LifeScan, Inc. Milpitas,
10 CA), and the results expressed as a percent change of blood glucose relative to the
baseline level of blood glucose (i.e., at time 0).

The results of one experiment are provided in Figure 3, which shows the amount
of blood glucose detected in mice injected with the FGF21 fruncation mutants 8-181 and
9-181. This experiment demonstrated that truncated FGF21 fusion proteins comprising

15  amino acid residues §-181 exhibit blood glucose lowering activity in vivo however the
activity 18 slightly less than the activity of wild-type FGF21 at 3 and 6 hours after
injection, but that truncated FGIF21 fusion proteins comprising amino acid residues 9-181
do not exhibit such activity. Thus, the in vivo analysis of truncated FGF21 polypeptides
indicated that the deletion of up to 7 amino acids from the N-terminus of mature FGF21

20 does not abolish the molecule's biological activity (in contrast with the in vifro analysis,
which suggested that the deletion of 7 amino acids from the N-terminus of mature FGF21
would abolish activity).

The differing results obfained with particular N-terminally truncated FGF21
polypeptides (e.g., FGF21 8-181) in in vitro and in vivo assays can be explained by the

25 interaction of FGF21 with beta-klotho and FGF recepior in effecting signal transduction.
In particular, FGF21 activates a dual receptor complex comprising the co-receptor beta-
kiotho and FGF receptor (FGFR), which initiates a signaling cascade involving tyrosine
kinase. The N-terminus of FGF21 has been shown involved in binding and activation of
FGFR while the C-terminus of FGF21 is required for beta-klotho interaction (Yie et al.,

30 2009 FEBS Lert. 583:19-24). The ELK-luciferase in virro assay is performed in 293

kidney cefls in which the co-receptor beta-klotho is overexpressed and FGER is
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1-424 Yes FGF21(15)Fc 45,870 Da 100% 1-423 Yes 6 hours FGF21(15)Fc 45,869 Da 40% 1-423
Some 24 hours 45,301 Da 35% 6-423 43,460 Da 25% 22-423 FGF21(15)Fc 45,870 Da 15%

expressed at normal levels. The amount of FGFR is low in relative to that of beta-klotho
and the ratio of beta-klotho to FGFR in 293 cells is therefore non-physiological, which
may affect receptor complex formation and ﬁ]timateiy ligand binding and activation of
FGFR. The 293 in vitro system appears to be more vulnerable to N-terminally truncated
5  FGF21 polypeptides and therefore may have produced loss of activity results for a few of
the N-terminally truncated mutants tested, such as FGF21 &-181. Thus, in determining
whether a particular N-terminally truncated FGF21 mutent retained wild-type FGF21
activity, the activity of that FGF21 mutant in the in vivo assay was considered to be
dispositive. Accordingly, truncated FGF21 polypeptides having N-terminal truncations

10 of fewer than 8 amino acid residues are encompassed by the invention.

EXAMPLE 6

Preparation and Expression of Trancated FGF21 Fusion Proteins

Because the half-life of a protein can be increased by fusing the protein to an Fc
15  sequence, fusion proteins comprising truncated FGF21 polypeptides were prepared and
analyzed. The truncated FGF21 fusion proteins listed in Table 6 were prepared from
amplified FGF2! sequences by SOEing (gene splicing by overlap extension) PCR.
FGF21 fusion proteins were prepared such that the Fc portion of the human
immunogiobulin IgG1 gene (SEQ ID NO: 13) was fused to either the N-terminus or the

20  C-terminus of the FGF21 protein.

Table 6
Truncated FGF21 Fusion Protfeins

Amino Acid Residues | Fe Position | Linker

{-terminus Truncations

1-178 -NH, 15

1-175 -NH; 14

1-175 -COOH 15

I-171 -NH, 15

1-171 -COOH 15

I-170 -COOH i5
N-terminus Trancations

5-181 -NH; 15

5-181 -COOH 15
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1-423 Some 48 hours 45,297 Da 20% 6-423 43,461 Da 65% 22-423
all of the affinity purified samples showed some degree of degradation after only 6 hours of circulation.
After 24 hours of circulation, the major 15 products of Fc(15)FGF21 were fragments consisting of
amino acid residues 1-414 (85% of sample) and 1-394 (15% of sample), and the major products of
FGF21(15)Fc were fragments consisting of amino acid residues 1-423 (40% of sample), 6-423 (35% of
sample), and 22-423 (25% of sample). Identified cleavage points for the Fc(15)FGF21 and

'FGF21(15)Fc proteins are shown-Figt '"esl%h?/-\ afe-10
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The in vivo activity of particular proteolysis-resistant Fc(15)FGF21 mutants was

assayed by intraperitdneabytinjbeting@B/bbiwsicr _\@irtebtfe_im R@mmut@mhldia_gvim@)ﬁﬂosdcsémles from
injected mice at4n0.23, fgeo P AN fRySAfeyRiecign apdihenmeasyring.blagd ghigese levels in

the samples. The results of one experiment are 30provided in Figure 11, which shows the blood
glucose levels AfagtitiedsinghieeiHdbtdr iR P B dtions Ide et By Eermlc dntfd| sy g
Fc(15)FGR21 mitams, Redh B haers was designed to produce a sequence containing an Ndel

cioning site, Fc region, and linker sequence. In the second reaction, a pair of primers was

10

designed to produce a sequence containing an overlapping portion of the linker, a portion

of the FGF21 coding sequence, and an EcoRI cloning site. Finally, in the third reaction,

a pair of primers was designed for the purpose of linking the products of the first two

reactions. An exemplary set of primers for the construction of Fe-FGF21 1-181 is listed

in Table 7.
Table 7
PCR Primers for Preparing Exemplary FGF21 Fusion Protein Construct
SEQ
Primer Sequence ID NO:

Reaction 1

Sense 5' -AGGAGGAATAACATATGGACARRALACTCACACATG~3 i4

Antisense | 3' —GGATCCACCACCACCGCTACCAC-3! 15
Reaction 2

| Sense LT -GETGETGETGGATCCCATCCAATTCCAGATTICTTCTCCA-3? 16

Antisense | 5' ~TAGTGAGCTCGAATTCTTAGGAEAGCGTAGCTGE-3! 17
Reaction 3
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G170E,Fc(15)FGF21P171A,Fc(15)FGF21S172L,Fc(15)FGF21 G170E/P171A/S172L, or Fc(15)FGF21
G151A. Figure 12 shows the percent change in blood glucose levels as determined in this experiment.
This experiment demonstrates that the Fc(15)FGF21 G170E, Fc(15)FGF21 P171A, Fc(15)FGF21
S172L, and 5 Fc(15)FGF21 0170E/P171A/S172L mutants exhibit sustained blood glucose lowering
activity for up to 5 days, which is superior to the activity of wild-type Fc-FGF21 The Fc(15)FGF21
G15IA mutant only partially improved the duration of blood glucose lowering activity as compared with

[@ds B e ] EEE-VCVET 3

R moe Tl S e

proteolysis-resist . manc-totheretor tmtfar-cegradation profte-as-the-wild-type
Fc(15)-FGF21 p a3 ec, L?ﬁua%"ﬁf"ﬁfﬂg%%?gc?ﬁ éﬁ%ﬁ? ?%%?33 (.'t.i. 3\:'i‘\/o efficaey agi eompared
with the wild-type Fc(15)-FGF21 polypeptide. The results of another experiment are provided in
Figure 13, which shovidwtheddendfibcdsallesvaisomeasuligdstndmitd theotedaith enftBScéartsol, an
FOUSIFGF21 19 gonlip et ie FEIBIEGRAL IS0 ERf IGEAL RISV R,
Fc(15)FGF21 G170E, Fc(15)FGF21 0170E/PI71A, or Fc(15)FGF21 0170E/S172L. Figure 14 shows
the percent chai#é inBledasgltisesddaselvas deqeentiedarremisraxtetighsarcA9inpisresipriment
described above,hgwildstype Fc-FGF21 fusion protein and the Fc(15)FGF21 P150A/G151A/1152V
mutant do not exhibit sustained blood glucose 20 lowering activity, possibly because the degradation
at 171 site could still occur, and blood glucose levels in animals injected with these proteins returned
to baseline at 24 hours after injection. However, ghgshgf1 3)FGF21 G170E, Fc(15)FGF21
0170E/P171A, or Fc(15)FGF | x al blood glucose lowering activity up to 5
days after injection, which is stif ' Aty S Eon AR B

25Fc(15)FGF21 P150A/Gut5inafdins 2vmpisarnt 2 truddaedasGHS lofanethe fisxdenment atguptioyided in

Figure 15, which shows the bloqd glucose levels measured.in mice,inj d.with a PBS control or the
Fes)FOEa m A Er PO T P o CLIGR: PO P B
Fc(15)FGF21 @Imwf@)iﬁ@mh@;f@mﬁﬁmmm@@m@}msiﬂw&mmmm percent
change in blood, glicase4e¥els, A G RItINGd I 4his M%ﬂ%g%c{%ﬁn%?h?o':&ﬁiﬁéd Dy Agsted in

this experiment exhibited sustained blood glucose lowering activity for up to 5 days after injection.

The results of aNd@H@itekgesifrdpimarel frsinaed Ry irsormrafpien BHvhichithe Bovglgtulosesievels

measured in migg inieaiRchthRRS-AH HaHEA R GRAG- MM B ERE6 6705 FoH5)FGF21
P171E, Fc(15)FGF21 P171H, Fc(15)FGF21 P171Q, 5 Fc(15)FGF21 P171T, or Fc(15)FGF21 P171Y.

Figure 18'showR ¥fdnsdrashickAnge mobicwa gricisedr die gt?ia%@%ﬁ@écpfﬁlmi}é PRiaiAt. All of

the FGF21 mutartadagtatdnitisexpgdment exhibited improved blood glucose towering activity when

compared with wild-ty -FGF21. 10EXAMPLE 14 In vivo Degradation.of Proteqglysis-resistant
Fc(15)FGF21 MutantsB%l]fE"é BTGt P ARSt ?njelcgtll%%lcai RN 6?\%“3%3%%9 %%ﬂqé‘éﬁé% J¥GF21

mutants was anabyxeglippdnjecing. gl it @miGHsicnoltant soreduirtgbb tyos ighm dhenmice: at
various time poi alyzing th am by L C-Ms. In particular, mice were inj with either
the Fc(15)FG F%ﬁ%lgé?wg%ﬂ??&?%"sg%%%é%QB%EL%?H%A@&O%F_&%&%%C%%%‘%%S'E‘Omaﬁtsgﬁstsm(c‘)ﬂiéined %om E. coil
as descrilZéd in #EkErnp| e OF Hacrebinapiichswer& Biluteaieaipmaxirrtidty. 1 804 F6FFAI rriipiC1 prior
to injection, and,Blaadnias drawnalGued 4o @mﬁﬂ é&%ﬁ%ﬁm@ﬁﬁ%@, m&&eéﬁé xv)%ﬁfﬁya&lffin;ty purified

from the drawn blood using an anti-human- 2 0 Fc agarose resin column. Samples weré eluted from

the column usirFHeHAMIGEL ANrietRcFiomsT BhReeiEfoolpriseah Feqeridn aite 1838 Rino acid

linker at the amjpgriRpmiRaRend Ohibedf GHbeyeieinMicewag:aispdRieG e with awdidr type FGF21
control. Prior to‘anag ing the affinity purified samples %}LC-MS unprocessed wild-type 25 FGF21

and unprocessét EEE SRR W h Ay 84 B s (ATRS PR HEh e QR tAG Yot samples
were reduced withflSERrapdiihend analyzed bnt GoMiS fudingiag ASigeyaieths, mp 0,3 om column
with the column.gffluent spraying into ap LCQ Classic ion-frap mass spectrometer. Affinity purified
samples were g’{?ute Wi a?%égglr%ﬁr% Heetd e,cre0 Uccgg% \?V?ii%&?é%f %Yr%g t‘ﬁ’éeﬁearﬁlg?ﬁq}%rg tg"}%ﬁé-MS as
described 30abbweTouch Thiswbsaevdd ifiedssrsifor WMithiigpe FE{15)EGE2 teatll, GxRdssatidil8 hours
after Injection a2 BAALEI0H RS,k WA LeaRecaly »EIm DRI ES WAseaR (akE eI OF21
0170E at 0, 6, 24, and 48 hours after injection are shown in Figures 20A-20D, respectively. The
observed mass&8¥dPFc(15)FGF21 P171A at 0, 6, 24, and 48 5 hours after injection are shown in
Figures 234-21D, respegtiveiyis B1e absanies smosses Jobe A DEGEAL SR WaNA.B 24-and 48
hours after injection are shown in Figures 22A-22D, respectively. All of the samples drawn at 72
and 120 hours were found to contain a high molecular weight (>200 kDa by non-reducing SDS-PAGE)
component of fibrinogen that 39




10 is much more abundant than the remaining Fc(15)FGF21 fusion protein. Results of the LC-MS
analysis of the other standards and samples are provided in Table 14. Table 14 Results of LC-MS
Analysis and Predicted Fragments Major Observed Masses Percent of Total Fra ment Edman
Fc(15)FGF21 WT standard 45,994 Da 100% -424 Fc(15)FGF21 WT 46,001 Da 80% 1-424 No 6
hours 44,987 Da 20% 1-414 Fc(15)FGF21 WT 44,979 Da -100% 1-414 No 24 hours

change in biood glucose levels observed in mice injected with a PBS control, a wild-type
Fe-FGF21 control comprising amino acid residues 1-181, or truncated Fe-FGF21 fusion
proteins comprising amino acid residues 5-181 or 7-181. This experiment demonstrated
that truncated Fc-FGF21 fusion proteins comprising amino acid residues 5-181 or 7-181
5  exhibit blood glucose lowering activity that is similar to the activity of wild-type Fc-
FGF21 at 6 hours after imjection. Thus, the in vive analysis of truncated FGF1I
polypeptides indicated that the deletion of up to 6 amino acids from the N-terminus of
mature FGF21 does not affect the molecule’s biological activity. In vivo analysis also
indicated, however, that the ability of truncated FGF21 polypeptides to lower biood
10 glucose was reduced and that blood glucose levels returned to baseline at 24 hours after
injection (similar results were obtained with wild-type FGF21). The short in vivo activity
was found to be a result of the proteolytic degradation of FGF21, as described in
Example 8.

The resuits of another experiment are provided in Figure 5, which shows the
15  percent change in blood glucose levels observed in mice injected with a PBS control, a
wild-type FGF21-Fc control comprising amino acid residues 1-181, a truncated FGF21-
Fc fusion protein comprising residues 1-173, or a truncated Fe-FGF21 protein comprising
amino acid residues 1-171. This experiment demonstrates that the wild-type FGF21-Fe
comprising amino acid residues 1-181 has a sustained glucose-lowering activity resulting
20  in a reduction of blood glucose levels of approximately 30% over the time period of 24
hours to 120 hours following injection. The truncated Fc-FGF21 protein comprising
amino acid residues 1-171 exhibits delayed blood glucose lowering activity evident only
at 72 hours after injection. However, the activity observed is the same as the activity of
wild-type FGF21-Fc. The truncated FGF21-Fc fusion protein comprising residues 1-175

25  isnot active in vivo in lowering blood glucose.

Collectively, the truncation experimenis described herein demonstrate that
truncated FGF21 fusion proteins having an N-terminal truncation exhibit blood glucose
lowering activity that is similar to that of the wild-type FGF21 fusion protein, and further,
that truncated FGF21 fusion proteins in which the Fc molecule has been fused to the N-

30  terminal end of the truncated FGF21 protein exhibit more activity than fusion proteins in
which the Fc molecule has been fused to the C-terminal end of the truncated FGF21
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Fc(15)FGF21 WT 44,980 Da -100% 1-414 48 hours Fc(15)FGF21 G170E standard 46,068 Da
100% 1-424 Fc(15)FGF21 0170E 46,078 Da 100% 1-424 No 6 hours  Fc(15)FGF21 G170E

protein,

EXAMPLE 8
Observed in vivo Decradation of FGF21

5 .. FGF21 degradation was first observed with FGF21 Fe fusion protein constructs as
described in Example 7. In vivo pharmacokinetic analysis indicated that human FGF21
has a short half-life of about 1 hour in mice due to rapid clearance and in vivo
degradation. Therefore, to extend the half-life of FGF21 an Fe sequence was fused to the
N- or C-terminaj end of the FGF21 polypeptide. However, the fusion of an Fc region did

10 not completely resolve the half-life issue since fusion proteins in which an Fc sequence
was fused to the N- or C-terminal end of the FGF21 polypeptide (and in particular Fe-
FGF21 fusions, i.e., mn which the Fc sequence is fused to the N-terminus of mature
FGF21), did not exhibit the expected in vivo efficacy, and instead were found to maintain
blood glucose lowering activity for no more than 24 hours in ob/ob mice. As described

15  in Figure 4, Fc-FGF21 fusion proteins reduced blood glucose levels by about 30-40% at
6 hours after injection, while the blood glucose levels returned to baseline levels at 24
hours.

The proteolytic degradation of wild-type FGF21 was subsequently investigated,
and the rapid loss of in vivo activity with Fc-FGF21 fusion proteins was found to be the

20 - result of in vivo degradation of FGF21. Proteolyiic degradation leads to decreased
biological activity of the molecule in vivo and thus a shorter effective half-life, and such
degradation adversely impacts the therapeutic use of that molecule. Accordingly, the
observed degradation of FGF21 Fc fusion proteins led to the investigation of the
proteolytic degradation of FGF21 in vivo and to identify FGF21 mutants that were

25  resistant to such degradation.

To determine the sites of degradation, LC-MS analysis and Edman sequencing
was performed on wild-type human FGF21 and FGF21 Fc fusion proteins obtained at
various time points after injection into male C57B6 mice. The Edman sequencing helped
confirm whether the N-terminal or C-terminal end of the protein was undergoing

30 degradation. When an Fc sequence was fused to the N-terminus of human FGF21,

degradation was found to occur at the peptide bond between amino acid residues 151 and
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46,074 Da 80% 1-424 No 24 hours 45,761 Da 20% 1-421 Fc(15)FGF21 0170E 46,072 Da -60%
1-424 No 48 hours 45,760 Da -40% 1-421 Fc(15)FGF21 P171A standard 45,970 Da 100% 1-424
Fc(15)FGF21 P171A 45,980 Da 100% -424 No 6 hours

152 and between amino acid residues 171 and 172 of the human FGF21 portion of the
fusion molecule (the residue numbering above is based on the mature FGF21 sequence
and does not include the Fc portion of the fusion protein). The degradation at 171-172
was found to occur first, and was followed by degradation at 151-152. Degradation at
5 171-172 appears to be the rate-limiting step and plays z role in the half-life of the
molecule. When an Fc sequence was fused to the C-terminus of FGF21, degradation was
found to occur at the peptide bond between amino acid residues 4 and 5 and between
amino acid residues 20 and 21. As a result of these experiments, it was determined that
the Fc sequence appears to protect the portion of the FGF21 sequence that is adjacent to
10  the Fc sequence from degradation. An analysis of the in vivo degradation of wild-type
FGF21 and Fc-FGF21 fusion proteins wasg further conducted in cynomolgus monkeys.
These studies confirmed that the cleavage site of FGF21 at amino acid residues 171-172
is the major site of degradation in monkeys and that this site of degradation is conserved
between murine and primate.
15
EXAMPLEYS
Identification of FGEF21 Proteolysis-Resistant Mutants

Suitable FGF21 mutants were identified by experimentally determining the

positions of the wild-type FGF21 sequence that are sites of major proteolytic activity, and

20  specific amino acid substitutions were introduced at these sites. Amino acid substitutions
were based on FGF21 sequence conservation with other species (as described in Example

8) and biochemical conservation with other amino acid residues. A list of amino acid
substitutions that were or can be introduced into the wild-type FGF21 protein is provided

in Table 8, although Table 8 is only exemplary and other substitutions can be made. The

25 numbers of the positions given in Table 8 correspond to the residue position in the mature

FGF21 protein, which consists of 181 amino acid residues.

Table 8
FGF21 Residues Mutated

Amino Acid Position | Native Residue | Mutations
19 Arg Gln, e, Lys
20 Tyr His, Leu, Phe
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Fc(15)FGF21 P171A 45,973 Da -70% 1-424 No 24 hours 45,657 Da -30% 1-421 Fc 15)FGF21
P171A 45,992 Da -50% -424 No 48 hours 45,673 Da -50% 1-421 Fc(15)FGF21 S172L standard
46,022 Da 100% 1-424 -

21 Leu Ile, Phe, Tyr, Val
22 Tyr Ile, Phe, Val
150 Pro Ala, Arg
151 Gly : Ala, Val
152 Iie His, Leu, Phe, Val
170 Gly Ala, Asn, Asp, Cys, Gin, Glu, Pro, Ser
171 Pro Ala, Arg, Asn, Asp, Cys, Glu, Gin, Gly,
His, Lys, Ser, Thr, Trp, Tyr
172 Ser Leu, Thr
173 Gin Arg, Glu
EXAMPLE 10

In vive Analvsis of Fé—FGFZl and FGE21-Fc Degradation

The stability of FGF21 Fc fusion proteins in vive was determined by injecting

5  mice with a fusion protein, drawing blood from the mice at various time points, and
analyzing the serum by liquid chromatography-mass spectrometry (LC-MS). In
particular, mice were intraperitoneally injected with 10 mg/kg of Fe(5)FGF21 (expressed

in E. coli and purified as described in Example 2) or FGF21(3)Fc (expressed in
mammalian cells and purified according to standard procedures). Blood was drawn from

10 the mice at 6, 24, and 48 hours after injection (Table 9) and collected into EDTA tubes
pretreated with protease inhibitor cocktails (Roche Diagnostics). Plasma was separated

by centrifuging the samples at 12,000 g for 10 minutes. FGF21 proteins were affinity

purified from blood using an anti-human-Fc agarose resin.

15 Tabie 9
FGF21 Samples

Sample | Protein Administered | Blood Withdrawn
D6 Fe-FGF21 6 hours

D24 Fc-FGF21 24 hours

D48 Fe-FGF21 48 hours

E6 FGF21-Fc 6 hours

E24 FGF21-Fc 24 hours

E48 FGF21-Fc 48 hours

Prior to analyzing the affinity purified samples by LC-MS, Fc-FGF21 and

FGF21-Fc protein standards were analyzed as a reference. Protein standards were either
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Fc(15)FGF21 S172L 6 hours 46,027 Da 100% 1-424 No Fc(15)FGF21 S172L 24 hours 44,984 Da
100% 1-414 No Fc(15)FGF21 S172L 48 hours 44,985 Da 100% 1-414 No As indicated in Table
14, the degradation of wild-type Fc(15)FGF21 and the S172L mutant look similar, in that after 24 hours
of circulation, the major product of the fusion protein was a fragment consisting of amino acid residues
1-414. The degradation 5 products of the Fc(15)FGF21 G170E and Fc(15)FGF2I P171A mutants also
look similar in that the samples drawn after 24 hours of circulation contain 70-80% intact protein

(amino acids 1-424) and 20-30% of a fragment cons_istir%g of amino acid residues 1-421. Even after 48
hours, the Fc(lﬁ%ﬁ@@l%@‘&ﬁ&%fﬁ@}&@@ﬂw CRRishRostfRsedin Reducepratdimpivhile

showing an incredse:i shaedarao wiref d ragmeniconsising 18 aminarceyesiduesd-del. As
observed in pri%r @nalyse%fﬁf c-FGF21 cqpstructs, ‘d%iéﬁdatiorj of tlé%%F%rZJ, portion of the fusion
protein was det&2tB and the Fec SIMIBR WHSFEHNT 1 Fin dMCstah1d-THe CreslFad@iaitas iBstified for
wild-type, Fc(15)eGf2ictl 7 Ginck chteaHdluRE b tandt el kbJbGE 2Anplt2kare shaw i Figures
23A-23D, respegti PLE 15 Identification of Auregation-reducing FGF21 Mutants

One propergty ofaqvwgt%/ 6}5 l@%(ﬁ %E %v %?%%%?t%%%g%%ﬁg a/ilffg‘girsésg'ation-reducing FGF21 mutants
were identified on the Dasibestrrdhypostesths rehecfidic2f) FGipdinssidisdtiat saitpireife 1% FGF21,
aggregation (or dimesizationhis{Hosrred-atydrophopic nteractionseand van der Waals inferactions
between FOF21 molecules caused_lk_)élgrh (Sjrophobic residtfes that are expoge(?ltlo hydrophﬁgE
water-based sofWeEhondHeriesThe R IStiaesishrh &b tRessesxpsdY hjarephbiie residues

can be substituteshie-aranieAgacadationhedusingcRaint- FuHAloR MRASRLSIVERRY S OSRRIBMISINg
25FGF21 activity. . A systematic rational protein engineering approach was used to identify
exposed HytrophoBIEPASiBHEY iR ERS 0ch hienErgmsare 3o komRod-Pay L NMR RSP UkE RE B FGF21
that could be uded-toSideniiysexppsediyeiophobiesRsiduesorinighdeselation (1.3 A) X-ray crystal
structure of FGF19 (1PWA) obtained from the Protein Databank (PDB) was used to create a 3D
homology model of FGF21 using MOE (Molecular Operating Environment; Chemical Computing
Group; Montreal, Quebec, Canada) modeling softiatde FGF19 was chosen as a template, since
among the proteins deposited,; PDPB.-F 9.Is the most closely related protein to FGF21 in terms
of the amino acid_sequence h(%grlﬁsoqga\ePlégéo vé%n[tu%tF %:lgsag iﬁ ve évggtg%g caLﬁg}eel}?sby the following method
using MOE. A first measure of surface area (SA1) is defined as the area of the hesidue's accessible
surface in A", Whi ina AtadorcSibiteavadidassein a profairesmonimaNyteenianig multiple
times, each occurfae¥eF Hestanddide daFalRs a different surface |akéld Hue to ¥ifferences ip, inter
alia, the residue's Bfoximity to the proteth.Etffdee, the orientation of 1:81the residee's side-chain, and
the spatial positian_of adjacent amino ¥4 iddues. Therefore, a seéd84 measure of surfade area
(SA2) is made wh&¥in the residue of dtbs2dt¢ extracted from the prdf®n strucfase along with that
residue's neighbo%, or adjacent, regiti:és’ Friese spatially adjacent48didues ¥eé mutated|in silico to
glycines to remo\ ir ai i e SA2 for the residde of interest is calculated, giving

FGF21(3)Fc standard | 46,408 Da (glycosylated, GOF) | 1-410 Yes
44,964 Da (non-glycosylated) | 1-410

E6 45,963 Da (glycosylated, GOF) | 5-410 No
44,516 Da (non-glycoylated) | 5-410

E24 45,963 Da (glycosylated, GOF) | 5-410 No

44,526 Da (non-glycosylated) | 5-410
44,130 Da (glycosylated, GOF) | 21-410

E48 45,984 Da 5-4107 No
44,130 Da 21-410
44,022 Da ?

15
As indicated in Table 10, all of the affinity purified samples showed some degree
of degradation after only 6 hours of circulation. After 24 howrs of circulation, the major
product of Fe-FGF21 was a fragment consisting of amino acid residues 1-404, which was

seen in both the D and E samples. In the E samples, however, the major product of
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20 a measure of the total possible surface area for that residue in its particular conformation. A ratio of
SA1 to SA2 (SAI/SA2) can then give a measure of the percentage of the possible surface area for that
residue that is actually exposed. Several hydrophobic residues that are highly exposed to the
solvent were selected for further analysis, and in silico point mutations were made to these residues to
replace 25 the selected residue with the other naturally occurring amino acid residues. The changes
in protein thermal stability resulting from different substitutions were calculated using the FGF21 model
and the interactjve web-based program CUPSAT (Cologne University Protein Stability Analysis Tools)

according to instrictiohs BroviiEG PRt CUBENEral,dBUR.. Kb Bt ant et FBopBh NG dfisic Acids
Res. 34: W239-#Riok ardtthantedted,, B0 2007, 1BAK Girecth BiakiduadoRignificanty desiahilizing or
hydrophobic mu&atiocril were e>t}<L:IL#ded in the otl Si ntaf aggregation-reducing point-mutation variants.
Stabilizing (or, NTare tasesTs |§ht(fyp %ﬁ%ﬁﬁl Y SUBstitutions that introduce improved hydrophilic
and/or ionic characteristics were considered as candidates for aggregation-reducing FGF21 mutants.
A summary.of the data generated through this £ j ﬁf%teit-p engineering 5approach is provided in
Table 15, W'rhich also lists exemplary FGF21 mutants expected to have reduced protein aggregation
and improved stabikBargibivapd Cepressiomdof Feate SReqigtantah Mty RdJgien
Residue Mutation Stabilization (Kcal/mol) 26 A K 1p258,.4.1.54 R 2.016 45 A

AR

Constructs encoding the FGF21 mutants listed in Table 11 were prepared by PCR

amplification of the wild-type FGF21 expression vector as described below (the

10  construction of the wild-type FGI'21 expression vector is described in Example 1). The
goal of these experiments was to generate FGF21 mutants that are resistant to proteolysis

and exhibit longer half-lives.

Table 11

ib Proteolysis-Resistant FGF21 Mutants
Mutatien(s) Fe Linker
R191
R191 ~-COOH 15
R19K
R19K -COOH 15
R190Q
R190) -COOH i5
R19K, Y20H
RI19K, Y20H -COOH 15
R19K, 1211
RI19K, L21] ~-COOH 13

R19K, Y20H, L211
RI9K, Y20H, L211 -COCH 13

Y20F

Y20F -COOH 15
Y20H

Y20H -COOH 15
Y20L

Y20L -COCH 15
Y20H, L211

Y20H, L2111 -COOH 15
1211

L211 -COOH i5
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066 071 1.8 234 15952LT-0.3358L 0.16

-0.15
L21F
L21F -COOH| 15
121V
121V _COOH | 15
121V
121Y -COOH| 15
Y22F
Y22F -COOH| 15
Y221
Y221 -COOH | 15
Y22V
Y22V .COOH| 15
P150A
P150A _NH, 15
P150R NH, 15
P150A, G151A
P150A, G151A NH, 15
P150A, 1152V
P150A, 1152V NH, 15
P150A, G151A, 1152V
P150A, GIS1A, 1152V | -NH, 15
G151A
G151A NH, 15
G151V
G151V NH, 15
G151A, 1152V
G151A, 1152V _NH, 15
1152F
T152F _NH, 15
1152H
1152H NH, 15
11521
11521 _NH, 15
1152V
G170A
G170A NH, 15
G170C
G170C _NH, 15
G170D
G170D _NH, 15
G170E
G170E NH, 15
G170N
G170N NH, 15
G170P
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G170P _NH, 15
G1700

G1700 NH, 15
G1708

G1708 NH, 13
G170E, P171A

G170E, P171A NH; 15
GI170E, S172L

G170E, S172L NH- 15
G170E, P171A, SI172L

G170E, P171A, SI72L | -NH, 15
PI171A

P171A NH, 15
P171C -NH, 15
P171D NH, 15
P171E _NH, 15
P171G “NH, 15
P171H NH, 15
P171K _NH, 15
P171N NH, 13
P171Q _NH, 15
P171S - “NH, 15
P171T “NH, 15
P171W NH, 15
P171Y NH, 15
P171A, S172L

P171A, S172L NH, 15
S172L -NH, 15
S172T

S172T NH; 15
QI173E

0173E NH, 15
Q173R

Q173R NH, 15

FGF21 mutant constructs were prepared using primers having sequences that are
homologous to regions upstream and downstream of a codon (or codons) to be mutated.

The primers used in such amplification reactions also provided approximately 15

5  nucleotides of overlapping sequence to allow for recircularization of the amplified

product, namely the entire vector now having the desired mutant.
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An exemplary FGF2! mutant constract, encoding an FGF21 mutant having a
glutamic acid residue at position 170 instead of the native glycine residue (ie., the

G170E mutant) was prepared using the primers shown in Table 12.

Table 12
PCR Primers for Preparing Exemplary FGF21 Mutant

SEQ

Primer Sequence ib NO:
Sense SP-ATGETGGAACCTTCCUAGGGCCGAAGC-3 18
Antisense | 5'-GGAAGGTTCCACCATGCTCAGAGGGTLCGA~3! 19

The primers shown in Table 12 allow for the substitution of the glycine residue
with a glutamic acid residue as shown below, wherein the upper sequence is the sense
primer (SEQ ID NO: 18), the second and third sequences (SEQ ID NOs: 20 and 22) are
portions of an FGF21 expression comstruct, and the fourth sequence is the antisense
primer (SEQ ID NO: 21):

5" -ATGGTGGRACCTITCCCAGGGTOGRAAGC
CICCTCGGACCCTCTGAGCATGETGGEACCITCCCAGGGLCGARGCCCCA
GAGGAGCCIGGGAGACTCGTACCACCETGHRAGGGTCCCEECTTICGGEET

AGCCTGGEAGACTICGTACCACCTTGGARGE 5!

FGF21 mutant constructs were prepared using essentially the PCR conditions
described 1 Example 1. Ampiification products were digested with the restriction
endonuclease Dpnl, and then transformed into competent cells, The resulting clones
were sequenced to confirm the absence of polymerase-generated errors, Fc-FGF21 and
FGF21-Fc fusion proteins were generated as described herein, e.g., in Example 6.

FGF21 mutants were expressed by transforming competent BL21 (DE3) or BL21
Star (Invitrogen; Carlsbad, CA) cells with the construct encoding a particular mutant.
Transformants were grown overnight with limited aeration in TB media supplemented
with 40 pg/mL kanamycin, were aerated the next morning, and after a short recovery
period, were induced in 0.4 mM IPTG. FGF21 mutant polypeptides were harvested by

centrifugation 18-20 hours after induction.
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FGF21 mutants were also analyzed for predicted immunogenicity. Immune
responses against proteins are enhanced by antigen processing and presentation in the
major histocompatability complex (MHC) class II binding site. This interaction is
required for T cell help in maturation of antibodies that recognize the protein. Since the
binding sites of MHC class II molecules have been characterized, it is possible to predict
whether proteins have specific sequences that can bind to a series of common human
alleles: Computer algorithms have been created based on literature references and MHC
class I crystal structures to determine whether linear amino acid peptide sequences have
the potential to break immune tolerance. The TEPITOPE computer program was used o
determine if point mutations in particular FGF21 mutants would increase antigen specific
T cells in a majority of humans. Based on an analysis of the linear protein sequence of

each FGF21 mutant, none of the mutants was predicted {0 enhance immunogenicity.

EXAMPLE 12
Impact of Linker Sequence on FGF21 Degradation

To determine whether the presence of a longer amino acid linker between the Fe
sequence and the FGF21 sequence affects FGF21 degradation, mice were injected with
FGF21 fusion proteins in which the Fc region was separated from the FGF21 sequence
by & 15 amino acid linker having the sequence GGGGGSGGGSGGGGS (SEQ 1D NO:
23), blood was withdrawn from the mice at various time points, and the serum was
analyzed by LC-MS. In particular, mice were injected with Fc(15)FGF21 or
FGF21(15)Fc (obtained from E. coli) at 23 mg/kg, blood was drawn at 6, 24, and 48
hours, and drawn blood was affinity purified using an anti-human-Fc¢ agarose resin,

Prior to analyzing the purified samples by LC-MS, Fe(15)FGF21 and
FGF2i(15)Fc protein standards were analyzed as a reference. Protein standards were
either reduced with TCEP or not reduced. Both reduced and non-reduced standards were
analyzed by LC-MS using an ACE cyano 0.3 mm x 30 cm column with the column
effluent spraying into an LCQ Classic ion-trap mass spectrometer. Since the
deconvoluted spectra of the reduced samples were cleaner, the affinity purified samples

were reduced prior to LC-MS analysis.
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The observed masses for the reduced Fe(15)FGF21 standard and corresponding
affmity purified samples withdrawn at various time points are shown in Figures 8A-8D.
The observed masses for the reduced FGF21(15)Fc standard and corresponding affinity
purified samples withdrawn at various time points are shown in Figures 9A-9D. Some of
the standard and sample eluates were subjected to Edman sequencing in order to confirm
the N-terminus of the proteins and assist in predicting the identity of the fragments
observed by LC-MS. Results of the LC-MS analysis of the standards and samples and an

indication of predicted fragments are provided in Table 13.

Table 13
Results of LC-MS Analysis and Predicted Fragments

Major Observed | Percent Intact
FGF21 Sample | Masses of Total | Fragment | N-terminus?
Fe(15)FGF21 46,002 Da 100% 1-424 Yes
standard
Fe(15)FGF21 46,000 Da 65% 1-424 Yes
6 hours 44,978 Da 35% 1414
Fe(15)FGF21 44,978 Da 83% 1-414 Yes
24 hours 43,022 Da 15% 1-394
Fe(15)FGEF21 44,976 Da 60% 1-414 Yes
48 hours 43,019 Da 40% 1-394
FGF21(15)F¢ 45,999 Da 100% 1-424 Yes
standard
FGF21(15)Fc 45,870 Da 100% 1-423 Yes
5 hours
FGF21(15)Fc 45,869 Da 40% 1423 Some
24 hours 45,301 Da 35% 6-423

43,460 Da 25% 22-423
FGF21{15)Fc 45,870 Da 15% 1-423 Some
48 hours 45,297 Da 20% 6-423

43,461 Da 65% 22-423

As indicated in Tabie 13, all of the affinity purified samples showed some degree
of degradation after only 6 hours of circulation. After 24 hours of circulation, the major
products of Fe(15)FGF21 were fragments consisting of amino acid residues 1-414 (85%
of sample) and 1-394 (15% of sample), and the major products of FGF21(15)F¢ were
fragments consisting of amino acid residues 1-423 (40% of sample), 6-423 (35% of
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sample), and 22-423 (25% of sample). Identified cleavage points for the Fe(15)FGF21
and FGF21(15)Fc proteins are shown in Figures 10A and 10B, respectively.

EXAMPLE i3
In vivo Activity of Proteolvsis-resistant Fo(1 OHFGF21 Mutants

at 1-7 Davs after Iniection

As described herein, proteolytic cleavage of FGF21 Fe fusion proteins depends
upon the orientation of the Fc sequence, with the Fc end of the fusion protein being more
stable than the FGF21 end of the fusion protein (i.e., the N-terminal portion of Fc-FGF21
fusion proteins and the C-terminal portion of FGF21-Fc fusion proteins were found to be
more stable). For example, cleavage was identified at positions 5 and 21 of FGF21-Fc
and positions 151 and 171 of Fc-FGF21.

As a result of these obéen*ations, an investigation was performed to identify
proteolysis-resistant FGF21 mutants. LC-MS analysis of Fe-FGF21 demonstrates that i
vivo proteolytic degradation first occurs between amino acid residues 171-172, foliowed
by degradation between amino acid residues 151-152. By blocking proteolytic
degradation at position 171, the cleavage at position 151 can be prevented, effectively
extending the half-life of the molecule. However, proteolysis-resistant mutants in which
cleavage is prevented at position 151 can still possess residues at position 171 that are
susceptible to protease attack, thereby resulting in a molecule missing the last 10 amino
acids, which are known to be involved in the binding of the co-receptor beta-klotho,
which is a determinant of ligand receptor affinity and in vitro and in vivo potency.
Therefore, the mutagenesis of amino acid residues surrounding position 171 in mature
FGF21 appear to be more critical for improving the in vive stability, potency, and
efficacy of the.molecuie. |

The in vivo activity of particular proteolysis-resistant Fe(15)FGF21 mutants was
assayed by intraperitoneally injecting ob/ob mice with an FGF21 mutant, drawing blood
samples from injected mice at 0, 0.25, 1, 3, 5, and 7 days after injection, and then
measuring blood glucose levels in the samples. The results of one experiment are
provided in Figure 11, which shows the blood glucose levels measured in mice injected

with a PBS control, an Fe{15)FGF21 control, or the Fe(15)FGF21 mutants Fe(15)FGF21
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5.13 6.18 2.86 EXAMPLE 16 Preparation and Expression of Aggregation-reducing FGF21
Mutants and Fusion Proteins 5Constructs encoding the FGF2l mutants listed in Table 16 were
prepared by PCR amplification of the wild-type FGF21 expression vector as described in Example 11
(the construction of the wild-type FGF21 expression vector is described in Example 1). Fusion proteins
were generated as described herein, e.g., in Example 6. 10Table 16 Aggregation-reducing FGF21
Mutants Mutation(s) Fe Linker A26E A26K A26R A45E

G170E, Fe(15)FGE21 PI71A, Fc(15)FGF21 S172L, Fc(15)FGF21

GI70E/P171A/S172L, or Fe(15)FGF21 Gi5S1A. Figure 12 shows the percent change in

blood glucose levels as determined in this experiment. This experiment demonstrates

that the Fe(15)FGF21 GI170E, Fe(15)FGF21 P171A, Fe(15)FGF21 S172L, and

5  Fe(I5)FGF21 G170E/P17IA/S172L mutants exhibit sustained blood glucose lowering

activity for up to 5 days, which is superior to the activity of wild-type Fc-FGF21 The

Fe(I5)PGF21 G151A mutant only partially improved the duration of bicod glucose

lowering activity as compared with wild-type Fc-FGF21 fusion protein. Surprisingly,

although the Fc(15)-FGF21 S172L mutant is not a proteolysis-resistant mutant, and

10  therefore has similar degradation profile as the wild-type Fc(15)-FGF21 polypeptide, this

mutant was found to exhibit improved ir vivo efficacy as compared with the wild-type
Fe{15)-FGF21 polypeptide.

The results of another experiment are provided in Figure 13, which shows the

blood glucose levels measured in mice injected with a PBS control, an Fe(15)FGF21
15  control, or the Fe(15)FGF2] mutants Fe(15)FGF21 P150A/G151A/T152V, Fe(15)FGEF21
G170E, Fc(15)FGF21 G170E/P171A, or Fo(15)FGF21 G170E/S172L. Figure 14 shows
the percent change in blood glucose levels as determined in this experiment. As in the
experiment described above, the wild-type Fe-FGF21 fusion protein and the
Fe(15)FGF21 PIS0A/GISIA/MISZV mutant do not exhibit sustained blood glucose
20  lowering activity, possibly because the degradation at 171 site could still occur, and
blood glucose levels in animals injecied with these proteins retumed to baseline at 24
hours after injection. However, the Fe(15)FGF21 G170E, Fe(15)FGF21 G170E/P171A,
or Fe(15)FGF21 G170E/S172L exhibit maximal biood glucose lowering activity up to 5
days after injection, which is superior to the wild-type Fc-FGF21 fusion protein and the
25  Fc(15)FGF21 P150A/G151A/152V mutant.

The results of another experiment are provided in Figure 15, which shows the
blood glucose levels measured in mice injected with a PBS control or the Fc(15)FGF21
mutants Fe(15)FGF21  G170E, Fo(I5)FGF21  G170A, Fo(15)FGF21  G170C,
Fe(15)FGF21 G170D, Fe(15)FGF21 G170N, or Fe(15)FGF21 G170S. Figure 16 shows

30  the percent change in blood glucose levels as determined in this experiment, All of the

FGF21 mutants tested in this experiment exhibited sustained blood glucose lowering
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activity for up to 5 days after injection.

The results of another experiment are provided in Figure 17, which shows the
blood glucose levels measured in mice injected with PBS or the Fo(15)FGF21 mutants
Fe(15)EGF21 G170E, Fe(15)FGF21 P171E, Fe(15)FGF21 P171H, Fe(15)FGF21 P171Q,

5  Fe(15)FGF21 P171T, or Fe(15)FGF21 PI71Y. Figure 18 shows the percent change in
blood glucose levels as determined in this experiment, All of the FGF21 mutants tested
in this experiment exhibited improved blood glucose lowering activity when compared
with wild-type Fc-FGF21.

10 EXAMPLE 14
In vivo Degradation of Proteolysis-resistant Fe(15)FGF21 Mutants

at 6 to 129 Hours after Inj ection

The in vivo stability of selected FGF21 mutants was analyzed by injecting mice
with an FGF21 mutant, drawing blood from the mice at various time points, and
15  analyzing the serum by LC-MS. In particular, mice were injected with ecither the
Fe(15)FGF21 G170E, Fe(15)FGF21 P171A, or Fe(15)FGF21 S172L mutants (obtained
from E. coli as described in Example 2), each of which were diluted in approximately
180 pL of 10 mM HCI prior to injection, and blood was drawn at 6, 24, 48, 72, and 120
hours. FGF21 proteins were affinity purified from the drawn blood using an anti-human-
20  Fc agarose resin columm. Samples were eluted from the columm using 10 mM HCL All
of the FGF21 constructs comprise an Fc region and 15 amino acid linker at the amino-
terminal end of the FGF21 protein. Mice were also injected with a wild-type FGF21
control.
Prior to analyzing the affinity purified samples by LC-MS, unprocessed wild-type
25  FGF21 and unprocessed FGF21 mutants were analyzed as a reference. Al standards and
time point samples were reduced with TCEP, and then anaiyzed by LC-MS using an
ACE cyano 0.3 mm x 30 cm column with the column effluent spraying into an LCQ
Classic ion-trap mass spectrometer. Affinity purified samples were diluted with
ammonium acetate, reduced with TCEP, and then analyzed by LC-MS as described
30  above.
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The observed masses for wild-type Fc(15)FGF21 at 0, 6, 24, and 48 hours after
injection are shown in Figures 19A-19D, respectively. The observed masses for
Fc(15)FGF21 G170E at 0, 6, 24, and 48 hours after injection are shown in Figures 20A-
20D, respectively. The observed masses for Fc(15)FGF21 P171A at 0, 6, 24, and 48
hours after injection are shown in Figures 21 A-21D, respectively. The observed masses
for Fe(15)FGF21 S172L at 0, 6, 24, and 48 hours after injection are shown in Figures
22A-22D, respectively.

All of the samples drawn at 72 and 120 hours were found to contain a high
molecular weight (>200 kDa by non-reducing SDS-PAGE) component of fibrinogen that
is much more abundant than the remaining Fe(15)FGF21 fusion protein. Results of the

L{-MS analysis of the other standards and samples are provided in Table 14.

Table 14
Results of LLC-MS Analysis and Predicted Fragments

Major Observed | Percent
FGF21 Sample Masses of Total | Fragment | Edman
Fe(15)FGF21 WT 43,994 Da 100% 1-424 -
standard
Fe(15FGF21 WT 46,001 Da 80% 1-424 No
6 hours 44,987 Da 20% 1-414
Fc(I5)FGF21 WT 44,979 Da ~100% | 1-414 No
24 hours
Fe(15)FGF21 WT 44,980 Da ~100% | 1-414 -
48 hours
Fc(15)FGF21 G170E | 46,068 Da 100% 1-424 -
standard
Fe(15)FGF21 Gi70E | 46,078 Da 100% 1-424 No
6 hours
Fc(15)FGF21 G170E | 46,074 Da £0% 1-424 No
24 hours 45,761 Da 20% 1-421
Fe(15)EGF21 G170E | 46,072 Da ~60% 1-424 No
48 hours 45,760 Da ~40% 1-421
Fe(15)FGF21 P171A | 45,970 Da 100% 1-424 -
standard
Fc(15)FGF21 P171A | 45,980 Da 100% 1-424 No
6 hours
Fc(15)FGF21 P171A | 45,973 Da ~70% 1-424 No
24 hours 45,657 Da ~30% 1-421
Fc(15)FGF21 P171A | 45,992 Da ~50% 1-424 No
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48 hours 45,673 Da ~50% 1-421

1 Fe(15)FGF21 S172L | 46,022 Da 100% 1-424- -
standard .
Fc(15)FGF21 S1721. | 46,027 Da 100% 1-424 No
6 hours
Fc(15)FGF21 S1721 | 44,984 Da 100% 1-414 No
24 hours
Fc(I15)FGF21 S172L | 44,985 Da 100% 1-414 No
48 hours

As indicated in Table 14, the degradation of wild-type Fe(15)FGF21 and the
S1721 mutant look similar, in that after 24 hours of circulation, the major product of the
fusion protein was a fragment consisting of amino acid residues 1-414. The degradation
products of the Fe(15)FGF21 G170E and Fe(15)FGF21 P171A mutants also look similar
in that the samples drawn after 24 hours of circulation contain 70-80% intact protein
(amino acids 1-424) and 20-30% of a fragment consisting of amino acid residues 1-421,
Even after 48 hours, the Fc(15)FGF21 G170E and Fe(15)FGF21 P171A mutants still
retain intact protein while showing an increase in the amount of the fragment consisting
of amino acid residues 1-421. As observed in prior analyses of Fe-FGF21 constructs,
degradation of the FGF21 portion of the fusion protein was detected and the Fc portion
was found to remain stable. The cleavage sites identified for wild-type, Fe(15)FGF21
G170E, Fc(13)FGF21 P171A, and Fc(15)FGF21 S172L are shown in Figures 23A-23D,

respectively.

EXAMPLE 15
Identification of Avoreeation-reducing FGF21 Mutants

~ One property of wild-type FGF21 is its propensity to aggregate. Aggregation-
reducing FGF21 mutants were identified on the basis of two hypotheses. The first
hypothesis is that, with respect to FGF21, aggregation (or dimerization) is triggered by
hydrophobic interactions and van der Waals interactions between FGF21 molecules
caused by hydrophobic residues that are exposed to hydrophilic water-based solvent
environment, The second hypothesis is that these exposed hydrophobic residues can be
substituted to create aggregation-reducing point-mutation variants without compromising
FGF21 activity.
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A systematic rational protein engineering approach was used to identify exposed
hydrophobic residues in FGF21. As there were no known X-ray or NMR structures of
FGF21 that could be used to identify exposed hydrophobic residues, a high resolution
(1.3 A) X-ray crystal structure of FGF19 (1IPWA) obtained from the Protein Databank

5 (PDB) was used to create a 3D homology model of FGF21 using MOE (Molecular
Operating Environment; Chemical Computing Group; Montreal, Quebec, Canada)
modeling software. FGF19 was chosen as a template, since among the proteins deposited
in the PDB, FGF19 is the most closely related protein to FGF21 in terms of the amino
acid sequence homology.

10 Solvent accessibility was calculated by the following method using MOE. A first
measure of surface area (SA1) is defined as the area of the residue's accessible surface in
A%, While a particular amino acid residue appears in a protein's primary sequence
multiple times, each occurrence of the residue can have a different surface area due to
differences in, inter alia, the residue's proximity to the protein surface, the orientation of

15  the residue's side-chain, and the spatial position of adjacent amino acid residues.
Therefore, a second measure of surface area (SA2) is made wherein the residue of
interest is extracted from the protein structure along with that residue’s neighboring, or
adjacent, residues, These spatially adjacent residues are mutated in silico to glycines to
remove their side-chains, and then the SA2 for the residue of interest is calculated, giving

20  ameasure of the total possible surface area for that residue in its particular conformation.
A ratio of SA1 to SA2 (SA1/SA2) can then give a measure of the percentage of the
possible surface area for that residue that 1s actually exposed.

Several hydrophobic residues that are highly exposed to the solvent were selected
for further analysis, and in silico point mutations were made to these residues to replace

25  the selected residue with the other naturally occurring amino acid residues. The changes
in protein thermal stability resulting from different substitutions were calculated using the
FGF21 model and the interactive web-based program CUPSAT (Cologne University
Protein Stability Analysis Tools) according to instructions provided at the CUPSAT
website. See Parthiban er al., 2006, Nucleic Acids Res. 34: W239-42: Parthiban et al.,

30 2007, BMC Struct. Biol. 7:54. Sigmficantly destabilizing or hydrophobic mutations were

excluded in the design of aggregation-reducing point-mutation variants. Stabilizing (or,
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in rare cases, slightly destabilizing) substitutions that introduce improved hydrophilic

and/or ionic characteristics were considered as candidates for aggregation-reducing
FGF2] mutants.

A summary of the data generated through this rational protein engineering

5  approach is provided in Table 15, which also lists exemplary FGF21 mutants expected to

have reduced protein aggregation and improved stability.

Table IS
Calculated Effect of FGF21 Mutants on Stability

Stabilization
Residue # | WT Residue | Mutation | (Kcal/mol)
26 A 1.25
1.54
2.016
0.66
0.71
1.8
2.34
1.59
-0.33
0.16
-0.15
1.0
0.08
1.3
1.51
0.66
1.31
0.14
2.48
0.08
(.13
(.18
4.1
2.52
3.08
2.88
1.48
0.49
0.17
-0.19
3.08

45 A

52 L
58 L

60 P

78 P

86 L

88 F

98 L
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The aggregation of various FGF21 proteins, including wild-type FGF21, truncated FGF21
polypeptides, FGF2 1 mutants, and FGF21 fusion proteins was assayed by Size Exclusion
Chromatography (SEC). Samples to be analyzed were incubated at 5 4C, room temperature, or 37C
for various time points, and then subjected to SEC analysis. Experiments were performed on a
Beckman HPLC system equipped with a SEC column. For wild-type FGF21, a TOSOHAAS TSK-Gel
02000 SEC column was used with 2x PBS containing 2% isopropyl alcohol as the mobile phase. For

FGF21 Pc fusion proteins and
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FGF21 L58E. This experiment demongiiaigainatéaednigiir4dumutant retains the full efficacy of

performe

wild-type FGF21 and exhibits
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mutants Fc(15)FGF21 6-181/G170E, Fc(15)FGF21 A451K1G170E, Fc(15)FGF21 P171E,
Fc(15)FGF21 P171A, Fc(15)FGF21 G170E, and an FGF21 control following incubation at 4C for I, 4,
and 8 days. This experiment demonstrates that over the 8 day period, the Fc(15)FGF21 A45K/G170E
mutant showed less aggregation than did the Fc(15)FGF21 5 6170E or Fc(15)FGF21 P171E mutants,
but all three mutants showed less aggregation than did the Fc(15)FGF21 control. Table 17 shows the
percent aggregation obtained for an Fc-FGF21 control and the Fc-FGF21 A45K/G170E mutant

following incubation at 4C or room temp
Aggregation for Fc-FGF21 and Fc-FGFZ

or]75 da

ys. 10Table 17 Percent

ay 9;Day 2 Day 3 Day 4 Day?

AAI\I\

Fc(15)FGF21WT 32 mg/mL 4C 1.12 1.7

k89 214

STaree for 0712; “ 2.
i 1
32

109 7.94 9.57 12.59 Fc(15)FGF21

A45K10170E 33 mg/mL 4C 0.45 0.77
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L98E

~NH,

15
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15
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15
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-NH,

15

L99C
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L99E

L99R

ATlIK

-NibL

15

ATNIT
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A129E

-NH;

15
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15
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-NH;

15

AT20R
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15

A1290
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-NH;

15

Al34K
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'0.881.031.24 RT 0.45 3.86 5.22 6.62 8.60 EXAMPLE 20 Preparation and Expression of Fc-FGF21
Fusion Combination Mutants 15 As described above, the stability and solubility of FGF21 can be
modulated through the introduction of specific truncations and amino acid substitutions. In addition,
FGF2I stability can be further enhanced by fusing such modified FGF21 proteins with the Fe portion of
the human immunoglobulin IgG1 gene. Moreover, by introducing combinations of the above
modifications, FGF2l molecules having both enhanced 20 stability and solubility can be generated.
Nucleic acid sequences encoding the FGF21 combination mutants Iisted in Table 18 were prepared

using the techniques described ahove, 25 Table F21 Combln n Mutants Am cid
Residues Proteolysis taatﬁ%eﬁaé@%g oWWHf’atrl(?ﬁFF ﬁﬁ?é?”is’lé’ic wild-p P&A]

truncated FGF21 polypeptides, FGF21 mutants, and FGF21 fusion proteins was assayed
by Size Exclusion Chromatography (SEC). Samples to be analyzed were incubated at
5 4°C, room temperature, or 37°C for various time points, and then subjected to SEC
analysis. Experiments were performed on a Beckman HPLC system equipped with a
SEC column. For wild-type FGF21, a TOSOHAAS TSK-Gel G2000 SEC column was
used with 2x PBS containing 2% isopropyl alcohol as the mobile phase. For FGF21 Fc
fusion proteins and FGF21 mutant polypeptides, a TOSOHAAS TSK-Gel G3000 SEC

10  column was used with 2x PBS as the mobile phase.

EXAMPLE 17
In vitro Activity of Ageregation-reducing ¥FG¥21 Mutants

Experiments were performed to identify aggregation-reducing mutants that retain

15  wild-type FGF21 activity in an ELK-luciferase in vitro assay. ELK-luciferase assays
were performed as described in Example 4. Figures 24A-24C show the results of an
ELK-luciferase activity assay performed on the FGF21 mutants FGF21 LL99R, FGF21
L99D, and FGF21 A111T (Figure 24A});, the FGF21 mutants FGF21 A129D, FGF21
A129Q), and FGF21 Al134K (Figure 24B); and the FGF21 mutants FGF21 A134Y,

20  FGF21 A134E, and FGF21 A129K (Figure 24C). The results of these experiments
demonstrate that some of the aggregation-reducing mutatiens did not adversely impact

FGF21 activity as assayed in ELK-fuciferase assays.

EXAMPLE 18
25 Preparation and Expression of Fe(ISYFGF21 Combination Mutants

Showing Eonger Half-life and Lower Levels of Acorecation

A number of FGF21 combination mutants, containing mutations shown to reduce
aggregation as well as to increase half-life by disrupting proteolytic degradation, were
prepared and conjugated to IgGl Fc molecules. These FGF21 mutants were prepared

30  essentially as described in Example 11.
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A45K 15 -181 0170E L98R 15 1-181 0170E A45K, L98R -NH2 15 1.10 A45K 15 1-181 P171S A45K
-NH2 mial 1-181 P171G L98R lialinl 1-181 PI71S

EXAMPLE 19
In vifro Studies of Fe(I15)FGF21 Mutants

Showing Toncer Half-life and Lower Levels of Ageregation

Experiments were performed to identify FGF21 combination mutants that retain
5  wild-type FGF21 activity in an ELK-luciferase in vitro assay. EILK-luciferase assays
were performed as described in Example 4.

Figures 25A-25D show the results of an ELK-luciferase activity assay performed
on the Fc-FGF21 mutants Fc-FGF21 P171G, Fe-FGF21 P171S, and Fe-FGF21 P171T
{Figure 25A), the Fc-FGF21 mutants Fe-FGF21 P171Y, Fe-FGF21 P171W, and Fe-

10 FGF21 P171C (Figure 25B); Fc(15)FGF21, Fe(15)FGF21 A45K/G170E, and FGF21
A43K (Figure 25C); and Fe(15FGF21, Fc(15)FGF21 PI71E, and Fc(135)FGF21
A4SK/GIT0E (Figure 25D). The results of these experiments demonstrate that mutations
aimed at improving stability, or both stability and solubility, did not compromuise the in
vitro activity as compared with wild-type Fc-FGF21. Interestingly, the FGF21 A45K

15  mutant showed improved potency relative to wild-type Fe-FGF21.

Figure 26A shows the change in percent aggregation for an FGF21 control (WT)
and FGF21 A45K following incubation of 65 mg/mL protein at 4°C for 1, 2, and 4 days.
The data indicated that the A45K mutation leads to a decrease in aggregation of the
protein, compared to the wild-type protein.

20 Figure 26B shows the change in percent aggregation for an FGF21 control (WT)
and FGF21 P78C, P78R, LB6T, L86R, LORC, LO8R, A111T, A120D, A129Q, A129K,
Al134K, A134Y, and A134E following incubation of 65 mg/mL protein at 40C for 1, 6,
and 10 days. The data indicated that the L86R, LOKC, LI9SR, A111T, A129Q, and A129K
lead to a decrease in aggregation of the protein, compared to the wild-type protein.

25 Figure 27 shows the results of an ELK-luciferase activity assay performed on a
human FGF21 control and the FGF21 mutants FGF21 A45K, FGF21 L52T, and FGF21
L58E. This experiment demonstrates that the FGF21 A45K mutant retains the full
efficacy of wild-type FGF21 and exhibits a potency that is even greater than wild-type
FGF21. However, the FGF21 L3527, and FGF21 L38E mutants show reduced potency

30  and efficacy as compared with wild-type FGF21.

Figures 28A-28B show the change in aggregation levels for the Fe(15)FGF21
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.L98R -NHZ 0 1-181 P1710 A45K, L98R Ma -178 0170E -NH2 15 6-181 GIME. llIMMICIIIIMI 6-181 a
A45K gall 15 6-181 0170E L98R -NH2 15 6-181 P1710

mutants Fc(lS)FGFEI 6-181/G170E, Fe(15)FGF21 A45K/G170E, Fe(15)FGF2] PI71E,
FC(IS}FGFZ’i P171A, Fe(15)FGF21 G170E, and an FGF21 control following incubation
at 4°C for 1, 4, and 8 days. This experiment demonstrates that over the 8 day period, the
Fe(15)FGF21 A45K/G170E mutant showed less aggregation than did the Fo(15)FGF21 |
G170 or Fe(15)FGF21 PI71E mutants, but all three mutants showed less aggregation
ihén did the Fe(15)FGF21 control. Table 17 shows the percent aggregation obtained for
an Fo-FGF21 control and the Fe-FGF21 A45K/G170E mutant fﬁﬁowing incubation at

o

4°C or room temperature for 0, 2, 3, 4, or 7 days.

10 Table 17

Percent Aggregation for Fe-FG¥21 and Fe-FGF21 Mutant
- Sample | Day 0 | Day2 | Day 3 Day4 | Day7
| Fe(15)FGF21WT £C|Ta2 (171|189 [214 |232
32 mg/mL [RT [1.12 609 |7.94 |957 |1259
Fo(15)FGE21 A4SK/G170E | 4°C | 045 |0.77 | 088 |[1.03 |1.24
33 mg/mL RT |0.45 |3.86 |522 |6.62 |8.60
EXAMPLE 20

Preparation and Expression of Fe-FGE2] Fusion Combination Mutants

15 As Idescribed above, the stability and solubility of FGF21 cen be modulated
through the ntroduction of specific truncations and amino acid substitutions. In addition,
FGF21 stability can be further enhanced by fusing such modified FGF21 proteins with
the Fc portion of the human immunoglobulin 1gG1 gene. Moreover, by intraducing.
combinations of the above modifications, FGF21 molecules having both enhanced

20  stability and solubility can be generated. Nucleic acid sequences encoding the FGF21
combination mutants Hsted in Table 18 were prepared using the techniques described

above,

25
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-NH2 MEN 6-181 P1710 L98R -NH2 15 7-181 0170E IBM15 Figure 29 shows the blood glucose
levels measured in mice injected with the 5 Fc(15)FGF21 combination mutants Fc(15)FGF21
A45KJGI70E, Fc(15)FGF21 A451UP1710, or Fc(15)FGF2 L98R/P171G. In another experiment the
FGF21 mutant Fc(15)FGF21 L98R/P1710 was studied side-by-side with wild-type mature FGF21 and
Fc-FGF21. In one experiment, a recombinant 293T deibl]ad8vas cultured in the presence of different
concentrations of 10, FGF21, Fc-FGF21, g¢dgil Dbl kA8RVR LS for 6 hours. Cell lysates were
then assayed for luciferase activity. As shown in Figure 30, Fc(15)EGE21 1 98R/P1710 had similar
activity to Fc-FGF21, indicatihd-thisoteihir Saloieadisiof tAESRREMEMI mutations didn't alter the
molecule's in vitro activity. InlyeRasidtesr eixpdrinBme the Mukigaof thd'ec (1apkep1 | 98R/PI710 at
65 15 mg/mL was evaluated for nint8dlays |at (i eftferent tédperaturelhamely room temperature
and 4C, side-by-side with FGE21lah8iFt-FIGES1 7 Mter [the ik@8Bation) getlad celflysates were then
analyzed with SEC-HPLC to detetrifle an|ag&édbion vArsYS. iERprofiBat varfous temperatures. The
data shown in Figure 31A and 31B Iddlicate th&t the rate of &dfFegatiodtrmation was significantly
reduced in the Fc(15)FGF21 LOSRIRL71G atkbdif terperdik (solidibnlgleds dotted line in Figure -
31A) and at 4C (solid triangles, datid linelin Piqife 31B). EXARMPLE NH5Protdolysis-resistant FGF2|
Mutants Comprising C-terminal Mutations | - Flfié$n vivo sfa®Bity of caithinatiéh mutants was also
studied. Specifically, the in vivo stabiity of iFcES)F&GF21AKOBRIPIR 1GNIaY cobdpared with the stability
of Fc(15)FGF21 in murine and cynharfblgus motélE. The results were f5tiad to e similar in both
species. In the cynomolgus studysFE&(l 5)FGF21L1088RIP1710 and F¢(INBFGF23 10 were injected IV
at 23.5 mg/kg and aliquots of sergm gind plasiianire colleateat timeNphints ofit td 840 hours post
dose. Time points out to 168 hous vgere apalyZedETime pdidg8ampledihiere aifinity-purified using
anti-Fc reagents, then analyzed usingt MALDI mass spectrometry. TheNeébults ¢6rrelated well between
the two analyses. Analyzing data gegerated uirg @nmunodifisity-MALER]clippitg at the P1 71 site 15
was seen to be eliminated in fhe Fc{3p)FGF2151798R/P1710 molecu|eldH a|resliit of the mutation of
P171 to P171G. However, a minor and slow degradation resulting in a loss of up to 3 C-terminal
residues was observed for Fc(15)FGF21 L98R/P1716éigur 32). The minor._cleaveacggg attﬁlhgliéhree
C-terminal residues we SIS0 b sk tifth BRHeF SRS {5 SRIESRED the ST LeREe pithle
cleavage site betm?f}?@mid resigiesitdl 2oans 1F2(\a5blakeddsiSheWitn Figr{iésteirand 21.
The 3 C-terminal residue cleava%e ma¥ rggr%%gﬁw%%%ssaﬂon of cleavage from the C-terminal end of
the molecule by %é%i%@pﬂﬂ EAENES 31 , residue-by-residue fashion or a specific protease
attack at amino acid resigugsiiF & andiheawith AERY s peciic ERMINGERAMIPRRACIT esiderdulifal 180
and 180-181. The lpss of 2-3 amino acids at the C- inus ¢ ause redyc -
~ binding and uItimﬁf@?&é‘é@a‘@é% ﬁ%‘?gcﬁté’?%ﬁ]aamr%i\t}%afgt}vi Y o#ﬁ;é mo eéu%ésg)%fg}%?%@%tﬂaﬁ,
2009, FEES Lett5831i8:24 »Toraddrdss:theapdanedt icathoxypeptid adel tfégeat ativreoirayens of
C-terminus, the impact of adding .an ami i idue cap’to.vari FGFE L ides
were studied® Av%ﬁ% of %%g!%%?dc@f E%%dﬁ%%ﬁi@%?‘gmgj fl%r 1%;&1?%%9, %ig%%ge%)épgg}ayed
using the 30techniguesidestiitigddseraitivitables summaiiges fHe FasUiT 6FtHelARRMIEL & had

similar activity to Fe-FGF21, indicating that the introduction of the two point mutations

didn’t alter the molecule’s in vitro activity. |
I yet another experiment, the étabi]ity of the Fe(15)FGF21 LOSR/P171G at 65
15 mg/ml was evaluated for nine days at two different temperatures, namely room
temperature and 4°C, side-by-side with FGF21 and Fe-FGF21. After the incubation
paﬁoé cell lysates were then analyzed with SBC-HPLC to determine an aggregation
vyersus time profile at various temperefres. The data shown in Figure 31A and 31B

indicate that the rate of aggregation formation was significantly reduced i the

83



luciferase assay. Suitable amino acid caps can be between 1 and 15 ammo acids in length, for
example 1, 2, 3, 4, 5, 10 or 15 amino acids in length. Any number and type of amino acid(s) can be
employed as a cap, for example, a single proline residue, and single glycine residue, two glycine
residues, five glycine residues, as well as other 5combinations. Additional examples of caps are
provided in the TR IR T AbIESS, CnRERE30  AnBRSs e e parint itbase
attack at aminozaeiyl #esidues é8anthdadSs, Mtedignohaming acihresidues at positions 179, 180 and -
181 was studied. Again, a variety of constructs, including those presented in Table 19, were made and
10 assayed using the techniques described herein. The impact of combinations of cap and mutations

at these sites was also explored. Table 19 summrarizesPexemplary constructs that were made and
nsistent with

L RELE ¥ ARE S HihE et te =CEHEANOUIY IS refers to a
linker having 15 residmas £.eivSEIRyIS M3} dabienltk fieaeisanndeh Cyatidealior FeR21
Polypeptides Caomprising, C-teyminal Modifications, ucts Efficacy EC50(nM) huFGE2] 0.4.100.0%
hFc.L15.hFGF§’i’_(CL9%"FL§1}95Y| ffg%‘wé%ﬁ hﬁ%%@?ﬁ%ﬂiir_%ﬁ?ﬁ 18191 PorP 5878 %
hFc.L15.hFGFR(1D8RFPIL FlRutids8d fiherhdignkthéieR] (TR8R st lsrkerd fouR) 6.8/ Fihar in
hFC'L15'11FGE§tJﬁ('§§e8c'§e’s:P ]Izllt%’eAc%%gE)olgus study, Fo(15)FPGF21 LOSR/P171G and Fe(15)RGF21

10  were injected IV at 23.5 mg/kg and aliquots of serum and plasma were coll-écted at time

points out to 840 hours post dose. Time points out to 168 hours were anelyzed. Timse
point semples were affinity-purified using anti-Fc reagents, then analyzed using MALDI
‘mass spectromeiry. The results correlated well between the two analyses. | '
Analyzing data generated using immunoaffinity-MALDI, clipping at the P171 site
15  was seen to be eliminated in the Fo(135)FGF21 1.98R/P171G molecule as a result of the
mutation of P171 to P171G. However, a minor and slow degradation resulting in a loss
of tp to 3 C-terminal residues was observed for Fe(15)FGF21 LOSR/PITIG (Figure 32).
The minor cleavages at the three C-terminal residues were also observed ulfith other
FGF21 mutants after the more susceptible cleavage site between amino acid residues 171
20 ° and 172 was blocked as shown in Figures 20 and 21. The 3 C-terminal residue cleavage
may represent the cessation of cleavage from the C-terminal end of the molecule by a
carboxypeptidase 1o & saqﬂeﬁtial,- residue-by-residue fashion or a specific profease attack
at amino acid regidues 178 and 179 Wi_th nop-specific clipping at amino acid residues
179-180 and 180-181. The loss of 2-3 amino acids at the C-terminus could cause reduced -
25  beta-klotho binding and ultimately decreased potency and in vivo activity of the molecule.
See., eg, Yie et al, 2009, FEBS Lew 583:19-24, To address the apparent
‘carbokypcpt‘idase degradation of the C-terminus, the impact of adding an mmino acid
residue “cap” to various FGF21 mutant polypeptides were studied. A variety of
constructs, including those presented in Tablé 19, were made and assayed using the
30 techniques described herein. Table 19 summarizes the results of the in vitro ELK

luciferase assay.
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1.9 79.6% hFc.L15.11FGF21(L98R, P1710, S181K) 130 87.9% 050SGSGSGS.hFGF21.L15.hFc
MKEDD.hFGF21.L15.hFc hFc.L15.hFGF21(L98R,P1710, SHIP, P182) hFc.L15.hFGF21(L98R,
P171G, A1800) hFc.L15.11FGF21(L98R, P1710, S1810) hFc.L15.hFGF21(L98R, P1710, L182)
hFGF21(L98R, P1710, 0182) hFc.L15.hFGF21(L98R, PI710, YI 79P) hFc.L15.hFOF21(L98R, P1710,
Y1790) hFc.L151FGF21(L98R, P1710, Y1 79S) hFc.L15.11FGF21(L98R, P1710, Y1 79A)
liFc.L15.hFOF21(L98R, P1710, S1 81T) hFc.L15.hFOF21(L98R, P1710, Si 81A)

hFc. L151F0F21(L98R31Ptl81%0a1§&§1é&é1E%b%’é%@%@é&b&ﬁﬁi 719 5181 B & LLBAE AR L(LIBR,
P1710, Al 80P) hFc.L15.13.FOF21(L98R, P1710, Al 808) lIFOF21(L98R, P1710 OOOOO 82-6)
hFc.L15.hFOF2%(FIBR 1p3740%P189) HES ETEIRFsiSs i dBathp Y TR kit vPs AEGED1-178,
L98R, P1710) ﬁEﬁds}@&E@E%h{b%Pd E’slll&,pQ@aB&aahbﬁg bl&@&%ﬁ&l{(&-%ﬂdﬁlﬁ@ §0000182-6)
4307 99.7% %ggure 33 shows the fercent ch%BgSeén bIo cose evels ob ved in %abetlc
db/db mice (C5788"5adky ndt)“fﬁje% Wit Oiftr 8 typehstivé o h Ee({55FoF21
(L98R, P1EL0) amdviwnicappadditaiedudesitpleshi€lrapithee mpmdkabmrths glyemcsesigicandmadded at
the C-terminal %ﬁkei’fag Fc(15)FGF21 (L98R, P1710, 182P) and Fc(15)FOF21 (L98R, P1710, 1820), In
. the instant Example, when a residue was added to the C-teiminus of a wild-type or mutant FGF21
polypeptide, the residdeldgiefdivedotedoyeits thosipment trotrestiktiatiprdtemnd had, ttB8RES iHdicates
that a glycine regigyegnan addachio B CAamisnal squanie 11 [apidhe yidupegrgutant 10

protein. Figure 33 shows that native FGF21 lowered blood glucose [évels for 6 hours while all three

Fc(15)FOF21 mieaits strdiely shontraeistancduting depstupissentiedviridgbietiviy e 204das0420 hours.
FC(15)FGHZ! (L8RP0 iHSZRInmelcauieriraREisRg the:adgitian ot ehmalinentesidus aldhe

C-terminus of the FGF21 component of the fusion molecule, appeared. most potent and resulted in

lowest blood glHFRBEECRN BlLREsPsisel 2 SNHEERIOIBIFOFEPle (1D SN BAF25) RRMHE 18R B8 1P 1710,
182 G). In atsihaes vt axa@umeaﬁ,nth% bR vive BCHVitycof(t98 &s@lﬁﬁhl&%@cﬁ@%ﬁ(j@FG F21
(L98R, P1710, 182P. s studi the in to activity of a ed molecule omprlsmg
o w0 tlycine ABEMER AL TGS AT FEPIBJIREFS1°q R P BB 550) Figure 54
shows the resu H@uéﬁh@(mp&ﬁ@uéﬁtmglﬂje Bisshinstthe jpdreemvchan§edndicod. glusb8dTevels
observed obg%% e injected with PBS control, Fc(15)FGF21 (L98R, P1710), Fc(15)FOF21 (L98R,
P1710, 1 c(15)FOF21 (L98R, Pi 710, 1820) and Fc(15)FGF21 (L9SR, P171G, 182P).

As shown in Figure 34, all of the molecules studied showed sustained glucose-lowering activity
compared with the PBS control, This experiment cegfijingg the previous results (Figure 33) that

Fc(15)FGF21 (L98R, P1710, 182P) with a %rolme addition at the C-terminus showed slightly enhanced
glucose-lowering efficacy compﬁaﬁ@a@oa%t ©R8 Midnesdrr Wistodt 2epariddesp, e.g. Fc(15)FGF21

(L98R, P1710). However, the add|t|0@@&wgﬁ@'gqgﬁﬁ§i@%a§ﬁhgﬁngermlnus e.g. Fc(15)FOF21
(L98R, P1710, 182G 1830), app r%rged to reduce the molecule's.in. vivo potenq\{gand shortened the

duration of in vivo glucose-lowerif®BH¥ERE¥igure 35 shows tHe BRI eHEh Idod glucose levels
observed in diabstiiF3 db/db mice (C57B6 background) injected withtRBS controbwr|the FOF21
mutant polypeptidésl BEMBWFGERPIRIBR 1 81710), Fc(15)F0R21 (L98Rs P1710,7#.1%9S), Fc(15)FOF21
(L98R, P171G, YEZ9A), HEED)BOFRL PLI8R, PIRPED, A180S)| and Fcfk5)FGF21(bRQ8R, P1710,
A1800). All mutants showegrsiilagrlpeose;lovweping activity with similar|duration of action. 2:0Figure
36 shows the pq@g@lgmq eRAMILGSE qyﬁzls observed in diabgtic db/dbmice (C57B6
background) inj It g‘ﬁgtﬁq Ia:( %FZl (L8R, PT /uf)g C(J.b)l—%:é—/z (L98R, P171G,
Y179F), and Fc z%% g’é? P8E§(Comparec with FLLSJ.\)I-ul-LJ.b R, P1710),
Fc(15)FGF21 (L 9 Was éss effiCacious in tewerintrbltood Uluuuoc However,
Fc(15)FGF21 (L%QSQ%%@%P& éé #ESvhich alanine ataminc-acid pesition-0f-180 was mutated
to glutatnic acid, \WaBi ke effidakicuid fhan Fc(15)FOF21 (L98R,-P1 7&44\ and catiséd ladditional 20%
reduction of blodd glutdSEGREIS-BERaFrd @it FEHBYE0F21 ( L.98RIP1710). Thesd data suggest
that Al 80E mutaiitmlriaiHEE (B8RPl tHe& CAtHIDGInal degradlation in.advo and thereby improved in
vivo potency andhefficeryraithe(nisrcrig 30 SEXAMPLE 22 RhesussMonkey Stydy, | An

Fe-Linker-FGF24 construetwas generated isinganethodology described herein. The construct

comprised an Iggaﬂdgg?gggnpﬁﬁﬁ@ﬂ@j\lo 13) fused at the C- 5 terminus to a
(Gly)5-Ser-(0ly)3-Ser-(Gly)4-Ser linker sequence (SEQ ID NO:23) which was then fused at the

C-terminus to the N terminus of a mature FGF21 sequence (SEQ ID NO:4), into which two mutations,
L98R and P171G, had been introduced. This construct was then expressed and purified as described
herein, and was isolated as a dimeric form of the prot&n, each monomer of which was linked via
intermolecular disulfide bonds between the Fe region of each monomer. This molecule is referred to in
the instant Example as "Fe-FGF21(RG)" and has the amino acid sequence of the protein encoded by
SEQ ID NO:37. In this Example, FGF21 refers to the mature form of FGF21, namely




SEQ 1D NO:4. 1522.1 Study Design

The Fc-FGF21(RG) construct was administered chronically

and subcUtaneously CSC") into non-diabetic male Rhesus monkeys with a BMI > 35. Two other
groups of monkeys (n=10 per group) were treated with either mature FGF21 (i.e., SEQ ID NO:4) or a

vehicle control. 20Animals were acclimated for 42 days prior to
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¥ 10 10

db/db mice (C57B6 background) injected with a PBS control, wild typc native FGEF21,

Fe(15)FGF21 (L98R, P171G) and two capped molecules to which either a proline or

glycine residue was added at the C-terminal end, i.e. Fo( 15)FGF21 (L.98R, P171G, 182P)

and Fe(15)FCF21 (LSRR, P171G, 182G). In the 'insfant Example, when a residue was

added to the C-terminus of a wild-type or mutant FGF21 polypeptide, the residue is

referred to by its position in the resultant protein. Thus, “182G” indicates that a glycme

residue was added to the C-terminus of the mature 181 residue wﬂd-t}’pe or mutant

10

protein, Figure 33 shows that native FGF21 lowered blood glucose Jevels for 6 hours

while all three Fo(15)FGF21 mutants studied showed sustained blood glucose-lowering
activity for at least 120 hours. Fo(15)FGF21 (L98R, P171G, 182P), molecule comprising

the addition of & proline residue 4t the C-terminus of the FGF21 component of the fusiod

maleculs, appeared most potent and resuited in lowest blood glucose levels compared

15

with Fe(15)RGF21 (L98R, P171G) and Fe(15)FGF21 (L9BR, P171G, 182 G):

In a subsequent experiment, the in vivo activity of(L98R, P171G, 182G) and

Fo(15)FGE21 (L8R, P171G, 182F) was studied and compared to the in vive activity of &

~ capped molecule comprising & two glycine eaddition at the C-terminus, namely
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Body weight (kg) 8.5 0.58.7 0.4 8.5 0.4 Plasma glucose (mg/dL) 91.9 4.8 94.8 5.3 82.2 3.7 Insulin
(pg/mL) 942.6 121.4 976.1 107.7 1023.4 205.1 Triglycerides (mg/dL) 44.4 4.858.6 5.2 71.7 9.8 20
Three different dose levels were selected, the low dose was 0.1 and 0.3 mg/kg, the mid dose was 0.3,

and 1 mg/kg and the high dose was 1 and 5 mg/kg for EGF2] and Fc- FGF21(RG), respectively. Dose
levels were chog&i53&EE2n Eﬁggé?bsEWé@ddgezﬁeﬁ@é@e inf (LS, At A ESsiNgG réeﬁﬁg%noéatgé(d on

the anticipated figQueneyof kfﬂ%ﬁfé%hi@mw%@-p%&&mwmﬁlg HoBRGOTIRGH2 lwvele oiseavidrithe low
and mid doses, and the Fc-FGF21(R0) high dose was raised t0 5 n@%(if f{j@ie%d @: Ifg,
which would hav@@eﬁ%ﬁuiﬁi?ﬂﬁ?dtd”fﬁ%ﬁ gﬂ%&%é‘iﬂd@?&?% C c}f t EBmpounds on
Body Weight 5Inyihisrexperimentgimordesio mepswereife@auinhe 1gsteorapainas GrriiookGizight

measured weeklé% the percent body weight change from baseline was calculated weekly in the three
different groups RReddd Hohkelk. Body weight was also measured during the three week of wash

out period. Baseline bogy gy@i@ﬁtmqh@g&é@@@@hc@rwmm@umﬂi&ﬁ Ehbiecﬂ(humBmdngeﬁgh‘t was
percent change IRHAFSHSRHY Gt VB Arils HEre B it e MBS Eoig et ot
animals treated yithibeF @Rl REYa8dFGH HeUHAsH? In @ s RISPERdE ATashibn overithe
g(t)urse ofthe 6 V\zlfigiléigr?gtt rgi%rg—%)eergrlggdsas 3@8&" Ql@lgylgé{%agcgeda‘ g%u%%?gﬁ\é%%&ég\é%%l&{ﬂgﬁ@&s (Xu |
10  with the molecule without a proline cap, e.g. Fe(15)FGF21 (L98R, P171G). However,
the addition of two glycine residues at the C-terminus, e.g. Fe(15)FGF21 (L@SR, PITIG,
182G, 183G), appeared to reduce the molecule’s in vivo potency and short&ncd the
duiation of in vive glucose~lowering effect.
Figure 35 shows the percent change in blood glucose levels observed in diabetic
15  db/db mice {C57B6 background) injected with PBS control or the FGF2l mutant
polypeptides Fe(15)FGF21 (LO8R, Pl?lG')-,' Fo(15)FPGF21 (L9SR, PI71G, Y1795),
Fe(15)FGR21 (LQBR, P171G; Y179A}, Fo(15)FGF21 (L98R, P171G, A180S), and
. Fe(15)FGF21 (L98R, P171G, A180G). All mutants showed similar glucose-lowering
activity with similar duration of action. |
20 Figure 36 shows the percent change in blood ghicose levels observed in diabetic
db/db mice (C57B6 background) injected with vehicle control, Fo(15)FGF21 (L9SR,
P1710), Fc(l5)FGF21(L9SR, P171G, YI179F), and Fe(15)PGF21 (L98R, P171G,
A180E). Compared with Fc{l S)FGFH (L8R, P171G), Fe(15)FGF21 (L98R, P171G,
Y 179F) was Jess efficacious in lowering blood glhucose. However, Fo(15)FGE21 (L9ER,
25 P171G, A180E), in which alanine at amino acid position of 180 was muta't-ed to ghitamic
| acid, was more efficacious than Fe(l 5)FGF21 (L98R, P171G) and caused additional 20%
reduction of blood gliucose levels compared with Fo(15)FGF21 (L98R, P171G). These
data suggest fhat A-i S0E mutation may have reduced the C-terminal degradation in vivo

and thereby improved in vivo potency and efficacy of the molecule.

30
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15 al., Diabetes 58(1):250-9 (2009)), treatment with FGF21 statistically significantly decreased body
weight. Fc-FGF21(RG) had a greater exposure than did FGF21 (Figure 48 and Figure 47,
respectively), offering a possible explanation for the observation that Fc-FGF21(RG) showed a more
pronounced body weight decrease than FGF21. 2022.3. Effect of Test Compounds on Insulin Levels
Insulin levels were measured in blood samples it hddHeEd ollected after an overnight fast or after
an afternoon meal. Fasting plasma insulinfgvels merg:seeagdked in Rhesus monkeys every week
in animals treated with either vehicle, FGF21 or Fc-FGF21(RG) and during thy ?%vyeek 5wag.h ut
period. Fasted blood sﬁﬁp%%f@ﬁ@%aﬁ%%a%ﬁ fRre ﬁvga‘ftgé?gh%’%%? CEG i‘tf-‘eéi?
injection and appiQximately Zhanisafteritee lastded 2 sinjeatienSEQ Eedvgldsmaredulinievels were

measured in Rhesus monkeys during the fifth and sixth week.of treatment with, eithervehic FGF21
during the high désaifsatte e ke Hlﬂé%yg%i'%@@?;\jé?ggﬁf%ﬁrasﬁ F&QF%&%%@Z@ %a%glj étl"ﬁt’é%rrh
Fc-FGF21(RG) injectien anei3Rappoxmaielyia hetisafitndast EGERTEEHbnpFigure AEQNbs the
effect of vehicle, FGF21 and Fc-FGF21(RG) on fasted insulinlevels over the.full ni study,
while Figure 41 HQ@?@@W@MW&BWE@@F&% fer?r“r%%?l{e%lflr%ﬁrfnj}?a}fihpalésg?gﬁéﬁrgglr%%f Wq?él\gs %ﬁgﬁ%’%
Summarily, at the;fwenhighestdebesd potife 6 E2deanib ECHEGER bR Gpstatistichly sidhizintiym

decreased fasted and fed plasma insulin levels. The ab ervation that insull i ated
with FGF21 and B GEITR S We %’%%%Féa%i‘c’fg\}vﬁ%(‘)?u% éo%ggrﬁ%g%r%%gg%é%ygﬁ c%%?eﬁ?g:/%%%e

indicative afincreasestinsidiRsensitivioy. 2214 Effectoaf TEBCompolnds sAeoG TP (G|Hepdant
Insulin) Three OGTTSs ( . d 5).were, perfo [ it T15
glucose and insufffPTEvE fr%%g%gléﬁn?gagﬁ) ﬁ\e%ﬂ |Sn%h égn?ir&{a%%%{gt%%‘%?%%v}zgﬁ &fglgv%ﬁ%gﬁ%%
FGF21 or Fc-FGE20(BB)@otespahsifrtmitie BEFalowesits Sfameshighiaootsciiddona@gimen.
00115 was condg&iﬁ@%%immely 7 days after the last FCFGF21(RG) injection, and approximately
21 hours after th 21 injection. The 00115 glucose and insulin profiles are shown in Figure 42
and Figure 43, respectively. Animals treated with Fc-FGF21(RG) showed an improved glucose
clearance compared to 15 vehicle-treated animals o@yugs,tggs- ighest dose and at the last time point
measured,as shown in Figure 42. At the end of the last dose, FC-FGF21(RG) showed the strongest
improvement in glucos& bteBraFGE2 KBS Lastomeidwis Riprawersheimogaeblcfespitancons!s
Fe-FGF2L(RO) hada iealer.oxpae ian IS FORZH Flone 48and Sigurendl, saepastivodiys
offering a possibte explanation for the observation that Fc_-FGFZl(Re(\Blé 20 showe%@EPOﬁ: _lgé).nounced ,
effect in glucose mledredethAnF GRRR) WEEIFCRGER BFIlF00TTseFEEL Hrktie gnificantly
lowered at the Ia,ggémgl gg%%mgasured in animals treated with Fc-FGF21(RG) compared to animals
treated with vehicle. Glucose AUC percent change from baseline_wai calculated fé)g the thre

OGTT (OGXTSs 3, 4 and’Bjrpasforrersd iiBasel Bredén BhthTHN, MidIRTHIGHEds iﬁn?heefgthree

groups different giglips,qf RhgsisnankeXias:ahain inEjauts 44. 081 amassromtlustddyle SC
approximately seven days after the last Fc-FGFZl(R61 injection and él&qjgiﬁ

| fter last F F.2£L_
injection and shoinisetipag Ré- S 2omRey sy dofthesndy Bd ’ggl.oﬁas%ﬁine%aﬁ
values for each i@{ﬁﬂﬁ%@ﬁé@ﬁ!gﬂ{ 8:38CoaEasiganlasnajgluadsack avhlg widteoneasuiedron
days when no OGTTs wefe 3F(r)£erformed. There were no 1 eanin%fuaﬁ%ggfgé differe%celsi(%fggg({ved in
fasted plasma gluyebsdclevEfs Ea@’ﬁe@%@?ﬁe%%e@?%% fz §20 BERAOf Test
Compounds:on Tyiglycerigde keyelfrG) Rercenirohangesol tastiagpiasneadiygly ceritle levelswasn
calculated in Rhesus monkeys every week in animals treated with ﬁi‘he;éetmﬂgé Igggz_lﬁe CRO
Fc-FGF21(RG) Siameedlrintp e sisE apd oot otiiasaiaa’ PRstsd B8 Saiipies were drawn
approximately fivg days-afierdast Feafzh21(RG) injection and approximately 21 hours after last
FGF21 injection. Triglyceride levels were measured ek after the treatment was.initiateg.and
percent changes from ba¥&iNe FR EREWH TR (e*45, ;fgtvlsﬁéw ;aﬁs%?fh%n\l}gﬁj 1;1% grrt]ég éﬁ%\%gﬁr?{?ggle 20.
10As depicted in {rigure45, @iTalsiteated wittogitherdro:RGF2b(RGEoFGE21 shovasdhaving & .
dose-dependent decrease in triglyceride levels, with Fc-EFGFE ' reat ! |
effect compdted t%@&?ﬁ%igtﬁbut%% Ul éaﬁgnf\ffisovgvéés?%e{} Blasm g%%%l??ﬁr@%&%ﬁ# éga%n%?gép awé%%%'ge from
Rhesus monkeysJihearteststatehdubagthO G 4003 weeksofitteawnénbvith sesirgeddrtisp first
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15 FGF21(RG) or FGF21. Fed blood samples were drawn approximately 3 days after FCFGF21(RG)
injection and approximately 2 hours after last FGF21 injection. Fed plasma triglyceride levels of
animals treated with FGF21 and Fc-FGF21(RG) were statistically significantly reduced, compared to
the triglyceride levels of animals treated with vehicle (Figure 46). 20 22.6 Concentration of Test
Compounds The exposure of the tested compounds administered at approximately equivalent
molar dose levels was assessed throughout the study period. The concentration of FCFGF21(RG) was

measured at pr@r@@?eec?@ﬂﬁ?gr%m%@m@@ﬁﬁ%&&h&éﬂﬁﬁkﬂi@&%%&%@%ﬁ?%fé)%y%'ﬁevv&lze

measured at pre-dose, and at 5, 12, 19, and 26 dafiésé Blood samples were drawn at approximately 21

hours after the (&5¢ Trjetifofie next{dGhaR/cdFaT e5HEERtratbn BPiHE W OEd EomBsLAdLifnesRh
monkeys are shewikifEiNes 4 7548 ASCShRWRHsH g @ dn therpalotteof the.arinals in the
FGF21- treated group, had concentrations below the guantitation limit. Figure 48 shows that 30animals
in the Fc-FGF2 ﬁ%?% %0 BroIRHad deRciaBIE fvels of Fc-FGF21(RG) during each dosing phase
(two weeklyg doses at e Bane dosedstiength)pditi@averagey coneanyaliondrend edckueosing phase
increased approximately dose-proportionally from 0.3 to 5 mg/kg for Fc-FGF21 . There js minimal
accumulation a%e rﬁ%&#é’ﬁ%’%n%@ ﬁ%lg %&%%%58%%2%%}3 ?@r?’;ggf er the : ﬁ%tte%nla)élsfc%)tﬁg wee ’Tgy dose
within each dosecekbalatiow phaseddp bothsoongioursds iBulimgttiedy teeskmientifress phabeywashout
D o e Re MBI AR OIE AP TAIE LA (R AR R EL AR dose)
and were below lower limit of quantification (LLOQ) afterwards. Exposure of the test compounds
was also monitSfeaainadodach OGTT. FGF21 was not detectable during OGTTs 3 and 4, following
low- and md-dose FGE21teatment HQWeYRFTMerRskrabs '@kﬁf‘é&é’é{eéﬁl&%é YR AYing L6 115,
following high- 10dose treatment. A dose proportional increase'in Fc-FGF21(RG) levels was observed

across the third®@Tth EHPERwifite st alafHg HBs lavets, Hucer\oRtireyde 49, minutssmpilind levels

data confirm thatthe:animals.wiergexPaserto heexpestagsamount of each compound, namely
FGF21 and Fc-FGF2 ] (AG),.in g.dose scz;%tio manner. A large variability was observed in the
amount of FGF21 megg%ﬁ%l [’\7\‘&%&%‘3\%\,&?% ! %@%‘&ﬁﬁ%&%rﬁ?@%%gﬁé\%@m& e
performed appraximatsiy2isbouisnpost thedabhtdodembibiis hapidifedibedZliés approximaiely 1
hour. 22.7 %on%%%%n%llégﬁl decreased fasted and fed plasma triglyceride and insulin levels and 20
decreasegi ody Welgah at the highest doses. Fc-FGF21(RG) improved OGTT and decreased insulin
levels at the highest dose, and dose dependently decreased fasted and fed plasma triglyceride levels
as well as body weight. Both FGF21 and Fc-FGFZ%Qgg)decreased a number of metabolic parameters
in the non diabetic Rhesus monkeys. Insulin and triglyceride level decreases were identical between

FGF21 and Fc-Beebn¢Raipgsien Bagy Yeeishin g 2ang Sl (dusoser b lins gl rigipeeridethe fed
condition. Due to its improved propediias the T bR AR RSP HRFE 21 in most of the

parameters measu d be administered.once-a-week to ohserve efficacy an metabolic
parameters. 30 Jembodiments, it is
understood that wariations and modificatigns will occur tgythose skilled yythe art.” Therefore, it is
intended that the appended claims cover all such equivalent variations that come within the scope of
the invention as & ?ﬁ‘é’a}tg?ﬁ @ition, the’settion headirtyé tdet! herein&re o organizatibnal purposes
only and are notRtxdeagdasistéd@simitngthe subject pagdtesdescribexh. HAlf references cited in this

application are exRIe i%sé;/gipl_&?)rporated bg Jf{ﬂef}ﬁ%herﬁ’%j 1077 1023.4 + 205 1

Triglycerides (mg/dL} 44448 58652 71.7+£9.8

20
Three different dose levels were selected, the low dose was 0.1 and 0.3 mg/kg, the
mid dose was 0.3 and 1 mg/kg and the high dose was 1 and 5 mg/kg for FGF21 and Fe-
FGF21(RG), respectively. Dose levels were chosen based on the observed dose-response
in mice, with a dosing regimen based on the anticipated frequency of injection in humans.
25  Equimolar doses of FGF21 were used for the low and mid doses, and the Fe-FGF21{(RG)
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CLAIMS What is claimed is: 51.An isolated polypeptide comprising an amino acid sequence of SEQ ID
NO:4, further comprising the substitution of any amino acid for: the alanine residue at position 45, the
leucine residue at position 86, the leucine residue at position 98, the alanine residue at position 111,
the alanine residue at position 129, the glycine residue at position 170, the proline residue at position
171 or the serine residue at position 172, and 10combinations thereof. 2. The isolated polypeptide
of claim 1, wherein the isolated polypeptide comprises the substitution of any amino acid for: the

leucine residue 3t pogition, 8. e Prglise,prye At ALk or b ierleucingiresiile pLpotign 98 and

the proline residue at 15position 171. e Isolated potypepfide of claim 2, wherein the isolated
polypeptide corfifiiigedae Sibstiatied 6Fahyeitino acid for both the leucine residue at position 98
and the proline residue at position 171. 20 4. An isolated polypeptide comprising an amino acid

sequence of SEQ ID NO: 4 having; (a)at least one amino acid substitution that Ls: a glutamine,
isolcucine, or lysine residue at pdsttiot-H6ctesifistapmundtemBody Briabfalanine residue at

position 205 (iii) an isolaugiRespaanidalaningdtyresinesory aling: resigideat ROsIHOMAL Vb
isoleucine, phenylalanine, or valine residue at positipn 22; (v) an alapine or arginine residue at position
750; 30(vjan AR EFGSHEE PESiHle LE GEGREN I (s MR oL HERSABARG, o1
valine residue at@ddjtinnitSBred\diffamalanine of stharaginenlaspaticdycic ghistend sgitamiedcid,
glutamine, prolige. of serpe.(esidye. A, posiion 110; (.analanine argiine asnaragine, asparti
acid, cysteine, g Utarhic aci , glutamine, gycmg, his idine, lysine, serine, threonine, ryp%p an, or
tyrosine residuertstipdsiishin Tahiod @& leucine or threonine residue at position 172; or (xi) an arginine or

dlutamic agd residue gbppsiian % Anchilaileashana A SUOIIoR ALl (Jap aranine
glutamic acid, or lysine residue at position 26; 10(ii)an arginine, glutamic acid, glutamine, lysine, or

threonine resid@éraipbation ab gl canhrss e Pediiweighbosiaon Shanep) aaystesabngetabaic acid,
glycine, or seringkesidia R IRSIIGNA@BWith time, whereas body weight of animals treated with Fe-

FGF21(RG) and FGF21 decreased in a dose-dependent fashion over the course of the 6
week treatment period, as shown in Figure 39. As observed previously in rodents (Xu et
15 al, Diabetes 58(1):250-9 (2009)), treatment with FGF21 statistically significantly
decreased body weight. Fe-FGF21(RG) had a greater exposure than did FGF21 (Figure
48 and Figure 47, respectively), offering a possible explanation for the observation that

Fe-FGF21(RG) showed a more pronounced body weight decrease than FGF21.

20 22.3. Effect of Test Compounds on Insulin Levels

Insulin levels were measured in blood samples that had been collected afier an
owernight fast or after an afternoon meal.

Fasting plasma insulin levels were measured in Rhesus monkeys every week in
animals treated with either vehicle, FGF21 or Fc-FGF21(RG) and during the 3-week

25  washout period. Fasted blood samples were drawn approximately five days after the last
Fe-FGF21(RQ) injection and approximately 21 hours after the last FGF21 injection.

Fed plasma insulin levels were measured in Rhesus monkeys during the fifth and
sixth week of treatment with either vehicle or FGF21 during the high dose treatment. Fed
blood samples were drawn approximately three days after Fc-FGF21(RG) injection and

30  approximately 2 hours after last FGF21 injection. Figure 40 shows the effect of vehicle,
FGF21 and Fc-FGF21(RG) on fasted insulin levels over the full nine week study, while
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(v) an alanine, arginine, glutamic acid, or lysine residue at position 60; 15(vi)an alanine, arginine,
cysteine, or histidine residue at position 78; (vii) a cysteine or threonine residue at position 86; (viii) an
alanine, arginine, glutamic acid, lysine, or serine residue at position 88; (ix) an arginine, cysteine,

" glutamic acid, glutamine, lysine, or threonine 20residue at position 98; (x) an arginine, aspartic acid,
cysteine, or glutamic acid residue at position 99; (xi) a lysine or threonine residue at position 111;
(xii) an arginine, asparagine, aspartic acid, glutamic acid, glutamine, 25histidine, or lysine residue at

position 129; org(¥iian asgitnRIghiamicRsdichistOine rysinemgl-liasing fesidueal pesition 134;
and combinations thereof 305.The isolated polypeptide of claim 4, wherein the residue at position 98 is
arginine and the residdWEEFPERAE 71 oA doses Trth dE kel A8 pistie Crelaftiatisiiberein the
p0|ypeptidef00f’ﬁ@ﬂ§ﬁ>’irﬁ@_d%%%%i%@e&%ﬂﬂQ’Eklﬁglﬁbﬂai&ﬁillﬁaé{reﬁé pﬁrgaeﬁéﬁl@ﬂti{?allli@ it{mnarp)in(o ;slcid
sequence of SEQ ID NO: 4, but wherein the at t one.amj cid substitution of claim 4(a)(i)-(xi
5and 4(b)(i)-(xiﬁﬂgao‘fﬁ‘)&ﬁﬁa‘?‘tjﬁnga?ﬁ%%.“?‘.T}in%ig’flge %o&g%ﬁ(gﬁp‘ﬁgﬁﬁgdﬁﬁeﬁﬁﬁ &’ggé&gsequence
of SEQ ID BO: dbkaving iatieast gheamine:Bdidsiibsiitebd mthedsis] {@)aiglsdanitine; lysine or isoleucine
residue at position 19; 10(b)a histidine, leucine, or phenylalanine residue at position 20; (c) an

isoleucine, phenylalanine, tyrosine, or valine residue at position 21; (d) an isoleucine, phenylalanine, or
valine residue at positiod%222; (&itutalbhiese Cerapgiende sudiiud R{pbsitsnat8dnsudia)anine or valine

residue at position 15%:,1(6a Pistidieartecing, POl A= Esie oL onslion 152

(h)an alanine, aspartic acid, cysteine, or proline residue at position 170: an alanine, arginine,
asparaginc, aspdricladilicesaripangilinagiie! aEndlevtarmnimezyRrdne pistdtiEatydifg, Gaimks
threonin?iﬁyptma%h‘ﬁﬁ}’m @%WEP@?&%@&%%&MQ%UM&@ QPﬁiU@ﬁ]glJr?Z; or
B A O ocalstion regmen. OOTES was conductod sppronimatoly 7 tays sfer the last Fe-
FGF21(RG) myection, and approximately 21 hours after the last FGF21 injection. The
OGTT5 glucose and insulin profiles are shown in Figure 42 and Figure 43, respectively.
Animals treated with Fc-FGF21(RG) showed an improved glucose clearance compared to
15  vehicle-treated animals only at the highest dose and at the last time point measured, as
shown in Figure 42. At the end of the last dose, Fc-FGF21(RG) showed the strongest
improvement in glucose clearance, FGF21 showed no improvement in glucose
clearance. Fc-FGF2I(RG) had a greater exposure than did FGF21 (Figure 48 and Figure
47, respectively), offering a possible explanation for the observation that Fe-FGF21(RG)
20  showed a more pronounced effect in ghucose clearance than FGF21. Insulin levels during
OGTTS were statistically significantly lowered at the last time point measured in animals
treated with Fc-FGF21(RG) compared to animals treated with vehicle.
Glucose AUC percent change from baseline was calculated for the three OGTT
(OGTTs 3, 4 and 5) performed at the end of each of the low, mid and high doses in the
25  three groups different groups of Rhesus monkeys as shown in Figure 44. OGTTS was
conducted approximately seven days after the last Fe-FGF21(RG) injection and 21 hours
after last FGF21 injection and showed that Fc-FGF21(RG) statistically significantly
reduced AUCS. Baseline OGTT values for each group are shown on Figure 38C.
Fasted plasma glucose levels were measured on days when no OGTTs were
30 performed. There were no meaningful statistical differences observed in fasted plasma

glucose levels measured among the three groups of animals.
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8.The isolated polypeptide of claim 7, wherein the residue at position 171 is 25proline 9.The isolated
polypeptidc of claim 7, wherein the polypeptide comprises an amino acid sequence that is at least 85
percent identical to the amino acid sequence of SEQ ID NO: 4, but wherein the at least one amino acid
substitution of claim 7(a)-(k) is 30not further modified. 10.An isolated polypeptide comprising an amino
acid sequence of SEQ ID NO: 4 having at least one amino acid substitution that is: (a) an arginine,
glutamic acid, or lysine residue at position 26; (b) an arginine, glutamic acid, glutamine, lysine, or
threonine residue at 5position 45; (c) a threonine residue at position 52; (d) a glutamic acid, glycine, or
serine residue at position 5&%% an alanine, arginine, glutamic acid, or lysine residue at position 60;

(Oan alanine, arginine, or hi e %@ﬁ%8@5%69%‘1??8‘@%)%@%%@%%&% at position 88; (h) an

arginine, glutamic aCld%e@ibhiﬁ%@ﬁgéﬁfﬂﬁs@ﬁgftﬁﬁ@ﬂam%@Wﬁ@ﬂ@%“@@sg&h@[ﬁ@daﬂ'ﬂ%saSPar“C
acid, cysteine, orci utamic acid reS|due at osmon tésme or thregnine residue at position IlI;

15(k)an arglnlnén KLy, K fEREa sgital é”é |(?1 REtRRSE: Hislidihar SeSihe {&&due at
position 129; ora@ﬂ)dm@nmmhmmmlﬂcﬂusndimﬁm wniyrmme asadh&ea@m%m@dﬂyl34, and

combinations thereqf, 20 tide of ¢laim 10, wherejn the resi ition 98 is
arginine. 12. Th%els %Q{ea po ypep g Eﬁ?‘? rz %’6&{ ne?gfl?'l e%% yaﬁgle Sdigh 88??165 egasﬁ%t% mino acid
sequence that igyatizastBizhercait ivehticatet o theuamhineaciddegiienbe méa‘ﬁE@tlwaN{aﬁAtekiut

wherein the at I%b%@n@%@%@@'ﬁ&ﬂ%ﬁ%ﬂﬂ@%ﬁf 5%%% }QQ@%&Q h%nl% rtq)(?lr‘i gxgglfl ueq The

isolated polypeptide of any of claims I, 4, 7 or 10, further comprising 30at I€ast one amino aC|d
substitution thafligwn in Table 20.

10 As depicted in Figure 45, animals treated with either Fe-FGF21(RG) or FGF21
showed a dose-dependent decrease in triglyceride levels, with Fe-FGF21(RG) having the
greatest lowering effect compared to FGF21,

Figure 46 shows the plasma triglyceride levels in samples acquire from Rhesus
monkeys in a fed state, during the fifth and sixth week of treatment with vehicle or Fe-

15 FGF2I(RG) or FGF21. Fed blood samples were drawn approximately 3 days after Fc-
FGF21(RG) injection and approximately 2 hours after last FGF21 injection. Fed plasma
triglyceride levels of animals treated with FGF21 and Fc-FGF21(RG) were statistically
significantly reduced, compared to the triglyceride levels of animals treated with vehicle
(Figure 46).

20

22,6 Concentration of Test Compounds

The exposure of the tested compounds administered at approximately equivalent
molar dose fevels was assessed throughout the study period. The concentration of Fe-
FGF21(RG) was measured at pre-dose, and approximately 5 days after the last injection.

25  FGF21 levels were measured at pre-dose, and at 5, 12, 19, and 26 days. Blood samples
were drawn at approximately 21 hours after the last injection.

The individual concentration of the tested compounds in each monkeys are shown
in Figures 47 and 48. As shown in Figure 47, the majority of the animals in the FGF21-
treated group had concentrations below the quantitation lmit. Figure 48 shows that

30 ammals in the Fc-FGF21(RG)treated group had detectable levels of Fe-FGF21(RG)

during each dosing phase (two weekly doses at the same dose strength)i, The average
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(a)a phenylalanine, proline, alanine, serine or glycine at position 179; (b) a glutamic acid, glycine,
proline, or serine at position 180; or (c) a lysine, glycine, threonine, alanine, leucine, or proline at
position 181. 14,The isolated polypeptide of any of claims 1, 4, 7 or 10, further comprising 51 to 10
amino acid residues fused to the C-telminus of the polypeptide. 15.The isolated polypeptide of claim
10, wherein the 1 to 10 amino acid residues are selected from the group consisting of glycine, prolinc
and combinations thereof 10 16.The isolated polypeptide of any of claims 1, 4, 7 or 10, wherein the

polypeptide COngHisagatiod RoA e%@?f"&%s‘iﬁ@j&ﬁ%‘et(H&EQ&%%BﬁzBQiﬁ%RE?y@&%-%;@&HH%ﬁﬁI? fsidues,
wherein the polypeptide is capable of lowering blood glucose in a 15mammal; (b) a carboxyl-teiininal

truncation of nd®méPe’tFAke 2o b Fed (Rl u BRCTd Feraimi st 156Hypestian i dapaptsrdoWering

blood glucose itha samMeh@ntratohanasinR:terRinaldruneationQkno deseham & amingsacid
of no more than 12 amino acid residues, wherein the

residues and a 20 carboxyl-termina] truncatio

polypeptide is c%ﬁ%}%‘i]é)rbf’%eé?ﬁ& %*b%ﬁ% e I A EE DR HE fohate d Bt e Bt any of
claims 1, 457 oF&0CRRBRAN the2Speliypapticalik agvaleqihrditiked:to aae 01 (NQra4elyaensst:18.The
isolated polypeptide of claim,17. wherein.th lymer.is PEG. fusion polypeptide comprising the
isolated polypegﬂscfz d&dgwnﬁ/r%?%‘?fn%v%Enzf?é%ré{%g%%%lg ?&ﬂﬁéﬁﬁg‘%%al%bamino acid sequence.
20.The fusion polypepgiittesfckithd @siwiverpimthe ol preptidei s idsdite thethe@idloguiiR amino acid

sequence via a Al dLaa e RIARNARANIC OTglaim Zdysbistein ihe JNkerGomersRe,
GGGGGSGGGSGGGGS (SEQ ID NO: 23). 22.The fusion polypeptide of claim 20, wherein the

heterologous afffiAEnaeid Skgisartaneaw1hie kopktardobiaived rdwaiganOst Thérdotlondns gle fusion
polypeptide of elaignamiierel thed rponRiaNtHOAIN COMARSES R IRA:AEIL Sarusage of SEQ
D NO:13. across the third to fifth OGTT with escalating dose levels, as shown in Figure 49.
Compound levels data confirm that the animals were exposed to the expected
amount of each compound, namely FGF21 and Fc-FGF21(RG), in a dose escalation
manner. A large variability was observed in the amount of FGF21 measured, which was
15  an expected result considering the. sampling was performedrapproximately 21 hours post

the last dose and the half life of FGF21 is approximately 1 hour.

22.7 Conclusions

FGF21 decreased fasted and fed plasma triglyceride and insulin levels and

20  decreased body weight at the highest doses. Fc-FGF21(RG) improved OGTT and
decreased insulin levels at the highest dose, and dose dependently decreased fasted and

fed plasma triglycerid¢ levels as well as body weight. Both FGF21 and Fc-FGF21(RG)
decreased a number of metabolic parameters in the non diabetic Rhesus monkeys. Insuiin

and triglyceride level decreases were identical between FGF21 and Fe-FGF21(RG) when

25  circulating compound levels were in a similar range, in the fed condition. Due to its
improved properties, Fc-FGF21(RG) was superior to FGF21 in most of the parameters
measured and could be administered once-a-week to observe efficacy on metabolic

parameters.

30 While the present invention has been described in terms of various embodiments,

it is understood that variations and modifications will occur to those skilled in the art.
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24.A multimer comprising two or more copies of the fusion polypept de of 23. 15 25. A pharmaceutical
composition comprising the isolated polypeptide of any of claims 1, 4, 7 or 10 and a phaiiaceutically
acceptable formulation agent. 26. A method for treating a metabolic disorder comprising administering
to a 20human patient in need thereof the pharmaceutical composition of claim 25. 27. The method of
claim 26, wherein the metabolic disorder is diabetes. 28. The method of claim 26, wherein the
metabolic disorder is obesity. 29. An isolated nucleic acid encoding the polypeptidc of any of claims 1,

4,7 or 10. 30. @ﬁé@@ﬂ‘&%g@m@!ﬁ@!ﬁgathﬁaﬂ%@#gaﬁgdmlﬁﬁtﬂ&z@@msa& eqeival IRSLEGH GRMRYISING the

- nucleic acid molecule of claim 29. 32.An isolated polypeptide comprising the amino acid sequence of
SEQ ID NO:4, ifi@fei e Bofrpepabee ShipHius s aleinedmind4éiinm Al utaitandnasies wisre than 8
amino acid residues ardfomdigiainthe Nolvpsnideiscannble allawpsinenbineRd alusesenin Bemammal;
(b) a carboxyl-teilitinal truncation.of no more than 12 amino acid residues, and wherein the polypeptide
is capable of Io%ﬁ%ﬁ% IB‘F&?B%&?&% 'in a mammal; or 10(c)an amino-terminal truncation of no more
than 8 amio acid residilesfantdacaitbdXyl-exnipgiditincatioregirasimarectharnitd amnisinesid residues,
and wherein th%grglxpeptide is capable of lowering blood glucose in a mammal. 1533.An isolated
fusion protein comprising: (a) an IgG constant domain; (b) a linker sequence fused to the IgG constant
domain; and (c) an EGF21 mutant fused to the linker sequence and comprising the amino

acid sequence of SEQ ID NO: 4, wherein an arginine residue has been 20substituted for the leucine
residue at position 98 and a glycine residue has been substituted for the proline residue at position
171. 34.The isolated fusion protein of claim 33, wherein the linker sequence comprises
GGGGGSGGGSGGGGS (SEQ ID NO:23).
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25 35. The isolated fusion protein of claim 33, wherein the IgG constant domain comprises SEQ
ID NO: 13. 36. The isolated fusion protein of claim 33, wherein the linker sequence 30 comprises
GGGGGSGGGSGGGGS (SEQ ID NO:23) and the 1gG constant domain comprises the amino acid
sequence of SEQ ID NO: 13. 37.The isolated fusion protein of claim 36, wherein the N terminus of the
linker is fused to the C terminus of the IgG constant domain and the N terminus of the FGF21 mutant
is fused to the C terminus of the linker 5 38.A multimer comprising two or more of the fusion proteins of
claim 33. 39.The isolated fusion protein of claim 33, wherein the FGF21 mutant further comprises at
least one amino acid substitution that is: 10(a)a p%@%me proline, alanine, serine or glycine at
position 179; (b) a glutamic acid, glycine, proline, or serine at position 180; or (c) a lysine, glycine,
threonine, alanwgaieueiniemeariproline at position 181. 40.The isolated fusion protein of claim 33,
wherein the FGF21 mutant further 15comprises 1 to 10 amino acid residues fused to the C-terminus of
the FGF21smutant: 41.The ismanemmgmmmm obwlaigingOavirelieintie skqachOcasiipb@aenl residues
are selected fr the roup consis e roI e and combL |on thereof. 20 42.The isolated
fusion protein g?n%)rafm@gg WhersIn 1{}%1"@%% !ﬂ[}nu&t%n n¥pr|smo ?a‘) an amino-terminal %Erun?:atlon of
no more than 8pasifino dtidiredivues, whidreintthospalypiptitie iswipabie bifclawvensigdnldd glucose in a
2omanmmal OEhRIEITIRGL IV IFIAR oLARIAG D3E AR TOAG ISsldusa erein he

polypeptide is capable of lowering blood glucose in a mammal; or (c) an amind-terminal truncation of
no more than 8PafiAB httd thedimies Wﬁ%é‘&h@%lﬂérﬁﬂﬂm trrine sepAuefhpasibee tHanad amino
acid residues, whaiginitae melypeptide is capable of lowering blood glucose in a mammal. 43. The
isolated fusion protein of claim 33, wherein the FGF21 mutant

2. The 1solated polypeptide of claim 1, wherein the isolated polypeptide
comprises the substitution of any amino acid for: the leucine residue at position 98, the
proline residue at 171 or both the leucine residue at position 98 and the proline residuc at

15  position 171,

3. The isolated polypeptide of claim 2, wherein the isolated polypeptide
comprises the substitution of any amino acid for both the leucine residue at position 98

and the proline residue at position 171.

20
4, An isolated polypeptide comprising an amino acid sequence of SEQ ID
NO: 4 having:
(a) at least one amino acid substitution that is:
(i) a glutamine, isoleucine, or lysine residue at position 19;
25 (ii)  a histidine, leucine, or phenylalanine residuc at position 20;
(iit)  an isoleucine, phenylalanine, tyrosine, or valine residue at position
21;
(iv)  anisoleucine, phenylalanine, or valine residue at position 22,
(v)  an alanine or arginine residue at position 150;
30 (vi)  an alanine or valine residue at position 151;

(vii) a histidine, leucine, phenylalanine, or valine residue at position

132;
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5 comprises an amino acid sequence that is at least 85 percent identical to the amino acid sequence
of SEQ ID NO: 4, but wherein the arginine at position 98 and the glycine at position 171 are not further
modified. 44. A pharmaceutical composition comprising the isolated fusion protein of 10claim 33 or
claim 38 and a pharmaceutically acceptable formulation agent. 45. A method for treating a
metabolic disorder comprising administering to a human patient in need thereof the pharmaceutical
composition of claim 44. 1546.The method of claim 45, wherein the metabolic disorder is diabetes. 47.
The method of claim 45, wherein the metabolic disorder is obesity. 48. An isolated nucleic acid

encoding the fusion protein Bftlairfit38aagicA RAAIRES M BHRERHY (RS hutlSiE At BRI &%aim 48.

50. A host cell comprising the nuclgigtasidenatatd oot aiagdiue at piitidnpoigpeptide comprising the
amino acid sequence of SE l}D NO:4, further comprisin%the mutations L98R and P171G.. 52. A

fusion polypeptide comprising-the BBIEERTIE SF I B RIS R H Ve tHS ol S glisRE. 53,
The fusion polypeptide of claim 52awhergindhébetehalogouls seliugnbesisca keisequbneaine, 54. The
fusion polypeptide of claim 53, wherej P C ises. the @mino acid sequence of SEQ
NO:13. EP55. The fusion poIypep(it{'lll[géﬁ)o_{}rﬂ gl%ﬁr@%?ﬁ%%@g%?ﬁﬁ%ﬁgﬁ%eptl@ is joined to the
hetenalogous sequence by &linkek leucisgomiefusionpuiypebpieretion diaines5 wherein the linker is

OGGGGSGGGSOGGGS (259 ID,NQ:23ke or gﬁjmgﬁpag@i@gim;épﬁ@gjgganﬁlaé%% wherein the
linker is GGGGSGGGGSGGGGS (SEQ ID NO:S@& 58. The fusion polypeptide 56, wherein the

fusion polypeptide is &hcodéd BB IBIRIAa dEsHIEREd¥E S8EQ LID NO:37. 59*A multitner
comprising two or more copigs of the fusian palpertiseDbeRin SRR L phRImAcatical composition
A LU0 WB-PCT ART34, S5 S EEDER GRSV S 465 RelAseH:, By B ENEER, Muricl
M. Hamburger, Agnes E. Hecht, RanghsitioslésSheng Michaels, Mark L. sun, Deonghoon Xu, 3ing
<120> FGF21 Mutants and H%SS Tgﬁlrl%gg 1?1%%95? dééla%‘%{?gi‘{}’o%’? <140> PCT/U52009/046113
(iv)  acysteme, glutamic acid, glycine, or serine residue at position 58;
(v) an alanine, arginine, glutamic acid, or lysine residue at position 60;
15 {vi)  an alanine, arginine, cysteine, or histidine residue at position 78;
(vii)  a cysteine or threonine residue at position 86;
(viily an alanine, arginine, glutamic acid, lysine, or serine residue at
position 88;
(ix) an argiﬁine, cysteine, glutamic acid, glutamine, lysine, or threonine
20 residue at position 98;
{x)  ao arginme, aspartic acid, cysteine, or glutamic acid residue at
position 99,
(xi)  a lysine or threonine residue at position 111;
(x11) an arginine, asparagine, aspartic acid, glutamic acid, glutamine,
25 histidine, or lysine residue at position 129; or
(xiii) an arginine, glutamic acid, histidine, lysine, or tyrosine residuc at
position 134,

and combinations thereof.

30 5. The isolated polypeptide of claim 4, wherein the residue at position 98 is

arginine and the residue at position 171 is proline.
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<141> 2009-06-03 <160> 41 <170> Patentln version 3.5 <210> 1 <211> 630 <212> DNA <213>
Homo sapiens <400> 1 atggactcgg acgagaccgg gttcgagcac tcaggactgt gggtttctgt gctggetggt60
cttctgctog gagcectgcca ggcacacccc atccctgact ccagtcctct cctgcaattc120 gggggcecaag tccggcagceg
gtacctctac acagatgatg cccagcagac agaagcccacl80 ctggagatca gggaggatgg gacggtgggg ggcgctgcetg
accagagccc cgaaagtctc240 ctgcagctga aagccttgaa gccgggagtt attcaaatct tgggagtcaa gacatccagg300
ttcctgtgcc agcggecaga tggggccctg tatggatcgce tccactttga ccctgaggec360 tgcagcttce gggagcetgct
tc.ctgaggac ggatacaatg tttaccagtc cgaagcccac420 ggcctcecgce tgcacctgec agggaacaag tccccacacc
gggaccctgc accccgaggad80 ccagctcgct tcectgecact accaggcectg cccececcgeac ccccggagec acccggaatc540 .

ctggceecce agecceecga tgtg@ipetsal toghasgptotigagtatagt gggameﬁhcdm&mggdegmmm@agcta
cgcttcctga630 <210> 2 211>eg0069 }f%lb Fl)g % 13> H?na% }fp gns <4001>no2 Met Ser Qsp Glu
Thr Gly Phe cluHis & Cqﬁw_ rp val T5 arLeu ? &f‘ft Al C?ys Gin Ala

His Pro lle Pro &E)QSQO%MSW%@W@ Lh@ta!t L@a&i@m @mn@gc@.w@mmmog @WA@(@)TWJQMO%
Page 1 A-§-42%ﬁWQ(@&)T(AJ%E"ﬂg&HéeP%ﬁ%W Thr Asp Asp Ala Gin Gin Thr Glu Ala His Leu Glu |

7. An isolated polypeptide comprising an amino acid sequence of SEQ ID
NO: 4 having at least one amino acid substitution that is:
{a) a glutamine, lysine or isoleucine residue at position 19;
10 (b)  ahistidine, leucine, or phenylalanine residue at position 20;
{c) an 1soleucine, phenylalanine, tyrosine, or valine residue at position 21;
(d) an isoleucine, phenylalanine, or valine residue at position 22;
(e) an alanine or arginine residue at position 150;
(H an alanine or valine residue af position 151;
15 (g) a histidine, leucine, phenylalanine, or valine residue at position 152;
| (h) an alanine, aspartic acid, cysteine, or proline residue at position 170,
(1) an alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, histidine, lysine, serine, threonine, fryptophan, or
tyrosine residue at position 171;
20 () a leucine residue at position 172; or
(k}  an arginine or glutamic acid residue at position 173;

and combinations thercof.

8. The isolated polypeptide of claim 7, wherein the residue at position 171 is

25  prolme.

9. The 1solated polypeptide of claim 7, wherein the polypeptide comprises an
amino acid sequence that s at least 85 percent identical to the amino acid sequence of
SEQ ID NO: 4, but wherein the at least one amino acid substitution of claim 7(a)-(k) is
30  not further modified.
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505560 Arg Glu AS Giy Thr val Gly Gly Ala Ala Asp GIn ser Pro Glu Ser Leu 65707580 Leu GIn Leu
Lys Ala Leu Lys Pro Gly val lle Gin lle Leu Gly Val 859095 Lys Thr Ser Arg Phe Leu Cys Gin Arg Pro
Asp Gly Ala Leu Tyr Gly 100105110 Ser Leu His Phe Asp Pro Glu Ala Cys Ser Phe Arg Glu Leu Leu
Leu 115120125 Glu Asp Gly Tyr Asn val Tyr Gin Ser Glu Ala His Gly Leu Pro Leu 130135140 His Led
Pro Gly Asn Lys Ser Pro His Arg Asp Pro Ala Pro Arg Gly 145150155160 Pro Ala Arg Phe Leu Pro
Leu Pro Gly Leu Pro Pro Ala Pro Pro Glu 165170175 Pro Pro Gly lle Leu Ala Pro Gin Pro Pro Asp Val

Gly Ser Ser Asp 180185190, Pro Leu Ser,Met val Gly Pro. Ser Gin Gly Arg Ser Pro S r Ala
195200205 Ser <21é§'3 <L %edfﬁiky?e@ 2%2%‘%8}3&% %‘38#&%%@4“66%%“8&’&%’&@
ctgactccag ctctsCaddgratgatgeeseogtggoggacy! cidgetgaiea tgagttattc aaatcttggg gecctgtatg gatcgcetcca

gaggacggat acaalgiitp Aacagglee aaCAGINEA JICSIHRTSE RERR % Felition 26:

(b) an arginine, ghlutamic acid, glutamine, lysine, or threonine residue at
5 position 45,
(c) a threonine residue at position 52;
(d) a glutamic acid, glycine, or serine residue at position 58;
(e)  an alanine, arginine, glutamic acid, or lysine residue at position 60;
(f) an alanine, arginine, or histidine residue at position 78;
10 (g) an alanine residue at position 88,

(h) an arginine, glutamic acid, glutamine, lysine, or threonine residue at

pagition 98;
(1) an arginine, aspartic acid, cysteine, or ghutamic acid residue at position 99;
) a lysine or threonine restdue at position 111;
15 (k)  an arginine, asparagine, aspartic acid, glutamic acid, glutamine, histidine,

or lysine residue at position 129; or

0 an arginine, glutamic acid, histidine, lysine, or tyrosine residue at position
134;
and combinations thereof.
20
11.  The isolated polypeptide of claim 10, wherein the residue at position 98 is
arginine.

12, The isolated polypeptide of claim 10, wherein the polypcptider COMpIiscs
25  an amino acid sequence that is at least 85 percent identical to the amino acid sequence of
SEQ ID NO: 4, but wherein the at least one amino acid substitution of claim 10(a)-(1) is

not further modified.

13.  The isolated polypeptide of any of claims 1, 4, 7 or 10, further comprising

30  at ieast one amino acid substitution that is:

(a) a phenylalanine, proline, alanine, serine or glycine at position 179;
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tcctctecectg gcagacagaa gagccccgaa agtcaagaca ctttgaccct ccagtccgaa ccctgcacce ggagcecaccce
caattcgggg gcccacctgg agtctcctge tccaggttce gaggectgca geccacggcec cgaggaccag ggaatcectgg Page 2
gtcaagtccg agatcaggga agctgaaagc tgtgccagcg gettccggga tcecgctgea ctegettect cccececcagcec
gcagcggtac ggatgggacg cttgaagccg gccagatggg gcetgcttctt cctgccaggg gecactacca ccccgatgtg
A-1429-WO0-PCT-ART34_ST25.txt ggctcctcgg accctctgag catggtggga ccttcccagg geccgaagcecce
cagctacgct540 tcctgab46 <210> 4 <211> 181 <212> PRT <213> Homo sapiens <400> 4 His Pro lle
Pro AS ser Ser Pro Iﬁ@ Leu Gjn Phe Gly, Gl}i Gin "al 151015 Arg Gin A[%]BT r Leu Tyr Thr Asp Asp Ala
Gin Gin Thr Glu Ala H 202554 FREF AT AR K%y SR S ig//g/g\’lé’%la Asp Gin Ser
354045 Pro Giu Ser ey Leu Bimtathicis Aladoaint, \daRinee Glyoiat,| ke Bisline at position 181,

14, The isolated polypeptide of any of claims 1, 4, 7 or 10, further comprising

5 1to 10 amino acid residues fused to the C-terminus of the polypeptide.

15, The isolated polypeptide of claim 10, wherein the 1 to 10 amino acid

residues are selected from the group consisting of glycine, proline and combinations

thereof.
10
16.  The isolated polypeptide of any of claims 1, 4, 7 or 10, wherein the
polypeptide comprises: _
(a)  an amino-terminal truncation of no more than 8 amino acid residues,
wherein the polypeptide is capable of lowering blood glucose in a
15 mammal;
(b) a carboxyl-terminal truncation of no more than 12 amino acid residues,
wherein the polypeptide is capable of lowering blood glucose in a
mammal; or
(e an amino-terminal truncation of no more than 8 amino acid residues and a
20 carboxyl-terminal truncation of no more than 12 amino acid residues,

wherein the polypeptide is capable of lowering blood glucose in a

mammal.

17. The isolated polypeptide of any of claims 1, 4, 7 or 10, wherein the

25  polypeptide is covalently linked to one or more polymers,
18.  The isolated polypeptide of claim 17, wherein the polymer is PEG.

19. A fusion polypeptide comprising the isolated polypeptide of any of claims

30 1,4, 7 or 10 fused to a heterologous amino acid sequence.
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505560 lle Leu Gly Val Lys Thr Ser Arg Phe Leu Cys Gin Arg Pro Asp Gly 65707580 Ala Leu Tyr Gly
Ser Leu His Phe Asp Pro Glu Ala Cys ser Phe Arg 859095 Glu Leu Leu Leu Glu Asp Gly Tyr Asn val
Tyr Gin Ser Glu Ala His 100105110 Gly Leu Pro Leu His Leu Pro Gly Asn Lys Ser Pro His Arg Asp Pro
115120125 Ala Pro Arg Gly Pro Ala Arg Phe Leu Pro Leu Pro Gly Leu Pro Pro 130135140 Ala Pro Pro
Glu Pro Pro Gly lle Leu Ala Pro Gin Pro Pro Asp val 145150155160 Gly Ser Ser Asp Pro Leu Ser Met
val Gly Pro Ser Gin Gly Arg Ser 165170175 Pro Ser Tyr Ala ser 180 <210> 5 <211> 40 <212> DNA
<213> Artificial Sequ ce <% 0> <223> r|me 1429 WO-PCT-ART34 9T25. t>£<t < 00> 5
aggaggaata acatatg ccaa Hi'ande: (?5’3 52‘10% Lo Wheseino s ppiNpRPptide ts fuse

the heterologous amino acid sequence via a linker.

21, The fusion polypeptide of claim 20, wherein the linker comprises
5  GGGGGSGGGSGGGGS (SEQ ID NO: 23),

22, The fusion polypeptide of claim 20, wherein the heterologous amine acid

sequence is an IgG constant domain or fragment thereof.

10 23, The fusion polypeptide of claim 22, wherein the IgG constant domain
comprises the amino acid sequence of SEQ 1D NO:13.

24, A multimer comprising two or more copics of the fusion polypeptide of
claim 23.
15
25. A pharmaceutical composition comprising the isolated polypeptide of any

of claims 1, 4, 7 or 10 and a pharmaceutically acceptable formulation agent.

26. A method for treating a metabolic disorder comprising administering to a

20  human patient in need thereof the pharmaceutical composition of claim 235.
27. The method of claim 26, wherein the metabolic disorder is diabetes.

28.  The method of claim 26, wherein the metabolic disorder 1s obesity.
25
29.  An isolated nucleic acid encoding the polypeptide of any of claims 1, 4, 7
or 10.

30. A vector comprising the nucleic acid molecule claim 29.
30

31. A host cell comprising the nucleic acid molecule of claim 29,
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<213> Artificial Sequence <220> <223> PCR primer <400> 6 tagtgagctc gaattcttag gaagcgtagc tgg33
<210> 7 <211> 41 <212> DNA <213> Artificial Sequence <220> <223> PCR primer <400> 7
ggagatatac atatgccaat tccagattct tctccattat t41 <210> 8 <211> 34 <212> DNA <213> Artificial
sequence <220> <223> PCR primer <400> 8 catatgtata tctccttctt aaagttaaac aaaa34 <210> 9 <211>
34 <212> DNA <213> Artificial <220> <223> PCR primer <400> 9 aaaacaaatt gaaattcttc ctctatatgt
atac34 <210> 10 <211> 10 <212> PRY <213> Atrtificial Sequence

32.  An isolated polypeptide comprising the amino acid sequence of SEQ ID
NQ:4, wherein the polypeptide comprises:
{(a) an amino-terminal truncation of no more than 8 amino acid residues, and
5 wherein the polypeptide is capable of lowering blood glucose in a
mammal;

{b)  a carboxyl-terminal truncation of no more than 12 amino acid residues,
and wherein the polypeptide is capable of lowering blood glucose in a

mammel; or
10 (c) an amino-terminal truncation of no more than 8 amino acid residues and a
carboxyl-terminal truncation of no more than 12 amino acid residues, and
wherem the polypeptide is capable of lowering blood glucose in a

mammal.

15 33, Anisolated fusion protein comprising:
(a) an IgG constant domain;
(by  alinker sequence fused to the IgG constant domain; and
{c) an FGF21 mutant fused to the linker sequence and comprising the amino
acid sequence of SEQ ID NOQO: 4, wherein an arginine residue has been
20 substituted for the leucine residue at position 98 and a glycine residue has

been substituted for the proiine residue at position 171.

34.  The isolated fusion protein of claim 33, wherein the linker sequence
comprises GGGGGSGGGSGGGGS (SEQ ID NO:23).
25
35.  The isolated fusion protein of claim 33, wherem the IgG constant domain
comprises SEQ 1D NO: 13.

36.  The isolated fusion protein of claim 33, wherein the linker sequence
30 comprises GGGGGSGGGSGGGGS (SEQ 1D NO:23) and the IgG constant domain

comprises the amino acid sequence of SEQ 1D NO: 13.
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<220> <223> portion of a mature human FGF21 polypeptide <400> 10 Met His Pro lle Pro Asp Ser
Ser Pro Leu 1510 <210> 11 <211> 63 A-1429-WO0-PCT-ART34_ST25.txt <212> DNA <213> Atrtificial
Sequence <220> <223> sense strand ,from a portion of an FGF21 expression construct <400> 11
ttttgtttaa ctttaagaag gagatataca tatgcatcca attccagatt cttctccatt60 att63 <210> 12 <211> 63 <212>
DNA <213> Atrtificial <220> <223> anti sense strand from a portion of an FGF21 expression construct
<400> 12 aaaacaaatt gaaattcttc c c atatgt atacgtaggt taaggtctaa gaagaggtaa60 taa63 <210> 13 <211>
227 <212> PRT <213> Homo sapiens <400> 13 Asp Lys Thr His Thr Cys Pro Pro cys Pro Ala Pro Glu
Leu Leu Gly 51015 Gly Pro Ser Val Phe La! Phe Pro Pro Lys Pro Lys Asp Thr La! met 202530 lle Ser
Arg Thr Pro Glu Val Tiit. CysI'ali Médtshlfdssm valosen iscBhd046, wherein the N terminus of the

linker is fused to the C terminus of the IgG constant domain and the N terminus of the

FGF21 mutant is fused to the C terminus of the linker,

5
38. A multimer comprising two or more of the fusion proteins of claim 33,
39.  The isolated fusion protein of claim 33, wherein the FGF21 mutant further
comprises at least one amino acid substitution that is:
10 (a) a phenylalanine, proline, alanine, serine or glycine at position 179,

(b)  aglutamic acid, glycine, proline, or serine at position 180; or

(©) a lysine, glycine, threonine, alanine, leucine, or proline at position 181,

40,  The 1solated fusion protein of claim 33, wherein the FGF21 mutant further

15  comprises 1 to 10 amino acid residues fused to the C-terminus of the FGF21 mutant.

41, The isolated fusion protein of claim 40, wherein the 1 to 10 amino acid

residues are selected from the group consisting of glycine, proline and combinations

thereof.
20
42, The isolated fusion protein of ciaim 33, wherein the FGF21 mutant
COmpriscs:
{(a) an amino-terminal truncation of no more than 8 amino acid residues,
wherein the polypeptide is capable of lowering blood glucose in a
25 mammal;
(b) a carboxyl-terminal truncation of no more than 12 amino acid residues,
wherein the polypeptide is capable of lowering blood glucose in a
mammal; or
(c) an amino-terminal truncation of no more than 8 amino acid residues and a
30 carboxyl-terminal truncation of no more than 12 amino acid residues,
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Glu Asp Pro Glu val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu val 505560 His Asn Ala Lys Thr Lys Pro
Arg Glu Glu GIn Tyr A n Ser Thr Tyr 65707580 Arg Val Val Ser Val Leu Thr val Leu His Gin Asp Trp
Leu Asn Gly 859095 Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala La! Pro Ala Pro lle 100105110 Glu
Lys Thr lle Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro Gin Val 115120125 Tyr Thr Leu Pro Pro Ser Arg
Asp Glu Lets Thr Lys Asn GIn val Ser 130135140 Page 5 A-1429-WO0-PCT-ART34_ST25.txt Leo Thr
Cys Leo val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val GM 145150155160 Trp Glu Ser Asn Gly Gin Pro

Glu A n Asti Tyr Lys Thb Thr Pro Pro 165%70175 val Leo % ser Asp Gl %er Phe Phe Leo Tyr ser
Lys Lo Thr Vil 180185100 MSEH S cPATEHEEtT IR RonfLrPHe SERCELESF vl fro
195200205 His Glu Ala Leorhtisifsh His Tyr Thr Gin Lys ser Leo Ser Leo Ser 210215220 Pro Gly Lys
225 <210> 14 <211> 34 <212> DNA <213> Avrtificial Sequence <220> <223> PCR primer <400> 14

43.  The isolated fusion protein of claim 33, wherein the FGF21 mutant

5  comprises an amino acid sequence that is at least 85 percent identical to the amino acid

sequence of SEQ ID NO: 4, but wherein the arginine at position 98 and the glycine at
position 171 are not further modified.

44. A pharmaceutical composition comprising the isolated fusion protein of

10 claim 33 or claim 38 and a pharmaceutically acceptable formulation agent.

45, A method for treating a metabolic disorder comprising administering to a

~ human patient in need thereof the pharmaceutical composition of claim 44.
15 46. The method of claim 45, wherein the metabolic disorder is diabetes.
47.  The method of claim 45, wherein the metabolic disorder is obesity.

48.  An isolated nucleic acid encoding the fusion protein of claim 33.

20
49. -+ A vector comprising the nucleic acid molecule claim 48,

50. A host cell comprising the nucleic acid molecule of claim 48,

25
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aggaggaata acatatggac aaaactcaca catg34 <210> 15 <211> 23 <212> DNA <213> Artificial
Sequence <220> <223> PCR primer <400> 15 ggatccacca ccaccgctac cac23 <210> 16 <211> 39
<212> DNA <213> Artificial Sequence <220> <223> PCR primer <400> 16 ggtggtggtg gatcccatcc
aattccagat tcttctcca 39 <210> 17 <211> 33 <212> DNA <213> Atrtificial sequence <220> <223> PCR
primerPage 6 A-1429-WO0-PCT-ART34_ST25 xt <400> 17 tagtgagctc gaat c tag gaagcgtagc tgg33
<210> 18 <211> 27 <212> DNA <213> Atrtificial Sequence <220> <223> PCR primer <400> 18
atggtggaac cttcccaggg ccgaagc27 <210> 19 <211> 30 <212> DNA <213> Artificial sequence <220>
51. A polypeptide comprising the amino acid sequence of SEQ ID NO4,

further comprising the mutations LO8R and P171G.

52. A fusion polypeptide comprising the polypeptide of claim 51 linked to

a heterologous sequence.

53. The fusion polypeptide of claim 52, wherein the heterologous sequence

is a Fc sequence.

34. The fusion polypeptide of claim 53, wherein the Fc sequence
comprises the amino acid sequence of SEQ ID NO:13.

35. The fusion polypeptide of claim 54, wherein the polypeptide is joined
to the heterologous sequence by a linker,

56. The fusion polypeptide of claim 55 wherein the linker is
GGGGGSGGGSGGAGS (SEQ ID NG:23).

57. The fusion polypeptide of claim 55 wherein the linker is
GGGGSGGGGEGGAEES (SEQ ID NO:31).

S8. ~ The fusion polypeptide 56, wherein the fusion polypeptide is encoded
by the nucleic acid sequence of SEQ [D NO:37.

59, A multimer comprising two or more copies of the fusion polypeptide
of claim 358.
60. A pharmaceutical composition comprising the fusion polypeptide of

claim 58 and a pharmaceutically acceptable formulation agent.
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<223> PCR primer <400> 19 ggaaggttcc accatgctca gagggtccga30 <210> 20 <211> 50 <212> DNA
<213> Artificial Sequence <220> <223> sense strand fronr a portion of an FGF21 expression construct
<400> 20 ctcctcggac cctctgagca tggtgggacc ttcccagggce cgaagcecccasb0 <210> 21 <211> 30 <212>
DNA <213> Artificial <220> <223> PcR primer <40 tgggag actcgtacca ccttggaagg30 <210>
22 <211> 50 <212> DNA <213>5@%31§|3@f<,_ g@%ﬁz’;srﬁ%?ﬁgg strand from a portion of an FGF21
expression construct <400> 22 gaggagcctg ggagactcgt accaccctgg aagggtceceg gettcggggts50 <210>
23 <2‘ﬂ§>15g§%g?%b%@%{ﬁ%éﬁ-wo-PC7-ART34_5T25.txt <213> Artificial Sequence <220> <223>

linker sequengg: @a%ﬁé&@y Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Gly ser 151015 <210>

24 <211> A248<PIDRPRY I . '
Li% Yue-Sheng
~michaels, Mark L.
‘Sun, Jeonghoon

Page 1

Arg Tyr

Xu, Jing
<120$ FGF21 Mutants and uses Thereof
<130>  A-1429-WO-PCT
<140> PCT/Us2009/046113
<141> 2009-06-03
<160 4;
<170> PatentIn version 3.5
<210> 1 '
<211> 630
<212> DNA L
<213> Homo sapiens
T <400 X
atggactcgy acgagaccgg grtogagcac tcaggactgt gogtitctgr gctogctggr 60
ctrctgetyy gagoctygoca ggracacccc atCoctgact Clagtcctet corgeaatte 120
goggoccaag tCCgutageg gtacctctac acagatgatg cccagcagac agaagoccac 180
ctygagatca gggaggatod gacggfgggg ggcgctgcty accagagrec cgaaagtote 240
ctgcagetga aagoctigaa gocgggagtt attcaaatct tgggagtcaa gacatccagy 300
Trectgtgee agcggcéaga tggggcccty tatggatcge tccactttga ccctgaggec 360
Tgragcttce gggagoigot tottgaggac ggétacaatg Tttaccagic cgaagcccac 420
ggccteeoge tgcacctgce agggaacaag Ltocccacact gggaccctye acceogagga 480
£cagetcget TCCTgeeact accaggoctyg Ccooocegeal ceeeggagec accoggaate 540
Cctgocccece agoccecega tgtgogeter teggaccote tgagcatggt gggaccitcc 600
capggecgaa geocragceta cgottectga €30
<210> 2
<211> 209
<21l2> PRT _
<213> Homo sapiens
<400> 2 .
. Met Asp ser Asp Glu Thr Gly Phe Glu His Ser Gly Leu Trp val Ser
1 5 10 15
val Leu ala Gly Leu teu LeU"G}y“gga'Cys Gin ala wis pro Ile Pro
. 20
Asp Ser ser Pro Leu Leu GIn Phe Gly Gly Gin val Arg Gln
35 40 45



<213> Artificial <220> <223> Pc-(G4S)3-FGF21 <400> 24 Met Asp Lys Thr His Thr Cys Pro Pro Cys
Pro Ala Pro Glu Leu Leu 151015 Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
202530 Met lle Ser Arg Thr Pro Glu Val Thr Cys val Val Val Asp Val Ser 354045 His Glu Asp Pro Giu
Val Lys Phe Asn Trp Tyr Val Asp Gly val Glu 505560 Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin
Tyr Asn ser Thr 657075BO Tyr ArgMabViet-$er R 13dusTRs MattLeu His Gin Asp Trp Leu Asn 859095
Gly Lys Giu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro 100105110 lle Glu Lys Thr lle Ser
Lys Ala s Gly-Gib,Pre AL Gl P Gt 154,20425:Mal Tawr Thi Liew PreyPro Ser Arg Asp Glu Leu Thr
Lys Asn &In Val 130135140 SékLeu Thr cys Leu val®ys Gly Phe Tyr Pro Ser Asp lle Ala Val
145150155160 Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro 165170175 Pro Val-
Leudysp Sgr Asp-Gly Sar Bhe Bhe Ay Ay 3ep loys Leir Thme1804 88190=u
A-1429-w0-PCT-ART34_5P25.txt Val Asp Lys Sét Arg Trp Gin Gin Glygﬁsn Val Phe Ser Cys Ser Val

Leu GIn Leu Lys Ala Leu Lys Pro Gly gg1 Te ¢in Ile Leu‘%éy val
: 85 _

Thr Phe Gin Pro Gly Ala Leu

110

LyS Sar Leu Cys Asp Tyr Gly

Glu
125

Ala Phe

120 -

His Pro Giu Sar Ley Leu

115

Ser Leu AsSp Arg

Hi's Leu
140

Gly Tyr #sn val Tyr Gln Ser Glu Ala Gly Leu Pro

Pro Gly Asn ser Pro His Arg Pro Ala Pro Arg Gly

Ala Pro Pro Glu

175

Ala Phe Pro Pro Ley Pro

170

Arg Leu Leu

Gly
165

ile Ala Gin val

180

Pro Pro Gly Ser Ser

190

Leu Pro Pro

185

Pro Asp Gly ASp

Pro Led val Pro Ser Gin Ala

200

ser ser

185

Met Gly Arg Pro

205

Gly Ser Tyr

Ser

<2310> 3

<21i> 546
<2312> DNA
<2i3> Homo

<400> 3

sapiens

caccccatec
ctcfacacag
Fepdelelolalolelals
ggagttattc
gcectgtatg
gaggacggat
aacaagrtccc

ggecetgooe

ctgactccag
atgatgceca
ctgetgacea
aaatcrtoyy
gatcgetoca
acaatgttta
cacaccggga

ccgraccece

tecretecty
gcagacagaa
gagccccgaa
agtcaagaca
ctrtgaccet
ccagtccgaa

cectgeacic

ggagecacce ggaatcctgg:

caattcggygy
gcccacotyy
agtctectge
tccaggrtee
gaggcctgca
geccacggec

cgaggaccag

Page 2

gecaagteey
agatcaggga
agctgaaage
tgtgecageg
gcrrccggga
tccegetgea
ctegetioct

ceceecagee

gcagcggtac
gGatgsgacy
crtyaageeg
gccagatogy
gerocttett
cctgécaggg
gccaciacca

ccocegatgty

&0
120
180
240
300
360
420
480



195200205 Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu 210215220 ser Pro Gly
Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly 225230235240 Gly Gly ser His Pro lle Pro AS Ser
Ser Pro Leu Leu Gin Phe Gly 245250255 Gly Gin Val Arg Gin Arg Tyr Leu Tyr Thr Asp Asp Ala Gin

Gin Thr 260265270 Glu Ala His Leu Glu lle Arg Glu As G Thr Val Gly Gly Ala Ala 275280285 Asp
GIn Ser Pro Glu Ser Leu

al lle le Leu Gly val
Lys PRFSET ﬁ% Phe tet Lﬁcﬁscétﬂg%%%gﬁg‘% 55% Célgaﬂgf%%%g ¥Tyr GlfSI Sgecé Leu His Phe
Asp Prot@du Ala Cys 325330335 Ser Phe Arg Glu Leu Leu Leu Giu Asp Gly Tyr Mre¥al Tyr Gin se
340345350 Glu Ala His Gly Leu Pro LeU His Leu Pro Gly Asn Lys Ser Pro His 355360365 Arg Asp Pro
Ala Rroérg @ly Pro Ala Arg Phe Leu Pro Leu Pro Gly 370375380 Leu Pro Pro Ala Pro Pro Glu Pro
Pro @glée LéftAla Pro Gin Pro 385390395400 Pro Asp val Gly Ser ser Asp Pro Leu Ser Met Val Gly
[

Pro S n ,4 1Q446,Gly Arg ser Pro Ser Tyr Ala Ser 420 <210> 25 <211> 424 <212> PRT <213>

Artificial
< 400>

Hiz Pro Ile Pro Asp Ser Sar Pro teu Leu Gin Phe Gly Gly Gln val
1 5 . 10 15

Arg Gin Arg gér Leu Tyr Thr Asp ggp Ala ¢In GlIn Thr g%u Ala His

Leu Glu Ile Arg Glu Asp Gly Thr val Gly Gly ala Ala Asp Gln Ser
_ 35 40 45

Pro Glu Ser Leu Leu GIn Leu tys Ala Leu Lys Pro Gly val Ile GIn
50 35 . 60

1le Leu Gly val Lys Thr Ser Arg pPhe Leu Cys GIn Arg Pro Asp Gly
65 70 75 80

pur
m

ala Leu Tyr Gly Ser ieu His Phe Asp Pro Glu Ala Cys Ser Phe Arg
85 . 90 95

Glu Leu Leu Leu Glu Asp Gly Tyr Asn val Tye Gin Ser Glu Ala His
100 105 110

Gly Leu Pro Leu His Leu Pro Gly Asn Lys 5ar Pro His Arg Asp Pro
115 , 120 125 .

Ala Pro Arg Gly Pro Ala Arg Phe Leu Pro Leu Pro Gly Leu Pro Pro
130 135 140

~ Ala Pro Pro Giu Pro Pro Gly I7e Leu Ala Pro GIn Pro Pro Asp val
145 150 ' 155 160

Gly Ser sar Asp Pro LeulSer met val Gly Pro Ser &1n Gly Arg Ser
165 170 175

Pro Ser Tyr Ala ser
180

<2i0> 5

«<211> 40

<212> DHA

<213> Artificial sequence

<220> )
<223 PCR primer

Page 3



<220> <223> PGF21(15)-FcPage 9 A-1429-WO-PCT-ART34_ST25.txt <400> 25 Met His Pro lle Pro
Asp Ser Ser pro Leu Leu Gin Phe Gly Gly Gin 151015 Val Arg Gin Arg Tyr Leu Tyr Thr Asp Asp Ala
Gin Gin Thr Glu Ala 202530 His Leu Glu lle Arg Glu Asp Gly Thr Val Gly Gly Ala Ala Asp Gin 354045
Ser Pro Giu Ser Leu Leu Gin Leu Lys Ala Leu Lys Pro Gly Val lle 505560 Gin lle Leu Gly Val Lys Thr
Ser Arg Phe Leu Cys tin Arg Pro- Asp465 (239 Gly-AlR d-eu TyGly Ser Leu His Phe Asp Pro Glu Ala
Cys S#10Phes859095 Arg Glu Leu Leu Leu Giu Asp Gly Tyr Asn Val Tyr Gin Ser Glu Ala 100105110
His GRPRRRAPT® FEETRIGTHEU PR BRFAS A TYEEE S0 His Arg Asp 115120125 Pro Al Pro Arg Gly
Pro Ala Arg Phe Leu Pro Leu Pro Gly Lev Pro 130135140 Pro Ala Pro Pro Glu Pro Pro Gly lie Leu Ala -
Pro &ia{Pro Pro Asp 145150155160 Val Gly Ser Ser Asp Pro-Leu Ser Met Val Gly Pro Ser Gin Gly Arg
16517375 $25 Pro Ser Tyr Ala Ser Gly Gly Gly Gly Gly Ser Gly Gly Gly Ser 180185190 Gly Gly Gly
Gly SerAsp Arysi Fhrildis JduuEys Pro Pro Cys Pro Ala

<220>
<223> PCR primer

<400> 6 |
tagtgagctc gaattcttag gaapcgtage tgg . 33

«210> 7

<211s 41

<212> DNA -

<233 - artificial seguence

<220> :
<223> PCR primer

<400> 7 ‘
ggagatatac atatgccaat tccagattct tctccattat t 41

<210> B

<21l> 34

<212> DNA

<213> artificial sequence

E220>
<223> PCR primer

<400> 8 )
catatgtata TCtCcttctt aaagitaaad

o
or
Y
1
LAS
I

<210> -5

<211i> 34

<Z212> DNA

<213> Arvificial

<220>
<223> PCR primer

<400> 9
aazacaasatt gaaattcitc ctctatatgt atac , 34

<210> 10

<211l> 310

<212> PRT '
<213> artificial Seguence

<220 _ .
<223> portion of a mature human FGF2L1l polypeptides

<400> 10
Mot His Pro Ite Pro Asp Ser Ser Pro Ley
1 5 10

<Z10> 11
<211> 63
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195200205 Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Lew Phe Pro Pro Lys Pro 210215220 Lys Asp
Thr Leu met lle Ser Arg Thr Pro Giu val Thr Cys Val Val 225230235240 Val Asp Val Ser His Giu Asp
Pro Glu val Lys Phe Asn Trp Tyr val 245250255 A-1429-WO-PCT-ART34 ,ST25.txt 260265270 Tyr
Asn Ser Thr Tyr Arg val Val Ser Val Leu Th[VaI_L u{%—('s_é%/?f 275{280285 Asp Trp Leu Asn Gly Lys Glu
Tyr L)ﬁZCys s Val Ser Asn Lys AI&H90595%d0 1 0 _égro lle Glu Lyslle Ser Lys Ala Lys Gly
Gin éj@3§05 12320 Asgueiedro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr 325330335
Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser 340345350 Asp lle Ala Val Glu Trp
Glu %%SHS%QH{PgQéGd.HgﬁSQ AsrTyR 3536036 Lyexbhe EhpRrenRrerviat Leu Asp Ser Asp Gly
Ser Phe ,Phe Leu Tyr 370375380 Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe
385340305400 Se Coo Ser Vol met IS GbAA Lt Hischspibs ducThudin Lys 406910415 Ser Leu

Ser Leu Ser Pro Gly Lys 4 10> 26 <211> 424 <212> PRT <213> Atrtificial 63
att. ‘

<210 12

<211> 63

<212> DNA

<213> Artificial

<220> . o / ‘
<223> ‘antisense strand from a portion of an FGFZL expression Construct

<400> 12 ‘ .
aaaacasatt gaaattCcttc ctctatatgt atacgtaggt taaggtctaa gaagaggtaa 50

taa _ 63
<210> 13

<21l> 227

«212> - PRT i

<Z13> Homo Sapiens

«400> 13

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly

1 5 10 : 15

gly pPro ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp ggr Leu Met
: 20 25

Tle Ser Arg Thr pro Glu val Tgr Cys val val val égp val ser His
35 . 4

Glu asp Pro Glu val Lys P?e Asn Trp Tyr val égp Gly val Glu val
50 5

His asn aAla Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn ser Thr Tyr
G5 70 75 80

arg val val ser val Lteu Thr val Leu ggs Gln Asp Trp Leu ggn Gly
85

Lvs €lu Tvr Lys Cys Lys val sar asn Lvs Ala teu pro Ala pro Ile
Y Y 1%0 Y Y 105 110

Glu Lys Thr Ile Ser Lys Ala Lys Gly Glin Pro Arg Giu Pro GIn val
115 120 125

Tyr Thr Leu Pro Pro Seﬁ Arg Asp Glu Ley Thr Lys‘Asn Gin val ser
130 - 135 140
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<220> <223> Fc-(G45)3-FGF21 G170E <400> 26 Met Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala
Pro Glu Leu Leu 151015 Gly Gly Pro ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu 202530
Met lle Ser Arg Thr Pro Glu val Thr Cys Val Val Val Asp Val Ser 354045 His Glu Asp Pro Glu val Lys
Phe Asn T p Tyr Val Asp Gly val Glu 50SS60 A-1429-WO-PCT-ART34_ST25.txt Val His Asn Ala Lys
Thr Lys Pro Arg Glu Glu Gin Tyr Wi Ser-Jitwre570¢580 FyrsAtgival Val Ser Val Leu Thr Val (au His
Gin Asp Trp Leu Asn 859095 Gly Lys Glu Tyr Lys Cys Lysl\éalﬂ%e(/%sr& s Ala Leu Pro Ala Pro

rg GluPr

1oo§£§-1““f0" IR BIeLySethEYR SBf ()8 A LIS G§ G Pro in 115120125 Val Tyr Thr
Leu™Pro Pro Ser Arg Asp Glu Leu Thr Lys ASn Gin Val 130135140 Ser Leu Thr Cys (au Val Lys Gly

'he Tyr Pro Ser Asp lle Ala Val 145150155160 Tr. Sef Asn Gly.Girt Pro Glu Asn ASn Tyr Lys
Thr -'TyFr? ﬁfg fbegl‘?g'iﬁ'if %YQ/JI "Eeu?/is]f‘fée%ggé} él)'/‘ %ﬁgﬁe Pha,i%u Tyr Ser Lys Leu Thr
180185190 val Asp Lys Ser Arg Trp Gin Gin Gly Asn val Phe ser Cys Ser val 195200205

val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val
180 185 180

ASp Lys Ser Arg Trp GIn GIn Gly Asn val phe Ser Cys Ser val Met
195 : 200 205

His GTu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Lau Ser
210 ' 215 , 220

pPra Gly Lys
225

<Z10> 14
<z11l> 34
<212> DNA
<213» Artificial Ssguence

<220 i
<223> PCR primer

<400> 14
‘aggaggaata acatatgygac aagactcacad catg ‘ 34

<210 15
<211> 23
<2125 DNA ) :
<213> Artificial sequence

<2 20> :
«223> PCR primer

<400> 15
ggatccacca ccaccgertac cac 23

<210> 16

<Z21il> 39

<Z212> DNA

<213> artificial Seguence

<220>
<223» PCR primer

<400> 16 :
gotggtgoty gatcccatco aattccagat tottotcca 38

<210> 17

<211l> 133

<212> DNA

<213> Artificial sequence

<220 )
<223» PCR primar
page 6



Met His Glu.Ala Leu His Asn His Tyr Thr Gin Lys Ser (au Ser Leu 210215220 Ser Pro Gly Lys Gly Gly
Gly Gly Ser Gly Gly Gly Gly Ser G y Gly 225230235240 Gly Gly Ser His Pro lle Pro Asp ser Ser Pro
Leu Leu Gin Phe Gly 245250255 Gly Gin Val Arg Gin Arg Tyr Leu Tyr Thr Asp Asp Ala Gin Gin Thr
260265270 Glu Ala His (au Glu lle Arg Glu Asp Gly Thr val Gly Gly Ala Ala 275280285 Asp Gin Ser
Pro Glu Ser Leu Leu Gin Leu LysAktE&UMyRPrORIRA 295295500 Val lle Gin lle Leu Gly Val Lys Thr
ser AugyRhe {:eu Cys Gin Arg 305310315320 Pro Asp Gly Ala Leu Tyr Gly Ser (au His Phe Asp Pro
Glu Algfope 325 830885 Rage kR gAat4289V0-PCT-ART34 ST25.txt Ser Phe Arg Glé Leu Leu Leu
Glu Asp Gly Tyr Ash Val Tyr GIn Ser 340345350 Glu Ala His Gly Leu Pro Leo His Leu Pro Gly Asn Lys
" Ser Rraddis 835360365 Arg Asp Pro Ala Pro Arg Gly Pro Ala Arg Phe Leu Pro Leu Pro Gly 370375380

Leu P2éProZla Pro Pro Glu Pro Pro Gly lle Leu Ala Pro GIn Pro 385390395400 Pro Asp Val Gly Ser
ser é%%ﬁro mﬁ%rgMegg/@Je@c@ Pro Ser GIn 405410415 Gly Arg Ser Pro Ser Tyr Ala ser 420

<220 i
<223> PCR primer

<400> 1B ‘
atggtggaac cttcccaggg ccgaage .27

<210 19

<211> 30

<212>  DHNA

<213> Artificial sequence

<220> '
<223> PCR primer

<400> 19 ¢ |
pgasggttoe accatgotca gaggygtccga o : 30

<Z210> 20

«<211> 50

<212> DHNA

<213 Artificial Sequence

<Z20> ‘ .
«223> seanse strand from a portion of an FGF21 exprassion construct

<400 20 , : -
ctectoggac cototgagea tggtgggace ttoccaggge cgaageaerea ‘ 50

<Z10> 21
<211> 30
<212> DNA
<213> Artificial

<220> _
<223> PCR primer

<400> 21 ‘ :
agcctgggag actcgtacca ccettggaagg _ 30

<210» 22

<21i> 50

<212> DNA

<213> artificial

<220> : ‘ .
«223> antisense strand Trom a portion of an FGFIL expression Construct

<400> 22
gaggagcctg poagactegt accaccotgg aagugtcccg gottaggagt 50

<210> 23

<211> 15

«<212> PRT )
: Page 7



<210> 27 <211> 424 <212> PRT <213> Artificial <220> <223> Fc-(G45)3-FGF21 P171A <400> 27
Met Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 151015 Gly Gly Pro Ser Val Phe
Leu Phe ProPro Lys Pro Lys Asp Thr Leu 202530 Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
Asp Val Ser 354045 His Glu Asp Pro Glu Val Lys Phe Ash Trp Tyr Val Asp Gly Val Glu 505560 Val His
Asn Ala Lys Thr Lys Pro Arg Glu GluGdnybyr&shiSer Tir6578¢580 Tyr Arg Val Val Ser Val Leu Thr
Val +ZLEHis B sy drF eeiemesn 859095 Gly Lys Glu Tyr Lys Cys Lys val ser Asn Lys Ala Leu Pro Ala
Pro 200105110 lle Glu Lys Thr lle Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro GIn 115120125
A-1429:W0-ReleARIRANST 25.txt 130135140 ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro ser Asp
lle Ala Yal 145150155160 Giu Trp Glu Ser Asn Gly Gin Pro Giu Asn Asn Tyr Lys Thr Thr Pro

1651% 75 Pro Val Leu Asp ser Asp Gly 5cr Phe Phe Leu Tyr Ser Lys Leu Thr 180185190 Val Asp
Lys c;:_;ler Aty 'Eﬁp@ﬁv(&;liv@ly%@hWéﬁPﬁé B%C)ﬁé BEA VY Gly %r

<Z210> 24

<211> 4724

<Z212> PRT

<213> arvificial

<220 . C
<223> Fc-(G48)3-FGF21

<400> 24 . .
Met Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
1 5 10 15

Gly Gly Pro Ser val phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
20 25 .30

Met Tle Ser arg Thr pro Glu val Thr Cys val val val asp val ser
35 ' 40 45

His &lu Asp Pro Glu val Lgs rhe Asn Trp Tyr gg? aAsp Gly val Glu
50 5

val His Asn Ala Lys Thr Lvs Pro Arg Glu Glu Gln Tyr Asn Ser Thr
65 70 75 - 80

Tyr Arg val val ser val Leu Thr val ;Su His GIn Asp Trp ggu Asn
85

Gly Lys.Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro
i 1%0 Y 105 L

Ile GTu.Lys Thr Ile ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin
115 120 125

val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin val
130 135 ‘ 140

ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile Ala val
i45 150 155 160

Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro
165 170 : 175

Pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
: 180 185 150

rage 8



195200205 Met His Giu Ala Leu His Mn His Tyr Thr Gin Lys Ser Leu Ser Leu 210215220 Ser Pro Gly
Lys Gly Gly Gly Gly Ser Gly.Gly Gly Gly 5cr Gly Gly 225230235240 Gly Gly Ser His Pro lle Pro Asp
Ser Ser Pro Leu Leu Gin Phe Gly 245250255 Gly Gin Val Arg Gin Arg Tyr Leu Tyr Thr Asp Asp Ala
Gin Gin Thr 260265270 Glu Ala His ulle A u.A iy, Thr val Gly Gly Ala Ala 275280 ,285
Asp Gin Ser Pro Glu Ser Leu Leu%%ﬂ%%%&%%%%géfﬁ?%% iy 290295300 val lle.Gin lle La Gly
val Lys TheseryArgePhe-g etreys! GiaTArg B033108153P6 Bry Adts GBFAYa Leu Tyr Gly Ser Leu His Phe
Asp Pro Glu Af¥ Cys 325330335 séPPhe Arg Glu Leu Le6®eu Glu Asp Giy Tyr Asn Val Tyr Gin ser
340345350 Glu Ala His Giy Leu Pro Leu His Leu Pro Gly Asn Lys ser Pro His 355360365 Arg AS Pro
Ala PEs Atts GlIyuPrd AleArg PHe L eti PrMeﬂ“Pr@Gl% F375880 Bl PtB Pro Ala-Pro Pro Glu Pro
Pro Gly | Peu Ala Pro Gin Pro' 385390395400 A-14 -WO0-PCT-ART34_ST25.txt 405410415 Gly Arg

‘Ser Pro Ser Tyr Ala Ser 420 <210> 28 <211> 424 <21%> PRT <213> Ar]iificial
ser Pro Gly Lys Gly ggg Gly Gly Ser Gly Sgg Gly Gly ser Giy Gly
225 C

Gly GTy ser His Pro Ile Pro Asp Ser Ser Pro Leu Leu Gin Phe Gly
Y y‘ - 245 ’ 250 255

Gly G1n val Arg GIn Arg Tyr Leu Tyr Thr Asp Asp Ala GIn Gln Thr
Co 260 285 270

alu Ala His Leu GTu Ile arg Glu Asp Gly Thr val Gly Gly Ala Ala
275 . 280 285

psp Gln Ser Pro Glu Ser Leu Leu Gln Leu tys Ala Leu Lys Pro &ly
290 295 300

val I7e 6ln TTe Leu
305

w

b ek
Ea s

val Lys Thr Sar Arg Phe teu Cys Gin Arg
. 315 320

pro Asp Gly Ala Let Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
PEY AR Y " 330 335

i
iD
-y

phe Arg Glu Leu Leu Leu Glu Asp Gly Tyr Asn val Tyr GIn Ser
, - 340 245 350

Glu Ala His Gly Leu Pro Leu His teu Pro Gly Asn Lys Ser Pro His
355 © 360 365

Arg Asp Pro Ala Pro Arg Gly Pro ala Arg Phe Leu Pro Leu Pro Gly
370 | 375 380

Ley Pro Pro Ala Pro Pro 6lu Pro Pro Gly Ile ifeu Ala Pro Gin Pro
385 360 395 400

pro Asp val Gly Ser Ser Asp Pro Leu Ser Met val Gly Pro Ser Glin
© 405 A0 415

Gly Arg Ser Pro 'Ser Tyr Ala 5Ser
' 420

<210 25
<211> 424
<212» PRT Co
<213> Artificial

<220>.
<223»> FGEF2L{15)~FC
rage 9



<220> <223> Fc-(G4S)3-FGF21 S172L <400> 28 Met Asp Lys Thr.His Thr Cys Pro Pro Cys Pro Ala
Pro Glu Leu Leu 1510 Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr L u202530. Met
lle Ser Arg Thr Pro Glu Val Thr Cys val Val val Asp Val ser 354045 His Glu Asp Pro Glu Val Lys Phe
Asn Trp Tyr Val Asp Gly val Glu 505560 Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser
Thr 65707580 Tyr Arg Val val SerMakBexnThrivaRL et Fig GixAsp Trp Leu Asn 859095 Gly Lys Glu
Tyr Lys Cys Lys val Ser A n Lys Ala Leu Pro Ala Pro 100105110 lle Glu Lys Thr Ile Ser Lys Ala Lys _
Glygﬂ%?r;%rg Glu Pro Gin 115120125 Val Tyr. Thr Leu Pro Pro Ser Arg AS Glu Leu Thr Lys Asn Gin
val @801851460SETd eudT heiCyie i 6ieVarbysaGIy-hé TyrboS¥rAEpdlé Ala Val 145150155160 Glu
Trp*Glu Ser Asn Gly &in Pro Glu Asn Asn Tjspr Lys Thr Thr Pro 165170175 Pro val Leu Asp ser Asp

Gly Ser Phe Phe Leu Tyr Ser Lys Lew Thr 180185190 Val Asp Lys_ser ﬁb\arg Trp Gin Gin Gly Asn Val

Phéigbrﬁcglsﬁﬁér%al 19@52@92@5?%@@;? asp ala 6in GIn Sgr Glu A

His Leu Glu Ile arg Glu Asp Gly Thr val Gly Gly Ala Ala Asp Glin
35 ‘ 40 45

Ser pro Glu Ser Leu Leu Gin Leu Lys Ala Leu Lys Pro Gly val Ile
50 55 ' &0

. gIn Ile Leu 6ly val Lys Thr Ser Arg Phe Leu Cys Glin Arg Pro AsSp
65 70 75 80

Gly Ala lLeu Tyr Gly Ser teu His Phe ggp Pro Glu Ala Cys Sgr Phe
: B85

 arg Glu Leu Leu teu Glu Asp Gly Tyr Asm val Tyr Gln Ser Glu Ala
100 w05 110

His Gly Leu Pro Leu His Leu Pro Gly Asn Lys Ser Pro His Arg Asp
115 ' _120 125

pro ata Pro Arg Gly Pro Ala Arg Phe Leu Pro Leu Pro Gly Leu Pro
130 135 léO :

bro Ala Pro Pro Glu Pro Pro Gly Ile teu Ala Bro Gln-Pro Pro Asp
145 . 150 155 - 160

val Gly Ser Ser Asp Pro tLeu Ser Met Vag Gly Pro Ser Gin Gly Arg

sar pro Ser Tyr aAla ser Gly Gly Gly Gly Gly ser Gly Gly Gly ser
o 180 183 19

Lo

Gly Gly Gly Gly Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala
Y e 1955/ Y g 200 205

Pro Giu teu Leu Gly Gly Pro ser val phe Leu Phe Pro Pro Lys Pro
‘ 210 . 215 220

Lys Asp Thr Leu Met Ile Ser Arg Thr Glu val Thr Cys val val
335 P 230 ° 235 240

i
i
o]

val asp val ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val
: 245 250 255

asp Gly val Glu val His asn Ala Lys Thr Lys Pro Arg Glu Glu Gln
: Page 10



A-1429-WO-PCT-AR734_ST25.txt et His G u Ala Leo His Asn His Tyr Thr Gin Lys ser Leo ser Leo
210215220 Ser Pro G y Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly 225230235240 Gly Gly
Ser His Pro lle Pro Asp ser Ser Pro Leo Leo Gin Phe Gly 245250255 Gly Gin Val Arg Gin Arg Tyr Leo
Tyr Thr Asp Asp Ala Gin Gin Thr 260265270 Glu Ala His Leo Glu lle Arg Glu Asp Gly Thr Val Gly Gly
Ala Ala 275280285 Asp Gin Ser Ptoéig, $87 1els fBE Gin'CeoTis Ala Leo Lys Pro Gly 290295300 Val
lle Gin lle Leo Gly Val Lys Thr Ser Arg Phe Leo Cys Gin Arg 305310315320 Pro Asp Gly Ala Leo Tyr
Giy Ser Leo His Phe Asp Pro Glu.Ala Cys 325330335 Ser, Arg Glu l.eo LEO Leo Glu Asp Gly Tyr
Asn VA WPCBE@FSSE‘%I@@%@%@/ aéu};j ﬁ%ﬁTs 3{/ Egg%% gg%@lﬂ&g Pérﬂo,%GIy Asn Lys Ser Pro His
355360365 Arg Asp Pro Ala Pro Arg Gly Pro Ala Arg Phe Leo Pro Leo Pro Gly 370375380 Leo Pro
Pro Ala Pro Pro Glu Pro,Pro Gly-lle l.eo A nRro; 3 9 ro Asp Val Gly Ser ser Asp
Pro If”é':’g 58 r%%%‘v%%’é@grgy-?egé;i#%o%ﬁo%s%ﬁ g{% ggfl%?g S%??O'I%EAIa Ser 420 <210> 29 '
<211> 4 <212> PRT : ‘ -

Leéu Pro ala Pro Tle Glu Lys Thr Ile Ser Lys ala Lys Gly Gin Pro
305 310 ) 315 320

Arg Glu Pro Gln val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr
: 325 330 . 335

Lys Asn Gin val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro ser
340 345 350

Asp Ile Ala val 6lu Trp Glu Ser asn Gly Gin Pro Glu Asn Asn Tyr
‘ 355 360 385 '

Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
370 , 375 ‘ : 380 '

Ser Lys Leu Thr val Asp Lys Ser Arg Trp Gln Gln Gly Asn val Phe
355 4 ‘ 398 Y ' 385 ' 400

sar Cys ser val met His Glu Ala Leu His Asn His Tyr Thr Gla Lys
405 410 ‘ 415

Ser Leu Ser Leu Ser Pro Gly Lys
- 420 |

<2il> 26
<21l> 424
<212> PRT
<213> aArvificial

<220>
<223» Fe-{G4S)3-FGFZL cl70=

<400> 26
Met Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
1 5 10 15

Gly Gly Pro Ser val phe Leu Phe Sgo rro Lys Pro Lys %gp Thr Leu
' 20 '

Met Ile Ser Arg Thr Pro Glu val Thr Cys val Va1‘X§T Asp val ser
' 35 40

His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr gg? Asp Gty val Glu
50 55 ‘

page 11



<213> Artificial <220> <223> linker <400> 29 Gly Gly Gly GlyPage 16
A-1429-WO-PCT-ART34_5725.txt 1 <210> 30 <211> 5 <212> PRT <213> Atrtificial <220> <223> linker
<400> 30 Gly Gly Gly Gly Gly 15 <210> 31 <211> 15 <212> PRT <213> Atrtificial <220> <223> linker
<400> 31 Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 151015 <210> 32 <211> 8
<212> PRT <213> Atrtificial <220%-4#23wlinRET-4400% 8225 . TxT.

val His Asn ala Lys Thr Lys Pro Arg Glu Giu GIn Tyr Asn Ser Thr
65 70 75 B0

'Tyr Arg val val ser val teu Thr Va1wu§u His Gin AsSp Trp é?u ASH
e]

Gly Lys Glu Tyr tys Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro
‘ 1060 105 110

1Te Glu Lys Thr Ile Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro Gln
115 120 125

val Tyr Thr Leu Pro Pro Ser Arg Asp Glu teu Thr Lys Asn Gln val
130 ‘ 135 14Q

ser Leu Thr Cys Leu val Lys Gly phe Tyr Pro Ser Asp Ile Ala val
145 - 150 155 160

Glu Trp Glu Ser asn Gly GIn Pro Glu Asn Asn fyr Lys Thr Thr Pra
‘ 165 170 ‘ 175

Pro val Leu Asp Ser Asp Gly Ser phe Phe Leu Tyr 5er Lys Leu Thr
180 185 180

ser Arg Trp Gin Gin Gly Asn val Phe Ser Cys Ser val

val Asp Lys
195 200 205

Met His GTu Ala Lew Bis Asn His Tyr Thr Gin Lys Ser Leu Ser Leu
210 215 ‘ 220

sar Pro Gly Lys GTy Gly Gly Gly ser Gly 6ly Gly Gly ser Gly Gly
225 . 23D - 235, : 240

Gly Gly Ser His Pro Ile Pro Asp Ser Ser Pro Leu Leu Gin Phe Gly
245 250 255

Gly GWn'Va} Arg Gln Arg Tyr teu Tyr Thr Asp Asp Ala Gln &In Thr
280 265 - 270

Glu Ala His Leu Glu I1e Arg Giu Asp G?y'Thr val Gly Gly Ala Ala
275 280 285

AsSp GIn Ser Pro Glu Ser Leu Leu Gin Leu Lys Ala Leu Lys Pro Giy
290 295 300

val Ile GIn 1le Leu Gly val Lys Thr Ser Arg Phe Leu Cys Gln Arg
305 310 315 320

Pro Asp Gly Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
325 - 330 335

Page 12



Gly Gly Gly Lys Gly Gly Gly Gly 5 <210> 33 <211> 8 <212> PRT <213> Artificial <220> <223> linker
<400> 3_3 Gly Gly Gly Asn Gly Ser Gly Gly 15 <210> 34 <211> 8 <212> PRT <213> Artificial <220>
<223> linker <400> 34 A-1429-WO-PCT-4RT34_ST25.txt Gly Gly Gly Cys Gly Gly Gly Gly 15 <210>
35 <211> 5 <212> ificial - i ' |
PRT <213> Atligg) <2202 <2235 Jinkef; 400> 35 Gy Pro Asn Gly Gy

ser Phe Arg Glu Leu Leu Leu Glu Asp Gly Tyr Asn val Tyr Gln Ser
' 340 - 345 350

Glu Ala His Gly Leu Pro Leu His Leu Pro Gly Asn Lys Ser Pro His
355 360 365

Arg Asp Pro Ala Prd Arg Gly Pro Ala Arg Phe Leu Pro Leu Pro Gly
370 375 380 ‘

Ley ﬁro pro Ala Pro Pro Glu Pro Pro Gly Ile Leu Ala Pro Gln Pro
385 - 390 395 400

Pro Asp val Gly Ser Ser Asp Pro Leu Ser Met val Glu Pro Ser Gln
| 405 410 415

Gly Arg Ser Pro Ser Tyr Ala Ser
420

<2il> 27 .
<211s 424
<212> PRT
<213> Artificial

<220
<223> Fc-(G45)3-FGF21 pP171A

<&Q0> 27
Metr Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu °
1 - . 10 15

Gly Gly Pro Ser val phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
20 _ 25 30

Met Iie ger Arg Thr Pro Glu Vg? thr cys val val val asp val Ser
5 4 45

His ?1u Asp Pro Glu val Lys Phe Asn Trp Tyr g%1 Asp‘$1y val Glu
0 . 55 :

val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr
&5 : 70 75 80

Tyr Argrval val ser val teu Thr val Leu His Gin Asp Trp Leu Asn
85 80 95

2
3
O

Gly tys Glu Tyr Lys Cys Lys val 5er Asn Lys Ala Leu Pro Ala
100 : 105 116

1le Glu tys Thr e Ser Lys Ala Lys Gly Gin Pro Arg Giu Pro Gin
115 120 125

val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn GIn val
Page 13



15 <210> 36 <211> 424 <212> PRT <213> Artificial <220> <223> Fc-(G45)3-FGF21 L98R, P171G, .
<400> 36 Met Asp Lys Thr His Thr cys Pro Pro cys Pro Ala Pro G u Leu Lets 151015 Gly Gly Pro Ser
val phe Lets Phe Pro Pro Lys Pro Lys Asp Thr Leu 202530 Met lle Ser Arg Thr Pro Glu Val Thr.Cys
Val val Val Asp Val Ser 354045 His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu
505560 Val His Asn Ala Lys Thr Lys|Rro-Atg#@iuRIBG|sTPyr Mn Ser Thr 65707580 Tyr Arg Val Val
Ser val L'é& Thr val Lets His GI Asp Trp Lets Asn 839095 Gly Lys Glu Tyr Lys Cys Lys Val Ser Asti
Lys Ala Lets Pro Ala Pro 100105110 lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro din
115320126: Vel /Ty § hrduets ProyBro1Seriarg s polskets SEhirLy ssAsnvéin Val 130135140 Ser Lets
Thr &Y% Lets Val Lys Gly PR€ Tyr Pro Ser Asp llé*®la Val 145150155168°

A-1429-WO-PCT-ART34 _ST25.txt ‘

Glu Trp Glu Ser asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro
Aen S 75

pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
1RG 185 ' 180

val Asp Lys Ser Arg Trp Gln Gln Gly Asn val phe Ser‘Cys ser val
195 . 200 ' 205

Met HWis GTu Ala Leu His Asn His Tyr Thr &in Lys Ser Leu Ser Led
210 215 220

ser pro Gly Lys Gly Gly Gly Gly ser Gly Gly Gly Gly ser Gly Gly
225 230 . ' 235 240

Gly @ly Ser His Pro Ile Pro Asp Ser Ser Pro teu Leu Gln Phe Gly
245 250 255 .

Gly Gin val Arg Gln Arg Tyr Leu Tyr Thr asp Asp Ala gl &In Thr
. , . 7

Glu Ala His Leu Glu Ile Arg Glu Asp Gly Thr val Gly Gly Ala ala
275 280 | 285

asp Gln Ser Pro Glu Ser Leu Leu GIn Leu tys Ala Leu Lys Pro Gly
290 295 300

val Ile &ln Iie Leu Gly val Lys Thr Ser aArg Phe Leu Cys Gin Arg
305 310 315 320

pro Asp Gly ala Leu Tyr Gly Ser Lteu His Phe Asp Pro Glu Ala Cys
325 330 335

ser phe Arg Glu Leu Leu teu Glu Asp Gly Tyr Asn val Tyr Gln ser
' 340 345 350 :

Glu Ala His Gly teu Pro Leu wis teu Pro Gly Asn Lys Ser Pro His
355 360 365

Arg Asp Pro Ala Pro Arg Gly Pro ala arg Phe Leu Pro Leu Pro Gly
370 375 380 :

Leu Pro Pro Ala Pro Pro Glu Pro Pro Gly Ile Leu Ala pro Gin Pro
385 390 395 400

Pro asp val Gly Ser Ser Asp Pro Leu Ser Met val Gly ala ser ¢ln
Page 14



Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro 165170175 Pro Val Leu Asp Ser
Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr 180185190 Val Asp Lys Ser Arg Trp Gin Gin Gly Asn~
Val Phe Ser Cys Ser Val 195200205 Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Lea 5cr Leu
210215220 Set Pro Gly Lys Gly Gly gé_Gl ‘ser Gl % %L ly. ser Gly Gly 225230235240 Gly Gly
Ser His Pro lle Pro Asp,ger Ser P’f’éjg I Lh%_gn %%Tg § 2 02h5 Gly Gin Val Arg Gin Arg Tyr Leu
Tyr Thr Asp Asp Ala Gin Gin Thr 260265270 Glu Ala His Lets Glu lle Arg Glu Asp Gly Thr Val Gly Gly
AIa.ALia 27528028§ As aGiP §er Izr%egilu ser Leu Lets Gin Lets Lys Ala Lets Lys Pro Gly 290295300
Val Ife ’Gftﬁrﬁeﬁféﬂtsg_@y al If’yséljhr‘ er Arg Phe Lets Cys Gin Arg 305310315320 Pro Asp Gly Ala Lets
Tyr Gly Ser Lets His Phe Asp Pro Glu Ala cys 325330335 Ser Phe Arg Gill Arg Lets Lets Glu Asp Gly
Tyr Asp Val Tyr Gin Ser 340345350 Glu Ala His Gly Lets Pro Lets His Lets Pro Gly Asn Lys Ser Pro
His &%&O%Arg Asp Pro Ala Pro Arg Gly Pro Ala Arg Phe Lets Pro Lets Pro Gly 370375380 Lets

Pro Er%%?gl_a Fiﬁ(}C'TPfJ;%%IF Pro Pro Gly lle Lets Ala Pro Gin Pro 385390395400

<220> N
«223» Fe-(GASHA-FGF21 S172L

<408> 28
Mat asp Lys Thr #His Thr Cys Pro Pro gﬁs Pro Ala Pro G?u,%gu Leu
1 5 15

cly Gly Pra Ser val phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
20 ‘ 25 ' 30

Met ITe sar Arg Thr pro Glu val Thr Cys val val val Asp val ser
35 : 40 45

Ris Glu Asp Pro Glu val Lys phe Asn Trp Tyr val Asp Gly val Glu
50 55 60

val His Asn Ala tys Thr Lys Pro arg Glu Glu Gin Tyr Asn Ser Thr
65 ‘ 70 75 B0

Tyr Arg val val Ser val teu Thr val Leu His GIn Asp Trp ggu Asn
85 90

Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys ala Leu Pro Ala Pro
Yo 1%0 ys = ' 105 110

Tle ¢lu Lys Thr Ile ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gln
115 120 | 125 ‘

val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn ain val
130 _ 135 140 :

ser Leu Thr Cys Leu val Lys Gly phe Tyr pro Ser Asp Ile ala val
1§g = Y 150 g 155 160

Glu Trp Glu ser Asn Gly G¢1n Pro Glu Asn asn Tyr Lys Thr Thr Pro
P 165 Y 3170 173

Pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
183 P 185 : 190

val Asp Lys Ser Arg Trp Gin G?n Gly asn val phe Ser Cys Ser val
195 200 205

Page 15



Pro Asp Val Gly Ser Ser Asp Pro Lets Ser Met Val Gly Gly Ser Gin 405410415 Gly Arg Ser Pro Ser
Tyr Ala Ser 420 <210> 37 <211> 1274 <212> DNA <213> A rtifi ci al <220> <223> Fc(15)FGF21
L98R, P171G <400> 37 atggacaaaa ctcacacatg tccaccttgt ccagctccgg aactcctggg gggaccgtca
~ gtcttcctct tcccecccaaa acccaaggac accctcatga tetcecegtac cectgaggtc acatgegtgg tggtggacgt gagccacgaa
gaccctgagg tcaagttcaa ctggtacgtg-ga§gegtqy aggtychsEl fgcedagaca aagecgegtg aggageagta
CRARIGRT (BECHI99 [CRICISE! SRECIRCIA LAcRRIgRCL gaciapalgn egpogagtac aagigeangg
tctcCaacgghagccctccea geececceafeg agaaaaccat ctcc CC aaagggcagc cccgagaacc acaggtgtac
accctgcecec catcecegtga tgagctgace aagaaccagg tcagectgac ctgectggtc aaaggcttct atcccagega
* calegeedig,0anlopdaga geaalgegCa1gCelragRAG RARGAAGA ERAGIGCIES Catgctggac tecgacygct
ccttettect ctacagcaag ctCagggtgg acaagagccg ttggéagcag gggaacgtct tethatgctc cgtoatocat gaggctctge
acaaccacta cacgcagaag agcctctccc tgtctccggg Laaavytgga ggtggtggtt ctggtggtgg tageggtggt
gotgaatcees atecanticcopgattattel-geatiatias agdicggegge-ccaagtenggreagebgtacc tetacacaga tgatgeecag
cagacagaag cccacctgfe gatcagggag gatggda€gg tggggggege tgctddtcag agecccgaaa gtctectgea
gctgaaagcc ttgaagccgg gagttattca aatcttggga gtcaagacat ccaggttcct gtgccagcgg ccagatgggg
cccigiatgq rategticeacdttgacecty aggectgeagrsticegygag edtetElty @ggabggata caatgtttac cagtccgaag
cccacggcect cecgetfeac ctgccaggga ac cccc acaccgggac ceffcaccee gaggaccagc tcgcttectg
ccactaccag gcctgcccee cgeacccceg gagecacceg gaatcctgge ccececagecc ceccgatgtgg getcetcgga
cecteigagitratigiogyag gtiedeatiy Ebydegee0y ddetacyetb Pta 1 ¥ 210>/38 <211> 424 <212> PRT
<213> Artificfdl <220> <223> Fc(15)FGF21 <400> 38 Met Asp Lys Thr His Thr Cys Pro Pro Cys 1510
Pro Ala Pro Gill Leu Leu 15 A-1429-WO0-PCT-ART34.5T25.txt Gly Gly Pro Ser val Phe Leu Phe Pro
Pro4ya Bip 55 RSP T L& Bemlqlé%lLﬁ?ggﬁﬁer E1%8-U5P THY Cys Val Val val Asp Val Ser
354045 His Giu Asp Pro Giu val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu '

val T7e &ln Ile Leu Gly val Lys Thr Ser arg phe Leu Cys GIn Arg
305 310 _ 315 ‘ 320

y Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
325 ' 330 335

—
L

Pro Asp

(4]
Lut
el

ser Phe Arg Glu Leu Leu Leu Glu Asp Gly Tyr Asn Val Tyr Gin Ser
340 3435 350

Glu Ala His Gly Leu Pro Leu His Leu Pro Gly Asn Lys Ser Pro His
-355 360 365

ATG ASD Pro ATa Fro Arg Gly Prb Ala Arg Phe Leu Pro Leu Pro Gly
370 375 380

. Leu Pro Pro Ala Pro Pro Glu Pro Pro Gly Ile Leu Ala Pro Gln Pro
385 380 385 400

Pro Asp val Gly ser Ser Asp Pro Leu Ser Met val Gly Pro Leu Gln
405 410 415

Gly Arg Ser Pro Sar Tyr Ala Ser
420

<210> 29

<211l> 4

<212» PRT

<213 aArtificial

<220
{223> Tinker

<400> 29

Gly G¢ly aly Gly
i rage 16



505560 val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn ser Thr 65707580 Tyr Arg Val Val
Ser val Leu Thr Val Leu His Gin Asp Trp Leu Asn 859095 Gly Lys Giu Tyr Lys cys Lys Val Ser Asn Lys
Ala Leu Pro Ala Pro 100105110 lle Glu Lys Thr lie Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin

115120125 Val Tyr Thr Leu Pro Pro Ser ArgPAspAGILsu_a ng %bg Asn Gin Val 130135140 Ser Leu Thr
Cyskeu val Lys Gly Phe Tyr. Pro @’é‘r’f‘%\%‘ﬂ"% Ala v%ﬁ 145150155160 Glu Trp Glu Ser Asn Gly Gin Pro
Giu

sn Asn Tyr Lys Thr Thr Pro 165170175 Pro Val La Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
Lys Leu Thr 180185190 Val Asp Lys Ser Arg Trp Gin Gin Gly Asn val Phe Ser Cys Ser val 195200205
Met E@%Iu %a Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu 210215220 Ser Pro Gly Lys Gly Gly
Gly G Bly 8er Gly Gly Gly Ser Gly Gly 225230235240 Gly Gly Ser His Pro lle Pro Asp Ser Ser Pro
Leu BB PREGH 245250255 Gly Gin val Arg Gin Arg Tyr Leu Tyr Thr Asp Asp Ala Gln Gin Thr
260265270 Glu Ala His Leu Glu lle Arg Glu Asp GIY Thr Val Gly Gly Ala Ala 275280285

<223> Tinker - -
«400> 30

Gly 61y Gly Gly Gly
-4 5

<21 31
<21l> 15
<212> PRT _
<213> artificial

<220>
<223%> Tinker

<400> 31 ) _
Gly Gly Gly &ly ser Gly Gly Gly Gly ser Gly Gly Gly cly ser
17 5 10 | 13

<210 32
<211> 8 .

<212> PRT :
<213> arvificial

<220
<223» Tinker

<400> 32
cly Gly Gly Lys Gly Gly Gly Gly
i3 5

<210> 33

<Z1i> 8

<212> PRT
<213> Argificial

<220
<223> Tinker

<400> 33
¢ly ¢ly Gly Asn %_ﬂy Ser Gly Gly
1 B

<210> 34

<21l> B

<212> PRT

<213s Aartificial

<220> :
<223> Tinker

<400> 34
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- A-1429-WO-PCT-ART34_5725.txt Asp Gin Ser Pro Glu Ser Leu Leu Gin Leu Lys Ala Leu Lys Pro Gly
290295300 Val lle Gin lle Leu Gly Val Lys Thr Ser Arg Phe Leu Cys Gin Arg 305310315320 Pro Asp
Gly Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys 325330335 Ser Phe Arg Glu Leu Leu Leu
Glu Asp Gly Tyr Asn Val Tyr Gin Ser 340345350 Glu Ala His Gly Leu Pro Leu His Leu Pro Gly Asn Lys
Ser Pro His 355360365 Arg Asp RraAla-Roe - &Ry Rre7a. Axg Phe Leu Pro Leu Pro Gly 370375380
Leu P{o P{o élfal Pcro Prcr Gél? Prq Pré;x[GIy lle Leu Ala Pro Gin Pro 385390395400 Pro Asp Val Gly Ser
ser sﬁ Brd 1%8d s rslvl%tyVa IG 16 Ser Gin 405410415 Gly Arg Ser Pro Ser Tyr Ala Ser 420 <210>
39 <211> 424 <212> PRT <213> Atrtificial <220> <223> Fc(15)FGF21 G170E <400> 39 Met Asp-Lys
Thr His J.hr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 151015 Gly Gly Pro Ser Val Phe Leu Phe Pro

Pro LysiRroiys Asp Thr Leu 202530 Met lle Ser Arg Thr Pro Glu Val Thr Cys val Val Val Asp Val Ser
<212> PRT ‘ -
<213> Artificial

<220>
<223> TVinker

<400> 135
Gly Pro Asn Gly Gly
1 5

<23i0> 36
<211> 424
«212» PRT
<213> Artificial

«220> ) .
<223> Fc-{G45)3-FGrE21 LOBR, PL71G

<400> 36
‘Met Asp Lys Thr His ThHr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
1 5 10 15

Gly &ly Pro Sar val phe Leu Phe Pro Pro Lys Pro LyS gap Thr Leu
20 25

.#Met Ile Ser Arg Thr Pro Ghu val Thr Cys val val X%T Asp val ser
35 40

His GTu Asp Pro Glu val Lgs Phe Asn Tﬁp Tyr gg] asp Gly val Glu
50 : 5 ‘

val His Asn Ala Lys Thr Lys Pro Arg Glu Glu 6In Tyr Asn Ser Tar
65 70 : 75 SQ

Tyr Arg val val Ser val Leu Thr val ggu His Gln Asp Trp ggu Asn
' 85

Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro
iad 100 g 105 110

ITe 6lu Lys Thr Ile Ser tys Ala Lys Gly Gln Pro Arg Glu Pre Gln
115 120 125

val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin val
130 135 140

ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile Ala val
145 - 150 155 160
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354045 His Giu Asp Pro Glu Val Lys Phe Asn Trp Tyr val Asp Gly val Glu 505560 Val His Asn Ala Lys
-Thr-Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr 65707580 A-1429-14/0-PCT-ART34_,ST25,txt 859095
Giy Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro 100105110 Ile Glu Lys Thr lle Ser
Lys Ala Lys Gly Gin Pro Arg Glu ng%@é%@}@%%%@lsi‘[§ T_Lh Leu Pro Pro Ser Arg Asp Glu Leu Thr
Lys Asn Gin val 130135140 Ser Leu Thr Cys Leu aPL'ys y Phe Tyr Pro Ser Asp lle Ala Val :
1451501 581 60 GlseTrpsBis BesAs i GlydGinA2ro B Ash Ash Tyr [y TWeThr Pro 165170175 pro Val
Leu Asp Ser Asp Gly 387 Phe Phe Leu Tyr §r—frDLys Lev Thr 180185180 val Asp Lys Set' Arg Trp GIn
Gin Gly Asn Val Phe Ser Cys Ser Val 195200205 Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys
ser L@TPS%@Lé@LQ%%lMG%’eﬁMOSGIyF@?s W Gy GRRG I Se-8ly Bl Gly ser Gly Gly
225230235240 Gly Giy Ser His Pro lle Pro Asp Ser Ser Pro Leu Leu Gin Ph e Giy 245250255 Gly Gin

val Arg Gin Arg Tyr Leu Tyr Thr Asp Asp Ala Gin Gi]n. Tlpr 26026_5270'G\I/u ﬁla His Leu Glu lle Arg Glu
- Asp i) TPV G AIGTRIS D75dngah Asn Val Fhe SEC Crs ser va

Met His Glu ATa Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu
210 215 _ 220 :

seir Pro Gly Lys Gly Gly Gly Gly Serlaiy Gly Gly Gy ser Gly Gly
325 A Tt I 1235 240

Gly Gly Ser His Pro Ile pro Asp ser Ser Pro Leu Leu Gln Phe Gly
245 250 255

Gly Gin val Arg Gln Arg Tyr Leu Tyr Thr Aép Asp Ala ¢in GIn Thr
260 265 270

&Tu Ala His Leu Glu ITe Arg Glu Asp Gly Thr val Gly Gly Ala Ala
275 280 ‘ - 285

Asp Gln Ser Pro Glu Ser Leu Leu GIn teu Lys
280 295

Leu Lys Pro Gly

w3
[

val Ile 6¢In Ile teu Gly val Ly$ Thr ser Arg Phe Leu Cys Gin Arg
305 ‘ 310 315 320

pro asp Gly Ala teu Tyr Gly Ser Leu His Phe Asp Pro Giu Ala Cys -
e 325 Y Y 330 -3358

ser phe Arg Glu Arg Leu Leu Glu Asp Gly Tyr Asn val Tyr Gin Ser

340 345 350
Glu Ala His Gly Leu Pro teu His ieu Pro Gly Asn Lys Ser Pro His
355 360 363

Arg Asp Pro Ala Pro Arg éTy pPro ala Arg Phe Leu Pro Leu Pra Gly
370 , 375 380

Leu Pro Pro Ala pro Bro Glu Pro Pro Gly Iie Leu ala Pro Gln Pro
385 390 395 400

Pro Asp val Gly Ser Ser Asp Pro Leu Ser Met val Gly Gly Ser &in
405 410 415

Gly Arg Ser Pro Ser Tyr ala Ser
420
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Asp Gin Ser Pro Glu Ser Leu Leu Gin Leu Lys Ala Leu Lys Pro Gly 290295300 Val lle Gin lle LeLi Gly
Val Lys Thr Ser Arg Phe Leu Cys Gin Arg 305310315320 Pro Asp Gly Ala Leu Tyr Gly Ser Leu His
Phe Asp Pro Glu Ala Cys 325330335 Ser Phe Arg Glu Leu Leu Leu Glu Asp Gly Tyr Asn Val Tyr Gin -
Ser 340345350 A-1429-WO0-PCT-ART34 _ST25.txt 355360365 Arg Asp Pro Ala Pro Arg Gly Pro Ala
Arg Phe Leu Pro Leu Pro Gly 37@3753B0/0-¢tf PrRPI6-ATZ PreXPro Glu Pro Pro Gly lle Leu Ala Pro Gin
Pro%%ggo 5400 Pro AS Val Gly Ser Ser Asp Pro Leu Ser met Val Glu Pro Ser Gin 405410415 Gly
Arg S8R Proizer Tyr Ala Ser 420 <210> 40 <211> 424 <212> PRT <213> Atrtificial <220> <223>
- Fc(E3JR&F284P1 7 1A <400> 40 Met Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala'Pro Glu Leu Leu
510% 1é’ly éﬁ} rjo{:éaehir val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu 202530 Met lle Ser Arg Thr

. Pro&ipval Thr cys val Val Val Asp val Ser 354048 His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr val
Asp<@hivaFCilBasseh L8R, PL/1G

Met Asp Lys Thr His Thr Cys Pro Pro %és pro Ala Pro Glu Leu Leu
1 5

rage 20

- <400> 37 , _ '
atggacaaaa ctcacacatg tCCaccrtgt ccagetccgy aactcotggg gggaccgtea . 60
gtcttcctct tecceoccaaa acccaaggac accctcatga totcccgtac coctgaggic 120
acatgrgtoy tggtggacgt gagccacgaa gaccotgagy +traagttcaa crpgtacgty 180
gacggcgtgs aggtgcataa tgocaagaca aagcégcgtg aggagcagta.caacagcacg 240
taccgtgtag tcagcgtcct caccgtoctg caccaggact ggctgaatgg caaggagrac 300
aagtgcaégg tctccaacéa agccctccca'gcccccatcg agaaaaccat ctccaaagec 360
AaagYYUCagc CCCgagaacc acaggtgtac accctgeccc catcecgtga tgagotgacc 420
aagaaccagg tcagcctgat CtgCctggic aaaggelict atcccagega catcgergty 480.
gagtgggaga gCaatgggca gocggagaac aactacaaga ccacgectcc cgrgctgoac 540 ‘
tcegacggct cottcttoot ctacagraag ctcaccgrag acaagagcecy ttggcagcag 600
gogaacgtct tctcatgctc cgtgatycat gagyerctge acaaccacta catgcagaag' 660
agcctcttcc tgtctﬁcggg taaaggtgga'ggtggtggtt ctggtogtyg tageogrggt '720.

:ggtggatccc atccaattcc agattertct ccattatiac aattcgygegy ccaagtceag 780
cageggtacc tctacécaga tgatgeccag cagacageaag cccaccigga gatcagggead 840
gatgugacgg tgygoogcoc tgotgaccag agocccgaaa gretcectgea getgaaagec 900
ttgaégccgg gagtfattca aatcttggga grcaagacat ccaggtitcct gtoocagcegy S50
ccagatgggg cootgtatgg atcgotccac trtgaccctg aggecetglag cttcegugag 1620
cgtcticttyg agyacggata caatgrtttac cagtccgaag cocacggect ceegetgeac 1080
ctgecagyos acéagtcccc acaccgggac cctgcécccc gaggaccagc tegettecty 1140
cchctaccag goCtgroooos Cgracecccg gagecaccrg gaatccrgge coiecageet 1200
ccegatgtogg gerectcgga ccctotgage atggtgggag gricccaggg cogaageccc 1260
agetacgert ccta 1274
<210~ 38
<211> 424
<212> PRT
<213> Artificial
«220>
<223> Fc(l5)FGF21
<400> 38



Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Mn Ser Thr 65707580 Tyr Arg val Val Ser Val
Leu Thr Val Leu His Gin Asp Trp Leu Mn 859095 Gly Lys Glu Tyr Lys cys Lys Val ser Asn Lys Ala Leu
Pro Ala Pro 100105110 lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin 115120125
Val Tyr Thr Leu Pro Pro Ser Arg Ag%(z?;#qﬁigg}%lr E¥§ §§12§i%¥cal 130135140 Ser Leu Thr cys Leu Val
Lys Gly Phe Tyr Pro ser Asp lle A'i\,a al 1451 1% 160"A-1429-W0-PCT-ART34_ST25.txt Glu Trp
Glu 8ty A3p Gty Gir Piol GlueAseuABTE TR Ly T iy Fhe Rrd-1% @?501‘7'5 Pé Val Leu Asp Ser Asp Gly
Ser Phe Phe Leu 2I‘%/r Ser Lys Let) Thr 180185190 Val Asp Lys Ser Arg Trp Gin Gin Giy ASn Val Phe
Ser Cys Ser Val 195200205 Met His Gill Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Let)
2102@522@635@#@‘@5}1ty%¥“@|9‘@|% ety @y Ser & § ] G5PS¥R IGRE Gy 225230235240 Gly Gly
Ser His Pro Ile"Pro Asp Ser Ser Pro Let) Leu Gin. Phe Gly 245250255 Gly Gin Val Arg Gin Arg Tyr

Let) Tyr Thr Asp Asp Ala Gin Gin Thr 260265270 GluvAI]a His Ia(?u %5“11 Iclﬁ 9 Glu Asp Gly Thr Val Gly
Gly ,&[hﬁpgélgﬁgamgw val !.S_ysfs rhe Asn Trp Tyr GS ASp Gly Va 7

val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr
65 70 ‘ 75 B0

Tyr Arg val val ser val Leu Thr val ggu His GIn Asp Trp ggu Azpn
8BS ' - ’

Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro
S 1%0 s 105 110

Tle ¢lu Lys Thr Ile Ser Lys Ala Lys Gly GIn Pro arg Glu Pro Glin
135 120 _ 125

“val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln val
- 130 1335 140

Ser Leu Tﬁr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile Ala val .
145 150 155 : 160

o

—

[l
<

Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro
: 165 i70 175

Pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
180 ‘ 183 180

val Asp Lys Ser Arg Trp GIn GIn Gly ‘asn val phe Ser Cys Ser val
P 1%5 200 205

Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser leu
210 215 220

ser Pro Gly Lys Gly Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly
225 ‘ Yo Y 23% Y 235 240

Gly Gly Ser His Pro Ile Pro Asp Ser Ser Pro Leu lLeu Gln phe Gly
245 250 255

Gly GIn val Arg Gln Arg Tyr -Leu Tyr Thr Asp Asp Ala Gin Gin Thr
260 265 270

Glu ala His Leu Glu Ile arg Glu Asp Gly Thr val Gly Gly ala Ala
‘ 275 280 285
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Asp Gin Ser Pro Glu ser Let) Leu Gin Let) Lys Ala Let) Lys Pro Gly 290295300 Val lle Gin lle Leu Gly
Val Lys Thr ser Arg Phe Let) Cys Gin Arg 305310315320 Pro Asp Gly Ala Let) Tyr Gly Ser Let) His
Phe Asp Pro G 325330 Ala Cys 335 Ser Phe Arg Glu Leu Leu Let) Glu Asp Gly Tyr Asn Val Tyr Gin -
Ser 340345350 Gill Ala His Gly Leu Pro Let) His Let) Pro Gly Asn Lys Ser Pro His 355360365 Arg Asp
Pro Ala Pro Arg Gly Pro Ala Arg Phé428u\RrdCeth PrdtGIY2370875380 Leu Pro Pro Ala Pro Pro Gill Pro
Pro Bly s Le Al @re@egﬁrcag?%%aos»ﬁmg Ria Ash VYl GlySerseigsp Pro Let) Ser Met val Gly
Ala ger gp405410415 Gly Arggser Pro Ser Tyr Ala Set 420 -A-1429-WO-PCT-ART34_51-25.txt
<210> 41 <211> 424 <212> PRT <213> Artificial <220> <223> Fc(15)FGF21 5172L 4.00> 41 Met Asp
Lys Jh His TECysPIaPE \CYePIo ARRraSIu ke wheu 4519354y Ly Pro Ser val Phe Leu Phe

Pro B9 Lys Pro Lys Asp T3dLeu 202530 Met Ile38®r Arg Thr Pro Glu v&lThr Cys val val Val Asp Val
Ser ' '

bro Asp Gly Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
P d 325 4 Y 330 335 .

" ser Phe Arg Glu teu Leu Leu Glu Asp Gly Tyr Asn val Tyr Gin ser
340 345 350

Glu Ala His Gly Lew Pro Leu His Leu Pro Gly Asn Lys Ser Pro His
355 360 365

Arg Asp Pro Ala Pro Arg Gly Pro Ala Arg Phe teu Pro Leu Pro Gly
370 375 380

Leu Pro Pro Ala Pro Pro Glu Pro Pro Gly Ile teu Ala Pro GIn Pro
385 390 395 : 400

Pro Asp‘Va1 Gly Ser Ser Asp Pro Leu Ser Met val Gly Pro Ser GIn
T A05 410 415

Gly Arg Ser Pro Ser Tyr Ala Ser
. 420

<210> 39
<211> 424
<212> PRT ,
<213> artificial

<220 ' :
Cow223»  Fe(l5)EGF21 GL70E
400> 39

Met Asp Lys Thr His Thr Cys Pro Pro %%S pro Ala Pro G?u-égu Leu
1 5

Gly Gty pPro Ser val Phe Leu Phe ;ro Pro Lys Pro Lys %gp Thr teu
20 5

met Ile Ser Arg Thr Pro Glu val Thr Cys val val val asp val ser

35 40 45
uis Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Glu
. S50 55 60

o
ot
L
<
22
—

val Mis Asn Ala Lys Thr Lys Pro Arg Glu 6lu Gla Tyr Asn Ser Thr
65 70 75 . 80

Tyr Arg val val ser val teu Thr val Leu His &in Asp Trp Leu Asn
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354045 His Glu Asp Pro Giu Val Lys Phe Asn Trp Tyr val Asp Gly Val Glu 505560 Val His Asn Ala Lys

Thr Lys Pro Arg Giu Glu GIn Tyr Asn Ser Thr 65707580 Tyr Aro-Val Val Ser. Val Leu Thr Val Leu His

Gin Asp Trp Leu Mn 65MA 95 Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro

% Giu Pro GIn 115120' 125 Val Tyr Thr
%D Sgr Leu Thr Cys Leu Val Lys Gly

Phe Tyr Pro Ser Asp lle Ala Val 145150155160 Glu Trp Glu Ser Asn Gly GIn Pro Glu Mn Asn Tyr Lys

TSr Pro 165170175 Prg val Leu

100105110 lle Glu Lys Thr lle Se
Leu Pro Pro ser Arg Agp Glu Leu

Thr

o

p._se

Val &3¥ 1y SeP AT G G élﬁsﬁ%

;’pg'ﬁé?’gag%y

s Ala Lys Gly GIn Pro Ar
s SR AP £s0r3s

Pth F;he L
sServg

)

g%}gr Ser Lys Leu Thr 180185190

3205 Met His Glu Ala Leu His

Mn His Tyr Thr GIn Lys Ser Leu Ser Leu 210215220 A-1429-WO-PCT-ART34 5T25.txt
s o lie Rro.

225
Val

AR

Enfury

S8rSELP

e

hr'’Asp2Asp Ala Gin Gin Thr

%

val Tyr Thr Leu Prg Pro Ser Arg Asp Glu Leu Thr LYS ASH GIn
135

sSer

- 145

| Met

Glu
Pro

val

ser
225

GTy

Glu
ASD
val
305

Pro

ser

Glu

N
N

130

Leu

Trp

val

Asp

Pro

Gly

- G1n

Ala

Gin

290

Ile

ASp

Phe

Thr

Glu

Leu

sar
Va1
His
275
sep
Gin
Gly

APg

His

Cys

Sar

Ser
Ala
Lys
Mis
Arg
260
Leu
Fro
Tle
Ala
Giu

340

Gly

L2l
Asn
145
ser
Arg
Leu
Gly
Pro
245
Glin
Glu
Glu
Leu
Leu
325

Leu

Leu

val

150
C?y
ASp
Trp
His
Gly
Ile
Arg
ile
Ser
Gly
Tyr
Ley

Pro

Lys

Gly

ain

i

g
w1

Gly

Pro

TYr

Arg

Leu

285

val

Gly

lLeu

Leu

Gly
Pro
Ser
Gin
200
His
Gly
Asp
Leu
Giu
280
Leu
Lys
Sar
Giu

His

Phe
Glu
phe
185
Gly
Tyr
Gly
ser
Tyr
265
ASH
Gln
Thr
Leu

345

Leu

Tyr
ASN
178
Phe
ASH

Thr

Ser

Ser

250

Thr

Gly

Leu

Ser

His

330

Gly

Pro
155
ASD
Leu

val

GIn

ASD
Thr
Lys
315
Phe

Tyr

140

ser
Tyr
TYr

Phe

Ley
ASD
val
Ala
300
phe

Asg

Asn

Pro Gly Asn
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ser
Sar
205
Ser
Gly
Leu
Ala
Gly
teu
Leu
Pro

val

LYS

Ile
Thr
Lys
150
Cys
Leu
Ser
Gin
Gin
270
Gly
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Cys
Glu
TYT
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Ser

Al
Thr
175
tey
ser
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Gly
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glin

Ala
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Glin

Pro
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Glu Ala His Leu Giu lle Arg Glu Asp Gly Thr Val Giy Gly Ala Ala 275280285 Asp Gin Ser Pro Glu Ser
Leu Leu Gin Leu Lys Ala Leu Lys Pro Gly 290295300 Val lle Gin lle Leu Gly Val Lys Thr Sec Arg Phe
Leu Cys Gin Arg 305310315320 Pro Asp Giy Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
325330335 Ser Phe Arg Glu Leu Leu Leu Gill Asp Giy Tyr Asn Val Tyr Gin Ser 340345350 Glu Ala His
Gly Leu Pro Leu HiS Leu Pro Gly #ASH 19$/SeCProrft 356366365 Arg Asp Pro Ala Pro Arg Gly Pro

* Ala Arg Phe &) Pro Leu Pro Giy 378375380 Leu Pro Pré*ta Pro Pro Glu Pro Pro Gly lle Leu Ala Pro
Gin Pro 385390395400 Pro Asp Val Gly Ser Ser Asp Pro Leu Ser Met Val Gly Pro Leu Gin 405410415
Gly Arg %eg Pro SéraTg'/r%mrseg%z@m Ala arg Phe

Leu Pro Leu Pro Gy

380

Leu Pro Pro Ala Pro Pro GlY Pro Pro Gly Ile teu Ala Pro Gin

385

390

395

Pro
400

Pro Asp val Gly Ser Ser Asp Pro Leu Ser Met val Glu Pro sig Gin
‘ 4

405

" Gly Arg Ser Pro Ser Tyr Ala Ser
420

<210>

<211>

<212>
<713

<226>
223>

<400

40

424
PRT
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Met Asp Lys Thr
1

Gly
Met
His
va'l
65
TYr
Gly
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val
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145
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Glu

50
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val
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e
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Leu
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Cys val
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Ala
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Ser
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110 -
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Vil
160



-GTu
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val

Met
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Gly

Gly
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Arg
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385
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val
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420
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C«210> 41

«21l> 424

<212» PRT

<233» arvificial
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Gly Pro Ser val Phe
20

Ite Ser Arg Thr Pra
35

Glu Asp Pro Glu val
50

His Asn Ala Lys Thr
' 70

arg -val val ser val
. 85

Lys Glu Tyr Lys Cys
100
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