WO 2009/149171PCT/US2009/046113 FGF2I 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 Rate lication No. 61/058,919 filed 5 June 4, 2008, U.S. iSi Patent Application
No. 61/164,3‘@l %ﬁee}ﬁpﬁgrigl 2009, and U.S. Provisional Patent Applicati(?mgﬁ%@%ggﬁ% 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 poly (ﬁ?& @ ' zié ' Sl%r}? omprising FGF21 mutant
polypeptides, and methods for tre%?# ‘g gﬁﬁ%&@r %%%@JC lﬁ%leic acids, polypeptides, or
pharmaceutical compositions. 15 2.Background of the Invention FGF21 is a secreted polypeptide

that belongs to a sub 1'%&%91?@%5%%%@)&%@ Fg) FPQ«E@&,‘,‘A{’E&&?K&@&JE@&Z&@ and

FGF23 (Itoh et al., 20 enet. is'an atypical FGF in‘that it is heparin
independent afd/fdfctdnBled 20 o8Nk i thre vetpmaltitricnt dRrRicxsionpid. HdPenaigysétabolism.

FGF21 was isojated, fregnsa tiver sRNAJibiapy:as abshalieseaetaditactan Kisihighly expsgssed in

liver and pancreas and is t*he.onl member of the FGF family to be primarily expressed in liver.
Transgenic mi@é‘%@é%ﬁf%&’ﬁ@i@@i SURFEHRS AN 16 et e b grelith £368 ®w plasma
glucose and trighygrideamaimtandeainZa absameey0f age-associated type 2 diabetes, islet
hyperplasia, and obesity. Pharmacological administration of recombinant FGF21 protein in rodent and
primate models results in normalized levels of plasma glucose, reduced triglyceride and cholesterol
levels, and improved glucose tolerd@s€KGRIOSIND SN TIHEYNVMENITION, FGF21 reduces body weight
and body. fat by increasi rqy expenditure, physical 30activity, and metabolic rate.Experimental
research %@oviﬁés su%?)%]fg?%?ﬁ %xﬁ%rg}?ﬁ]acological administration of FGF2I for the treatment of type 2
diabetes, obesity, dyslipidemiatiandretites netalolitccantitionsdeonldiscreading Hikhs mutatiuman
FaF21 has a stauaiile ofve. Rgaice ol balle BhIHTAREGE elrisdkif s ouer Al I
cynomolgus monkeys, the half-life is 2.5 to 3 hours. In 5 developing an FGF21 protein for use as a

therapeutic in thEkrdatmérit gofypertidrapad snethafefoadesitamrbalsud vElgssiapes T F21
proteins having,afgnhanced paihliteywerimatowdlarless figsiignisdosing of patients being
administered the protein. Such proteins are described herein. 10SUMMARY The present
disclosuré%rovides an isolated polypeptide comprising an amino acid sequence of SEQ ID NO:4,
further comprising theBadketisutiarndfi@Myredmtivnacid for: the alanine residue at position 45, the leucine
residue at position 8 eucine residue at positi the alanine residue at positign 111, the
alanine residue at p(%i%?\z l1§9'¢1 %ﬁgfggﬁggﬁg%éﬁgﬁagg 1%ﬂ ‘ql?fgr? afﬁﬁl portc?ﬁirl%or%as%%lg a hposition
171 or the serifiecrasifiéral pesinohd@ GRtPcbMmbiiatoh§tHekdidh end. eMibédimedtGlaecisolated
olypeptide comprizassH)e FupsiWIAN.AAN AR AR (A hedsuemBrplaaTARHEANSS, the

o

proline residue at 171 or'both the leucing'residue at position 98 and the proline residue at position 171.

In anothet @mboimeanetivetisoraddtisslpheprasccBrprisdaresmEHbalism-200f any amino acid for

both the leucine residpgat;psition A8:aREINEIRQITSNESIHE L PLSUAR I {breted QRS @SRECT, there
is provided a polypeptide comprising the amino acid s_ecluence of SEQ ID_NO:4, further comprising the

mutations LOSRIENY prawsed in livep agdepangient apbit @Wi&@ﬂ“ﬁ%gf&ﬁep%%éﬁﬂ%@o?ﬁprising
the polypeptide,2hasigefipes aldaveiiake dimacbaielegousSeaiengerGF2 Thehirseatbliselosure
also provides an isolated polypeptide comprising an aming acid sequence of SEQ 1D NO: 4 having: (a)
at least one anﬂ%@%‘é’ﬁ%@fgﬁﬁﬁf&ﬂ%@ ig&(‘i’) %%@?ﬁ?mﬁegl ESEudh e%‘ﬁ 1y fﬁ% rfeggftr})ffeagfi position 19;
(i) a histidime, lgnseirve, osfpharylataninedesigwe & pdsitians20;i(ki) ahyisotdasine, gidengbakiyine,
tyrosine, or vali id itic - (Iw).an.i i e nine, ar.vali idue at
posiion 22: 1) A A B e RE prme

position 151; (viipdechistiecidles, lsucinengivedyleemiine! oplesiinedesitee mdpesitionglBzndsiipeth alanine,
asparagine, aspasfic@cificuaieing. HiavAE AcidRMINE REPINGIAT SRUNGiIEESIHVEAkRASItion 170;

(ix) an alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine,
histidine IysineF@%?ihée‘ilHF%ﬁ weight and body fat by increasing energy expenditure, physical

30  activity, and metabolic rate.  Experimental research provides support for the



WO 2009/149171PCT/US2009/046113 tryptophan, or tyrosine residue at position 171; (x) a leucine or
threonine residue at position 172; or (xi) an arginine or glutamic acid residue at position 173; and (b) at
least one amino acid substitution that is: (i) an arginine, glutamic acid, or lysine residue at position 26;
(i) an arginine, glutamic acid, glutamine, lysine, or threonine residue at 5 position 45; (iii) a threonine
residue at position 52; (iv) a cysteine, glutamic acid, glycine, or serine residue at position 58; (v) an
alanine, arginine, glutamic acid, or lysine residue at position 60; (vi) an alanine, arginine, cysteine, or

histidine resicy AhABSENI %l 8. GHSIP NERTIBICAING ESIE,P1PAAILOD Afh () o dgrine.

arginine, glutamic acid, lysine, or serine residue at position 88; (ix) an arginine, cysteine, glu amic acid,
10 glutamine, Kxihpidemiarephiribaiesrigkolic posftibprgr (e argimaaaspartic acid, cysteine, or
glutamic acid residueg,pasition- 9460 Asine At fitepninedsesidugial Pasitiane kL dxikaRprginine,
asparagine, aspartic acid, glutamic acid, glutamine, histidine, or lysine residue at position 129; or (xiii)

an arginine, gl&taiit Kcldionistiemtie, 3jSiHe CHRVIEHeTOBIRYE dbpHalfidiferis2-add < oviBmalibns

thereof. InsonegempgtimentrbrtheieaidiR phROSION S8 IS.BL0NINE abshiteresidhe AlResHON 171 is
proline, and in another embodiment the polypeptide can comprise an amino acid sequence that is at
least 85 perceﬁfli%m?éaﬁﬁ}lﬁ%%%fmwgﬁm e’éarﬁféﬂﬁe BFEE@IBe My BarR Aerantthaat185st one
amino acid sulssitutians @}(AxjraneAb)oslxdipispantivythannamifiecIhe Beesentidisdagure
additionally provides an isdolatet()j g@sl%%pﬁtide comprising 20 an amino acid sequence of SEQ ID NO: 4
having at least & RIS SETH Sk ition 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 posigﬁﬂjg\h&ﬁ%{an isoleucine, phenylalanine, or valine
residue at'position 22; (e) an alanine or arginine residué at position 150; (1) an alanine or valine
residue at 25 positionTh6 br¢gpna histidivme, fevcihe, apherylafgmbeeotidalinepesidgeratpositiont 152; (h)
an alanine, asgilic,2e1dr Sy QLPiale eSS ALRAS AL AL AR O BIRE A IRDGh
asparagine, aspartic acid, Cysteine, glitamic acid, glutamine, glycine, histidine, lysine, serine,
threonine, trypedphan revidyectimesidsildé. dhpdsitor IF1d) o lpeime rébidiue lavpositivilag 2t or (k) an
arginine or glutanig.Acid reRidusakRosiiian. 13sARd 39combinations el pansLembogiment the

residue at position 171 is proline, and in another embodiment the polypeptide can comprise an amino

acid seqééncehyaiie seidistt poEn0g/A4e PIPOY r£192000r086 DI é&ﬁé?@eﬁﬁiﬁ?eﬁ’ﬁ@éﬂﬁéﬁhe
amino acid seqeies a7SERdRMBiAdBHS Whetsin the sideastenaamine acideubsiitfisnef (a)-(k)

is not further modified. The present disclosure further provides an isolated polypeptide comprising
an amino acid S¥RRMES Y ST NG APaRE 2CRPEBCAIMAGQEE StbaRAEH TatisS (a) an
arginine, glutamisiiagieksiuly SinNey 1esiBue dhPRILIAD 2GdR) ADEHTIINS gldtamisacid relidamine,
lysine, or threoning, residue at position 45; (c) a threonipc resique at position 52; (d) a glutamic acid,
Qiycine. or ser P STl adbASTLR SECHE) B A A AN SR S SR e at
position G@; (f) @haalaminien argihiioe botbhiktidineiresickiduat{pesitidnn/88 (gllahatanine residlueaat
position 88; (h) an argiﬁ' e, 10 glutamic acid, glutamine, lysine, or threonine residue at position 98; (i)
an arginine, as%%sﬁﬁc? acid, cysteine, or glutamic acid residue at position 99; (j) a lysine or threonine
residue at position 11ih; ¢k$ aspeutyihine jeppandginepaspeptid acidyglstagriic avidycgloidreipenhistidine,
or lysine residug ition 1.29; inine, [ id, histiding;. lysine, or tyrosine residue
at position 13%%?\%%%%1@%3%?%@#&%%%%%@% eﬁggéciﬁ%r%, t éetg)(rie@%ue at position 98 is arginine
and in another embodinveatasnegsothprepidecatedoniprics palmritdaeinveigingribe tedynspaideast 85
percent identical Rdheamine jm%%g&gpogfgﬁge@éﬂgg 4, but wherein the at least one amino acid
substitution of (a)-(l) is not further modified. In various embodiments, the polypeptides disclosed herein
can further comprise 2beatirsaat dseefHimal scristtatitntisaiedmeEoPHIsHePaisiHmen prafife,
alanine, serineQ[OlygiRARLPRSIHPIHING: (P)A SIWAMIE REIY oYL RIINELAlSEsNGALRQSjtion 180;
or (c) a lysine, glycine, threonine, alanine, leucine, or proline at position 181 and can further comprise

1 to | 0 amino AcHYaEiHfed RISk e EsiFmRTi & rfthBYEiIPpepblidEDand isidiBe dRY4iRiMS acid, for
example, one QLERQIAMEsidHeRIselRGedfromdhgigravRsensisting 2o ahed) 8rpsalineandine

combinations thereof In varigus embodiments, the polypeptides disclosed herein can comprise (a)
2 aminG: ermiRSFHE ALRBTHEY s (RO R CECAE R T PR b YRS ESHAHE BAGHEBRAR s
capable of loweringnbitathglueasginina meithmal foxidiaarixyivieen nddtiunoatichiof neidweratthan 12
amino acid residues, wherein the polypeptide is capable of 30lowering blood glucose in a mammal; or
(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, wherein the polypeptide is capable of lowering
blood glucose in a mammal. In some embodiments, the polypeptides disclosed herein can be
covalently linked to one or more polymers, such as PEG. In other embodiments, the polypeptides of
the 5 present disclosure can be fused to a heterologous amino acid sequence, optionally via a linker,
such as GGGGGSGGGSGGGGS (SEQ ID NO: 23), The heterologous amino acid sequence can be

an IgG constant domain or fragment thereof, such as the amino acid sequence of SEQ ID NO:13.
<rich fiicion nolvvnentidece dicelocead hareain can alen form miiltimere 10ln Nnne acneact there ic nrovided




polypeptides disclosed herein and a pharmaceutically acceptable formulation agent. Such
pharmaceutical compositions can be used in a method for treating a metabolic disorder, and the
method comprises administering to a human patient in need thereof a pharmaceutical composition of
the present disclosure. Metabolic disorders that can be 20treated include diabetes and obesity.

Also provided are isolated nucleic acid molecules encoding the polypeptides of disclosed herein, as
well as vectors comprising such nucleic acid molecules and host cells comprising such nucleic acid
molecules. Trupgaiee {10l e ARRERLUGOf SRR oo disalpsathitias, yaslous
embodiments the polypeptide can comprise: (a) an amino-terminal truncation of no more than 8 amino
acid residues, (xhereireteinso RApetidei S BHpab REIgE ety BIsvaigRcdsalirammanrabre(sy a
carboxyl-termiggl fpincalion of neJmare han @&Pagﬂn@a@@ﬂé,r%mﬁa wheraindhe Relvpentide is
capable of lowering blood glucose in a mammal; or (c) an amino-terminal truncation of no more than 8
amino acid resitie@aridspRic Arkb S ERRM YRR AT B b HiGre tHAR 18RI 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 FGF21 mutant fused to the linker
sequence and comprising the amino acid sequence of SEQ ID NO: 4 wherein the an arginine residue
has been substituted for 5the leucine residue at position 98 and a glycine residue has been substituted
for the WO 2009/149171PCT/U52009/046113 proline residue at position 171. In one embodiment, the
linker sequence can comprise GGGGGSGGGSGGGGS (SEQ ID NO:23) and in another the 1gG
constant domain can comprise SEQ ID NO: 13. In another embodiment, the linker sequence
comprises GGGGGSGGGSGGGGS (SEQ ID NO:23) and the IgG 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 1gG 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 various
embodiments of the fusion protein, the FGF21 mutant component can 10 comprise at least one amino
acid substitution that is: (a) a phenylalanine, proline, alanine, serinc 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 and can further comprise 1 to 10 amino acid residues fused to the
C-terminus of the FGF21 mutant, and the | to 10 amino acid residues, and can be any amino acid, for
15example, one or more residues selected from the group consisting of glycine, proline and
combinations thereof. In stilt other embodiments of the fusion protein, the FGF21 mutant
component can comprise: (a) an amino-terminal truncation of no more than 8 amino acid residues,
wherein the polypeptide is capable of lowering blood glucose in a mammal.; (b) 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; or (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, wherein the polypeptide is
capable of lowering blood glucose in a mammal. In another embodiment, the FGF21 mutant
component of a 25 fusion protein 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 arginine and glycine residues
are not further modified. The present disclosure also provides pharmaceutical compositions
comprising the fusion protein disclosed herein and a pharmaceutically acceptable folululation agent.
30Such pharmaceutical compositions can be used in a method for treating a metabolic disorder, the
method comprising administering to a human patient in need thereof a pharmaceutical composition of
the present disclosure. Metabolic disorders that can be treated include diabetes and obesity. Also
provided are isolated nucleic acid molecules encoding the fusion protein disclosed herein, as well as
vectors comprising such nucleic acid molecules and host cells 5comprising such nucleic acid
molecules. Specific embodiments of the present disclosure will become evident from the following
more detailed description of certain embodiments and the claims. BRIEF DESCRIPTION OF THE
DRAWINGS 10Figures 1A-1B show the results of an ELK-luciferase activity assay performed on
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the FGF21 truncation mutants 7-181 and 8-181 (Figure 1A) and the FGF21 truncation mutants 1-172,
1-171, 1-169, and 1-164 (Figure 1B); each panel shows the results obtained for a human FGF21
control. Figure 220shov4vgs the results of an ELK-luciferase activity assay perf%r@%gaﬁg a (1 human
FGF21 contrSPand the F&F21 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. Figure 3 shows the blood glucose
levels measured in mice injected with PBS (solid bar), human FGF21 control (open bar), or the FGF21
truncation mutants 8-181 (gray bar) and 9-181 (stj pled,@ar . 20Figure 4 shows the percent change in
blood glucose IEVER BaSLrREPR I B e AR BY (<Ol PR, in PESSE ST ()

- (open circles), mysirigncEiedor ¢xBGR 21z fnisio orpriotens aomhprising anpisdiasid7iesiddi€s) 2+ 18kt(solid
triangles) or 7- 181 (apen triangles). Figure,5 shaws the percent change in blopd.glucose levels
measured in mice Blﬁjgg{cg& %ﬁt‘ﬁ lﬁggtﬁ%liﬁ'ciclaens)afrgfr?ull—j&I“—%‘i%lggc%cn#oPf\ﬁ’ﬂgfolbegﬁ‘%c?r%fes), a
truncated FGFgdsiEorfuforiiprete mmgompridingresididsgivirssoliditangdskooms remdetad
FCFGF21 protejp, fRmRssing aming AIESIURS sk (OPAD) WBNAIER): o1y EIRUIES, AR show the

results of liqui chrqmatography-mas_s spectrometry (LC-MS) analysis Qf a human Fc(5) _GF’21 control
sample (FigurebATaadasED POTBOT S (I Gralamak B BBIHDE Redro(SapIEBBFigure
6B), 24 hours (FagpieDat (HoMeBin-andifthustRampieiis: FRiguse Sbatien inegion.

Figures 7A-7D show the results if LC-MS analysjs of a mammalian-derived human FGF21(3)Fe control
sample (Figuré FAJEEHHE ShiRust a1 8o PR Mt A B h BT P afiBE ES 2B ure 7B),
24 hours (Samgignke24r Fgiie 7¢)idard A48beis (Samite E4&irkigute ZR3)eafter dhjemtionaGEigures

8A-8D show the results of LC-MS analysis of an Fc(15)FGF21 control sample (Figure 8A) and
samples of Fe(@%%%@r%\%noﬁg?ﬁeﬂ%%g é?ségr‘%gu% igbor%]g%)?’é4 hoir ]?Ef%u%@)%ﬁ %fﬁ ' 48 hours
(Figure 8D) afteyswmjection.glutamiEigeire se8Au0 Ditshoitithe A B sixts of ysGrdvis dmabysic ofadue at
FGF21(15)Fc ¢ N Ins pl X-llzi re, OA) d les o B)F W ] hours
(Figure 1098),?;%5 ﬁ%urzﬁ?ﬁigﬁég g%)f“?%‘%% ﬁ%%lr};%ﬁ*?guzﬁé; glg)g;%&te_g’jn e‘g%%lh%%;ug?ﬁé%ﬁ %(‘jﬁ’A-lols
show the cleavkigedsieidesitfiaasisiyc &-mS timalSssH(FELS) raFpe(Rigtveit GAdSEIDMNO:38)
and FG F21(15)f§n@fi&l¥ﬁo¥9§’r§s§@e@_b®k?o§) f 9_@%@5@%@@9@%@@ ige. Eigwy@ridnshows the
blood glucose levels measured in mice injected with PB$ 15 (solid bar), F%ﬁ@FGEZl (open bar), or
the Fc(1SHFGFPE titiisietrRquEm R J4 7S i dyhiryidee @oyrtion. ph L RERpphad Bar),
50(15)FG||F21 5%3&(@1@@@” ; bdi@ﬁ@ﬂ@[(&b%hﬁi@hl@d&@%%s&m&ﬁ EZT'F @éqmﬁf]&lﬁ;]afghfl&& (solid
orizontally crosshatched bar), or Fc(15)FGF21 0151A ' ally crosshatc . Figure 12
Chows the percbrR SR GEET BIOT HIEULE TEUHIEHERE TR (o5 HHEC R R Ao
circles), Fc(15)n6 kRinfoped sibstes)ioardihe Re(kb) BER2 N iruidints e (bifeGRad 047 OE (solid
triangles), Fc(15)FGF2l P171 n triangl Fe(15)FGE2]1 Si solid di ~¢(15)FGF21
0170E/F>171A/3172L%§f€)é’ﬁe ?Qm%%%%ﬁ?%ﬁgﬁ%@@%‘@ﬁ% (‘5%%%&%%?’8% ,@?g%gr%)%%s?s ows the
blood glugbse kveisiteaslsech maniceSiEje dletiith RBSE 26l¢swlithbar)inP @l s B rEDISEN bar), or
the Fe(18)F GFRLaMahs FEIIRGERLEASOMOASIAASRY. (9106 00) o T A BIRCERLATIOE (open

diagonally crosshatched bar), Fe(15)FGF21 0170E/P171A (gray diagonally crosshatched bar), or
Fc(15)FGF21 Chyarnin residan dingbhemy SridstntttaerBarphenylalpnifg < T s8Ho s Y& percent
change in bloogtgligoselayels meaayadipianise:3girieateshniho Bails obsl dauaresditos(1p) FGF21
(open squares), or the F¢(15)FGF21 mutants Fc(15)FGF21 P% OA/G151A/1152V (solid.inverted
triangles), Fc(185)FEFMMIIS28t0PSoT BT #0866 038 145 B 18 o per e e taRyles),

Fc(15)FGR21 GasikiR 37, Aefsolitdtbiiate $gueing; olidmiibdnde 0dr/ b kédiuopamgtictes)2; (h)Figure 15

shows the blood dlicose Isvels meastied n e INGRed M PRS seli 30, 8 ReRIrFoF21

arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, histidine,

lysine, serine, threonine, tryptophan, or tyrosine residue at position 171; (j) a leucine
residue at position 172; or (k) an arginine or glutamic acid residue at position 173; and
33 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



5 G170A (gray bar), Fc(15)FGF21 G170C (open crosshatched bar), Fc(15)FGF21 0170D (gray and
white bar), Fc(15)FGF21 GI7ON (solid crosshatched bar), or Fc(15)FGF21 G170S (open
crosshatched bagr?. Figure 16 shows the percent change in blood glucose levels measured in mice
injected with'PB 9€§b‘1?d7é?rcles) or the Fc(15)FGF21 mutants Fc(lS)FGFff&'i%Ewﬂﬁtbspen circles),
Fc(15)FGF21 G170A (solid triangles), Fc(15)FGF21 0170C (open triangles), Fc(15)FGF21 0170D
(solid diamonds), Fc(15)FGF21 G170N (open diamonds), or Fc(15)FGF21 01705 (inverted solid
triangles). Figure 17 shows the blood glucose levels measured in mice injected with PBS (solid
bar) or the Fc($58)RE4en A& sYREE 94D 1e0enwspeh T LR OME) AL 149 B9 P2t gray bar),
Fc(15)FGF21 Rekétldnd salidciorstizichesbban)(7ck) 3 h& Fadnelmd@fl@pen crosshatched bar),
Fc(15)FGF21 P171T,§\}?¢ip led b%%, r FC(@FGFﬂ PLl71Y ray ¢ os§hatcth d bar).. . Figure 18
shows the percent chahg&ih Bib ‘gﬁfgﬁes REIPTRELEY A W e BRI SRR PRE o1 circles)
or the Fc(15)F&ri2d midanisdrc¢ks)REFI1 G170k 20 g epkastivoles)ife L) FOR2L L THE isolid

triangles), Fc(15)FGF21 P17 n triangles), F E21. P17 olid diamonds), F6(15)FGF21
P171T (opg(:n cll@rfa]%r%% %H(l)%’ é(f:ﬂ&%ﬁl%a ééiiol'ﬂﬁ)@ ggﬁés:g%g%éé?}% ﬂﬁ?@ié&re%’-%ﬁ% Eﬁ%)w the
results of LC-MSargliysisiog.aly Fe(16) B FRaingorsidhs anphsitigdie (9/4) trepsie sissigraavn from
mice at time 6 pouirs (ki Wrwisiah) o " igu ar injection.
Figures ZOA-ZWSS{VE%E’@&S%%%_ (%?LC-I\/I’%r }gr{g[esi%ge %%%%)F%(iméﬁ% g%%%@%%%ﬁfﬁple
(Figure 20A) aAtESHfp Y eMEC erEIFe P 1S 178 Er AvAOF Bt NTite (Bt 8MABRINGIGIHEBBRY! 24 hours
(Figure 20C), an¢did8hesigFiguses2RR) RitesinigcliannE wes 21 Andiishewthasesdlisef LC-MS
analysis of an Fc(15)FGF21 P171A 30 control sample (Fij%;ur 21A) and. sarg _Iea of Fc(l@FGFZl P17
IA drawnffom BIEETHE § AouBRYEY e DB 24 ?ﬁﬁ?ﬂl@% ) UhA RO NEAPs TEigHr& FH5 Ubfer
injection. kipattesatdN\-G2liskiaw fhedierulicdidscd Stgnalysis ©f; a4 BdEb)FGHRREGITZL control
sample (Figure 22A) and samples, of Fe(15)FGF21 SlZdZL ggaivi\l/n f&om 1icg a 6 hours FF!i yre 22B),
24 hours (FigufﬂgS &)%aﬁgsi%gﬁostlj?si’(l‘—fﬁurél B} after ﬁ%aecﬁor?.’ Sp?fg%recscgﬁyﬁ%éshgv(\#the
cleavage sites gilemtified bigtldbiSrdpsilysissolRoLBFGR212Eigurd zmi,-@;g@,lziquid,
Fe(15)FGF21 GI06Flgue 238, SEQ IRNG: 3:HE0SIEERA1 BLIIAGNRR3E. BROID NO
40), and Fc(15)FGF21 5172L (Figure 23D, SEQ ID NO: 41) fusion proteins injected in mice. Figures
24A-24Chowetheodisghs dharrmideelitifasitieta Stivisy H88aHadricehthsTreRDmer; iints
FOF21 L99R, FEEZLERIRnaRehFGE2S AhbbTatlaureAdAlnine 10 EGFSL jadtantad il bAI29D,
FGF21 AI29Q, and FGF21 A1341C (Figure 2413); and the FGF21 mutants FG1721 A134Y, FGF21
A134E, and FGA7 STIRR R BRIUFE%4%E) SES I AR $hBWsvthersids it %b%ﬁ%e@fo?fa%ﬁ% FGF21
control. Figuresubs#ol shew(ths resdlishef modHidtluciferase activity assay performed on the
Fc-FGF21 mutants Fc-FGE21 P1710, Fc-FGF21 P171S, and Fc-FGF21.P171 Figure.25A); the
o L mutants OGRS BLAYTEE R OF AP B L C T E i & e BEcs),
Fc(15)FGR21, Rd(HS)F@Ratinadbid @070 amthFOF 2D AnsyRiguie 250)nend Hi(d SyFEF oL,
FeCOFGR21 BALHE AN SR RCRZL AdAOIAE (o A8R): sAchpanglshous e gesults

obtained for a Fuman FGF21 control. 20Figures 26A-B show the aggregation as a function of time for
wild type matufe)RGEIE ooV dusmo R 2dapigalsusim ger eroBis showiigie | Shangdedn Petant

aggregation foraR a2 1, cnimibd cseliddiamandshand rahdh/ Aot éﬁﬁ#ﬂeﬁﬁ%‘f%}aﬁming

incubation of 65 mg/raL protein at 4C for 1, 2, and 4 days, while Figure 26B shows the change in

percent aggredtidH PR YT SERIBICRRR) UiEPEG R4 Sl s idio Hiae PR S8R 8EC, LISR,
Al'11T, AJ29D, fF29&n &\ igQiin Admdtidontdindiva e &34E (all labeled on the plot) following incubation

of 65 Ing/mL protein at 40C for 1, 6, and 10 days. Figure,27 shqws the results of an ELK-luciferase
activity assay perforrﬁ@dvﬁlﬁoé‘%f’fﬁ%’r%fg@ﬁ%1%%03?1}: taifﬁefﬁé ﬂ% E TR = e = iVl G =lel =74

L52T, and FGR2ino-terminal truncation of no more than & amino acid residues, 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, 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



30L58E, Figure 28A is a plot show the change in aggregation levels for the Fc(15)FGF21 mutants
Fc(15)FGF21 6-181/0170E (solid diamonds), Fc(15)FGF21 A451C/G170E (open squares),
Fc(15)FGF21 P171E (solid triangles), Fc(15)FGF21 P171A (crosses), Fc(15)FGF21 0170E (open
triangles) , and an FGF21 control (solid circles) following incubation at 4C for 1, 4, and 8 days, and
Figure 283 is a bar graph also showing the 5results of the incubation. Figure 29 shows the blood
glucose levels measured in mice injected with PBS (vehicle) (solid circles) or the Fc(15)FGF21

mutants FC(15)Fp Frgs"id%éél&?ﬁé%éﬁlo%éo?eﬁgﬁ%glaé) if%%;%ﬂf? B AARhE/ 'Bl%%&og(ﬁl@ﬁge”iﬁ”g'es)’ or

Fc(15)FGF21 L9811/P1710 (open triang Figure 30 is a plot showing the results of an

ELK-luciferase&tivt; assay performed on human FGF21 (solid circles, solid line), Fc(15)FGF21
(open circles, solid ling)d &F6baIEGR2 L SBR/PDEIA (el triansies, doRa-iogknyy Fieyre 31 s a

plot showing the percent high molecular weight aggregates observed after nine days at room

temperature (RRy0Pe RPERPHIRES(ERflr 8533 For t sithsEsmbedimaitige el midesr rcr21
(open circie, seliddine)iangddre(dh) b6 RRld WBRIRIAIG: (50 liddniangirs:dpurd livglokiguras? is a

series of MALDI mass spectr ing er. anges ip Fo(15)FGF21 L98R/P1710

at various poir?fg‘{g{ie?ué’ gé‘é @géﬁéggpﬁe%%%géé%ré%is@%sgg)winlght%%g%groé(é% “Eh&RYe in blood

glucose levelsdridbygien20 emidecfar EdthobaR BSwahividregmiral (opert.cincles), tvildxtyperandture

"OF21 (sold saugiee) G B REZLmUANSL AR EHAN (nvatad el angies).h 958 P1710,
onds), and L9 olid'ci plot s

182P (open dia 98R, P1710,1820 (s es). Figure 34disap owing the percent
change in blooguitueesse levels in ob/ob  mice for each of a PBS vehicle control (solid circles), and

the FGF23 mutants L8R, 25R1710.(solid riangles) i8R, BATH%i15200 1530 (0Rsm ianaies). LOSR,

P1710, 1820 (solid diamonds) and L98R, P1710, 182P (open diamonds). Figure 35 is a plot showing
the percent ch&ﬁg@ iPPhiBd isdersqreb/db mice for each of a PBS vehicle control (open

circles), and the FGFR1 nutantsd 388e is RARA(SPlt sauREs)d 98RBT ¥ HEASORRE
triangles), L98R, P1710, Y179A 30(inverted solid triangles), L98R, P1710, 1805 (open diamonds) and

L98R, P1710, RFsponshartreey). definegigheresgnd & mbrarsaitierthe psrdshieHarge 3 Blood

glucose levels gifdb mice for each of a PBS vehicle control (solid circles), and the FGF21 mutants
[,98R, P1710 (open squares); 11,98R, P1710, '(1 79F (solid triangles), and.L.98R, P1710, Al 80E (open
ciamond}. Figure 37 S KRR A P B0y He O &S BER o i
escalation stugylppefatdacdiincRbebusimiankeys; ipHhefigtinecshaded gymbbolbhinditaienblgedtdraws in
the fasted Statgu%ﬂdpﬁgg‘%%gu%%g}bc%?n{a%%g ‘1%%1%%%}'30%% %g@g\’ Sml natrr]r?ezﬁgds}g:t‘efreating a metabolic

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

phannaééutical composition of the present disclosure. Metabolic disorders that can be

20  {reated include diabetes and obesity,

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

Truncated forms of the polypeptide of SEQ ID NO:4 are also disclosed. In

25  various embodiments the polypeptide can comprise: (a) an amino-terminal 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 truncation of no more than 12 amino
acid residues, wherein the polypeptide is capable of lowering blood glucose m a
mammal; or (¢) an amino-terminal truncation of no more than 8§ amino acid residues and

30  a carboxyl-terminal truncation of no more than 12 amino acid residues, wherein the

polypeptide is capable of lowering blood glucose in a mammal.



Figures 38A-D is a series of plots depicting how the rhesus monkeys were 10 randomized on OGTT
profiles, OGTT AUCs and body weight; Figure 38A depicts baseline glucose levels in 00111, solid
square corresponds to group A, solid circle, solid line corresponds to group B and open circle, dashed
line corresponds to group C before compounds or vehicle were assigned to each group; Figure 38B
depicts baseline glucose levels in 00112, solid square corresponds to group A, solid circle, solid line
corresponds 15 to group B and open circle, solid line corresponds to group C before compounds or

vehicle were assignego &919@é&?&ﬁ@“&&dﬁ%%ﬁggﬁéﬁé&eQH‘%s%MPé&S?uL?XS';?rB‘?éiQ%JtSc!ma“d 2

shown in terms of AUC, the stippled bar correspon group A, the shaded bar corresponds to group

B and the opeAdBaIESIrEs oS toGvdp doamaFRurdisBer skavradsaBsrddbanyIgfdigersgd stippled

bar corresponds n;group (%? aﬁ&ep@i@qqq&g{t%ggmew@ngﬁews&ig&&@aﬂ@@a AReORaLEOLEesponds
to group C. Figure 39 is a plot showing the effects of vehicle, FOF21 and Fc-FGF21(R0) on body

weight in RheSGilisirass oS REGR TN £ avlyrsia shrodh ararts wasiky e han d s he s bise, open
bars 3 and 4 cgisesRoNO-EG Rk AT dsalihe andifloRe:ERIELDAESDsandikikarrespend to weeks 5
and 6 at the high dose and stippled bars 7, 8 and 9 con-espond to 25weeks 7-9 during the washout
period. Figure 40 is a plot showing the percent change in fasted insulin relative to baseline of vehicle,
FGF21 and 17e-FGF21(RG) on fasted insulin levels in Rhesus monkeys; shaded bars 1 and 2
correspond to weeks 1 and 2 at the low dose, open bars 3 and 4 correspond to weeks 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. WO 2009/149171PCT/1152009/046113
Figure 41 is a plot showing the effects of vehicle, FGF21 and Fc-FGF21(RG), given at the high dose,
on fed insulin levels of Rhesus monkeys acquired during weeks 5 and 6 of the study; solid bars
correspond to week 5 and shaded bars correspond to week 6. 5Figure 42 is a plot showing the
glucose profiles of OGTT5 performed at the end of the two week high-dose treatment with
Fc-FGF21(RG); solid circle, solid line corresponds to vehicle, open square, dotted line corresponds to
FGF21 and solid triangle, solid line corresponds to Fc-FGF21(RG). Figure 43 is a plot showing the
insulin profiles of OGTT5 performed at the end of 10 the two week high-dose treatment with
Fc-FGF21(RG); solid circle, solid line corresponds to vehicle, open square, dotted line corresponds to
FGF21 and solid triangle, solid tine corresponds to Fc-FGF21(RG). Figure 44 is a plot showing the
glucose OGTT AUCI-3 determined at the end of each dose period (low, mid and high dose) of the
Rhesus monkeys; open bars correspond 15 to AUC3 calculated from glucose measurements during
OGTTS3, solid bars correspond to AUC4 calculated from glucose measurements during OGTT4 and
shaded bars correspond to AUC5 calculated from glucose measurements during OGTT5. Figure
45 is a graph showing the effects of vehicle, FGF21 and Fc-FGF21(RG) on percent change from
baseline of the fasted plasma triglyceride levels from each group of 20 Rhesus monkeys; shaded bars
1 and 2 correspond to weeks | and 2 at the-low dose, open bars 3 and 4 correspond to weeks 3 and 4
at the mid dose, solid bars 5 and 6 correspond to weeks 5 and 6 at the high dose and stippled bars 7,
8 and 9 correspond to weeks 7-9 during the washout period.. Figure 46 is a graph showing fed plasma
triglyceride levels from each group of 25 the Rhesus monkeys; as measured during the fifth and sixth
weeks of treatment with vehicle, FGF2l 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 3 Oeach injection. Figure 48 is a plot showing individual monkey
Fc-FGF21(RG) levels measured at

Sa



WO 2009/149171PCT/US2009/046113 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 Ec-FGF21(RG) levels measured from the three OGTTs performed following each of the
low, mid and%%?é’ﬂ%%g 7§; shaded bars correspond to OGTT3 at the low HSE’eUS%S‘f&j%%%g correspond
to OGTT4 at the mid dose and open bars correspond to OGTT5 at the high dose. DETAILED
DESCRIPTION OF THE INVENTION A human FGF21 protein having enhanced properties such as an
increased half-life 10 and/or decreased aggregation can pbe prepared using the methods disclosed
herein and stamtRIFECHRIEEEIRT BRSISYY hidth TS OFRGASMTthe 1alflfe SHH B AMAACEIREN ted by
fusing an antibGdyG OGRS GEenEss, (PEHa DI REy P aharif diennin # engGofdineanildotypie EGF21
sequence. It is also possi further extend the half-life or decreas regation of the wild-type
FGF21 proteincﬁ’f/][1 ﬁ%‘gd%u g{-%n{ﬁrr&\g a{.éfd gﬁb‘gfﬂu %nesm:?ﬂ 69 T ﬁﬁ?o?‘erlﬂr(%gsﬁ h modited E)Ifc’gfeins are
referred to her€i @S ORENES @G EGH 236QUtants) ARy dot rthe hglbo dinreats defnther presememntention.

referred S0 ) @A ot
ecombingnt niele,acidaetadsy usesieiel. achiding indlie Bxamples.Ric.deneiallthase set

forth in Samb etat, oning: A Laboratory Manual 20 (Cold Spring Harbor Laboratory
Press, 1989) othe liffemtiPfigstisl shinMetatntaoBiblogl musubefenan apé thaPbsrpiiiehiégs Inc. and
Wiley and Songd 094, lhgth T ydbich a8 incorRRitetRenginOYyRiaien6s.for 8oy ﬁ%@ﬁ%@eneral
Definitions 25The term "isolated nucleic acid molecule” refers to a nucleic acid molecule of the
invention that (PFAd8WE8R Separated from at least about 50 percent of proteins, lipids, carbohydrates,

or other materials withawhigh:it ispedurrilysfeting whipn ntathudieicGEM imismateshiiemrthassource
cells, (2) is not linked to eﬂl or a portion of g%ﬁpycleog%?to hich the "iso.lated UC|eiﬁii acid

molecule* 9 inkBRT°RAL ?8?’“(%‘}61518’61&%%% HRRES IS0 S 1RSSR ST ER AT R 1iRREA to in
nature, or (4) deesn el ogiguinin naporaias Past dba laderpalymtidlegiidasepguénee oPreferably, the

solated nucleig adid melgeule of 1ng WOR009141GAECTILI2009/04614 3 prssent inveaion i
substantially frée from any oth co%?amlrgastflng nuC

k sent nI[?
eic acid molecules of other contaminants that are
found in its natdfdl aadvieorfurdrer trnpvoeld inttiferangitsidg st polhieptidd protutiop! drdits

therapeutic, digggestic,REAPIMAGHE T PIBURHSSP FISARINMECIAr biS HSeeithEeitlilorgny

molecule (e.g., nucleic acid, plasmid, or virus) used to transfer coding information to a host cell. The
term "expressichaiitfo PeRE At Fovebrs tHattrs dinrashe BSPYPERIPIABGOH VY SN YEIFSRE contains
nucleic acid segygpeeadhatdiget and/or control the expression of inserted heterologous nucleic acid
sequences. Expression includes, but is not limit f?él to, processes such as transcription, translation,
2nd RNA splicing, f inTFGHE AFeSh ASRRREmeLT RE (o 5 Beh BN RB P s Bt EFPIBLARE to an
arrangement otélankingriseq@gnaesiiherainitae fantdticnsetpences tont@satiteceikresidfiglred or

assembled so as to perform their usual functign. Thus, a.flanking sequence operably fin to a
coding sequent‘:’%1 %%If/ ktJeec%ort)lg%?BHogfe e*’?eg‘t%dgloq[%eo frhe%ﬁggt? r%ﬁ?ans%%ﬁﬁﬁ%en 151”%)0%%1%%%8%%% of 15 the
coding setffuencebbrylexemple, tacodioy s€quencedstbperdblydinkeddd agpromateriwtren the

promoter is canaie Al RiadIeBRRIPURNL U108 AAING PRGHERRR: SN KINg ARAUERSE eed not

be contiguous with'the coding sequence, so Tong as’it functions correctly. Thus, for example,

intervening untiamsriien Sferaramseiivadbsegiiontdd iines grdst srbetwbirainlomptaticegience and

the coding sequgngs:amehihex20armaler &@%@Qc\@mm%%g?ﬁﬁm@y canslaky inkeggto the
coding sequence. The term "host cell” is used to refer to a cell which has been transformed, or is

capable of beilParrsAsTe f M HAMcIdiebs satherErcahdYh ER of LRHARLHG B AEY gene of
interest. Biae tefigibachisierm he psegeny af thdrparadtsegliwbeilics of RaitRe Rioganydsideniical in

morphology or . genellc meke R to (PERYISRAAI SRl 52331009 an e SeieRdgena i present
are not further modified.
The present disclosure also provides pharmaceutical compositions comprising the
fugion protein disclosed herein and a pharmacecutically acceptable formulation agent.
30  Such pharmaceutical compositions can be used in a method for treating a metabolic

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



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 polypeptide"” is
linked in nature, (3) is operably linked (by covalent or noncovalent interaction) to a polypeptide with
which it is not WO 2009/149171PCT/US2009/046113 inked in nature, or (4) does not occur in nature.

Preferably, hedspiated RANRERIAR % AUBEIRDfalkcliea i, any albatapniamigallg palypegtides or

other contaminants that are found in'its natural’environment that would interfere with its therapeutic, = -
diagnostic, propesiricticlbieakenten aideotsTiMe term "naturally occurring” when used in connection with
biological materials sugh,as-aHgleicACdIRRIEGMIERi LA BERIAESIRAsiEalis: 3R e ke sRigrs o

materials which are found in nature and are not manipulated by man. Similarly, "non-naturall
occurring” as UHEH WETdIRpETets 161hThEeET0aT AORIRE 1iBE fGh vl pistne sraleavlsagnbsistetioturally

modified of synihiesizeshRvdman: Whehuseginiegnnection with nucleotides, 10 the term "naturally
occurring” refers to the bases adenine (A), cytosine (a,%‘gnine (G),. thymine (T), and uracil (U).
a

When used in conne RSt ARHE SERIS s t8FRT® RSGE Ui 8t V1 e BRI Mo acids
alanine (A), cystglineite maspasidAciddah phianieasi dhbddphenylalanine:(Emglycine (G), histidine
(H), isoleucine (1), lysine (IC), leucine (L), methionine (M), asparagine (N), proline (P), glutamine (Q),
arginine 15(R), serine (S), threonine (T), valine (V), tryptophan (W), and tyrosine (Y). The term
"FGF21 polypeptide" refers to a RREFBIYESCRIM T QN EHR0 BPeptideiespressed in humans. For
purposes of this disclgsure "FGF21 pol tide" can be used interchangeably to refer to any
Rilength FGF21 polt e el S o NSO &0 (e 5 00 A A R an
which is encodie b P! tirennatslectidagequiébtemnt SEQ |G 1Aamnatered6irh oithaion
polypeptide, e. ID-NO;4, which, ggnsists 0 ino agid resid ich is ded by
the muticotile SEAnde APSLO D NOTS, M o T 2E i oL St Jrgee
amino-terminaPétidned the flimeadti F3 £ontpdlypeptide (i.e., which constitute the signal peptide) have
been removed, and vayianS tyREeR (5 KRGHEBIS TG R2AAVREPILS MU 30 ERE2, mutant”

e

refer to an FGF21 pol tide variant in which a naturally occurring FGF21 amino acid sequence has

been mo#ified MR ficcansied wnel el BEL Arewsttionilatord Y Ardfd atnlfd.acid ! 8-

substitutions, inglydinggubstitutions With-gon-pagurallysoecursing @mino acid,analegs, and truncations.
Thus, FGF21 polypeptide mutants include, but are not limited to, site- 3 Odirected FGF21 mutants,
truncated FGF21 polypiffidesipretdbry Sleqe sibtamiere el Ridtdrd, ‘Bodiey dbsAre dithg B F21
mutants, FGF2kemmbifgtiammuiRrEs | areind fddenV¥er)2 Q0 9LEABG 71 P GlAdeia094a463 13 1ikision

proteins, as described herein. For the purpose of identifying the specific truncations and amino acid
substitutions oﬁ%ﬁaé' ggﬁ%%ﬁgﬁgp&%ﬁgﬁesent invention, the numbering of the amino acid residues

truncatec or mutated Egrrespohds totbeapatthe chatgeeid SHekebigduecs&iBIspokypeptiden tlivother

embodiments of the pre invention FGF ptide omprises an amino aci
sequence that %%‘%ggg ggﬁ% égfbe%&@d%%é%%?e%ﬁf?@%j sE.O eﬁ%ﬁé%%i’é’l‘i%“fﬁaﬁg 4, but
wherein specificcrESilesisonfemitgra desipaislegpropertypdal tresidi@s211 Bdl(pdptictemlaanis &:9.,
proteolysis-res'@tg Emlt&%ggg%d half life or aggregation-reducing properties and combinations thereof,
have not been further 10 maoditied. In other words, with the exception of residues in the FGF21 mutant
sequence that have Haerreddifiedsinbergerantshiceprotddipsiszrexistaltrel saggesyusdon rediscing, or
other properties,;ahoitih pereanR! allatbetaminmagd walduesit e LR bR gaAUpnce can

be modified. For example, in the FGF21 mutant Q173E, up to 15 percent of all amino acid residues

other than the §ftEZAmicairve sroten worerrinas serdirtited Toradidghiraginge af gosmsatadrEccould be
modified. In stiﬁ@ﬁ@qr@g@@g@@%@@ﬁ%@é@%@@&tig@wl@&ggﬁ ¢Qmpriges an amino acid

sequence that is at least about 90 percent, or about 95, 96, 97, 98, or 99 percent identical to the amino

acid sequence of SEGHERCM OBl hierbin e Spelifiaridi ghesenFemhg s FERYOB6IGheptide
mutﬂnt's prote@il;@is&@sagbamg or @@%%ﬁﬁ@(?—jﬁ@mingoﬂfﬁ@%mﬁf@ﬁ @vgléa@t@e)emnw ﬂiiﬁﬁllgécliﬁﬁzd- 20
Such FGF21 p ide mutants possess at least one activity of the wild-type FGF21 polypeptide.
The prectht int BBk o BHEB LS GG PR B S BIECS SHEBEINY ars £ GRS PO PGbtide
mutant compri$ig; atgaricO)aaid $8¢uenad ihail¢sTatsleRiguabe] 8fheparretibidentical 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 aggregation-reducing
properties and combinations thereof have not been ful%ther 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 WO 2009/149171PCT/US2009/046113 other than the

nucleotides encoding the glutamic acid residue, which was substituted for glutamine at position 173,
coiild be modified The nrecent invvention fiirther encomnacceace a niicleie acid moleciile encodina an




5 identical to the amino acid sequence of SEQ ID NO: 4, but wherein the specific residues conferring
the FGF21 polypeptide mutant's proteolysis-resistance or aggregation-reducing properties have not
been further modified. Such FGF21 mutants possess at least one activity of the wild-type FGF21
polypeptide. The present invention also encompasses a nucleic acid molecule comprising a 10
nucleotide sequence thakis-at feastabiout 8heperosint idehfesiSoatdymscidotideasegiabineeleSEQ ID
NO: 3, but wherein the_nucleotides encadin Ino acid residues caonfersingdhe empco : I
polypeptide muthﬁ?%?&ggwéﬁ?ég%@i é%%%%&%&%&?o%ié‘b%ﬁ%ﬁ% %ﬁgg&ﬁ%s(%%%g ?(J)):%%been
further modified pin.@theriwarde uithe e, Bxgeptios) ot 4 dsidudS dmpheB2E A2 rurstan S iR Red that
have been modified in oEd%r con 1a%groteol}/
anit

(Spapn 1 Hhrec ééS-reSistance, aggregation-reducing, or other
properties, about B]& S otheér amino acid residues in the FGF21 mutant se%uence ca{1 be

modified. Fgr example Figihe BGRIL il QIFEE, ol -MSparebtitsorbiralitile AET +ési40E other

than the glutamic acid residue, which,was substity , ing,at pAsHRR A7 3, lcould irepnredified.

The present invéﬁ%’gefﬁﬁ%?eeg o r%lgassaénsﬁ%ﬁ%ﬁgsﬁ%ﬂﬁggﬁppmpﬁsing 20 a nucleotide

sequence that issa)edsicabo(tigirpient] 68 ot §5296,%7), OBt GRgYiPRrcent identical to the

nucleotide sequence %EE%E"%IP A'\-Isﬁ)' 3 Qutherein the pedestidas eRcadinFammQIagitresidoes
poly

conferring the encode olypeptide mutant's proteglysis-resistance or aggregation-reducing
properties have mhjﬂee(ﬁi@xﬂhé’ﬂhmﬂfiwngf@ﬁcﬁfrﬁ@@é@éﬁ%@&ﬁI%‘Bﬁ?&?e%ié?ﬂ‘% ante
polypeptides possessing. at. Vi Wildatype FeFAkpalpeptide. The Willi
"biologicaIEaacti\g%az%E%iub%%@?)%igg?m%%aﬁ%rge&gg tyg an;%%%FZl P}el ) tig[ rm,%ant dleslcs_rig?d
herein that possesses &tgarstivitpHf i wWirktyhe F@Wﬁd?ﬁ%ﬁﬂﬁé}gﬁﬁgs %é aDility 1o lower blood
glucose, insulin,}grciglg ('jgg} ?{;@pge%g{’ogﬁ@mgem@)gw@igm@m@mmFo\(é?@i\mos&Holéfa@dé?
energy expenditure, dr 30insulin'sensitivity, regardless of the type or number of modifications that
have been introddiCel s itrenresaos ipefetia & fttant. FGF21 polypeptide mutants possessing a
WO 2009/149171PCT/HS2Q09{048 L3 somewhakdessaased lavelwed GRalcadtijiterkluitretBihe
wild-type FGF21 polypeptidc can nonetheless be considered. iological € 0B
polypeptidé fmutdrbd baﬁ)Tﬁé(ﬁérng%’ffé@fﬁPeb&fi’o% eaﬁﬁ%ﬂﬁ%r%%g u{?gagf@/&el#gi%’\?gﬁqiﬁjgﬁch
refer to the amouypt,of g FEi2d) palypeptideAn(stint ebéddo BupppfCan bbddRlalimeay dizgosplys or

more biological activities of the wild-t GF2 p}ti'g._s ; - ility da1lower-blaeded -
glucose, insulin,‘ff@l‘i}?éﬁ’hfé, th%?égg}gﬁ%e]\/egfs} reﬁinlﬁe_ oﬁ?ﬁiﬁ%@‘%&%\/e gl)ucoge tolerance,
energy expendityrg;, o IRGUBNFSEIFSItity 1A (ofdedieponiPlanrabeatichipiacceptable carrier” or

"physiologically acceptable carrier" as used herein ref ane, er.mareformuationmateriaisisyitable
for 10accomplishing orgﬂi%&%ﬁ}lﬂ\gsdi Aot & %l%é polypegg%deemutant. The term

&
ivery of an =
“antigen" refers tp.adndlecite PBA patidrrintiasnofeCLiFRER s (agabte drdeift Bsukaty A ahtibody,
and additionally that is ¢ [ [ 2d, | ipal.to epntikadies arerfapadale of
binding to an epifBPEHf ﬁ%@é&%@% ?&Z@lﬁ%ﬁ%@%\%&%@@nﬁore e itpﬁes.qg?t?rhe erm "native
Fc" refers to molaa(nls)ﬁﬁﬁequéridélcoqu'rﬁsird@&h@@éhu@ﬁé@&@j%nﬁﬁﬁ% bibdirg ??a}gn@%n
resulting from diggstion of whaole anti L prQak I means, whether in monomeric or
multimeric form, gwgﬁﬁ%iooﬁtgﬁﬁﬁg%%r?gegrlegg%né.é%%qe%}Eilglitﬁtgl immunoglobulin squrce,of t%eﬁ?éive Fc
is preferably of human diigincalftl danvbeharyasbuears o) foBHRe 4 MoTHF 1HEE SHANEE 2 Are
preferred. 2| _Nat'é/(%ti male @@@@pd@ﬂ& Of JRONQMeric palyperritas that.aan be(linkedlinto

0

dimeric or multim rlcdfo?rzhr ’b%/%gﬁ alent (i.e., disulfide bonds) and non-covalent as o_ciatics)ai '[cl‘l\l%d

number of intermBISOMAR LidAidE2B0fes b otk dir thonoHhetic Buitinierge ﬁ%%n&iym%l%cul%s ranges
from Ito 4 depending %ﬂw@'d%mﬁ m?gg@)cﬁﬁéﬁﬁg@%dﬁl&m@@mﬁﬁr %85 JHAF? Bind
IgGA2). One example of'a hative Fc Is a 25 disulfide-bonded diner resulting from papain digestion of
an 1gG (see Ellishl 80BIS 17882 onmicietemelbis rsshalsh %0¥4)9). The term "native Fc" as used herein is
generic to the monomerjg, dimeic;,and ’EHH'HQE‘@@@ formse An samplectanPdpalypeptdeisaggence
is presented in SEQ ID NO:13. The term "Fc variant” ﬁ{?r? to a molec(;jleo?rt?g é@éﬁﬁ?%is
modified frorfi a 30rretivk FilpGES(65h SHLEES: Hfh&ﬁﬁgpg ¢ for e SEVAGE receptor, neonatal
Fe receptor). Intepnationak ReficationNosa s DR/BAB31 sndivieaER4Tadespribe( WD GF21
2009/149171PCT/US2009/046113 exemplary Fc variants, as well as interaction with the salvage
receptor, and are hereby incorporated by reference. Thus, the term "Pc variant” can comprise a
molecule or sequence that is humanized from a non-hun}gan native Pc. Furthermore, a native Fc
comprises regions that can be removed because they provide structural features or 5 biological activity
that are not required for the fusion molecules of the FGF21 mutants of the present invention. Thus, the
temi "Fe variant" comprises a molecule or sequence that Jacks one or more native Fc sites or
residues, or in which one or more Fe sites or residues has be modified, that affect or are involved in:
(1) disulfide bond formation, (2) incompatibility with a selected host cell, (3) N-terminal heterogeneity
upon expression in 10 a selected host cell, (4) glycosylation, (5) interaction with complement, (6)

binding to an Fe receptor other than a salvage receptor, or (7) antibody-dependent cellular cytotoxicity
(ADCC Eeo variante are AdAeceribed in fiirther detail herainaftar The term "Eea dAdomain'



20 Fe domains and both these fusion proteins and their multimers are an aspect of the present
invention. 2.Site-specific FGF21 Mutants The term "site-specific FGF21 mutant” or "substituted

FGF21 mutant” rﬁ{gera to7 25 an FGF21 mutant polypeptide having an amigo,kgci%(%egﬂhjglqge that differs
from the amife éélcf'sgﬁdence of a naturally occurring FGF21 polypeptide geﬁ]fl;ence, 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 using naturally or non-naturally

occurring aming acids, at particular positions of the EGF21 ﬁlolégegotide. 3 0"Conseryative amino acid
substitution” cah i8R UBSRH o TEPE FltivESmInG be e (7e A a FREGUETEEHY 7 a given
position of the RdldshyeerE GEPABMFD72008624 91-tPCT/US2009/046113 polypeptide sequence) with a

nonnative residue (i€, areﬁiﬁi:é thatﬂilse t found in a,given position of the wild-type FGH
a 0

polypeptide sequence)i%utfgh ThereTsite &6 sriect dn aguﬁg?alrl?tﬁn or chie rge o the amino acid

residue at that (sositibar) GotseFeativé @nihonatiots GbstiiioRs] sy encopepdss) nbel-HakirERY occurring
amino acid residuashal Bip brRiTaldnseraaried B chRIUGALRGPIS SYPISaRiS-EAtaayHhan bY.
synthesis in biological Systems. These include peptidomimetics, and other reversed or inverted folins
of amino acid retiend whitqdalkcocoliiig redidifed eiid seoatbridrinberelagsBe(baséd dh common
side chain proertigs U ydrarielig.fporleucine, Met, Ala, Val, Leu, lle; (2) neutral hydrophilic:
Cys, Ser, Thr (3) acidic: Asp, Glu; (4) basic: Asn, GIn, His, Lys, Arg; (5) residues that influence chain
orientation: Gly, Pro; B E5(8)siosathe: Begentyfhpigs. in blpgsh ghiAsVIE b BIRETEE Eafiffolve the
exchange of a ijesrhieehoPB Df(thasecaldssesianaretheiraembeneithersansrciass. G170E

Non-conservatjve substitutio invalve the exchange of a memper of f classes for a
member fOm atﬂ%?ﬂe?%‘f&é’. rggifgifé&;%%né 212? s %{?ngl ufisHe \ﬁie%’glr%g%g@r?/a%e@?r (Spe

non-conservativenghn) 206 thetatiiihe dibyoihodeodkilletiamdhés grt Be(tiieRinre Isuth b stitytons are
desired. An ex%rylgl(%{g Pgtpc%t% g?%@e%% uﬁglt(%gx m{%% %%J%Is&%sdtﬂt%ig ns is set forth in Table I. Table 1

Amino Acid Su 1stltutlosrss Ficl m stitutions Ala i Val, Leu, lle Art F L s, Gin,

Asn Asn flu As Figure 17 shows the blood glucose levels measured in mice injected with PBS
(solid bar) or the Fc(15)FGF21 mutants Fc(15)FGF21 G170E (open bar), Fe(15)FGF21]
15  PITIE (gray bar), Fc(15)FGF21 P171H (solid crosshatched bar), Fc(15)FGF21 P171Q
{open crosshatched bar), Fc(15)FGF21 P171T (stippled bar), or Fe(15)FGF21 P171Y
(gray crosshatched bar).
Figure 18 shows the percent change in blood glucose levels measured in mice
injected with PBS (solid circles) or the Fc(15)FGF21 mutants Fe(15)FGE21 GL70E
20 (open circles), Fe(15)FGF21 P171E (solid triangles), Fc(15)FGF21 P171H (open
triangles), Fe(15)FGF21 P171Q (solid diamonds), Fe(15)FGF21 P171T (open diamonds),
or Fe(15)FGF21 P171Y (solid squares).
Figures 19A-19D show the results of LC-MS analysis of an Fe(15)FGF21 control
sample (Figure 19A) and samples drawn from mice at time 6 hours {Figure 19B), 24
25  hours (Figure 19C), and 48 hours (Figure 19D) after injection.
Figures 20A-20D show the results of LC-MS analysis of an Fe(15)FGF21 G170E
control sample (Figure 20A) and samples of Fc(15)FGF21 G170E drawn from mice at 6
hours (Figure 20B), 24 hours (Figure 20C), and 48 hours (Figure 20D) after injection.
Figures 21A-21D show the results of LC-MS analysis of an Fe(15)FGF21 P171A
30  control sample (Figure 21A) and samples of Fe(15)FGF21 P171A drawn from mice at 6
hours (Figure 21B), 24 (Figure 21C), and 48 hours (Figure 21D) after injection.



1 Glu C s Ser, Ala Gin Asn G u Ass GI F Pro, Ala His Asn Gin,LsA_ WO
2009/14‘9171PCT/U82009/046113 lle Leu, Val, Met, Ala, Phe Leu lle, Val, Met, Ala, Phe Lys IArg, Gin
Asn Met 1Leu, Phe, lle Phe | Leu, Val, lle, Ala, Tyr Pro [Ala Ser | Thr, Ala, Cys Thr | Ser Trp r Tyr, Phe,

Figures 22A-22D show the results of LC-MS analysis of an Fe(15)FGF21 S172L
control samplé (Figure 22A) and samples of Fe(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 Fo(15)FGPR21 (Figure 23A, SEQ ID NO:38), Fe(15)FGF21 G170E (Figure 23B, SEQ ID
NO: 39), Fe(15)FGF21 PL71A (Figure 23C, SEQ ID NO: 40, and Fe(15)FGF21 S1721,
(Figure 23D, SEQ ID NO: 41) fusion proteins injected in mice. '
Figures 24A-24C show the results of an ELK-luciferase activity assay performed
on the FGF21 mﬁtants FGF21 L99R, FGF21 LQQD, and FGF21 A111T (Figure 24A); the
10 PGF21 mutants PGF21 A129D, FGF21 A129Q, and FGF21 A134K (Figure 24BY; and
the FGF21 mutants FGF21 A134Y, FGF21 A134E, and FGF21 A129K (Figure 24C);
each panel shows the results obtained for a human FGF21 control.
Figures 25A-25D show the results of an 'ELK«-iuciferas'e activity assay performed
on the Fe-FGEF21 mutants Fe-FGF21 P171G, Fo-FGF21 Pi718, and Fe-FGF21 PI7IT
15  (Figure 25A); the Fc-FGF21 mutants FG~I:*‘GF21 P171Y, Fc»FGFZZl P171W, and Fe-
| FGF21 P171C (Figure 25B); Fe(15)FGF21, Fe(15)FGF21 A45KJG170E, and FGF21
A45K (Figure 25C); and Fe(15)FGF21, Fo(1S)FGF21 PI71E, and Fc(lS)FGFZl
AASK/G1TO0E (Figure 25D); each panel shows the results obtained for a human FGF21
control. 5
20 Figures 26A-B show the aggregation as & function of time for wild type mature
FGE21 and various FGF21 mutants; Figure 26A shows the change in percent aggregation
for an FGF21 control (WT, solid dlamonds) and FGF21 A45K (solid circies’) following
iricubation of 65 mg/mL protein at 4°C for 1, 2, and 4 days, while Figure 26B shows the
change in pement aggregation for an FGF21 control (WT) and FGF21 P78C, P8R,
o5  LS6T, L8GR, L98C, L98R, AlI1T, Al129D, Al20Q, A129K, A134K, A134Y, and
A134E (all labeled on the plot) following incubation of 65 mg/mL protein at 40C for 1, 6,
and 10 days.
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
30 L5BE.
Figure 28A is a plot show the change in aggregation levels for the Fe(15)FGF21
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Tyr 1Trp, Phe, Thr, Ser Val ?lle, Met, Leu, Phe, Ala 3.Truncated FGF21 Polynentides 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 formstafitHeshaIEGFEGE-28 Gy pEipteid dianondedieétei Ghe ke it Kruhdaic@nr21
polypeptide" refers to an . peptidein whi | id esi e re rom
SAIBhEAPopiind MG fitpas, extirebare peenyeTeed

the amino-termifal 10 (o minal) e ptide, amino acid residues have been

removed from the LHBORYHEMTHRI((pet temyiea)) cmdl chitHiGFGF 2ontsiy fegifti eireleamimty wéd
residues have bee% raggE)nnovtegogoft(‘pr hoth th%ﬂ;}gﬁ?ﬁ@%&&@ﬁ%@@t&?@%ﬂ' andsefihe mter21

polypeptide. THESAHEG8 funcations disdosed herein wer prepared as described herein Examples 3
and 6. 15The antivity of tHeetonimeltyntruncated FGF21 polypeptides and C-terminally truncated FGF21

polypeptides can be assayed using an.jn vitro ELK-lucif _ oscribed | |
Specific details of the('J‘?ﬁg}%Fc(')5 gs%%%gstﬁgf \éagﬂobeg&%g cTEc()? éeefaﬁm%li?}ge t g%gﬁ\}%g%f %L%@Qg?%g I%Sl
polypeptides canddécfopqalid Exarap|ertiEHEEGVIGRST thertantc R USSR pbhpFeptldes demse

present invention gan also se A in vivo.a ch as /l iee as SHoW MG
Examples 5 and*#'& nlg%fléf)ﬁ?(g?a%jségg%gé%?\%n gﬁﬁti@%ﬁ ﬁcg?eg%liéiﬂ polypeptide, the
truncated FGFZ&ealypeantie.can be administered to a test animal intrapefitoneally. After a desired

incubation period (e.gcpé%%%i lhé)glfrﬁrea Tﬁ?@éﬁggﬁé %?emlpélseu ﬁgno eagrﬁﬁ%%bqulgs%d a%.t’i’ﬁ%?%é@?f?'s can

be meastifed. Specifi at can be used

2009/149171PGHAdS2Q08046h43 PEEYINEdhé ectility solituncatdtbOCIFEIFBO I jpraptided wasabi found
in Examples 5 and_ 7. a. N-terminal T ' Ins .embodiments .of the present invention,
N-terminal trun@ﬁ%ﬁ@%ﬁbﬁ?ﬁ@ﬁ gg%i%?g?g’ %0 glg] aannﬁgeg’aécggeréeﬁa [Ues from the N-tei ininal end
'?rfutr:]ceaggtlligé(iiillybeptidgﬂisﬁggmﬁ?“ﬁﬁ%gﬂmg? of fegb Eﬁ?a 9. ap . '?CZ?ET%&WS
retain _theiabilit%?%ﬁ’é%?ﬁﬁ’%éﬁﬁ&é% &66}5@@'&‘838??%%&@%%? éﬁé %E%%&%ﬁmw
in particulas empgagiMmesshdtbe PeeseMANyRNIBE ENGaTpagspsrintindatadli

FGF21 polypeptide orE(FGF21 p_olypeptilde muta%fhsgh?ving N-terminal truncations of 1, 2, 3, 4, 5, 6, 7,
or 8 amino acidrd&Rfidd! 5. (BNE R {tfon8°4n some embodiments of the present invention,
C-terminal truncationspgemerse &, 15&i& 41 HB.IH B nssd Ospkitromttarneasihvésglwbssirad the
C-terminal end of the mature FGF21 polypeptide. As demonstrated in, for. mple, Example 4 and
Figure 1B, trun%@@@ﬁiﬁ%@l@ﬁgﬁﬁc}é{gﬁ&/}@ @%YPHH&T %’ﬁlg%\%%rsaoﬁéi}lv%&tﬁﬁfﬁ 5 aBrclir?l no acid
residues exhibited an effigacy PhakIgrstHe%i0s the péficanychtugldity bR &GERtose deviisvitrdb/db

ELK-luciferase assay, indicating that these FGF21 mutants retain the ability of the 2 re EGF21
polypeptid€ to [BWE f‘%é’ﬁcﬁl Asé ﬁﬁaﬁemﬁ%?/iﬁgfgfo,&é%?air??flé,eﬁq’p‘gﬁ‘l%hé?:erfln gg%n@;g%lsf Tﬁ%%:

present inventiopeREYMPRSSRSHOITAIaG datasHe Rl Bl matufie V=R ER dobid yrepgiss) LFEBEP171G,
polypeptide mutants havina.C-terminaI truncations o 135 é 4,5,6,7,8, 9, 10, 11, or 12 amino acid
residues. 25c. NHERARIR reondshinaf FiHGAbNS: 14h S5HE ERifdiments of the present

invention, truncated F@RRi.polyReplifassEannave aearahingiagoiiblondigakand] S-thrininalob
truncations. Truncated FGF21 polypeptides having a combination of N-teymi d C-terminal
truncations sharif§ef oy ﬁféo}—ér% eikutare] ?%&éﬁt&ﬂ%‘bﬂ eﬁbl)?ﬁgp%ﬁeg%ll:a%?nﬁ%ﬁ?ﬁgr %R’
N-terminaj or 3QG-termipatdrynsations alogr; P1other vexds, traEaindir GRakipolyhepREN Aating

both N-terminal truncations of fewer than 9 amino acid residtjes and C-teérTinaI truncations of WO
2000/149171PC BASE20089 fampngs) and LI9SR, P171G, 182F (o ) -

pen dlamon
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,
P171G (solid squares); LI9SR, P171G, Y1798 (open triangles), L9ER, P171G, Y179A
30 {inverted solid triangles), L98R, P171G, 1803 (open diamonds) and L98R, P171G,
A180G (solid circles). 4
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fewer than 13 amino acid residues possess similar or greater blood glucose-lowering activity as
truncated FGF21 polypeptides having N-terminal truncations of fewer than 9 amino acid residues or
truncated FGF21 polypeptides having C-terminal truncations of fewer than 13 amino acid residues.
Accordingly, in particular embodiments, the present 5 invention encompasses truncated forms of the
mature FGF21 polypeptide or FGF21 polypeptide mutants having both N-terminal Erunc%gons of 1, 2,
3,4,5, 6,7, or 8 aming @eiBeiidudstahevaneinPRICHUEanERE 20D RoasHleres /e H6Fe 1 o
12 amino acid gesidues, As it all, RERZLrpuIaNta of the prasend et iruneaesi BFA10
polypeptides can optionally comprise an amino-terminal methionine residue, which c Ee. introduced
by directed mutation ssas ;bR of B/ bacteHA felgres it BrokeLd, ng%ﬁelgrhﬁcﬁ‘tg%o &Sy
polypeptides ofshe present invention can be prepared as described in Examples 3 and 6. Those of
ordinary skill in the art, familiar with_standard molecular biology technigues, can employ tha ‘
knowledge? coupled WitA¥e ik &ritias %}EQBBWF@}?%%PA%I‘E%%}%%é? ?ﬂﬁ?c%i%?j ﬁ’—%ﬁf{l}pi)ol%eptides
of the present ipyanfion. Stagdsddaabniguessan bedisss, for iecdipbinahs N Ayiohigbnisleetide
synthesis, tissue culture, and transformation (e,g., clectroporation, lipofection), See, e.q., rook et
al., Molecular CISRMEG A dbdhs SRy Riatitisl FE@J&PJ‘), icﬁfl }é{’?rﬁl%&igloer%fgggi&ﬁ%cr?giﬁr %E}el%értﬁifg%or any
purpose. Enzymgafic reactions and purification techniques can be 20 performed according to
manufacturer's specifications, as commonly accomplished in_ the art, or:as [ | less
specific definitions ard’ kﬁ‘iﬁf‘dégi‘t %ﬁ]é%%%tl?@ﬁ Bfl iz%lg lfzr%}%%%o&t%% \;\%ﬁg&gr?g%gglgfb%?%ﬂry
procedures angddechnigue sofCanBlyticaliche OISy, dintietcd iyahyicuhgmisiiguend $ledieitas and
phaimaceutical chemistry des r_i,be[g ih?ﬁgxfﬂre Sgﬂass%]ﬂﬁél J&@%&g&@éﬂ&%%ﬂlpﬂ%mgﬂ@l@@ﬁﬁ'

al synt

Standard 25 tTAIGGE KRACHE TSR for'chemic eses; chemicalanalyses; pharmaceutical

preparation, fomaglatioasndsdeliyaryp dhentteatmentlst dateddine coTHepPOAtiRed B E2 before
polypeptides of the present invention can also [ 0 ity yhich ¢asimpatagiditional
properties to th%omggfgao F ﬂep‘gﬁﬂ%ears) }%?%Jger?g%rénqg%%iﬁgﬁn?g %he%?es.en; invent}%, a
truncated FGF23vpieljipOtitE2 3 siin sedusedr-topands dosgqueres ol i rsistiddine 6B shed
using known molecular bjological methgds and/or the guidanse prayided deseis:.Taaienelits @f such
wO 20091‘?4915’15@"}9&56%998%1(}1@ dsslg[r}?p%%pg%%%%g as we gg?nethodsefor m?l%{/r&? Sﬁ[(r:h
fusion polypeptidhiiare discusispddntmenchdataihafumes Blotduysisrselita i BBE2 1 Mitaits 5As
descrived in Exgraple. & Matyre LGF2L WA arAdie brolndploring e dseradaionp whict was
to arise fr

ultimately determine Ise from proteolytic attack. The in vivo degradd%:ion of mature FGF21 was
found to lead tossinddraeffertvpond-iiferovhichaadisdRsa bRy SABEIRABHEYZpEtic pdtential'or a
molecule. Accord regted studvanPeiieupsdd®identibyfdadb mutants thatbxdebiber
resistance to pr%%éﬁt%ggi‘gs(%gﬁgﬁg rggglt o'%t?]is inveggggiation, the sites in the mature FGF21 polypeptide
that were Heterminespto deiparieniBriy S IRCEPIIEEOHSRUINSS HOUIS the peptide bond between the
amino acid residues appQsitionss4: Hia0Rhvike thb52anchl 13hile, FGFA brohH bHGIRUSE) and

directed study was performed to identify particular sybstitutions that eliminate the obse! eolytic
effect while not effbcHistzh énaehicity WB??H% E}}i‘ﬂg‘iin%%sa% q&f@c&%ﬁ?ﬁ%@ (?d%f; ree, #g’b?%{sg %ﬂﬁgéll

highlight some gf fhe, luaBts,ihatwarRRieRaIRE aRditested.»As destribedtidpsor wkahipls SExdmples

13 and 14, not all FGF21 mutants exhibited an ide profile; some mutants,c - '
resistance but &t ﬁ?@'%ﬁ‘éf‘%d’fﬁ%é\@éﬁ@é@ﬁ%lﬁt . %@hsgp H\%ﬁ%ﬁz’rgt%%{g&ﬁ%f% iq gititttﬁ/ity but

did not copier prptgalysisrasistanceaSiexeiaimbtants, including, for example, 20FGF21 P171G,

retained a similar level of activity. as wild-type FGF21 while qlls ex{gibl@gnﬁgt%ai_siﬁgﬁg toJpreteolytic

_ ‘ % : . [
degradation.  One $&RIERiGH cliteti® r?ﬁ%ﬁfﬁ%inéed%%ﬁ?g e proteolysis-resistant FGF2| mutants

was that the activifyipbthe FERFaE, NREAT bend SEeMERY RS ame fastedr gredierlavsls te A6ty of
wild-type FGF21. Therefore, another,embadiment of the present 25 i 10N, glirec WakgB21
mutants that aré‘”r‘@g@&h?[i&dﬁ%%gglyis%ngr? gf}lfsr%?gﬁltgﬁiﬁtﬁf t%éﬁs%éi%rﬁ%l{@ %ﬁf%f%ép as, or
greater than, wilddypes&ERhdAithougks éssdesirabie inidofnecadd trE P2 a0 Granie PRI
resistant to proteolysis.but.exhibjt som r ivi 5iembaogixent ahthe
present in%é)ntioﬁ?%gssgr%nedcg;gtegﬁ cé%%\é@%e%?gﬁl%%%mqgﬁ%@ﬁggﬁé@g proteolysis, and
consequently, F@EE2E @@mashnts tisatcdlow some degree of proteolysis to occur also form another
embodiment of the present invention. WO 2009/149171PCT/US2009/046113 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 skijbin 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 et 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,
ac commonhyy aceomnliched in the art ar ac dAeceribed herain | Inlace enecifie definitione are nrovvided



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 invention can be fused to another entity, which can impart additional properties to the
proteolysis-rgzs[?s%%?f’#%ﬁ21 mutant. In one embodiment of the present inygﬁfm, Gp/i46113
proteolysis-resistant FGF21 20 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 knowaEhf ale Hidet shew e iy & Trstairhaidis S8R GG raghieh- Hdl &g FGF21
Mutants  AgideseribRchiphfaeamplerdsd ianaPIoRaror ahihaeswilshiepe L@l a@&y@emf@ & its
propensity to aggregate. At conceptrations over about 5 mL, the aggregation rate, is high at room
temperature. A@éﬁo&lﬁlﬁnﬁu E‘s%‘?ﬂfé fefeif e &’g‘{"eeégfoﬁ@ﬁg%{?ﬁ%ggﬁ@ﬁ?ﬁgﬂﬁé‘}:ﬁg‘ |
polypeptide is Both concentration and temperature dependent. 30Aggregation can prove to be a

challenge when working with wild-t GE21 at these concentrati C i t of a
therapeuti(%l'v formulatio%%%gc%résl nag%{/gﬁasﬁwgn’g&%6/%5‘1&7ﬁf#ﬁ@zﬁ@%ﬁ&ﬁﬁ?&%@gﬁ gy was
performed to idgntify E@Fmefrhul’a?ghsimat_éﬁ%ﬁbﬁﬁe@d@b&@@ﬁ?@%@ég&ﬁén@m redigtingeF GF21
mutants were then tesfad {or IR RraRENSIRY.IQ 20aEYAle ANAFIGHR FPPErRTaians:d Praar but
focused and directed study was performed to identify particular 5 substitutions that eliminate or
reduce the obs‘é}%&@g@#@@aﬂb %éq*r@&%ﬁ%kﬂ&@e FGF21 while not affecting the activity of the

protein to an unacceptghie d@%@%l&%&ﬁﬁfﬁ%hﬁ@ﬂi@ Aifinersuitatle pegresatianteeuriTg mutants
is described in Example 15. Table 16 hig[hli ts some ol the.m i nis that were p eparﬁ% 1nd tested.
il

As descrited irftfor¥ampie, BREmpie 170N PEE2H G ibited aﬂl]‘"cf@alsﬁ ""Eome
mutants, 10 sueh-apddHdl tiadk, hadncemnprotised e Eateaniviiyaid:dErendabsitldiedcfurther.
Other mutations,]scyfh’as FGF21 AL34F, 1o ined FGF21 activity but did not confer reduced
aggregation prcs)%értllensc. evaral mutaris, Such as’FGF21 L98R, retained FGF21 activity and also
exhibited reduced aggiegatithis@méotmitaminé GE 2hi246 REUFpAEIN Y dxthibitecdinttbased FGF21
activity while alsg eERID NG ERYSCH AIHPARHOMRIPASHIER 9. ABmAStedlian priteria-Qpddentiying
desirable aggregation-reducing FGF21 mutarits was that the activity of the FGF21 mutant be
essentialBAsimiarie Careglantadifiam ghecativiepofsurs e pcRoT FPhspbfoparsgesrerehidodiment

of the present inyention dsiditeeied 19.6GE 2kmuiantshaving wduead.AgmegtionRIGR]HIRE While still
retaining an FGF21 activity that is similar to, or greater than, 'W|Id8-§/ e FGF21. 20 Although less

desirable in soffie*tdse &2 Eeed R aMesamREPPETUREY Wik properties but exhibiting
somewhat decreasedfrgateds actiitypioimoangthes efbedifventcf, teHIesenFivaRToR ) some

cases it may be desirable to maintain a degree of aggregation,.and.consequently, FGF21 mutants that
allow some deé’t%%eg? %%’nggg?fgrﬁ ?8688&?? é%o%gﬁ%%éﬁgo?ﬁgp@%ﬁ? m%%‘ﬁ ?%gmre}l%ar%%;%{%\?%ntion.
25As witlz all FEE2Lsmuotarts ofithie bese htiinl/2 ntionsitel ag gregatiomictiacihg 1@ E@E mptants of the
present inventiq,ea,be prepareth g iesgrbed lodirngadlinthe art. fapiliar with

A Ihose
standard molecular bio ogy ecﬁ%lques, can employ t at{ncﬁvﬂa ge, coupled with the instant

disclosure, to ntakeekicdb usd thet dbgregatosr ruding FGRRE /mitieadts eprrrsnorssenwieientivn,
Standard technjighe ﬁ@%&yﬁ%&&@mecombinant DNA, oligonucleotide synthesis, tissue culture,
and transformation (e.g., electroporation, lipofection).See, e.g., Sambrook a al., Molecular Cloning: A
WO 2009/149171PCIKigpodo/tus 212ph sherarsrictaleme Susscusdrvdsitafsidteddereh oy

referencexfor apy: prRGsEmBNZYNALCHRAGleASIanELPUETIEAI QM deshNiWesks T hepariaune

according to manufacturer's specification commonly accomplished in the art, or as described
herein. Unless %ﬁ@ﬁ?mF@%itﬁfngcé}?%%@?gd?tﬂ%e e‘%’éﬁtﬁfﬁ%éeﬁgff’zréoc?ﬁr%’ﬁﬁgéﬁo%c%ﬁvéith, and
the laboratory precedidres-anshtapbindques:ok, analytical chemistry, synthetic organic chemistry, and
medicinal and pharmaceutical chemistry.described. herejn are th Il,known and commonly used in
the art. Standard tecr?r(l%' 1585%5% b kg}téégof‘g?n&ﬁglrﬁi\é@}%iyﬁﬂ%se :155 ?hﬁé%?niigg cfasin%t1 fgggﬁ%nﬁa]??ﬁbceutical
preparation, fortnsdatioh sahd) delivetysadd siorithennptpatientsd 20Throadgyeeygatidnheadueing FGF21
mutants of the Q{ﬁg{}&'%&ntion can be fused to another entity, which can impart additional properties
to the aggregation-reducing FGF21 mutant. In one embodiment of the present invention, an
aggregation-reducing Fer248iaae e v sisdly Wamed o sdifient8 @ £ YSERPIROL 3. 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. 6F¢3F21 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. Among these challenges are the protein's
susceptibility to degradation and its propensity for aggregation at high concentration. After an
exhaustive effort to identify FGF2 1 polypeptides that overcome each of these challenges, a directed

study was performed to detei ni ine whether the amino acid substitutions conferring
nrotenh/cic-racictance anAd 28 thnece ~onfarrina anAareaaationn-radiicina nronartiee entild he comhinead in



WO 2009/149171PCT/US2009/046113 Surprisingly, as demonstrated in, for example, Examples
19 and 20, it was found that the desirable properties of several FGF21 mutants could indeed be
combined in an additive or synergistic fashion to generate an FGF21 mutant having enhanced
pharmaceuti®? gP8HLIHES. FGF21 mutants that are resistant to proteolysi8CHAVS 8 “¢&Huced 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, anofiérietinBtinmieht D S ERT SINVaRISH R Hirsgatr for Ty a gt mu tivtsafitedt are
proteolysis-resigiantaidiave reduced aggregation properties while still retaining an FGF21 activity
that is similar to, or greater than, wild-type FGF21. Although less desirable in some cases, FGF21
mutants that are protdofifs Tl ?%??l?‘ﬁﬁ\?e%%&@ﬂcﬁﬁtﬁgﬁ%%% Spdrid Bl Skt Sdmewhat
decreased FGRaklactivity:fei franathethesn indirientebthe prfefentigventiost fiJomentiadseastit may be
15 desirable tomainiain 2 degree. of proteolieis andipragpreantion and conseauenil, FGR21
mutants that alloW some ciegree of proteolysis and/or aggregation also’form another et?\%odlment of
the present inveXiibi at thamiditesibFd3m2e hatrantssiforetip feSatinttwtiogh thee-GF21 combination
mutants of the present invention can be prepared as described herein. Those of ordinary 20 skill in
the art, familiar with standard molecular biolo tech%i%%es, can employ that knowledge, coupled with

the instant disclosure, to mak&®BAdU<sERH PEYA 0 AEBHEN A BIEHY present invention.

Standard techniques gag,bf SR TPLIEEHMRIRARLRNAaligapielactide symhasis.diasiergytiure, and
transformation (e.g., electroporation, Lipofection). See, e.g., Sambrook et al., Molecular Cloning: A

Laboratory’MartBdPT 25 S, HRICRTI M CHRoBFREP HE eI By FBFeTEHA ol EHYBHPBER Eizymatic
reactions and piifiadientechnigugscgandie perioimethRccordingiorman tiasiter s:3paiifieations, as
commonly accomplished in.the art, or as descri rein, Unless specific definitions are provided, the
nomenclaturesqﬁé%%%iﬁnggﬁp%’c% Oﬁﬂ{ %ﬁﬁ#%%;bgﬁé%?@ﬁ%c%ﬁg%@hn Lé}gﬁlrﬂghﬁlees“&@analytical
chemistry, synthygtichéigahiscghemistrit, and30 sslidinad dindheharmadetiticab dHdmistriedesstibed
herein are thos | ophyused i r ' for
chemical synthg %géa%@%\%%gg%lﬁgﬁ%‘ i IE%I% %%%@%%}{E%I%%%%géﬁn%&%% p ﬂét?or%i@gﬁtical
preparatidf, forfrfubaticH. ahitlislidfipdaneteiesamsantarioddadisrsin as Mawre PREEoM Bwedh mutants
of the present igly(geWeg%@%gﬁgqggge%;}gggﬁrﬁgggﬂ@ﬂyhich 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 1gG Fc sequence, e.g., SEQ ID NO:13. Such fusion can be accomplished
using known moleculadigipgiea metbedsrngdansas guidasesnpravidedheareir Thedpenrefits of such

fusion polypeptides, as well as methods for making such fysion p eptides, are discyssed in more
detail herann. 165 EELE P S BRI OO (et S (e ORI GLG 8 optide” or
"FGF21 fasion (foteityrieidistamalfsisioncfy tnegrl fidieafineacilaesidués (suehas Aibletgrologous
protein or peptide) at the, N-terminus or &-terminus of any.FGF21 .ol ide,mutant described
ohorein. A R B e AROTEL P PR R BRI
allow for the deisstiperaiedfordsobatisirehaniPGR2 Dpolpeptide mutant; a transmembrane receptor

protein or a portion thereof, such as an extracellular 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 therebf-whi&ﬂﬁ%@&@&%iactive; a polypeptide or peptide which promotes
oligﬁmerigg_tion, SUChI ﬁge?aweima%mgmm;@qm%@emg ?H Qﬁ_ﬂé'l@?; Wél_i?ﬁ(iﬂ%‘dﬁ@%ﬁ?e&tab”i?(, X
such as an immunoglobylin stant region; a functional or nonp-functional antipody, or a heavy or light
chain thereof; dﬂ&‘?ﬁgﬁ&%ﬁﬁ%%ﬁ%ﬁ ﬁﬁga%e;c%@ﬁw‘smtzfé]%uw&&’ﬁ&?ﬁ& %gﬂwﬁnﬂi 2drt from the
25 FGF21 polypeptigdrmetantstbéthe presentinveritioi. iAlsaueiitpfopas seabivthienpeksentithvention

are FGF21 mutants fused 1o (uman seruim alunin, (48a), 1 ECF2LIusian prateing.can be made by
et polypeptide

fusing heterologous sequences a elfﬁert erminus or at {h%ré-qermlnus am]—l
mutant. As desetilbed el sirzrhdetelolbgod sredruérics talket enarntamind)asicbsedijehckedriaa

) . g taini g | ] i i h
non-am ggﬁ%%ﬁ@m&émmg {JEIGHRIA99YS REHECES) %%@b%i%%@gr%%?y%}!x&o the

mutant or via a linker or adapter molecule. A linker or adapter molecule can be one
or WO 2009/129 % Fape pASRo0oldL 6398 peerd BBl aciersslasé sskciprsid)melgeule of the 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 agigapter molecule can also be designed 5with a
cleavage site for a DNA restriction endonuclease or for a protease to allow for the



separation of the fused moieties. a.Pc Fusions In one embodiment of the present invention, an FGF21
polypeptide mutant is 10 fused to one or more domains of an Fe region of human IgG. Antibodies
comprise two functionally independent parts, a variable domain known as "Fab," that binds an antigen,
and a constanPd8iRAi llfﬁown as "Fc," that is involved in effector function%cs]h/gﬁzg"sw%%ﬁement
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 Fe receptor binding,
protein A bindiRgSEBMNERER fiRatihviaia! Pefishs Vb i Padihital PR E R GHET &1 21989).

In vivo phannaggitinelis analisis iotisateshibathumarkdhalitananshethaiiteofiabeutuldhour in
mice due to rapid 1c_':;{;‘aarange and in vivo degradati n.t.T herefore, to 20.excliend the haIf-IEelof{JgGFﬂ an
Fe sequence WASTERHE8 tha'N- B PO ARmRIT QTSP PSS RSN S iR S Thd RIS t%an Fe
region to wild typezfe@eR sén particularly Fc fused to the N-terminus of wild type FGF21, did not
extend the_half-life asex ed e hic ' igation r ic.degradation
of FGF2 17n vivo anzl?heg %é ntﬁ?ggq[\?g ri:é g’%é%é%ﬁ%%ﬂgIl{%\;%%;viegr?'%é%é%?ct%czﬁ%%@égé%;ﬂon.
Such 25 mutaritgemesrskier iy iy, doliesimapieatExdmphesigegihd 11, and exhibit longer half-lives than
wild-type FGF21. Thepg.and other EGE21fusionprateinsform embrdiments f thapeasabinvention.

Throughout the disclosure, Fc-FGF21 refers to a fusion protein jn which the Fe sequence is fused to
the N-terminustdriett 3911 s AarknhPYEGHGtE e tes i BEEERYPrEe R A SDISIBR protein
in which the Fc;$eg1eia8e1i8:fd R0 Aie G termibds DG FRDreM6) includes, but is not limited
2009/149171PCT/US2009/046113 The resultipg FQFémor}protei?.c?n be 1purified,[ for
example, 1y thiPuRSGPEPHGRR KRRR) Vb TARS S EYh I Bristdinid BT 8T Fegion have
been found to exhibit ahsubstaniiaiytdydaterdialfdifedihorbio thasitheunfised gowtesidlinldigo, a
fusion to an Fe tegion allows for dimerizationmultimerization, of the fysion. pelypeptide g The e region
can be a naturali occurring EC region, orcan be altered o improve certain quaﬁﬁes, such as
therapeutic quatitissfairctiationtinBinorved ded.agfrelymgorequenad sekakbip diflcetitng eddngtein
therapeutic ag%@#ﬁ&%é%ﬁm\y@p%%"ﬁ@éﬁ%@w g@%&#@@%@%ﬂ&asusa%nt%@am of

International Publication No. WO 00/024782, which is hereby incorporated by reference in its entirety.
This docdrhenttBfseediss saniparagd' e erapiifciecadias srpdvetiarallyiBked £G), RRESh, or an
Fc region. b.Fugiom Riptgiarkitkers capadiéhen feuming thedusienmisttens ebdhe prepentdnvantion, a
linker can, but need not, be employed. When present, the linker's chemical structure may not critical,
since it 15 servE&IARaKAFEE SFSEAOTRE IRREEREN bEMdAe SRGHARTHE ASaSAiInRBY Sglther by
peptide bonds.fima@sme embediynentsof, tHerpresanilinvemiomitie inkenikmbdeuprefidfedrd to 20
amino acids linked b é)egtidbe bonds,é ;b/vrtlerein the amino acids are (?%Ile%tg from tr%% 20 nat gally
occurring amints)eg%?gé. Vario gses'eer{rl]b(?dwﬁ%nn?s? et 8 dimo acids are safectad from t}?]e amino
acids glycine, serinetalsnine)gralingjlPieaspsidagide cgtuthiniimes cdiidolysinedinsemeembodiments, a
linker is made up of a-fpalprity qf amine-acids hat are: stericallvnbinderadk sHeh.asalveige;and
alanine. In some embodiments, linkers are polyglycines (such as (Gly)4 (SEQ ID NO:295_and (O1y)3
(SEQ ID NO:3CAddlyafabiins tessitimadiorshon givelpie apd argpnsqstichthenpefy eayming, dr
combinations of glycine aRdSRAns{stHR M%é(ﬁl%&%? oRURessuitahler 2 dinkersirelbdes
(Gly)5-Ser-(Gly)3-Ser-(Gly)4-Ser (SEQ ID NO:23), (Gly)4-Ser-(Gly)iSer-(Gly)eSer (SEQ ID NO:31),
(Gly)3-Lys-(Gly! (@E@WNé@@*zsﬁk@mm@is@wem(@%m%%m SIS HTEERN B (Bly) 4
(SEQ ID 59:34)};@@@ BisREeAis e vGlystaEQ ID NO:35). While a linker of 15 amino acid residues
has been found to work particularly well for FGF21 fusion protejns, the present invention contemplates
linkers of 30any Iengtfrﬁbg o p@gi}g}%ﬁf 99@‘@6?6‘85/ ﬁéisiri{gf:*f?l\)@!ﬁﬂ%ﬁﬁ%f PSR RERHRRrs
described hereihaarél phempany samnachivak érsithat lansst mivol 15h gercand ofpiclyincledélethépidsidues are
contemplated by t resent invention. Non-peptide. linkers a t sent
invention. For e%é?ﬁ% éi,r%ﬁ?yf’ﬁn géerg%ﬁtg %]ss R-}? %@é@?s%%@%&%‘%%ﬁ SV rggzla%%%g%&{c?ﬁ {J%Sused.
These alky! linkergesaseliuftds Bob&ndisddinutedabsnbornnorrsudaicaligiamsei g droup pRisitig, but not

limited t043 '0\%%81:%!%&&- rt%ﬁmti{%vv@lgo@axh lﬁ@l?%ﬁ;ﬂi&@’-’gis GhiBE) 1NN 239 P REAMLIAN

exemplary non-peptide linker is a polyethylene glyco er, wherein the linker has a molecular weight
of 100 to 5000 lpscdofbexemiplent 10NN SOERE. THBCiEmMiCatyRRBerREder D Y Richdhds not
Chemically modified forms of the FGF21 potypeptide mutants described herein, including the
truncated forms of FGF21 described herein, can be prepared by one skilled in the art, given the
disclosures described herein. Such chemically modifigg FGF21 mutants are altered such that the
chemically modified FGF2I 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, EGF21 potypeptide 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 agueous
environmentw&%wgék“%llahysiological environment. Included within the sclo)ﬁg %?zélﬂﬁg‘bﬁlg:bolymers isa
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 25the present invention also form an aspect of the invention, Exemplary polymers each can be
of any moleculiPkFdight &HEF cBh BEANEINAG ST i BAtHEN ST B Boih SR RAYBRRIAF ASve an
average molecylasiveight abbaiweanabaut 2olebiaitaaipopdiEHHKRA hetiierrorahabitinindicating that

in preparations ofg}w ter-stoluble olymer, somtﬁ molei; Ie% v¥|ll wei%h.tm&re andtisoglp I%s 1than the
stated 30moleifaPWighe’s PARAY SFAGEMRSR LA RE gﬁ]tl St &5 polymeT € prefer iy Betiveen WO
2009/149171PgopuB20RWO46a48haleut 5 kDa and about 50 kDa, more preferably between about 12

kDa and a%"“t 40 IcDgy, and,magst pf fe&@é"ﬁﬁ%ﬁj}"&%‘%@ %&%%%%ﬁ%&i J?%ﬂB%é%&%?%mmﬁ““ab'e

water-soluble polymers or mixtures thereof incfude, but are not limited to, N or O-linked

carbohydrates,Sseigms}l}@lfé@@h@t@@-p@ﬁﬁ@tmbm@é@mIh(PE@)h(i riciédhindiise fopmsoPPEGhat have
been used to dgrivatize RPEIRING. Rciding MORG GGkt al kX YraPr ideMyrPOlSTtYaREIglycOl),

monomethoxy-polyethylene glycol, dextran (such as Low molecular weight dextran of, for example,
about 6 kD), cEIRSIBERE0 R HHEH BaFBBHGEALS BA8sETB s Yoiornd - BrgrEs PoBRIMEY B6Rethylene
glylcol. pr%ps(leaﬁlgh?@allmma@dlvmp%m{y&m?mi wml ' hlleieaflmﬂz@d@oaamﬁlwémm idd,
polyoxyethylated polyols (e.g,, glycerql), and polyvinyl alcohol. Also encompas y the present
vonton e bHSHET S de B e R i LR 1 e BE 0 DA vt SedEnod
FGF21 polypephigiainsufdint sndltimeils (B)so wheanpabksedtby-theqresghtinventioniare:t G2l mutants
covalently attaghed to polysialic acid. In sagme, embodiments,of the present.invention FGE21
mutant is covalenrﬁtﬁl ra%?fgc chétfical efsr%oo%ﬁ i%g o' }Hglﬁﬁé}’ oar%aenglrer%%iec%sé?enﬁ;gl}d Blf'g apolfy?ﬁledrs,
including, but ndliglitednio apdlyEihptengaiyint (PE Gy cpolyoiybittidiand lysolceripoybropgene
glycol. Sce. e guck SuFpan Nasw b0 B5; 44906800 31444 4O GFLAgRand

4,179,337. In some embodiments of the present invention, an FGF21 mutant comprises one or more

polymers1 includihgenug Aok iFresint ThaiabRsdhb B pieRsth (Yehalyrersiee (dextran, cellulose,

another carbohydratetipasegd-polypegrs Poﬁbiwaéﬁﬁ’é’p)&réﬁ%*oﬂﬁ)a palyeene giueol wirenyiene glycol
homopolymers, a polypropylene oxide/ethylene oxide co-polymer, polyoxyethf).llt{ated qu%&llf e.g.,

glycerol), polyANRSROH R SHiRtLFR SWPath FOTyRNEIESTH LoME SMbStifie e Sithe nt
invention, an Fedfdikfrdiantis iwovale nilyrchn gaaidifiecratith (2 26y Sulblsitsh RN eapptinents, one
or more water-solu rs are.bhonded at r more specific positigns (for.example,.at the
N-terminus) of i ggé)z(@/ rrﬁ Q'a?ﬁt‘fv ?ﬁ%&%%‘é?%é%@gén I'sﬁ,ooar'%1”é3)£orf3 anﬁé%ég Wa%gilé%ﬁdf)l%nﬁ% ?/?rinb rs are
randomlyzaittactiechtslonilosemorecsidESEalis ¥Oah; EGHE2dtmufarnt ¢f thopdypmiiddimentsEREG is
used to ‘mpro"ﬁi'g%éﬁ‘ﬂ%%ﬁi%gﬁlsg%&‘%qfs%”aﬁ%zicmuﬁ&@&u%e&ﬁﬁi”ﬁﬂ% metheds a1, 3discussed,

for example, in'U.S. Patent No 426, which Is hereby incorporated by reference for any purpose.

WO 2009/1491xixetiie S2neste #6 SES 1D IN@&nibseaiientsieh the pPcgaimoigghifsivhatchtthe
polymer is PEG{he R 3iouR s%@mﬁa{t%fmmiﬁa&m{ﬁmﬂ.y\(@ﬂmcmﬁﬁ@m@éﬂwr or

branched. The ave_raF%e molecular weight of the PEG group will preferably range from about 2 kD to
about 100 kDa P&y oPesarssly Hemsbsask s e hbout 50 kDa, e.g., 10, 20, 30, 5 40, or 50
kDa. The REG groupsuéltgenematiy bepttachaddentienfGhd Fruranhiaacyigdomamnreductve

ancylation through a regctive. group on the PEG moiety (e. ldehyde, amino, thiql, oy ester group)
to a reactive grg%pgﬁtfﬁ% E@%ﬂnﬂ&ﬁhta(&l&f%?ﬁ) gﬁfgﬁ%/%%,lrgr]’?%ﬁoﬁ%lrg ‘éé‘t%a a? 1(5%) éleS ?Sylation of
a polypeptide, imolifiing tHeckGledifinatitantsnofithe presentdOlinueadtion ccanbespegificallycchrried out
using any of the lation reactions wn in the.art. S reacti [ scribed, mple, in
the following re %%%@ég? rclsﬁlﬁrﬁ%ls8 ef aﬁ?gls %LEI ScWitho%O&r%({)%évﬁt a@aéﬁﬁ?%%%%%%ﬁr%%éﬁ%%&%ent Nos.
0 154 316 and &d0mB84dicand Ths, Patsht pedypentite 3etams itadnpllt PE@gtdtivredan.beicarried out
via an acylgtionjeacioRQF AN QM@}H,OMﬁ&@@@@@ﬁb1ag§§9@¥ﬁd%9}g§£wmsqla@%ahﬁmqi@ﬁt@@ 15 (or
or

an analogous reactive water-soluble polymer) as described herein. For the acylation reactions, a
selected polymBlERGY REEERTIRITIGR TehERFe batetgib dis Bdr senbienvearytationnd &&iEdted
polymer should have a single reactive aldehyde group. A reactive aldehyde is, for example,
polyethylene glycol propionaldehyde, which is water stable, or mono C1-C10 alkoxy or aryloxy
derivatives thereof (see, e.g., U.S. Patent No. 5,252,4%4). 20 In some embodiments of the present
invention, a useful strategy for the attachment of the PEG group to a polypeptide involves 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 25 an appropriate

functional group at a specific site. The precursors are purified and fully characterized prior to reacting
with the PEC moietyvy | ination of the nentide with PEC 1ici11allyvy talkkeace nlare in adiieniic nhace and fran



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 use as a vehicle by itself or in combination with another vehicle
(e.g., Fc). See, e.qg., International Publication No. WO 96/11953. The use of dextran conjugated to
therapeutic &%@gﬁ&ﬂﬁlimmunoglobuﬁns has been reported. See, e.g., E%?%é%%/ygfé t Publication
No. 0 315 456, which is hereby 10incorporated by reference. The present invention also encompasses
the use of dextran of about 1 RD 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 pre&Hing eHamsicatydHsERRS boRipe ptidsstil PRI cllfiisReh &S spesic (a)
reacting the 15palypeptidedvithiheagtivetac.nelyrocmnpigenledsiushisas ttenetive astartdhaldehyde

derivative of the polymer. molecule) undcr conditions whereby a FGF21 polypeptide mutapt becomes
attached to ong'gﬂﬁ’&l?ﬁnﬁglﬁﬁfgf’ ABTEEarRS e fﬁ)ﬁgﬁfﬁfﬁi%rfﬁ@t%egcﬁ%ﬁeﬁ?%'g{fc s.Hn %8%%?imal
reaction conditiastsrwilB bedetes miied basgdpoidknown parameters and the desired result. For
example, the larger the ratio of polymer. mo les 20 to.protein, th rt reentage of
attached pgc])lymer mo?élc?ﬁfgrl r?ntgﬁ%xéﬂrﬁggd?rﬁglr%t 8¥C§193¥p$g%%§#ﬁv&é%t$§? (?hlégr}gg%ﬁi%r%o [ |'en FGF21
mutants can haveprsisgie polpmetidrsipooks thelas2hlctse dhih8Semmemisdessisalete the)agimatent No.

5,234,784) | 5&}95{ BeRtQHh inyentians pabmepiige.nuianti.can be
chemically coucg?éggto bio%%@?ﬁg Qgi‘g![?nﬁ:%éﬁiﬁ/@ggtid%ufiﬁﬁﬁr%ghen aIIowe%I 25 to_beind to

avidin, resultingmPeslrd0 ket GRAdi niowRAdS e K Be prRfsaRtFRESREsEAT Fensise bl & hutants
can also be coyalgpibu&ol h@@h@gﬁ%ﬂ;}fﬁgmﬁ%@l\lﬁn%iﬁziﬁﬁfgpﬂ@rwfﬂwa_ apd E@@lrgﬁuﬁwgl f
conjugates precipitated with anti- or anti - to form decameri ugates with a valency o
10. @enﬂwﬁsg-naﬁisﬁgrtwgf%wﬁ et O&Qﬁaﬁaﬂ&%édlb%feéfgm-é%PéﬁSHUSF%fothe
present chemichiymnedifted mGdrZddnutatés iocuethasedtipscribed:herein farhiish2ddaolypeptide
mutants. Howeverththe cherr?icaI% modified F(%Fg]limt%tants. WO %0095149%7%P%E{:l%§%}09§/p46113
disclosed heref?{gar?rrpar\?geaé%’t%r?gf act?\?ﬁ?grsl, Enhanced or reduced bio %Sgll?:a ‘activi Y, or other
characteristics swzﬂm@scynbeasediﬁwcu elbreasadalfidifbs &‘ﬁ&ﬁml:mnent tQlidmodified ?@F@_lltm utants.
59.Therapeutic,campagiiions ofFGEEZ Muiants,and AdRIRISHAOR TGRS vas JRSHAREYHS

compositions comprising FGF21 mutants are within the scope of the present invention, and are
specificalypcorgbitgplie dtimdigHenfihb udifeanodisedeviy sth st FoiRingiteicESBhibiting

enhanced propgitigs, fichnfriai ednpiiadh PRAIRACICAl SREPABII AN LRI ISE @nt, or
therapeutically effective amount of an 10FGF21 polypeptide mutant in admixture with a

pharmaceutical§°dt piryHolohicily attBFEBic d6PHAHE BRIk st faFS Gl abiifty WhiPthe mode
of administratio). hut Aggegiabie:fajpduifioresiteriatsmprefegalbly arerDNtesiofentRicipigntsity the
dosages and concentrations employed. The pharmaceutical composition ¢an ain formulation
materials for mBRISNG TS TAEHER PG SR La ROt SR G R T B MBS G ity
clarity, cator, isBtohitiiEUdpo)gterility, rstedilityposte softdissolotiopon Teledsbs adsbtppioir(di2 1
penetration of thq c%%q sition. Suitable formulation materials include, but are not limited to, amino
acids (such as %(f , glutamine, asparagine, arginine, or lysine), antimicrobials, antioxidants (such
as ascorbic acid, sodilitg sutheat drendiemelipdeseRnPBTsalfite)lchutieis [rrlepnts Pepgdiegbidarbonate,
Tris-HC1, Citraﬁe@r@bgamﬁme%%ﬁrcewﬁggw%m&mg R dskeh as mannitRlerglycine),
cheating agents (such as et Ylenedlaml_ne tetraacetic acid (EDTA)), complexing agents (such as
caffeine, polyviP§isyrafiensitel frethscriBiestith SErRYER Xy prSHYI- E’t@ic’gchi‘aé%ﬁﬁ)‘flfﬁ@%?c
(rjnonosa)cgharidéﬁd(dé%atf]éehﬁﬁiﬁﬁg, ar;g)e@ﬁiasrecg\imﬁéwsdr%e$h@uwl}%slgﬁwﬁ&glmmﬂﬁal f¢,06.25 .
extrins), proteins (such as serum albumin, tin, Qr immunoglobulins), coloring, flavoring an
diluting agents}’é%@ﬁﬁﬁﬁglﬁg‘é'ﬁ?s, W&?@ﬁﬂﬁ%%g;ﬁeer?r(sﬁ%ﬁg%@%%ﬁ%%ﬁ%r&?%%%ﬁsIogv[@nolecular
weight polypeptigesinadtisforiming taueterndasn(Suthcamedidierin)irpsése watise s/ {uth asteiwalkonium
chioride, benzol¢ acid, salicvie,acids thimerosal. phepetiyaicohel. melylparakel propyagraben,
chlorhexidine, Sorbic 30aci , Or yarogen perOX|dle , Solvents (such as glycerin, prop’;?lene glycol, or
polyethylene glyedifisligar atdehdis (@wdbr apraeripiioirosi denbitolp2stagatnthireg wiemhtNrs wikketants or
WO 20094349 1{15EIY 30099056113 Weling, A0GNIS IS AHPHEAIC SRR BiegatiaR. A HErS:

polysorbates such as polysorbate 20 or polysorbate 80; triton, tromethamine; lecithin; cholesterol or
tyloxapal), stabmgfidisRadenerapettsitsied GESuprgdat S Setitan) adAieRr enIRAE BYCHRIENES (such as
alkali metal halides - preferably sodium or potassium chloride - or mannitol sorbitol), delivery 5
vehicles, diluents, excipients and/or pharmaceutical adjuvants (see, e.g., Remington's. Pharmaceutical
Sciences (18th Ed., A.R. Gennaro, ed., Mack Publishirg Company 1990), and subsequent editions of
the same, incorporated herein by reference for any purpose). The optimal phaiinaceutical
composition will be determined by a skilled artisan 10 depending upon, for example, the intended route
of administration, delivery fonnat, and desired dosage (see, e.g., Remington's Pharmaceutical
Sciences, supra). Such compositions can influence the physical state, stability, rate of in vivo release,
and rate of in vivo clearance of the FGF21 polypeptide mutant.



The primary vehicle or carrier in a pharmaceutical composition can be either 1 5 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 co%%ﬁ%%“&%positions for parenteral administration. Neutral Bhfared AN br 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 polypefititss bt RBAHGSHLISHADEHRIPATIE T61SToTAYE: By ki tHBSEBIEGLY
composition hawing.the desikatbdageeeipusitiodiieaplibeatdammidatioioademts(Eeoningten 's

Pharmaceutical Sciences, supra) in the form of ilized cake or an 25 aqueaous solution. Further,
the FOF21 pofLpie R GRS Be Toht Tl ST A oS LB A
excipients suchdé sugrase. that iEhe FEGF2bopolIPepticetmutahtphedmicetiticil, con¥ositions can be
selected fqr parenteral. delivery, Alterpati {tign : legted forinhalatian or for
delivery th%ougﬁ%écﬁlége%{tl%%ér}t{}ﬁt%%ggé#ﬁa?g Srégf%.ggrgg%?g?a%%? \gﬁ %%Ec;:h 3§p éa%rma'ceu‘tically
acceptable corppusitiogs {Bowibiihepsitipertide arutane formiendtidhredfpsaets aE8 pEREdNt in

concentrations, (gt are, AGLeRLRAIL, 19,0MQ.2 A0 L AR ATRE TAIS2PAPNAG 1 AN SU& Qf east

administration. For example, buffers are used to maintain the composition at physiological pH or at a
slightly lower pRreieanPiRRIN ApkredigRomebmraftiut 5 to about 8. When parentcral
administration is contemepiateshthe therapaslicrampesiioas il fusadnibisdinvensinicag ke in the
form of a p@/rogen-fre,e, parenterally acce|?table a L%%ouas s_o%ut'ont.c r%?g'sin%tretd sired FGF21
polypeptit® mdrsHEsHds SPaemescRiEAl SR ABORHRD RERFEH IR BUFHE ah?%ucl GblevEritiefor
parenteral injeiFEQ Hienlo:distbed invatar ihewlithoddek G2 ding yipeptidel mutdntsisdoftmmilgted as a
sterile, isotonic solutio eserved. Yet another preparation can involye th formulation of
the desired moﬁ@%ﬁ%‘%@ﬁﬁ%ﬁ,@ggﬁ 5’;%@“&?36’{8%#,8}%%6 Sésf%e%"g? jiOBFOC %{Ilg}lpg%r#c%g% ro[T)}olymeric
compounds (sw¢heagpptytastisacitod bpolyiylybolinedityd bdadsher wipdsonidsthiharprpivted for the
controlled or systaiped;te|gaseiinepraductybich oan hen hedelivrredyin HARPAbINISARN.

Hyaluronic acid can also be used, and this can have the effect of promoting sustained duration in the
circulatioh5 OtHEPSOkEE 5 4heansSEedieTedutREctT OtireieriFEssHibREUIé RERsIERlantable

drug delivery dg¥igesmino d8PRRiGMRPaLIMENtTa PhRiNacRYISA COMPesHiFsaNHe éumpliated for
inhalation. For example, an FGF21 polypeptide mutant can be folinutated as a dry powder for
inhalation. FGE2 N8 dSHed it FRL A iR A BRI S LA HBLE S FSItHE g%rv\t/‘i’tﬁ‘a{ ropellant
for aerosol deliyrisimiia yetdngibies, embodimeniuisoititiahsocaghhamirbulizeditouliith aryusdinistration
is further describeéj {jn dIn rnationa,[l Put])nlj[car;[igl@tﬁle?é %Cl)n 9§/§%069uc\{[‘é?écahﬂesg{eigﬁ]% t%?n Hg!g]ﬂonary
delivery of chefica f? modifiec Sp%%t%%%.‘ s AIs6 o enqp?a?ea that Certain formulations carrbe
administered orattyclhot2E: caguentb ottt theabres &t evemtionr, HER25pBRgEhthfe mtants that
are administerqd L iPis AN 6RO (RIEHIR L 4HRGT YIRRY Ui9seariiereusiRmaninysed in
the compounding of solid dosage forms such as tablets and capsules. For exam(ile, a capsule can be

designed to relaaiectidenctivednsationinst grdfensidraticenetriaBintarcase g astFaihtednartifkect when

bioavailability is,mandgizedapdrgisustenic3erearadation iadninipisrd mddiianakagantecan be
included to facilitate_absorption of the FGF21 polypeptide mutant. Diluents, flavorings, low melting

point waxes, veysIEIRg Wer Sve'siE Ao TPecHnd S96o /04 E1 1 it RRlveehitdeSpRSENTRG agents,
tablet dism*,egr@gji@go@gmsg@ngﬁi@%@@wmmbg@yp@pmd. Another pharmaceutical

composition can involye an effective quantity of F lypeptide mutants in a mixture with non-toxic
excipients that are suliﬁf‘)l%e%'r thg\(gg%%?[ﬁ’u? & ré%ﬁibﬁéigﬁ ﬁglé?srsno %g fﬁ%egﬁsa%qe%%%nﬁsc‘%%ﬁe water,
or another apprapyisiside hiclepsdksiahsdchordie the passcsmsunitaoseyarithSwitbbigexdigiehts
include, but are not limited to, inert diluents, su [e] I te, ' - e
bicarbonate, Iag%qcl) {ijgﬁ%alglllg;}n %%ggghaaqt)g?%rﬁn '?ﬁ?a%%?ﬁ%ﬁa%}gg as gﬁ%ﬁ%ﬁ%@r@tﬁé h(?a{icia; or
lubricating agentelssicholis sagmbsiyrveighirand stemie atigost talranondanien sKFRBHEMEQ &K peptide
mutant pharmageuiical. ampasitionsuilber quidepitahassskiledibdine Agningluding Josgaylations

involving FGF21 polypeptide mutants in sustained- or controlled-delivery folinulations. Techniques for
formulating a vEHEYSES ey he SERddn gy REaHTs MRt TR rh BB Rk S RRSHRE Earfiers,
bioerodible 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 phagmaceutical compositions, and Wischke &
Schwcndeman, 2008, Int. J. Pharm. 364: 298-327, and Freiberg & Zhu, 2004, Int. J. Pharm. 282: 1-18,
which discuss microsphere/microparticle preparation and use). 20Additional examples of
sustained-release preparations include semipermeable polymer matrices in the fonn 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

1 caliitamic acid and aamma athvl.l caliitamate (LRidman et al 1022 Rinonnlvvmare 22 RA7-ERY nnol\/(2- 2



3082: 3688-92; and European Patent Nos. 0 036 676, 0 088 046, and 0 143 949. WO
2009/149171PCT/US2009/046113 The FGF21 polypeptide mutant phaiuiaceutical composition to
be used for in vivo administration typically must be sterile. This can be accomplished by filtration
through sterfEGif iR Hembranes. Where the composition is IyophiIizea’?%Té{f)ﬁF?g?fgﬁﬁging 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 eneraII)( are placed into a container having. a sterile access port, for
example, an intFAVEHEH SeBRitieh B4 O Vil HatiHy e Sibhivarieroliie ey vy dermsidifiection
needle. Once tha pbasméaecaliicaleamsRaAsiion Hakhpean fasil aEe) iteaypbeigtoredins]0 sterile vials
as a solution, suspengijon, gel, emulsion, solid,,or as a dehydrated or lyophilized powgder,.Such
formulations can be s eta%lfhgﬁ??%vFe%%glg 5—ua§1§ féﬁ?ﬁag?)@ Cé‘%t%?f%g\{fg? NopliZE: Fgaeﬁi%lr?ng
reconstitution phertemadnoinistiEGBhl polyireptigpesifiene ndoddinseppotherpobsamtihyénibnfiswirected to
kits for producin ingle-dos inistrati ' ;a'll\';;ke ' S}g - inboth a ficst.cqntainer
having a 1 dri%%r%%;[néﬁ]ir{]% a %dg gcgc{%ﬁggcﬁn{%]%git mﬁﬁ%ﬁ%ﬁe&% %ﬁ%ﬁ%o%%?s%@rﬁ&ged within

the scope of thievisvétishareckisieontainitgysigle andlmisticerlaleisiets breefinsy syainkieste.g.,
liquid syringes ﬁtﬂg{wg@ﬁ&%ﬁ)}ermc&%&E(?%Q}ﬁ@n@[ﬂﬁ’é{%%ﬁﬂ‘if@ggé typeptide mutant
I therapeutically will

pharmaceutical composition to be employe depend, for example, upon the 20
therapeutic context af@%BjERiRE O CisrlY frer e dFpretiartynalers A propmitkitiosage
levels for treatmgnbvilbthusedansdepareing o1 salt.odpep-iheshalecide daliverad, shruineigation for
which the FGF21 polypeptide mutant is being.used, the of administration, and the size (body
weight, o8y SAFAEET DY GRS AR ARSI OR (B G AhBSEHEPHEMN of the patient
Accordingly, the clinician ean titar2nthe fdosagenariccniodify thetimutd ahademihstiatiordpabletain the
optimal therapeutic effect. A.typical dosage can.range fro out 0.1 ua(k up to about 100 mg/kg
o more, depordhig b T2 Fadr A TR b T SRe oA R A
from 0.1 ug/kg upnte! abouidued amdgikdico tiatigtkerpiblodbondin 0O e tivgiooe 8fjihAkgntigejighy. 15
jiglkg, 20 jig/kg, 2 &g%gy ﬁ&@%y@oﬁé@gﬁtﬁ%iiglkg’ 45 jig/kg, 50 jig/kg, 3055 jig/kg, 60 jig/kg, 65
jig/kg, 70 ug/kg, 75 kg/kg, up to about 100 mg/kg In yet other embodiments, the dosage can be 50
ug/kg, 1085ig/kg, 150 keI OBGHIE 25 igKEO NPT o407 AP TS PO09M02%E1% 300 jig/ky,
350 jig/kg, 400.jig{kagaQdialigs PAOHMHKERREA 1SR, ARG PRONAHKE 7PE:id0MIc/B8Ig/kg, 800
jig/kg, 850 jig/kgh900 Jig/kg, 950 jig/kg, 100 jig/kg, 200 gg/kg, 3Q0 jig/kg, 400 ng/kg, SEO g:g/kg, 600
ng/kg, 700 jig/Ke 0B gk 60 Tig R mPOBETIAKE! FB0BTTA  IB00 /K" 4065 Tg/RG, B8O jigika,
6000 jig/kg, 70000/ Kph800iHg/ KamA0Q okt aolmglke: natidhEdraouefieybdf désimganill depend
upon the pharmacokinetic parameters of the FGF lypeptide mutant in the formulation being used.
Typically, a clinician \?’V?%tgagrr??ﬁisa@’r ﬁ}éﬁgo]r%%qﬂ%%ﬁjbﬁr? ?I)éaa}ﬁc‘f‘é’g g]%er%a%‘}%iefén% Ac rlg%:gg he
desired effect. Natveofepositior ssam¢hereforp bé administaredizscatsing lédose, bs tivkedrinore doses
(which 10 may gr.ay BOtGoRIAININe3a0e,aMauALel ¢ degliadnolsauls) averime, anas a
continuous infusion via an implantation device or catheter. Further refinement of the appropriate
dosage is routia&i§cinieie HhheHssabst ofdnieiarariy teukida henids DRATRMEAPABILES t48RE D Utinely
perfoimed by tmt&e@r@%%g@%@%fe@ famhefgcRiaiaad dreudh ¥se AGPRIOPHRIEE) or

dose-response data. 15The route of administration of the é)harmaceutlcal composition is in accord with
known method€URE s deatly: 8t buttindeton B9 InfaddBHaL inf R SriEmRIS Ot AHEYR Bigals 2
(intraparenshymighifindraseieb uentriculand miamyssulan; ineac Waan niggagtesialllinsrpos), or

intralesional roytes; by sustained release syst which may.also he injected), .or. by implantation
devices. Wherﬁ%@si%&#{ﬁggﬁﬁég@i? né caﬁag]eiéb%? r%lilniélfélr‘éed tSJy %%}}ﬁ’g%lr%%% jon ére%(fﬁﬁi{r%uously by
infusion, or by implawntatoridediceric, sAltemdtivelycofcadditioAallyxzihpleonipositiorpohipdpgide
administered locally via.implantation : rane, sponge, or other appropriate material onto which
the desired molg(‘ae%%él ealf‘é%%%#tg é%r%%% '!oBreTg%?iaﬁpsulated. Where an implantation device is used, the
device can be implaniBet ittanaificsatablé tfstretoriongéarubmerdeliverpottiadesitdied Baoblecule can
be via diffiision, fimed-relgas itk AL oninuausadminialtration. d R Jhrsaneulic dspaef FGF21

Polvnentide Mutants ~ FGF21 polypeptide mutants can be used to treat, diagnose, ameliorate, or
prevent a numbBerEitisedsssndigsrhdrdiatonditsndY RcIAAGS batAotiimite %67%&%&}?8
30disorders. 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 WO
2009/149171PCT/US2009/046113 embodiments inclggle metabolic conditions or disorders such as
dyslipidimia; hypertension; hepatosteaotosis, such as non-alcoholic steatohcpatitis (NASH);
cardiovascular disease, such as atherosclerosis; and aging.



In application, a disorder or condition such as diabetes or obesity can be treated 5 by 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, int 8&993Hé%fl%jection, intramuscular injection, or orally in the TSP 1484 br liquid
formation. In most situations, a desired dosage can be determined by a clinician, as described herein,
and can 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, intErEPRR i HEHandhsEATSHTEEREHe Y IH: [BRitadess SroRifjeAdditiSieRd,
whether the nuglgigagigdnpjerifie-acolypaptide ieatmisianeaneaanbingion svtblethrr saerapeutic
agents, the immune statﬁs and the health. of the 15 recipient. The ern]:"t era e‘uticallgteffe[ﬂctive dose,"
as used herein®{HEARS & SnTSTRPEFE DL MREAVBED péittiGe that STCHEHIREDIBIBYIES of medicinal
response in a tisayeisystegioanitinal, can hbeumambesdgheought ia pesedeckencmetliGaltadostor, or other

clinician, which includes alleviaion of the symptoms of the disease ar di ' 20
11 Antinoctes D0 O B e et
polypeptides othherpifgsfc_énwnﬁemtifﬂmut@dm ‘%e%#ﬁ@&ﬂﬂ@ﬁﬁft&mﬁlﬁl@}wlﬁmﬂmwmides are
contemplated apg are Wb ihg,560Re OfIDERISERRE IBVENHANLThE soAdlRRiES cRRLRRRIyclonal,

including monospecific polyclonal; monoclonal (MAbs); recombinant; chimeric; humanized, such as
complementaribjsd&termAingfredin ARy faredy ARdai sl Sendine b ripiapsetic (s well as
fragments; varigptsapriehamicaly Reediigdssolenuiesiberarh.PRibodysrgmentsipeiisa those
portions of the antibody that specifically bind to an epitope.on an FGFZJ mutan 6§§ly eptide.
30Exampids oﬁsﬁ?&?tﬁ%&ﬁ%ﬁ? i SRR R RABSTPSG AR GeRw 8?%?5“0; i© éftavage of
full-length antilzadiessptthandinding fagspentsdamolyde ((haseipehedapeddayt Wililar cytotoxicity
2000/149171PE]ILA20091040 13 recombinant DA leehnidies, seh as the expression of
recombinant plasmids containing nucleic acid sequences encoding antibody variable regions.
Polyclonal antibodiesHireeted tosvderohain F@Eatpasatantpotybe ptid & gemeralbysaresproducedin animals
(e.g., rabbits ormige) by means, of Muliple SEHCUIANGAHSOF RMfARsIIoRRAldniectiong.Alihe FGF21

mutant polypeptide and an adjuvant. It can be useful to conjugate an FGF2_1 mutant polypeptide to a
carrier profein theltidsinolesalisnie meneREEcies W BEHm ieiize dvbubar adisesitdofeonmpaple
hemocyanin, sehw, &Ry MiiRey He dngagiahuling esmoxheanitkRaid iakibitelAise Agaregating

agents such as alum are used to enhance the immune response. After immunization, the animals are
10bled and thefSefaRia 588t 6t Aht-BBHAT MRt AiiBERY sk e MIRGERFhIAMiSS dies
directed toward-E8H2Jr mpGHTInalypepitle Seandae Rieducet ibogdrrywaaihbartbabpeavidess for the
production of antigﬁo(gl%( rﬂlolecules bg c%r%gitnuous (%ell Iinesfjn cult re. Examples of suitable %thods for
preparing mong?ﬁ n 2&1 HBOETES indiGae %%nfﬂfgrl@é%srﬁaanmoe ods GF KoRIEr e %‘1‘?’? Tﬁt}%n ature 256:
495-97 and 15 Faedhunian Brtdlbivydridomainrethotifi< ozhorhdi® 84y idiritnnutacin 188 806f {iBrodeur et
al., Monoclonal £ ngilpto}gyeﬁtrigguction Techniques and Applications 51-63 (Marcel Dekker, Inc., 1987).
Also provided l?y ﬁwe 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. 26 In ongembedimentihemeneclonal antibody is a "chimeric” antibody in which a
portion of the heavy and/or light (L) chain is identical with or homologous to a corresponding
sequence in antibodieSadFRdsHenP e Pirticiial SprRss oF balktighty! b e phrbetHar i5tBo &y class or

SUbC|aSS,2\é?hi|eaHk')lE(dfﬁm?jriﬁﬂﬁ{t(;@f)I?ﬁeﬁﬁ@@}}(@s)ﬂﬁg&fﬁaiﬂﬁﬁtm!é\éﬁiﬂﬁ@fcbmo@ﬂ%@%&&m&@%lbonding
sequence in antibodies derived from another 25 [es or belanging to another anti class or
subclass. Also fff &88‘63%?%‘}%9’?%%16% yo?%%’gﬂnﬁr%%egﬁé%,]%e%&? 5%%??3?/%%%!3&%%@/95:(? biological
activity. See, e ¢ W d RatentsNicerdo816jm6shieMberidorétralad 885 BeogridatkdAgad18dicldgS. A. 81.:
6851-55. In_another embaodiment, a . monoclonal antibody of the inyentjon is.a "humanized"
antborly, MethedTbr T T o R eai e S Sl e an B IR s
Patent Nos. 5,585;080raliy &:6981Z62nGeacidally! peHisnanirediontipoly FaEDrrobibapdrs.amino acid
residues ijroduced infa t fIRM3SaHESS that S ARAMERaR.n YR A00Y LABAAIRG TYP220R91 046113
Humanization can be perfouned, for example, using methods described in the art (see, e.g., Jones et
at, 1986, Natura™pe. ssibrosdrgdékmarniasttust fagsh v 3951998-9f terilkelen Bﬁg@ hosgs,
Science 239: 1534-36), by substituting at least a portion of a rodent complementarity-determining
region for the corresponding regions of a human 5antibody. Also encompassed by the invention
are human antibodies that bind the FGF21 mutant pojygpeptides 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 et at, 1993, Proc. Natl. Acad. Sci. U.S.A. 90: 2551-55;
Jakobovits et al., 1993, Nature 362: 255-58; Bruggermann et at, 1993, Year in Inununo. 7: 33. In one

maethnd <iich trancnenic animale are nrodiiced hy incanacitatina the endooanoniie loeci encodina the



20 including variable regions that are immunospecific for these antigens. See, e.g., International
Publication Nos. WO 96/33735 and WO 94/02602. Additional methods are described in U.S. Patent
No. 5,545,807, International Publication Nos. WO 91/10741 and WO 90/04036, and in European
Patent No. 0'648%8%% Ldman antibodies can also be produced by the exBFérég%ﬂﬂ%/P?@&Smbinant DNA
in host cells or by expression in 25hybridoma cells as described herein. In an alternative
embodiment, human antibodies can also be produced from phage-display libraries (see, e.qg.,
Hoogenboom et al, 1991, J. Mol. Biol. 227: 381; Marks et al., 1991, J Mot Biol. 222: 581). These
processes minfie TR SCENSEEO IR UK AR E ST O 4n g e b BRAAL LEEER of
filamentous bagigfiRphagte3Randysrbseaeioseieption alpbegs hetheaisdbingingtétda antigen of
choice. One sug tech}'gliue E described in Iﬁw ernational Publi%at_iqq l\lot. WO.99/E849_4 wpich
describes WO SG60PE481 78T A1 S5066/84 8 P15 TS AARTSITE AiGRSRNR Bnd RIRHGHT agonistic
antibodies for MRine and sabktigeeptorseisingspals amappuodghoccurr@igiareno, €D R giaftetaand
humanized antibodies are typically produc rec ina ods:. Nugleic,aci :0ding the
antibodies%are ?ﬁ%%’é%ﬁ%%y ir%%%%%{a%él%%sggﬁgyggpi@g% u |%8%ri1la?§rtlla s%glf% B%i(%%%squ %}{e]scribed
herein. In one &lsadimeritethe ditboiielsdr pnotumeapiivad aihinrs rostdel §1eueH BSTHO cells.
Monoclonal (e.gr.bimaR)Antikedies can be produced by the expression of recombinant DNA in host
cells or by expression in hybridoma cells as described herein. The anti-FGF2 1 mutant antibodies of
the invention can be SYABIBYEPHEHTL FSIdSHAEA I A dBOstR &k ST SOR BRI assays,
direct and indirgietispnshwighsassays, and immunoprecipitation assays (see, e.g., Sola, Monoclonal
Antibodies: A Manual of Techniques 147-158 (CRC Press, Inc., 1987), incorporated herein by
reference fh its entirely) for gf&@?&é’fﬁin“ﬁ 8 H’ﬁrfh’l{gi %wﬁééﬁuia%tant polypeptides. The
antibodies will bind FGFF21 muitasitipdiypeitideSyaigeafaffinity that is appropriate for 15 the assay
method being employgci. E(%E_d'}%g%r:[(z%tic applications, in certain embodiments, anti-FGF21 mutant
antibodies can be labsléed with & dététtable moiety. The detectable moiety can be any one that is
capable of producing (€itherbdinectiysorGiditdstlyya degectable signal. For example, the detectable
moiety can be a radiod'§5)topges§&{félg s 3hhMbee %gﬂn%‘f’éﬂ%ﬁ:"@y,%ﬂpé]ﬁ?Ga; a fluorescent or
chemiluminescent compound, such as fluorescein isothiocyanate, rhodamine, or luciferin; or an
enzyme, 5Bch as alkdifie pHispRégasEPiiaiali§sidase, or horseradish peroxidase (Bayer et alL, 1990,
Meth. Enz. 184: 138-§3hserv aAMBsLHiNa RN dina a3y ey @adhe Al absr labsied standard (e.g.,

an FGF21 mutant polypeptide, or an immunologically reactive portion there%o compete 25 with the
test sample anAljtectd angihersres bR YEHE SEIP SEHH ) RS BRIV TTHIER SFAB Hhesr
anti-FGF21 mufigné-antibadyt 4 hentraosidef ditfeteicadsen dban hpohipe fdeanther igsissample is
inversely proportionalﬁo th%amount oJ stggt?%% Itlrgz%v ggt omes St%ouagg l:[Joo}hne0 %@tiQQe%%%v g'ocf%cilitate
determining the amount of standard tat becomes boun ,Ifhe antibodies typically are ms?)luabnized
before orzfter thedcampietifidry, B0sosthtitdnie thandand thadianalytt thbstdnsdound fesihelamibodies
can convenientiy he Eoaaiod Tomiins sieadaitandiataia haliRuaRRReYRse WO
2009/149171P T/UpSZ 046113 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 sgiplejanalyte 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. S¥RIROAcid Subsiutiony, 4,376,110. The second antibody
can itself be labeled with a detec mlﬁémﬂlﬂys(d{f@ :Egam@\mfpﬁgimua}i@ﬁg:an be measured using an
anti-immunoglobulin antibody that is Tabe{ed with a gratectable:moiety (indirect sandwich assays). For
example, one type of sandwich assay Is g enzymerkakgthimgaunosorbent assay (ELISA), in which
case the 10detectable moiety is an enzyme. Themnti-FGF21 mutant antibodies of the present
invention are also useful for in viyo imagig. An antibpdy labeled with a detectable moiety can be
administered to an animal, preferably intoythe bloofistream, and the presence and location of the
labeled antibody in the host assayed. Thglantibody gan be labeled with any moiety that is 15detectable
in an animal, whether by nuclear imagnetituresonanggpradiology, or other detection means known in
the art. The FGF21 mutant antibodiegief the invertienacan be used as therapeutics. These
therapeutic agents are generally agonists@r antagofisisain, thad, they either/enhance or reduce,
respectively, at least one of the biological activities of an FGF2I 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 vitro. 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 antiFGF21 mutant antibody is capable of interfering with the interaction between an FGF21 mutant
polypeptide and an FEW receptor thereby inhibiting or eliminating FGF21 mutant polypeptide activity

N vitro or in vivvo Aoconiet and antannnicet anti—c-ECE21 miitant antibodiace are identified hy cereaninn




reagents useful for detecting FGF21 mutant polypeptide levels in biological samples. WO
2009/149171PCT/US2009/046113 Such reagents can include a detectable label, blocking serum,
positive and negative control samples, and detection reagents. EXAMPLES 5The Examples that
follow are illﬁgf%m?é%?lgﬂ)ecific embodiments of the invention, and various ULBEErdeY hey are set
forth for explanatory purposes only, and should not be construed as limiting the scope of the invention
in any way. EXAMPLE 1 10Preparation of FGF21 Expression Constructs A nucleic acid sequence
encoding the mature FGF21 polypeptide-was.obtained-by-polym < in reaction (PCR)
amplification using primers having nuclelfide seguefibet = the 5" and 3' ends of the
mature FGF21 sequence. Table R lists thglprimer\ ify the mature FGF21
sequence. 15 Table 2 PCR Prim j =21 Construct-Pri Sequence SEQ ID NO:
Sense 5-AGGAGGAATAACATATGCAMSEAATTCSACRSFETICTCC-315 Antisense 5
“TAGTGAGCTCGAATT CT TAGGAAGEETAGCTER: ¥alglleidlayI¥ors sed to prepare the FGF21
expression construct incorporated-20 reSHction-endbhuclease sites for directional cloning of the
sequence into a suitable expression-vectSt(e.g—pE Fadu&vSgen/EMD-Biosciences; San Diego, CA)
or pAMG33 (Amgen; Thousand Qaks,-CAR--Fhe-expression-vecterpAMG33 contains a low-copy
number R-100 origin of replication—a—mégfﬁied lac %F“% er-and-akanamycinresistance gene. The

¥ 4
expression vector pET30 contains-a p8§§52 deri urf‘ipc.'gf* u.rzrg%nl'catio , an inducible T7 promoter,
and a kanamycin-resistance gene—\While &xpressiontir ..”Pﬁ.v.vi}% wes-feund to be higher, pET30

was found to be a more reliable cloning vector. Thus, the majority of the constructs described in the
instant application weTeuficstgerEeFaterbineEIEQ and then screened for efficacy. Selected WO
2009/149171PCT/US2009/046113 sequences were then transferred .to pAMG33, for furt

amplification. The% ﬁﬁﬁ?%%igﬁgﬁnc(%u wad laersﬁaﬁﬁrév Frﬁ %nréséé%fgcn%er%i%u{?gngéﬁ%i?ﬁﬁ%a%%%epi dH20,
5tiL PfuUltra Il ReactiditBlfferlfioryjde, 2 T hisddmediner40fiht progcn0imivinion prosefigpiate (100
no/mL), 1 8L PURAC LA, dpoEHmReh 10 piMand hEMRIUa b isiep B Rlymerase

(Stratagene; La Jolla, CA) Amplification reactions'were performed by heating for 2'minutes at 95C;
followed by terfesjdiesiTatign enfon20T8e EiRIS C6 0@ FHPRO0SERBHY R 9T 8h Ca?ééﬁiaﬁa}fié%%‘tracted
per cycle), and @ﬁ,ggmé seconds/kilobase of desired product; followed by 20 cycles at 94C for 20

seconds, 55C for 20 seconds, and 72C for 15 seconds/kilobase of desired product;
As used herein, the term “truncated FGEF21 polypeptide”™ refers to an FGFZI

polypeptide in which amino acid residues have been removed from the amino-terminal

10  (or N-terminal) end of the FGF21 polypeptide, amino acid residues have been removed
from the carboxyl-terminal (or C-terminal) end of the FGF21 polypeptide, or amino acid
residues have been removed from both the amino-terminal and carboxyl-terminal ends of
the FGF21 polypeptide. The various truncations disclosed herein were prepared as
described herein Examples 3 and 6.

15 The activity of N-terminally truncated FGF21 polypeptides and C-terminally
truncated FGF21 polypeptides can be assayed using an in vitro ELK-luciferase assay as
described im Example 4. Specific details of the in vitro assays that can be used to
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 vive assay, such as ob/ob mice as shown m 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 vive assays that can be used to
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10 followed by 72C for 3 minutes. Amplification products were digested with the restriction
endonucleases Ndel, Dpnl, and EcoRl; ligated into a suitable vector; and then transformed into
competent cells. EXAMPLE 2 15Purification of FG1?21 Proteins from Bacteria In the Examples
that follow, VAR AERED proteins, including the wild-type FGF21 ponpé’ﬁtT(ﬁB?%?%%‘gféa FGF21
polypeptides, FGF21 mutants, and FGF21 fusion proteins, were expressed in a bacterial expression
system. After expression, which is described below, the FGF21 proteins were purified as described in
this Example, unless 20otherwise indicated. To purify the wild-type FGF21 polypeptide, truncated
FGF2I polypeptit@dna s RRERDY GhttTRcH S RehA RIS 5w B%éq&g?&bﬁsf&ﬁag ddrclusion
bodies (DWIBs) were solubilized in a solubilization buffer containing guanidine hydrochloride and D 11
in Tris buffer at pH 8.5 and the for one hour at room temperature, and 25 the solubilization
mixture was added to*arrefott ~OHtaIRig-urea, arginine, cysteine, and cystamine hydrochloride
at pH 9.5 and then mixeshfiar 24thdirsas bCisgeren:. Slarken, 998G ot tOpthii Bio techprole 9:
157-63; Manua/' et al. 7,BI nol. Bi : -34; fo]] . " ing proteins,"”
Protein Fu%ctiilﬁ :ﬁAﬁPﬁé?éi%é?Aogggﬁéﬁo(%%é)ig%%ﬁ%,ze%gﬁ%v%@g%ﬂg %%%e@tﬁ%%gg%rgﬁ f%%ibashi et

al., 302005, ProokincBlige. Parfomonstayd ol lonignaoi Binanton o fifols Agiuneatikdirg Was filtered
through a 0.45,WQ-2009/ 14214 3 LHinlP a00RART g andibenmitie L old poglwas then

concentrated approximately 10-fold with a 10 kD molecular Wei%ht cut-off Pall Omega cassette at a

transmembran8oiibsadraheT meiyisr SO, aplmsrisitefe dloner PLOinsRk e &bIG HNE ris, pH
850 ata TMP %A@&RﬁhgT%ehS@@éEﬁdl@mg&%dA@éanﬁEhé%iﬁ@%ﬁdﬂgeﬁﬂ&? eazssh%%g@s(&ﬁh@é@a o
chromatography using.a epharos resin. A linear radient of O to mM NaCl jn 20 m
Tris was run at%%.@fa%dﬁagﬁk%@%ﬁ?wg?gt aﬁfzgﬁa%ésf?@fpﬂ@ aﬁ]&tﬁ%%lgg.vmg 5i'{ﬁe AEX
cluate pool wascthenastbjeateaditohydrdhldob]eiMmearaiamehichaiadgiaphy (HIC) using a Phenyl
Sepharose HP resin. Protein was eluted using a 10 decreasing linear gradient of 0.7 Mto O M
ammonium sulfate at pH 8.0 and ambient temperature. Peak fractions were analyzed by SDS-PAGE
(Laemmli, 1970, Nature ' 8] Anulqdoles The HIC pool was concentrated with a 10 kD

J ] | PLH .
molecular weight cut-gf Ball QBsemA BIZEATRES i Lol dhifld MR QiR R3nbe goncentrate
was dialfiltered 15 with 5 column volumes of 10 mM KPO4, 5% sorbitol, pH 8.0 at a TMP of 20 psi, and

the recovk?ed oredntrate Wwak ildfed to B dgAmingasiliyetiiassoitameilw s Breied enbagira Pall
mini-Kleenpac Q2. MEosidyis membrat@emondituRdrify ehahfisienprateinsand feFadl fusion

mutant proteins from bacterial inclusion bodies, double-washed inclusion bodjes (DWIBSs) were
solubilized in 2Bt ZtoPPBRTRHLS TRTA S JEaRRAh & A FOeA B S D T SR FALHhtter at pH
8.5 and then mixgdutaranthalisat fioy iehaprat Be andihefSalupibiz atidrypb®GEWas acded to a

refold buffer containj rea. arginine, cysteine, stamj drochloride at .5 and then
mixed for 24 hoUr %‘f&%&?&g@,s@l’aé%e C i@%%,ggtu%?%mgé%tﬁ%%lﬁgf%%% ;%}Pélﬁaa Fet al.,
2007, B_icﬂechnmhtai@é‘r@@.?pdl@a}@dq Rulbiotph Eb08 guh.qobggﬁ,aﬂdﬂﬁﬁw@mbtemdr@hmbmiﬁunction:
A Practical APRIRREINCIGBINAN ee e Yark, B RisRalato28: enisashy of gl 2008, Protein

Expr. Purif. 42:1- Following solubilization and refolding, the mixture was dialyzed against 5
volumes of 20 M TrigolypeBigaidiETo Ly iy s taptrets PReps- ofctingldiipsdirsrorf Wds adjusted
to 5.0 with 50% ageyi agid, andh then.elarifigehby Genifugation for 3030 minutes at 4K. The clarified
sample was then subjecteoi to anion exchange (AEX) WO 2009/149171PCT/US2009/046113
chromatography using a Q Sepharose HP resin. A linear salt gradient of 0 to 250 mM NaC1 in 20 mM

Tris was gun at pH 8.Q at S5SCnReakifiachie asiwenaamayeatdday SDSPAGE (Laemmli, 1970, Nature

227: 680-85) and pooled. The AEX eluate pool was then subjected to objc interaction 5
chromatography (HIC{“IF&W@ g@ﬁé@?@%ﬁ%&%@% Ir%\éﬁrﬁ?(é)rotf@ﬁ? e ﬁggeTop 81 If 8’3‘%%8?3asing
linear gradient b GaMcaenBiddtamnodnimarsutfatenad pHi8rhabhrivbieatiéempefatucetcP eBlFedctions
were analyzed b% SDS-PAGE.and p .. Following. the HIC step, .th I t dialyzed 60
volumes of 10 M H%%Sz%)wsn Fog%%%%%ogo?gilgﬁvﬂgﬁéég?ﬂﬁﬁgﬁ%ﬂfé&g %%%Ia\{\;\\l/%% crs]o}?#gerﬁ%ted to5
mg/mL 10usingwetijamisdsepcrinadipcthmmehad drlak fiensttides barize Rélanthi: Ridempagl @2 uM

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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Posi dyne membrane. EXAMPLE 3 Preparation and Expression of Truncated FGF21 Proteins
15Constructs 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 FGW?lz@i?ﬂf'gé on vector is described in Example 1). Table 3 FSEERPPA16Heations Amino
Acid Residues Number of Residues Truncated* C-terminus Truncations 1-18011-17921-17831
-17741-17651-175

fewer than 13 amino acid residues possess similar or greater blood glucose-lowering
activity as fruncated FGF21 polypeptides having N-terminal truncations of fewer than 9
amino acid residues or truncated FGR21 polypeptides having C-terminal truncations of
fewer than 13 amino acid residues. Accordingly, in particular embodiments, the present

5 invention encompasses truncated forms of the mature FGF21 polypeptide or FGF21
polypeptide mutants having both N-terminal truncations of 1, 2, 3, 4, 5, 6, 7, or 8 amino
acid residues and C-terminal truncations of 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, or 12 amino
acid residues.

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

10  polypeptides can optionally comprise an amino-terminal methionine residue, which can
be introduced by directed mutation or as a result of a bacterial expression process.

The truncated 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 mstant

15  disclosure, to make and use the truncated FGF21 polypeptides of the present tmvention.
Standard techniques can be used for recombinant DNA, oligonucleotide synthesis, tissue
culture, and transformation (e.g., electroporation, lipofection). See, e.g., Sambrook ef al.,
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 1n 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 chemustry
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. In one 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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fusion polypeptides, as well as methods for making such fusion polypeptides, are

discussed in more detail herein.

4, Protcolvsis-resistant FGF21 Mutants

As described in Example 8, mature FGF21 was found to be undergoing 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.
As a result of this investigation, the sites in the mature FGF21 polypeptide that were
determined to be particularly susceptible to proteolysis include the peptide bond between
the amino acid residues at positions 4-5, 20-21, 151-152, and 171-172.

A broad but focused and directed study was performed to identify particular
substitutions that eliminate the observed proteolytic effect while not affecting the activity
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,
FGF21 P171G, retained a similar level of activity as wild-type FGF21 while also
exhibiting resistance to proteolytic degradation.

One selection criteria for identifying desirable proteolysis-resistant FGF21
mutants was that the activity of the FGF2] mutant be essentially the same as, or greater
than, the activity of wild-type FGF21. Therefore, another embodiment of the present
mvention 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 proteolysis 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
mutants that allow some degree of proteolysis to occur also form another embodiment of

the present invention.
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1-156251-152291-149321-113 68 N-terminus Truncations2-18113-18124-18135-181
46-18157-18168-18179-181 8 C- and N-terminus Truncations5-174117-17217 9 - 169

WO 2009/149171 PCT/US2009/046113

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 ef 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 chemustry
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 invention 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 moiecular 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. Aggrepation-reducing FGTF2 1 Mutants

As described in Example 15, one property of the wild-type FGEF21 polypeptide is
its propensity to aggregate. At concentrations over about 5 mg/mL., the aggregation rafe
is high at room temperature. As shown and described herein, the aggregation rate for the
wild-type FGF21 polypeptide is both concentration and temperatare dependent.

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

these concentrations, such as in the context of a therapeutic formulation. Accordingly, a
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209-1494015-169 26 15-14946 15-113 82 * relative to mature FGF21 polypeptide

Truncated FGF21 protein constructs were prepared using primers having sequences that are
homologous to re%ions upstream and downstream of a codon (or 5 codonﬁsi)gto be deleted (resulting in
the truncatio%(.)f%é” bﬁﬂgrs used in such amplification reactions also prO\I/) H%B??/gﬁmﬁtely 15
nucleotides of overlapping sequence to allow 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 10histidine residue at position 1 of the mature FGF21 sequence (i.e., the

2-181 truncatioH ARt aeprRphenctdsndarmibrifters saswnth habrrhibijyestueed FGF21
2009/149171P&ahfl8009/0AR]1 i Takie FOPCR Mitmey sWer-PiepaineE emplaryrdponaatian FGF21
Mutant Primer Sequence SEQ ID NO: Sense

5'-GGAGATATAERFATE BERR P I AP CTTCTCCATTATT-31 7 Antisense 5' - CAT
ATGTATATC TOOT BChioddA B GdcilaAAGA Aokted 'shidy 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 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 FGF21 L58E 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.

i5 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 properties 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 to 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 aggregation-
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, lipofection). See, e.g., Sambrook er al., Molecular Cloning: A
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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
sequences (glgéolrﬁ%%gl 11 and 12) are portions of an FGF21 expressio%cggﬁss r{ﬁgé?’?ﬁ@alrll?d the fifth
sequence is the antisense primer (SEQ ID NO: 9): 10 MetHisProlleProAspSerSerProLeu
5-GGAGATATACATATG---CCAATTOCAGATTCTTCTCCATTATT
[TTTGTTTAACTTTLAGAAGGAGATATACATATGCATCCAATTCCAGATTOTTIOTOCATTATT
AAAACAAAT TERARTPICHFEET ST ATETAT NEEAREE TPRACE FETRAG AKGRGRETRETAA 15
RAAACAAAT TEwa#Aalit CrEICTsC TAT ATGEATARC 1Bchniqilauneatebe F gdrtrprdteiccontisgr uots were
prepared usin easns%ntl%lg,the P%ﬁagogditions d%sl,cri]begcén ;%Xﬁ”ﬂ'gdeil' tﬁtm Tltific:%ltion erodlbjg S were
digested with the restriction esﬁaconﬁcfga%eaf)ﬁﬁ ) and thén transformed into co’mope?‘gn Celld The
resulting 20clohesive téndequpeed dofoanflisethembsidcéohpolymisrase geénerhie doonarsn

Truncated £ CRELDIBIBINS WRE A SRR N ANPAIING COMPRIEN AL (DR oL B Star

(Invitrogen; Carlsbad, CA) cells withi the construct encoding a particular truncated 1 protein.
Transformants SV&ei¢ kst Vel Miitardaphatiorr ey top! rabmassppresribade Boih 8 mg/inL

kanamycin, wejig,aeatadthenext 2emeiingualdiafier ashariiecaverihghiad:weare induegd in _0-4
mM IPTG. FGF21 mutants were harvested by centrifugation 18-20 hours after induction. WO

2009/149171PEFIEIoBTHAsT1 SHERKMPILRSH MR RRIRHEF Ut PRReien Herrslembiding
Experiments weasapeyfalideciardentifyatiuneated FGF21 proteins that retain wild-type FGF21 activity

in an ELK-juciferase inito sssay, Tatie,2 summarizes, fhe 5 results ohtained.for R Fa4 proteins
having trancations at the REREFINUS. the Ceterminud. of at both the R ERTALR anli’:il@-{erminus.

ELK-Iuciferasemm&wéye\pmﬂmmeﬁmmgd@tmmmmm&mman 293dgkivmeydelinsyB(arn] in which
the 293T cells %‘%ﬁ%%?pﬁ%sén%eéﬁlfﬂgéme%{‘gf‘ Légé E%?&{%R\?éﬁ%ﬁ)&??ét!;gé}iz?g%%?%éﬁr&i érﬁ%tﬁﬁ'so

f
contain sequences encoding GAL4-ELK1 and 5XUAS-Luc, a lucifera porter driven by a promoter

10 containing fineteahdermbedphed &f anelgSala padinecsite BEtA Bt id T corebcapton #aaths required

by FGF21 for a&‘&\é%di%&fditésﬁ;@ RASSRRIBISANY Ndidction Atinvacaliar alonalHaRSdHRH@N which in
turn leads to Erk and ELK gj?ﬁ%s[%\%ylatlon. Luciferase activity is regulated by the level of

phosphoryfated EARELKE, et b fﬁﬂwédﬁg}wﬁié&ﬁsa%ﬁd%ﬁﬁbmmﬂ@%zioa@ﬁ'e}féyg such
15ELK-luciferaggrassispagig-paifonedy suligingaae Z8ah.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 FGEZF rufoatiamtioutdhimms1 81 and 8-181 (Figure 1A) and the FGF21 truncation

mutants 1-172, 1-171, 1-é69 .anghle}%%4tgeo\§ﬁ@yree¥g?lp§}1e I%@igescgnge oQt%ir%eld irr(1) I% t%—qluciferase
assays for each of théA‘I§ ES P HUNeshon mutants 5. 4180 DAL 70818 1817180 1-178,
1-177, 1-276, 1the73an-pos, sigyfcant] fimlionpsy v FGHQlisishowinan Fithererputic moRGHA21 mutant

polypeptides wet corpaieshithR DS EGR LatRpenichAAmutaniz, Aauing ageffigrcy of at

least 50% of the efficacy of wild-type FGF21 were 25considered as having not lost 21 activity and

were assigned @r-22gicealing 5t i aTFifed PEED PPRFtEmER st desilprtifeifiRat
Truncations AmingAsitidlesidues Eificact HCtty thidlchgc8) 8Ra% 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 to 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
m a given polypeptide can sometimes adversely affect the expression, activity, and

30  subsequent manufacture of the protein.
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Surprisingly, as demonstrated in, for example, Examples 19 and 20, it was found
that the desirable properties of several FGF21 mutants could indeed be combined in an
additive or synergistic fashion to generate an FGF21 mutant having enhanced
pharmaceutical propertics. FGF21 mutants that are resistant to proteolysis, have a

5  reduced 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 invention is directed to

10 FGF21 mutants that are proteolysis-resistant and have reduced aggregation properties
while still retaining an FGF21 activity that is similar to, or greater than, wild-type
FGF21. Although less desirable in some cases, FGF21 mutants that are proteolysis-
resistant and have reduced aggregation propertics 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 in the art, familiar with standard molecular biology téchniques, can employ that
knowledge, coupled 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 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

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

discussed in more detail herein.

10
1. 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 thercof, such as an extracellular 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 thercof which 1s 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 immunoglobulin

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

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

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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5-181119.6% 7-18174.2% 8- 181 24.9% 9-181 12.5% Collectively, the results presented in
Table 5 indicate that C-terminal deletions of 14 or more amino acid residues (i.e., a C-terminally
truncated FGF%l rotein, consisting of amino acid residues 1-167 and shg e 59‘59)"1;1{%)‘ﬁliminate the
activity of F iquf’ﬁlglgl}jdition, Table 5 indicates that N-teiminal deletionsgofpg or more amino acid
residues (Le., 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 truncatjon of 8 to 14 resjdye (% Csterminal.truncation of 12 or 32
residues were FSURGTBRER SR T @fl’ﬁ%feergéeﬁ%s%y%aij ’%O%Sf)sr?gnrfa With hordél%gr%fesented
in Table 5, truncafedtRGFRt podhypEpticeshauingsMierifoinahtnapcagions, dflfeldet Ihakh 7 arino acid

residues consttyieempadensy ofmPIs g Nealion P IIaly I REALFGRAL dplypsptdes

having C-teiminal truncations df féwer than 13 amino acid residues constitute embodiments of the
present inventionmn A SENAVIR K&iBues ivonemvinp dfkenne at FGRAtcPIotehalsEBrdsigsesesses a

number ofbiolqgjgal é&&b’iﬁ@%ﬁ@"ﬁ!ygiﬁ@l@h%&ﬁﬂﬁ%ﬁ%d@&‘fﬂc}é’é@ SORPELANLLE 6 TAR2RP 46113

blood glucose, insulin, triglyceride, or cholesterol levels; reduce body weight; or improve glucose
tolerance, enef§l ittireluaRd maRifHSensitivity. Truncated FGF21 polypeptides were further
analyzed for in vivo 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 tr%tﬁeaﬁe%gééﬁ*%%s polypeptidc to be tested was injected intraperitoneally into an 8
week old ob/ob mousk (Jeckstivdiabkatatbny)y anddalomdcaingles Wei dhiainsgh @i arious tisne points

following sin%Ie injection, e.q., 0,.6, 24, 7 ,12}{3 and 168 hours after i 'eE ] n.BIg ﬁgléJgg e levels
were modburedt b S TR (A dham [ SRt LIRS 1 SR e s
expressed as dypetvently atgendtbl pedsghivose ke btivatdthebaschnb Tavel bbbicodagiasdse (i.e., at

time 0).  ~ The,regults, 9hONGRRRTIMGNH Are-Rrovided o flaue Bivbishshayrs ihesamayns of blood

glucose detected in mice injected with the FGF21 truncation mutants 8-181 and 9-181. This

experiment deFfoRRiaZESY Y aHOR b ARG PhigieRY i S@Iks CBHpARINY 2 525HB btlldEsidues

8-181 exhibit blped.glugqss IQWEHRC;6dVityiBMonowser the.Activity & slightlyvass thardhe activity
of wild-type FGF21 at 3 and 6 hours after injection, but that truncated FG,FZJr fusiong;hr.ot ins
comprising amA&HE Fatidacdig2PsttidomeeBxk it SudoBAIR G T RIRY e ST o a}lg&&fof

truncated FGF2ikqphtprpiides fgitiaied thatdhedetetidnnding teofeaminotacids: froomifiendterminus of
mature FGF21 Otdoes t abolish the molec I%gsg%egicar{ arccgizvi%)g contrast with the in vitro
analysis, which%ﬁé%%s?t% NAatRR & SEIBISHGF 7amino adids fréii the N-terminus of mature FGE721
would abolish activity)a vive pharmacokinetic analysis indicated that human FGF21 has a short half-life

of about 1 hour in mice due to rapid clearance and irn 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 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 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 Fe

sequence is fused to the N-terminus of FGF21. Similarly, throughout the disclosure,

30  FGF21-Fe refers to a fusion protein in which the Fc sequence is fused to the C-terminus

of FGF21.
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The differing results obtained 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 receptor in effecting signal transduction. In particular, FGF21 activates a dual receptor
complex coﬁﬂﬁi%‘?%%&%o-receptor betaklotho and FGF receptor (FGFR?F\?\/I%%%“}% 15d 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.,
302009 FEBS Lett. 583:19-24). The ELK-luciferase in vitro assay is performed ig 2%3 kidn?y cells in
which the co-receptor Bef&skIGs S ove N PRl bt PERRIE example, by the use of'a

2009/ 149171%5%&53@91@@&&&1&%p@§&6@h a:haqrrmailnsLﬁMedBtoniefanﬁgz‘m @ﬁﬁ@ﬁ& fdad in
relative to that of b"&}ﬁ}ﬁ?ﬁ? ﬁgan?l at?]t}gr ég% pq%?ﬁfﬁfé"’t??vgo t%% %Qe 'Q %‘?36 (fgt!)ls r{%thgrgggf%g

non-physiologig’aﬁ e or comp &% formation an Ima ellly |grgpand blnéllh% and
activation of F&ERn Then2Q3rigiviiral loystdéon dippeirsito/ e oeazanipe ile todptgroypapijdeuncated 5

r Cr 21 polypeRides andnels i MAYIRNEAIBMIRARRaCLACHY I IRslindarRRN ot

N-terminally truncated mutants tested, such as FGF21 8-181. Thus, in determining whether a
particular N-tergniigity. tusicat it RISEES Ghuiiag eitsiepniioey perrdred aehwsfithe activity of that

FGF21 mutant in the R, My AREAY-WER s%%&@&ﬁ%qetq&ﬁt@%ga%iu?-fmmﬁ% HuncaiagFGF21

polypeptides having N-terminal truncations 100f fewer than 8 amino acid residues are encompassed

by the inventioff Exaiady & prksasatbinadrdes Jpridsprisne hnklifatoadier MRS B bteins
Because the halfrlife Rf RepigteincaphadereasReiy fusing theRfeteimin adduendm stsuense, fusion

e e s s tee,
(gene splicing by overlap extension) PCR. FGF21 fusion proteins were prepared such that the Fc
portion of the hqman %mmu IOblﬂJriQtlgﬁli ene (SEQ ID NO: 13) was fuged to either the .N-ternjinus
or the 20C-terminus oﬁh?%%—mo%an*%%% 6 Truncated FGF21 Fusion Proteins Amino Acid
Residues Fe PositionWitkeb@atagrtiafssiupsitionofithel pgsquHpvEBtion, 1i7BuiHRn 44t 0475 -COOH
151-111 'NHgot, be employed. When present, the linker’s chernical structure may not critical, since it
15  serves primarily as a spacer. The linker can be made up of amino acids linked together
by peptide bonds. In some embodiments of the present invention, the linker is made up
of from I to 20 amino acids linked by peptide bonds, wherein the amino acids are
selected from the 20 naturally occurring amino acids. In various embodiments, the 1 to
20 amino acids are selected from the amino acids glycine, serine, alanine, proline,
20  asparagine, glutamine, and lysine. In some embodiments, a linker is made up of a
majority of amino acids that are sterically unhindered, such as glycine and alanine. In
some embodiments, linkers are polyglycines (such as (Gly)s (SEQ ID NO:29) and (Gly)s
(SEQ ID NO:30)), polyalanines, combinations of glycine and alanine (such as poly(Gly-
Ala)), or combinations of glycine and serine (such as poly(Gly-Ser)). Other suitable
25  linkers include: (Gly)s-Ser-(Gly)s-Ser-(Gly)-Ser (SEQ ID NO:23), (Gly)s-Ser-(Gly)a-
Ser-(Gly)s-Ser (SEQ 1D NO:31), (Gly)s-Lys-(Gly)s (SEQ 1D NO:32), (Gly):-Asn-Gly-
Ser-(Gly), (SEQ ID NO:33), (Gly);-Cys-(Gly)s (SEQ ID NO:34), and Gly-Pro-Asn-Gly-
Gly (SEQ ID NO:35). While a linker of 15 amino acid residues has been found to work
particularly well for FGF21 fusion proteins, the present invention contemplates linkers of

30  any length or composition.
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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—~(CHj)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.

1¢ 8 Chemically-modified FGF21 Mutants

Chemically modified forms of the FGF21 polypeptide mutants described herem,
including 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 agueous 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 cach 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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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 glycol (PEG)
5 (including the forms of PEG that have been used to derivatize proteins, including mono-
(C1-C)p), 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/cthylene oxide co-polymers,
10  polyoxyethylated polyols (e.g., glycerol), and polyvinyl alcohol. Also encompassed by
the present invention are bifunctional crosslinking molecules that can be used to 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 invention, an FGF21 mutant comprises
one or more polymers, including, but not limited to, monomethoxy-polyethylene glycol,
20  dextran, ccllulose, another carbohydrate-based polymer, poly-(N-vinyl pyrrolidone)-
polyethylene glycol, propylene glycol homopolymers, a polypropylene oxide/ethylene
oxide co-polymer, polyoxyethylated polyols (e.g.. glycerol), polyvinyl alcobol, 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-soluble polymers are randomly
attached to one or more side chains of an FGF21 mutant. In some embodiments, PEG is
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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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 co‘ﬁ%ﬁ%ﬁ’@“gﬁmdel cloning site, Fc region, and linker sequencep.qrrr]/%ﬁ%og%’c&%gfreaction, a

pair of primers was 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 purpase of linking the products of the first two, 10 reactions, An
exemplary set of prim8r&tSPtaeshet B SPEEEEREDY ‘Ts-’f‘é’iniéhl?s}i’é’&(fﬁe’i'é%%]sﬁ f%%? PCR
Primers for Prepasinganxenplary EakdichtisiondilateiniglonsikictPbtmieicSequerioetSE QIR NO:
Reaction 1 Sense 5'-AG%A GAATAACATA ACAAAACT ACATG-3' 14 Anti

5 G OATCOACURTEE Ao ACA T o RGAB 3 Sopisder o Tanes Trom AOUPIES 1
5'-GGTGGTGGIEGAT QIRATTC CRATICGAGATTE THOTC €Pa 30 Bboknfidd¥e 6., 10, 20, 30,

'TAGTGA%OT@SﬁAS%E%Bm%%@ %%I %ﬁ%&%éillg%gﬁ%%%@  WORGF21 mutant via

2009/149171P 3 Sense 5-AGGAGGAATAACATATGGACAAAACTCACACATG-3'
14 Antisense 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
10  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 ez
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
15 (or an analogous reactive watcer-soluble polymer) as described herein. For the acylation
reactions, a selected polymer should have a single reactive ester group. For reductive
alkylation, a selected polymer should have a single reactive aldehyde group. A reactive
aldehyde is, for example, polyethylene glycol propionaldehyde, which is water stable, or
mono C;-Cy alkoxy or aryloxy derivatives thereof (see, e.g.,, U.S. Patent No. 5,252,714).
20 In some embodimenis 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
25  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 casily 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
30  spectromefry.

Polysaccharide polymers are another type of water-soluble polymer that can be
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5-TAGTGAGOTCGAATTCTTAGGAAGCGTAGCTGG-31 17 The product of the final reaction was
digested with the restriction endonucicases Ndel and EcoRl, ligated into the pET30 vector, and then
transformed into competent  cells. The resulting clones were sequenced to confli(}t' the absence of
polymerase%gﬁ%?%{fg%l'éjrrors. EXAMPLE 7 In vivo Activity of Truncated GESTFUSIEA Proteins
Fusion proteins comprising a truncated FGF2 1 sequence fused to an Fe sequence 10 were generated
and assayed for in vivo activity. Truncated FGF21 fusion proteins were prepared by fusing an IgGl Fe
molecule to either the N-terminal or C-terminal end of a truncated FGFZ% rotein to form a single
contiguous sedtEhdR! T ERIMGHERHS Ve BIFIET niftaF SHd CORURRR S RS NS BERS T Hi%on
proteins in whighséheoRepsiolactierapdlised forthehbigiminal entopitert GiaiiprotBiexanas
designated as Fe-Fﬁ;FZl, ang fus'ion 15proteins%2 ¥vhi§h the Fc mogtesc{%lel\{lv&ss <_:fusrg: Oto.lt}gg 1C-terminal
end of the FGFS1 IRt TG 0 g R gL VI SIS O O PRI b et Af biological

activities, inclutlirigdhiy ahility e ltinkegiodthgldeose, isiflin, aviglybleridenanchulsstdroMeighls; reduce

body weight; or_impro I (0] ¥ ' [ iN{SeASItiv £ss in vivo
2L 20 het D FO o aptces
were introduceBdrfsingulin fetidianvolsotrite, o Bilikcora paribinkr PGB hriteih to lower
blood glucose |eyalswas MeasHRtTRGES 2L iRlyPsRtide, FEE2hpriaptRRRePide woFGF21

fusion polypeptide to be tested was injected intraperitoncally into 8 week old ob/ob mice (Jackson
Laboratory), ari®/bid5d- 28 henip e dreiaornainitica 0 dheabsitie PRERSHc G Lk e e ction,
e.g., 0, 6, 24, 72 120: A& Bers aftensiestioacctivadi@icastdevalsswere wedsiiraesith a
OneTouch Glucometerélqi eScan, Inc. Milpitas, C%A , aqd 'thﬁ results ex res; ed as ?(P%rca%n(t)f)[change of
blood glutBse FRIRAETSHHY BHSEITE 1evis BB GIUETEE T SmAHED) 50 ThE e&UTE S one
experiment areapsavided in Figur2ddkhvhich shows the percent WO 2009/149171PCT/US2009/046113
change in blood glucagse levels abserved in.mice injec it copt) ild-t CFGF21
control comprising ar%?n%eg%rl?iﬁréhs? dcé%? ?I-?L%r}f?%}c’trﬁucr?é:%dgg%:%q%%g?f%ps{g r%%é\%?ﬁsx %ﬁ%ﬁ%ﬂsing
amino acid resideés®1184dt ar Frai8h. Fils expetimtad: telimosrstraieeibat Myhade dor EEERE fusion
proteins comprisiig A ARELEESES SrIB1 J-A8LS exbikbisacabiconalpnadng sty that s
c

similar to the activity of wild-type 21 at 6 hours after injection. Thus, the in vivo analysis of

truncated BGF2al sy ats fidrcsetethae bHacadnslientis Gpcto 6 AFfACERIBNF S tENYerminus of

mature FGF21 dogsdiet affect thaymelesuieslRivlagisatasdivitys IR vivehanalysiBalssoinpipatrd,
however, that the ability of truncated FGF21 polygy%ptide to lower, blgod 10 IQJ’SO e was reﬁiuced and
il

that blood glucBREHdBRSIERHHEAL DAL St SIPHoRPLYRIE, THEEHEH & r88 L He e obtained
with wild-type F&ak2d). prienshorTir vWpinadtivitytivasdodindrio widl deesuitoiitte psoteolyticodegradation
of FGF21, as described in mple 8. The results of another,experiment are provi in. Ejigure 5,
which shows tH& 15" %glf%gtﬁ%)é%ea#gsg el% ]bef%lcl)td gﬁf cose el?ie Seé%r ef\ge%rf{r??n?fg% Eﬁﬁ%‘g%ﬁ %LSIPBS
control, axwild-tppe FEik2tefrceomtio pmtkgng}%aﬁmbeaamlmmaeéemui@ﬂ,xawqﬁgét@éi@ml_- Fc
fusion protein camprisingIERIONGS 1 HmQlR HOGARFCT NIRRT R QLeInAAIRIRING ApIG acid

residues 1-171. This'experiment demonstrates that the wild-type FGF21-Fc comprising amino acid

residues 1-181helsclsuBeishice HioEBYBOIRTBHIY aetvity rdSaltRidePbNR- & reduction of blood glucose

levels of approximately, 30¥noverthaitimeg peirdaf4 hawis:in IROMoys fplipndaainigeiiom The
truncated Fc-FGF21 protein comprising amino acid residues 1-171 exhibits delayzg\?tég%jﬁlgcose

lowering activit) esaEHadHIyAPEs b Brd Pmpietinh RPN RIS DS same as
the activity=of wild#itae & G 2AnFgestingnjr uncatesk Gt 2:h-Kn foision poEi npedyppsttdagmesitises 1-175

25is not active jn.yiyo in lowering blood glucose. Collectively, the truncation ex EFﬂ %;:ts described
herein demons%&gag?%‘?%la%gw@gifaf%s?ﬁgﬂ B?o‘fg‘l}r?Le a%iﬁéﬁglfrlﬁ\l{?e rlrrfllr%gp%lr%nrgfa ion éxhibit blood
glucose loweringittipiynibial iBimiter tioe than binh e evjlctyipe FEG 24t éd sivithprote PN Bnet fm_ﬁther, that
truncated FGF _ qgﬁ.%%%?é%a\%ggpc ‘iu%%émlﬁﬁ‘é'%aﬁ‘&% gppofused to the N- 30terminal end of

the truncated FGF21protein exhibit more activity than fusion proteins in which the Fc molecule has

been fused to the C-tékimahbndendiionsihebeer RaHeviawiorped/ich tn the WS HYRoYe 13

protein. 35 the present chemically modified FGF21 mutants include those described herein for
FGF21 polypeptide mutants. However, the chemically modified FGF21 mutants
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EXAMPLE 8 Observed in vivo Degradation of FGF21 5FGF21 degradation was first observed with
FGF21 Fe fusion protein constructs as described in Example 7. In vivo phaimacokinetic analysis
indicated that human FGF21 has a short half-life of about 1 hour in mice due to rapid clearance and in
Vivo degradéﬁgﬁ?gfﬁé?éﬂ)re, to extend the half-life of FGF21 an Fe sequéjl%ré%g U&8d%0 the N- or
C-teiminal end of the FGF21 polypeptide. However, the fusion of an Fe region did 10 not completely
resolve the half-life issue since fusion proteins in which an Fe sequence was fused to the N- or
C-tenninal end of the FGF21 polypeptide (and in particular FCFGF21 fusions, i.e., in which the Fe

sequence is fudBaescthbeIdTeRiAUE GRMURTFLAEEESS) %ﬂf’i‘fi?fié%?ﬁﬁﬂ]t“fﬁ%%%@&@&?HWO%Wcacy,

and instead wergdoshigata-maiaiainchleoth ghicaserl duesing HEivilifd oisnemaredianndobidiss in ob/ob
mice. As describeoj7 5 in Figure 4, Fc-FGF21 fusion proteins reduced blood glucose levels by about

30-40% at 6 h(ﬁﬁg ff@Pﬁ‘?ﬂ ¢tion, 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 gf in9vivo actiy | L proteins Lnd & nE AL result of in vivo
degradation of FGF21IF gegradation feads 10 decreased biotogical activity of the molecule in
vivo and thus a shortdheffpetiie doatbhisisiam denphstegPadationdave sl vithpats wrpertriiseutic use
of that moleculg Acilialin N p05ETVEEL dRBIAARANRGT B FinlusionPrmlainsdaiodhe

investigation of the proteolytic degradation of FGF21 in vivo and to identify FGF21 mutants that were 2

Sresistant to sUEKHBGRIERIGIOTZ] T HatsHiNETHR S BCat Sranstiss, IeMEFyE¥ahd Edman
sequencing washRerfernad obowildsivpasheman it laatdffxndd.fe ifsionpratednstobtained at
various time paqints_after injecti(?n into male C57B6 mice, The Edman se encingahel ed c?lnfirm
whether the N-SHh IOV RERAF M fSh Ao AATHRS R had BREEHSI 300 RIATO R BN an Fe
sequence was fusgththetherN-daion ausnobdesrdrfdr @R de grakl dionwlas fedméhisratour at the
peptide bond between aming acid residues 151 and WQ 2009/149171PCT/1JS2 152 and
between amino acid %5?88%%% %nn%gf% ot the Stjl%raeh%'gé{ EZaf%cr)qutPo%Xé% ée%s%ghg (f%%?e%&lﬁe (the
residue numbedingeabene derisaseaionsttmmeatdre FGF21 sequence and does not include the Fc

portion of the fusion prpicinl 116, AT ANN AL 142 NPRIUALR A6RU EShrapctytas followed

by degradation at 151-152. Degradation at'5 171-172 appears to be the rate-limiting step and plays a
role in thé half-ffeBritieemOTcRIRST Alse o4 P FEsde U v asmodai o THE S tiariviitis selasF21,
degradation wag,{griagio Qgsur attie peptidaonsgdbeiverr amise aciddraiduasdbandh and
between amino acid residues 20 and 21. As a result of these experiments, it was determined that the
Fe sequence abPEHAS ofliet CABRRSHHIER: of WHEFRIE FOTU I8N BT I e Yo 270 R Fc
sequence fromi@ggiadatiamifn anklysisofdhglinyoptegnadatiaspafpiid; typnenGFad gaddyc-FGF21
fusion proteins was further conducted in cynomolgus monkeys.. These studies confirmed that the
cleavage site o EEESC %{sa%‘tﬁ%xg(iafgsréss'%g% ﬁ%&gﬁ‘?f %(%%é) %ua{?osr&sﬁe ’o?rdseggr%a a c?ir%’ ?ﬁeﬁ]onkeys
and that this site:ldftcle dreiflatidiuishcanberved betrbeaatendiinetiild phivdete phEEIXAN PL Bter
dentification of FeEE hEd0fRYei: REsIRAUL MU Bl A A ECERT MANAWRRanified by

experimentally determinin _’the po ns of the wild-type FGFZ1 sequence that are sites of major
proteolytic activityylarrilioimse difieazasiino asifd SEBIitkiopMPETEREtréatnied(Btdhett SESI&mIno acid

substitutions were based em G2 %é@%}%{&‘&ﬁﬁﬁ?e&ya{t@w%ﬂ%ﬁb@ﬁ&@i@ad@&qg;:cﬁb@@l, in
|

Example 8) and biochemical conservation with other amino acid residues. A list of amino acid
substitutions thECRRSASGFEdes b SHFBERILSd TtoNhE TRER R AT REs 54 it TeS5r SUiTEESHh Fable 8,
although Fable B:ig@n)y pxestinlarandsothaimsuistititionsLan, ber magamdpR by ketsrpgthe
positions given in Table 8 correspond to the residue position in the mature FGF21 pratein, which
consists of 181%%%&‘8&%%5&% faBie 8° @ﬁg&gﬁe%ﬁl& Ism{g%%ff&nﬁﬁglﬁ%% %soua ioh Native

Residue MutatipsigviSyAngrolidone), low molecular weight polypeptides, salt-forming counterions

(such as sodium), preservatives (such as benzalkonium chloride, benzoic acid, salicylic
acid, thimerosal, phenethyl alcohol, methylparaben, propylparaben, chlorhexidine, sorbic
30  acid, or hydrogen peroxide), solvents (such as glycerin, propylene glycol, or polyethylene

glycol), sugar alcohols (such as mannitol or sorbitol), suspending agents, surfactants or
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Gin, lle, Lys 20 Tyr His, Leu, Phe WO 2009/149171PCT/US2009/046113 21 Leu lle, Phe, Tyr, Val 22
Tyr lle, Phe, Val 150 Pro Ala, Arg 151 Gly Ala, Val 152 Be 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 L)Ss Set, Thr, Trp, Tyr 172
Ser Leu, Thrii§3009/149171 PCTAIS2009/046113

wetting agents (such as plaronics; PEG; sorbitan esters; polysorbates such as polysorbate
20 or polysorbate 80, triton; tromethamine; lecithin; cholesterol or tyloxapal), stabihty
enhancing agents (such as sucrose or sorbitol), tonicity enhancing agents (such as alkali
metal halides — preferably sodium or potassium chloride — or mannitol sorbitol), delivery

5  vehicles, diluents, excipients and/or pharmaceutical adjuvants (see, e.g., Remington's
Pharmaceutical Sciences (18th Ed., AR. Gennaro, ed., Mack Publishing Company
1990), and subsequent editions of the same, incorporated herein by reference for any
purpese).

The optimal pharmaceutical composition will be determined by a skilled artisan

10  depending upon, for example, the intended route of administration, delivery format, and
desired dosage (see, e.g., Remingion's Pharmaceutical Sciences, supra).  Such
compositions can influence the physical state, stability, rate of in vivo release, and rate of
in vivo clearance of the FGF21 polypeptide mutant.

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

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 in compositions for parenteral
administration. Neutral buffered saline or saline mixed with serum albumin are further
cxemplary 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 is within the skill of the art.

The formulation components are present in concentrations that are acceptable to
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Gin Arg, Glu EXAMPLE 10 In vivo Analysis of Fc-FGF21 and FGF21-Fc 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
spectrometrw&@'f@@f i particular, mice were intraperitoncally injected \%ﬁﬁ/ Yé’?ﬂ%ﬂ? 1%? Fc(5)FGF2I
(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 cocktafié fRtoehaBIEGHELeSs) Felfaanira b Wpa Rlfctr ), ‘Cemaitih b eRoBansHIge %t 12,000 g

for 10 minutes phl2d:RE0igmsr weds affinityopuiter fror:bioethisngrragptididmantwabarose
resin. 15Table 9@;%321 Samples Sample Protein Administered Blood Withdrawn D6 Fc-FGF21 6

hours D24 Fc-E 24 hours D48 Fc-FGF21 48 hours E6 FGF21-Fc 6 hours E24 FGF21-Fc 24
hours E48 FGF21-FcWBehqursnteral administration is contemplated, the therapeutic compositions for

5 use in this invention 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 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, bio-
crodible 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
mnhalation. 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 acrosol 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 ecmbodiment of the present invention, FGF21 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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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 WO 20091149171PCTMS2009/046113
reduced with tris%Z-carboxyethyI] phosphine (TCEP) or not reduced. Reduced and non-reduced
standards wé&Y8 (Wgﬂl‘%alby LC-MS using an ACE cyano 0.3 mm x 30 cnt Bt Wit 'He column
effluent spraying into an LCQ Classic ion-trap mass spectrometer. Since the deconvolutcd spectra of
the reduced samples were cleaner, the 5affinity purified samples were reduced prior to LC-MS
analysis. The observed masses for the reduced Fc(5)FGF21 standard and samples D6, D24, and
D48 are showrPifH PrjuIEEEAs DR Assalv et Th LaniFaraine r%%ﬁﬂ&%d‘%ﬁ%‘@)ﬁ@ﬁlﬁﬂé’ﬁrd and
samples E6, E24pandd=48 are shown in Figures 7A-7D. Some of the standard and sample eluates
were subjected to Edman, sequencing in order to confirm the 10 N-terminus of the. protei nd the
fragments as determi &at%ﬁf% 9%65 %Ifs‘? SPIREPES I%avr%%l ysis & &ews‘?télﬁ a?% soa{ﬁc? zglmples are
provided in Talpleyi@piidd hendntRésultsnpftue- MBhAmalytsis @rdciredic téatFrag mentdeFeF g2t Sample
Major Obs rve&, s F ti g inus 5)FCGI 4 4 Yes D6
45,338 Da’L4 Nae%%gﬁ:@% e 35 é’}?ﬁ%l%@&l%ﬁ% %%&Sr%%i%%{%éﬁ?%ﬂi}%&ﬁ%

vehicle, solutions can be prepared in unit-dose form. Suitable excipients include, but are

not imited 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 talc.

10 Additional FGF21 polypeptide mutant pharmaceutical compositions will be
evident to those skilled in the art, including formulations involving FGF21 polypeptide
mutants in sustained- 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 Fretberg & Zhu, 2004, [nr. 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
relcase 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 ecthyl-L-glutamate (Sidman et al, 1983, Biopelymers 22: 547-56), poly(2-

25  hydroxyethyl-methacrylate) (Langer et al., 1981, J. Biomed. Mater. Res. 15: 167-277 and
Langer, 1982, Chem. Tech. 12: 98-105), cthylene vinyl acetate (Langer ef 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 er al., 1985, Proc. Natl. Acad. Sci. US.A.

30  82:368R8-92; and European Patent Nos. 0 036 676, 0 088 046, and 0 143 949,
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44,327 Da 1-404 Yes 42,356 Da ? 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

-al - - -
g]ﬂog ycoyl%g%d 0(&)39/%}9(%7;24 45,963 Da (glycosylated, GOF) 5-410 No 41§C%2U6S 2%39&%{1] lycosylated)

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 cither prior to, or following, [yophilization and

5  reconstitution. The composition for parenteral administration can be stored n 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 picrceable 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 formorin 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 cach 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 m the art will appreciate that the
appropriate dosage levels for treatment will thus vary depending, in part, upon the
molecule delivered, the indication for which the FGF21 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 ug/kg to up to about 100 mg/kg or more,
depending on the factors mentioned above. In other embodiments, the dosage can range
from 0.1 pg/kg up to about 100 mg/kg; or 1 pg/kg up to about 100 me/kg; or 5 pg/ke, 10
ug'ke, 15 ng/ke, 20 ug/ke, 25 pg'ke, 30 pgke, 35 np/kg, 40 pgke, 45 pg/kg, 50 pg/ke,

30 55 pg/kg, 60 pgkg, 65 pgke, 70 peke, 75 ue'ke, up to about 100 mg/kg. In yet other
embodiments, the dosage can be 50 ug/kg, 100 png/ke, 150 ng/kg, 200 pug/kg, 250 ngkg,

41



44,130 Da (glycosylated, GOF) 21-410 E48 45,984 Da 5-410? 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 cor‘fg%ﬁ??ﬁf GPPARhino acid residues 1-404, which was seen in both the B Srd Igélmples. In the
E samples, however, the major product of WO 2009/149 71PCT/US2009/046113 FGF21-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 113P0apskench hie Eaptelsisfhker Bidigksis Mokt P8 pati ndhiesditd Bfion
Proteins Cg%@wéoemg!%éhfg&%% muiantsstistedn Sable: Ak weie prepated DYRCR

amplification o wild-type FOF21 expression vector as described below (the 10 construction of the

wild-type FGF2P&usrkssithf vezdds id0desetiBed (A ExEamphely et doal $8%y88ran&Ms was to
generate FGFaJ, 17 g@(@@otﬁﬁi%&r@ %@U%g&%%wgg%gi@Hd@mgaﬁd@@gfk@ﬁmoﬂ
15Proteolysis-Resistant FGF21 Mutants I{7Iutat|on s) Fe
5  ug/kg, 8000 ug/kg, 9000 ug/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 infusion via an implantation 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 composition is in accord with
known methods, e.g., orally; through injection by intravenous, intraperitoneal,
intracerebral (intraparenchymal), intracercbroventricular, intramuscular, intraocular,
intraarterial, intraportal, or intralesional routes; by sustained felease 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 implantation 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 implanted 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 Polypeptide Mutants

FGF21 polypeptide mutants can be used to treat, diagnose, ameliorate, or prevent
a number of diseases, disorders, or conditions, including, but not limited to metabolic
30  disorders. In one embodiment, the metabolic disorder to be ireated is diabetes, e.g., type

2 diabetes. In another embodiment, the metabolic disorder is obesity. Other
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embodiments include metabolic conditions or disorders such as dyslipidimia;
hypertension; hepatosteaotosis, such as non-alcoholic steatobepatitis (NASH);
cardiovascular discase, such as atherosclerosis; and aging.
In application, a disorder or condition such as diabetes or obesity can be treated
5 by 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 TV injection, intraperitoneal injection,
intramuscular injection, or orally in the form of a tablet or liquid formation. In most
situations, a desired dosage can be determined by a clinician, as described herein, and can
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 alia, 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 clicits the biological or medicinal response in a tissue
gystem, animal, or human being sought by a researcher, medical doctor, or other
ciinician, which includes alleviation of the symptoms of the disease or disorder being
treated.
20
11, Anitbodies

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 polycional; monoclonal (MAbs);
recombinant; chimeric; humanized, such as complementarity-determining region (CDR}-
grafted; 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
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recombinant DNA technigues, such as the expression of recombinant plasmids containing
nucieic acid sequences encoding antibody variable regions.

Polyclonal antibodies directed toward an 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 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 immune response. After immunization, the animals are

10  bled and the serum is assayed for anti-FGF21 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 ez 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 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 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 is 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 antibodics, so long as they exhibit the desired biological activity. See, e.g., U.S.
Patent No. 4,816,367, Morrison ef af., 1983, Proc. Natl. Acad. Sci. U.S.A. 81: 6851-55.

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

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

one or more amino acid residues introduced into it from a source that is non-human.
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Humanization can be performed, for example, using methods described in the art (see,

e.g., Jones et 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 et al., 1993, Proc. Natl. Acad. Sci. USA.
00: 2551-55; Jakobovits er al., 1993, Nature 362; 255-38; Bruggermann ef al., 1993, Year
in Immuno. 7: 33. In one method, such transgenic animals are produced by incapacitating
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, e, 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 these antigens. See, eg.,
Iniernational 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 to an 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, Monoclonal 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, "¢, ¥p, R e v

20 "in, or “Ga; a fluorescent or chemiluminescent compound, such as fluorescein
isothiocyanate, thodamine, or lucifering or an enzyme, such as alkaline phosphatase, B-
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 immmunologically reactive portion thereof) to compete

25 with the test sample analyte {e.g., an FGF21 mutant polypeptide) for binding with a
limited amount of anti-FGF2! 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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Sandwich assays typically mvolve 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 thereafier 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 assay (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 cither 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 vitro. In some embodiments, the antagonist
antibody will inhibit the functional activity of an FGF21 mutant polypeptide by at Ieast

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

30 The invention also relates to a kit comprising FGF21 mutant antibodies and other

reagents useful for detecting FGF21 mutant polypeptide levels in biological samples.
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Such reagents can include a detectable label, blocking serum, positive and negative

control samples, and detection reagents.

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

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

EXAMPLE 1

10 Preparation of FGF21 Expression Construcis

A nucleic acid sequence encoding the mature FGF21 polypeptide was obtained by
polymerase chain reaction (PCR) amplification using primers having nucleotide
sequences corresponding to the 5° and 3’ ends of the mature FGF21 sequence. Table 2

lists the primers that were used to amplify the mature FGF21 sequence.

15
Fable 2
PCR Primers for Preparing FG¥F21 Construet
SEQ
Primer | Sequence ID NO:
Sense 5' -AGGAGGAATAACATATGCATCCAATTCCAGATTCTTCTCC-3! 5
Antisense | 5'-TAGTGAGCTCGAATTCTTAGGAAGCGTAGCTEG~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 Qaks, 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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sequences were then fransferred to pAMG33 for further amphification.
The FGF21 sequence was amplified in a reaction mixture containing 40.65 pL
dH,0, SuL PfuUltra IT Reaction Buffer (10x), 1.25 pL dNTP Mix (40 mM - 4 x 10mM),
0.1 pl. Template (100 ng/mL), 1 uL Primer] (10 uM), 1 pL Primer2 (10 uM), and 1 pL
5  PfuUltra II 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 EcoRI; ligated info a suitable vector; and then

transformed into competent cells.

EXAMPLE 2

i5 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 in 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 FGF21 polypeptide, truncated FGF21 polypeptides, and
FGF21 mutants from bacterial inclusion bodies, double-washed inclusion bodies
(DWIBs) were solubilized in 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
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; Mamnall ef al., 2007, Biotechnol,
Bioeng. 97: 1523-34; Rudolph et al, 1997, "Folding proteins," Protein Function: A
Practical Approach (Creighton, ed., New York, IRL Press) 57-99; and Ishibashi ef al.,
30 2003, Protein Expr. Purif. 42: 1-6).

Following solubilization and refolding, the mixture was filtered through a 0.45
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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 (Laemmli, 1970, Nature 227:
680-&5) 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 KPO4, 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 uM 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, 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 proteins,” Protein Function: A Practical Approach (Creighton, ed.,
New York, IRL Press) 57-99; and Ishibashi er al., 2005, Protein Expr. Purif. 42: 1-6).
Following solubilization and refolding, the mixture was dialyzed against 5
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 anion exchange (AEX)
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chromatography using a Q Sepharose HP resin. A linear salt gradient of 0 to 250 mM
NaCl in 20 mM Tris was run at pi 8.0 at 5°C. Peak fractions were analyzed by SDS-
PAGE (Lacmmli, 1970, Nature 227: 680-85) and pooled.

The AEX eluate 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 8.0 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 uM

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

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

Tabie 3
20 FGF21 Truncations
Number of
Amino Acid Residues
Residues Truncated*
C-terminus Truncations
1-180 1
1179 2
1178 3
1177 4
1176 5
1-175 6
1-174 7
1-173 8
1-172 9
1-17} 10
1-169 12
1168 13
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I - 167 14
I - 166 15
1165 16
1-164 17
1-160 21
1-1356 25
1-152 29
1-149 32
1113 68
N-terminas Truncations
2 - 18] 1
3--181 2
4181 3
5181 4
6-— 181 5
7— 181 6
8- 181 7
9- 181 8
C- and N-terminus Truncations
5174 11
7172 17
9169 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 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 aliow 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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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 recirculary 28 6 the amplified product, namely the entire vector now ﬁ&ﬁ%’%’g‘gé@gired mutant.
WO 2009 49171PCT/U S2009/046113 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 G170E mutant) was prepared using the primers shown in Table 12. 5Table 12 PCR Primers for
Preparing Exemplary EGF21 Mutant Primer Sequérﬁég@EQ II) NO: Sense

51-ATGGTGGAACCT FCRPiuafels G Srepiring Ek8niisenS@ncation FGF21 Mutant

5'-GGAAGGT TIcECACCATFSEFCAGAGGGTO00A-319 Theprimers-shown-i-Table-32-allow for
the substitution %f the’lgly:ige residue with a glutamic acid residue as shown below, ﬁ(%n the upper
L EIREL A REGUEDOR — ~ () o

a5 art o o B e deticbnoe
o o0 10, Rabtoaieg Lo el PRV Rl SRR e O Seauence s fhe gnitepnse
N2 O - TOUOTOUOUAACTTU T TOOUTUAUOUUUOUCUCCTCUOAATT 10
OTCOTCGGACCCTCTGAGOATGGTGGGACCTTCCCAGGGCCGAAGCCCCA
GAGGAGCCTGGGAGROTDGTACTARCRIE G AASGETEC BEGDTIACGBGIne residue as
AGCCTGGGAGAGT GEIAGHAGE TEGHAAGE:EEGERE MYtRR. CRSTUCI WS RTE AR USINg
essentially the PCR con{()zﬁﬁon_s 20desc%§e&dén€g§anm%pel(e 1§Ampljfica§§n pro}(j%)mts were digested with
the restriction difefohusrdsrerbisnFoamvishih 4rahETenidd s iepmhdltnteems THByesusNg<lones
were sequencegd o %Qfﬁﬁﬁmgﬁg ab3ence PHRONMEIRSSIBNURIRA RN et NGRS AR-HAGF21-Fc

fusion proteins were ?_enerate as described herein, e.g., in Example 6. FGF21 mutants were
expressed by tFAhSfY)

IRRPESMPEEhl BIPSISHOR SPBIEED £5 ek {IhSTHOgs, ERHBAETR) cells
with the constryeihareeBRIrEN@¥ular mutant. Transformants were grown overnight with limited
aeration in TB media supplemented with 40 ug/mL kanamycin, were aerated the next morning, and
after a sHolt recovery period, were induced in 0.4 mM 1PTG. FGF21 mutant polypeptides were
harvested by centrifugation 18-20 hours after inductitaf.EisProlleProispSerSerProleu

5'~-GGAGATATACATATG~-CCAATTCCAGATTCTTCTCCATTATT
TTTTGTTTAACTTTAAGAAGGAGATATACATATGCRTCCAATTCCAGATTCTITCTCCATTATT
BARACAAATTGARAATTCTICCTCTATATGTATACGTAGGTTAAGGTCTAAGAAGAGGTAATAA

15 AARACAAATTGAARTTCTTCCICTATATGTATAC-S

Truncated FGF21 protein constructs were prepared using essentially 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 polymerase-generated errors.

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 Iimited
acration in TB media supplemented with 40 ug/ml. kanamycin, were acrated the next

25  morning, 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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WO 2009/1491PCT/US2009/046113 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 ¥R RErl Mimaturation of antibodies that recognize the protgﬁp EirtE e’ 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 MHC class Il crystal structures to determine whether
linear amino acid peptide sequences have the MWﬁeaK immune tolerance. The TEPITOPE
computer program was used to 1%} deigilyfieii pOWiwnviake RS2 pataeias FGF21 mutants would
increase antigen spegific T. cells in a majority of humans. Based on an analysis of the linear. protein
socuience of each FOREHTLAAEhe SR thita S Wi DO [ 2t i o Bmicty.
EXAMPLE 12 #5ldapyactidbiiinkertiSequencdE DR FEHE21sDégrattatiomy. Thbldetemminerxtether the
presence qf a | i id § 1é: : 1t ?ﬁl’:% 2 , affects
Far21 cegrac s B e
separated fronvtié dbrtha Ndgumnuedy §-18amio Bele-iksrasavhgyhecsegoepmecd using a
GGGGGSCOGSGHRHES (R PNGiAR 23MINoad:vas WthHRWRFeRINEMics Hyarigys time

points, and the serum was analyzed by LC-MS. In particular, mice were injected with Fc(15)FGF21 or
FGF21(15)Fc (8ththeadrHEasaIicaPSY rMgREUBIbodWes drerbifustse aba, Somtians Folirecshd drawn
blood was affinipeguirified Alsingran aptidhskos Haagarasertesio. rBidetcto ahialy 2pdathe dpuified
samples by LC-MS, Fc(15)FGF21 and 25 FGF2 -c,protein standards were analyzed as a
referencéérot‘é?ﬁ@fﬁﬁéﬁﬁ%t R %%&%%%ﬁi P ﬁ%?t?g% 08 @c?f?irreéﬁﬁtgég‘ﬁtnd
non-reduced standauidsdVerd ahaly fedabivaGeM & usimfzan-d&efoey and @RictionoB8thoaradbliamn with

the column effluent spraying.into an.LC lassic jon-tcap m ectrometer, Since, the deconvoluted
spectra of the Fé%%i%&é%%ﬁé’%%ﬂ‘é’%@ame-r, ? aéf Eé?;ﬂ n%%p%%?%gﬁsaﬁﬁ%ﬁgéogéa&g?é r[é‘écﬁé%?js%rior to
LC-MS analysisctiw® Boogilxed 71 PeTivs 200dvapbadated MidEbbdenmadisrizisdds fodieetheduced

Fc(15)FGF21 %ﬂgg@@%ﬁ@m@g@f@ﬁiw 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 affinityiddrifiedlessspiespitrarawHaredlou B p sin P alecsHoibriln ERjEReS 9A-9D.
Some of 5 theqtagtiasg:ana-sampls ebiales wererssizechec e danSeAUeHag it andsi4o confirm

the N-terminus of the proteins and assist in predicting the identity of the fragments o%%erve

| by
LC-MS. Result&6r e PEKIBRARARRISCH e Sandiras A7 dam Sredehd sin theadR BFprédicted
fragments are proaidediinkalalast JcliOiTahiead 3pdfestilis of the-MSFANalysiadndRredisted Fragments

FGF21 Sample !\%) IC % erve d%as P t of Total Fragment.Intact N-termjnus? Fc(15)FGF21
Ctandard 46,009 b4 1000 AR L LR e A AR BO0 DA 111 1L Bl
20  (Figure 1B). The luminescence obtaimed in ELK-luciferase assays for cach 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 FGF21 activity and were assigned a “+” in Table 5.

Table 5

Truncated FGF21 Proteins: in vitro Assay

C-terminus Truncations
Amino Acid Residues | Efficacy | Activity (+/+)
1180 93.2% +
1-178 95.0% +
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1-177 112.0% +
1-176 104.8% +
1-174 104.6% +
1-173 96.1% +
1-172 97.5% +
1--171 113.0% +
1-169 84.9% +
1167 20% -
1-166 20% -
1-165 10% -

N-terminus Truncations
Amino Acid Residues | Efficacy | Activity (+/-)

2 - 181 112.5% +
3181 130.3% +
4181 117.0% +
S—181 119.6% +
7181 74.2% +
g — 181 24.9% -
9-181 12.5% -

Collectively, the results presented in Table 5 indicate that C-terminal 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-terminal 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 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-terminal truncations of fewer than 13 amino acid residues constitute embodiments of
the present invention.

15

EXAMPLE S
In vivo Activity of Truncated FGF21 Proteins

FGF21 possesses a number of biological activities, including the ability to lower
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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% 1-423

WO 2009/149171 PCY/US2009/046113

blood glucose, insulin, triglyceride, or cholesterol levels; reduce body weight; or improve
clucose tolerance, encrgy expenditure, or insulin sensitivity. Truncated FGF21
polypeptides were further analyzed for in vive FGF21 activity, by mtroducing 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 intraperitoneally info 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 truncation mutants 8-181 and
9-181. This experiment demonstrated that truncated FGF21 fusion proteins comprising

15 amino acid residues 8-181 exhibit blood glucose lowering activity in vivo however the
activity 1s slightly less than the activity of wild-type FGF21 at 3 and 6 hours after
injection, but that truncated FGF21 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 vitro analysis,
which suggested that the deletion of 7 amino acids from the N-terminus of mature FGF21
would abolish activity).

The differing results obtained 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 receptor in effecting signal transduction.
In particular, FGF21 activates a dual receptor complex comprising the co-receptor beta-
klotho 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 ct al.,

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

kidney cells in which the co-receptor beta-klotho is overexpressed and FGFR is
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Some 48 hours 45,297 Da 20% 6-423 43,461 Da 65% 22-423 As indicated in Table 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 15 products of Fc(15)FGF21 were fragments consisting of amino acid
residues 1-4?4)(%’?)3%§'431{7s’ample) and 1-394 (15% of sample), and the maj%?BF@aﬂl?fg 6f1|§GF21(15)Fc
were fragments consisting of amino acid residues 1-423 (40% of sample), 6-423 (35% of WO
2009/149171PCT/1152009/046113 sample), and 22-423 (25% of sample). Identified cleavage points
for the Fe(15)FGF21 and FGFZl(lS@iﬁZC roteins are shown in Figures 10A and 10B, respectively.
EXAMPLE 13 SHitgissdat e oy oﬁﬁéﬂ"@%ﬁﬁ?ﬁgﬁs‘) EPR FRtiRs thet o PetiflodRer
Injection Asdepsribes dTeseink pratealticiaeavage f F GRE Herdusiarppyelasdenends upon the

orientation of the Fe sequence, with the Fe end of the fusion protein being.more stahle than the
P21 end of TR 0IGH BHGBH (Pl RGO GET P LaEe DA ORI DI B the
C-terminal portditraf AGE223Fe fusiony proteipscurete feundrto/berdie stableymiratiexam@ledcleavage

was identified IRNHSR0L a T lahg RN BASOnR hal ARG QLR RPE Ry o 25 2
result of these ObSErVationa, an Inves Igation was performe to'iden n%‘/ protealysis-resistant FGF21

mutants. LCM@%E&W@D_@@HF@@@%@ derobstestts’s thelt i liGRﬁ\]/dﬂﬂr&leon, degi%;@\am_ii@mﬁrst occurs
between aminq agid.tesidues. k1w (o ialloned Ry, Aaoredation RENVe SN AR INAIAGIL LORIgIHAS
151-152. By blocking proteolytic degradation at position 171, the cleavage at position 151 can be
prevented, effetivély ehtetdingynd Hulr-lite 3t trass|deihe. MowsvasfrotadgasidesdtihPmutants in
which cleavagegiig,penentad &-ersiior-rkicar i PossaRphesiduRmatnasHeml tidihalate 20

susceptible to protease attack, thereby resulting in a molecule missing the last 10 amino acids, which
are known'to bel i &g ﬁ@“b‘?r?&ﬁ%f‘éf%? E15-FEERPRSS IR RYARARY SBHR 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 app %re critical for improving the in vivo stability,
potency, and 25efficacy of the molecule. The"in vivo activity of particular proteolysis-resistant
Fc(15)FGF21 mutants Raspassaye diyl ingregssivioned ity injded i .di3obusiwe Ryitkeans FGF2 1 mutant,
drawing blood Samp'%%é&?ﬁ% WIeRieh RIGe 9};90t8@§a&b§|i&r&'§9d7b %&%ﬁ%g@%@&% ang:ghen

measuring blood glucose levels in the samples. The results of one experi re 30provided in
Figure 11 vhich®lpews treosl doefgiscoseriavaistreesetdd i infdtdsg were prepared and

analyzed. The truncated FGF21 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 Fec portion of the human

immunoglobulin 1gG1 gene (SEQ 1D NO: 13) was fused to either the N-terminus or the
20  C-terminus of the FGF21 protein.

Table 6
Truncated FGF21 Fusion Proteins

Amino Acid Residues l Fc Position | Linker

C-terminus Truncations

1-178 -NH; 15

1-175 ~INFH, 14

1-175 -COOH 15

1-171 -NH; 15

1-171 -COOH 15

1170 -COOH 15
N-terminus Truncations

5181 -NH; 15

5181 -COOH 15
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with a PBS control, an Fc(15)FGF21 control, or the Fc(15)FGF2I mutants Fc(15)FGF21 WO
2009/149171PCT/1JS2009/046113 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 detSPih&4 fAliHis experiment. This experiment demonstrates th%ﬁﬁég@g?i%ﬁ-'@ﬁl G170E,
Fc(15)FGF21 PI71A, Fc(15)FGF21 5172L, 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 G151A mutant only partially improved the duration of blood glucose
lowering activity as compared with wild- Eb-EGE21 f¥lan protein Surgrisingly, although the
Fc(15)-FGF21 5172L mutant is not-apr Nﬂﬂimmcidmﬁ@r@ﬁant and! 20 therefore has similar
degradation profile as the wild-type Ec(E5prNderminnsErppeation, tant was found to exhibit
improved in vivo efficacy as compared with tHa wild-typ. 415)-EC =F?}45pn peptide. The results of

another experiment are providec4n.HgLL§e"L;ﬂ§,§\Nhlchéhﬁq@QHe blged Hlucdse levels measured in mice
injected with a PBS control, an FP(lR)Ff‘éF'zﬁ:”iR controrNdihe Fr‘(l‘;)!Ef’:F:.l mutants Fe(15)FGF21

P150A/G151A11152V, Fc(15)F8F21-G1I0B  Ec(15)EGEX B 708/P11A | or Fo(15)FGF21
G170E/S172L. Figure 14 showsithe-perésntthange il Hiddd lucose Ielels as deteimined in this
experiment. As in the experimentdescrist dBove, the #ifld4 e Ec-F&E21 fusion protein and the
Fc(15)FGF21 P150A10151A11 152\ mufani tb-not-expibiEsystained-Hidod|glucose 20 lowering
activity, possibly because the deg;adatio%“awls.? 1 site ¢colid SHy OCCUF, l2hd blood glucose levels in
animals injected with these proteins retufreld/fb baselind 9% hours atter | njection. However, the
Fc(15)FGF21 G170E, Fc(15)FGE21-G1Z0EIPA71A o .E‘Eg%ﬂﬂtc. 21 8170F/S172L exhibit maximal
blood glucose lowering activity up-te-5 dg\;’"slg. er-injectionWhich-i sué%ﬁef to the wild-type Fc-FGF21
fusion protein and the 25Fc(15)RGEF21 PisdAlG151A 1&‘%Q wtaht—>_The results of another
experiment are provided in Figure-15; wHich-Shows the u.uc(\)}y!ucc se-lévels measured in mice injected
with a PBS control or the Fc(15)FGF21 mutants Fc(15)FGF21 G170E, Fc(15)F6F21 6170A,

Fc(15)FGF21 G170CHF oG 2 FGRTD ot Ho G2 LT qifch(diny @fad GiddmeFigure 16

shows 30the percent ch in blood glucose levels as determined in this.experiment. All of the
oL mut L e e e e R AR

2009/149171PBFe62008{046d1 B Actibity fortiop tiSidays dewribjédtionamplTHe destiesfvstanother
experimeng afer@a[&YAHGQG%E'%dr&%ﬂé"%ﬁ? §&ch§%&“€6 &Qlucosglsvels meashied inyauge injected
with PBS or the Fc(15)FGF21 mutants Fc(15)FGF21 0170E, Fc(15)FGF21 P171E, Fc(15)FGF21
P171H, Fc(15)FaFpd 88 AKQeE e £18) s Fosp e raeT | I8 Al a sy retiqmy 7 poir Rfqliracrs stows the
percent changeiigiple@eh grcRee el A detpimineddr{bispxperinenh Akef tagfGhékimutants

tested in this experiment exhibited improved blood glucose lowering activity when compared with

wild-type Fc-FEEPE, O ARIBIEES AWIACTHE DY FARGSIP BB riteoRaid e distan i issitei o1
Mutants at 6 ta b20 bioprisafterinjeetioned for the pargive stbiitihgltbelpeiadt Gt mMytanis was

analyzed by injecting mice with an FGF21 mutant, drawing blood.fro ép ' t various fime points,
eEpel R ER R s T e R s e
G170E, Fc(15)BARER P171A, or Fc(15)FGF21 S172L mutants (obtained from E. coil as described in
Example 2), each of which were diluted in approximately 180 mF of 10 mM HC1 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- 2 0 Fe agarose resin chabie Samples were eluted from the column using

10 mM HCL. All of the RGFRAGORSHPRIDAIBRIRSIMES Fegion PRdooTaRIRe @S daker at the

amino-terminal end-of-the EGE21 protein Mice were also injprfpd with a \A/ild-fypra GE2l control. Prior

to analyzing the faffinit 2BERY
unprocessed FGEZIMH: 2 samples
were reduced wis ang g ; L trim x-30-gm column
with the column ePfUE S An-LCO FAp-MASS Spac r.LAHMIty-durified
samples were dilutSa5aHS fn‘ dced-with- TCEP -and-then ana!\,zedlﬁy LC-MS as
described 30abave- caction

Sense 5 ~GGTGETGGTGEATCCCATCCARTTCCAGATTCTTCTCCA- 3! 16

Antisense | 5' -TAGTGAGCTCGARTTCTTAGGRAGCGTAGCTGG=3 17

Reaction 3
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WO 2009/149171PCT/US2009/046113 The observed masses for wild-type Fc(15)FGF21 at O, 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."vl%éo%%lé%)w&d masses for Fc(15)FGF21 P171A at 0, 6, 24, and P8 AGHE hter injection
are shown in Figures 21A-21D, respectively. The observed masses for Fc(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-kpPa-by-rgn-reducing
SDS-PAGE) comyBREnt o fAbanoaar ot T T LeR Mo SBUAdART 1yar the remainibg F(15)FGF21
fusion protein. Re%;g_;f@%pmé'L‘F%‘j\ﬁ”g@‘éﬁg?&%%%?'QEET&%%%P&%E%?&E%%ﬁ éamp!es re ];,j.:o‘v'i edin
Table 14. Table 14 Results of LC-MS Analysis and Predicted Fragments FGF21 Sample Major
Observed Masses Pergeptafutobdlth apentctidndmadiEe(ts)FEHRt WilrstisdaidodbeBadeDa 100%

1424 F(SRGEPLWE 46,001 Ba 80% 142410 6 1w 44987 02 20% 1414, EE(oIEGR21 W1

cells. The resulting clones were sequenced to confirm the absence of polymerase-

[ea)

5  generated errors,

EXAMPLE 7

In vivo Activity of Truncated FGF21 Fasion Proteins

Fusion proteins comprising a truncated FGF21 sequence fused to an Fc sequence

10  were generated and assayed for in vivo activity. Truncated FGF21 fusion proteins were

prepared by fusing an 1gG1 Fc molecule to either the N-terminal or C-terminal end of a

truncated FGF21 protein to form a single contiguous sequence. To distinguish between

N-terminal and C-terminal fusions, FGF21 fusion proteins in which the Fc 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-Fe.

FGF21 possesses a number of biological activities, including the ability to lower
blood glucose, insulin, triglyceride, or cholesterol levels; reduce body weight; or improve
glucose tolerance, energy expenditure, or insulin sensitivity. To assess in vivo FGF21

20  activity, FGF21 polypeptides, FGF21 mutant polypeptides, and FGF21 fusion
polypeptides were introduced into insulin resistant ob/ob mice, and the ability of a
particular FGF21 protein to lower blood glucose levels was measured. The FGFZ1
polypeptide, FGF21 mutant polypeptide, or FGF21 fusion polypeptide to be tested was
injected intraperitoneally into 8 week old ob/ob mice (Jackson Laboratory), and biood

25  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
OncTouch Glucometer (LifeScan, Inc. Milpitas, 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).

30 The results of one experiment are provided in Figure 4, which shows the percent
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44,979 Da -100% 1-414 No 24 hours  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 G170E 46,078 Da 100% 1-424

No 6 hours
WO 2009/149171 PCT/US2009/046113

change in blood glucose levels observed in mice injected with a PBS control, a wild-type
Fc-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 Fe-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 Fe-
FGF21 at 6 hours after injection. Thus, the in vivo analysis of truncated FGF21
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. [n vivo analysis also
indicated, however, that the ability of truncated FGF21 polypeptides to lower blood
10  ghucose 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 results 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 1-175, or a truncated Fc-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 resuliing
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 Fe-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 residucs 1-175

25  isnot active in vivo in lowering blood glucose.

Coliectively, the truncation experiments described herein demonstrate that
truncated FGF21 fusion proteins having an N-terminal truncation exhibit blood glucose
lowering activity that i8 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 fo the N-

30  terminal end of the truncated FGF21 protein exhibit more activity than fusion proteins in

which the Fe molecule has been fused to the C-terminal end of the truncated FGF21
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Fc(15)FGF21 G170E 46,074 Da 80% 1-424 No 24 hours 45,761 Da 20% 1-421 Fc(15)FGF21 G170E
46,072 Da -60% 1-424 No 48 hours 45,760 Da -40% 1-421 Fc(15)FGF2I P171A standard 45,970 Da

100% 1-424 FcSlS FGF21 P171A 45,980 Da 100%
WO 2009/149171 PCT/US2009/046113

protein.

EXAMPLE 8
Observed in vive Degradation of FGF21

5 FGF21 degradation was first observed with FGF21 Fc fusion protein constructs as
described in Example 7. In vive pharmacokinetic analysis indicated that human FGF21
has a short half-life of about I hour in mice due to rapid clearance and in vivo
degradation. Therefore, to extend the half-life of FGF21 an Fc sequence was fused to the
N- or C-terminal 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., in which the Fe 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. 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 Fc fusion proteins led to the investigation of the
proteolytic degradation of FGF2I in vivo and to identify FGF2Z1 mutants that were

25  resistant to such degradation.

To determine the sites of degradation, L.C-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 FGE21,

degradation was found to occur at the peptide bond between amino acid residues 151 and
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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 WO 2009/149171PCT/US2009/046113 48 hours

45,673 Da -50% 1-421 Fc(15)FGF21 S172L standard 46,022 Da
WO 2009/149171 PCT/US2009/046113

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 mclude the Fe 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 a 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 1s adjacent to
10  the Fc sequence from degradation. An anmalysis of the in vivo degradation of wild-type
FGF21 and Fe-FGF21 fusion proteins was 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
EXAMPLE ¢
Identification of FGF21 Proteolvsis-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

FGEF21 protein, which consists of 181 amino acid residues.

Table &
FGFE21 Residues Mutated

Aming Acid Position | Native Residue | Mutations
19 Arg Gin, lle, Lys
20 Tyr His, Leu, Phe
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100% 1-424 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 cY8UEtoA% tHe major product of the fusion protein was a frag%"éﬂpéz)wg g’fﬂi‘ésof amino acid
residues 1-414. The degradation 5 products of the Fc(15)FGF21 G170E and Fc(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, t pzi:r‘m R\F(‘F?1 G170ESHnd l:r‘(1 '%\IZ St Plpey Tm Withtants still retain intagt protem
while showing an agr‘rpama in_the amoud¥of the fr.’-mm nnﬁfﬁﬁalyﬁ%n 10.of amino. acid residues 1-421.
As observed in p I]’é‘OFIhFlhIQDQ of Ec-EGH91 rnncfrur-fc Mﬁnﬁ;ﬁgnnnn of thc FGE21 nnrfmn f the fusion
protein was dete ~ed ::mrl the Fc nnrnnﬁw:qc found-to rérlﬁn\ﬁaj:mhlp The r‘lp::nmm: sites idéntified for
wild-type, Fc(15)EBE21 G170E, Fc(15)B&E21 P171A H%ﬂ» Egp EhecEd ] Q17’)I are shown in Figures

23A-23D, respe nlféﬁ\/ 15 ':YAMDI E 1ﬁl¥ﬁem;iiicangn ants

One property of f\/?ia]type FGF21 is itd Pf@pensity to aﬁ% At A %ﬁhﬁd’ﬁ#@ﬁha}{g €EH21 mutants
were identified op-the-basis-of two-hypothesesTFhe fi *5‘5\ %@M&Mh-%pee& to FGF21,
aggregation (or c"wg"mfmn) is-trigge .;S@by hydroph . f‘t'or‘s and-van-derWaals-ijteractions

between FGF21 ridbeules-caused by FtBrophebic re,i?ﬁ, Hic

water-based solvent environment. The second hypothesis is that these exposed hydrophobic residues
can be substituted to create aggregation-reducigAdPEmutation variants without compromising

25FGF21 activity. WO 200?/1491;1PCT/U&2€098/ 416113 e o 2] matlﬁr tional protein
engineering approach was use&o%expﬁseﬁ%vﬁre:ﬁdﬁwﬁ@ﬁl As there were no
known X-ray or NMR Ehastairégyod FEFHZ21 thatfeooidiiveteise dtoide mify d&tposeddhydrioplethic
residues, g higesQlion A3 MSrRY SRAIRL SHSIUER AT G K8 GPWAYQDiRRS fiRM.fhe Protein

Databank
analyzing the serum by liquid chromatography-mass spectrometry (LC-MS). In

particular, mice were intraperitoneally injected with 10 mg/kg of Fc(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 mhibitor 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 Table 9
FGF21 Samples

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

D24 Fe-FGF21 24 hours

D48 Fe-FGF21 48 hours

E6 FGF21-Fe 6 hours

E24 FGF21-Fc 24 hours

E48 FGF21-Fc 48 hours

Prior to analyzing the affinity punfied samples by LC-MS, Fe-FGF21 and

FGF21-Fc protein standards were analyzed as a reference. Protein standards were either
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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 prote‘i’%at(%“l@é1 J1%in terms of the amino acid sequence homology.Pﬁ%ﬁ%ﬁ%ﬁg@ssibility 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 A2. 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 diffSfeRtERiR TRt SHR s el dhebrsdifid o thaprstirrduRsdaciieytiviation of 15
the residue’s sidguchintaahaldhespatiadipasitin pCadgaeniaainac@ridygsduesninergiore; a second

measure of surface area (SA?2) is made wherein the residue of int is.extracted from the protein
Structure along M indt ToeliEe e NG BTG cHREH it FostBube o e 0s Gy db ATy Ra e
residues are myskatiechintsilictinoeglycihesiioaletmdvpetheivdide-chhing] snopthewthe dAddotithe residue
of interest is ca| Vi ec [OYSY ace area for that residue in its
particular éznf?)drﬁmﬂla?ﬁﬁoﬂj%%Q%%%@A{?%g%ﬁ%%%ﬁé%%%ﬁ%ﬁ%%ge a measure of the percentage
of the possible surfacEharesdoiethampessidorcthn acdsesdthielyxpobegndardgpd sraimsdiSp MYic residues
that are highly gxpgagd iogheselvennesescied ipluthen analmsissanciin slisgmainrautations

were made to these residues to replace 25 the selected residue with the other naturally occurring

amino acid resittidardrpdcramr]es b pfotdiftHeftiar bt rde Uisgsto diferestsuBtdtsions were
calculated USiﬂ@aﬁlﬁr’&b@iﬁﬂvlaﬂ&lQ@lﬁ& ﬁb@f&ﬁﬂfﬁfﬁéﬂ&d\@&h@@qlﬂ@g@m &wa?d AchiSologee ]
University Protein Stabilit alysis Tools) according to insgructions provided at the CUPSAT website.
See Parthban STSE 30K Mo AR BRI HERIAE A5 BRI b 30B00 B truct

- Biol. 7:54. Sigrificailyrdesiabifiziagtardaydirephehig kutations idelré ubisded in the design of
aggregation-reducing point-mutation variants. Stabilizing (or, WO 20091149171PCT/US2009/046113

in rare cases, slightly destabilizing) substitutions that introduce improved hydrophilic and/or ionic
characteristics were considered as candidates forEgdeddhation-reducing FGF21 mutants. A

summary of the data generatgd fiyough Higrsalian Sgrgﬁ@q,p&g&@&gfjpggg%gpgoach is provided in

Table 15, which alsa lists exemplary FGE21 mutants expected to have reduced protein aggregation

and improved stability. Table 15 Calculated Effect of FGF21 Mutaints on Statiﬁf?@bsidue“ilf WT
Residue MutatidnF&haliSample(K cal/n¥iniop QbgeryegcMassess, | Fragment | N-terminus?
Fo(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 | 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-glycovlated) | 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 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
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FGF21-Fc was a fragment consisting of amino acid residucs 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.

EXAMPLE 11

PCT/US2009/046113

Preparation and Expression of Proteolvsis-Resistant FGF21 Mutants and Fuasion

Proteins

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
construction of the wild-type FGF21 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
Proteolysis-Resistant FGF21 Mutants

Mutation(s) Fe Linker
R191

R.191 ~-COOH 15
RI19K

R19K. ~COOH 15
RI19Q

R19Q -COOH 15
RIOK, Y20H

RIOK, Y20H -COOH i5
RIOK, 1211

RI9K, L.211 ~-COOH 15
RI19K, Y20H, L.211

R19K, Y20H, L211 -COOH 15
Y20F

Y20F -COOH 15
Y20H

Y20H -COOH 15
Y20L

Y20L -COOH 15
Y20H, L211

Y20H, L211 -COOH 15
L211

1.211 -COOH 15
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L21F

L21F COOH | 15
121V

L21V COOH | 15
21V

L21Y -COOH | 15
Y22F

Y22F COOH | 15
Y221

Y221 _COOH | 15
Y22V

Y22V “COOH | 15
P150A

P150A “NH, 15
P150R _NH, 15
P150A, GI51A

P150A, GI51A NH, 15
P150A, 1152V

P150A, 1152V _NH; 15
P150A, G151A, 1152V

P150A, GI51A, 1152V | -NH, 15
GI51A

G151A “NH, 15
G151V

G151V “NH, 15
G151A, 1152V

G151A, 1152V NH, 15
1152F

T152F NH, 15
1152H

1152H NH, 15
1152L

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
G170Q
G170Q NH, 15
G170S
G1708 NH, 15
G170E, P171A
G170E, P171A NI 15
G170E, S172L
G170E, S172L _NH, 15
G170E, P171A, S172L
G170E, P171A, S172L | -NH; 15
P171A
P171A _NH, 13
P171C _NH, 15
P171D _NH, 15
P171E _NH; 15
P171G _NH, 15
P171H -NH; 15
P171K NH, 15
P17IN -NH, 15
P171Q _NH, 15
P1718 _NH, 15
P171T _NH, 15
P171W _NH, 13
PI71Y _NH, 15
P171A, S172L
P171A, S172L NH. 15
S172L -NH, 15
S172T
S172T NH, 15
Q173E
Q173E NH, 15
QIT3R
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 FGF21 mutant construct, 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.

5 Table 12
PCR Primers for Preparing Exemplary FGF21 Mutant

SEQ
Primer Sequence 1D NO:
Sense 5" -ATGGTEGAACCTTCCCAGGGCCGAAGC -3 18
Antisense | 5 ' -GGAAGGTTCCACCATGC T CAGAGGETCCGA-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

10 primer (SEQ ID NO: 18), the second and third sequences (SEQ 1D NOs: 20 and 22) are

portions of an FGF21 expression construct, and the fourth sequence is the antisense
primer (SEQ 1D NO: 21);

5'-ATGGTGGAACCTTCCCAGEECCERAGT
15 CTCCTCGEACCCTCTGAGCATGETGGEACTTTCCCAGGGCCGARGCCCCA
GAGGAGCCTGGEGAGACTCGTACCACCCTGEAAGGEETCCCEGCTTCGGEEET
AGCCTGGEAGACTCGTACCACCTITGGARGG-5"

FGF21 mutant constructs were preparcd using essentially the PCR conditions

20  described m Example 1. Amplification products were digested with the restriction

endonuclease Dpnl, and then transformed into competent cells. The resulting clones

were sequenced to confirm the absence of polymerase-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

25  Star (Invitrogen; Carisbad, CA) cells with the construct encoding a particular mutant.

Transformants were grown overnight with limited aeration in TB media supplemented

with 40 ug/ml kanamycin, were acrated 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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FGF2]1 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 1} molecules have been characterized, it is possible to predict
whether proteins have specific sequences that can bind to a series of common human
aileles: Computer algorithms have been created based on literature references and MHC
class II crystal structures to determine whether linear amino acid peptide sequences have
the potential to break immune tolerance. The TEPITOPE computer program was used to
determine if point mutations in particular FGF21 mutants would increase antigen specific
T cells in a majority of humans. Based on an analysis of the linear protein sequence of

cach FGF21 mutant, none of the mutants was predicted to enhance immunogenicity.

EXAMPLE 12

Impact of Linker Sequence on FGF21 Degradation

To determine whether the presence of a longer amino acid linker between the Fc
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 a 15 amino acid linker having the sequence GGGGGSGGGSGGGGS (SEQ ID 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, Fc(15)FGF21 and
FGF21(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 colunm 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

affinity purified samples withdrawn at various time points arc 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

5  the standard and sample eluates were subjected to Edman sequencing in order o 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.

10 Table 13
Results of LC-M5S 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% 1-414
Fe(15)FGF21 44 978 Da 85% 1-414 Yes
24 hours 43,022 Da 15% 1-394
Fe(15)FGF21 44,976 Da 60% 1-414 Yes
48 hours 43,019 Da 40% 1-394
FGF21{15)Fc 45,999 Da 100% 1-424 Yes
standard
FGF21(15)Fc 45,870 Da 100% 1-423 Yes
4 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% 1-423 Some
48 hours 45,297 Da 20% 6-423

43,461 Da 65% 22-423

As indicated in Table 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

15  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)Fc were
fragments consisting of amino acid residues 1-423 (40% of sample), 6-423 (35% of
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6.18 2.86 EXAMPLE 16 Preparation and Expression of Aggregation-reducing FGF21 Mutants and
Fusion Proteins 5Constructs encoding the FGF21 mutants listed in Table 16 were prepared by PCR
amplification of the wild-type FGF21 expression vector as described in E he construction of
the Wild-typmgﬁ’fg}%{ession vector is described in Example 1). Fusioﬁgﬁg ef)r%?s%/%(é]reiescgenerated as
described herein, e.g., in Example 6. 10Table 16 Aggregation-reducing FGF21 Mutants Mutation(s)
Fc Linker A26E A26K A26R A4 5E

sample), and 22-423 (25% of sample). Identified cleavage points for the Fc(13)FGF21
and FGF21(15)Fc proteins are shown in Figures 10A and 10B, respectively.

EXAMPLE 13
5 In vive Activity of Proteolvsis-resistant Fe(ISWFGFE21 Mutants

at 1-7 Davs after Injection

As described herein, proteolytic cleavage of FGF21 Fe fusion proteins depends
upon the oricntation of the Fc sequence, with the Fe end of the fusion protein being more
stable than the FGF21 end of the fusion protein (i.e., the N-terminal portion of Fe-FGF21

10  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-Fe
and positions 151 and 171 of Fc-FGF21.

As a result of these observations, an investigation was performed to identify
proteolysis-resistant FGF21 mutants. LC-MS analysis of Fc-FGF21 demonstrates that in

15  vivo proteolytic degradation first occurs between amino acid residues 171-172, followed
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

20  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 vive potency.
Therefore, the mutagenesis of amino acid residues surrounding position 171 in mature
FGF21 appear to be more critical for improving the in vivo stability, potency, and

25  efficacy of the molecule. |

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

30 provided in Figure 11, which shows the blood glucose levels measured in mice injected
with a PBS control, an Fe(13)FGF21 control, or the Fc(15)FGF21 mutants Fe(15)FGF21
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G170E, Fe(15)FGF21 P171A, Fe(15)FGF21 S172L, Fe(15)FGF21

G170E/P171A/8172L., or Fe(15)FGF21 GI151A. Figure 12 shows the percent change in

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

that the Fc(15)FGF21 GIl70E, Fc(I5)FGF21 PI71A, Fc(15)FGF21 S172L, and

5  Fc(15FGF21 G170E/P171A/S172L mutants exhibit sustained blood glucose lowering

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

Fe(15)FGF21 G151A mutant only partially improved the duration of blood glucose

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

although the Fe(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 in 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

biood ghicose levels measured in mice injected with a PBS control, an Fc(15)FGF21
15  control, or the Fc(15)FGF21 mutants Fc(15)FGF21 P150A/G151A/TI52V, Fe(15)FGF21
G170E, Fe(15)FGF21 G170E/P171A, or Fe(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 Fc-FGF21 fusion protein and the
Fe(15)FGF21 P150A/G151A/I152V 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, the Fe(15)FGF21 GI170E, Fe(15)FGF21 G170E/P171A,
or Fe(15)FGF21 G170E/8172L exhibit maximal blood glucose lowering activity up to 5
days after injection, which is superior to the wild-type Fe-FGF21 fusion protein and the
25  Fe(15)FGF21 P150A/G151A/1152V 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 Fe(15)FGF21
mutants  Fe(15)FGF21  G170E, Fc(15)FGF21  G170A, Fe(15FGF21 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 Fc(15)FGF21 mutants
Fe(15)FGF21 G170E, Fc{(15FGF21 PI71E, Fe(15)FGF21 P171H, Fe(15)FGF21 P171Q,
Fc(15)FGF21 P171T, or Fe(15)FGF21 P171Y. 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 Fe-FGF21.

EXAMPLE 14

In vivo Degradation of Proteolvsis-resistant Fe(15YFGF21 Mutants

at & to 120 Hours afier Injection

The in vivo stability of selected FGF21 mutants was analyzed by mjecting mice
with an FGF21 mutant, drawing blood from the mice at various time points, and
analyzing the serum by LC-MS. In particular, mice were injected with cither the
Fe(15)FGF21 GL170E, Fe(15)FGF21 P171A, or Fc(15)FGF21 S172L mutants (obtained
from E. coli as described in Example 2), cach of which were diluted in approximately
180 uL of 10 mM HCI prior to mjection, 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-
Fc agarose resin column. Samples were eluted from the column using 10 mM HClL 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 1.C-MS, unprocessed wild-type
FGF21 and unprocessed FGF21 mutants were analyzed as a reference. All standards and
time point samples were reduced with TCEP, and then analyzed by LC-MS using an
ACE cyano 0.3 mm x 30 cm column with the column effluent spraying mto 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

ahove.
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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 Fe(15)FGF21 P171A at 0, 6, 24, and 48

5 hours after injection arc shown in Figures 21A-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

10  1is much more abundant than the remaining Fe(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 | Percent
FGFZ1 Sample Masses of Total | Fragment | Edman
Fc(15)FGF21 WT 45,994 Da 100% 1-424 -
standard
Fe(15)FGF21 WT 46,001 Da &0% 1-424 No
6 hours 44,987 Da 20% 1-414
Fc(15)FGF21 WT 44,979 Da ~100% | 1-414 No
24 hours
Fc(15)FGF21 WT 44,980 Da ~100% | 1-414 -
4% hours
Fc{135)FGF21 G170E | 46,068 Da 100% 1-424 -
standard
Fc(15FGF21 G170E | 46,078 Da 100% 1-424 No
6 hours
Fc(15FGF21 G170E | 46,074 Da 80% 1-424 No
24 hours 45,761 Da 20% 1-421
Fe(13)FGF21 G170E | 46,072 Da ~60% 1-424 No
48 hours 45,760 Da ~40% 1-421
Fc(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 ~T7(% 1-424 No
24 hours 45,657 Da ~30% 1-421
Fe(15)FGF21 P171A | 45,992 Da ~50% 1-424 No
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48 hours 45,673 Da ~30% 1421
Fc(15)FGF21 S172L | 46,022 Da 100% 1-424- -
standard
Fc(15)FGF21 S172L | 46,027 Da 100% 1-424 No
" 6 hours
Fc(15)FGF21 S172L | 44,984 Da 100% 1-414 No
24 hours
Fo(15)FGF21 S172L | 44,985 Da 100% 1-414 No
4% hours

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 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 Fe(15)FGF21 GI170E and Fe(15)FGF21 P171A mutants still
retain intact protein while showing an increase in the amount of the fragment consisting
10  of amino acid residues 1-421. As observed in prior analyses of Fc-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, Fe(15)FGF21 P171A, and Fe(15)FGF21 S172L are shown in Figures 23A-23D,

respectively.

15
EXAMPLE 15

Identification of Aggregation-reducing FGI21 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

20  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 hydrophebic residues can be
substituted to create aggregation-reducing point-mutation variants without compromising

25  FGF21 activity.
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FGF21 that could be used to identify exposed hydrophobic residues, a high resolution
(1.3 A) X-ray crystal structure of FGF19 (1PWA) 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 residuc's side-chain, and the spatial position of adjacent amino acid residues.
Therefore, a second measure of surface area (SA2) is made wherem the residue of
interest 18 extracted from the protein structure along with that residue's neighboring, or
adjacent, residues. These spatially adjacent restdues are mutated ir 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 SAl to SA2 (SA1/5A2) can then give a measure of the percentage of the

possible surface arca 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 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 er al.,
30 2007, BMC Struct. Biol. 7:54. Significantly destabilizing or hydrophobic mutations were

excluded in the design of aggregation-reducing point-mutation variants. Stabilizing (or,
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In vitro Activity of Aggregation-reducing FGF21 Mutants Experiments were performed to identify
aggregation-reducing mutants that retain 15 wild-type FGF21 activity in an ELK-lucifcrase in vitro

assay ELK-luciferase assays were performed as described in Example 4.

results of an"E K2R
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L99D, and FGF21 Al IIT (Figure 24A); the FGF21 mutants FGF21 Al29D, FGF21 AI29Q, and FGF21
A134K (Figure 24B); and the FGF21 mutants FGF21 A134Y, 20 FGF21 A134E, and FGF21 AI29K
(Figure 24C). The results of these experiments demanstrate that some of the aggregation-reducing
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EXAMPLE 16

Preparation and Expression of Aggregation-reducing FGF21 Mutants and Fusion

Proteins
5 Constructs encoding the FGF21 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 I).

Fusion proteins were generated as described herein, e.g., in Example 6.

10 Table 16
Aggregation-reducing FGF21 Mutants

Mutatien(s) | Fe Linker
A26E

AZ6K

A26R

A45E

A435K

A45K -NH» 15
A45R -NH: 15
A45Q) -NH- 15
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5.22 6.62 8.60 EXAMPLE 20 Preparation and Expression of Fe-FGF21 Fusion Combination Mutants
15 As described above, the stability and solubility of PG1721 can be modulated through the
introduction %1; ) (('a%ificg'%tlmcations and amino acid substitutions. In addition, FGF2I| stability can be
further enhafice B)}qusing such modified FGF21 proteins with the Fc por?ﬁéﬁ’%?%%’éf%ﬁ%%n
immunoglobuliu IgGI gene. Moreover, by introducing combinations of the above modifications, FG1:21
molecules having both enhanced 20stability and solubility can be generated. Nucleic acid sequences
encoding the 17G1721 combination mutantslisted-in, Table 18 Were prepared using the techniques
described above. 25 Table 18 FGF21.&8mbinationMitidis Afing Acid Residues Prot6013'SiS
Mutation Aggregation Mutation Ft Link ?;%%1%9?.3@5}?&55(\ N2 15 1-181 0170E L98R

L358C
L58E
L38G
L58S
P6GA
POOE
P6OK
POOR
P78A
P78C
P78H
P78R
L86C
L86T
FRBA
FRRE
FB8K
FR8R
F88S
LI8C
L9ELE -NFH, 15
LI8K -NH; 15
L8O NH, | 15
LIR
L98R ~NH; 15
L99C
L99D
L99E
L99R
AllIK -NH, 15
AlTIT
A129D
Al129E -NH, 15
Al129H 1 -NH; 15
Al129K
AT26N ~-NH; 15
A129R -NH, 15
Al129Q
Al34E
Al134H -NH; 15
Al34K
Al134Y

79



-NH2 1-181 0170E A45K, L98R -N H2 15 1-181 P1710 A45K 5-181 P1713 A45K -N H2 15 1-181
P1710 98R -NH2 15 1-181 P1713 L98R -NH2 15 1-181 7 G A4 19 R -NH2

WO 2009/149171 PCT/US2009/046113

The aggregation of various FGF21 proteins, including wild-type FGF21,
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 Fe
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 Aggregation-reducing FGF21 Mutants

Experiments were performed to identify aggregation-reducing mutants that retamn

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 L99R, FGF21
L99D, and FGF21 A111T (Figure 24A); the FGF21 mutants FGF21 A129D, FGF21
Al129Q, and FGF21 A134K (Figure 24B); and the FGF21 mutants FGF21 A134Y,

20  FGF21 Al134E, and FGF21 A129K (Figure 24C). The results of these experiments
demonstrate that some of the aggregation-reducing mutations did not adversely impact

FGF2] activity as assayed in ELK-luciferase assays.

EXAMPLE 18
25 Preparation and Expression of Fe(1/FGF21 Combination Mutants

Showing Longer Half-life and Lower Levels of Aporegation

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 1gGl Fec molecules. These FGF21 mutants were prepared

30  essentially as described in Example 11,
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15 1-178 0170E -NH2 15 6-181 0170E -NH2 15 6-181 0170E A45K -NH2 15 6-181 0170E L98R
-NH2 156-181 P 7 0 -NI-12 15 6-181 P1710 L98R -NH2 15

WO 2005/149171 PCT/CS2009/046513

EXAMPLE 19
In vitro Studies of Fe{15YFGF21 Mutants

Showing Longer Half-life and Lower Levels of Agoregation

Experiments were performed to identify FGF21 combination mutants that retain
5  wild-type FGF21 activity in an ELK-luciferase in vitro assay. ELK-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 Fe-FGF21 P171G, Fe-FGF21 P1718, and Fe-FGF21 P171T
(Figure 25A); the Fc-FGF21 mutants Fe-FGF21 P171Y, Fe-FGF21 P171W, and Fe-

10 FGF21 P171C (Figure 25B); Fe(15)FGF21, Fe(15)FGF21 A45K/G170E, and FGF21
A4SK (Figure 25C);, and Fc(I5FGF21, Fc(15)FGF21 P171E, and Fc(15)FGF21
A4SK/GL170E (Figure 23D). The results of these experiments demonstrate that mutations
aimed at improving stability, or both stability and solubility, did not compromise 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, L86T, L8OR, LIBC, LO8R, A111T, A129D, A129Q, A129K,
Al134K, A134Y, and A134E following incubation of 65 mg/ml protein at 4oC for 1, 6,
and 10 days. The data indicated that the L86R, L98C, LI98R, AT111T, 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 L52T, and FGF21 L58E 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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7-181 G 70E -NI-12 15 Figure 29 shows the blood glucose levels measured in mice injected with
the 5Fc(15)FGF2l combination mutants Fc(15)FGE21 A451C10170E, Fc(15)FGF21 A451C1P1710, or
Fc(15)FGF21 L98RJP1710. 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 293TucelldiRg WasERIUGeTR IiGh 8 (F eBeficorst Hiffekd AKIGHEUNIAHB AR 6TF 20 FUREL,

Fc-FGF21, or FC(15)FGE21 | P17 rs..cell lysa r n ed, for luciferase
activity. As sho W%ﬁ%ﬁ%@ﬁgﬁ&éﬁééég{ﬁggéf %%%d&i(?r%grg g%ﬁ%tﬁm%%é&%%%%&caﬂng
that the introducsioffofithe fwapdhtmetafiossxidnihatted oottt dreyiths Sctputperipyebanother
experiment, the stapili , 21 L 98R/F 15 ma/n - t fne
days at two diﬁel?@?ﬁgbg %&ﬁ%@%ﬁﬁ%&l}%ﬁﬁ%ﬁﬁgﬁg %ﬁ%@gs%%@as%}gmﬁgg%%ll and
Fc-FGF21. Aftershedinauhidion pefiot Belllfsawssnieeuttydh hreglyradniithorel Lt ex datiimine

5%‘? .y?féggt%&f%%&@tw%qa%ggmﬁw%%a Zigte Blinane,31B

an aggregation versus fime profl
indicate that the\ﬁr(leéi‘l ecg aﬂéegir%gaé ormation was significantly reduced in c(15)FGF21

L98R/P171G at sndfo-faaiipératate|solidikiafgRSFastbdSine i MHgnant Ay lavaing ecvbaiititdhngles,
dotted line in Fi 31B). EXAM : lysisyresistant FGF21 Mutants Comprising C-terminal
Mutations %gﬁr\ﬁ%%ﬁg%ﬁﬁgggﬁéﬁ%ﬁ?g%%r(?l{:t]aﬁfgg\}vas also studied. Specifically, the, in vivo
stability, of Fc(15)FGF21 L98R1P171G was compared with the stability of Fc(15)FGF21 in murine and
cynornolgll__@ models. The results were found to be siggias ¥ both species. In the cynomolgus study,
Fc(15)FGF21 L98R/P1710 and Fc(15)FGF21 10 weére injected TV at 215 mg/kg and aliquot of serum
and plasma were collected aPererapaizaseantion SanFolifeiidst b Es ¥hé Hut to 168 hours

were analyzed. Time I;ggm gmptes were affifity-purit e0 Msth phomagemsythernagatyzed using
MALDI mass spectrometr ._The results correlated we hwo-analyses—Analyzinlg data
generated using immuledfimiGERAY DI, clipping A fl%!* bi71 sitel1s vbg‘g see]%]tg be &fiminated in the
Fc(15)FGF21 1.98R/P%Jﬂ? mglecule as a result/qi-fhe Thiafiongr 17340 P4 ¥1G| paever, a minor
and slow degradationiresulting in a loss of up to i3 C-terminaliresidues \_A'lg‘g_?bgg.r_\;erd.,f%plze(l5)FGF21
L98R/P171G (Figure BBy TEHEGHHOAIEHJE atiife [tArée d-fafing? &sidubdete atdo pbserved
with other FGF2 1 mut@dqté@%qf the more suscepiie|Ciepyage sie between aainol acabresidues 171
20 and 172 was blocked as'shown_in Figures 20land 21. The!3. C-tefminalresidue-eleavage may
represent the cessation of cleavage from the C-terminal end of the molecule by a arboxypeptidase in a
sequential, residue-by-residue fashion or a specifiespsatgase adtack at amino acid residues 178 and
179 with non-specific clipping at amin idues 179-180 and 180 S Of 23 amino

e 3 o ¥ O3+ H O SONATR R T ] ;#_&_‘., ed potency

O
P
wlkalu

acids at the C-terminug’reniltig e SegH L SR IOtHo-biRe e-thtirretetyd

and in vivo, activity of the malecile:;Sae.e. aheY slial, 200 REBS LeF G831 2 b crauitiiesd the
apparent carboxypeptidase‘c_legrad_gat_ion'of the C-terminus, thg/ impact oé a?‘%’%@é‘@”ﬂ”% c?cﬁdo IEeSidue
"cap” to various FGEED theiarefeipeshisecileEiatiiiass XN 8FEsHERUCE Relading those
presented in Tabig;}9; wargiMads aediasealed Hsieg therdDieehtiqued: les BB hereinnT able 19

summarizes the' results of the in vitro ELK luciferase assay. . 2009/149171PCT,/L . )4 113
Suitable amino a®i®l Eapweian sy Haaiean ﬁ%%?%%%ﬁ%é&&?iﬁ?@ﬁ’gﬁ?&?@fﬁhﬁegﬁg%%ég5, 10

or 15 amino acidienathhsABY BMberand e af amineGRit (s)dambs dmpieydbts anbapdbr

example, a single proline residue, and single glycine residue, two.glycine residues,five glygine, ;
g&o%%ﬁ%‘r? SN%{;%]{: &F'¢ Xﬁgwmeg %n&?(gﬁ% the instant

residues, a0wellSESSiermtaHHRLYGHE. {‘examplés 8r'caps are provide

Example and in Fahigid@ion mutants listed in Table 18 were prepared using the techniques described

above.
25
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Additionally, to address the apparent protease attack at amino acid residues 178 and 179, mutation of
amino acid residues 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
summarizes exemplary constructs that were made mdlstnmied in the in vitro ELK-luciferase assay,
which was performed as described herei ‘ffgls Wlt Mermlnology used herein, hFc means a
human Fc sequence (i.e., SEQ ID NO:13 r;r z ers lI|n er having 15 residues (i.e., SEQ ID 15

NO:23) Table 19 Efficacy a?dxﬁ@{é@;v@m P fotebigi? ngﬂmﬁe 5 Comprising C termlnal -
Modifications Constructs Efficagysk@a®(nMyuikiar2] 0Mliadato hFEd 15IHEBE21(L98R, P1710) 2.5
76.1% hFc.L15.hFGF21(L98R, R1740, Y1 79R)7255 78.3%AMBE L15|hMEEE21(L198R| P1710, 1-180)
hFc.L15.hFGF21(L98R, P1710, 1-189) 7.8 77:49%HFc. L15HRBF21(L98R, IP17f0, A180E) 1.9 79.6%
liFc.L15.hFGF21(L98R, P171G, bIgiliK) 180 &1-8% | A4SK, LYBR | -NH; 15 :
| 1-181 PI710 A45E | NH,| 15
1-181 P171S A45K - [ -NHyi 15
1-181 | PINIG LO8R -NH, | 15
- 1-181 P1718 |  L98R -NHz | 15
1-181 P171G + A45K, LO8R | -NH, | 15
1-178 G170E , -NHy i 15
6-181 - GIZ0E | - | -NH;| 15
6-181 G170E A45K- | -NHzl 15
6-181 GI70E | L9BR NH 15
6-181 Pi71G -NH; 15
6-181 P171G LOSR 1-NH;| 15
7-181 G170E | -NH; 15

Figure 29 shows the blood glucose levels measured in mice injected with ther

5 Fe(15)FGF21 combination mutants Fc(15)EGF21  A45K/GIT0E, Fe(15)FGF21
A4SK/P171G, or Fe(15)FGF21 L98R/P171G.

In another experiment the FGF21 mutant Fe(15)FGF21 LOSR/P171G was studied

side-by-side with wild-type mature FGF21 and Fe-FGF2L. In one expenment, a

recombinant 2937T cell line was cultured in the presence of different concentrations of

10 FGF21, Fo-FGE21, or Fe(15)FGF21 LISR/PI7IG for 6 hours. Cell lysates were then

| assayed for luciferase activity. As shown in Figure 30, Fe(15)FGF21 LOSR/P171G had

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

didret alter the molecule’s in vitro activity.

In vet another experiment, the stability of the Fo(15)FGF2] LOER/P171G at 65

15 mg/mL was evaluated for nine days at two different temperatures, namely room

temperature and 4°C, side-by-side withh FGF21 and Fe-FGFZ1. After the incubation

peﬁed cell lysates were then analyzed with SEC-HPLC to defermine an aggregation

versus time profile at various temperaties. The data shown in Figure 31A and 31B

indicate that the rate of aggregation formation was significantly 1"edu.ccd‘ in the
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GSGSGSGSGS.hFGF21.L15.hFc MKEDD.hFGF21.L15.hFc hFc.L15.hFGF21(L98R, P171G, S 81P,
P182) hFc.L15.hFGF21(L98R, P171G, Al 800) hFc.L15.hFGF21(L98R, PI710, S1810) '
hFc.L15.hFGF21(L98R, P1710, L182) hFGF21(L98R, P171G, 0182) liFc.L15.hFGF21(L98R, P17I0,
Y1 79P) liFc.L15.hFOF21(L98R, P1710, Y1790) hFc.L15.hFGF21(L98R, P1710, Y179S)
hFc115.11FOFRAJIOBBFPILTEORYATAA) FeohdbtditpGiaR (kASR (121 g16s, SI@AT)idd-eal Figure ‘
5.13FGF21(L98R,.P1710, S| 81A) hFc.L15.11FGE21(L98R, P1710, S 181 L) hFc.L15.hFGF21(L98R,
P 71G. sww?ﬁ‘iﬁ:?ﬁ‘f&%ﬁ%@?—"ﬁ (Ebaé‘iﬁ%ﬁf %‘% ,lﬂf%ﬁgggc%%&hFOFZMLQSR, P1710, Al 80S) -
hIGF21(L98R, P1710, 00000182-6) hFc.1 ,15.hFOF21(L98R, P1710, P182) hFc.L15.hFOF21(L98R,
P1710, 0182) hFc.L15.nFGF21(1-178, L98R, P@%ﬁ/@%&hFGFm(L%R, P1710,00182-3)
hFc.L15.11FOF2I(L98R, P1710, 00000182-6) 4 .7%; ~ Figure 33 shows the percent change in

blood glucbse levelshobsaiyei-resithetiEdbAINM®MGe 6 hsicleptotarel g Madriithsa PBS control,

wild type native FOF F(l}5} FOR2L (1 98R, P1 71 " : oped ul ich gither a

proline or 5 glycine fég?dﬁé Wagqggéé%%%% é%é?mﬁ%ﬁ%ﬁl%ﬁgg(%?gé Fzgfe ngggg%%?g 182P)

and _Fc_(15)FGFm__ (mgsmgppfl@p&@ﬁﬁﬁﬂhhéﬂ&@fﬁﬁ?Eiamﬂe_,owhe_arqlre&iauélms?@ldaéq _ﬁ the

C-teintinus of aylchivie ot MientREE ah paBePHR.Ihe Reituas LRIt P Y sinaeiign In the
0"l at a gly h

resultant protein. Thus, "18 ndicates cine residue was added to the C-terminus of the

mature 181 rebighenvittbsyplr shenetapmdigusreiusis, Frglie ST shdws it eva FBRIDIBWETE blood
glucose i%ve'sy&gf&kgg&@wiﬁ Qﬂ.ﬁﬁg%l@éﬁ@%ﬁ%&éd?%ﬁ%ﬁw iedshoued-shistained higod
glucose-lowering activity for at least 120 hours. FC(15)1701721 (L98R, P1710, 182P), molecule ‘
comprising theeiaititiot tsf S¢prbiine reestidesat thene ReiHimEs Bf 198 Pars Wesnipenépt-of fisesfusion

molecule, ap , Indpwestiniead GIgOSH I vels PR BRERE iAW
Fc(lS)FGF21p}‘(?€lﬁ:?§9!i§CF%},IHl 1%%%%\%@&%%%%1 (1.,98R, P1710, 182(})’2@)1. Inﬁfg]uggg%uent _

experiment, th‘éﬂﬁ?@WWFWO%%WPMW@S@WQWW@FI@M’#?3}1’(’@9{@?‘, P1710, 182P) was

studied and Compar%tg‘.gﬂﬁl%ram%%%u glicCanpesharalesHio somPrisipg & weelpsne addition at
the C-terminus, namely Fc(15)FGF21 (L98R, P1716, 1820 1832321] Figure 34 shows the results of that

experiment. Fijfr&3a %BG\/@W&E‘%@F\%@?@@M@:M‘W‘ Q\(’é!%l%’é%ﬁ?e?ﬂ’i‘??%/%%%ce

injected with RRZ:6eRtelr PR(1OF-Gral (198RF L ihk:ad Sl Rad A ARR (BT, 18200183G),
Fc(15)FGF21 (L98R, P1710, 1820) and Fe(15)FOF21 (L98R, P171G 1.8%%@% n i% ggure 34,

all of the moleTHBs Sl G eraorl SeF SrerTHS P BECS S Ihehng GEavity BS
control. This epperiment genfirpaedthe prameus resulis (HgutesSetbati ke (@524 {th98RsP171(3,
182P) with a proline addition at the C-terminus ésggv!?qﬂsli%htl nhanced glucose-low ringkzgicacy X
compared 10WItH tHeHGRIE GRIHTOE SFORTRS RE 8445 %?1‘9@52’?[ REP7T0T Hovever, the
additionaf twerglycinevie Sithiesdh ihe GricnTus:£20. 40 (15) FIGE 21t A8Rn 2 11 8RE/483(3),
appeared to reduce the molecule's in vivg, potenc %nd sﬁgréened gg)%dur_ ti?r}lof in 1vivo1 b ‘
glucose-lowerify SR¥EEEld Fe%%sgﬂ%/gftﬁgaﬁ@ eHPEhifgs ISBISEY SO i8S ohéeNet in
diabetic db/dkxaviies (6ep#i3tbackgratined)iiljeated it BB edntiolnot hesf4O2 prottaet giakjpeptides
Fc(15)FOF21 (L98R, P1710), Fc(15)EQF21 (1.98R, P1710, Y179S), Fc(15)FGFE21 (L98R, R171G,
Y179A), Fc(1%5ﬁ§ﬁ’é’1¥ﬂéééﬁ”ﬁ’%§1§%¥éo%§ é?%éhlf%:"(‘i@ﬂ‘f%]’;czf?@@’é‘(ﬁ; 718, %%683‘.‘1}iﬁsmutants
showed similarrglygosedowering. atiivitssite sinmitdnclaration b aClami20Fgulé 36ishomisdhb percent
change.in blopd glycose levels observed in diabetic db/db mice (C57136 background) injected with
Cehicie Lot E SR L R BT R L B PAA B Y LSO e Ly P R 21
(L98R, P171(S:A18QE).Gonparéd i c@SYFGE21 (E8BRI-PA710T,0Fc(ddEGR2d (L98RP1710,
Y179F) was less efficacious in.lowering bl lucose. However, Fc(15)FOF ‘ 5P1710, Ai
M vlos i et e R S R e S e
efficacious theasiFeél 5)EGCFR (hO8R; PGFL0) muthvapsédeduitonab20%udddctidh srbikipdedlucose

levels Compaéﬁgs%&sf%%ﬁgﬁg %%o‘s'eg%@geﬁ?eﬁlﬁ) 'TEQF&S%, 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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data suggest that Al 80E mutation may have reduced the C-terminal degradation in vivo and thereby
improved in vivo potency and efficacy of the molecule. 30 EXAMPLE 22 Rhesus Monkey Study

An Fc-Linker-FGFZ/l cgg_r;]lstruct was generated using methodology descriq)%dr}%%g h@m 6h](;,'sconstruct
comprised aW?g@i? Bt sequence (SEQ ID NO0:13) fused at the C- 5 terminus téa '
(Gly)s-Ser-(Gly)3-Ser-(Gly)4-Ser linker sequence (SEQ ID N0:23) 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 P1710, had been introduced. This congtr ct was then ex ressed%.raj purified as. described
heroin, and was isolatddaRe L HRR A foFAPd Fifle r%féw,ega]tﬁ%oll%wgf Fcﬁ“vé%%gﬁh&&a via
intermolecular gismifidel ponkis4,15) bétweEnhdhené eddginnofgachimonamter. ddisypotecutens referred
to in the instant E '§Ie337§ "ane';EGanls('ﬁ% "and hg{g th?eagniqg ecidrgﬁnu%gsg of th%p{gt%in
encoded by Slfa B:37. frthis xample,}?: E2TYRIRIS (b thermature torm of EGF f, r%amely SEQ
ID NO:4. 1522dlysindlyrBakign two THedis FGHA(RGIveorsnunt wasidehninistevedf chsoribatly and
subcutaneously (3, IO NeRHBRG IS MAlRRASSKS MOBKAYSWIH & BMk-3:35: LR afferaroups of
monkeys (n---10 per group) were treated with either mature FGF21 (i.e., SFQ ID NO:4) or a vehicle
control. 20Animakalére acclimated for 42 days prior to administration of any test compound and were

then divided into grou&&a@f&@zgn%aéh@é@%@@bp%ﬂp{%&é@mn@ ahi@st £9MRoNes vrrcontrol
article in a blinded fashion, as depicted graphically in Figure 37. In brief, each animal was.injected

once a day witfGohi poliEFBPR ehidRioe Bpd TaLlIsrhipesibpey &Z\%}Iy}&ﬂw%’?&alsgﬂ—'c‘yﬁb IRG) was
administered 2o eklyafgyF6iR3hiR6z)sanst i thdaseswatedepcalsirdiOyernyr? wakksndis shown
in Figure 37. Body weight and foad intake, wer: nitored throughout the study, The CRO was blinded
o the hetmertE o R B b T o o S o tho
tr_eat.ment. OGﬁ[_:laWars asddio Sat the almadslimtd. thfedledbivalentgrou p@ehmng @B0sictHlar
distribution of 6%% als hased on %L%%&'ﬂ{j&{et!%ﬁzﬁ%‘ﬁiél‘dgihe?ﬁ}g bQ O‘é(rﬁi@fm‘%véﬁ‘;?e!ﬁ%%&ﬁ of the

second GOTT (OGTT2) was used to confirm the sorting of the first

2009/149171PEFIS20099i04 6aBigaT Vith b7 Tennindeke yswills o G T prefias sHamppe e
inconsistent fram, ane test (QEd T ke nexs (et Tk wakkexaugeds Theiresylts of€Prs 1 and 2
are shown in Figures 38A and 38B, with AUC measurements shown in Figure 38C. Baseline body
weight isishow (i?izli?gure 38D and Table 20. 50GTTs 3, 4, and 5 were performed every 2 weeks at
the end of each dose treatment of low, mid and high doses. Blood samples were collected from fasted
animals weekly and were used to measure glucos§, ins%in, triglyceride levels, as well as the levels of
test compound. Blood samples were also collecte %’ e y during the 3-week washout period.
10Baseline OGTT1 and OGT TR2fibawea dEEXp atthe ClecbSE Pidfivdvassils in noal animals, with a

maximum plasma glucose obtained @0%[3?%%%“%? (‘?ﬁ%% rgﬁtr%ﬂgqﬁe{{gi%%ﬁtable AUC:s for the 3 different

groups. Fasting baselines values mistr in Table 20. Plasma chemistry
measurements were performed drepidoeesamples collected pribificatie st @G treatment. Table
20 Baseline Valwgsfpr Body Weight, Fasting Plasma Glucosg, Insuligsand Triglygeride
hFc.L15.hFGF21(LY8R, P171G) 2.5 76.1%
hFc.L15.hFGF21(LI8R, P171G, Y179F) 2.6 78.3%
hFc.L15.hFGF21(L98R, P171G, 1-180)
hFc.L15 hFGF21(L98R, P171G, 1-179) 7.8 77.4%
hFc. 115 hFGF21(L98R, P171G, A180E) 1.9 79.6%
hFe L15 hFGF21{LI98R, P171G, S181K) 130 87.9%
GSGSGSGSGS.hFGF21.L15 hFe
MKEDD.hFGF21.L15.hFc 834 83.1%
hFc.15 hFGF21(LO98R, P171G, S181P, P182) 272 69.9%
hFc.L15.hFGF21(L98R, P171G, A180G) 325 76.9%
hFe.L15.hFGF2I{L98R, P171G, S181G) 3.43 77.3%

hFe. L15.hFGF2I(LO8R, P171G, L182)
hFGF21(L98R, P171G, G182}
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Le\_/els of the Three Groups of Rhesus Monkeys Vehicle FGF21 Fc-F021(RG) N 10 10 10 Body
weight (kg) 8.5 0.5 8.7 = 0.4 8.5 = 0.4 Plasma glucose (mg/dL) 91.9 4.8 94.8 =5.3 82.2 33 Insulin
(pg/mL) 942.6 121.4 976.1 107.7 1023.4 205.1 Triglycerides (mg/dL) 44,4 4.8 58.6 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 mig dose was 0.3

and 1 mg/kg and;therhighcose was i andwmglkeifpr FGF21 and Fe-£6F21(RG) 4@spectively. Dose
levels were chosg&%%ih&ggﬁep/pq gogg-regponse in mice, with;ajdosing fegimen based on
the anticipated frﬁqbuﬁ?g)ﬁf&gﬂ?&%'”?%?&?%798) 25.3 74.8%
hFe.L15hFGFR21(LISR, P171G, Y179A) 43.2 79.6%
hFc.L15hFGFI1(L9SR, P171G, S181T) | 3.07 77.6%
hFe.L15 hFGF21(LO8R, P171G, S181A) 2566 73.5%
hFe.L15.hFGF21(LISR, PI71G, S181L) 346 _72.6%
hFe.L15.hFGF21(L98R, P171G, 5181F) 33.8 79.5%
hFe.L15.hFGF21(L98R, P171G, A180P) 617 77.1%
hFe L15.hFGF21(LO8R, P171G, A180S) 2,18 84.7%
hFGF21(L98R, P171G, GGGGG182-6}
hFc.L15hPFGF21(198R, P171G, P182) 6,1 §5.9%
hFe.L15 hPGF21(L98R, P171G, Gi82) 6.5 71.1%
hFe L15 hFGF21{1-178, L98R, P171G) 167 63.9%
hFe.L15 hEGF21(LI8R, P171G, GG182-3) 1941 34.2%
hFe L15.hFGF2I(LISR, P171G, GGGGG182-6) 4307 95.7%"

Figure 33 shows the percent change in blood glucose levels observed in diabetic
div/idb mice (C5786 background) injected with a PBS control, wild type native FGF21,
Fe(15)RGF21 (L98R, P171G) and two capped molecules to which éither a proline or

5  glycine residue was added at the C-terminal end, i.e. Fe(15)FGF21 {LQE%R, P171G, 182P)
| and Fc(15)FGF21 (L98R, P171G, 182G). In the insfant Example, when a residue was
added to the C-termipus 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 glycine
residue was added to the C-terminus of the mature 181 residue wild-type or mutant
10  protein. Figure 33 shows that native FGF21 lowered blood glucose levels for 6 hours
while all three Fe(15)FGF21 mutants studied showed sustained blood glucose-lowering
activity for at least 120 hours. Fe(15)FGF21 (LY8R, P171G, 182P), molecule comprising
the aﬂditio.n of a proline residue at the C-terminus of the FGF21 component of the fusior
molecule, appedred most potent and resulted in lowest blood glucose levels compared

15  with Fe(15)FGF21 (L98R, P171G) and Fe(15)FGF21 (L98R, P171G, 182 G).

In a subsequent experiment, the in vivo aciivity of(1.98R, P171G, 182G) and
Fe(15)FGF21 (L98R, P171G, 1821’) was studied and compared to the in vivo activity of 2

capped molecule comprising & two g}yc:me addifion. at the C-terminus, namely
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25 Equimolar doses of FGF21 were used for the low and mid doses, and the Fc-FGF21(RG) WO
2009/149171PCT/US2009/046113 high dose was raised to 5 mg/kg (i.e., instead of 3 mg/kg, which
would have been equimolar to the 1 mg/kg FGF21 dose). 22.2 Effect of Test Compounds on Body
Weight 5In this experiment, in order to measure effect of the test compounds on body weight o
measured weeky( thgspercent oerly wefglit, chaGe fedmbasBgmeswih sadoiiathel wrseksy tHthree
different groups of Rhesus monkeys. Body weight was als ring.t 68, Week qf,wash
out period. Bas@ﬁﬁ%%‘w%@ﬁ%éﬁé%@%? e}i%gﬁeé?%%p%ﬁleq %3%3%%%% %%%%862%%%;&;1 Weiqﬁt was
followed throughpitsthaistushjeteth it BRE postreld HinlistEGIR bﬂié&lhoﬁiﬁd@%}dét‘%b%w ght

percent change from b ' hicle.ani G %ggﬁv%&ﬁqi‘@eiw%g y ypseigit of
animals treated(év%?%c%’:ﬁi%%gjfe aﬁ%&l@@@ﬁﬁrﬁg;i in a'dose-dependent fasilfiggn over the
course of the 6 oSk [RHinigit§d®iod, as shown in Figure 39. As observed previously in rodents (Xu
et 15 al., Diabetes 58(0:250-9 (2009)), treatmentayth EG 1721 statisticallywsignificamtiyidectessed
body weight. Fc-FG’FZ‘%@R’%S"H%&Ha?g?%Qaﬁe%?éIEgosure than did FGF21 (Figure 48 and F#gure 4;
respectively), offexiagng pessisie explaratioritortiise Bbseroaiioh thEtECRSEPRRGETE BEd QSmore
pronounced body weight decrease than KGE21r2Q2%:3iibifeatayfrl estGompeunys:em lasphititevels
Insulin levels w V%%sﬁﬁggﬁn?ﬁﬁ'%f gg:%wples thg(qai F?ia:ld beenef:ollected after an %Cﬁlemi ht fa%} %r after

an afternoon medHition Rastirg-siesinz il Sias wareRred SIRees i BPRAEUE Fhohkey S BVaIS week
in animals geated igh SNRLYENIFIE FGF A0 6:p G2 HRG) RO N3 shep 33wk Zhiwastmout

period. Fasted blood samples were drawn approximately five days after L EC-RGE2 :
injection and apﬁl@xmwwﬁmﬁb@@ﬁéﬁ%%g@?éﬁ S S TR o & Fcé%%ggas%c%ﬁgr%%ﬁ%ﬁ:ﬁ%s were
measured in Rhgf%@ TeRkEYsAsiag the-lifihcand sixibivarksofireatmpotwi sithehoetisié dreFGF21
during the high dose treatment. Fed blood samples were drawn approximately three days after
Fc-FGF21(RG) thjuttisrna ke 3oapnresiiateni 2 656r after last FGF21 injection. Figure 40 shows the
effect of vehicle, FGF24k and Fe-FGR2 HRG @ fanteddnsuiode ineedetos fullsnimedisalizsnigy,
while WO 2009/149171PCT/US2009/046113 Figure 41 depicts fed insulin level ined,. from
samples taken dividly wéexdSSdRa é’.”kgrg\ff?ﬁpné‘?il?ﬁué% tﬁ’é%f\/vtgﬁiwglg RRLFe ogés,%b%ot ‘ chi:g%%%g
Fc-FGF21(RG) E@yﬁgﬁggyssigaifm@;mge@gaﬁedﬁmm aAd TeRFpIBE MATLIASHIIN1VéS, THEIS):

observation that insulin levels of animals treated. with FC ﬁﬁg& L Ec 21 efe fesreaned
without 5observﬁfd.]i-ﬁl§é§§éd @a%seﬁﬁ\} $ ig ﬁ?g‘ég‘tl\% Eﬁhcrea@e%lf%sﬁdlirﬁg\ksyi%ivity. gng Effect of
Test Compounds@nsQG&TFT 1(Gluseserantdnsulis)G). ANres @G Teo(@s ik kP sy NEFENS
perfoimed after treatment was initiated,.OGTT5 glucose and insulin level profiles were measured in
animals treated F5HE Wk TEWHRITVERAETPEED or Fc-FGF21(RG), corresponding to the last two
weeks of the high dosergssalation segithen-RGT Thmersivdnded wcapploxmiatiyydails dighsiithe last
FcFGF21(RG) injection, and imately 21.hours, after, EGERLjnieclipnrtheO@HTR,
glucose and insnii%‘jﬁré’m&% 565&%%%@%%% %ﬁegtn %ggfgﬁ%l\?%_e_cg\’/el ?%r%imals tr%i with
Fc-FGF21(RG) showeay| andimpyievediglasdse Rldafancéld8Mpated tgq%ﬁé&tr@a@fé&’arﬁ ‘only
at the highest dose and at the last fime poip asyred, A% Shawn Figussr4d- At the smdrofiie last
dose, Fc-FGFZl‘fﬂé?shoéglglfﬁree it%?]hge}oggil%ﬁ%%%m%rﬁ%gﬁmosg clgarance. FG(_F21 h q{[r}o
improvement in giugeBp cledeanedidciHs E?lqw@%ﬁéﬂoﬁ_fb%‘é&@?%xﬁa‘éﬁ?éfth%ﬁ](ﬁép E@éﬁ#@lg re 48
and Figure 47, r%ﬁ SS'VE&\QOPG ﬁ?ﬁ'%%rg&%ﬁm&%ﬁ{%%@@ foxithe Ar3eNvatiendinatdio- GERIRG) 20

e/ FE3h gt .
showed a fitbre pronourice ect In glucose clearance than FGF21. Insulin levels during OGTT5
L atSh R 2%

were statisticallyzsignifieanthydoaredoas thea Zs e Pt hisEsdret! i aRThraie ith -
Fc-FGF21(RG) co red tg ' g I%Mﬁﬂy é@ ith & S@MQmemméﬁgemm
baseline was calrcelﬁ]%pgar?&tﬁﬁqeg%ﬁ]rgg %%911% %GTTS 3, 42;1& 5) E;)%?formed,at tl'ée eng (gf %al%hw% the
low, mid and highimosegsiestiibaps T e TR BRY GFEUHSE DI He St MBhREFS S8 Shotwn |

%E as'shownin
Figure 4. OGTTS VAR S90GucledanpravimaleN sauemaeyafiandhmastibe F GF 21(RG) injection
and 21 hours after [ast ]EG 21" Injection and showed that Fc-FGF21(RG) statistically significantly
reduced AUCS5. Baseline OGTT values for each group are shown on Figure 38C. Fasted plasma
glucose levels were measured on days when no OGTTs were
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30perfoimed. There were no meaningful statistical differences observed.in fasted plasma glucose
levels measured among the three groups of animals. WO 2009/149171PCT/US2009/046113 22.5
Effect of Test Compounds on Triglyceride Levels Percent change of fasting plasma triglyceride
levels was calculated in Rhesus monkeys every week in animals treated with either vehicle, FGF21 or
Fc-FGF21(RG) 5 and during the 3-week washouit¥hekiRi. Edsted blood samples were drawn
approximately five days after last Fc-FGF21( JInjection a roximately 21 hours after last
FGF21 injection. Triglyceride levels were meli:)?&)smJ Gnoﬁe‘rgjt i er the treatment was initiated and
percent changes from kaselircdre-SHaw indHigue 4Bisfagtirgabakalitesy A0Re4rOSH AP Fhble 20.
10As depicted ipn Figure 45, animals treated wit Vﬁﬁﬁ;fg GEaL(RE) an Rl shawed @e C-
dose-dependeng?f(?%?eig S fﬁoﬁslgpﬁ/cctsecﬁgg) %S\?gs}lf? Fc-F&%iZl(R %%vin the?%eates.t lowering
effect comparedderGF2d a (G-Eﬁgﬂ'ﬁ&@(ﬁ%ﬁ%&ﬁ@h@@fnhdf@l?@@i%ﬁ.é%%)i HRpsEGhire
from Rhesus monkeys in a fed state, i ifthy 3| : Lreater ith jgle v Fe- 15
| siate. durina dhefifth anchsixhiweskelireaimentydshosty
FGF21(RG) or I}fvé%e%fpg%% %gh searrg}lgf[és were drawn approximately 3 days after FCFGF21(RG)
injection and apifaximately:Ritiotws afeértians, FEHD 21ARERSH, MbbsrisEOTIRSLehdt BRSNSt
animals treated Wil .G21, et GEALRGuets, slalistcalbosionifianiur esuctich bnpancd to
the triglyceride levels of ammals treated with vehicle (Figure 46). 20 22.6 Con er;g;tl of.Te tS
Compounds  of Hiecepqtsor @bt ieorOsHsy @Bﬁﬁ}i}i@ﬁn‘ﬂ%sé&?ﬁﬁﬁiis‘f&éﬂt%ﬁrﬁ)éﬁ? 8 %%SR/% ent
molar dosg Jevels was agsessed Hupuahaut thestHry. panied-Thesrnpentation of FcHBRELERG) was
measured at pre-dose, and approximately 5 days after the last jnjection. %gFGFZJf levels were

measured at préswseleasd Be-5CE2 RCAnar S¢S BIBRHSUPREWR AR S BB Oximately 21
hours after the '%Eké”iﬁcﬂ%‘.sv, [Thsdnsividyrl cenceniatienefibedsasiedoompoBGEs in wacHy
monkeys are showri in Figures 47 and 48. As shown in Figure 47, the majority of the animals in the
FGF21- treated Yré-nE doncentrations below the quantitation limit. Figure 48 shows that 30animals
in the Fc-FGF21(RG)-treated group had detectable levels of Fc-FGF21(RG) during each dosing phase
(two weekly doses at the same dose strength), The ayerage WO 2009/149171PCT/US2009/046113
concentratibn from each dosing phase increas%’dlap %?t%ﬁﬁ%ose-proportionally from0.3t0 5
mg/kg for Fc-FGF21(R@). Fharess mitmabasaumiatiomasidernonbtatedly ahé sibeeyneously
concentrations after the first and second weekly dose within each escalatj ﬁg§ for.
compounds. Dufitf-tAd e 2enhtaras W&%@%’é‘% 606%5&3{ ?ﬁgﬁég;ﬁ§§(R%%yels v%re%%ggtﬁejctable'
up to approximaggividax 4712 daysnosiiastdose)witideibremheion Fewat s SEGUERINEALR
(LLOQ) afterwards. ., Exposure of the test compounds was also monitored during each OGTT.
FGF21 was not -%’f’é%‘fé%?@‘ﬁ[ﬂkjng OGTTs 3 and 4, following low- and mid-dose FGF21 treatment.
However, measurable |gypiswereebsetiatictdrifig GG THRSs fallowirl§ HigmieEEiE rehiente dose
proportional increase in Fc-FGF21 leyels, was pb ross j j MR it
escalating dose fEUdISUAY Eﬂg\/\%cféi%ﬁre% . mg)o%ééﬁ%ﬁegglsﬁggtéaﬁ%gﬁ%e-E)animar!s
were exposed tqﬁj‘@mme&;tﬁdeamcmnpmﬁﬂhchrwmm@n@ﬁﬁ&n@y?@m‘&n@*@%@ffﬁéﬁ? a

dose escalation manner,. A lafge variability was ' of FaE2)imeaskeesidwhich
was 15an expec® E%ﬂﬁégﬁg%%%lgt 'ne%sl'”gar%igﬁ#g %ég%%g%i%n%%%%%éoximafily 21 hgﬁbrs Jpost the

last dose and thediatidife BOFGF 2visis:dpprosimaténit, holirres, F cBRERLBRY was admiistere
55 weekly, Fe-FGF2I(RG) and FOF21 doses were escalated every 2 weeks, as shown in
Figure 37. Body wei ght and food intake were monitored throughout the stady. The CRO
was blinded to the treatment.
Two oral ghicose tolerance tests (OGTTs) were performed pﬁi@r to the start of the
reatment. OGTT] was used to sort the animals into three equivalent groups having a = .
20  similar distribution of animals based on area under the curve (AUC) and body weight.

The results of the second OGTT (OGTT2) was used to confirm the sorting of the first
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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 triglyceridc levels as well as body
weight. Both F&F lg?iWFc-FGFm(RG) decreased a number of metaboﬁgggwgf%@Tﬁ the non
diabetic Rhesus monkeys. Insulin and triglyeeride level decreases were identical between FGF21 and
Fc-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 1o FGF21 in most of the parameters measured
and could be AMIrOrel ohice ACalaR 51 b08H Brfeazs oAt M@f&ﬂ&ﬁ%ﬁ?ﬁ%gf‘é‘f‘é%‘é\i\?me the
present inventigdhias! peethdesarigasiin2iesns of slatialls®mw badineNSGT R unddrstaedibahvariations
and modification?,will 0 to ér% sk(it}llegtyﬁthe art. WO 2?109/149 71PC§E/&J O_O?/O 6113
Therefore; it is ThteRded that the ap|dt=;“r’51 edcC ai%%a%:ig%iregffssugwneanuﬁg}lé% variatons that come within
the scope of thedigkentishoas cldimed SiDaddifleblcthe. section headings used herein are for :
organizatignal purposgs Py ANl g1 N0 PpaANRILIe a5 I ing g SHbiert BAlerdseribed. SAI

references cited in this application are expressly incorporated by reterence herein. CLAIMS 1.A
polypeptide cofffstaaig IhEmine axidishosticeibrSBaMPNOee AgPriedHpsiy sidmldtations
L98R and PL71Ge1Py 2nd %@ﬂé&@'Y@%ﬁé@@r@%ﬁEH%ﬂ%ﬁ%xROﬁM tide.qtclaim,d linkegltg,a

heterologous sequence. 3. The fusion polypeptide of claim 2, wherein the heterologous sequence is
a Fc 10 sequerfis!s 2116 1@y Bissteapplaaives, shiteralipeid proddy g Bimihees the
amino acid sequghnes: @tSkQ ID NO:13. 15 5.The fusion polypeptide of claim 4, wherein the

polypeptide is joined {0 the he ou ce by g linker 6.The fusion polypeptide of .
Claimitien the kAL QOB SO e ) PRG35 56 PR B o Soljpeptide o
claim 5 whereindhezlinkemsl G GESH SCEEGEGGHBH(SHQ R NDtahyd a8. Thesfusiosn polgpeptide of

claim 6, Wherei&%&t&%&%&ég&%@ﬁ&ﬁ%%?tﬁgﬁo?q%grzﬁ b%ﬁhg nucleic acid sequence of SEQ ID NO:37.
9. A multimer comprising two or more copies of t e fusion Bo’lypeptide ofclaim8. 10.A

pharmaceutical comptssities basaiprisingbe fusides pelypepide oflshang 30 Bafdealnafasweutically
acceptable fOf%@E&E?lr AEHrenfitARINQB b R o Pty it SIRQUENGE {0 Bk NG 2F10>

Belouski, Edward J, Ellison, Murielle M. Hamburger, Agnes E. Hecht, Randy I. Lil Yue-Sheng
15  the treatment.

Table 20
Baseline Values for Body Weight, Fasting Piasma Glucose, Insulin, and Triglyceride

Levels of the Three Groups of Rhesus Monkeys

Vehicle FGF21 Fc-FG2HRG)
N 10 10 10
Body weight (kg) 85+0.5 8.7+04 8304
Plasma glucose (mg/dl) 91.9+4.8 94853 82237
Insulin (pg/mL) 9426+ 1214  976.1 £107.7 1023.4£205.1
Triglycerides (mg/dL) 44,4+ 4.8 58.6+52 71.7+£9.8

20
Three different dose Ievels 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 FGF2! 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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Michaels, Mark L. Sun, Jeonghoon Xu, Jing <120> FGF21 Mutants and Uses Thereof <130>
A-1429-WO0-PCT <140> PCT/U52009/046113 <141> 2009-06-03 <160> 41 <170> Patentin version 3.5
<210> 1 <211> 630 <212> DNA <213> Homo sapiens <400> 1 atggactc% acgagacc ttcgagcac
tcaggactgt g&&ﬁﬁ&t’ﬂfét—’dgctggwo cttctgctog gagcctgcca ggcacacccce atccc%gg ¢ cggiéi&%??:t
cctgcaattc120 gggggccaag tccggcagceg gtacctctac acagatgatg cccagcagac agaagcccacl80 ctggagatca
gggaggatgg gacggtgggg ggcgctgctg accagagccc cgaaagtctc240 ctgcagctga aagccttgaa geccgggagtt

attcaaatct tgggagtcaa gacatccagg300 ftectgtgee ageggecaga tggggecctg tatggatcgce. tccactttga
ccctgaggee36 @bf@éﬁc‘@@g@&ﬁ%@%ﬁcﬁéﬂ&gg& gg‘ﬁ%@ga?g tﬁi%‘ggétc%%&%gcﬁ% J§etccege
tgcacctgcc agggaanaagitctechaackdggEETdige)accccgagga480 ccagcetecgct tecctgecact accaggcectg
ccceccegceac cccecggagcec acccggaatc540 ctggeecceece agecccccga tgtgggcetee tcggacccte tgagceatggt

gggaccttcc600 cagggccgaa gecccagcta cgcetteetga630 <210> 2 <211> 209 <212> NT <213> Homo
sapiens <400> 2 Met Asp Ser 25p GlEfidut @1y 8h€ GipddisdSenGlydyeleightval ser 151015 Val Leu

Ala Gly Ledl Leu Let!;GlyalaGys Gin Ala it R0 E.BiR 2928080 REF 2k ey Leiu{in Phe
Gly Gly Gin Val Arg Gin Arg Tyr
weight measured weekly, the percent body weight change from baseline was calculated

weekly in the three different groups of Rhesus monkeys. Body weight was also measured
during the three week of wash out period. Baseline body weight values for each group
are included in Table 20.

10 Body weight was followed throughout the study, both pre- and post-
administration of test compounds. Body weight percent change from baseline of the
vehicle animals increased with 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

Fc-FGF21(RG) showed a more pronounced body weight decrease than FGF21.

20 22.3. Effect of Test Compounds on Insulie Levels

Insulin levels were measured in blood samples that had been collected after an
overnight fast or after an afternoon meal.

Fasting plasma insulin levels were measured in Rhesus monkeys every week
animals treated with either vehicle, FGF21 or Fe-FGF2H{RG) and during the 3-weck

25  washout period. Fasted blood samples were drawn approximately five days after the last
Fc-FGF21(RG) 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 Fe-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

90



354045 Page 1 A-1429-wO0-PCT-ART34_ST25.txt Leu Tyr Thr Asp Asp Ala Gin Gin Thr Glu Ala His
Leu Glu lle Arg 505560 Glu Asp Gly Thr Val Gly Gly Ala Ala Asp Gin ser Pro Glu Ser Leu 65707580
LW Gin Leu%szAla Leu} Lys Pro Gly Val lle Gin lle Leu Gly Val 859095 L}yg TUhSr S(B/r f\(r Phe Leu Cys
Gin Arg Pro Asp ?ﬂ?{/‘ﬁl]a leu Tyr Gly 100105110 Ser Leu His Phe Asp Pro ClUrAlR &y’s Ser Phe Arg
Glu Leu Let] Let] 115120125 Glu Asp Gly Tyr Asn Val Tyr Gin Ser Glu Ala His Gly Leu Pro Leu
130135140 His Leu Pro Gly Asn Lys Ser Pro His Arg Asp Pro Ala Pro Arg Gly 145150155160 Pro Ala

Ara Phe Let] Pro Leu Pro Giy L.eu Prg.Pro Ala Pro Pro(ﬁlu 165170176?(Pr P o Gl %%e eu Ala Pro Gin
160 0 bro Asp D1 SEP & LSBT0 (St BB U C DI NSB A R 288 Bro Ser Tyr
Ala 195200205 Ser <@&nadik2 2l thShtot2dint Bdds LB F G asbptdSFXUBAS Satistically
significantly decreased fasted and fed plasma insulin levels. The observation that insulin
levels of animals treated with FGF21 and Fe-FGF21(RG) were decreased without

5  observing increased glucose levels is indicative of increased insulin sensitivity.

22.4 Effect of Test Compounds on OGTT (Glucose and Insulin)}
Three OGTTs (OGTTs 3, 4 and 5) were performed after treatment was initiated.
OGTTS3 glucose and msulin level profiles were measured in animals treated for 6 weeks
10  with vehicle, FGF21 or Fe-FGF21{RQ), corresponding to the last two weeks of the high
dose escalation regimen. OGTTS was conducted approximately 7 days after the last Fe-
FGF21(RG) injection, and approximately 21 hours after the last FGE21 injection. The
OGTTS3 glucose and insulin profiles are shown in Figure 42 and Figure 43, respectively.
Animals treated with Fe-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, Fe-FGF21(R(G) showed the strongest
improvement in glucose clearance. FGF21 showed no improvement in glucose
clearance. Fc-FGF21(RG) had & 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 glucose clearance than FGF21. Insulin levels during
OGTTS5 were statistically significantly lowered at the last time point measured in animals
treated with Fc-FGF21(RG) compared to anmimals 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 cach 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 Fce-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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caccccatcc ctgactccag tcctctectg ctctacacag atgatgccca gcagacagaa gtggggggcg ctgctgacca
gagccccgaa ggagttattc aaatcttggg agtcaagaca gcecctgtatg gatcgctcca ctttgaccct gaggacggat acaatgttta
atcangtoon LSARUA! feccaceigh agatcaguon d9aigomace sgteiceige A C VA A HAecs
tccaggttcc tgtgccageg gccagatggg gaggcctgca gcttccggga gcetgcttett gcccacggcec tceegetgeca
cctgccagog cgaggaccag ctecgcttcct geccactacca ggaatccetgg ccccccagcec ccccgatgtg Page 2
A-1429-WO-PCT-ART34_ST25.txt ggctcctcgg accctctgag catggtggga ccttcccagg geccgaagcecce
cagctacgctb540 tcctgab46 <210> 4 <211> 181 <212> PRT <213> Homo sapiens <400> 4 His Pro lie
Pro Asp ser Ser Pro Lea Le22Gin Mifeeéskyf GbsGionpbibd Odid Priglédar kgl Byelsea Tyr Thr Asp AS Ala

Gin Gin Thr Glu Ala Hjs 202530 Leu lle Arg Glu Asp. Gly. Thr Val Gly Gly,Ala Ala.Asp Gin Ser
G045 Pro Ol Sor L cpamee of G A AN BRI BRE Vol Ly
Thr Ser Arg PhadréayCys®invaey RramisplGlycest0vaseikia vebidiyy Bir Bert Ea-Hid"PHB@Asp Pro

Glu Ala Cus 59 £1e ABAO9OH GUGR L ke Sl AR EULINLASI VALY Gl Ser.oly Al His

100105110 Gly Lea Pro Lea His Lea Pro Asn Lys Ser Pro His Arg Asp Pro 115120125 Ala Pro Arg
Gly Pro Ala Ar§iPréyeaiipréitds Bl Sl {R@HmeeiPrandasstiamiala Promrs BRr P HiBbly lie Lea

Ala Pro GIn PronRegiAsP¥alyceride levels were measured every week after the treatment was initiated
and percent changes from baseline are shown in Figure 45, fasting baseline values are
shown 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  FGF21(RG) or FGF21. Fed blood samples were drawn approximately 3 days after Fe-
FGF21(RG) injection and approximately 2 hours after last FGF21 injection. Fed plasma
triglyceride levels of animals treated with FGF21 and Fe-FGF21{RG) were statistically
significantly reduced, compared to the triglyceride levels of animals freated 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 Fe-
FGQF21(RG) was measured at pre-dose, and approximately 5 days after the last mjection.

25  FGF2] 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 limit. Figure 48 shows that

30  ammals m the Fc-FGF21(RG)-treated group had detectable levels of Fe-FGF2IH{RG)

during each dosing phase (two weekly doses at the same dose strcngth)'. The average
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145150155160 Gly Ser Ser Asp Pro Lea Ser met Val Gly Pro Ser GIn Gly Arg Ser 165170175 Pro Ser
Tyr Ala Ser 180 <210> 5 <211> 40 <212> DNA <213> Atrtificial Sequence <220> <223> PCR primer
A-1429-WO-PCT-ART34 sT25.txt <400> 5 aggaggaata acatatgcat ccaattccag attcttctcc40 <210> 6
<211> 33 <UL 3> Artificial Sequence <220> <223> PCR primet YE6HY%8 #agctc
gaattcttag gaagcgtagc tgg33 <210> 7 <211> 41 <212> DNA <213> Artificial Sequence <220> <223>
PCR primer <400> 7 ggagatatac atatgccaat tccagattct tctccattat t41

concentration from each dosing phase increased approximately dose-proportionally from
0.3 to 5 mg/kg for Fe-FGF2I(RG). There is minimal accumulation as demonstrated by
the steady concentrations after the first and second weekly dose within each dose
escalation phase for both compounds. During the treatment-free phase (washout period)

5 Fe-FGF2LRG) levels were detectable up to approximately day 47 (12 days post last
dose) and were below lower limit of quantification {(LLOQ) afterwards.

Exposure of the test compounds was also monitored during each OGTT. FGF21
was not detectable during OGTTs 3 and 4, following low- and mid-dose FGF21
treatment, However, measurable levels were observed during OGTT3, following high-

10  dose treatment. A dose proportional increase in Fc-FGF21(RG) levels was observed
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¢-FGF21H(RG), in a dose cscalation
manner. A large vanability was observed in the amount of FGF21 measured, which was

15  an expected result considering the sampling was performed approximately 21 hours post

the last dose and the half life of FGF21 is approximately 1 hour.

22,7  Conclusions

FGF21 decrcased fasted and fed plasma triglyceride and insulin levels and

20 decreased body weight at the hghest doses. Fe-FGF21(RG) improved OGTT and
decreased insulin levels at the highest dose, and dose dependently decrcased fasted and

fed plasma trglyceride levels as well as body weight. Both FGF21 and Fe-FGF21(RG)
decreased a number of metabolic parameters in the non diabetic Rhesus monkeys. Insulin

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
tmproved properties, Fe-FGF21(RG) was superior to FGF21 in most of the parameters
measured and could be administered once-a-week to observe efficacy on metabolic

param eters.

30 While the present invention has been described in terms of various embodiments,

it 1s understood that variations and modifications will occur to those skilled i the art.

93



<210> 8 <211> 34 <212> DNA <213> Atrtificial sequence <220> <223> PCR primer <400> 8
catatgtata tctccttctt aaagttaaac aaaa34 <210> 9 <211> 34 <212> DNA <213> Artifici <220> <223>
PCR primer ‘§V 02%9 aaa}acaaatt gaaattcttc ctctatatgt atac34 <210> 10 <%JC]T>U 9“(?3%81%? RT <213>
Artificial Sequence 29352 <003> portion of a mature human FGF21 polypep't,i e< 6> 0 Met His Pro
lle Pro Asp Ser ser Pro Leu 1510 <210> 11 <211> 63 Page 4 A-1429-WO-PCT-ART34_ST25.txt
<212> DNA <213> Artificial Sequence <220> <223> sense strand from a portion of an FGF21

expression Conrsﬁgtrjg ore, it is intended that the appended claims cover all such equivalent variations that
come within the scope of the invention as claimed. In addition, the section headings used
herein are for organizational purposes only and are not to be construed as limiting the
subject matter described.
5 All references cited m this application are expressly incorporated by reference

herein.
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<400> 11 ttttgtttaa ctttaagaag gagatataca tatgcatcca attccagatt cttctccatt60 63 <210> 12 <211> 63
<212> DNA <213> Atrtificial <220> <223> antisense strand from a portion of an PGF21 expression
construct <400> 12 aaaacaaatt gaaattcttc ctctatatgt atacgtaggt taaggtctaa gaagaggtaa taa 60 63
<210> 13 <211> 227 <212> PRT <213> Homo sapiens <400> 13 Asp Lys Thr His Thr Cys Pro Pro
cys Pro Ala Pro Glu Leo Leo Gly 151015 G y Pro Ser Val Phe Leo Phe Pro Pro Lys Pro Lys Asp Thr
Leo Met 26263BME Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His 354045 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 Asn Ser Thr Tyr 65707580 Arg val Val Ser Val Leo Thr val Leo His Gin Asp Trp Leo Asn Gly
859095 Lys$.Glu T4rpglsiEytideysomSen A\tre laysiiiaaksb Ravenke PioSQ1 0 18614.0further

comprising the mutations .98R and P171G.

2, A fusion polypeptide comprising the polypeptide of claim 1 linked to a

heterologous sequence.

3. The fusion polypeptide of claim 2, wherein the heterologous sequence is a Fc

10 sequence.

4. The fusion polypeptide of claim 3, wherein the Fc sequence comprises the

amino acid sequence of SEQ ID NO:13.

15 5. The fusion polypeptide of claim 4, wherein the polypeptide is joined to the

heterologous sequence by a linker.

6. The fusion polypeptide of «claim 5 wherein the linker s

GGGGGSGGGSGGGGS (SEQ ID NO:23).
20

7. The fusion polypeptide of claim 5 wherein the linker is
GGGGSGGGGSGGGGS (SEQ ID NO:31).

8. The fusion polypeptide of claim 6, wherein the fusion polypeptide is encoded
25 by the nucleic acid sequence of SEQ ID NO:37.

9. A multimer comprising two or more copies of the fusion polypeptide of claim 8.

10. A pharmaceutical composition comprising the fusion polypeptide of claim 8

30 and a pharmaceutically acceptable formulation agent.
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Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin val 115120125 Tyr Thr Leo Pro Pro Ser
‘Arg Asp Glu Leo Thr Lys Asn Girt Val Ser 130135140 Page 5 A-1429-WO0-PCT-ART345T25.txt Leu
Thr Cys Leu val Lys Gly Phe Tyr Pro ser Asp lle Ala Val Glu 145150155160 Trp Glu Ser Asn Gly Gin
Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro 1§§17~017¥“§ ngré?chfp Ser Asp Gly Ser Phe Phe Leu Tyr
Ser Lys Leu Thr val 180185190&&%?§"%§§,@Aﬁp &M Gin y Asn val Phe Ser Cys Ser Val Met
195200205 His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Lev Ser 210215220 Pro Gly Lys
225<309> % %@Eilﬁm SEldﬁmﬂhpNA <213> Artificial Sequence <220> <223> PCR primer <400> 14
aggaggaatafggémg%i@%mdca catg34 <210> 15 <211> 23 <212> DNA <213> Artificial Sequence
<220> <223BGR prirder=400> 15 ggatccacca ccaccgetac cac23 <210> 16 <211> 39 <212> DNA
£320> <223> PCR primer

<213> Artifidiil, SEGUE

sun, Jeonghoon

Xu,
<120>
<130>

<140
<141>

_ <160>
<170>
<210 1

<211> 630
<212>
<213

<400> 1
atggactcgg

41

ctretgetag
gggggceaag
ctggagatca
ctgcagetga
TLCCtgLgec
tgcagettce
ggcctecege
ccagctegct
ctggccceoe

cagggccgaa

DNA ]
Hoto sapiens

Jing

A-1428-WO-PCT

PCT/US2008/046113
2009-056-03

acgagaccygg
gagcctyeea
tooggtageg
gggaggatgg
aagccttgaa
agcggcéaga
gggageget
tgcacctgee
tcetgecact
agccceecga

geoecageta

patentIn version 3.5

grrcgageac
ggcacaccce
gtacctctac
gacggtgyugy
gcegggagtt
tggggcecty
tettgaggac
agggaacaay
accagyoctg
tgtogggetee

cgettoctga

EGF21 Mutants and Uses Thereof

tcaggactot
atcectgact
acagatgatg
ggogetacty
attcaaatct
tatggatcgc
ggétacaatg
“fgoccacace
ccococgeac

tcggaccctc

goottictot
ccagtoctct
ccecageagac
accagagccec
tgggagtcaa
tceactttga
titaccagtc
gggaccotge
cccocggagec

tgagcatogt

gctogetggt
cctgeaattc
égaagcccac
cgaaagtete
gacatccagg
ceotyaggee
cgaageocac
accccgagga
acccggaatc

gugaccrtec

60
120
180
240
300
360
420
480
540
600
630

<Z10>
<211>
<212>
<213>

<400> 2

2

209

PRT .
Homo saplens

Met Asp Ser ASp

Glu Thr Gly Phe Glu His Ser
1 5

Gly Leu Trp val Ser
10 15

val Leu ala Gly iLeu Leu LeUfG}y°§éa'Cys a1n Ala His Pro Ile Pro
. 20

ASp Ser Ser Pro Leu Leu Gin de Gly Gly GlIn Va?'igg Gin Arg Tyr
5 RS :

Page 1



<400> 16 ggtggtggtg gatcccatcc aattccagat tcttctcca39 <210> 17 <211> 33 <212> DNA <213>
Artificial sequence A-1429-WO0-PCT-ART34_5T25 tx <400> 17 tagtgagctc gaattcttag gaagcgtagc
tgg33 <210> 18 <211> 27 <212> DNA <213> Artificial Sequence <220> <223> PCR primer <400> 18
atggtggaac cttcccaggg ccgaagce27 <210> 19 <211> 30 <212> DNA <213> Artificial Sequence <220>
<223> PCR primer <400> 19 ggaagtpice/adtaigtidd 4adgei6eda30 <210> 20 <211> 50 <212> DNA
<213> Artificial Sequence <220> <223> sense strand from a portion of an FGF21 expression construct
<4Q@a X etestcggaceptatyagem tgdtggyace ttcataggye tgadeccoaserg210> 21 <211> 30 <212>
DNA <238> Artificial <220> <223> PCR primer <4002 21 agcctgggag actcgtacca ccttggaagg30 <210>
22 <211> 50 <212> DNA <213> artificial <220> ‘

Glu Asp Gly Thr val G?y Gly Ata Ala asp ?gn ser pro Glu Ser ggu
65

val Tle GIn Tle Leuw val

50

Gly
a5

Ala
85

teu Gin Leu Lys tey Lys Pro Gly

Ala Leu Gly

110

Lys Thr Ser Arg fhe Leu Pro Gly

- 100

Cys ASD Tyr

Gy
125

ser Leu rhe Asp Pro Glu Ser Phe Arg Leu Ley

His Gly Leu

140

Glu Tyr Asn val ser Glu Ala Leu Pro

130

His Leu Pro Asn - Pro His Pro Ata Pro

145

Gly Arg Arg

155

Ala Pro Pro

175

aia Phe Pro Lau Pro Pro

170

Let Pro

165

Pro Arg Ley

Ile aAla Glin va'l

180

sSer
190

Pro Pro Pro Gly ser

185

Pro Pro Gly Leuy ASp ASp

Pro Gin Pro Ala

205

ser ser

200

ser val

185

Pro Leu Mat Gly Gly Arg Ser Tyr

Sar

<2i0> 3

<21l> 546

<212> DNA _
<2313> Homo sapiens

<400= 3
caceccatec ctgactcaag 60
120

180

toctctecty caattcgogy gicaagtccg gcagoggtac

ctgtacacag atgatgccca gcagacagaa goccacctgg agatcaggga ggatgogacy

gtggaggacy
ggagttattc

geectgratg
gaggacggat
aacaagrecc

ggcctgeoec

ctgetgacca
aaatcrtggag
gatcgetoca
acaatgitta
cacaccggga

cegeaccecce

gagccccgaa
agtcaagaca
ctttgaccct
ccagtccgaa
cootgeacee

ggageeacce

agtctectge
tccaggrtce
gaggeetgca
geceacggec
cgaggaccag
gaaatcctog

rPage 2

agcitgaaagc
tgtgccageg
gcttccggga
teocgetygla

cteoettect

ceececagec

cttgaageceg
gccagatgog
gCTgotLort
cetgecagag
gccactacca

ceocgatotg

240
300
360
420
480



'<223> antisense strand from a portion of an FGF2I expression construct <400> 22 gaggagcctg
ggagactcgt accaccctgg aagggtcccg gettcggggts0 A-1429-WO-PCT-ART34_5T25 txt <213> Avtificial
Sequence <220> <223> linker sequence <400> 23 Gly Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly
Gly Gly Ser 151015 210> 24 <211> 424 <212> PRT <213> Artificial 220> <223> Fc-(G4S)3-FGF21
<400> 24 Met Asp Lys Thr His TW@%@F’#@-%@ $PrE A P¥6 Glu Leu Leu 151015.Gly Gly Pro Ser
val %i@f%é%&%ﬁy&aﬁ?gt@? ASHTRFERP 7556 Wet 1€ er afG Thr Pro’ Glu Val Thr Cys
Val Maltyal Asp Val Ser 354045 His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val #p Gly Val Glu
S05560 Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr 65707580 Tyr Arg Val Val
Ser MalkeusThr Val Leu His Gin Asp Trp Leu Asn 859095 Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
Lys #aibeulPio Ala Pro 100105110 lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro GIn
115;%@;25 S{;%IOngﬁgangeu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val 130135140

<400> 4

His Pro Ile Pro Asp Ser Ser Pro Leu Leu GIn Phe Gly Gly Gin val
1 5 i0 15

Arg Gin Arg Tyr Leu Tyr Thi Asp %gp Ala GIn Gin Thr ggu Ala His
20 .

teu Glu Ile Arg Glu Asp Gly Tgr val Gly aly Ala gga Asp Gin Ser
35 4

Pro Glu Ser Leu Leu GTn Leu tys Ala Leu Lys ggo Gly vai 1le Gln
50 55 ' : .

Tle Leu Gly val Lys Thr Ser Arg Phe Leu Cys GIn Arg Pro Asp Gly
65 70 75 80

ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys Ser Phe Arg
85 . a0 95

Glu Leu Leu Leu Glu Asp Gly Tyr Asn val Tyr Gin Ser Glu Ala His
100 105 110

Gly Leu Pro Leu His Leu Pro Gly Asn Lys Ser Pro His Arg Asp Pro
115 | 120 125

Ala pro Arg Gly Pro Ala Arg Phe teu Pro Leu Pro Gly Leu Pro Pro
130 135 140

- Ala Pro Pro Glu Pro Pro Gly Ile Leu Ala Pro Gin Pro Pro Asp val
145 150 ' 155 160

Gly Ser ser Asp Pro Leu'Ser Met val Gly Pro Ser Gin Gly Arg Ser
165 170 175

Pro Ser Tyr Ala Ser
180

«<210> 5

«211> 40

«<212» DHRA

<213> Artificial Seguence

<220> )
<223> PCR primer
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Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val 145150155160 Glu Trp Glu Ser Asn
Gly Gin Pro Giu Asn Asn Tyr Lys Thr Thr Pro 165170175 Pro Val Leu Asp Ser Asp Gly Ser Phe he
Leu Tyr Ser Lys Leu Thr 180185190 Page 8 A-1429-WO0-PCT-ART34 5T25.txt Val Asp Lys Ser Arg
Trp Gin Gin Gly Asn Val Phe Ser Cys Ser val 195200205 Met His Glu Ala Lea His Asn His Tyr Thr Gin
Lys Ser Lea Ser Leu 210215220 Sau P50l Lys iy Gy 3ly+Gly Ser Gly Gly Gly Gly Ser Gly Gly
225280235240 Gly Gly Ser His Pro lle Pro AS Ser Ser Pro Lea Lea Gin Phe Gly 245250255 Gly Gin
Val 39 esiRakRg A EEEC Ty r FRF ST 258 IATETH Sin Thr 260265270 Glu Ala His LEX’GIu lle Arg Glu
Asp Gly Thr Val Gly Gly Ala Ala 275280285.Asp Gin Ser Pro Glu Ser Lea Lea Gin Lea Lys Ala Lea
Lys<Réd:G1y6290295300 Val lle Gin lle Lea Gly Val Lys Thr Ser Arg he Lea Cys Gin Arg 305310315320
, Pr@%%ﬁ Gﬁﬁla Lea Tyr Gly Ser Lea His Phe Asp Pro Glu Ala Cys 325330335 Ser Phe Arg Glu Lea
Leadea-GluAsFGhaTysedganval Tyr Gin 5cr -340345350 Glu Ala His Gly Lea Pro Lea His Lea Pro
Gly<|\g510I$ys Ser Pro His .

<223> PCR primer

<400> 6
tagtgagotc gaattcttag gaagegtage tgg 7 33

<210= 7

<21l> 41

<212> DNA

<213> - Aartificial Seguence

<220 L
<223> PCR primer

<d00> 7
ggagatatrac atatgccaat tccagattct fctccattat T 41

<21{0> 8

<21l> 34

<212> DINA

<213> Artificial Seguence

<220>
<223> PCR primer

<400> 8 ‘
catatgtata totocottott aaagittazac azaa 34

<210> 9

<211> 34

<212> DNA
<213 Artificial

<220>
<223» PCR primer

<400> 9
aaaacazatt gaaatictitc ctctatatgt atac _ 34

<210 10

<211> 10

<212> PRT '
<213> Artificial Seguence

<220> .
«223> portion of a mature human FGF21 poiypeptide

<400 10
Met His pPro Ile Pro Asp Ser Ser Pro Leu
1 5 10

<210 11
<21i> 63 ' .
Page 4



355360365 Arg Asp Pro Ala Pro Arg Gly Pro Ala Arg Phe Lea Pro Lea Pro Gly 370375380 Lea Pro
Pro Ala Pro Pro Glu Pro Pro Gly lle Leu Ala Pro Gin Pro 385390395400 Pro Asp val G y Ser Ser Asp
Pro Lea Ser met Val Gly Pro Ser Gin 405410415 Gly Arg Ser Pro Ser Tyr Ala Ser 420 <210> 25
<211> 424 <212> PRT <213> Atrtificial <220> <223> rGr21(15)-fc Page 9 :
A-14 f-wO-PCT-ART34_ST25.txﬁZW@S“?S‘T\ﬁ.éfﬁ?ﬁrgﬁ  Pro Asp Ser Ser Pro Leu Leu Gin Phe Gly
Glyéﬁimﬁﬁswﬁjﬁqgﬁm,ﬁmﬂyr Leu Tyr Thr Asp Asp Ala Gin Gin Thr Glu Ala 202530 His Leu Giu
lle Arg Glu Asp Gly Thr val Gly Gly Ala Ala Asp Gin 354045 Ser Pro Glu Ser Leu Leu Gin Leu Lys Ala
LeuBySPro Gly val,lle 505560 Sifhe dcpuddhayaldsrs EpSessAtg ‘berserCys Gin Arg Pro Asp
6579@75980 G%Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys Ser Phe 859095 Arg Giu Leu Lee
Leu A ly Tyr.Asn_ Va in Se I&C@@ lyrlegRro Leu His Leu Pro Gl
Asntf% %%%ﬁrocﬁ?s{ %95 ag\ésé ;1- %C%%%SEQ PUBLIRH &% 63 y
att.

<210> 12

<211> 63

<212> DNA

<213> Artificial

<220> o ' .
<223> antisense strand from a portion of an FGF2l expression construct

<400> 12 .
saaacaaatt gaaattCrtc ctctatatgt atacgtaggt taaggtotaa gaagaggtaa 60

taa : 63
<23i0> 13

<21l 22

<212>  PRT )

<2313> HOMO sapiens

<400> 13

Asp Lys Thr His Thr Cys Pro Pro Cys Pro ala pro Glu Leu Leu Gly

1 5 10 ' 15

val Phe Lay Phe Pro Pro Lys Pro Lys Asp Thr Leu Met
20 25 30

n
4]
-y

Gly pPro

Ile ser Arg Thr pro Glu val Xgr cys val val val iép val ser His
35" .

Glu Asp Pro Glu val Lys Phe asn Trp Tyr val ggp Gly val Glu val
50 55

His Asn Ala Lys Thr Lys Pro Arg Giu Glu Gin Tyr Asn Ser Thr Tyr
65 70 75 80

Arg val val ser Va1‘Lau Thr val Leu ggs ¢ln Asp Trp Leu ggn Gly
85

{vs @lu Tyr Lys Cys Lys val Sar Asn Lys Ala Leu Pro Ala Pro e
Y Y 1%0 Y Y 165 110

Glu Lys Thr Tle Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro Gin va'l
Y 115 Y 120 125

Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn GIn val Sser
130 135 140

page 5



Pro Ala Pro Arg Gly Pro Ala Arg Phe Leu Pro Leu Pro Gly Leu Pro 130135140 Pro Ala Pro Pro Glu
Pro Pro Gly lle Leu Ala Pro Gin -Pro Pro Asp 145150155160 Val Gly Ser Ser Asp Pro Leu Ser met Val
Gly Pro Ser Gin Gly Arg 165170175 Ser Pro Ser Tyr Ala ser Gly Gly Gly Gly Gly Ser Gly Gly Gly Ser
180185190 Gly Gly Gly Gly ser Asp Lys Thr His Thr Cys Pro Pro cys Pro Ala 195200205 Pro Glu Leu

Leu Gly Gly Pro Ser val Phe Ley,Phe gmBrerlyeRe 200215220 Lys Asp Thr Leu Met lle Ser Arg Thr
Pro Glu Val Thr Cys Val Val 225230235240 Val Asp Val ser ngg p Pro Giu val Lys Phe Asn Trp

TyF—?I"MSQS@Z@S’ )5\314?_‘—%%?@ PeS-RETIA > 852 38 26026 %\sn Ser Thr Tyr Arg val Val
Ser | Leu Thr Val Leu His Gin 275280285 Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser
Asn Lys Ala 2902953 Pro Ala Pro lle Gl s Jhrjle SgkLys Alalys Gly Gin Pro
303380815356 AR é%kgpro GinVal LfyrSFh £ l'j’é’y gro Ser Arg ¥3p Glu Leu Thr 325330335 Lys Asn
Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser 340345350 Asp lie Ala val Glu Trp Glu Ser

AsnaﬁlytgdnAlgéOS%gjfﬁ‘Ié%JM 35@%}%}%3@& TYr Ser Lys tisg Thr val

sp Lvs Ser -Arg Trp Gin Gln Gly Asn val Phe Ser Cys ser val Met
ASP B 145 3P OO 205

His G1u Ala Leu His Asn His Tyr Thr ¢1n Lys Ser Leu Ser lLeu ser
210 215 220

Pro Gly Lys
225

210> 14

<211> 34

<2i2> DNA

<2i3> artificial Seguence

<220> )
<223> PCR primer

<400> 14 34
‘aggaggaata acatatggac aaaactcaca cang

<210 15
<211 23
212> DNA
<213> Artificial Sequence

<2 20> : e
<223> PCR primer

<400> 15 3
ggatccacca ccaccgetac cac

<210 16

<211> 39

<212> DNA

<213> Artificial Sequence

<220 )
<223>  PCR primer

<400> 16 N : 39
gogtogtggtyg gatcccateo aattccagat tortotcca

<210> 17

<211l> 33

<212> DNA

<213> artificial sequence

<220> )
<223> PCR primer
page 6



Lys Thr Thr Pro Pro Val 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 385390395400 ser Cys Ser val Met His Glu Ala Leu His
Asn His Tyr Thr Gin Lys 405410415 Ser Leu Ser Leu Ser Pro Gly Lys 420 <210> 26 <211> 424 <212>
PRT <213> Artificia <220> <223> Fc-(G4S)3-FGF21 G170E <400> 26 Met AS Lys Thr His Thr Cys
Pro Pro Cys Pro Ala Pro Glu LeuA-éf2 8510”5 GRAEH -Frot 8erval Phe Leu Phe Pro Pro Lys Pro Lys
Asp Lhy. L ed202530 e Ser Arg Thr Pro-Glu Val Thr Cys val Val Val Asp val Ser 354045 His Glu Asp
ProtGit waddrys e At Fgpoiyeitabasp@ly Val Glu 505560 A-1429-WO-PCT-ARP34 ST25.txt Val
His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Mn Ser Thr 65707580 Tyr Arg Val Val Ser val Leu

- ThrMableuiklis Gin Asp Trp Leu Asn 859095 Gly Lys Gin Tyr Lys Cys Lys val Ser Asn Lys Ala Len
Pro<&BLPro100105110 lle Gin Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin 115120125
Val j%‘Ihriféq R0 Proseglienrd Asp Glu Leo Thr Lys Asn Gin val 130135140

<220> .
<223> PCR primer

<400> 18 ' .
atggtygaac ctteccaggg ccgaage | ,

<210> 19

<211l> 30

<212> DNA ‘

<213> Arvificial Sequence

<220> .
<223> PCR primer

 <400> 19 - ' 20
guaaggttcc accatgctca gagggtoega S

<210> 20

<211> 50

<212  DNA ]

<213> artificial Seguence

«<220> . ) ‘
<223> sense strand from a portion of an FGF21l expression construct

<400> 20 | . 6
ctectoggac cotctgagea tggtgggace ttoccaggge cgaagoocea '

<210> 21

<211> 30

<212> DNA
<213> artificial

<220> .
<223> PCR primer

<400> 21 ‘ ‘ : 30
agcotgogag actegtacca ccttggaagg

<710 22

<211> 50

<212>  DHA

<213 artificial

<220> ) s i . ~
<223» antisense strand from a portion of an FGFZ1 expression CORSTruct

<400» 22 50
gaggagcctyg ggagactcygt accaccCtgg aagggioccg gottegoogt 3

<210> 23

<211> 15

<212> PRT ‘
‘ Page 7



Ser Leo Thr Cys Leo Val Lys Gly Phe Tyr Pro Ser Asp lle Ala val 145150155160 Gin Trp Gin Ser Asn
Gly Gin Pro Gin Asn Asn Tyr Lys Thr Thr Pro 165170175 Pro Val Leo Asp Ser Asp Gly Ser Phe Phe
LeU Tyr Ser'Lys Leo Thr 180185190 Val Asp Lys Ser Arg Trp Gin Gin Gly Asn val Phe Ser Cys Ser
val 195200205 Met His GIU Ala Leo His Asn His Tyr Thr Gin Lys Ser Leo Ser Leo 210215220 Ser Pro
Gly Lys Gly Gly Gly Gly Ser Gly GlysGly-iahpSenety Ghyr225330235240 Gly Gly Ser His Pro lle Pro
AspR38r SerPibicée L énaBamdhe Gly 245250255 Gly Gin Val Arg Gin Arg Tyr Leo Tyr Thr Asp Asp
AIa{%&Gin Thr 260265270 Gin Ala His Leo Glu lle Arg Glu Asp Gly Thr val Gly Gly Ala Ala
279280285 A ineGesrdeeo Gin Ser Leo Leo Gin Leo Lys Ala Leo Lys Pro Gly 290295300 val lle Gin
lle L Glyz\gal Lys Thr Ser Arg Phe Len Cys Gin Arg 305310315320 Pro Asp Gly Ala Leo Tyr Gly Ser
Les HISPhe Asp Pro Gin Ala Cys 325 330335 Page 12 A-1429-WO0-PCT-ART34_5T25.txt Ser Phe
ArgBludieudleudleudu &spGBly Thr Ay Yar BAYGHISES 8@34??’50 Glu Ala His Gly Leu Pro Leu
HislLeu Pro Gly Asn iys Ser Pro His 335360365 ,
<210> 24

211> 424

<21i2» PRT
<213 Artificial

<220>
<223> Fc~-(G4S)3-FGF21

<400> 24

Met Asp tys Thr His Thr Cys Pro Pro %55 pro Ala Pro Glu &gu Ley
1 5

Gly Gly pro ser val phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
20 25 ‘ .30

Met Ile ser Arg Thr pro &lu val Thr Cys val val val Asp val ser
- 35 ' 40 45

His Glu Asp Pro &lu val Lgs rhe Asn Trp Tyr ggl Asp Gly val Glu
50 5

val His Asn Ala Lys Thr Lys Pro aArg Glu Glu Gin Tyr Asn Ser Thr
65 70 75 ‘ BO

Tyr Arg val val ser val teu Thr val Leu His GIn Asp Trp Leu Asn
85 a9 a5

Gly Lys.Glu Tyr Lys Cys Lys val ser Asn Lys Ala Leu Pro Ala Pro
Yy 1%0 Y 105 o110

tle Glu Lys Thr ITe 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
130 135 ' 140

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 Gln 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
: 180 185 190

page 8



Arg Asp Pro Ala Pro Arg Gly Pro Ala Arg Phe Leu Pro Leu Pro Gly 370375380 Leu Pro Pro Ala 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 Glu Pro ser Gin 405410415 Gly Arg Ser Pro Ser Tyr Ala Ser 420 <210> 27 . <211> 424 <212>
PRT <213> Atrtificial <220> <223> Fc-)%(;45)3-FGF2% P17]1A <400> 27 Met Asp Lys Thr His Thr Cys
Pro Pro Cys Pro Ala Pro Glu Leu'I &4 Tﬁi%']@% ﬂ‘Fngo erVal Phe Leu Phe Pro Pro Lys Pro Lys
Asp,Iir Aeu: 202530 Met tepsen Argiihe Rro.Glu/Yal fiier Q‘?o Yad \par\vaAsp Val ser 354045 His Giu
Asp Pro Glu 3l Lys Phe Asn Trp BPval Asp Gly Val G 4505560 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
Asnv8b90085 Gly bys Ghu WrSLrZs[cyEi i@vaT%eﬁAQn‘%%s%l@ L&t P#6 ARYPro 100105110 lle Glu Lys
Thr lle S&Lys Ala Lys Gly Gi Pro Arg Glu Pro Gin"115120125 A-1429-WO0-PCT-ART34_5T25.txt

130135140 ser Leu Thr Cys Leu Val Lys Gly Phe_Tyr. Pro ser Asp lle Al]a val
ser pro Gly Lys Gly Gly Gly Gly ser Gly Gly Gly Gly ser Gly Gly
225 230 235 240

Gly Ser His Pro Ile Pro Asp Ser Ser Pro Leu Leu GIn Phe Gly
G y. = 245 P 250 255

cln val Arg Gin Arg Tyr Leu Tyr Thr Asp Asp Ala GIn Gin Thr
G?y” n 26% g 265 270

Glu Ala His Leu alu Ile Arg Glu Asp Gly Thr val Gly &ly Ala Ala
275 28O 285

Asp GIn Ser Pro Glu Ser teu Leu GIn Leu Lys Ala teu Lys Pro Gly
290 285 300

'al T7e Gn Ile Leu
305

val Lys Thr Ser Arg Phe Leu Cys Gin Arg

w
ot md
[ led
(€8]

i

[¥h]

L

=

O

1v Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
Pro Asp ¥ 325 Y Y 330 335

i
®
-1

Phe Arg Glu Leu Leu Leu Glu Asp Gly Tyr Asn val Tyr ¢la 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 Pro Arg Gly Pro ala Arg Phe Leu Pro Leu Pro Gly
370 375 380

Lau Pro Pro Ala Pro Pro Glu pro pro Gly Ile Leu Ala Pro Gin Pro
385 3980 395 400

‘val Gly Ser Sar Asp Pro Leu Ser Met val Gly Pro Ser Gln
Fro Asp el B 405 ? 410 415

Gly Arg Ser Pro ‘ser Tyr Ala ser
‘ 420

<210> 25
«<211> 424
«<?12> PRT :
<213> Artificial

<220>
<223> EBGFZL{15)-F¢
pPage 9



145150155160 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-Mn Val Phe Ser cys Ser Val 195200205 Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser
Leu Ser Leu 210215220 Ser Pro Gly ys Gly Gly Gly sly Ser Gly Gly Gly Gy Ser Gly Gly ‘
225230235240 Gly Gly Ser His Rra4tes Rro-Asp-Ser38esRio Leu Leu Gin Phe Gly 245250255 Gly Gin
Val Arg Gin Arg Tyr Leu Tyr Thr Asp AS Ala Gin Gin Thr 260265270 Glu Ala His Leu Glu lle Arg Glu
Asﬁf@ THPVal Gly Gly Ala Ala 275280285 Asp Gin Ser Pro Glu Ser Leu Leu Gin Leu Lys Ala Leu
Lysidro:&lyr2902965300 valdlsGirstde beo \LghiL G Iﬁh@@rﬂﬂ\rg@h‘é}ﬂeu Cys Gin Arg '
305310315320 Pro Asp Gly Ala Leu Tyr GIY“Ser Leu His Pile Asp rrbro Glu Ala Cys 325330335 Ser
Phe Arg Glu Leu Leu Leu Glu Asp Gly Tyr Mn Val Tyr Gin Ser 340345350 Glu Ala His Gly Leu Pro
LewvaHisibeucProssly Agh k98 SEF Py I—%FB%B@@)@%ES?MQGA%@E’?OGA% fd Arg Gly Pro Ala Arg Phe Leu

Pro Leu Pro 'Gly73070375380',Leu Pro Pro Ala Pro Pro Glu Pro Pro Gly lle Lax Ala Pro Gin Pro
385390395400
His teu Glu Ite Arg Glu Asp géy Thr val Gly Gly gga Ala Asp GIn
35 '

Ser Pro Glu Ser Leu teu Gln Leu Lys Ala Leu E%s pro Gly val Ile
50 55 '

12
-F
et

.Gl Ile Lteu Gly val Lys Thr Ser Arg Ley Cys 'Gin Arg Pro Asp
65 70 75 80

Gly Ala lLeu Tyr Gly Ser Leu His phe ggp ero Glu Ata Cys ggr phe
85 3

Tu Leu Leu Leu Glu Asp Gly Tyr ssn val Tyr Gln Ser Glu Ala
Arg ¢ 100 P 105 . 116 :

His Gly Leu Pro Leu His Leu Pro Gly Asn Lys Ser Pgo HiSs Arg Asp
115 - 120 125

pro Ala Pro Arg Gly Pro Ala Arg Phe Leu Pro Leu Pro Gly Leu Pro
130 135 140

Bro Ala Pro Pre Glu Pro Pro Gly Ile Leu Ala Pro Gin-Pre Pro Asp
145 . 150 155 - . 160

val cly Ser Ser Asp Pro iLeu Ser Met val Gly Pre Ser Gln Gly Arg
¢ Y 16? 170 i75

ser pro ser Tyr aAla ser Gly Gly Gly Gly Gly ser Ggly Gly Gly ser
: 180 1835 190

Gy 6ly Gly Gly Ser asp Lys Thr #is Thy Cys Pro Pro Cys Pro Alta
Y Y lQ% / P 200 205

Pro Giu feu teu Gly Gly Pro Ser val phe Leu Phe Pro Pro Lys Pro
: 210 - 215 220

5 r 1e ser Arg Thr pro 6lu val Thr Cys val val
iz.gg Asp Thr Leu Met géé ey g P 0 ¥ yeo

val ser His 6lu Asp Pro Glu val Lys Phe Asn Trp Tyr val
val Asp va 245 P 250 255

asp Gly val Glu val #is Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln
page 10



A-1429-WO-PCT-ART34_5T25.txt 405410415 Gly Arg Ser Pro Ser Tyr Ala Ser 420 <210> 28 <211>
424 <212> PRY <213> Artificial <220> <223> Fc-(G4S)3-FGF21 s172L <400> 28 Met Asp Lys Thr His
Thr Cys Pro Pro Cys Pro Ala Pro Gltt 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 g#bVal Lys Phe#df W‘?‘Vaf*ﬂ@ﬁéﬂ]%?af%ﬁy 505560 val His Asn Ala Lys Thr Lys
Pro Arg Glu Glu GIn'Tyr Asn ser Thr 65707580 Tyr Arg Val 'Jai Ser val Leu Thr val Leu His Gin Asp
Trp Leu Asn 859095 Gly Lys Glu Tyr Lys Cys Lys Val Ser A]n L}as Ala L.?u Pro Ala Pro 100105110 lle
GluTYs T I%%e'l:m"ygwa“i%"é]y%%\ Pid X?é ity PTIJE)FC%‘%Sﬂ% 20228 al Tyr Thr Leu Pro Pro Ser
Arg Asp Glu Leu Thr Lys Asn Gin val 130135140 Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser

ASpAE%Agganggﬁg%?%}EQ%ngWu Tyr Lys Cys Lys gg& Ser Asn Lys Ala

250 295

T

1=
—

Leu Pro Ala Pro Tle Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro
305 _ 210 ' 315 ‘ 320

Arg Glu Pro GIn val Tyr Thr Leu Pro Pro ser Arg Asp glu Leu Thr
- 325 330 . 335

Lys Asn GIn val ser et Thr Cys Leu val Lys Gly Phe Tyr Pro Ser
340 ‘ 345 350

Asp Ile Ala val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr
385 360 365

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 GlIn 61n Gly Asn val Phe
385 Y ‘ 398 ‘ 385 400

ser Cys ser val Met nis Giu Ala Leu His Asn His Tyr Thr Gin Lys
405 410 | 415

Ser Leu Ser Leu ser Pro Gly Lys
| 420 .

<210> 26
<211> 424
<212> PRT
<213> arrifticial

<220>
223> Fc-(G45)3-FGF21 GL70E

<400> 26
Met Asp Lys Thr #is Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leld
i 5 10 15

Gly Gly Pro Ser val phe Leu Phe Sgo Pro Lys Pro Lys ggp Thr teu
‘ 20

Met Tle Ser Arg Thr Pro Glu V%% Thr Cys val Va1'xg} ASp Val Ser
‘ 35 4

His Glu Asp Pro Giu val Lys Phe Asn Trp Tyr ggW asp Gly val Glu
50 5% :

rage 11



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 A-1429-WO0-PCT-ART34_5T25.txt 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 qmm#@mﬂﬁ;@mﬁm ser:Ser Pro Leu Leu Gin Phe Gly
245250255 Gly Gin val Arg Gin Arg Tyr Leu Tyr sp Asp Ala Gin n Thr 260265270 Glu Ala His
?Iu’*ﬂé ARY Al GNThY VAR EI9E 1 MaS h‘a S¥5786285 A% Gi Ser Pro Giu Ser Leu Leu Gin
Leu s Ala Leu Lys Pro Gly 290295300 Val lle Gln lle Leu Gly Val Lys Thr Ser Arg Phe Leu Cys Gin
30531031 320 Pro As Le yr & GI eu His Asp.Rro Glu Ala Cys 325330335 Ser
%%@ﬁ%LuLa@éugi% %&%ﬂ w Wbﬁ%gﬁﬁéwémGMAbHsaymuMo
Leu His Leu Pro Gly Asn Lys Ser Pro His 355360365 Arg Asp Pro Ala Pro Arg Gly Pro Ala Arg Phe
LeLb ol guGP[‘Jo%IIy §;Q%Z§3§95L§&h ngrngrAIg,lgrngrq@L;)Pgogﬁgopgg,y lle Leu Ala Pro Gin Pro

ITe Glu tLys Thr ITe Ser Lys Ala Lys Gy Gln pPro Arg Glu Pro Gln
115 120 125

vai Tyr Tﬁr Ley Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln val
130 135 140 _

ser Leu Thr Cys Leu val Lys Gly phe Tyr pro Ser Asp Ile ala val
145 : 150 153 180

Glu Trp Glu Ser Asn Gly G1n Pro Glu Asn Asn fyr Lys Thr Thr Pro
' 165 170 175

Pro val Leu Asp Ser Asp Gly Sér phe Phe Leu Tyr Ser Lys Leu Thr
180 185 . 194

val Asp Lys Ser Arg Trb GIn Gin Gly asn val phe Ser Cys Ser val
195 200 205

Mat His Glu Ala Leu His Asn His Tyr Thr &in Lys Ser Leu Ser ied
210 215 _ 220

ser pPro &ly Lys Gly 6ly Gly Gly Ser Gly g

v Gly Gly Ser Gly Gly
225 230 5 ‘

Gly Gly ser His Pro Ile Pro Asp Ser Ser Pro Leu Leu GIn Phe Gly
245 250 255

Gly G1n val Arg GIn Arg Tyr Leu Tyr Thr Asp Asp Ala GIn Gin Thr
4 ' 268 265 270

Glu Ala His Leu Glu I1e Arg Glu asp Gly Thr val Gly Gly Ala aAla
275 280 285

Asp GIn Ser Pro Glu Ser Leu teu Gin Leu Lys Ala Leu Lys Pro Gly
240 295 300

val Ile 6In Ile 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



385390395400 Pro Asp Val Gly Ser Ser Asp Pro Leu Ser Met Val Gly Pro Leu Gin 405410415 Gly Arg
Ser Pro Ser Tyr Ala ser 420 <210> 29 <211> 4 <212> PRT <213> Atrtificial <220> <223> linker <400>
29 ?Iy Gly Gly GiyPage 16 4-1429-W0-PCT-ART34_5T25.txt 1 <210> 30 <211> 5 <212> PRT <213>
Artificial <220> <223> linker <400> 30 Gly Gly Gly Gly Gly 15 <210> 31 <211> 15 <212> PRT <213>
Artificial <220> <223> linker <4ods@f%:ﬂﬁd1§b‘i§8l%—§éseﬁ}%ly Gly Gly Ser Gly Gly Gly Gly Ser

151945 sl Q3 B23u Leu Leu teu Glu Asp Gly Tyr Asn val Tyr Gin ser
‘ 340 - 345 250

Glu Ala His Gly Leu Pro Leu His Leu Pro Gly Asn Lys Ser Pro Hié
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 Gln Pro
385 390 395 400

Pro Asp val Gly Ser ser Asp pro Ley Ser Met val Glu pro ser Gln
, 405 410 415

Gly Arg Ser Pro Ser Tyr Ala Ser
420 .

<210> 27 -
<2il> 424

«212> PRT

<213 artificial

<Z220>
<223» Fe-{6G45)3-FGF21 P171A

<&400> 27
Met Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Giu Leu Leuy
1 -5 10 15

Gly Gly pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Lteu
20 25 30

met Ile ser Arg Thr Pro Glu Vgi Thr cys val val Xai Asp val ser
35 4 5

His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr g%T Asp Gly val Gglu
50 . 55

val His asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr
65 . 70 CTs 80

Tyr Arg val val ggr val Leu Thr val légu His GIn Asp Trp ié?u Asn

Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys ala Leu Pro Ala Pro
100 105 110

1le Glu Lys Thr ITe ser Lys Ala Lys Gly GIn Pra Arg Giu Pro Gin
115 120 125

Asp Glu Leu Thr Lys Asn Gln val

va'l Tyr Thr Leu Pro Pro ser
page 13
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<211> 8 <212> PRT <213> Artificial <220> <223> linker <400> 32 Gly Gly Gly Lys Gly Gly Gly Gly 15
<210> 33 <211> 8 <212> PRT <213> Attificial <220> <223> linker <400> 33 Gly Gly Gly Asn dI)’ ser
Gly Gly 15 <210> 34 <211> 8 <212> PRT <213> Artificial <220> <223> linker <400> 34 Page 17
A-1429-W0-PCT-ART34 5T25.txt Gly Gly Gly Cys Gly Gly Gly Gly 15 <210> 35 <211>5

A-1429-WO-PCT-ART34_ST25.TXT
130 - ©o13% 140

ser Leu Thr Cys Leu val tys Gly Phe Tyr Pro ser Asp Ile Ala val
145 150 155 160

Glu Trp Glu Ser Asn Gly Gl Pro Glu Asn Asn Tyr Lys Thr Thr Pro
165 o 176 175 .

pro val Leu Asp Ser Asp Gly Ser Phe phe Leu Tyr Ser Lys Leu Thr
180 185 190

val Asp Lys Ser Arg Trp Gln Gln Gly Asn val Phe ser Cys Ser val
195 200 ' 205

Met His Glu Ala Leu His Asn #is Tyr Thr Gin Lys Ser Leu Ser Leu
210 215 220

ser Pro Gy Lys Gly Gly Gly 6ly ser Gly Gly Gly Gly ser Gly Gly
225 : C230 : ' 235 240

Gly Gly ser His Pro Ile Pro Asp Ser Ser Pro {eu Leu 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 teu Glu Ile Arg Glu Asp ¢ly Thr val Gly Gly Ala Ala
275 280 | 285

Asp Gln Ser Pro Glu Ser Leu Leu Gin Leu Lys Ala Leu Lys Pro Gly
280 285 300

-

vat I GTn'I;e Leu Gly val Lys Thr Ser Arg pha Leu Cys 6ln Arg
305 310 - 315 320

et
i

Pro Asp Gly A?a'Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
325 330 335

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 Mis Leu 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
70 375 380

Leu Pro Pro Ala Pro Pro Giu 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 Glin
Page 14



- <212> PRT <213> Avrtificial <220> <223> linker <400> 35 Gly Pro Asn Gly Gly 15 <210> 36 <211>
424 <212> PRT <213> Atrtificial <220> <223> Fc-(G4S)3-FGF21 L98R, P171G <400> 36 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 Lou 202530 Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser
354045 His Glu Asp Pra Glu Val ﬁy‘s“ﬁ%*é”ﬁ&ﬁﬁ—rbﬂfg?%?&s‘bxé|y4y@| Glu 505560 Val His Asn Ala Lys
Thr Lys Pro Arg Glu é?u 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 Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro
100805118 IR GELRy3*Thille Ak E{‘r’é“ Ala Lys Gly Gin Pro Arg Glu Pro GIn 115120125 Val Tyr Thr Leu
Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val 130135140 Ser Leu Thr Cys Leu val Lys Gly Phe
Tyr Ezr:(L)O\?erz,%\sp lle Ala Val 145150155160

<211> 424
<212» PRT
<213> Artificial

«220>
<223> Fro-(648)3-FGF21 S172L

<400> 28
Met Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu teu
1 5 10 15

gly Gly pPro ser val phe Leu #ha pPro Pro Lvs Pro Lys Asp Thr Leu
y e 20 ' 25 30

Met I7e Ser Arg Thr Pro Glu V%T Thr Cys val Vai*X§1 Asp val Sser
35 : 4

His Glu Asp Pro Giu val Lys Phe Asn Trp Tyr val asp Gty val Glu
50 55 60

val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr
65 70 75 80

Tyr Arg val val Ser val Leu The val Leu His GIn Asp Tro Lau Asn
7 85 90 g5

; Lvs Glu Tyr Lys Cys Lys val Ser Asn Lys ala Leu Pro Ala Pro
Gy b 1%0 Y Y 105 11@

1e ¢lu Lvs Thr Tle ser Lys ala Lys Gly Gin Pro Arg Glu Pro Gln
tie & 1{5 Y 126 125 :

val Tyr Thr Leu Pro Pro Ser Arg Asp Glu teu Thr Lys Aspn Glin val
130 ‘ 135 140

thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile Ala val
i%g Heu nd 150 Y Y 155 160

Giu Ser.Asn ¢ly Gln pro Glu asn Asn Tyr Lys Thr Thr pro
clu e 165 Y 170 175

pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
180 185 : 190

val Asp Lys Sar Arg Trp Gln 61n Gly Asn val Phe Ser Cys Ser val
BT T 2 PR 200 205

page 15



A-1429-WO-PCT-ART34_5T25.txt Glu Trp Glu Ser Asn Giy 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 Giu Ala Leu HiS Asn His

Tyr Thr Gin Lys Ser Leu Ser Leu 210215220 Set- Pro Gly Lys Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

Gly Gly 225230235240 Gly Gly Qef His Reo dler ProrAsps8er.Set Pro Leu Left Gin Phe Gly 245250255

Gly Gin Val Arg Gin Arg Tyr Leu Tyr Thr A _g;\sé% Ala G|n G|n Thr 260265270 Giu Ala His Leu Giu lle
8

Ar@"@luzixg pCcHy AT Rr VAR Ely ¢ A*Iiég,b\ﬂély §525£%spg(§|n &rBro Gift Ser Leu Leu Gin Leu Lys -
"Ala Leu Lys Pro Gly 290295300 VaI lie Gin lle Leu Gly Val Lys Thr Ser Arg Phe Leu cys Gin Arg

. 305310315320 Pro r.Gl $ spPLe la cys 325330335 Ser Phe -
gﬁ@upﬁ:?g Tdu'réu m@%yg Sserqy \ﬁ?ngﬂlﬁF%n}g f 03453f02 u.Ala His Gly La Pro Leu His
La Pro Gly Asn Lys Ser Pro His 355360365 Arg Asp Pro Ala Pro Arg Gly Pro Ala Arg Phe Leu Pro Leo

Pﬂ)Q@yé%@OéZﬁ%ﬁg Pro Ile Pro Asp Ser %gg Pro Leu Leu Gln g?g Gly
245

G GTﬁ val Arg GIn Arg Tyr Leu Tyr Thr Asp Asp Ala Gin Gln Thr
Y 268 9 265 270

clu Ala His teu Glu Ile Arg Glu Asp Gly Thr val Gly Gly Ala Ala
275 , 280 285

Asp Gin Ser Pro Glu Ser Leu Leu GIn Leu Lys Ala Leu Lys Pro Gly
290 2935 300

val Ile GIn Tle teu Gly val Lys Thr ser Arg Phe Leu Cys Gin Arg
305 310 A 315 ‘ 320

Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
525 . 330 335

T
4]
nd

=
pes
P
>7]

Pro As

ser Phe Arg Glu Leu Leu Leu Glu Asp Gly Tyr Asn val Tyr Gln ser
oo 340 345 350

Glu Ala His Gly Leu Pro Leu Kis Leu Pro Gly Asn Lys Ser Pro His
355 360 365

Arg Asp Pro Ala Pro Arg Gly Prb Ala Arg Phe teu Pro Leu Pro Gly
370 3735 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 Pro Leu Gln
P Y 405 410 415

Gly Arg Ser Pro Ser Tyr Ala ser
420G,

<210> 29
<21i> 4

<212 PRT .
<213> Artificial

<220
<223> Tinker

<400> 29

Gly Gy Gly Gly
y e Page 16



Leu Pro Pro Ala Pro Pro Glu Pro Pro Gly lle Leo Ala Pro Gin Pro 385390395400 Pro Asp val Gly Ser
ser Asp Pro Leo Ser Met Val Gly Gly Ser Gin 405410415 Gly Arg Ser Pro 5er Tyr Ala Ser 420
A-1429-WO0-PCT-ART34_ST25.txt <210> 37 <211> 1274 <212> DNA <213> Atrtificial <220> <223>
Fc(15)FGF2I L98R, P171G <400> 37 atggacaaaa ctcacacatq tccaccttgt ccagctccgg aactcctggg
gggaccgtcas gtcttectet tccccccadatdEcBinde AR icalda thidecgtac cectgaggtc120 acatgegtgg
tggtbgacgt gagccacgaa gaccctgagg tcaagttcaa ctggtacgtgl80 gacggcgtgg aggtgcataa tgccaagaca
aagccgcgtg aggagcagta caacagcacg240 taccgtgtgg tcagcgtcct caccgtcctg caccaggact ggctgaatgg
caag ac300 aagtgcaagg tctccaacaa agccctccca gececccatcg agaaaaccat ctccaaagcec360
aaagggeagerecgagaacc acaggtgtac accctgeccc catccecgtga tgagctgacc420 aagaaccagg tcagcctgac
ctgcetgdic AHAdHERER htcccagega catcgecgtg480 gagtgggaga geaatgggea geccggagaac aactacaaga
ccaggegtce cgtgctggac540 tccgacggct ccttettect ctacagcaag ctcaccgtgg acaagagccg ttggcagcag600
ggoaazgct idtuedgctc cgtoatocat gaggctctge acaaccacta cacgcagaag660 agcctctccc tgtctccggg
Laaaggidga;gatggtggtt ctggtggtgg tagcggtggt720 ggtggatcee atccaattce agattettct ceattattac
aattcggggg ccaagtccgg780 cagcggtacc tctacacaga tgatgcccag cagacagaag cccacctgga
gat@b@@é@%b’g‘é@g@ €gg tggggggcgce tgctgaccag agecccgaaa gtctectgeca getgaaagec900
ttgadgccgg gagttattca aatcttggga gtcaagacat ccaggttcct gtgccagcgg960 ccagatgggg ccctgtatgg
atcgctccac ttt:E;accctg aggcctgcag cttccgggagl1020

<220> 3 '

<211> 15

<212>  PRT )
<7213> argificial

220>
<223» Tinker

<400> 31
Gly Gly 6ly Gly ser Gly Gly &ly Gly ser Gly Gly Gly Gly ser
1 . 5 10 15 ,

<210> 32

<2il> 8 .
<212> PRT o
<21%  artificial

<220>
<223 Tinker

<400 32
Galy Gly Gly Lys giy Gly 61y Gly
1

<210> 33

<211> B

<212> PRT

<213%» Artificial

<220>
<223> Tinker

<400> 33
Gly Gly Gly Asn gly ser Gly Gly
3 ‘

<210= 34

211> 8

<212 PRY
<213 Artificial

<220> .
«223> Tinker

4 34
<40 page 17



cgtcttcttg aggacggata caatgtttac cagtccgaag cccacggcct cccgetgcacl080 ctgccaggga acaagtccce
acaccgggac cctgcacccc gaggaccagc tcgcettcetg1140 cactaccag gectgececce cgecaccceccg gagecacceg
gaatcctggce cccccagecc1200 ceecgatgtgg getectcgga cectetgage atggtgggag grtcccaggg
ccgaagccccl260 agctacgctt cctal274 <210> 38 <211> 424 <212> PRT <213> Atrtificial <220> <223>
Fc(15)FGF21 <400> 38 met Asp Ayst Tdwldis:Fha@ysiPsoRraxiys Pro Ala Pro Glu Leu Leu 151015
Page 20 A-1429-WO0-PCT-ART34 ST25.txt Gly Gly Pro Ser Val Phe Lea Phe Pro Pro Lys Pro Lys
As;ifr}‘qu}% 5hp536 I\@é?ll@1§e‘f1)(ra hr 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 !leglu %in Tyr Asn Ser Thr 65707580 Tyr Arg Val Val Ser val Lea Thr Val Lea His Gin Asp Trp
Lea§§@}65§ 95 Gly Lys Glu Tyr Lys cys Lys Val Ser Asn Lys Ala Lea Pro Ala Pro 100105110 lle Glu
Lys<Eiigtie B&F Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin 115120125 Val Tyr Thr Lea Pro Pro Ser Arg
AspGliLed THr E?éaisn Gin Val 130135140 Ser Lea Thr Cys Lea val Lys Gly Phe Tyr Pro Ser Asp lie
Ala ¥alo>

<Z23> Tinker
<400> 35

Gly Pro Asn Gly Gly
1 _ 5

«210> 36
<21l> 424
o <21i2> PRT
<213 Aartificial

<220> ]
<223> Fc-{G45)3~FGF2Z1 L98R, P171G

| <400> 36 |
Met Asp Lys Thr His Thr Cys Pro pPro Cys Pro Ala pro Glu Leu Leu
i 3

Gly Gly Pro ser val Phe Leu Phe Pro Pro Lys Pro Lys %gp Thr Leu
20 25

‘Met Ile Ser arg Thr Pro Glu val Thr cys val val val asp val Ser
35 7 40 45

His Glu Asp Pro Glu val %gs phe Asn Trp Tyr ég? Asp Gly val Glu
50 ‘ 5

val His asn Ala Lys Thr Lys Pro Arg Glu G¢lu Gin Tyr Asn Ser Thr
65 70 . 75 8Q

Tyr Arg val val ser val Leu Thr val égu His Gln Asp Trp ggu ASD
‘ 85 5

G¢ly Lys GTu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro
i 150 Y i05 110

Ile Glu Lys Thr ITe ser Lys Ala Lys Gly Gln pPro Arg Glu Pro Glin
135 120 125

val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gla val
130 135 140

ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile Ala val
145 - 150 155 160

rage 18



145150155160 Glu Trp Glu Ser Asn Gly Gin Pro Giu ASR Mn Tyr Lys Thr Thr Pro 165170175 Pro val
Lea AS ser Asp Gly 5er Phe Phe Lea Tyr Ser Lys Lea Thr 180185190 Val Asp Lys Ser Arg Trp Gin
Gin Gly Asn Val Phe Ser Cys Ser val 195200205 Met His Glu Ala Lea His Asn His Tyr Thr Gin Lys Ser
Lea Ser Lea 210215220 ser Pro Gly Lys Gly Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly
225230235240 Gly Gly Ser His Pfo Het PriPARE s&F 1S4 PrérL B4 Lea Gin Phe Gly 245250255 Gly Gin
Val &g G Arg, Tag LaunT¥n T hriAser-osgi Aladain Ginyhri260266270 GlwAla His Lea Glu lie Arg Glu
Asp GIY Thr val Gly GlgAla Ala 275280285 1A21429-W0-PCT-ART34_ST25.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.
Phed;euvGysiGin Arg 805360315320 PrehAsphSlyedlariesdyri@ly Ser Teu His Phe Asp Pro Glu Ala
Cys 325330335 SeiPhe Arg Glu Leu Léfi®Leu Glu Asp Gly Tyt&sn Val Tyr GIn Ser 340345350 Glu
Ala His Gly Leu Pro Leu His Leu Pro Gly Asn Lys Ser Pro His 355360365 Arg Asp Pro Ala Pro Arg Gly
Pro ¥da Arg %.%@5 |5@ur P e mbwaégga%mﬁsgwa‘! phe ggg Cys ser val

met Hig Glu ATa Leu His Ash His Tyr Thr GIn Lys Ser Leu 5er Leu
210 ‘ 215 220 ‘

sei pro Gy Lys Gly &1y 6ly Gly ser Gly Gly Gly Gly Ser Gly Gly
225 Y= Y 235 235 240

Gly Gly Ser His pro Ie Pro Asp ser Ser Pro Leu Leu Gin rhe Gly
245 250 255

Gly 6¢in val Arg Gin Arg Tyr Leu Tyr Thr Aép Asp Ala Gin Gin Thr
260 | 265 270

Glu Ala His Lau Glu ITe Arg Glu Asp Gly Thr val Gly Ala ala

275 280

MDY
£XF et
s

Asp Gin Ser Pro Glu Ser Leu Leu GIn Lteu Lys Ala Leu Lys Pro Gly
2580 295 300

val Tle GIn 1le Leu Gly val Lys Thr Ser Arg Phe Leu Cys GlIn Arg
305 310 315 320

Pro Asp Glv Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
P 4 325 Y 4 330 335

ser Phe Arg Glu Arg Leu Leu Glu Asp Gly Tyr Asn val Tyr Glin 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 Pro arg Gly Pro Ala Arg Phe Leu Pro Leu Pra Gly
370 , 375 380

teu Pro Pro Ala Pro Pro Glu Pro Pro Gly Ile teu Ala Pro Gln Pro
385 390 395 400

pro Asp val Gly Ser ser asp Pro Leu Ser Met val Gly Gly Ser Gin
' 405 410 415

Gly Arg Ser Pro ser Tyr Ala ser
420

Page 19



Leu Pro Pro Ala 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 Ser Gin 405410415 Giy Arg Ser Pro Ser Tyr Ala ser 420 <210>
39 <211> 424 <212> PRT <213> Artificial <220> <223> Pc(15)PGF21 G170E <400> 39 Met AS 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 20253@:MgilleGerArg ThrRBralu 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 §>Pr<§7 rg Glu Glu GIn Tyr Asn 5cr Thr 65707580 A-1429-WO0-PCT-ART34_5T25.txt 859095 Gly
Lys: gliTyﬁ s Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro 100105110 lle Glu Lys Thr lle Ser Lys
AlaRy8:-Gly GitfPFdaArg Glu Pro Gin 115120125 Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
Asn Gip Val 130135140 Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val
145850155460 BReArp GRSerASIE Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro

- <400> 37

atggacaaaa cfcacacatg tocacctigt ccagetecgg aactcotyggg gggaccgtca &0
gtcttocctet teococcaaa acccaaggac accctcatga totoccgtac ccctgaggro 120
acatgcotag tggtguacyt gagrcacgaa gaccctgagg toaagrttcaa ctogtacyty 180
gacgycgtgg aggtgeataa rgccaagaca aagccgcgtg aggagcagta caacagcacd 240
taccgtgtog tCageglest caccgtoctg caccaggact ggergaatgy caaggagtac 300
aagtgcaagd tetccaacaa agccctccca.gcccccatcg agaaaaccat Ctccaaagec 360
@aagugeage cccgagaace acaggtgtac accotgeeec catcccgiga tgagetgacc 420
aagaaccagg tcageotgac Ctgectggtc asaggerttct atcccagood catcgecgty 480
gagtgggaga geaatgggea gocggagaac aactacaaga CCacgecticl cgtgctggac 540 ‘
tccgacgget cortettoct ctacagcaag ctcaccgigy acaagageog trpgcageag 600
gggaacgtct tctcatgctc cgtgatgeat gaggetotge acaaccacta cacgcagaay 660
agcctctécc tgtctﬁcggg taaaggtgga‘ggtggtggtt cTggrogtes tagcggtggf 720
gotggatcoe atccaatroc agattcrttct ccattatiac aattcguugy ccaagtccgd 780
cageograce tctacécaga tgatgoccag cagacagaag cccacctgga gatcagodag 840
gatgggacgg tOUEOogegc tgcrgaccag agecccgaaa gretcctgra geigaaageo 200
ttgaagecgy gagttattca aatctiggga grcaagacat craggricct grgecageod 960
ccagatgpgg ccetgtatgg atcgotccac trtgaceccty aggoctgcag crrecgggag 10620
cgtcttctty aggacggata caatgitiac cagtccgaag cccacggeet cecgetgeac 1080
ctgccaggga acéagtcccc aCaccgguac cCrgeactcc gaggaccago tegottocty 1140
ccéctaccag gcctgeooce cgeaccececyg gagecacceg gaatootggo cocecaghet 1200
ccﬁgatgtgg gctectcgga coctcigage atggtgggad gtt;ccaggg CCgaagLoce 1260
agcracgert ccta 1274
<210> 38

<211> 424

<212 PRT

«213> artificial

220>

<273» Fc(l5)FGF21

<400> 38

met Asp Lys Thr His Thr Cys Pro Pro ggs pro Ala Pro Glu &gu Leu
1 5
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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 Leu Ser Leu 210215220 Ser Pro Gly Lys Gly Gly Gly Gly Gly Ser Gly Gly Gly Ser
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 Ty#A% M B Rid ‘61 Birtfhr 260265270 Glu Ala His Leu Glu lle
Arg Glu Asp Gl Thr Vah GleGlAlsndl 275280285 Asp Gin Sgr e Gl Ser Leu Leu Gin Leu Lys Ala
Leu Lys Pro Gly 290295300 Val lle Gin2fe Leu Gly val Lys Th#®er 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
PhevAtg Gl $eu Amy teu Gl Asp GIY Thr Ays Wall Tyr Gabers840845350 A-1429-WO-P
ART34_ST25%xt 355360365 Arg A&D Pro Ala Pro Arg GIY Pro Ala Arg Phe Leu Pro Leu Pro Gly
370375380 Leu Pro Pro Ala Pro Pro Glu Pro Pro Gly lle Leu Ala Pro Gln Pro 385390395400 Pro Asp
Val @iy Sév e /5P R0l Leéal s%rswfémevweltrpr"ﬁvs%%wsp Gly val Glu : ‘

val His asn Ala Lys Thr Lys Pro arg Glu G¢lu GIn Tyr Asn Ser Thr
65 70 75 B0

Tyr Arg val val Ser val teu Thr val Egu His Gin Asp Trp kgu Asn
85 - ’

Gly Lys Glu Tyr Lys Cys Lys val Ser Asn'iys Ala Leu Pro Ala Pro
S 1)0{0 ye tys Y 105 110

Tle Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln
115 120 125

val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln val
- 130 135 140

r Leu Tﬁr cys Leu val Lys Gly Phe Tyr Pro Ser Asp ITe Ala val
iSS Y 150 Y Y 155 160

@y Tro Clu Ser Asn 61y Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro
TuTre 165 7 170 175

$

pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
. 1B0 : i85 180

val Asp Lys Ser Arg Trp Gin Gln Gly Asn val phe Ser Cys Ser val
P lgS . 200 205

Met His Glu Ala Leu His Ash His Tyr Thr Gin Lys Ser Leu Ser leu
210 215 220

ser pro Gly Lys Gly &ly 6ly Gly Gly ser Gly Gly Gly ser Gly Gly
225 230 235 240

Gly Gly ser His Pro Ile Pro Asp Ser Ser Pro lLeu Leu Gin Phe Gly
245 250 255

Gly G1n val Ar Gln Arg Tyr Leu Tyr Thr Asp Asp Ala Gln GIn Thr
g 268 8 265 270

Glu ala Mis Leu Glu Tle arg Glu Asp Gly Thr val Gly Gly aAla Ala
275 280 285
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405410415 Gly Arg Ser Pro Ser Tyr Ala Ser 420 <210> 40 <211> 424 <212> PRT <213> Atrtificial
<220> <223> Fc¢(15)FGF21 P171A <400> 40 Met Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
Glu Leu L u 51015 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 Trp Tyr Val Asp Gly Val Glu R0b5eQ\abkHispsnAkrkys-thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser
Thr 65707580 Tyr Arg Val Val Ser Val Leu Thr val LeHl His Gin Asp Trp+eu Asn 859095 Gly Lys Glu

TyrAsys s £§/6 e Sa ASR LE)%AH&"{_QJ'PF&‘AH&@O@D@%W]?O 1€ GIPLys Thr lle Ser Lys Ala Lys
Gly GIn Pro Arg Glu Pro GIn 115120125 Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn

GIn Val 130135140 Ser Ley Thr Cys Leu val Lys Gly. @ roro Ser lle Ala Val 145150155160
A-lzl- -{/l\%-ﬁ -%ﬁ%&f%%%.t?(?gxur %%%%ﬁ%rﬁ%ﬁ I;e/‘L é?ln Igro Glu %Asn Tyr Lys Thr Thr Pro -
165170175 Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr

pro Asp Gly Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
325 330 . 335

ser Phe Arg Glu Leu Leu Leu Glu Asp Gly Tyr Asn val Tyr GIn Ser
340 : 345 350

Glu Ala His Gly Leu Pro Leu His Leu Pro Gly Asn Lys Ser Pro His
355 360 3E5

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 Leu Ala Pro GIn Pro
385 390 305 400

ero Asp val Gly Ser Ser Asp Pro Leu Ser Met val Gly Pro Ser Gin
405 410 415

Gly Arg Ser Pro ser Tyr Ala ser
420

«210> RO

<211> 424

<21?> PRT ]
<213> aArtificial

<2 20> :
Do«223> Fo(IS)FEGFZI GAYDE

<400> 39
Mat Asp Lys Thr His Thr Cys Pro Pro E%s Pro Ala Pro G1u-5§u Leu
1 5

Gly Gly pro Ser val Phe teu Phe ggo Pro Lys Pro Lys ggp Thr teu
20

Met Tle Ser Aarg Thr pro 6lu val Thr Cys val val Xgl Asp val Ser
35 40

e

His Glu Asp Pro Glu val Lys Phe Asm Trp Tyr val Asp Gly val Glu

50

on

¥4 ]
w
o <

val His asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr
63 70 75 . 8D

Tyr arg val val ser val teu Thr val Leu His GIn Asp Trp Leu Asn
Fage 22



180185190 Val Asp Lys Ser Arg Trp Gin Gin Gly Mn Val Phe Ser Cys Ser Val 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 Gly
‘Ser 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 AS Asp Ala Gin Gin Thr 260265270 Glu
Ala His Leu Glu lle Arg Gil) AS Giy-Thi \fabSIgTAY AR Fa5278280285 Asp Gin Ser Pro Glu Ser Leu
Leu Gin Leu Lys Ala Beu Lys Pro Gly 290295300 Val lle GiIn lle Le%SGIy val Lys Thr Ser Arg Phe Leu
Cy5 Gin Arg 305310315320 Pro Asp Gly Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
325839335 Séw-Ph@AngSGlmsLémsLéMngmemép‘f Gy TyrAsAYah B/rPGin Ser 340345350 Glu Ala His
Gly Leu Pro Leu 1S Leu Pro Gly Asn LysSSer Pro His 35536 Arg Asp Pro Ala Pro Arg Gly Pro Ala
Arg Phe Leu Pro Leu Pro Gly 370375380 Leu Pra Pro Ala Pro Pro Glu Pro Pro Gly lle Leu Ala Pro Gin
Pro 385598385100 PIJ ASE VAP EIY Set BePASFPIOTBUSE M VA EI Ala Ser Gin 405410415 Gly
Arg Ser Pro Ser Tyr Ala Ser 420 : .

val Tyr Thr Leu Pro Pro Ser Arg Asp Giu 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 S 160

Glu Trp Glu Ser Asn Gly Gin Pro Giu Asn Asn Tyr Lys Thr Thr Pro
165 170 175

pPro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
180 185 150

val Asp Lys Ser Arg Trp Gin Gin Gly Asn val rhe ser Cys ser val
185 200 205

- Mét His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu

ser Pro Giy Lys 61y Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly
225 i Y 235 Y 235 240

Gly Gly ser His Pro Ile Pro Asp Ser Ser Pro teu Leu Gln Phe Gly
245 230 2535

cly ¢1In 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

Asp G1n Ser Pro Giu Ser Leu Leu &ln Leu Lys Ala teu Lys Pro Gly
280 : 285 300

val I7e 6¢1n Tle teu Gly val Lys Thr Ser Arg Phe Leu Cys Gin Arg
305 310 315 320

pro Asp Gly Ala Leu Tyr Gly ser Leu His Phe Asp Pro Glu Ala Cys
325 : 330 335

ser Phe Arg Glu Leu Leu lLeu Giu Asp Gly Tyr Asn val Tyr Gin Ser
340 345 350 '

Glu Ala His Gly Leu Pro Leu His Leu Pro Gly Asn Lys Ser Pro His
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A-1429-WO0-PCT-ART34_sT25.txt <210> 41 <211> 424 <212> PRT <213> Atrtificial <220> <223>
Fc(15)FGE21 S172L <400> 41 Met AS Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Giu 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 v 1 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 AsR Alg. s pht LyssRre-Akg Gl Glu Gin Tyr Asn Ser Thr 65707580
Tyr Aro Val ¥ab Ser val Leu Thr VaB&@u His Gin Asp Trp Bék Asn 859095 Gly Lys Glu Tyr Lys Cys
Lys val ser Asn Lys Ala Leu Pro Ala Pro 100105110 lle Giu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro
Arg,Glu Rio Gip 1151205 125 Val Tyrdhan LearBrenRre SepArg Asppiudigu Thr Lys Asn Gin Val
130135240 Ser Leu Thr Cys L&lbVal Lys Gly Phe TyB#%o Ser Asp lle Ala Val 145150155160 Glu Trp
Glu Ser Asn Gly Gin Pro Giu Asn Asn Tyr Lys Thr Thr Pro 165170175 Pro val Leu Asp Ser Asp Gly
SerRherPherkewsTyr Ser bys Léu Fho 180185190 &/abkAsp & y&rSeflAr§Prp Gin Gin Giy Asn Val Phe
Ser38ys Ser val 1952002 et His Glu Ala Lei’Bifs Asn His Ty Thr GI ?_ys Ser Leu Ser Leu

210215220

Pro Asp val Gly Ser Ser Asp Pro Leu Ser Met val Glu Pro Ser Gln
P 405 . 410 _ 415

Gly Arg Ser Pro Ser Tyr Ala Ser
420

<210> 40 *
<21i> 424

<2372» PRT

<213> Artificial

<22§> '
<223> Fc(l15)FGF2L PL71A

<400> 40
Met Asp Lys Thr His Thr Cys Pro Pro %55 pPro Ala Pro Glu %gu Leu
1 5 ! ‘

Gly Gly Pro Ser val Phe Leu Phe ;go Pro Lys Pro Lys ggp Thr teu
20 _

Met Ile Ser arg Thr pro GTu val Thr Cys val val v§1 Asp val Ser
35 40 4

His Glu Asp Pro Glu val %gs Phe Asn Trp Tyr EST asp Gly val Glu
’ 50 )

val His Asn Ala Lys Thr tys Pro arg Glu Glu Gln Tyr Asn Ser Thr
65 - 70 75 80

Tyr Arg val val ser val Leu Thr val Sgu His Gin Asp Trp Egu Ash
85

Gly Lys Glu Tyr tys Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro
i 131’0 ys eys b 105 110

Tle Glu 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 Gln val
130 - 135 140

-

ser teu Thr Cys teu val Lys Gly Phe Tyr Pro Ser asp Ile Ala val
145 150 155 160
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A-1429-WO-PCT-ART34_ST25.txt 225230235240 Gly Gly Ser His Pro lle Pro Asp Ser Ser Pro Leu
Leo Gin Phe Gly 245250255 Gly Gin Val Arg Gin Arg Tyr Leo Tyr Thr AS 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
Pro Glu Ser Leo Leo Gin Leo Lys Ala Leo Lys Pro Gl)ﬁ 29(3%9?3,90 Val lle Gin-lle Leo Gly val Lys Thr
ser Arg Phe Leo Cys Gin Arg 30@3&6%%’3@2%(5@%% Gcﬁ/ lateo Tyr Gly Ser Leo His Phe Asp Pro
GluAla Gy 325330335 SerPlm ArgoClil es ech ety GlyASThGIfHTYPAsn Val Tyr Gin Ser
340345350 Giu Ala Hi$Bly Leo Pro Leo Hid1® Pro Gly Asn Lys St 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

ProsGly UgTLeetAls PreeGinsPro 1385890385200 Piy AP \?&I“Qﬂggsé?‘sgpﬁsp Pro Leo Ser Met Val Gly
Pro Leo Gin 405448415 Gly Arg Ser Pro*Ser Tyr Ala Ser 420

val Asp Lys Ser Arg frp &ln Gln Gly Asn val Phe Ser Cys ser val
195 ' 200 205 :

Met His Glu Ala Leu #His Asm His Tyr Thr Gin'Lys Ser Leu Ser lLed
210 . 215 220

clv ¢ly ¢ly 61y Gly Ser Gly Gly Gly Ser Gly Gly
gg—g Pro Gly Lys Gly 232)’ y e 235 240

1 His Pro Ile Pro Asp Ser Ser Pro teu Leu Gln Phe Gly
Gly Gly Ser i 245 250 255,

val Ar 'Gin Arg Tyr Leu Tyr Thr Asp Asp Ala Gln Gin Thr
Gly ¢ln val 268 s 265 270

clu Ala His Leu Glu Ile arg Glu Asp Gly Thr val Gly Gly Ala Ala
C 275 280 : 285

. . ‘ ' .
Asp Gln Ser Pro Glu Ser Leu Leu Gin Leu Lys Ala Leu Lys Pro Gly
P 290 s 295 300

3 e gln Tle teu Gly val Lys Thr ser Arg Phe Leu Cys Gin Arg
éﬁé Tie Gin Tle te 310 ' 315 320

1 Aia.Leu Tyr Gly Ser Leu His Phe Asp Pro Glu ala Cys
Pro Asp 6Ly 325 Y 330 335

Arg Glu Leu Leu Leu Glu Asp Gly Tyr Asn val Tyr Gin Ser
ser Phe Arg 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 Pro Arg GWy pro Ala Arg Phe Leu Pro Leu Pro Gly
370 375 380

Leu Pro Pro Ata Pro pro Glu Pro Pro Gly Ile Leu Ala Pro Gln Pro
385 390 395 400

1 &ly ser Ser Asp Pro Leu Ser Met val Gly Ala ser Gin
Fro Asp va d 405 P 410 _ 415

Gly Arg Ser Pro Ser Tyr Ala ser
420 :
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C 210>
w211
<21Z2>
<Z213>

<220
<223

<400>

41
424
PRT

artificial

_ A-1420-WO-PCT-ART34_ST25.1xt

Fe(15)FGFZ1 s172L

41

Met AsSp LysS
1

Gly

Met

His

val

&5
©OTyr
T Gly
Ile
val
Ser
145

Glu

Pro

Met

Ser

Gly

Iie

Glu

50

His

Arg

LYS

Glu

Tyr

Leu

Trp

val

ASD

His

210

Pro

Pro
Ser
35
ASp
Asn
val
Glu
Lys
115
Thr

Thr

Glu

Gly

Thr His Thr Cys

Ser
20
Arg
Pro
ala
val
Tyr
100
Thr
Ley
Cys

ser

Ala.

LYS

5
val
Thr
Glu
Lys
ser
g5
Lys
Tie
Fro
Leu
ASN
163

ser

Arg

Phe

Pro

val

Thr

70

val

Cys

Ser

Pro

vatl

150

Gy

1 His

(4]
et
b

ey

Glu

Lys
Lek
LYS
LYS
Ser
135
LYys
Gin

Gly

Asn
215

Gly

Fro

rhe

va't

40

rhe

Pro

Thr

val

Ata

120

ArgG

Gly

Pro

ser

n

3 ad

His

Pro

Pro

25

Thr

AST

Arg

val

ser

105

LYS

Asp

Phe

Glu

ehe

185

Gly

Tyr

_GTy

Cys Pro
10
Pro Lys
Cys val
Tﬁp Tyt
Glu Glu
Leu His
50
ASN LYyS
Gly GTn
Glu Ley
Tyr Pro
155
ASH ASN
170
rhe Leu
asn val

Thr Gin

ser Gly

Ald
Pro
val
val
60
Gin
Gln
Ala
Pro
Th%
140
Ser
TYr
Tyr
Phe
Lys

220

Gly
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Pro
Lys
val
45

ASD
Tyr

ASp

Ley

ASD
Lys
Ser
ser
205

Ser

Gly

Glu
ASD
20

ASDP
Gly
AST
Trp
Pro

110

Glu

Ile
Thr
LYS
190
Cys

Leu

Ser

Leu
15
Thr
val
va'l
ser
Leu
95
Ala
Pro
Glin
Ala
Thr
175
Leu
Ser
Ser

Gly

Leu
Lel
ser
Glu
Thr
B0
ASh
Pro
Glin
val
val
160
Pro
Thr

val

Leu



A=1429-WO-PCT-ART34_ST25. Xt
225 230 235 240

aly Gly ser His Pro Ile Pro Asp Ser Ser Pro Leu lLeu Gln Phe Gly
245 250 253

g Gin Arg Tyr Leu Tyr Thr Asp Asp Ala GIn GIn Thr

Gly &ln val Ar
264 265 270

wmard
m

Glu Ala His Leu Glu Ite Arg Glu Asp Gly Thr val ¢ly Gly Ala Ala
275 _ 280 285

Asp Gin Ser Pro Glu Ser Leu Leu Gin Leu LyS Ala Leu Lys Pro Gly
290 ‘ 285 300

val Ile Gln Tle Leu Gly val Lys Thr Ser Arg Phe Leu Cys Glin Arg
305 310 315 320

Pro Asp Gly Ala Leu Tyr Gly Ser Leu His Phe Asp Pro Glu Ala Cys
- 325 330 335

ser phe Arg Glu Leu Leu Leu Glu Asp Gly Tyr Asn val Tyr Gln ser
340 345 350

Giu Ala His Gly Leu Pro Leu wis Leu Pro Gly Asn tys Ser Pro His
355 ’ 360 265

Arg Asp Pro Ala Pro Arg Gly Pre Ala Arg Phe Leu Pro Leu Pro Gly
370 375 380

Ley 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 Pro Leu GIn
405 410 415

Gly Arg ser Pro¢ ser Tyr Ala ser
420
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