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THEREOF This application clainms priority benefit

W@Roow1817Pr ovi si onal Patent Application No. 61POBBSBEX046113

filed June 4, 2008, U. S. Provisional Patent
Application No. 61/058,919 filed 5 June 4, 2008, U. S
Provi si onal Patent Application No. 61/164, 364 fil ed

No. 61/ 175, 730 TRrT Sk AR TSSADUSER B eflch s "
incorporated herein in its entirety. BACKGROUND CF THE

I NVENTI ON 101. Field of the Invention ~ The o
i nventThis ralpple¢aape slairos puerityibenefetiod UrSt RroviswsalefpsoniApgplication No.

DS R RO Y OB S SproCilsrity PR RS R 4B58.919 fited

PeleyAHETORAESS. t&adlsiasaalhpﬁentf@ppncmat N@Q 6m7a6atseh Ifﬂed Mar 27, 2009,
di sorders u5|n? such nucl ei ¢ aci g gpept
THa6N8

Lhéc Bioviséanal datepb Anplistfion Ng. él diled l\éffy t5h8009 cach of
creted ol ypepti de that
rﬁqghﬁpgmﬁﬂaigggﬁ%ﬂnk§?ﬁF broblastpgrgatﬁ factors
(FGFS) t hat includes FGF19 FGF21, and FGF23 (Itoh et

al ., 2004, Trend Cenet. 20: 563- %ﬁ? FGE21 is
atypical FGF in 3%@5@30@1?59&? 1%5@5@19%t and

Functhm§opﬁwqgamngﬁpnne in the regulation of glucose,

ipid, and energy metabolism FGF21 was isol ated
fron1Ehé|m@mﬁmﬁN&ﬂmRbrmryudswaahdpakﬂ@mkmcemmedg FGF21 mutant

factor express in liver ncr.ea
Bﬂap?@ldP%eFQEF‘; ‘ﬂﬁﬁﬁ%rpo P SF@E“?%‘EF‘F%P@P oCOEE’OSmOHS comprising
PGFORIThhd¥nteY Ry Spsiask, iafd | hMBéds - aReERR ittt disorders using such
over expr essi ng G-21 exhibit netaboli¢ phenot ypes of

Bladeic @ﬁldwmlypapedeﬂ ovphormacentiedl gempesitens. t ri gl yceri de
| evel s, and an 25 absence of age-associated type 2
diabetes, i sl et hyperplasia, and obesity.

Phar nBack@oufdbf atninvestiet i on of reconbi nant FGF21
protein in rodent and primate nodels results. in

nor maFOFel iy @@@r@e@polﬁp%ﬁiﬁ that helpgs tq p gukfapily of fibroblast growth
e I r oV

L O O A REOAR| SURLE M TPPY305, v G

aotdiodHey, FEEE21s areaiﬂypesl KGEyn that ghig hmdnbmdabxoet_ﬁdﬂnt lryd functions as

|ncrea3|n energ¥ ndl%é, physi cal 3 activity,
3 HArRNCAR B resyakien ‘ﬁgﬁjté‘iqs Hidiang seergy @rtaholindes
supp OFGFQ Phyvak hﬁ)lat&pﬁ%&o@ h@‘éf%ﬁ%r@%@ %%e?é@clge%reted factor. It is

phar macol ogi cal adm nistration of F
bigbbt eremessat int yyre apd gpradretsemd is s otly maylsiriofiteke FGE, family to be

TR D O T
bR@oBglef -of i A ProRthimBite, A2 Mlakifia k1§ @se aﬁ@%ﬁﬁ?c@tﬁ& Ie¥els, and an

cynonol gus nonkeys, the half-lifeis 5to hour s.

tlbsen® def/eagﬁaﬁ&sgmatqd F&AXL Br otighatest orlslﬁs ehypsrpdasia, and  obesity.
ncr ggogléglcgl ]fmﬁ railot‘ie %tanca)n%bolfla teS L gro?e&%._lg S0d& and primate

plodtlei resulavh nlgoraiaheermaaem ofiaplasrha f @usess] dedalcbdWribBiceride and

| ess frequent dosing of patients being adm nistered

ehpdesierek kvels. aimmpprdeglysosgrtalcsmse g desuba sepsitivity. In addition,

I
FAPEYECeC Bod T A, (lly ot by AEuRAERRAEy sxpenditue, physica
agtivatyi nndaancalsdguence oEx@iihdnihl N@séarch uptdvedes support for the
conprising the substitution of any amino acid for: the
al ani ne residue at position 45, the |eucine residue at
position 86, the |eucine residue at position 98, the
al ani ne residue at position 111, the al ani ne residue
at position 129, the 15 glycine residue at position
170, the proline residue at position 171 or the serine
residue at position 172, and conbi nations thereof In
one enbodi nent the isol ated pol ypepti de conprises the
substitution of any amino acid for: the | eucine
resi due at position 98 the prollne reS|due at 171 or
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tryptophan, or tyrosine residue at position 171; (x) a
| euci ne or threonine residue at position 172; or (Xxi)

wa@pooanghimi ne or glutami c acid residue at posi tPORNUSZ89/046113

and (b) at | east one am no acid substitution that is:
(i) an arginine, glutamc acid, or |ysine residue at
position 26; (ii) an arginine, glutamc acid,

| ut am ne, |ne or t esi due
Bt eipyical dantndie peEERRL 15 BEaRTh og aibeCF Pieba. obesity.
8YsHpRichfa, adt BHRIhetB61i6 cortitiGisHR disefdcsEhimghanhgsi due at
position 58; (v) an alanine, arginine, glutamc acid,

or |yBumenrigsiiubasae shodi halbhfes viggi )Inamicsl gl half- life of human
[ L ... Cysteine, .or histi n

BEEO P Fiio DDEL AR P SrR R ok B, i huflyRIR &l Rl hours. n

3@4elc(p\1’1hg h) F@R2 Bhasitingor @@kgl@ i thrap ainutlﬁmd:tr@emam of type 2 diabetes,

| ysine, or serine residue at p05|t|on 88; (ix) an
ait gicrapein kalshife weuld Gp desirmble. G2 1 prl)g:ugq lmvg}g #eenhanced half-life

n 0
l)v)éﬁfdncﬁlnog&p %or lgg ?I&ilﬁﬁt ﬁgﬁﬁg o Pgttlerr]lgs ﬁélhé %pﬁl?rﬁ%etfgéglé?groteln. Such
pﬁ&ﬂdyﬁeabypmsdhﬁemm99 (X|) a IyS|ne or threonine

resi due at position 111; (xii) an arginine,

aspar agi ne, aspartic acid, glutamc acid, glutanine,

hi sti di ne, or |ysi fﬁ@k or

(xiii) an arglnlng@wI utanﬁ%FgEH%ﬂﬁhlgffi ne | ysi ne,

or tyTbsprescnt @sichhyarcgtroydes dni 1smiat:£8<pply@aph®mmimiahigmnsamino acid

oo e o NG OB caapmiielfe pERY R R Rl Hbid or he

RlaRink Resid@ngl JRitRAAU ek RUBAMIrEMNe {thRshRBhIed BciidResidue at
conprise an am no aci d sequence that is at | east 85

p@m@h?&u the atangel residua pepasttianol ke |tlu: @élqu@ msedu@f at HeeYtipM 129, the
Ir% (#Ju[e at p8§1?1? )1I(7(P %he( g)(m;megsetal t 351t8(n ?'Fl or, the %eér{ne residue at
f)@bﬁﬂid’rﬁflnmedidf ébindthms Rhasemt Iidiose |eﬁﬁ)@ﬂﬁ’néﬁ1@ dlhd llsfé[lﬁéd Polypeptide
provi des an isolated pol ypeptide conprising .20 a
edmpibscachasubstyine of sy smoq widder: halgysing r%ﬂdllleeaéwltlon 98, the
?R)‘Fin@%s%eaa? ol 8#9&5 'tﬁéjlteh(gﬂe I'Jgﬁfue a‘?‘P?s(l @8991{&]%)@%}&1%'6 residue at
ySi ne or 1sol eucli ne residue at pos 1
positiord] Tle, Inl amathien embodinehethy lisdl@od pelypqﬁldé wemptises the substitution

position 20;,(c), an isol eucine, phenyl.a
&“&’si‘fﬁ@o g5pd %Pamﬂbth@elgv%%re&tduﬁ&é PPYIHAN iangdble gfeline residue at
bg@ﬁ&ypnne phenyl al ani ne, or valine residue at

position 22; (e) an al anine or arginine residue at
posi t ifbmprbsmt dsic)osare addogprpnidesan ma]aterd@oﬂﬂspddmcmpns’zfg an amino

o bl e U Bt G 1 Ao B X i

asPabhife, a6d16hciky Yra§ife ridR of botisLIDAR) @thlstldlne leucine, or
position 170; (i) an al ani ne, arginine, asparagine,

algqyadadamnea@sldue @tylytsélonéo Giiyemiso u@@ﬁwhegyl@taamen@rOSIHG or valine
Syd%?op 051‘['1081{ ij (1 Cé)lél 1%0261%02%6 %Eéﬁyrl]qarbl% S’ Va 1nczl_t)3i1du? Sposmon 22;

(9 umi aﬂemhesur dnﬂ@nﬁhb 1Psigid hoPosliiali 180; (vK) axﬁmlaﬂlmldﬂwaﬁn@ lresidue at
glutam c acid residue at position 173 and

BOERtbI Wet(VBha hﬁﬁlérr@o%eupweomené%men@hfvalerrfferenslégﬁ @tgosition 152;

ﬁftllé)oéhs%llgllllgg e%ée;!ra e pa[sgétltlg Qeid® tén@e dac?df%qjﬂhﬁﬁfét proline, or
pept an C rise an am am

bdraie remdat altepmshtloﬂ\NWQ,OO&) TAQATAARRET /at@&ﬁ@9éﬁﬂﬁa’.gh& 8partic acid,

REASE shiSiertlon BNbISET GRS B GAE 5SS, SR, Bronine,

substitution of (a)-(k) is not further nDdIerd

The present disclosure further provides an isolated

pol ypepti de conprising an anigﬁ]acid sequence of SEQ

ID NO 4 having at | east one 1no acid substitution

that is: 5 (a) an arginine, glutamc acid, or |ysine

residue at position 26; (b) an arginine, glutamc

acid, glutam ne, lysine, or threonine residue at

p03|t|on 45; (c) a threonlne reS|due at p03|t|on 52;

L - o,
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5 present invention can be fused to a heterol ogous

am no acid sequence, optionally via a linker, such as
GHBFEBEAGCSCCEES (SEQ I D NO 23). The het er ol oR@ES2009/046113
am no acid sequence can be an 1gG constant domai n or
fragment thereof, such as the am no acid sequence of

SEQ ID NGO 13. Such fusion pol ypepti des di scl osed

ggreln can also fo

BEPBnits SieSBe sRuoNE 2 PGP RAdLult ca s frpgtine residue at
BONIRSH $1NGr t(ﬂ? al A RRO bi %l%ﬁm‘ﬁb 261dasgdud@rRisiioNd38and (b) at least
phar maceut i ca |y acceptabl e fornul ation agent. Such
plhﬁaammoe@md csalbstlélmqnotélat iso 1(115‘1 apaavgivency gbdarmie @@rﬂlﬂi@@ine residue at

netabollc i sor,de

BT 2Bl VAT P St BORURRerRE: bRReTR REtepine residue at

poti@n45; diiP hanesiay kdsidle o€ poRIEGH 52,91 ) @fcytmepslagant acid, glycine,

I nvention. Metabolic disorders that can be 15treated

PIHEIE o uard thesitign @8 ob\é@ta}anlne argining sguigpdg peiddoraiyeine residue

i.d c t

%ﬁdﬁgfeo%?ﬁogg‘g gll% glgﬁ%& %@é&h g#rﬁec‘mg rb(f%%tﬂ%} @Sdue at posmon 78; (vii)

e @pyeins ionghisoitine meséduei &t pasitidn 86| edii) exs ahnmeha%tmmel ghﬁarmc acid,

f nmpri sing such nucleic acid nolecules. Truncated

Yo Oéfse’flﬂ% 6631%% Bt ipaEtign SSEGY DN e, CYiteige, glutamic acid,

glu%‘hluﬁé efrjy 1nEn012(9hr¥§1{1h9 ‘%ésﬁl’ébé’tdh]&?ﬁkfrﬁ 9§; h peﬁl ¥ hé,dﬁspartlc acid,
an conpri se: an am no-term na tru atlo no

opt@nd, kcarglataam acldalcmduar es poues) 9%henehrdysihe or threonine residue at

BRINEE) RIS, SRS FRGBEOBSLEESRS 4By S,

hRAdind %rqmlﬁ@ réfdud af PSLiHNE$20; WKL) AnaRAniAE] MBRRiE B8, histidine,
i s capabl e of | owering bl ood glucose in a mahmal ; or

sincaer tarasing-resdyd ataiositionn a4t andmoaﬁlwomaﬂ@rqotiahl @c embodiment

?}eurﬁ%lgltl? %tnporosggonndgﬁg and 25a (gﬁ{ebr%élﬁu% 80%,1%0811I (lijl is proline, and in

Wik & omboldEng@ kh@ﬁﬂﬁpe@ﬁdé Satﬁ@ﬁﬁlﬁls@ aﬁfanhﬁty\@dld @@N@h@Qﬁa‘[ is at least
Iucose in a manal The present disclosure

dariergngantigalip g 8igo gpid %wea@%af $EQIIBING hibuit thcwat the at least

GRS oD S0 P SETR s Pt
FGF21Thepesstntf distabut@addigoallpheovidexare nsotateahpblypeptlde comprising

conprising the am _no 30aci d sequence of SEQ
HhanEoRcid e duencs Of Eﬁm@ NEs A dgsing & ?%%téﬂleé‘%%‘? pgl @%laﬁtltuﬂon that

{s0(a) thBulaBHEd, DRidES i8Iy @he ROBILE 'apﬁos%sotﬁm () ShXEHAE, leucine, or

reS|due has been substituted for
2091l 97 RATE WSAGNEN02(6 1damisalkudee, phsindaleniat, tyrosine, or valine

05|t| n 171. odi he |ink r se
BSRubahie i eabatRiA e e el 55 S & positon 22:
ﬁl%cﬁnh@lﬁmhg%r'ﬂ iRNgtiand a€lepdtion 930, Gf?rﬁﬁrdlﬁﬁnesagvlaﬁle residuc at
13. I n anot her enbodi nent, the 11 nker sequence

poifiorn bl @@Q@M@%pbw@w@lmr a3lneaesiduhat pc@@on 152; (h)

SEUFHB, 0 AR b SRR IR0 5 e

tuginthd) uspigihd)@spdrikacid) Sysfdmsee(gldtﬂnicmeld;glmrmnauglyeﬁle histidine,

the 1gG constant donmain and the N term nus of

bemea Serincafrepng, (fEetoRgnt Ao IOTRG AFsHive %SfPOtSW@nI 17r1kér) a leucine
[ S

AR L SLREEI TR SRy B BHENRS oF Bl LALLMt AE b pgifon 173: and

oarhbindti@s thaneit Incar ékﬁ?oc&hmmtl the raiddeeam$)t)51ﬁme ldminproline, and in

acid substitution that .is: a. phenyl.al ani ne,

prashqregibodimght the palwacprde b %Sﬁ@ngﬁﬂ%w Pesiicrcrohat is at least

(b) a glutamc acid, glycine, proline, or serine at

position 180; or (c) a lysine, glycine, threonine,

al ani ne, leucine, or proline g} position 181 and can

further conprise 1 to 10 am no acid residues fused to

the Ctermnus of the FGF21 nutant, and the 1 to 10

am no acid residues, and can be any am no acid, for 15

exanpl e, one or nore residues selected fromthe group

conS|st|ng of egC|ne prollne and conbi nati ons

o o Y T LT o I Y T
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5conprising such nucleic acid nol ecul es.
Speci fic enbodi nents of the present invention wl|

whewomeievi dent fromthe foll owi ng nore det ai | BGI/US2009/046113

description of certain enbodi nents and the cl ai ns.
BRI EF DESCRI PTI ON OF THE DRAW NGS 10Fi gures 1A- 1B show
the results of an ELK-luciferase activity assay

FG21 t t t 7-181 d )
B8 Ph s tiiesl Tnfhesrane s ey on, e 1By K it Wherein the at
feudt e ahridd/ doid dubkBRitioR B (b=(EPHR noFfgmeembBlicdeach panel

shows the results obtained for a human FG-21 control.
Fi gur €hQ ps¢senisdistliesure Juithes pbvides Bn Ksdlafed frobypsptide comprising an

act|V|t assa a. 15h FGE21 cont o
aftrolisk! BBSRY P SELCTSO: Alvdinte S S Ftie 00yl prion tacis
(@) b8 largiBine 1 itandic 28@, od ydiA8 residuke/at, poditibd @6; Ib)lahSarginine, glutamic

1-174, 1-173, 1-172, 9-181, and 1- 149. Fi gure 3
atidnalutaming | lygac.gerudenaincetesidye whagukew 45hH (9 %éhreonme residuc at

%%%tzoﬁ* 5 (P BT R b st R AR (o) an aanine

girdye, beuhnman dcid; ])8 ]lys(lﬁft irgypdvedatbpasition? 66 (f)ra@ aﬂamhe,V\ﬁglmne or

he percent chan in bl ood gl ucose, | evel s neas
heaehs AFadtcedf R SHHPPES (b g e Easidyy at pRsipen ﬁé@g) an arginine,
gﬁ%ﬁ@'ac( IV RRRD | n%shﬁ&'cﬁsthreoﬁ{net Irek‘l'aﬁé“aﬁ ofifiofr %Z%g an arginine,
usion proteins conprising amno acid I dues 5-181
dspatticdadid,i cyntginesdr glutatnic b8l 1esiden at pmmrgi %%)(1) a:l}gineeorahreonine

shows t he erc ange in.blood glucose | eve
FFélé(%lﬁr%th? glgtl ég) J grlc’gpglae \Aﬁtspﬁl%gllég (a§]a)a[rpé acid, glutamic acid,

glﬂﬂﬁ@)mmﬁh&@%gﬂmf&re@mb Pbodit¥n 18®RAMCAY @Hgﬁﬁae gutamic acid,

runcated FGF21- fusion protein conprising residues
histidige, (lsz@llnﬁ,dort fyFasigl r@@l}iue e pesitionu hititeaad ovémb@'amns thereof. In one
F %Cg men S;) ngrlessihl? £u§1 g& bsr eriglhnq}\}':?etsaﬁ 1}]izai'n nﬁbodlment the
bd')lsqdépﬂld@ a0 FBin ﬁﬁ@@hymimsa&lé pREERRNBA Y af le@sﬂ\@) percent identical to
ana ysi s of a human FcéSEFGFZl control sanple (Figure

the) anding asitrprasness o38EQCIE N1 b lar\abmemrt@ﬁq% ast gpe @mino acid

24 hours (Sanple D24,

éﬁ@@g§§§eb?ﬂg§%% %%%gn( aﬁ%le D48; Figure 6D) after
i nj ectd variou\ONHOABNEAQ 1A PAITHEBRIB0 AlsOWSAdL Berein can further comprise
Figures 7A:7D show the results if LC anal ysi
ﬁt&ﬁ%ﬁapp%ﬁma@rwgwbﬁwaﬂn &@#zﬂl?@)aﬁ&leeﬂﬁ PEe. RR ?él?anme serine or
Fei8 pddvioR 1D, Rfanfit G ELERL Ffo WP iRt Bb&iGon 180;
gt'%G I’?ogrs 0San'p%l)népE% |gSre %é)l, ’215}0 oursS San‘p?g on o
€24 lyshg gherC)hrecnt, 4Enh1@ul6901(1§a1mr(dnﬁza8posﬁmcgul%l alﬁi)can further

P canin Y8 po S B Gy BB, and can

higjHarR | T t rh &
VAR o Lo i,

hBQVQHQEH@MHQ&HQEPH§W¥@®H$ﬁF€© f.i on. Fi gur es

gg:Z ?{I}ig%vf_\n’)utsgegx}ﬁo%% s, airrp? égoﬁp_’vélc%n %Qj&?os%d eléegl m%:iln cornPrlse (a) an

omdlcABhEC tahavionf b6 MdN Bercathad Boumsnd Ric@uiresidukd, wherein the
9B), 24 hours_ (Figure 9C and 48 hours (Figure 9D
polyBeptidgjis eanagle, of lowering; @9@&“@@%&@@%@& {{ea carboxyl-terminal

ELRRUAIBERL ok DRI HART A b, AP ppidg et o

(o oging ©1ddiBgluSER inDr MaEniZ6gl; dusd)am mmbeenmﬁnéllmrmam of no more

intg mce. Figure 11 sho e blo ucos | evel s

ead TS aﬁldﬁg%}éuqsrﬁné Stpow L ferpisg oy ryECigh oF go B35 than 12 amino
Fc(15)FGF21 (open bar), or the Fc(15)FG-21 nutants
Fc(15) FGF21 G170E (gray bar), Fc(15)FG21 P171A
(stippled bar), Fc(15)FG21 S%FZL (open di agonal |y
crosshat ched bar), Fc(15)FG21" GL70E/ P171A/ S172L
(solid horizontally crosshatched bar), or Fc(15)FG21
Gl5 1A (open diagonally crosshatched bar). Figure 12
shows the percent change in blood glucose |evels

neasured in mce 20 |nJected mnth PBS (SO|Id

o o ™ AT\ N A o o
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mut ants Fc(15) FGF21 P150A/ GL51A/ 1152V (solid inverted
triangles), Fc(15)FG21 WO

WQO®9/14%9171PCT/ US2009/ 046113 GL70E (open i nveP@ETUS2009/046113
triangles), Fc(15)FG-21 G170E/ P171A (solid circles),
or Fc(15) FGF21 GL70E/5172L (open circles).
Figure 15 shows the blood gl ucose Ievels nmeasured in

m.ce injected wt Ildba) chl F 1 .

Fif e (VS PerDs e b JsrCBIb oI CEbed Gicose in a

GEhAni(gray bar), Fc(15)FGF21 GL70C (open crosshat ched

bar), Fc(15)FG21 GL70D (gray and white bar),

Fc ( 15)rem] ergidiNeits ohe @Ob'p@wi;i@atdtshb)dedobnryip cgn be covalently linked
15 FGF21 705 S ched.bar). .

E’é 18" %%Whé c% PGS i ﬂ‘&é emﬁ"’@‘r“%%%* gieupggreptides of the

b@yﬁitsn\maﬁsy lc@l be Fud¥dae al yt@elogdudrhinthoRB& (&@bhdt, optionally via a

ci rcI es or t he Fc 15) FGF21 nutants Fc(15 FGFZl GL70E
SGH GEEABEQ 3 ANQs8p). d The heterologous amino

b ??@?’ﬁ%@%ﬁan@%féﬁéﬁ?i St et P rh A iPdigh sy g grmino acid

$caperceds fa3HQ d D) NOor3. FE(db)usienZiol aeplbey disslescddettrainldad also form
triangl es). Figure 17 shows the bl ood gl ucose

8PS measured in nmice injected with PBS (solid bar)
or Uy RS FRELL AN, B IO EER L RLIR (AR comprisin
bar), FcPls FGE21 15 %&B?ﬁzl% ay bar) . %50 Foppq PrsIng He
Rlypdtidssl dlmtlased) dehat civdda @mﬁnad@u@dﬁbyF@iﬁbptaBtb? I(Qnulatlon agent.

S5 DRSS Remna ik 5 W Foa SRAhGY KRR metabolic

FisGMEE ah8 (RO aWehddNDiRIs6E MmmNARER foha RIAS patidhe @S Beed thereof a
| evel s neasured in mce injected wth PBS (sol i d

pharglaeglficalr carposition 1) iGpraseniu naantéon-c MesibolrF 2iisogicro Ehat can be

Cik S Fc(15) FGF21 P171E (solid
%Patéfﬁéllc gf dlﬁ%g%iéﬁl%&&%ityPl?lH (open triangles),
Fc( 15hKeFAbvided 1L (soRkdddnicbldemasidstholeb@ésl ) dodmg1thPpolybeptides of
éqopen di anonds), or Fc(15) FGF21 P171Y (solid squares).
selQpssheragm apgTs | sHoiRCioReCHaR NS UGh nEd@W@cahan@glﬂlgs gd host cells
le (Figure 19A) and sanpl es

& aﬁm&#%‘&%%%lgﬁgm{&h@@ggours (Figure 19B), 24 25
hour sT{uricaiad ot BCPf thn polPepraler of SEQQUD eNQUDreadlb@rdisclosed. In
i nj em%{ﬁﬁg F ures . 20A- 20D show the results of :
YaIqus cabadipagnis e nofynepidesyarcgomprisey ae&ml%ref%wg frgncation of
ﬁé): U6 &hAPR) aring &msﬁﬁe@fwﬁ&él%sﬁlgﬁ:&#eﬁag & BIABR of lowering

fromnmce at 6 hours (Figure 2 ours Flgure
moagi glumnst & haumsl; (B fgcmbommalﬁetl ¢runiatjoactfinormore than 12 amino

21A-21D show the results L

S HE RS CESTop T B B G o1 SRilgI € (PG Uiee Do) Hucose in a

ﬁﬁﬂm%ﬁn&l @ a® hmrfel bhintiddn Bhdr 6F A6 awve fHaR® 4Fhies adld rBsidues and
hour s (Fl gure 21B), 24 (Figure 21C), and 48 hours

¢ Riathergl ‘@y_r@)nahfcmgeatjonj @fcng @ppre \Nmn 12 amino acid residues, wherein the

Bl R Y i SR ok tpense in Epftd, 200 222,

S172L Theptdsont disdipduee éﬂ'—dlgblﬂiaﬁly%ﬁ&qda@ dn Sﬁﬁﬁbd&?p‘us@cﬁn protein that can
Fc(15) FG-21 S172L drawn frommce at 6 hours g
carpprisep fa)rrules) eqnsiint domeiy (Do inky seguenge (fvﬁegdp h@gﬁi constant

B0EL MALETH PO LTS Fo OGO ARG e e amino

fdrd gequen@3eX, SIBE(IDINDN@M&)Qm EIB(ahEa)rEﬁ-'t%]remﬂé)Eas(Héleg wulsstituted for
B, SEQ I D NO 26 5) FGF21 P171A e 23C, .SE

Zhﬁ ]ﬂﬁflﬁe/)r“l‘ialﬁdatFE%SitS%ané‘i} den g Em(eF‘ie&Glg h3y ﬂeeers@%%“e% for the

NG 28) fusion proteins injected in mce. Fi gures

24A-24C show the results of an ELK-luciferase activity

assay perfornmed on the FGF21 tants FGF21 L99R, FGF21

L99D, and FGF21 Al 11T (Figure 24A); the 10 FGR21

mut ants FGF21 Al 29D, FGF21 Al 29Q and FGF21 A134K

(Figure 24B); and the FGF21 nmutants FGF21 A134Y, FGF21

A134E, and FGF21 Al 29K (Fi gure 24C); each panel shows

the results obt ai ned for a human FGF21 control

S N A SN~ . o o — 7 L
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WD 2009/ 149171PCT/ US2009/ 046113 nut ants Fc(15) FGF21
6- 181/ GL70E (solid di anonds), Fc(15) FGF21 A45K/ GL70E

W@ opendgquar es), Fc(15)FG21 P171E (solid tri angl/es3009/046113

Fc(15) FGF21 P171A (crosses), Fc(15)FG21 GL70E (open
triangles) , and an FGF21 control (solid circles)
follow ng i ncubation at 4C for 1, 4, and 8 days, and

{):1!*9 %{: E?ﬁz]fg% ai}tawgitlk&%rﬂq.r Elggqﬂ%leesrg@sdgrﬁw%{ﬁn%ehgﬁ@rs ré%él%héesca%f comprise
GOGOESGGRYKESGIRASHE D NDMB P end Ml St thW Lolts EBRtant domain can

(vehicle) (solid circles) or the Fc(15)FG-21 nutants '
Fa(ieFSEQ1IIMSRY G170 ogther einbediosht, the (MBPF@RREnce comprises

(oot GRERS (PP 8721 B T SRR G agpap comprises he

S 228 §da@edR@SIFISED Ob N B Kiml didli dn@ s emd6diént the N terminus of
assay performed on human FGF21 (solid circles, solid |
fherunker isdusedtp the((o fsamingis o fhed gGesonstant dopyn apslthe N terminus of the
7 i . i . tt Lj .
EELaF Byt PR oo Ci8unfys of PR, R ERoscd Riflon proteins can
feeimghtltiaggy. egat es observed after nine days at room
temperature (Figyre 31 and .at 4C (Figure 31B) for
15FGFELVTEW (Cgop %ﬁlﬂé%@ $eifigen prodyin. e Yk} igpespmponent can
Sérflﬁtlis%' at %0k{ She! a'rrﬂﬁt% aﬁﬁ‘gulj):s‘ﬁ’aﬁ%%ﬁatlig%g &) %Y&gaqa%%é, ?roline, alanine,
triangles, dotted line). Figure 32 1§ a series
sdfrinkbiDElymms sat sppstgiono hEL r(p) tar gloesnis heovd, ngly obs eprobuk, or serine at
chan ei (tn Fc- FGF21 L98R/ Pé_tzflG.at \iar.i oys poi nts qver ..
BoSt Elrort(Chi pets &1 gtireT 33 %%mlae,ﬂfﬂ TS RORF Y at position
| SeaREEHEMttheN@RgRiseN B 100Mhidb WeRSBsil®%FuSed B tROCOHBrminus of the
20 mce for each of a PBS vehicle control (open ' '
EGFE1 emytantwiandi they o nbdk amimo RGRD 1es(digh.i ahdsepnabe 8l agmiep acid, for

the FGF21 nmutants. | 98R, P171G ('hnverted solid . .
bl 08 ST BB S da et B B SR S Rbgor tyine protne and
t@8RnatithéI6zred82G (solid circles). Figure 34 is

a plot show ng the percent change in bl OOdfél ucose

| evel i ptHl aBchsmbpdigengy ofethe Huypn Frepg, thenfeFal epiant omponent

ol i cir ) AN E . X . .
(20}t G P ROl S AGRIAOR Sppofi SRhb i rosiducs.
the@ingltles polyh&8ide R1dApehic 182 EwWesmii blodd aimods )in andhammal; (b) a
L98R, P171G, 182P (open di armntgs). . Figure 35 is |
gar %tl-t%tﬁawlnfgurmwbeﬁc%tm%ﬁa g 1n a%woam& f5eigugs, wherein the
P@l\ﬁﬁéﬁﬁid!e s Qagfagf% JFIGRerd Y LIBEE glugf)se"ﬁn RERaMEAl; Ok ﬁ%)ca%rﬂnﬁiﬁb-terminal

open circles), and the FG21I nutants L98R, P171G
{rendatidn ofj wames ;thdr08 Rmimke 7didresydizd sind epenbaxyl-semglires Yruncation of

T TS AR, e L R oo
bRel igthceld @l £ehmmAD ROARAHA SbbERIIMYSIROPEFO46dikdt component of a

Figure 36 is a plot show ng the percent change in o
Bissadrgicinceaeonpyies an pmingtycabsogienseftiont ivatdprsoBS acrpay identical to

hicle_caontraol j (N¥S nd. t FGE21 n .
Gl Ea 59 et S A1BYJ6! bk AR RS GTEgE fUBRRIR residues
hicin@0 @lrés) modiiddL98R, P171G Al80E (open di anonds).
5Figure 37 is a diagram graphically depicting the .
st udy Thegregent dieloguigi alsoprakidgorirr@aeartistli Ompesiggys comprising the
PR G R A e i A e R B mulion. agent
Sti¢hpphachasgutizel sornpakitoats echnblbeoo astddimawanédthod Hier fredding a metabolic

tate. Figures, 38A-D.s series of plots depictin

stiachhs Haafe (BFRESES AN F§TIPE i Ghiyaan SRessrp Meed thrcof a
profiles, OGIT AUCs and body wei ght; Figure 38A

depi cts baseline glucose |levels in OGIT1, solid square
corresponds to group A solid circle, solid line

corresponds to group B and open circle, dashed |ine
corresponds to group C before conpounds or vehicle

wer e assigned to each group; Figure 38B depicts

basel i ne gl ucose levels in OGIT2, solid square

corresponds to group A solid circle, solid Iine

o o I AP i e T -
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30 weeks 5 and 6 at the high dose and stippled bars 7
and 8 correspond to weeks 7 and 8 during the washout

W@ervae171 WO 2009/ 149171PCT/ US2009/ 046113 PCHUSING046113

41 is a plot showng the effects of vehicle, FG-21 and
Fc- FGF21(RG), given at the high dose, on fed insulin
| evel s of Rhesus nonkeys acquired during weeks 5 and 6

Bt Bt R o PR et TR e oMAERse Eoider dhat can be

g@ggﬂﬁghhggu%gggg§@o@ﬁg iles of OGIT5 perforned at the
end of the two week high-dose treatnent with

Fc- FGALD(Royided girg dsodited nagleisoddidi nidleralesoencedipgritie fusgon protein

FGF2
1ﬁg10§%1|eheam€’r avsrl]ecgir%rveeg%)ﬁ %i)tﬁ‘l}?rﬁén%%lrcﬁ glé%lglﬁt cilgld? rgolte(c)ules andlhost cells
Esm {REnuckicgidiEmRciles.a pl ot showi ng the insulin

profiles of OGITS perforned at the end of 10 the two
week APYfIG 68 @odinateh thavresert cnpegton( R b e%qmq gvident from the

Bl mBR o s RO ARG s S ARy

triangle, solid I|ne corresponds to Fc- FGFZl(FKE

Figure 44 is a plot show ng the ucose OGIT AUCL-3
fotor i mad ot BRERRESOR B o B R AR NG T o

and hF%l[l egq e)lB%ontvl'iﬁe &ﬁ%’ffaMKMﬁclf&&% Rcf@fPassay performed on

corres 15 to ted from gl ucose
thedsuF Zinentsitidol rrmrtgntm'-l'ﬂgi argloB41d1 lhRgsrec bA) esptedFEGB21 truncation

BT dcldh: Bal 8- cof R baBint P4 RORSE QAo ghel GAng i the results

Qﬂ)tﬁﬁ@§%ﬂﬁqﬁﬁ1‘rﬁnef@ﬂﬂﬂscdﬁ%l ng OGITS. Figure 45 is
aph showi ng the effects of vehicle, FGF21 and

Fc F gll(eR@)sh@ws dleq tasnlts of am il K-usifictras @riivity afsay merformed on a
aste S c Iev Is fromea rQup
E gﬁ%h? eyaga it E{of,bg?kt) %agsgofégegp 131 5‘1%1 7-181, 8-
\I\&Eklslgb andgzlawuhem qm@psamopem har®, 8- Rmdanfhl 149.
correspond to weeks 3 and 4 at the nid dose sol
bars Blgid3 ehews rtbe hined glycasedrecls megsnred ap npige uﬁpgﬁd with PBS
d [ b
&ggg &QB hﬁfn gj(%abslh%@rog éoI?énaigLﬁI) %rctﬁé Ptgut{ggtlwf' ﬁﬁﬁants 8-181
mmbm@aﬁb@Jﬁleﬁm@kﬁﬂm@lycer|de Ievels fron1each group
of 25_t he Rhesus nkeys; as neas uring the fifth . .
and sFigUF WS ghe PRESPienegiip H;fQRéﬂg C%SG le?ﬂsureg n mice

Eﬁeclt:e@: wikh BBS @blid E‘l‘?clgﬁggﬁl foser2shafed Rt )Sq(ofogﬁ ER8SPYNE: truncated
to week 5 and solid rs correspond to wee
Ee-giaite 1 4usips paotpine tcosipowing giniinel iaviddgsiduesohit 81 (fe@GXtiangles) or 7-

Eg g}s neasE red at pre-dose, and 5, 12, 19, and 26
L OPCRAANEICShnl es acquired at approxi mately 21 hours

af t er Figdf: 8ahBwk Nhe Gt LAt CE&&%Q rg Wéod §luRkoR RivelS r}ﬁ&dsﬁ&d in mice
I ndi vi dual nonkey Fc-FGF21( | evel s neasured at

)
pooeydwsh PRSCErUS20094)0 46 T3 2prhe- chosel (Wild (@enlczrclem a truncated
ggﬁ%?g S‘g%gl’l gc%[&l ncj%glﬁllisg%.r%ﬁgu leg7ées%{18§1§r§?gglesg,yogl o runcated Fc-
EGFSM PELtER BOMP LKA L AnkiraS édﬂ@ﬁesfdhefﬁﬁ?ll (pd tiangfésh21( RG)
| evel s. neasured fromthe three OGITs perfornmed
f ol | ofiguErsed Pl phewhe dwultrfn of Betid sHirmatassekly-maps geeptrometry
0 0

ﬁ ?Vé§ p%{r? ﬁ &d&%l%%;tﬁséﬁﬁéFﬁp%o otgdg sgngfe' gﬁ%l E%A?aarna samples of

Ec(lﬁbl%ﬁlﬁﬂ)ln dralwm o Timicat att dotnis gSapkeD6 DEpAFd_EB), 24 hours (Sample

Pl gt gsmimots D4k HGe A omer elfsdes

half-llfe 10 and/ or decreased aggregation can be
prepared using the methods discl osed herein and
standard nol ecul ar bi ol ogy nethods. Optionally, the
hal f-1ife can be further extended by fusing an

anti body, or portion thereof, to the N-term nal or
Ctermnal end of the wild-type FGF21 sequence. It is
al so possible to further extend the half-life or
decrease aggregatlon of the wi | d- type FGF21 proteln by

o - R 4 a a A~
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1. General Definitions 25The term "i sol ated nucl eic
acid nolecule" refers to a nucleic acid nol ecul e of

w0 b@oitgpaent i on that (1) has been separated fr oPEEUS2009/046113

| east about 50 percent of proteins, |ipids,
car bohydrates, or other materials with which it is
naturally found when total nucleic acid is isolated

fromihe so cells, (2).is..not lLinked to all or a. .
por 1 BRUBR ZAFB SRerI BBFATE TR R Yo dpgamalian-derived
Ruehe FGFaci3gF TRIngeY kﬁn;plb $Figliked) dnd AalpWsF FGI21{PFc drawn from
operably linked to a 30pol ynucleotide which it is not

migekas & hoors (Samateui Figire 7B), 2ddwars(Gampbckid4; iIFrguna? G).end 48 hours

[ f..a | er._pol ypucl eoti de sequence.
g%@ﬁg?gﬁ&ﬁ?gWﬁzEgggFg?ﬁ%Hﬂ%cleic aci d nol ecul e of the
VO 200 uiled KA BCIHoWSER A4 04 &k LI3C M $ 2841 sib Y @AtHPIB)FSF21 control
substantial%X free froma ot her contam natin

ny ng )

paenei(Bigaes @A handeunelss of FetlRdFCEDndamnnEpmsmichat Oalqurs (Figure

i 0. j ; Ad pnterfere
Y ol R AR g SOKLGSRITENL: oo
t her aprutds9A-@Dagnes theaesydtsafiyC-AdS iagalgsis o€ aq @R I(EYFc control
5The term "vector"” is used tq refer to any no| ecul e i
gannje (Figygq e a%f_i: samplps a_g #ﬁ&%l@lﬁgﬁﬁ gy {iddnics at 6 hours (Figure
9B5}Q§ﬁh%ﬁrs“(@?§u&99¢j?faﬁdi ARhHGY f(Fi uft I19SHef flidction _The
term "expression vector" refers to a vector that is
sui t ablgardsot 0A118Bs slorwrethe orbeavhga stios tidanéified dryd LC-MS  analysis of

EOe Rl nt it 21 S0 3P RREED it ha bl Pl dees®e 108, seQ 10

Nash D) f6siak brbtSRAMERERSntoEREESSI on includes, but is
not l'imted 10to, processes such as transcription,

t ransFeurohl shows ANablopd igticass lavelsimeasored iarmicprimisetad with PBS

h " L "o [ f
LT NI R Y X e
{dranbhi) gF 8@ qYRIIEsP B0 A esippiddeshrare( LORGFQUISed20r(open diagonally

assenbled so as to ormtheir usual function. T

f ;
ORIk G e HodA B Ik 4B PH T Hid Alo (seliddearigntally crosshatched
- j l'i cation,
T T P QTR e g B Lo WhalglEy BEF G
sequehare Fdrshexatp perecant wbdngeginsklgué pteoks lapBrabdsyred in mice

[i.nked to a pr er en_th nmoter is abl e of
I Mﬂ@l PBSnégﬁ‘a ;fech%),o?c(éﬁgﬁﬁé CREN §érﬁf‘?gﬁd€. thg, Fe(15)FGE21
' WC it td i :
%%%@%gpggguence,@%2@$3%8R229?§E$Egt?#gﬁgF%%F?g%$ﬁ§pmlangﬁﬁ’
FoUS)FGERYT éXanb| &olidntlemondsn gF (b LTS atGId0EA1 71A/S172L  (open
rans

BB S LR KD TR Bl quence and the

ZprOFEbR!1§%H&ﬁ§ﬂﬁ:E@Bd%hkb&:RﬁeEQﬁ&EGQHQQrﬁQ93ﬁ§Q£&xmﬂ1PBS
i nked”™ to the codi ng sequence The term "host

gelifl" bargy Hed@HFlef(epent %a@, @6l thewlicdB)HEIE2 herutants Fo(15)FGF21
Lo [ sformed wth
DM T R P AR S S
b erd(eshFgee ©f 70D/ Er1@sigrayl dgbdlN ¢rosshudBed b, or Fc(15)FGF21
rogeny of the parent cell, whether or not the progeny
E§78@§i7ﬂeéﬂpenﬁwfw%}yoqr@watﬁhed baryenetic make-up to

th i qi . ‘
pr esen it #4 REGE e paCaf ARG, ALobOR AR GRCHERIPRARUI in mice
tnjectedp ofith pRIRS i (steidofquiahs), PR & SBIFGF2Mventr equardsat o e Fa$5)FGF21

%ﬁ%?ﬁ@%ﬁﬁ@@@f rPﬁ?ﬁ?@'ﬁ?\iﬁlgg%&ogﬁgg?g%&egﬁﬁgles), Fc(15)FGF21

materials with which it is naturally found when
isolated fromthe source cell, (2) is not |inked (by
coval ent or noncoval ent intera&;ion) to all or a
portion of 30a pol ypeptide to ich the "isol ated

pol ypeptide" is linked in nature, (3) is operably

i nked (by coval ent or noncoval ent interaction) to a
pol ypeptide with which it is not WD

2009/ 149171PCT/ US2009/ 046113 linked in nature, or (4)

o e e - -~ . 1 o T |
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25The ternms "FG-21 pol ypeptide nmutant” and "FG-21

mutant" refer to an FGF21 pol ypeptide variant in which
w@2matemal |y occurring FGF21 ami no aci d sequenk€I/baz09/046113

been nodified. Such nodifications include, but are not

limted to, one or nore am no acid substitutions,

i ncl udi ng substitutions with non-naturally occurring

BT 05 epirte ot eF AR L FIEOAT Ol IR A chotig cirtes, o
g%@sw@z@%m@sﬁz’i Bdn AHI@NL S, truncated FGR21

ypeptides, proteolysis-resistant FGF21 nmutants, '
aggr efjrurohs shelus thregblP@F2iucesg tavels, meeFRd o anisk najerted with PBS

PP 0 5P AR ERH O R g oo

ofl 70 A& pitaly fakn gcglhﬁ:@mct}ﬂ 70OC (SpACRdIsPRBhaNshr AIACIZ)BGFI G170D
substitutions of the 21 mutants of the

. FG- , present
(grgsend gyhitet bs), diseboFORg ! &1 70 (b rrsonbatahqdebary@rsFe(15)FGF21

I corresponds to that of the mature
g%?@gg&%ﬁﬁgkggﬁ%%H%gpypeptide. 5In other enbodi nents
of t hBigare$€nhowsndenpéroeht chandeCn2Blopd|gyymepdt idlelsnme@nted in mice
conprjses an _am no acj d sequence that is at |east
fnisid B5oERS el PR _%%eo Feﬁé_)FaFgE%ﬂo RO Tetaugre! GI70E
; | : e
@gﬁl?E@rdl&),’\?c%l%)E@P%ll \é@?fo% r(sﬁﬂﬁ?ﬂcl)ziﬂtgﬁegi[:%b:(g?ﬁ%Fﬂ G170C (open

ferring esira property
poingleept Fd@ Sm@ERENE , GE7QP , (phidt elodmymids), r #s{ISHAGER], G170N  (open

B ot i DRCFRAaeP EIR W BB O her a0

nodi f FRAre 17 sREVEEhMBIOES ol Wosd IdVBR BX&EERYI IRMMRE injected with PBS
residues in the FG21 nut ant segggnce t hat have been

trotifl fiaBdori the §edeIFGIR Icomtaats (b EGIRZS i 61 70Es(opemben, Fo(15)FGF21

PEPLERAL, B0 P A DB QRRHALEY nbaiforat pivio

(Bpe Nross BAUIRIAICBary, aFc (DS FOEQI fPIEDT (stippled bl @r Acl HPREF21 P171Y
FGF21 nmutant QL73E, up to 15 percent of all amno acid

feay ereeshatshedba)han t he glutami c acid residue, which

was s | t ot I I pe J b 7 Lo

coul a Bard st e perter| bt BEoBb Beke Bk casured in mice

g2 pathyPBPt (solléd rirtkent oc oinp Fc@S 3 GIF lamutantadicd 5)FGF21 G170E
equenc hat | t | east abouyt 90 percent, _or about

pin ogirclepy, F@@%@Fég %]Jrlgeﬁﬁolf‘iddé‘ﬁ% . Pe(SHS R Ad71H (open

B e pa S M isthon Y AT ARt T fapen diamonds),

ouf b IFSG 3N L@ dY (salsl sqestest ance or

tion- [ [ t.b
mod 1 1 90" S ARSI BT s P it et LEGF21 contol
Hmple FBizuRNeI AF hhd kindplef dthe WohOmlioeP® fEdlhours (Figure 19B), 24
ol ypept de. h resent invention al so

pti d The pr 1t or
bpassd9Ca, anddBdiogrsdEignrerblarafics igpetsai ng an FGF21
pol ypept id J conpri si and o, ac|
oY PP GRS 3T S IR AL S PRt o
adntivd saapld (BRYUEDIR) afd SaERIdsDMNG 1 AFGBRT GMIOE &rdwn from mice at 6
specific 25 residues‘conferring4a desirable(Property

heyrp ﬁl"@gp:rgi@ﬁ),p%h l}pp,]échFil@ge AP h@nd 48 _h@l_lr’s (Figure 20D) after injection.

Pr ot ] il rINES] SLRAG the LRANCAIRIMSdatydid 6 B Fo(15)FGF21 P171A

aggregati on-reduci ng properties and conbl nati ons

tdrerot eimplaV(Bignat 2 beeandf dantpiharofriedi SHFEH21 Ph7 bA ldeawn from mice at 6
rds,. Wt e exceptiQn o cl eoti des, that encode

ﬁg‘gﬁ 8%reizﬁa§’lr}e4 (%X@’&‘EQE"FS} an 4@5@4‘&{% Z]Sclg“"tet?al )ﬁgt%m!f‘égﬂn-

nodi fied in order to confer proteol ysis-resistance,

aggregation-reduci ng, or other 30properties, about 15

percent of all other nucleotides in the FGF21 nut ant

sequence can be nodified. For “exanple, in the FGF21

mut ant QL73E, up to 15 percent of all nucleotides WO

2009/ 149171PCT/ US2009/ 046113 ot her than the

nucl eoti des encodi ng the glutam c acid residue, which

was substituted for glutam ne at position 173, could

o oy o o o



10

15

20

25

30

The terns "effective anount” and "therapeutically
effective anount" each refer to the anmbunt of an FGF21

wWeiogpepri de nutant used to support an obser vaRdBUB0O®046113

of one 5 or nore biological activities of the
wi | d-type FGF21 pol ypeptide, such as the ability to
| ower bl ood glucose insulin, triglyceride, or

o oo Eb S Y B S5 SuRa RF ha pL AN Srorar sirac

S&RII Tsaﬁq)l'e)(Flgulre 22A)T£}ﬁi §a%ﬁﬂ'és ‘AR rmeerbi salbly drawn from mice at 6
acceptable carrier "physi ol ogi cally acceptabl e

beurp (lélgureélgBus?éldldmgﬁ (é'*‘ igure é?.@} and 48 baersgFignsr 22 D) after injection.

f t bI f 10
LoranEEHERTRERISP! Sy Bt R el e SRTRRR, 2 gD nateis o
Ft(&s}mm1 (a‘igur@emA SBQEIDSNOOM; mlgeailmlca}l7elzqerguwm3B SEQ ID

SR F6roig( e Hll T/o iy 13aSHQ TRANARTS e Rl REOF21 SI72L

| I at are

B PADSPERTRO A3 SRS SR AR B RiTRL  Gen
ant [ gErgutmy24hﬁ%€ @liIBN e ﬂ%&[l&; (iﬂﬂﬂE)IﬂéSuClﬂ@B%bactlﬁtmssay performed
tiv c" refer t o nol ecul ? ar Seayenc

o ied i metogk HOhn- 0 FEanT ahm Aa FOESpad T (Flatits 24A); the
FGFQ![ tn'u[iQnt§ 'P@qu'&?ﬁd Qe M@@ At rQpsly A%4KW‘F?§HE@§4B) and

her nmeans, whet thér in nononmeric or mul
ﬂmrFﬁ}Fh]ndlw:eamS EGﬁthlA‘ll3t4FYe RGhEYjeAt 24fi,omd AGE2 loAilgPRaFigure 24C);

0 bul i.n rce, of the pati is preferab
SRR ar T B RS SBufteddosn bobe FES) kuRiel oba i b,
al t hopghrdsaGh -2519 sh@ath @FcBully &f a%rE]ﬁd lu@RrNRtacM ity stay performed
nol ecul’'es are made up of nononeric pol ypeptides 't

eauthd EcHFiGIRe dnitants Fda-lﬁ@FZb Péﬂ@mFQ Fﬁﬁﬂﬂ d’1f7<b$n@1d0170 FGF21 P171T

BT T B b PR Al VIR PR QLR g 21w and e

bords merme&ngafemﬂmr F@(lsmmn SFdeS)H@JlFQYEAAFSK/GNOE and FGF21
nol ecul es ran es from1l to en |Qg:on cl ass
s Rargrot

Aééi( 51gurea|2é 9 E)ld oFcd g}f@%s égPlﬂ%ngd 19c(15)FGF21
AQ%%G 0 u F#%lg@ ngﬂ %?1 d)a%lfshrggzg e% ?er%glftsf {?’(gﬁ]ﬁ%g \fgr 2!1: ﬁullnﬁn FGF21
corgedt | on of an I gG (see Ellison et al ., 1982, Nucleic

Aci ds_Res. The term "native Ec" a

4071-
her ei Hlaugesg?éﬁeﬁ, oFo t% ﬁggrﬁgﬁtg}peaq ] n¢iigg of élrnea d wfdd type mature
FYkb | ORA {I&lcfu@ THEF2 1 ARu§XR nﬂqgﬁrelc@cSA%O% tﬁ’é’é%ﬂ@@iﬂ p&}%eélt aggregation

sequence i s presented in
fagram PEC2 lvacmtla)ht(WTr, ebhﬂt dlmmndSMdeEGFel MSKe(qoﬂah ciecles) following

glgﬁ]%ﬂ,t]logé) | f I Gélil 9%2}»2{1 %’ gt St bbl% E{%Jlre 26B shows the

E&B@e (1ﬂ%ﬁ%hﬁ|a ieg a[t%ef(’)trchﬁl) FGFQ\I %bﬂ@&l (Wfifb aRgGreat P%C P78R,
Nos.” WD 97/ 346 and WD 96/ 32478 descri be WD

E@@B/ L&@&?LP&@/ @8@%%&@1@%@)1%&@ %2%; |Aelﬁf11§»; Ad$4Y, and
1 O he.sa r C
3L ) BT S e RS SR 60 .

maruamg@ can conprise a nol ecul e or sequence that |s

humani zed from a non- human native Fe. Furthernore,

nati vEIZREE 3OS Eie ealis st ReK-lugiferiss ackimby esay performed on a

g F%FEP%XmP&Oa‘ﬁHd[ﬁe ﬁb‘isé?trﬁ{[té‘dts fﬁ%%ﬁ”ﬁﬁsé@ fFGF521 L52T, and FGF21
glca activit at are not require

Lﬂ&Eon nol ecul es of the FGF21 nutants of the present

i nvent.j on , the term"Fe vari ant
mol ec 1g@reo%81§ éSqaei% shewhe phangs “b?w%gr%%aﬂﬁﬁﬂgw:‘wgaﬁ\‘)@ E(15)FGF21
sites or residues, or in which one or nore Fe sites or

resi dues has be nodified, that affect or are invol ved
in: (1) disulfide bond fornat n, (2) inconpatibility

with a selected host cell, f N-term na
het erogeneity upon expreSS|on in 10 a sel ected host
cell, (4) glycosylation, (5) interaction with

conpl enment, (6) binding to an Fe receptor other than a
salvage receptor or (7) antlbody dependent ceIIuIar
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10( 1) hydr ophobi c: norl eucine, Met, Ala, Val, Leu, Ile;

(2) neutral hydrophilic: Cys, Ser, Thr; (3) acidic:
wo\spo/1@iot (4) basic: Asn, G n, H's, Lys, Arg;PCBHYS2009/046113

resi dues that influence chain orientation: dvy, Pro;

and 15(6)aromatic: Trp, Tyr, Phe. Conservative

substitutions can involve the exchange of a nenber of

o Esna 00 L CRRE PRmeRans AR Vg1 AR 4 TOF (open

WF@?Q%QKS)FGFEIT’OPIHQE‘ @bEd OfrizhBRSE f:b@smzﬁormm (crosses),

mber from anot her cl ass. Desiréd am no acid
EQ(B§)EGHR1| Gh80E wnsnHeanglen s eandaani KEeFdl control (solid circles) following

PRURRNET Gy R AR B8, S0 BLTHT B8 G o BB i iBine he

ARuIBXENRE afcubg(tfwt not limting) list of amno acid
substitutions is set forth in Table 1. Table 1 Amn

Aci d Bighgx 29 shewhghechlpgil mhicore kavaleneasuied| iarmpice injected with PBS
@%ﬁ&@g@&a&?&é& %eyﬁ‘é Rf(ggﬁ%ﬂj’&s%lﬁfégﬁl'ﬁg% 5)%321 ASISIEN70E (open
circles), Fc(15)FGF21 A45K/P171G (solid triangles), or Fc(15)FGF21 L98R/P171G
(open triangles).

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

Figure 31 is a plot showing the percent high molecular weight aggregates
observed after nine days at room temperature (Figure 31A) and at 4°C (Figure 31B) for
FGF21 (solid circles, solid line), Fc-FGF21 (open circle, solid line) and Fc-FGF21
LI98R/P171G (solid triangles, dotted line).

Figure 32 is a series of MALDI mass spectrometry traces showing observed
changes in Fc-FGF21 L98R/P171G at various points over a 168 hour time period.

Figure 33 is a plot showing the percent change in blood glucose levels in ob/ob
mice for each of a PBS vehicle control (open circles), wild-type mature FGF21 (solid
squares), and the FGF21 mutants L98R, P171G (inverted solid triangles); L98R, P171G,
182P (open diamonds), and LI9SR, P171G, 182G (solid circles).

Figure 34 is a plot showing the percent change in blood glucose levels in ob/ob
mice for each of a PBS vehicle control (solid circles), and the FGF21 mutants L98R,
P171G (solid triangles); L98R, P171G, 182G, 183G (open triangles), LI9SR, P171G,
182G (solid diamonds) and LI9SR, P171G, 182P (open diamonds).

Figure 35 is a plot showing the percent change in blood glucose levels in ob/ob
mice for each of a PBS vehicle control (open circles), and the FGF21 mutants L98R,
P171G (solid squares); L98R, P171G, Y179S (open triangles), L98R, P171G, Y179A
(inverted solid triangles), L98R, P171G, 180S (open diamonds) and LI9SR, P171G,
A180G (solid circles).

11
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Pro, Ala Hs Asn, dn, Lys, Arg WO
2009/ 149171PCT/ US2009/ 046113 Il e Leu, Val, Mt, Ala,

weh@ien71 1 e, Val, Met, Ala, Phe Lys Arg, G n,PEEOSNBY046113

Leu, Phe, Ile Phe Leu, Val, Ile, Ala, Tyr Pro Ala Ser
Thr, Ala, Cys Thr Ser Trp Tyr, Phe Tyr Trp, Phe, Thr,
Ser Val Ile, Met, Leu, Phe, Ala 3. Truncated FG-21

Pol yplgi%tuired§g is a plot showing the percent change in blood glucose levels in ob/ob
mice for each of a PBS vehicle control (solid circles), and the FGF21 mutants L98R,
P171G (open squares); LI9SR, P171G, Y179F (solid triangles), and L98R, P171G, A180E
(open diamonds).

Figure 37 is a diagram graphically depicting the study design for a six-week dose
escalation study performed in Rhesus monkeys; in the figure shaded symbols indicate
blood draws in the fasted state and stippled symbols indicated blood draws in the fed
state.

Figures 38A-D is a series of plots depicting how the rhesus monkeys were
randomized on OGTT profiles, OGTT AUCs and body weight; Figure 38A depicts
baseline glucose levels in OGTT]1, 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 OGTT2, solid square corresponds to group A, solid circle, solid line corresponds
to group B and open circle, solid line corresponds to group C before compounds or
vehicle were assigned to each group; Figure 38C shows baseline glucose levels for
OGTTs 1 and 2 shown in terms of AUC, the stippled bar corresponds to group A, the
shaded bar corresponds to group B and the open bar corresponds to group C; and Figure
38D shows baseline body weight, the stippled bar corresponds to group A, the shaded bar
corresponds to group B and the open bar corresponds to group C.

Figure 39 is a plot showing the effects of vehicle, FGF21 and Fc-FGF21(RG) on
body weight 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 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 40 is a plot showing the percent change in fasted insulin relative to
baseline of vehicle, FGF21 and Fc-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
weeks 5 and 6 at the high dose and stippled bars 7 and 8 correspond to weeks 7 and 8

during the washout period.
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One enbodi nent of the present invention is directed to
truncated fornms of the mature FGF21 pol ypeptide. This

wepisodsarent of the present invention arose froPCEOS2089/046113

effort to identify truncated FG-21 pol ypepti des that
are capable of providing an activity that is simlar,
and in soms i nstances superior, to untruncated forns

of the. ma e FG-21 po tide . As her ei

The  Eisie £1 ine oo ot Gks,et waiclpordf Sl sl TR ORI RO,
g%g 4t delyReRIse dén fda ﬂi‘ﬁﬁhﬁhe@él@ HORASLAMOBRE L!l@&ulhﬁvcﬁlrmg weeks 5
een renmoved fromthe am no-term nal

ard e ofriheaitydye nalibbars iserrexppad towicylpépnil dbadeérharsocomspbnd to week
esi dues have been renoved from the carboxyl -term nal

%or C-termnal) end of the FGF21 pol ypeptide, or am no

aci d FRatdies hple siBefg &l@d@l‘ﬂ@&efﬁr@ﬂﬂeb@f bahe erforrned at the end
am no-term nal and carboxyl-term nal ends of the FG-

polthpdpei week high-dese Berimenty mad FervOTRl RE Y s &didy é’ff@lien Solid line

5 Su RS0 R RS R R FETRAR 589l o i
stﬂid)ﬂn&rﬁoméq&bndmd) EéuFGFEri(lRaG)l y tr uncat ed FGF21

polypeptld . ca assayed u |ng vitro
ELK- | E’cﬁufee & IQ%@;QW}%% £ ARSpiIp g{p %}Fé pgrforrned at the end of

PREGHG %eg@tlﬁ%ﬂl ﬁoﬁf thdBnd With! @c W§Ré}ya‘éol?@nc1&?e solid line
used to exam the activity of truncated
potgspeptsitdeshicknotm fqoaneddottedBoanplrespbnd I tmeF @EI] wid splid triangle,

of . the truncate | ypepti des of the present
pafire C8W6Wd%?%€%é%52%sessed in an in vivo assay,
such af% WRDADR ApI6EsWIBN ML 1L EbsEXRTPT U1 -ar&tehmed at the end of

CGenerally, to assess the in vivo activity of
@ﬁﬂhﬂ’@&? evzrlcrdcﬁhm ol 3ndepeh dese) pﬁéletl%hm@ame@emﬂmn bars correspond
be ,adm ni st ered .t

| nt ?jgger | gart]ea 1M glﬁoge rneasurern?nts urm&@@ ti D%or(@ %Prrespond to

AIWL cal @ilRRed oM glﬁcdw hRhsurém&ito agkisa0pITa 4ca0 sbﬁied awtorrespond
and bl ood ?Iucose | evel s can be neasured. Specific

e HO calsplataderom alycpes @%S&Wftnﬁsa‘ﬂu%rp@@T@sed to WO

2009/ 7 0 VAR EYAY
Crunchid sy £ p s e drEaaR) D e R RG) on
peraerd change. frdvn thesatino aif ther fapiedplasms triglycativdevels from each group of

{e?z%?fg Ig{ae %gs oélgﬂﬁiﬁf : 5 %glgrle%legt Colzge\ggg& t%nvgee%%tl e&rﬁwzga? lt]ge low dose, open
BIR RnAY &ﬁe@ﬁétﬁiut%%éeﬁig’@]atnﬁal Db e B&e, SR B Br&ﬁd 6 correspond
mat ure FGF21 pol ypeptide. As denmonstrated in, fo

axanglse, ar@(@mptle lﬁgladolseFaI@Lﬂtleptéd barsuhchaed9 Iém@srond to weeks 7-9

E [Jﬁlgpég d]ﬁ thav g Nterm nal truncations of fewer

AFPHB" BET'Y r esi dues retain the ability of the
mat ur gightd 24 iPLlyy a%ﬂ%bafﬁlgt fdl peha BlPRArEE USRREdM c@fh group of
i ndi vidual. Accordingly, 1n particular enbodi nents,

t eRlﬁﬁSéS amnkpyiy an thessursd chipastbe difthr urt sixdd WEQka of frgatment with
of reF t FGE2 e
SRR e R R LRE B B sl a8 o ook s

nd Slid barsdor@sutidne waek 6. r esi dues. b. C-ter m nal
Truncat i ons In some enbodi nents of the present
i nventigsie 4Ciy érHthsé]P“‘ﬂligJ Hilatiflunh gnenkep fisle2 11 levels aneasured at pre-

gc?sgmar%cﬁi % tlé? %ﬁin% da O%JStaﬁlg[es 1¢ ﬁf@d%ggfo‘;nﬁaﬁél&%%urs after
pahyipepionde. As dem)nstrat ed in, for exanpl e, Exanpl e

4 and_Fi gure. 1B, truncated. F 1 | ypept.i Vi

& ¢ or FiekEn A€ isdriiat ORe P adiel moRbey BEPLES FR QR measured a
resi dues exhibited an efficacy of at |east 50% of the
efficacy of wild-type FG-21 in an in vitro

ELK-l uci ferase assay, indicat |1?g that these FGF21

mutants retain the ability of 20 mature FGF21

pol ypeptide to | ower blood glucose in an individual.
Accordingly, in particular enbodi nents, the present

i nventi on enconpasses truncated forns of the mature

FGF21 poI ypept| de or FGF21 pol ypepti de nutants havi ng

~ o .
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be introduced by directed nmutation or as a result of a
bacterial expression process. The truncat ed

wWOo-392149101 ypepti des of the present invention CBEI/B82009/046113

prepared as described in Exanples 3 and 6. Those of
ordinary skill in the art, famliar wth standard
nmol ecul ar bi ol ogy techni ques, can enpl oy that

AP St e e s b Do UL RSOty days aftr

QQQQ%@&thventlon St andard techni ques can be used for
reconbi nant DNA, oligonucleotide synthesis, tissue

cul t uFiguraf® i a @i@beowmgl mﬁar( eongentraéio@s: of @;ﬁfﬂétdﬂdrﬁ c-FGF21(RG)
E %frﬁegatsu%g)fg% gei glf u N perg l%ng ljl%w%ﬁ I\égcléheg e low, mid and

hizh QloP&y; shfkdd fﬂ)@fseddﬂrebpbnfdecﬁ &)E@MTS af the 18WYddReLr dtidars correspond to

Enzymatic reactions and purification technlques can be
T{S%%téb%@ui dase SRAPPRY ks eRTFAIPR tQrQpTES at the high dose.

speci fications, as conmonly acconplished in the art,

or as described herein. Unless specific definitions

are provi de@®ETAHLEDDESCRIRPTEIN OF THEINVENKIOMNCt i on

with, and the Iaborato y.procedures and techni ques of

anal y {4 aranddng Isprpipin kayienen aeceérrgawﬁreewaﬁ%m {pcregpg half-life

ARAOCHAR a8 o BOBIIERCEM! B 81Tl the 4RSREdPFGclosed b d

herein arag t h%@gga[wel I knovﬁleg%g fr(% ¥ use & ¥ 0?16 erein an
stadarShmhatatad bRBogyt mctlhndg u@pti(matﬂybtée lhaﬁdlfé oan bd‘lﬁlﬂhelaéxtended by

Gl R0y Syl THo e B IFa T Oh hacrpigal fdhef the wild
e PREFEN Suedfte I UL 9dsdibiE3d mehyPertadas RilftiReor decrease

present invention can also be fused to another entity,
@@gr@gatl@a of ﬁhqygrld tebolf Q}Ffb]natlotqm dpentradasingamine acid substitutions into

reg)g(gt%{ne% dlip é)(i %I%fep I‘llf arg{eflarrggﬁglf?%b Od a%nttsd gr gllilﬁl mutants,

@@fob@ efm&ﬁﬁnétﬁs @ﬂthEpresaﬁlimaonSuch fUSI on can be
acconpl i shed usi ng known nol ecul ar bi ol ogi cal net hods
and/ or the guidance provided herein. The benefits of

; g IC S 0 eg%?)r%tgge%t é@l%g\eeﬁlF %{%gﬁggé ?1%116:%11 1 Iéllhlgﬁé un(% r;[he Examples, are

gmmﬂy thoscy spe pbitld &@s Sarab@ollies @l S%decuhzr roengdet didboratory Manual

4. Pr ot eol ysi s-resi st 21 Mutants @ 5As ]
Hedd Spiing Haﬁbm}%qam Prosat ﬁf@ eyelrofasahin i lggaidar Biology
g&&%&oéﬂ&@ dd3., \Gr¥h ﬁ@&fsﬁéi@%&fand "0‘!7'1'16‘;)%& n§'199 BSt'R%fwhich are

etermined to arise trom proteolyti ttack.

wicopodeer adteinibyresfenca faraay PEF®ic.was f ound to Iead to

shorter effective half-life, which can adversely

affect the therapeutic potential of a nolecule.

Accor dichghYpefmidbgect ed study was perfornmed to

identify FG21 nutants that exhibit a resistance to

pr ot edhy &irm, “isoj@edrsucieie agidimolegule hickers twwwlgatapldrmolecule of the

} AY %t?OIrITl:: ﬁléa ]{3 1{ h%eg@ ts%pa?at ar1r|0r1n gtollg%sg %BB ;E)er}@éntw‘:f‘“ p?otems lipids,

parbbdie@lratsd, dr bﬂl@f Hﬁ%ﬂhﬁ&xfﬂe Wh[dﬂﬁt h;qra@hrb)ley Faﬁmﬂ via tam mgcleic acid

acid residues at positions 4-5, 20-21, 151-152, and

7solated from the sopyep e (Dt netdenkedep alhar apeisienod agplygcleotide to
f k> r |

FRRARE | ROARS AR SR molechRE L Bk THREL QLR RRply tinked to

palynafl et iwlgcl htas aot linkictiyto il batofe, bhéd)ptoot ﬁotnodcor annature as part

upaccept abl e de Tabl some of

t)ﬂeéf I DR ygluglﬁ%t%q,\ﬁgﬁgenﬁpegéqu& Hletlgil'[l g@ c acid molecule of the
described in, for exanple, Exanples 13 and 14, not al

FGF21 nutants exhibited an ideal profile; sone nmutants
conferred proteolysis resistance but at the cost of

conprom sed FGF21 activity. olfier mutations retai ned

FGF21 activity but did not confer proteolysis

resi stance. Several nutants, including, for exanple,

20 FGF21 P171 G retained a simlar |evel of activity

as mnld type FGF21 mhlle al so exh|b|t|ng reS|stance to

. ~ o .
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20 nmutant can be fused to an 1gG Fc sequence, e.g.,
SEQ ID NGO 13. Such fusion can be acconplished using

whpwan49rol ecul ar bi ol ogi cal net hods and/ or t hePQUUSNYSI6113

provi ded herein. The benefits of such fusion
pol ypepti des, as well as nethods for making such
fusion pol ypeptides, are known and are discussed in

gﬁpﬁ{sgﬁ ? @%gﬁtgonh % 'e&lggs&gé@ﬁy A&%ﬁr a}fn:-l)(%}gzp{o de% gclon I%:Ung nucleic acid

RIoRREIES Yor Afthdrh@ n¥inhiflarty Rieat R 2dundolny RERhiuEl® dnSirbiisient that would

propensity to aggregate. At concentrations over about

Bitertgrerivithtitverse gypegpantida prastueti¢nsomitsgherapeutisodhagnostic, prophylactic
ture. As shown and described herein, the

8?6’@52}?8n rate for the wild-type FG-21 polypeptlde

I s boThe e@mMCeBEHAL ils @BeBdtcfee P efiaindlcudepend@blcic acid, plasmid, or

30ﬁggriﬁat|on can prove to be a chal |l enge when morklng
fQ-trappier pofing indermaies éo e Ba¥ épllr at i ons, such as

L S S SUFRBEALR LB o v

of 4 badt eell stidichntaimsnyadei€ acidselucacdsdientdikyt dn@ro? toimdl aind Sxpression

that exhibit reduced FG-21 aggregatlon The resultin

ﬁgﬁﬁﬁlﬁﬁ‘rﬁhﬁ‘éﬁt@gﬁ)& eIl gie Al S IR CE o r EXIMESSHTOPENETS: Put g not limited
f b ¥ @hh NERNLAGT, 10 ARl QHI

PARLSIBH 2o Y95 g LA AR &b iy e o

parti Thé¢ &arm “®psubbt linketi’ msnssedﬂa:telm o mfﬂaibemoarramgcmcrtt of flanking

t he observed ation effect of | d-t
P B4R SO BEU1AG RErETUERE PP TOSHE FPBEUIH o ggpivied so as

WRGERRL @Bl @588 FLE ion T NENAPR TRARRg fsefudnéeBhdrhMiyNthked to a coding
sui tabl e a%gregatlon reducing nutants is described in
FRaasicemay be Tamﬂbée abefigegini ithhtepliseion, @fan&cnetlwmtaafﬁmstranslatlon of

DR TiogE eRGRET €507 0Reb S FF e Sn tRET LS b lint g « promoter

afch dealprdmati [secap2bloMiirédting, trdflcsptioh a8 tHaGicddink Sseflience. A

had conprom sed FGF21 activity and were not studied

flanktipg sequanpe mepd; tngt ibsneontiguets wdéthFeogodiug agquence, so long as it
e aghl Vi d f

R RolChRy by Iof Bl iflOhhRD' BRhRANECYey pransoribed

LB ces ebaba pbsEEB2 v anta pﬁbtrybteamdthse)atﬁkihle eotlad sequence and the

reduced aggregati ( One, nmut ant G21 AASK, .

BIOY TSP ANGC ewtﬁﬁee@nﬁlﬁe%a%ﬁa@@bﬁedaé?ﬁ% faplingnicamence.

al so exbidhint gt EQLUS L PRIEFAD 11001 IRKRRE hhk %éen tramformed, or is

One selection criteria for 1dentifying desirabl

aagngbbgfaﬁ baing rtedsfoimed REH24 mmlcantgd wagudnkatant Hben of expressing a

f..the FGF2 t
o) e @b e oMb maRERy e el eyt ke beother or not
Eﬁqfrsgé?fyels i@dnelchiein RedpadiodR Rt iRizehdiR rﬁﬂ&s@wo hRVR AP Parent, so

is directed to FG-21 nutants havi ng reduced
h@g@é@Eﬂﬁbﬁ“ﬁﬁ@p@ﬂﬂﬂ@ﬁth|Ie st|II retai ning an FGF21

activ thal re r_than

Wi | d- JEFE)}% é ﬁofgteg é)nkdp? %%eg He etl:ssS g) d ISIP%[%)‘[}(% df the gresent invention
s €5), h&sGheth dphatddsiromvitnigast ebuced) ageicagaf p@l?nucleotldes lipids,
properties but exh|b|t| somewhat decreased FGF21

srbolpidrates, oF pihahBratraialseity dihigbrit isgratyrpldy fruadapfien isolated from the
kcmfgenéc'llo 1& Hotslﬁﬁ@d g@ﬁ&r%a Ikt Wonlagvﬁgﬁ ih BBk ford QQO all or a portion of
mal nt ai n ree of “aggregati on, consequently,

E(ﬁé%epﬂﬂeam S/hidhlaﬁle dlisodated oy pdeitedas dinkad) g egaitré,o ) tio operably

ccur al so form anot her enbodi nent of t resen P
PR e g Qb 2l ont RPSS It Qo 8OBPeRtE mtﬁs%mfh it is not
i nvention, the aggregation-reduci ng FG-21 nutants of
the present invention can be prepared as descri bed
herein. Those of ordinary skill in the art, famliar
wi th standard nol ecul ar biolo 5 techni ques, can enpl oy
t hat know edge, coupled with the instant disclosure,
to make and use the aggregation-reduci ng FG-21 nut ants
of the present invention. Standard techni ques can be
used for 30reconbi nant DNA, oligonucl eotide synthesis,
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5 reduced rate of aggregation, and which still retain
activity that is the sane as, or greater than,

wowrlodasspe FG-21, are di scl osed herein. BB US2009/046113

selection criteria for identifying desirable FG21
conbi nation nutants was that the activity of the FGF21
mutant be simlar to, or greater than, the activity of

B R AT SR S R  nAP oaB8 TRkl pepie

SRtanBAIS REOHRA! %5 %Eﬁ&lﬁéﬁﬁﬁtl@?ﬂ@ﬁéﬁld&@ gL6@@r contaminants that
aggregat’ion properties while st retaining an FG-21

at@tfpumct in itshagtutal erviranimgnt thet wonldgntsaficesr withats therapeutic, diagnostic,
i g]a&EéEFGle Al though |l ess desirable in sone

Bé@ 23 219 éﬁ?s that are proteol ysis-resistant

and haketdipduareal ceG Rl SheR UOREIt doBBeddidh vﬁﬁhﬂ)lbloglcal materials
somewhat decrease FGF21 activity form anot her

githodinveleic emid mpdequless ety pentidentioincellprandohe likastisters to materials
%}/cthba%le f&éﬂ({jﬁls#a% (Rl St e TR %a%ﬂhlaq%&j Sg . O8imi arly, ‘non-naturally
proteolysis and/ or aggreég a nsequen

&dnZingrutsantd hédeat reﬁdr$ @A soanseiatl ege &;enanffomfdomemhys 08 that has been
and/or aggr Iso f orm angt her enbodi nent of

Fuctally fl}%{gfg L %Qnt esized bysmgp+ BVhep usedooongest %t\gltkbpucleotldes
Hﬁeceﬂ eﬁﬁﬁtall% Bt’&ﬂﬁh%nreférp?o ﬁ%%s%ﬁ@ﬁh@ A §, QB @%Zgélamne (G),

of the prese I nvehtion can be prepared as”desc
thymena (T)Tmmsleunaéll (ﬁUdl n@thgn B6d shkidohn¢ation heitlaramino acids, the term

SRRl Peg ;oM BagD TG Ar G R LA haI RUE . ssparic acid
db s glueshicacid @) ety RRAINdS ), i @%ﬁ@dﬁ’ﬁé (@4, iiQeucine (1), lysine

nut ants of the resent i nventlon. andar d technlques
gah lpwwingsda, ﬁ@thw@@@ it nasperapis, (M ipdmgdiPaoglb@eine (Q), arginine

h I d
BRERTFR S b BRHE el vam i AR TRS R AR D o,

al ., WhteeuharFGFONi palypdtidaborcdiroryo Mamdalrally-8&urring  wild-type
supra, which is incorporated herein by reference for
aﬂypﬁmmds cxeressadz ipnhmnensy ebet peinesanef s Asplegpothe term “FGF21
e _ .
SRS AT BRSSP et P21 o,
agec &) I3 N2 whichecoasists 06 202 amilesaaid besilueenmd which is encoded by

nl es ecific definitio are provided, the .
flf@ Eptdreauerieial s 2&11 ?)cénﬁ@emﬁeﬁe et tgmoltm@tlde e.g, SEQ
30O 3t QiR BRGNS ANImiRC Qﬁhqﬂéﬁﬁu&f an@Wﬂléht iCBhcoded by the
chem sfry, synthetic organic chem stry, and
medéatideakqamde phaErabe NO:calandhemistlr yhedfe% mmrbeed:ld residues at the

h d t he
L5 L T RS AR R i o i
BPHIBERAS: beMID ARRRA 1AL A %G AHdRP09/ 046113 cheni cal

anal yses; pharnaceutlcal@yreparatloq‘ formul ati on, and
del i v@hwer@ﬁdFﬁFéémbfp@p e patanghang, “FGF21 myigat”Fefep to an FGF21

o gﬁe tlt%tg Ivgrﬁ% he%vrhte Paturav\hxporcﬁs % P:dnt\ggPtrfngo g&t% se(ﬁ eince has been
ploa{Frdt i &B:htrﬁodlﬁeatﬁﬁaﬁclﬁdﬁ)’@uﬂ atd @gt limit@hto, oh® o®Mmeord amino acid
enbodi nent. of the gresent i nvention, an FGF21

SUBIUHARS, JACTHAINE MubYHWIS Witk @antgtusly gesupdng aginenaed analogs,
ﬁ%‘?%ﬂgm‘%ﬁég&%q Drrm éc%in%?ng)ngj gédlleg&lu&ﬂ%t lﬁglgs ’an %ér I%tj[(ri1lgmlted fo, site
dJuedah ¢6& R omuthats, hemeatod Fmiélbpnle'béptﬁieaf p&t@hysﬁmismmnt FGF21

gg@ng;g%%ges,@ﬁgg@&egg 538 [ulies £ s Thoaniat grants and FGE21
herein. 10 7. FGF21 Fusi on Protelns As used

herein, the term"FG21 fusion pol ypeptide" or "FG-21

fusion protein” refers to a figlon of one or nore

am no acid residues (such as het er ol ogous protein or
peptide) at the Nterm nus or Cterm nus of any FGF21

pol ypepti de nmutant descri bed 15herein.

Het er ol ogous pepti des and pol ypepti des incl ude, but

are not I|n1ted to an epltope to allom1for the

I T - o, . o [ g N
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15 together with a therapeutic protein, an Fc domain
can provide longer half-life or incorporate such

WO covettéams as Fc receptor binding, protein A bPeiUszN9I/ 046113

conpl enent fixation, and perhaps even pl acent al
transfer (Capon et al., 1989). In vivo
phar macoki netic anal ysis indicated that human FGF21

asashort hal f |If of .abo 1 hour in m.c ue to )

e PRS- o e esgtthett it 4o n it Thafanirat Opg specific

#n@xbeNshd Hginbalcld Lubkeuabns AL FUFhomeRay %‘FQS‘@ P@Sent invention,

fused to the NN or CGterm nal end of the FG-

heinppdstingef tiFraihastidnenducarrupcateégi owtatel wrreapqrydpéo that of the
Fc,fused to the N-term nus of

vﬁ:&e §/i ées fﬁg%& %gpt %extend the half-life as

expectiedihchewbdoeimenthof fhd pdsdn® iBvenitibn est IFaE2I10pbl eptlde mutant
the proteolytic degradation of FGF21 in vivo and t

FRIBPIISCS 2B ANTihad sEmEpac that ismt aptyhouikt perpery |1‘é€tné1ﬁfl‘1 tp éhe amino
h

RSN fSaL AR ERnImdG"y, B8 LR 80 SRR Db o acsn

palpbrty tovths RGN pmlﬁpéptld{qmuﬁGF%]g ﬁhee@sﬁndsismﬂmr inefda®dd half life

fusion proteins form enbodi of. the pres

Ph¢egcagipn-reducing PreRsEo#d AR %magevseét&ﬁr@f Ye-app peen further
bR, TR ofhd: Y@ wRIHOhE 'chégﬁo%T ?&1&11'%? if- &em%ﬁtahﬁsequence
fused to the Ntermnus of FG21. SimTarly,

thiat barghloash rhédbfied st bwlsu tee corfOFGERDIEE-rafBns, tagglagatlon -reducing,

{)ﬁét & RrEP%I%J glb(lzﬂg 1 @I@%J%ntt ohfe\ﬂb o%her a l{gon acl:c?ld Iresm u%g’ 1en the %GF21 mutant
SR8 kAR BEREIiINSR 0P8/ 48P in the FGFPE nfu@(ﬁllt' |Q1|7BE {1:153{:02 15 percent

fusion protein can be tEurlfled for exan(P
okl aning @rcbteendnesaothﬁf i the elefpmmmacidegsidug e\ghlg dvas substltuted for

tei ns fus an a foun
BRERE % PESEER 1237 B TS oG et i Pabe fRBediBopispp FOF21
bélepeptidy i'hﬁdaIﬁQuﬁﬁ)ﬁE&aintamlﬁb 96id saqifcusd Mt Itht Bdastﬁtbout 90 percent, or
region allows for dinerization/nmultinerization of the

ﬁtwﬁ 8h Yol N p@btard®, pereentpdentreal rt@&}eo%m@ar@cv@eseauence of SEQ ID NO:
RALYE Al HiAC G I ‘B%ngfcreﬁlﬁﬂéso Lonfd Qh@%@éle@%gp%ﬁude mutant's

I npr ove certaln Itres SUC her apeut i

mdlymmslsmncmuﬂ agrantion-nelucmg prelmhm@dla@zg glbegefml forther modified.
ons of protein therapeutic

ul | ca
B BEIT PRl pRe e Bt rasia et AAoupits B i dhe Wildype FOF21
e\b§g%§§1@d in detail in International Publication No.

/024782, which is hereby incorporated by
r ef er Ehegrésant inyewirn alet yencdmpasschoe umelvic déid cusksede encoding an

FBEe] Pofaeb e iRl st 7 afffnck St Sty G it Feast about 85

bérodfrigentical to thANGRinbOIcH B&ubhe bUSEQNIIPNG Ll n§ut0\f1hérgi% specific
present invention, a linker can, but need not, be

wisluey enfopes prdssisshlc praperty rtRethes Feiahi pelypeptide mutant, e.g.,
é} UL r%sﬁ%}/l%enggrggeralrséd T@alf l%fﬁﬂgor? 4 e%a%oﬁ%%cy c%n& CRropertles and

adﬂlbhﬁat&ﬁisdﬁerbdﬁﬂ@@é nbogeh ferthdnedifitd. de abadsordb,nwislDMR exception
enbodi ments of the present invention, the l'i nker is

ahauclgetidss thalofnepde orepiduesnith dhaadiie 1| Ml segucpeptthajehave been

gl%ﬁﬁ"l%d ‘ﬁ@ ﬁétn t(]i h&n%}" bet@cﬁ%ﬁére@%@an%?l gg%r%?atfoﬁ%ﬁéfg or other
natura y occurring am no ac ous

pmpemes:mrbbst, 15 feeccht bf)alQGthaurmuweoaldem the EGE2l entand séquonee can be

gg?eg]g %é %}?Jﬂg 5 Fglllihytﬁ% E&ga g %}ru;;g}et ;%1a7|3gn{l%n & {)grlc!crpceof all?h%cleotldes
enbodi nents, a linker is nade up of a majority of
am no acids that are sterically unhindered, such as
gl ycine and al anine In sone engpodi nents, |inkers are
pol ygl yci nes (such as (dy)4 EQ ID NG 29) and (Ay)5
(SEQ I D NO 30)), polyal ani nes, conbi nations of glycine
and al ani ne (such as poly(d yAla)), or conbinations of
gl ycine and serine (such as poly(@y-Ser)). Oher
SU|tabIe 25 Ilnkers |nclude

N - ~ N N~ ~ S ST~ 1 N R I /SN
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Exenpl ary pol ynmers each can be of any nol ecul ar wei ght
and can be branched or unbranched. The pol yners each

wo ypoasdiry have an average nol ecul ar wei ght of PGBUSZNE046113

about 2 kDa to about 100 kDa (the term "about"
indicating that in preparations of a water-soluble
pol yner, some nol ecules w || meigh nore and sone | ess
t han thg sta ed. 30 nol ecul ar, wei } e aver

L S T GHIOD P RaEs Boliapt e arir aiigh Bas adtuted for
g@%ﬁtﬁ&éﬂﬁ&%ﬂ% 5RO B9 MIARTY3 TAR Prdsc ikintidR FuRRYYhcompasses

Da, nore preferably between about 12 kDa and about
A@ukllosc acath dnatesie pn@rdmgam Yy GhFet vpsdypeatide mupant kDenpaisilg an amino

?ﬁlg &5 %egc? ﬁgalt & ]at leﬁl%t a'j)ggfa B%%telyc\g%teroHé outbéae Ol9¥"§§ Sor%%9 percent

Nehfidvh esltherantind bﬁ&%@q&@b@@hﬂEanDeNO gug@nsherein the specific residues

phosphat es, pol ethﬁm ne glycol (PEG 5 (including

eqdeBEmEhcof chiddce THEaRf suPEUCRIYSiBEIsiSFaICE z@ aggregation-
I al

Perdﬁ 1%&@&6)6}1 th%g g(%eb%g 1‘&?&5 %ﬁoﬁnegmestﬁ 0§9F2?I[m %nns possess at least

ghqmmbuydéﬂknahi@@u@hﬁasﬁo@@cmmkecular wei ght dextran

of , for exanp about 6 kD), cellul ose, or other

car boh ﬂrpaftséntb’a‘é’%‘&mé‘ot‘ §IEREOMPISHS- RUGPigyacid molecule comprising a

Hﬁ(crl&ﬁtd'e%g@ﬁ)nc@ By & Jméa%{t ol X6 %’grceﬁf f&@ﬂtltcea[]?o @1|e>ﬁ‘ﬁgfeot1de sequence
hormopol yrmer's, pol ypropyl ene oxi'de/ et hyl ene oxid

oDSPQI s 3, bltOwhatinoky atiblgbtates @npminyg) himinoeacyd remdues conferring

s e P B RbdRbiE s e i T b oot aerrig-educing or

Hﬁbﬁﬁf&p@ﬁleﬁ Matc BXbLRE HERG hediREEP I StHP W)W idh the exception of
attached FGF21 pol ypeptide nutant nultinmers. Also

@f&tﬂ@ﬁbatséle@ FiosF 2 h@utantegomenwtmwham bame nrgg2ad pyoader o confer
TOLcOlVS a%tteac ere ation-re XSI al I tﬁ T pr etﬁ Tfm rcent of all
Br?o clense 0F© (e st esenti %’e% 70N, pg% T P0W AR
bﬁteﬂ@ﬁdﬁﬂo%ld ¥s5id0és inkbe EGEDT @Iﬁitzh};t ,seq’ﬂédbef t@tbd Modifiel UEer example,
one or_ nore water-sol ubl e ymers, including, but not

in thie (&R Al gmutgat Qétiﬁu wne W@)‘Fﬂt Ebeltamip |a916>t9@tiw| adgs than the

g él%’agtﬁ%: al\lgi; ré%gi é 48@1%5\%&9 S%é,ﬁ%dg ’f()?‘e‘rglgg% %4 E‘t Hos?tlon 173, could be

thodifled4 The pdgsé@lindG2ipn dunchot ,eﬂc?cﬁntﬂﬁges almickon®id molecule comprising

enbodl nts of the present jnvention, an FG-2 ant
"@%Seaﬁ@m@rthﬁbtseatda% w90 PRIFERY gabaytie Sngo. 7, 9, or 99

l&ér@éﬁteféleﬁt@oal %n&@ﬁmwldgoée)q%ﬁﬁél 8f‘%E%[ Y8PINO: 30 but wherein the
extran | 1 ul ose, anot her carbohydr at e-based
patlsatelies epoddyng mmmyd;ldpysldofta dovia)ing gbé }eecdd)etiéiﬁle pOlypeptlde

Bty Brdfom B Brlet B oM. ot o oAt e gto (B further

RRUMRIS Sueh HucleidlatahOleduleP@ickié PBHE2 ﬁlnﬁ@zﬁﬁ"poly%éptldes Igossessmg at
m xtures of such polyners. In sone enbodi nent's

bﬂ@@@mactlvttyecvﬁthowﬂdampq:ﬁﬁﬁal pelyeertides coval ent | y 2 5
nodi f Wit buni.t s A
or erJrrgg \‘;Va e‘rblglgglc actl eylr:rgkgl %81‘%6@'{'5{3(9% {TEP o%’egerg to" any FGF21

POl perBide ahiitast msmttddomelﬁftﬁtt s8¥dsean &dtivitief the wild-type FGF21
N-term nus) of the FG-21 nmutant. In sonme enbodi nments,

BolEDRtideD shchne e 1es abIiBY do plomerebleod  dusasaddpulin, triglyceride, or
@ﬁ&l@s%}gp Ir%t(Rlng BdP #{)eg%tlt, rr%nr%ilt %’ﬁ)rg%%éllﬂéosggtg%&n%g e%%rg expendlture, or
tﬂselnt lset[sap&lyt iregacdpscof theotfypan)r RGRier mft Iandhﬁcﬁej’nb athat have been

such net.hod Od Scus for
RO tBe ?§§2i@8 Ypﬁﬂt‘feﬁnt”%n‘h &@@3 qtm)ﬁe? atléaalwdgpssessmg a
reference for any purpose. WO
2009/ 149171PCT/ US2009/ 046113 I n enbodi ments of
t he present invention wherein %he pol ymer is PEG the
PEG group can be of any convenPent nol ecul ar wei ght ,
and can be linear or branched. The average nol ecul ar
wei ght of the PEG group will preferably range from
about 2 kD to about 100 kDa, and nore preferably from
about 5 kDa to about 50 kDa e.g., 10 20 30, 5 40

N | o — -~ o o o - T
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5 ranges, and is readily available in nolecul ar
wei ghts fromabout 1 kD to about 70 kD. Dextran is a

waeiovakdier wat er - sol ubl e pol ynmer for use as a VREIT/UB®0WY46113

itself or in conbination with another vehicle (e.qg.,
Fc). See, e.g., International Publication No. WO
96/ 11953. The use of dextran conjugated to therapeutic

S P e AL BnC PO EE FORTIG0 16¢ S18-HB6FOhRl Eypepide

ba?n ReRless BOCIMERIAAb Bt Btb16YicdIBf RHCOFEF2 Th6lyBERRR Mutants.
i nvention al so enconpasses the use of dextran of about

1 kD Thbe ey eativDamount” ang nthg@mgmtmally cHestivicaimount” each refer to
dific rf ita

BB AORF AL E6HR8 POLERROEY SR EpLI o A usit b BRieEyab tevel of one

POhYREbioloYi@E ubwvitiddeshadsvitdtypp ITQ}IHJII ﬁtﬂyp‘dpﬁﬂé Gabkh Ms the ability to
nodi fi ed poI ypeptides will generally conprise the

korvep dlosrd: glpggser waehin, Aggkyperides 9 ghelosiept iayelsiadheg hedy weight; or
t

ALY LA RILPRG: TRLES ML oD PR SAEKLKE, oot et

condi The n&n\/\hphiaﬁ'blytc@tlléw chcwptay)tbe pztmdﬂ’ ot pli;tsm@gmﬂ’@s acceptable

attached to one or re ymer nol ecul es,. and

6"6’flsli nPhg'sehensreigcisien tﬂr aa% Qs Morh fOppHaHe m@sleiﬂﬁ ofpitable  for
par a 1tk @E O%AHanﬁgg ggetsﬁlgg r esa ﬁlqtﬁﬁ@nga )?gg mutant
| ar geTh¢ teemr‘aniigenSfrefeod tpreemolzolle ou Iaqmrtlcﬁl(bﬁaompke%le |t]ma,t is capable

sater th t f.att pol . .
b Ped Bt Hom Selisa AheduiobnB” BRE L ReshbR, ah brigg used in an
SR %rb&ud@%hf)d)(ﬁgs t'ﬁg:a'%@ C %Perﬁf%l&ﬁﬁ‘% ReMeepiopé BBt antigen. An

pol ymer nol ecul e noiety at the am no-term nus (see,

antigen mas, hapg pager more @HQB@B 784) | n anot her

embodi rrnofnattlhe T entt rh ey tlloné FI%ZZ nﬁgﬁge L &8ence of a
mut ant 8¢ 4R ATV Saﬂrw nelSple 8" rgUBRSopbry qa
Bd)rﬁhﬂlt[geﬁﬁﬂﬁicﬂm@ ohypemtresetngifrantdgdation bf’lﬁlﬁo@ an@B&) ordfroduced by
to bind to avidin, resulting in tetraval ent

aliEHineeBs: o heth G mosemgte s He tlm%nfmm, pagEopn contain the hinge

BRIHPTAL S0, SRRl S RPYR ERLERIBLEANS o b

onsiul dndngndengnygalt ts ipmecioplobaliex althdughalgGl- dNAeOI2 are preferred.
ant.i TNP- I?glMto form decaneri c conj ugates

Vatig g9 peleqydes are made up RpnaNLSyic 1\3‘%&1% K&k bgdppked into

Qﬁnéﬂ | gvidhieithept FRAN! 93'} eQvRnt Re. %‘f@u‘[‘f'icfet 8hds§Narf non-covalent
30t he present chem cal [y nodified FGF21 nutants$

assodiaten. t Hoseurdes of |11nedndiecruéarrdlsﬁd>ﬁdd:li§¥m;t bptegpepiriogeric subunits

t ant t he. ch nodi f i ed
ARt o ST e e oasbodr DR S5 G dagateA. and Ie) or
Lwcﬁas@ é&% %@ng@cjdlg@mgm agld WAABDS, ORNBRANGAE 0Pl native Fc is a

reduce ogi cal activity, or other characteristics,
digelfidadondesk é@seéde@rltl@@ém@a@é@anh aﬂllgestuinf ef aaslgébfﬁgarFéhson et al.,

Lfi e éé t Cﬁ)_aT Wt j.C
E%S rrpOSI ?elzcoﬁ%z s f?e% 2%?)"}“}0?)& he te }ﬁ ANCERIE ed herem 1S generic to

theemepdmeric, dimehier ape uﬁulﬁmeﬁérmaﬁng | NS ceaplel sf ag Fc polypeptide
FGF21 nutants are within the scope of the present
peaveraciipareseier @ PaA@iléal Iy contenplated in |ight

of t h q&ﬂlt d N

sequencées eth}E \l‘}atq%ah{) e ia?ﬂcg\é{ %lrs%lggtro? Fécgf%z&ﬁt E&Bqﬁﬁed from a
mthvanic bll[tastlﬂﬂmmpnseﬁh ‘txrmtmg)sntdz farnhe sainagmmpeptsna FaRn (nconatal Fc

%‘ggrg S;J illggl%wrgﬁ Ee{é]\éo% ]ST?%ILJ@}QM 7{{5%33 andF\g:(% ]96/32478 describe

phar maceutically or physiol ogically acceptable
formul ati on agent selected for suitability with the
node of adm nistration. Q ceptable fornul ation
materials preferably are nontdRic to reci pients at the
dosages and concentrations enpl oyed. The

phar maceuti cal conposition can contain fornulation
materials for nodifying, 15 maintaining, or
preserV|ng, for exanple the pH, osnDIarlty,

o " o o .
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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

W@ eiovapdiel substitute. In one enbodi nent of theP@r/ESWNY/046113

i nvention, FGF21 pol ypeptide nutant conpositions can
be prepared for storage by m xing the sel ected
conposition havi ng the desired degree of purity with

opti gna fornulatlon agen Renl on'
DA it Taroaes SHIEE Rl B TP R daP s reserigr, and are hereby
irﬁé@%kdtédz 89 CRK&ICE! Bus, AR AFHEORLS vERINFt BN compFitd@r molecule or

the FGF21 pol ypepti de mut ant product can be fornul at ed
sjuandeybiphild humpwzes fiog appndpmaat eatezﬁchpu dhiribemarh, agative Fe

sucrose. . The FGEF21 pol

R RRS aseions o oiipoly roREd BB ST bR ppuctural features or
pRI¢E balvigehites Yot rAldiesdat theeliion tige BRI FORBI mutants of
can be selected for inhalation or for delivery through
th@@r@ﬁeg@@Vﬁ:m@nt rAss, the teem “Fs variant] gomprges graplape posequence that

s | | e C

la %i?r?]eh?rﬁg&g% P?é:ﬁzf%l'te%%r rystl(ﬁl%%’hogtl?(%hﬁ% ogﬁ%g?iﬁ&ré it §1téssor residues
sanponaodisicdr ehaprafientor i dre Qﬁﬂ@lem riat (Dndistifige Bor@l formation, (2)
acceptqﬁle to WO 2009/ 14917 CT/USZOOQ 046113 the site
BYoRARt i With p splcctpd post eahid P N-tsppimal hetgrpgengity yippi expression in
g Il@ﬁ[@ﬁl Hoitt Ig\%léf(q b§f12ﬁi§)§r FS}; 9{}%1?4'09%192}%%&:'0;}%#&12&8 a(% ﬁlndmg to an
1) mmmﬁr btineathauta Salvag% e&weptar emt(@y aitlbadyndnpesmimattqeﬂnlar sytotox1c1ty

FRDLRTO ety B8 uRoBLn WiRar g ooty o

pyr 0geRe tdrReFP@reNhe Eﬁddrﬂpa@éé@ eRtADFE an@¥UQQAHENts and sequences as
solution conprising the desired FGF21 pol ypepti de

efinedt ahorvie areke yeriads lapd aeteptabnelcodps, dhe term “Fe domain”

ng[uéif% Fhale %a? zi’lll %I][ao?lal%\%l\éfe glrcmﬁltlf%oeglgﬁ%%rﬁln}g%ggf I(P ﬁes{:edl R0m whole
paiboae pk betrlusad lﬁsnbthblsm%ﬁfsmlh 36186 edodinsher dfltBs present invention, an
I sotonic so| ution, operly preserved. Yet another

B¢ domit fanbe Aied o & It ofea FEH2A gpmantatingndiag o francated form of

98%2[ 89 ﬁ@P@? ﬁaﬁ@ﬁr i %F e a}?%, a ?owﬁﬂtn ?ﬂd%e%ée%%g Fc domain and
m cr ospheres, ible particles, polyneric
ttmrﬁﬁﬁﬂid@q(lameh Sash fisiopl oteins can ifenomuftohgrg viacthk iagsociation of the

aci d), . bead r Iipgsomes, that r0V|d for the

B omiincencooB s fewn Bloits pd hone IR GBHECTRACHpect of the
Al dcheRnhs, del i vered via a depot injection.

Ewaluronlc acid can al so be used, and this can have

the effect of pronoting sustalned duration in the

i rculation. 8 |t?ble 15 neans for the
2ﬁffeg§%@%§#3§¢—fg%§@%§¥§ed mol ecul e i ncl ude

i mpl amh@kdrd ‘f’sﬁﬂégpgﬁﬁ& YEIEY 1 d8Mthfe or “substitutdd'FGRS1 mutant” refers to
enbodi nent, har maceuti cal conposition can be

o F P hnemarft oplyppptidedtaving. anFamm@mdﬁﬁ@enaﬁnthmhﬁftrs from the amino

(#ri X%ﬂuﬁa §eq a@at@r@&%ﬁ urrk%ﬁ%/{:g%?y 59 fyﬁ,ﬁtgdﬁets%q ? A Wd§ﬁQ ID NOs:2

sl VuhdNSi@dthadesn Biee-sp0iffcdGRd lahe@niichh ba gpﬂie@aedi b@ Mtroducing
for aerosal delivery. In yet another enbodinent,
It 4cithsubsHftiges, FEBen fonseryaty PR SONSRIYREY Sspiidapsighnaturally or

|

BB ies TR PR ARy BUEHRRMROR B MRS ol ppide.
chem tﬁ@d)ﬂsymzmdé faegb acidt @ibsstution™ ican alhmecormbxtphtmIedf a native
t hat certai. r mul ati ons. cap.be adm ni st.ered oral
s e Reh R RGBSRl AOSHET Oh thmﬂéfym FGF21
pol ypeptide nmutants that are admnistered in this
fashion can be forrmulated with or w thout those
carriers custonmarily used in gﬁe conmpoundi ng of solid
dosage forns such as tablets d capsul es. For
exanpl e, a capsule can be designed to rel ease the
active portion of the fornmulation at the point in the
gastrointestinal tract when bioavailability is
naX|n1zed and pre- systen1c 30degradat|on |s m nim zed.

e MY - .
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WD 2009/ 149171PCT/ US2009/ 046113 The FGF21
pol ypepti de nmutant pharnmaceutical conposition to be

W@e®d/14ar1 i n vivo adm nistration typically nmuseCBhES2009/046113

sterile. This can be acconplished by filtration
through sterile filtration nmenbranes. Were the
conposition is lyophilized, sterilization using this
t hod. can be conducted either, prjor to, O ol | owi ng,. .
POlSBide SSaueBHEaner = soainEsicubt ort TS Bigh oot Kl in a eiven
f}@sﬁti(ﬂﬁbf—‘ e HAL-tRHTFGIFST ity Rptid Bedl@n&h QUEH thal there is little or no
ophilized formor in a solution. In addition, '
eat onghaboleviypersihargsned the awing dopd seseduglaa ded position.a Conservative

cont ai ner . havj.n sterile acces rt,. for example, .
SR o RE AR e sk s MR O RO g U Rg B G residues that
picefyprRaly Qn@ff@aféﬁp@d ghéthical Pemitel gmtHeeiRdlather QL bl Nnthesis in
harmaceuti cal conposition has been fornulated, it can
E}@lo;g_i@,l axptems. Tlpse inclydegeptidomimetics, agd other mersed or inverted forms
[ qel, emulsion, solid, or as a dehydrated
§f£8§@%ﬁ¥ﬁP%%§&bomder. Such fornul ati ons can be stored
ei t heNatunally o@adynd sidaes €or be dividad iatof clagwe Bag@d,on common side
| yophilized) requiring reconstitution prior to
HF%??ﬁﬁion: _ In a specific enbodi ment, the
presepnty i NYERbbIRIbid: SndichEink &t ALKV, fQr ipr oduci ng a
singl e-'dose” adm ni stration unit. The kit$ can each
cont a(?d) bot¢utml hydrephibonCas,riber, Hayi ng a 15 dried

proteijn and .a second, contai ner having an aqueous
fornuhﬁtioﬂ?%ﬂl§§piﬂk¥uded wi thin the scope of this

i nvent4yon Bigec: KALS GIRNiRI ]gﬂ,spg’rgi ngl e and o

mul ti-chanbered pre-filled syringes (eég., l'iquid

syringfes armdidugndypt inflgersr chain orientphen:etle drevaadanount

of an, KGF21 pol.ypeptide tant pharnmaceutica
conpoggtioﬁoggnée% 1S%ylg}é‘therapeutically wi |

dependonded¥ati®¥ ditieutionP @n ivBlvedhe thehaagest 4 feaMBE 8Xbdne of these
and objectives. One skilled in the art mﬁ[lsggpreciate )
tlasses fanather mpmber ¢f the sagecipsy Aog-qagpery ptegr sya¥ttutjgns|can involve

B Ao MBIl R BT BB St i
pol ypBpsiraieaminb antd substitetiog (weder chieserative oohon-conservative) can
TN T AT TR
Qgﬁ?@{y (B&alot thie tlﬁ{;ofpa@ﬁihs Blid sAGIREEINO W fctrihﬁlg Table 1.

cliniciran can tite 5 the dosage and nodify

route of adm nistration to obtain the opti nal
therapeutic effect. A typic ?o age can range from
about 0.1 ig/kg to up to ab 0 ng/ kg or nore,

dependi ng on the factQminéRieid SUIRGit@dsike. | n ot her
enbodi ments, the dosage can range fromQ. 1 ig/kg up to

about 100 ny/ kiQriginal Regjflike | ExemplagySubstitetonsy/ kg; or
5 ig/kg, 10 lilg/ kg, A% ig/kgyalR0eu,dlkg, 25 ig/kg, 30

i g/ kg, 35 ig/Kg, 40Arg/ kg, Hbyd, gliksn50 ig/kg,| 3055
ilg/kg, 60 ilg/ikg, GR,T9/KOGin/O 1T97kg, 75 1T/ kg, up
to about 100 /kg.A& yet pgElJET embodi ments, t he
dosage can be [5 i) 10019t kg, —1560—++grkg, 200
i1 g/ kg, 250 illgik X 4q PCFAUS2009/046113

0
g

L Lg/UB 400/ 89/ kg 450 ilglkg, 500
il g/kg, 550 iljg/kg, @00 ilg/#8p 650 ilg/kg, 700
ilg/kg, 750 illg/kg, BP0 il g/Ry, AB0 ilg/kg, 900
i1 g/kg, 950 illg/ kg, HiO il gl ken, @R ysl grkg, 300
| g/ kg, 400 ilg/kg, 500 ilg/kg, 600 ilg/kg, 700
| g/ kg, 800 ilg/kg, 900 ilg/kg, 1000 ilg/kg, 2000

| g/ kg, 3000 ilg/kg, 4000 ilglkg, 5000 ilg/kg, 6000
i1g/ kg, 7000 5ilg/kg, 8000 ilg/ikg, 9000 i.tg/kg or 10
ng/ kg. The frequency of dosing will depend upon
t he pharnacokinetic paraneters of the FG-21

pol ypeptide nmutant in the formnul ati on bei ng used.
Typically, a clinician will adm nister the conposition

o S o, o "

300 ilg/kg, 35

[«
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In application, a disorder or condition such as
di abetes or obesity can be treated 5 by adm ni stering

W@eooBEFA11 pol ypepti de nmutant as descri bed her ePEI/US2089/046113

patient in need thereof in the anmount of a
therapeutically effective dose. The adm nistrati on can
be perfornmed as described herein, such as by IV

i njection, |ntraperiﬁoneal “‘“";fid at+rargscul ar

i njection, or eLaLLffLn_Lhe_LﬁhﬁiLL_E_éngEi_er liquid
formation. In |mst dictuat i opde. Valddetl Add Fhesage can be
determ ned by |a_clihiysi an, pArgiéderddved herein, and
can 10 represent a tMierapeutiLealPhy, I&f fecti ve dose of
the FGF21 mut ant polpypept i deLed, tvanild, Abg Tgpparent to
those of skilll'iTn the,art thaf, a therapeutical]y
ef fective dose or I—kgéfl O E, R‘PA gp[l de wit
depend, i nter d.l i a; 'I‘fl oh—the qclunl firstration—schedul e,
the unit dose [pf—antigen—-adiiristered—whether the
nucl ei ¢ aci d n[DI pr‘uITépnr po. rYﬁﬂRW de is admnistered
in combination_with®dfher t| Bbeiflihe, Sfiient s, t he
i mmune status |and tﬁ@lhealtnﬂmﬂdﬁhbml?hceﬁhpient. The
term"therapeutically effective dose,” as used herein,
nmeans_that ampunt of FGE21 nutant pol ypeptide that

d SSedi ci nal response in a
ti Ssuénﬁyeﬂb%m éﬁ'dﬂ %setl&ulﬁ%htgﬁ 1@%11%%9 b tmﬁc?,ted f rms of the
researc dical dobt or ot Inician, whic
matire dF€E- 24l poéype@tld@n Tifis einbodiymept of‘rﬁleolbresdme ndsremeals @ree from an

sor de |nc r 20 11, Ant| bod
AT oiatBathealsd gt iousmbArubevar Sl of marigne an sctivie
Babg siRildd End: 1@: WOmeTH tAMtes RRYBERS RSN @fcdtBAnPs B8 Mature FGF21
i nvention but do not specifically bind to wld-type
Pﬂﬁﬁmﬁpblypeptldes are contenplated and are within the
scope,of th res I NV, nt| ant i.hod
oo bofcronaeR B sl TRbHAR, E5TR Ry SRR i Ban FGP21

poORpeHtideah wHb sﬂmnor 850 hRiIRE have BediBfchoved figaN theedhino-terminal
such as conplenentarlgérdetern1n|ng regi on
I

(@@ﬁ?ﬁ“?\% VREPER@I #MIng seidgies idnesee ]fb'e@n removed
B 0 PEITO BT B P TR i i

rr@.fdmb@h]&edfeeﬁ bheam@anreti fhodl Pothitht aspeecicfrhimal dnd dairtuckyt-cermimal ends of
B O P L bRl e  Hitleh 4 ARETRCAD: §/o§IPGnERES ere Preparcd as
Q@S@ﬁ%@& @elgyﬁxe%yég@tdn | eavage of full-length

ant i bodi es bi ndi ng fragnents include those

gener dhedchyity WO 1200811l FuRATIAIBLIVY/ Pl gdcpBdes and C-terminally

el PaRY BORaTEe eahBShmri it b & PR assay as

ﬁéb‘éﬁgéd“ih aRbinBRAY. VedcaR! BethiBIbPMSe in virro afR@VY ea®R@h be used to
anti bodies directed toward an FGF21 nutant pol ypepti de

g@m@nethe;ac‘awey pﬁt@m@@d RGF2d miokwericptidas.cgn be fandiin Example 4.
m ce) TB%( VI aqf ?he A lctflteglﬁ}l%;f w E&ﬁ‘% f %nh{ftparﬁ%ent invention can also

i nt rape | nj ec ns

B@b}i&{é@s&ﬂlldemaﬂﬁwaﬂ aAhiyl wadh as bb/oB&ﬁch%suﬁleVw int Exarnples 5 and 7.
conj u?ate an FGF21 nut ant pol ypeptide to a carri

preaerailn topatesy SeimihectsENite of A timeatspECiFas pp&ypﬁetlde the truncated
u

FFEEE 2?6§ggpt%;c2n? f}?@é{]‘&%ﬁﬂ kd g&gfr aI{sioy[c/IE %r?grbe%ﬁg Wfier a desired
inshbatiohoperiodl @®., agghegadi mgrage lcods sinhplasaalbendrawe, and blood
used t.0 nhance the i ne._.r espons After

iR 61 03 MESSNFRdnaISCigic A e Pl a PSS thifepy be used to
assayed for anti-FG-21 nutant anti body titer.
Monocl onal anti bodi es directeg toward FGF21 nut ant
pol ypepti des can be produced %ing any net hod that
provi des for the production of antibody nol ecul es by
continuous cell lines in culture. Exanples of suitable
met hods for preparing nonocl onal antibodies include
t he hybri doma nethods of Kohler et aI \ 1975, Nat ur e

S~ AN N~ - Ar 1 1 ~
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15 inserting | oci encoding human heavy and |ight chain
proteins into the genone thereof. Partially nodified

w@piosakg71i . e., animals having | ess than the fRECT/US2009/046113

conpl ement of nodifications, are then cross-bred to
obtain an ani mal having all of the desired i mune
systenmnodifications When adm ni stered an i nmunogen,

b et RRE g T e s A e i 2GR s ana 7.

i ncl udi ng varlable reglons that are inmmunospecific for

t hese antlgens See, e.g., International Publication

Nos. & RinalFirinutons/ 02602. Addi ti onal met hods
crlbed

d
ﬂ]te er ﬁg%qu% glinbg;g Bﬂ[engaqfag% pﬁ%g&b %Igf}lg%ﬁtggmgﬁld%atmns comprise

902,34038, 6, andr ¥ Bmbwr apeaRiddad A0 tho N-Rrial ShBof thid mrmre FGF21
ant’i bodi es can al so be Produced by the expression

pelapemidaanys donanstitebiay g sxampler Exgmpde fraad Sigwe iintruncated FGF21

|
B P BB SR AR REHOR VPR B2 apine dft ABues etan the
p)hslhﬁyu oédhd rrmmth@EQﬁlqu&pnﬂe bdi doives b{@elegluveog. in an individual.
genboom et al 19 . Biol. 227: 381; Marks
é@cog ingly; 99 Jpaﬂaculwmb%tuaﬁnt&z 3 PISEENY INVPREQR CRFQIRRAsEsstruncated
I 0 h hS
o e R PP AR o] FEES SR erPltc ARkt Raving N
acinet trophaages of30and, 4 vbéchweRtnsel sud rsniues. phage by
their binding to an antigen of choice. One such
technique is described in International Publication
No. WQ 99/ ¢04@4inaMttuséntidascr i bes WO _ _
2009/ T49171IPCT7 US2009/ 046113 t he isol ati on of high '
af finin gnn@rmanmm@m@ ahthcagesantsnyentignt Ciodiied tlupeatigmp comprise 1,

ept gr in uch an _.ap

Bt TR e 3AT NGRS AR ot Googpigal end of the
dRire HGIFSZI pPoRgusad. s d@mﬁﬂmt@am miemags% ENefbRI £and Figure 1B,
aci ds encodln the anti bodies are introduced into host
uRGafqdsF Ieoime@élé@ﬁhwmq@ -topatiedl itaneatipng opFaves diands amino acid

rei , C : :

555 1 8 Pk A S L .
ciglol BLK Nbeificdsoraasay( endieating mlimmhesalfr’l(}ma dhetsnts actainethe ability of the

pr oduce y the e pre si on_ of conblnant
gefurs F&f ﬁyp%mﬁpa SitdAOVSF hlyeii. fesione e:%@Psmm‘éQ gcs%r&hngly, in
p&tiehiBy enthiRPhs -tECh Rl it @RtioR Qﬁdoﬁﬁﬂks‘% tidhcdt&forms of the mature

I nvention can be enployed in any 10 known assay
RetRbdolypephicas Fﬁﬂmaialypemddommmqlaama@semmmai ¢omncativas of 1, 2,

Lndi_rect .sandw.ch says, and nopr eci pi tation
3bay B S8 § orAZ5 YR nARGRI BT ant 1 bodi es: A
Manual of Techni ques 147-158 (CRC Press, Inc., 1987),

i ncor por at ed hereln b refeqence inits entlrety) for
t he dete wlls g LGTnaS p

pol ypept | n ant

pol ypEIE% e%mt&ﬁﬂp‘% an aPF Stent ‘tnﬁ%‘%“on {%%l%cgfééﬁé%%lepofl%pep“d“ ca
A&vet Becanlsiaytiote b od-taeling @tfdﬂ(cl}@ﬂhmal truncaff®@s. Truncated FGF21
di agnostic applications, in certain enmbodi nents,

BelyPentide having @n@or@mat@@d@feﬁ -tempinfeandabepi@ngli tryncations share the

t t )

B oo TR Bk, il TN R R o Ay BN -torminal or
'CFtdtrmeElttl"%camId;eﬂ@IBt dbloﬁle$ iwgpmayd, trchntedeR@ﬁbl polypdslﬁides having both

%Attesn(ilég elgcgngénesg_ 5?%%2 fgéer%g a%glgol gclila % eé ’?@i% tgrmlnal truncations of
fluorescent or chem | um nescent conpound such as

fl uorescein isothiocyanate, rhodam ne, or luciferin;

or an enzyme, such as alkalin§ phosphat ase, 13-

gal act osi dase, or horseradish éeroxidase (Bayer et

al ., 1990, Meth. Enz. 184: 138-63). Conpetitive

bi ndi ng assays rely on the ability of a | abel ed

standard (e.g., an FG-21 nutant pol ypeptide, or an
|nnunolog|cally reactlve portlon thereof) to conpete

.. o [ .
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reagents useful for detecting FG-21 nutant pol ypeptide
| evel s in biological sanples. WO

WQO®9/1499171PCT/ US2009/ 046113 Such reagents capCi/ngioogiedo113

a detectable | abel, blocking serum positive and
negati ve control sanples, and detection reagents.
EXAMPLES 5The Exanples that follow are iIIustrative

E?%EpECIféC enbodi %f of the |nv§nt|on % rhous 0 :
L Pl d MGG ESKIUSE POYSEY HIHBF 0@)&5?%% P@ glucosc-lowering
BUIVR9 SRS rARAKd F@ﬂ@l%%eﬂﬁdl&thabﬁlgqoﬂ&hﬁﬂeﬁC{nﬁ‘&atlldrﬂ"otf If8er than 9
the Scope of the invention in any way. EXAMPLE

ammem atsidngs of tmERRad Eﬁﬁﬂésp@impm&ﬂsétawu@t (§ terrnlnal tryncations of

|d se ncdi n e. mat
P B PGS RAEE 5 BB Rl Sty prosent
(&@Bloxaemddrﬂpa@@tsltﬁmu&d NBrdg IofMBhs ridiieNBGRLIE |p©{31fpk:§@de or FGF21
sequences corresponding to the 5° and 3' ends
RelyDeRtide amgants Bgvias @@th%‘?‘éﬁlﬂémﬁ trynggtéons 19é 1pPi dreh 9> Phator 8 amino

?eﬁéﬁgéﬁgﬁa%ﬁﬁ}/{n‘gﬁ gﬁg Hf? E%@ésgq}?‘e@@ 101§1 or 12 amino

rimers aring 1 "Construct
Rﬁdﬁskmﬁequence SEQ ID NO' Sense

5 -A GGAATAACATAT TCCAATT GATTCTTCTCC-3' 5
Anti sEAs¥ity aifa %@@&A TAGAENASEETAEANES, girugpated FGF21

g&é}ggéﬂtfd@ Ean Hﬁt?c%aﬂ? BB &n taﬁl@nd: {dFdihaf ﬁﬁéﬁh@ Besidue, which can

truct incorporated 20 restriction endonucl ease
b¢ it dficnd lyi diected omathtial @misngeoilt dfladasegakbepecssion praess.

Bi 0 o B SR Co L OB LB RRyAS, o apRas TR P B prgpered o

QakBbe ) Bxamil& BERI 65 %@gb mﬁ% the Qi ?drﬂﬂiaﬂwuh standard
| ow- copy nunber R-100 origin of re Ilcatlon

motiichlae dbivlagy gechmistues,, caanemaloyathamynovilcdss, sctoalptf;é yéhethe instant

RET30
oIRGB SRR g BT PR BBl B R AL ML mvencion
Sﬁddzﬁrdk@dh@[t%ﬁ § Barl BSUSUADE Rc8@BRManMDNIAC oBiXPIRE®HIAN sFHtREEIs, tissue
0]

AME33 was und to be higher, pET30 was found to be a
ﬁ*ﬁr%e,ra@ri |t@6$f@“§4tm (ﬁg reporatrwu dipofagHOR|S§Ei ¢ & %fpmbrook et al.,

m?ec%wsbfo%% eéa%r 1@ g%bélgfg &tﬂ?’% a&}hlcﬁpﬂl fn%%tpkfoﬁ?ed herein by

wer e rst g nerate en Screene
ﬁférbn:@cﬁor S8l ecitpest. V‘IEI&@ﬁﬁtldét@?ﬂchbi?CﬁhﬂJﬁﬁﬁﬁﬁéﬂc&kﬁ 1&Bniques can be

uences re then ransferre? to pAMG33 for further
RFFUITITRT GAE9TE to manufaghescyess! %twén%secmm&w?qm@&hed in the

b & JCARLAHINA KErihY r@nl@s@fk@@élﬁb '319ﬁﬂ@i0§§ al[el-ﬂrogl'dg@ thé Qlornenclatures
PtuUtra Il Reaction Buff

dlizedivh -codnoctio® rmvgh, add lhelhbofﬁmmec@d(lm@@mdugmhmques_ of analytical
]l'f‘é%lla%,nsey%th %’19: (I;rgmw c:l'lelms ry',:)ralngE medlémal [cln(Mpharmaceutlc[ai' Chemistry
described herein are those well known and commonly used in the art. Standard
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
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

24
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5 PfuUtra Il fusion HS DNA Pol ynerase (Stratagene; La
Jolla, CA). Amplification reactions were perforned by

whe@digrg7for 2 mnutes at 95C, foll owed by tenPClHTbm89/046113

at 95C for 20 seconds, 60C for 20 seconds (with an
addi tional 1C subtracted per cycle), and 72C for 15
seconds/ ki | obase of desired product; followed by 20

cles 94C for 20 seco 5Cf r 20 econds,
Bbfonr g et omuail FoBagaody Micurkug BRBaoRn babPeprides. are
a@bﬁsgg@gmeaggﬂf@feug m nutes. Anplification products
were digested with the restriction endonucl eases Ndel,
Dpnl, and EcoRI; ligated into a suitable vector; and

hen E,r:%\go fs%r_reSl N P e%nt cells. EXAMPLE 2
%&%—%—c@%—m—%—wﬁ%@ns from Bacteri a

I n t has Exadtveesn tHi@inplco8,| @uture/ BGFQUSvasGoddd 1 B @hdgoing in vivo
including the wild-type FG-21 pol ypepti de, truncated
adatigp) Wbt@ﬁt‘f’%ﬁe‘éltlma@b? determingd 40 appry frparprotqoligicogitack. The in

r d I
gz§//§ ?g%@&%%owgﬁgaﬁﬁ%eﬁﬁlnwhggoﬁnﬁ 3§ ie%g etg glrnﬁﬁeg gﬁ%ét:l\%\/r\}zalf-hfe, which
tahe adR@F@ly pffecttetha shavepeutip yrotdritiet ofia wekculeb eﬁcdomlhgﬂiys a directed
§tHgy Wa[s @e#f&%yggqi‘@%g%tgfg {ijfﬁ%?ds et ]%ngglln{:sta Wed ftg‘gja %lél rtlo f]p}r/oteolysis.
Q@l ay fé@ﬁ’l‘{ 'OQ}QES ﬁ%tlg 0%1 UL ARLS tflé %tﬁ}%qﬁ@]ﬁ 3 la*Jol peptide that were
i ncl usi on bodi es oubl e-washed 1 ncl usi on bod g

( Ohissyd Webeepes'thctujéuﬂy susecptlbte @ sofeulysisiizadtdeothe Ipafptiderbond between

fiberand ad iides Ao PP haml ik T oo
t enpenabidad, b cusé® dnbedif@tddbithily adsOperforhbdt8 M@sify particular

added to a refold buffer containi'ng urea, arginine,
gubstiaitines thaheiripstedhs alscryedmsetholytic a&ecétwfpla n@)t sffacﬁdlg the activity

§€@§ prp%xeqo o n%élceh'% e de%%eg?%a&? f%l hlﬁﬁ SanS of the mutants
flat weQldparbil ﬁﬁcﬁ@!&@@ AsBeqemgd if) for élxﬁi:h%i& £xalmpreliphAngt 4, not all

al 1997, "Fal di ng pr oteins," Protein Function: A . .
PEERt m&ﬁ%ﬁtwlb}g@mq |;gﬂf@]§nsor%mutamgsv@0¢§qq@d nregeolysis resistance

[ I
Eé(teﬁ %ﬂeP%rgt ?@co&@ﬂ% %?’ 'F@%%Flagﬁlt 5 (ggllet?’%%?ﬂl%n F%%ﬁgdngGFﬂ activity
bﬁf diddnetg cortflre pratediysie revdsgarfce] t Seedalt muemgh iacl0didl, WD exarnple
/149 71PCT/ US2009/ Q46113 m.cran filter. The ref

5583 ﬁaefﬁ aSHce PR FVEh BF G &b yWHErYRS) EG\R@? phile also
@(Iﬁﬁtlﬁgréﬁ@teﬁﬁe It@ﬁro‘t’@%'l}gﬁtdegfétda@(grf Pal | Orega cassette

at a transnenbranhe pressure (TWMP) of 20 psi, and

di al f Dint esadettipnt britdrig ofou nmilcuofyune slesifal?® privicdlyiss: re:p'Hant FGF21

BB Bt bR B ERE thart Qe B B R BHBS JPE SO B or ereater

Hah Nehedacky 2@ RATIRE S pER GBI, NThékefdrf edlbotiRalcnb@tasin® B the present
of 0 to 250 MM NaCL in 20 M Tris was run at pH 8.0 at

BEentpais diregted; tonEGhel eusavd s}nztédreblgﬁms@spmegroémélysw and still retain
Lyate te
Fa%NG b smen i AP Su 48 & PG0 HEP HAER AR P Piproneh tes

dcdihBlayin SephaieseFER2I afitants Rhat Sicnrewidtine |thtpecde¢l§$1m ®ut exhibit
a 10 decreasing linear gradl ent of 0.7 Mto O

sooMial I edsed petivdty formgneth w@%m@tﬁtoftt@@féw@t gyvention. In some

BRak i GAT SRGIERS (BRI lote SPRRATRI( LA Whicuenty. FGF21

pocintsihst dlomcemhe ddgeek off prhtealy];ﬁ t Doyl adsouban anethghémbodiment of
ut-off Pall. Orega 0.2 nR cassette to 7 ng/nL at a TWP
Iﬁ@WEQPVmﬁﬁ@'concentrate was dialfiltered 15 with 5
colum vol unes of 10 mM KPO4, 5% sorbitol, pH 8.0 at a
TWMP of 20 psi, and the recovered concentrate was
diluted to 5 ng/nL. Finally, e solution was filtered
through a Pall mni-Kleenpac 072 |LIM Posidyne
menbr ane. To purify FG-21 fusion proteins and
FGF21 fusion nutant proteins from bacterial inclusion
bodi es, doubl e-washed i ncl usi on bodies (DWBs) were
solublllzed |n 20 a solublllzatlon buffer contalnlng

O e p—— " s T r r
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10using a junbosep. Finally, the solution was filtered
through a Pall mni-Kl eenpac 0.2 |LIM Posidyne

woreosbnamer EXAMPLE 3 Preparation and Expressi oPCD1S2009/046113

Truncated FGF21 Proteins 15Constructs encoding the
truncated FGF21 proteins listed in Table 3 were
prepared by PCR anplification of the wild-type FG-21

P 3 0 O S5 R S SRR ED
FOGFEX AR &) theTRBlc@t $hvRRiSeeh Ud pRrpakl QA AMHRE héifl Those of

Resi dues Number of Residues Truncated* C-term nus
ordimpentskidng the- ar, gior xdample] #@s@ familiat p@tiE staindard #folgcular biology

fec&t?igues, can employ that knowledge, coupled with the instant disclosure, to make and
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., eclectroporation, 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
performed according to manufacturer's specifications, as commonly accomplished in the
art, or as described herein. Unless specific definitions are provided, the nomenclatures
utilized in connection with, and the laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, and medicinal and pharmaceutical chemistry
described herein are those well known and commonly used in the art. Standard
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
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 known and are discussed in more detail herein.

5. Aggregation-reducing FGF21 Mutants

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

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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directed study was performed to identify FGF21 mutants that exhibit reduced FGF21
aggregation. The resulting FGF21 mutants were then tested for the propensity to
aggregate at various concentrations.

A broad but focused and directed study was performed to identify particular
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,
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 LI9SR, retained FGF21
activity and also exhibited reduced aggregation. One mutant, FGF21 A45K, surprisingly
exhibited increased FGF21 activity while also exhibiting reduced aggregation properties.

One seclection 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.
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.

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

clectroporation, lipofection). See, e.g., Sambrook et al, Molecular Cloning: A
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Laboratory Manual, 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 medicinal and pharmaceutical chemistry described herein are
those well known and commonly used in the art. Standard techniques can be used for
chemical syntheses; chemical analyses; pharmaceutical preparation, formulation, and
delivery; and treatment of patients.

The aggregation-reducing FGF21 mutants of the present invention 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 FGF21
mutant can be fused to an IgG Fc sequence, ¢.g., SEQ ID NO:13. Such fusion can be
accomplished using known molecular biological methods and/or the guidance provided
herein. The benefits of such fusion polypeptides, as well as methods for making such

fusion polypeptides, are discussed in more detail herein.

6. FGF21 Combination Mutants

As described herein, the wild-type FGF21 sequence possesses several properties
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 FGF21
polypeptides that overcome each of these challenges, a directed study was performed to
determine whether the amino acid substitutions conferring proteolysis-resistance and
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
in a given polypeptide can sometimes adversely affect the expression, activity, and

subsequent manufacture of the protein.
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sequence (i.e the 2-181 truncation mutant), was
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Bagthenedvity 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
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 properties but exhibit somewhat decreased FGF21
activity form another embodiment of the present invention. In some cases it may be
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
skill in the art, familiar with standard molecular biology techniques, can employ that
knowledge, coupled with the instant disclosure, to make and use the FGF21 combination
mutants of the present invention. Standard techniques can be used for recombinant DNA,
oligonucleotide synthesis, tissue culture, and transformation (e.g., eclectroporation,
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 performed according to manufacturer's specifications,
as commonly accomplished in the art, or as described herein. Unless specific definitions
are provided, the nomenclatures utilized in connection with, and the laboratory
procedures and techniques of, analytical chemistry, synthetic organic chemistry, and
medicinal and pharmaceutical chemistry described herein are those well known and

commonly used in the art. Standard techniques can be used for chemical syntheses;
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the histidine residue as 5 shown bel ow, wherein the
upper sequence (SEQ IDNO 10) is a portion of a
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were assigned a "+" in Table 5. Table 5 Truncated

WO-gh214Rrot eins: in vitro Assay Cterm nus Tr UPCEHUBINS046113

Am no Acid Residues Efficacy Activity (+1-) 1 - 180
93.2% + 1 - 178 95.0% + WD

2009/ 149171PCT/ US2009/ 046113 1 - 177 112. 0%+ 1 - 176

0 - 0 -

r]h%?'e' gn{?n-g a]éid re]s'i7dﬁesl 041"-1’61151)’5-5, e].' g., 1,1 5,33, 4,5,6,7,8, or 9 residues (or -mers),
preferably from 10 to 50 amino acid residues (or -mers), e.g., 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 25, 30, 35, 40, 45, or 50 residues (or -mers), and more preferably from 15
to 35 amino acid residues (or -mers). A linker or adapter molecule can also be designed
with a cleavage site for a DNA restriction endonuclease or for a protease to allow for the

separation of the fused moieties.

a. F¢ Fusions

In one embodiment of the present invention, an FGF21 polypeptide mutant is
fused to one or more domains of an Fc region of human IgG. Antibodies comprise two
functionally independent parts, a variable domain known as “Fab,” that binds an antigen,
and a constant domain known as “Fc,” that is involved in effector functions such as
complement activation and attack by phagocytic cells. An Fc has a long serum half-life,
whereas a Fab is short-lived (Capon et al., 1989, Nature 337: 525-31). When joined
together with a therapeutic protein, an Fc domain can provide longer half-life or
incorporate such functions as Fc receptor binding, protein A binding, complement
fixation, and perhaps even placental transfer (Capon et al., 1989).

In vivo pharmacokinetic analysis indicated that human FGF21 has a short half-life
of about 1 hour in mice due to rapid clearance and in vivo degradation. Therefore, to
extend the half-life of FGF21 an 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
mutants are described in, for example, Examples 8 and 11, and exhibit longer half-lives
than wild-type FGF21. These and other FGF21 fusion proteins form embodiments of the
present invention.

Throughout the disclosure, Fc-FGF21 refers to a fusion protein in which the Fc
sequence is fused to the N-terminus of FGF21. Similarly, throughout the disclosure,
FGF21-Fc refers to a fusion protein in which the Fc sequence is fused to the C-terminus

of FGF21.
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The resulting FGF21 fusion protein can be purified, for example, by the use of a
Protein A affinity column. Peptides and proteins fused to an Fc region have been found
to exhibit a substantially greater half-life in vivo than the unfused counterpart. Also, a
fusion to an Fc region allows for dimerization/multimerization of the fusion polypeptide.
The Fc region can be a naturally occurring Fc region, or can be altered to improve certain
qualities, such as therapeutic qualities, circulation time, or reduced aggregation.

Useful modifications of protein therapeutic agents by fusion with the “Fc¢” domain
of an antibody are discussed in detail in International Publication No. WO 00/024782,
which is hereby incorporated by reference in its entirety. This document discusses

linkage to a “vehicle” such as polyethylene glycol (PEG), dextran, or an Fc region.

b. Fusion Protein Linkers

When forming the fusion proteins of the present invention, a linker can, but need
not, be employed. When present, the linker’s chemical structure may not critical, since it
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 1 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,
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
linkers include: (Gly)s-Ser-(Gly)s-Ser-(Gly)s-Ser (SEQ ID NO:23), (Gly)s-Ser-(Gly)s-
Ser-(Gly)s-Ser (SEQ ID NO:31), (Gly)s-Lys-(Gly)s (SEQ ID NO:32), (Gly)s-Asn-Gly-
Ser-(Gly), (SEQ ID NO:33), (Gly);-Cys-(Gly); (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

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—-(CH;)s—C(O)—, wherein s = 2 to 20, could be used. These alkyl linkers can further
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.

. Chemically-modified FGF21 Mutants

Chemically modified forms of the FGF21 polypeptide 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 modified FGF21
mutants are altered such that the chemically modified FGF21 mutant is different from the
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
selected is typically water-soluble so that the protein to which it is attached does not
precipitate in an aqueous environment, such as a physiological environment. Included
within the scope of suitable polymers is a mixture of polymers. Preferably, for
therapeutic use of the end-product preparation, the polymer will be pharmaceutically
acceptable. Non-water soluble polymers conjugated to FGF21 polypeptide mutants of
the present invention also form an aspect of the invention.

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

molecular weight). The average molecular weight of each polymer is preferably between
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Tabl e 6 Truncated FGF21 Fusion Proteins Am no Acid
Resi dues Fc Position Linker C-term nus Truncations 1 -

WAZ@®9AMH21 15 1 - 175 -NH2 14 1 - 175 -COOH 15 HCFUS2009/046113

-NH2 15 1 - 171 -COOH 15 1 - 170 -COOH 15 N-term nus
Truncations 5 - 181 -NH2 15 5 - 181

In embodiments of the present invention wherein the polymer is PEG, the PEG
group can be of any convenient molecular weight, and can be linear or branched. The
average molecular weight of the PEG group will preferably range from about 2 kD to
about 100 kDa, and more preferably from about 5 kDa to about 50 kDa, e.g., 10, 20, 30,
40, or 50 kDa. The PEG groups will generally be attached to the FGF21 mutant via
acylation or reductive alkylation through a reactive group on the PEG moiety (e.g., an
aldehyde, amino, thiol, or ester group) to a reactive group on the FGF21 mutant (e.g., an
aldehyde, amino, or ester group).

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

In some embodiments of the present invention, a useful strategy for the
attachment of the PEG group to a polypeptide 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
an appropriate functional group at a specific site. The precursors are purified and fully
characterized prior to reacting with the PEG moiety. Ligation of the peptide with PEG
usually takes place in aqueous phase and can be easily monitored by reverse phase
analytical HPLC. The PEGylated peptides can be easily purified by preparative HPLC
and characterized by analytical HPLC, amino acid analysis and laser desorption mass
spectrometry.

Polysaccharide polymers are another type of water-soluble polymer that can be
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-COOH 15 WD 2009/ 149171PCT/ US2009/ 046113 7 - 181 - NH2
15 7 - 181 -COOH 15 G and N-term nus Truncations 5 -

WAT®9AMH21 15 5 - 175 -COOH 15 5 - 171 -NH2 15 BCFUS2009/046113

-COCH 15 6 - 170 -COOH 15 7 - 178 -COOH 35

used for protein modification. Therefore, the FGF21 mutants of the present invention
fused to a polysaccharide polymer form embodiments of the present invention. Dextrans
are polysaccharide polymers comprised of individual subunits of glucose predominantly
linked by alpha 1-6 linkages. The dextran itself is available in many molecular weight
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.g., International Publication No. WO
96/11953. The use of dextran conjugated to therapeutic or diagnostic immunoglobulins
has been reported. See, e.g., European Patent Publication No. 0 315 456, which is hereby
incorporated by reference. The present invention also encompasses the use of dextran of
about 1 kD to about 20 kD.

In general, chemical modification can be performed under any suitable condition
used to react a protein with an activated polymer molecule. Methods for preparing
chemically modified polypeptides will generally comprise the steps of: (a) reacting the
polypeptide with the activated polymer molecule (such as a reactive ester or aldehyde
derivative of the polymer molecule) under conditions whereby a FGF21 polypeptide
mutant becomes attached to one or more polymer molecules, and (b) obtaining the
reaction products. The optimal reaction conditions will be determined based on known
parameters and the desired result. For example, the larger the ratio of polymer molecules
to protein, the greater the percentage of attached polymer molecule. In one embodiment
of the present invention, chemically modified FGF21 mutants can have a single polymer
molecule moiety at the amino-terminus (see, e.g., U.S. Patent No. 5,234,784)

In another embodiment of the present invention, FGF21 polypeptide mutants can
be chemically coupled to biotin. The biotin/FGF21 polypeptide mutants are then allowed
to bind to avidin, resulting in tetravalent avidin/biotin/FGF21 polypeptide mutants.
FGF21 polypeptide mutants can also be covalently coupled to dinitrophenol (DNP) or
trinitrophenol (TNP) and the resulting conjugates precipitated with anti-DNP or anti-
TNP-IgM to form decameric conjugates with a valency of 10.

Generally, conditions that can be alleviated or modulated by the administration of
the present chemically modified FGF21 mutants include those described herein for

FGF21 polypeptide mutants. However, the chemically modified FGF21 mutants
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WO GOV 51 In particular, FGF21 fusi on pPOI/EBI909/046113

constructs (including those encoding truncated FGF21
fusion proteins) were prepared in a series of three
anplification reactions using essentially the reaction

ondi ti.ons described.in Exanple 1. In the first. : ..
A EiErein SR fivecdisiRa 8RS <dhuicghentbetiaBeisabaotvity,or
SREHENERGRAERIsRENE BProbRalor GboBhRE Miflife, f5CohPdtddNo unmodified
and | i nker sequence. In the second reaction, a pair of
poFatnsitasds desi gned to produce a sequence containing
an overl apping portion of the linker, a portion of the
FGF21 codi ng sequence, and an EcoRl cloning site.
§i nal friferapdutic@nigvisitidng 6AEGFDN MuBaritintd AdmHidtRkibs The®of
desi gned for_ the purpose of |inking the products of
t he fTheapquRls comPOpiEaRY @Q;WSI%Fﬁﬁghﬁlum;s getwigin the scope of the

I OBr. t 1€t en - 1. 3-1 i.S: . .
PleePE P o e 5 ShGHECAS e R EEE yi  dSidenicaton of
Eevergd InautyntAER2 bagabiores Rxbibéing chasteduabpdrtiesreBuch FGF21 mutant

Sequence, .. . . .
pharmaceutical compositions can comprise a therapeutically effective amount of an

FGF21 polypeptide mutant in admixture with a pharmaceutically or physiologically
acceptable formulation agent selected for suitability with the mode of administration.

Acceptable formulation materials preferably are nontoxic to recipients at the
dosages and concentrations employed.

The pharmaceutical composition can contain formulation materials for modifying,
maintaining, or preserving, for example, the pH, osmolarity, viscosity, clarity, color,
isotonicity, odor, sterility, stability, rate of dissolution or release, adsorption, or
penctration of the composition. Suitable formulation materials include, but are not
limited to, amino acids (such as glycine, glutamine, asparagine, arginine, or lysine),
antimicrobials, antioxidants (such as ascorbic acid, sodium sulfite, or sodium hydrogen-
sulfite), buffers (such as borate, bicarbonate, Tris-HCI, citrates, phosphates, or other
organic acids), bulking agents (such as mannitol or glycine), chelating agents (such as
cthylenediamine tetraacetic acid (EDTA)), complexing agents (such as caffeine,
polyvinylpyrrolidone, beta-cyclodextrin, or hydroxypropyl-beta-cyclodextrin), fillers,
monosaccharides, disaccharides, and other carbohydrates (such as glucose, mannose, or
dextrins), proteins (such as serum albumin, gelatin, or immunoglobulins), coloring,
flavoring and diluting agents, emulsifying agents, hydrophilic polymers (such as
polyvinylpyrrolidone), 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
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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SEQ I D NO Reaction 1 Sense
5' - AGGAGGAATAACATATGGACAAAACTCACACATG 3' 14 Anti sense

WG 2008GNTACACCACCACCCCTACCAC- 3' 15 Reaction 2 SeeiEES2009/046113

5' - GGTGGIGGTGGATCCCATCCAATTCCAGATTCTTCTCCA- 3" 16
Antisense 5' - TAGTGAGCTCGAATTCTTAGGAAGCGTAGCTGG 3" 17
Reaction 3 WO 2009/ 149171PCT/ US2009/ 046113 Sense

AR GRTe D AT Saree
PO @8 Wolysfbatch®y: fitifal tlofR@tanaRe; WasitiHh .08l &ebrdf dtyld¥@pal), stability

restriction endonucl eases Ndel and EcoRI, ligatéd into '
eianpEE 3gente Cugh as anefoschernsorbitms ftorigitid cianoing agpis éswch as alkali

GRS DRUhSETS LSS ARSI B aocr
Vehicles, diluents, excipients and/or pharmaceutical adjuvants (see, e.g., Remington's
Pharmaceutical Sciences (18th Ed., A.R. Gennaro, ed., Mack Publishing Company
1990), and subsequent editions of the same, incorporated herein by reference for any
purpose).

The optimal pharmaceutical composition will be determined by a skilled artisan
depending upon, for example, the intended route of administration, delivery format, 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
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
exemplary vehicles. Other exemplary pharmaceutical compositions comprise Tris buffer
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
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
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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In vivo Activity of Truncated FGF21 Fusion Proteins
Fusi on proteins conprising a truncated FGF21 sequence

wo e®ed4q101 an Fc sequence 10 were generated anPCHESHYEH6113

for in vivo activity. Truncated FGF21 fusion proteins
were prepared by fusing an 1gGl Fc nol ecule to either
the N-termnal or C-term nal end of a truncated FGF21
rotein to.f.orma n% e cantiguous se
TRt

ence.
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I e tpol
DSBSl RERIBIONERRE L) S AES SURLAY sone oy, gurenr
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pol ype
f ﬁfei”ged UROURNIF S0P PRIV, ISTEY tYBtb?né?Bh%pé@araélﬁa cepdnvolve the
?&h{ulattll/)n%ff tl?e Bafkl ayiatd \%_fg In F%l%@r}:tabzdzbhta@ ihiRWEhle tﬂngﬂgpheres bio-

gl ucose | evel s was neasured 1 polypeptid
El@fble putiales, mﬂymptecpbordpoumls (FEh2b fiaghare pod pp@piylg@@ohc acid),
be tested in'e ted intraperitoneally into 8
o pastmeh Bty denies ol bRBENEt OF pieiled RiPst gf the produc
{RichaaR s veddiverRt aiNe et iiddtioau %}dlﬁfﬁm@%f&ﬁ &n also be used, and
follow ng a single injection, ¢ﬁ 6, 24, 72, 120,
ﬁmﬁcalld&Vhdmesffe&f o%pronw‘tlegtsu&ﬁénne mtziorgmdb@geculetm <Other suitable
ans tnétgodll\fé&?n A géeeggs%s ([)ﬁéf@e 1n€1},1%és lgré%lm?g%% drug delivery
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experinment denonstrateéd that truncated Fc-FG-21 fusion
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25resistant to such degradation. To determ ne the
sites of degradation, LC-MS anal ysis and Edman

W@ ewaasarng was performed on wl d-type human PEFRUS20%1046113
FGF21 Fe fusion proteins obtained at various tine
points after injection into male C57B6 m ce. The Ednman
sequenci ng hel ped confirm whether the N-term nal or

C.ternmnal end of the protein was undergoi ng .
8%%_3 ﬁ‘é‘?}éﬁap n?“%&{\n%ﬁg ,g@jqeq*ggteﬁggmg RS ¢ adl%totf.}gders can also be
dmpRa.nus of human FG-21, degradation was found to

occur at the peptide bond between am no acid residues
151 aAdothe pI9Y0leitTIIROTIOSERO09N Guseivian Sfecting quantity of FGF21

bet we amno acid residues 171 and 172.0 he huma
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82: 3688-92; and European Patent Nos. 0 036 676, 0 088 046, and 0 143 949.
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WO 2009/ 149171PCT/ US2009/ 046113 21 Leu Ile, Phe, Tyr,
Val 22 Tyr Ile, Phe, Vval 150 Pro Ala, Arg 151 Ay Ala,

wo/200018371 1l e His, Leu, Phe, Val 170 Ay Al a, ARCI/USNPY/046113

Cys, Gn, GQu, Pro, Ser 171 Pro Ala, Arg, Asn, Asp,
Cys, Qu, Gn, Ay, H's, Lys, Ser, Thr, Trp, Tyr 172
Ser Leu, Thr 173 Gn Arg, GQu

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 lyophilized, sterilization using
this method can be conducted either prior to, or following, lyophilization and
reconstitution. The composition for parenteral administration can be stored in lyophilized
form or in a solution. In addition, parenteral compositions generally are placed into a
container having a sterile access port, for example, an intravenous solution bag or vial
having a stopper pierceable by a hypodermic injection needle.

Once the pharmaceutical composition has been formulated, it can be stored in
sterile vials as a solution, suspension, gel, emulsion, solid, or as a dehydrated or
lyophilized powder. Such formulations can be stored either in a ready-to-use form or in a
form (e.g., lyophilized) requiring reconstitution prior to administration.

In a specific embodiment, the present invention is directed to kits for producing a
single-dose administration unit. The kits can each contain both a first container having a
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
therapeutic context and objectives. One skilled in 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
the dosage and modify the route of administration to obtain the optimal therapeutic effect.
A typical dosage can range from about 0.1 pg/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 mg/kg; or 5 pug/kg, 10
ug’kg, 15 ng/kg, 20 pg/kg, 25 ugkg, 30 ngkg, 35 ngkg, 40 ngkg, 45 ngkg, 50 ng/ke,
55 ug/kg, 60 ug/kg, 65 ug/kg, 70 ngkg, 75 ug/kg, up to about 100 mg/kg. In yet other
embodiments, the dosage can be 50 ug/kg, 100 ng/kg, 150 ug/kg, 200 png/kg, 250 ug/kg,
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EXAMPLE 10 In vivo Analysis of Fc-FGF21 and FGF21- Fc
Degradation The stability of FG-21 Fe fusion proteins

WO p009f1¥a7vas determ ned by injecting 5 m ce w RPET/ES2009/046113

fusion protein, drawing blood fromthe mce at various
time points, and analyzing the serumby |iquid
chr omat ogr aphy- mass spectronetry (LCGMS). In

B0 e 3o wetiesy Bk cdogh b i keo o1E Sie. ®0b uere, 650
| fi d i hedq F F

R 20 uER e PRELLRET ST EHR B Fu e Moo IR (038 By 100 ek

2o sipaedand ﬁ%ﬂ%@@@i}%ﬁ]}g, $ooed kwasood namg, f70@n1%§%|, gbg)ug/kg, 900

m ce at 6, and 48 hours after injection
agttec 100act/legl 2000 oetaT A00U bedke pd #0r sk e o 0RD tuy/ ke, 60@Ahsgke, 7000

i nhi bji tor coc il1s (Roche Diagnostics). Plasma was
&%)}ggr%q()@d*g%g’%ﬁé I'Lg/ikégﬁﬁgnf ‘sanpl es at 12,000 g for

10 mri ' g e Py

oo FEqu T 8 gL SR8 yBh B L s s o
EGF21 pSapeped: Bauqult en Fho feimulatcm g eseld Bypiodly, a clinician will

Ao, U Eer i S hous, A Bt 20 M0R e e
edmpsritich Fah8hdreFotd bERAARINGYA 85 a single dose, as two or more doses (which
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.

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

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
disorders. In one embodiment, the metabolic disorder to be treated is diabetes, e.g., type

2 diabetes. In another embodiment, the metabolic disorder is obesity.  Other
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Prior to analyzing the affinity purified sanples by
LC- M5, Fc-FGF21 and FGF21-Fc protein standards were

w@e@bgrad as a reference. Protein standards weP€T/E51008046113

WO 2009/ 149171PCT/ US2009/ 046113 reduced with
tris[2-carboxyethyl] phosphine (TCEP) or not reduced.
Reduced and non-reduced standards were anal yzed by
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B @mlmgtexgl_gm ESFAAPBRpeftie: MRRAT NEHesIBBE&EBert@I totatient in need
reduced FG-21 Fc standard and sanpl es E6, E24, and

femoi e tBnGmRINNORR gmregemalmeffgm drset REhes pditigtion can be
d
FRLGFAIPLE SLABLEISR UL ROLF N RSB, ASEHSAGHAN s

ﬁﬂhdnmb@,llzﬁlf afpreoi, Sor@@raﬂﬁtue Ithg ft&dl 6f) a 1t4b1 &Bor ]R@ﬁdllft)ﬁnaﬁon In most
the LC-MS anal ysis of the st andar ds and sanples are .
pfiPae g deprerdnsaceien bedsteammsd braslinidany ps fdescijped herein, and can

@?és&?t‘  tHd eﬁ)ﬁ&@l:ycéffegtlgé' AGIES e FEEF2Y maftRl 01?/%@&&2 Jt will be

served Masses Fragnent Intact N-term nus?
sprancha talthdSe 38kilDan ﬂheéhlﬂth‘a{‘eas thoGapdti BB cffactiveddote YEFGF21 mutant
péllygelpzldgavvlﬁ cfre%gnd %tAferAEz zasﬁl%on elad%?lﬁlstratlon 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
recipient. The term “therapeutically effective dose,” as used herein, means that amount
of FGF21 mutant polypeptide that elicits the biological or medicinal response in a tissue
system, animal, or human being sought by a researcher, medical doctor, or other

clinician, which includes alleviation of the symptoms of the disease or disorder being

treated.

11. Antibodies

Antibodies and antibody fragments that specifically bind to the FGF21 mutant
polypeptides of the present invention but do not specifically bind to wild-type FGF21
polypeptides are contemplated and are within the scope of the present invention. The
antibodies can be polyclonal, including monospecific polyclonal; 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.
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 techniques, such as the expression of recombinant plasmids containing
nucleic 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 subcutanecous or
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 to be immunized, such as keyhole limpet hemocyanin, serum, albumin,
bovine thyroglobulin, or soybean trypsin inhibitor. Also, aggregating agents such as
alum are used to enhance the immune response. After immunization, the animals are
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
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.
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
species or belonging to another antibody class or subclass. Also included are fragments
of such antibodies, so long as they exhibit the desired biological activity. See, e.g., U.S.
Patent No. 4,816,567, Morrison et al., 1985, 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 humanizing non-human antibodies are well known in the art. See,
e.g., U.S. 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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hat are resistant to proteolysis and hibrt Iong
braijﬁgdted/‘@sa carrier. See, e.g., Jakobov1ts et al., 1993, Proc. Natl. Acad Sci. U.S.A.
90: 2551-55; Jakobovits et al., 1993, Nature 362: 255-58; Bruggermann et 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
inserting loci encoding human heavy and light chain proteins into the genome thereof.
Partially modified animals, i.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, e.g., murine) amino acid sequences,
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. 0 546 073. Human antibodies can also be
produced by the expression of recombinant DNA in host cells or by expression in
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,
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
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
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
the assay method being employed.

For diagnostic applications, in certain embodiments, anti-FGF21 mutant
antibodies can be labeled with a detectable moiety. The detectable moiety can be any one
that is capable of producing, either directly or indirectly, a detectable signal. For
example, the detectable moiety can be a radioisotope, such as *H, “c, P, S, I, PTe,
", or ®Ga; a fluorescent or chemiluminescent compound, such as fluorescein
isothiocyanate, thodamine, or luciferin; or an enzyme, such as alkaline phosphatase, -
galactosidase, or horseradish peroxidase (Bayer et al., 1990, Meth. Enz. 184: 138-63).

Competitive binding assays rely on the ability of a labeled standard (e.g., an
FGF21 mutant polypeptide, or an immunologically reactive portion thereof) to compete
with the test sample analyte (e.g., an FGF21 mutant polypeptide) for binding with a
limited amount of anti-FGF21 mutant antibody. The amount of an FGF21 mutant
polypeptide in the test sample is inversely proportional to the amount of standard that
becomes bound to the antibodies. To facilitate determining the amount of standard that
becomes bound, the antibodies typically are insolubilized before or after the competition,
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 involve the use of two antibodies, each capable of
binding to a different immunogenic portion, or epitope, of the protein to be detected
and/or quantitated. In a sandwich assay, the test sample analyte is typically bound by a
first antibody that is immobilized on a solid support, and thereafter a second antibody
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
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
detectable in an animal, whether by nuclear magnetic resonance, radiology, or other
detection means known in the art.

The FGF21 mutant antibodies of the invention can be used as therapeutics. These
therapeutic agents are generally agonists or antagonists, in that they either enhance or
reduce, respectively, at least one of the biological activities of an FGF21 mutant
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
about 50%, and preferably by at least about 80%. In another embodiment, the anti-
FGF21 mutant antibody is capable of interfering with the interaction between an FGF21
mutant polypeptide and an FGF receptor thereby inhibiting or eliminating FGF21 mutant
polypeptide activity in vitro or in vivo. Agonist and antagonist anti-FGF21 mutant
antibodies are identified by screening assays that are well known in the art.

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
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

Preparation of FGF21 Expression Constructs

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.

Table 2
PCR Primers for Preparing FGF21 Construct
SEQ
Primer Sequence ID NO:
Sense 5'-AGGAGGAATAACATATGCATCCAATTCCAGATTCTTCTICC-3' 5
Antisense | S'-TAGTGAGCTCGAATTCTTAGGAAGCGTAGCTGG-3" 6

The primers used to prepare the FGF21 expression construct incorporated
restriction endonuclease sites for directional cloning of the sequence into a suitable
expression vector (e.g., pET30 (Novagen/EMD Biosciences; San Diego, CA) or
pAMG33 (Amgen; Thousand Oaks, CA)). The expression vector pAMG33 contains a
low-copy number R-100 origin of replication, a modified /ac promoter, and a kanamycin-
resistance gene. The expression vector pET30 contains a pBR322-derived origin of
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 transferred to pAMG33 for further amplification.

The FGF21 sequence was amplified in a reaction mixture containing 40.65 pL
dH,0, 5uL PfuUltra II Reaction Buffer (10x), 1.25 pL. ANTP Mix (40 mM — 4 x 10mM)),
0.1 pL Template (100 ng/mL), 1 pL Primerl (10 uM), 1 pL Primer2 (10 uM), and 1 pL
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;
followed by 72°C for 3 minutes. Amplification products were digested with the
restriction endonucleases Ndel, Dpnl, and EcoRI; ligated into a suitable vector; and then

transformed into competent cells.

EXAMPLE 2

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
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
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 al., 1997, "Folding proteins," Protein Function: A
Practical Approach (Creighton, ed., New York, IRL Press) 57-99; and Ishibashi et al.,
2005, 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)
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 cluted using a
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:
680-85) and pooled.

The HIC pool was concentrated with a 10 kD molecular weight cut-off Pall
Omega 0.2 m” cassette to 7 mg/mL at a TMP of 20 psi. The concentrate was dialfiltered
with 5 column volumes of 10 mM KPO,, 5% sorbitol, pH 8.0 at a TMP of 20 psi, and the
recovered concentrate was diluted to 5 mg/mL. Finally, the solution was filtered through
a Pall mini-Kleenpac 0.2 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
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
al., 1997, “Folding proteins,” Protein Function: A Practical Approach (Creighton, ed.,
New York, IRL Press) 57-99; and Ishibashi et 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 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 pH 8.0 at 5°C. Peak fractions were analyzed by SDS-
PAGE (Laemmli, 1970, Nature 227: 680-85) and pooled.

The AEX cluate pool was then subjected to hydrophobic interaction
chromatography (HIC) using a Phenyl Sepharose HP resin. Protein was cluted 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
using a jumbosep. Finally, the solution was filtered through a Pall mini-Kleenpac 0.2 uM

Posidyne membrane.

EXAMPLE 3

Preparation and Expression of Truncated FGF21 Proteins

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

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

Table 3
FGF21 Truncations
Number of
Amino Acid Residues
Residues Truncated*
C-terminus Truncations
1-180 1
1-179 2
1-178 3
1-177 4
1-176 5
1-175 6
1-174 7
1-173 8
1-172 9
1-171 10
1-169 12
1-168 13
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1-167 14
1-166 15
1-165 16
1-164 17
1-160 21
1-156 25
1-152 29
1-149 32
1-113 68
N-terminus Truncations
2-181 1
3-181 2
4181 3
5-181 4
6— 181 5
7181 6
8- 181 7
9181 8

C- and N-terminus Truncations
5-174 11
7-172 17
9-169 20
9-149 40
15-169 26
15 -149 46
15-113 82

* relative to mature FGF21 polypeptide

Truncated FGF21 protein constructs were prepared using primers having
sequences that are homologous to regions upstream and downstream of a codon (or
codons) to be deleted (resulting in the truncation). The primers used in such
amplification reactions also provided approximately 15 nucleotides of overlapping
sequence to allow for recircularization of the amplified product, namely the entire vector
now having the desired mutant.

An exemplary truncated FGF21 construct, encoding an FGF21 protein lacking the
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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Table 4
PCR Primers for Preparing Exemplary Truncation FGF21 Mutant

SEQ
Primer Sequence ID NO:
Sense 5'-GGAGATATACATATGCCAATTCCAGATTCTTCTCCATTATT-3" 7
Antisense | 5'~CATATGTATATCTCCTTCTTAAAGTTAAACAAAA-3' 8

The primers shown in Table 4 allow for the deletion of the histidine residue as
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 (SEQ ID NOs: 11 and 12)
are portions of an FGF21 expression construct, and the fifth sequence is the antisense

primer (SEQ ID NO: 9):

MetHisProIleProAspSerSerProlLeu
5'-GGAGATATACATATG—-—--CCAATTCCAGATTCTTCTCCATTATT
TTTTGTTTAACTTTAAGAAGGAGATATACATATGECCAATTCCAGATTCTTCTCCATTATT
AAAACAAATTGAAATTCTTCCTCTATATGTATACGﬂ&GGTTAAGGTCTAAGAAGAGGTAATAA
AAAACAAATTGAAATTCTTCCTCTATATGTATAC-5"'

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
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 limited
acration in TB media supplemented with 40 pg/mL kanamycin, were aerated the next
morning, and after a short recovery period, were induced in 0.4 mM IPTG. FGF21

mutants were harvested by centrifugation 18-20 hours after induction.
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EXAMPLE 4
In vitro Activity of Truncated FGF21 Proteins

Experiments were performed to identify truncated FGF21 proteins that retain
wild-type FGF21 activity in an ELK-luciferase in vitro assay. Table 5 summarizes the
results obtained for FGF21 proteins having truncations at the N-terminus, the C-terminus,
or at both the N-terminus and C-terminus. ELK-luciferase assays were performed using a
recombinant human 293T kidney cell system, in which the 293T cells overexpress beta-
klotho and luciferase reporter constructs. These constructs also contain sequences
encoding GAL4-ELK1 and 5xUAS-Luc, a luciferase reporter driven by a promoter
containing five tandem copies of the Gal4 binding site. Beta-klotho is a co-receptor that
is required by FGF21 for activation of its FGF receptors and induction of intracellular
signal transduction, which in turn leads to Erk and ELK phosphorylation. Luciferase
activity is regulated by the level of phosphorylated Erk/ELK1, and is used to indirectly
monitor and quantify FGF21 activity.

ELK-luciferase assays were performed by culturing the 293T cells in the presence
of different concentrations of wild-type FGF21 or FGF21 mutant polypeptide for 6 hours,
and then assaying the cell lysates for luciferase activity. Figures 1A-1B show the results
of an ELK-luciferase activity assay performed on the FGF21 truncation mutants 7-181
and 8-181 (Figure 1A) and the FGF21 truncation mutants 1-172, 1-171, 1-169, and 1-164
(Figure 1B). The luminescence obtained in ELK-luciferase assays for each of the FGF21
truncation mutants 3-181, 4-181, 5-181, 7-181, 8-181, 1-180, 1-178, 1-177, 1-176, 1-175,
1-174, 1-173, 1-172, 9-181, and 1-149 is shown in Figure 2.

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

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 (+/-)
1-180 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% +
1-167 20% —
1-166 20% —
1-165 10% —

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

2 -181 112.5% +
3181 130.3% +
4 - 181 117.0% +
5181 119.6% +
7181 74.2% +
8§ — 181 24.9% -
9181 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
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.

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.

EXAMPLE 5§
In vivo Activity of Truncated FGF21 Proteins

FGF21 possesses a number of biological activities, including the ability to lower
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15 S172L -NH2 15 S172T  S172T -NH2 15 QI73E  QL73E
-NH2 15 Q173R Q173R -NH2 15 FGF21 nut ant

W@ogti#uct s were prepared using priners havi ngPCT/US2009/046113

sequences that are honol ogous to regions upstream and
downstream of a codon (or codons) to be nutated. The
prinmers used in such anplification reactions al so

ovi ded a Xi ma cleotld a
Blon shEgsc RPN JBb Eirlac Br PRUFLE LIRS, 1Ry MR r improve
?ﬁﬁ%def 't&lgraﬁéé)db'&tr%y n%ehaﬁt&@e of Nnkiieh VRRSIVIHNOWThaWdaRd FGF21
he desired nutan 2009/°149171PCT/ US2009/ 046113

Mypemdm avsre Horhar mmlmﬂ tonit vivet FGEXC adiivity, alby m@ﬁpcmg the

AR RS e SRS G050 e i
Bﬂhaﬁlirt)lcdl\ﬁstr@ﬁcﬁib@r EQFYB lp@g/pteb@ddofd oA & lﬁb@&\f@luoaseT abifte truncated
%%F2?-Il;glbylp§pt}dze to be tested was injected intraperitoneally into an 8 week old ob/ob
mouse (Jackson Laboratory), and blood samples were obtained at various time points
following a single injection, e.g., 0, 6, 24, 72, 120, and 168 hours after injection. Blood
glucose levels were measured with a OneTouch Glucometer (LifeScan, Inc. Milpitas,
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
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
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
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 et al.,
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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To determ ne whether the presence of a | onger am no
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prior to LC Mpanatysi WO

2009/ 149171PCH US"""’E‘E% 113 COO’%G usi3r5vej nmasses
for the reducedFe{l15) 21 st 490 an 5r°5pondi ng
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afifidanddt YGhOl i fusied panphegsweict pipawd at a vsaricowsd thirazeamplification

oints are shown_ in Fi ures 9 . S0 f. 5 the
BRSSO SHHF A PGS corsiams Bra it Sain ot In the first
RQGHANC PliridT HAESE W& 8N el Mot AHBdiket £TsBHfHASe ‘%Bnﬁaﬁﬁ‘ng an Ndel
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nal s _of, the standar
ARGEes Bt SRSy R BRI R uef i linker. a porton
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Pt etprrery otas | depigaerhinitthe ppepese RE il@klﬁg nhe products of the first two

B o S o Eer Bt iyl PthelGtotBERGEaL 1981 i tisted

in Table 7.

Table 7
PCR Primers for Preparing Exemplary FGF21 Fusion Protein Construct

SEQ
Primer Sequence ID NO:
Reaction 1
Sense 5'-AGGAGGAATAACATATGGACAAAACTCACACATG-3"' 14
Antisense | 5'-GGATCCACCACCACCGCTACCAC-3' 15
Reaction 2
Sense 5'-GGTGGTGGTGGATCCCATCCAATTCCAGATTCTTCTCCA-3! 16
Antisense | S' -TAGTGAGCTCGAATTCTTAGGAAGCGTAGCTGG-3"' 17
Reaction 3
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35% 1-414 Fc(15) FGF21 44,978 Da 85% 1-414 Yes 24
hours 43,022 Da 15% 1-394 Fc(15) FGF21 44,976 Da 60%

w@2009449%es 48 hours 43,019 Da 40% 1-394 FG-21¢ABYF909/046113

standard 45,999 Da 100% 1-424 Yes FGF21(15) Fc

Sense 5'-AGGAGGAATAACATATGGACAAAACTCACACATG-3"' 14
Antisense | 5' ~TAGTGAGCTCGAATTCTTAGGAAGCGTAGCTGG-3" 17

The product of the final reaction was digested with the restriction endonucleases
Ndel and EcoRlI, ligated into the pET30 vector, and then transformed into competent
cells. The resulting clones were sequenced to confirm the absence of polymerase-

generated errors.

EXAMPLE 7

In vivo Activity of Truncated FGF21 Fusion Proteins

Fusion proteins comprising a truncated FGF21 sequence fused to an Fc sequence
were generated and assayed for in vivo activity. Truncated FGF21 fusion proteins were
prepared by fusing an IgG1 Fc molecule to either the N-terminal or C-terminal end of a
truncated 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
proteins in which the Fc molecule was fused to the C-terminal end of the FGF21 protein
are designated as FGF21-Fc.

FGF21 possesses a number of biological activities, 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
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 FGF21
polypeptide, FGF21 mutant polypeptide, or FGF21 fusion polypeptide to be tested was
injected intraperitoneally into 8 week old ob/ob mice (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, 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 4, which shows the percent
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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

wWaa®1Da 25% 22- 423 FGF21(15) Fc 45, 870 Da 18O%/US20BB046113

Sone

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 Fc-FGF21 fusion
proteins comprising amino acid residues 5-181 or 7-181. This experiment demonstrated
that truncated Fc-FGF21 fusion proteins comprising amino acid residues 5-181 or 7-181
exhibit blood glucose lowering activity that is similar to the activity of wild-type Fc-
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. [In vivo analysis also
indicated, however, that the ability of truncated FGF21 polypeptides to lower blood
glucose was reduced and that blood glucose levels returned to baseline at 24 hours after
injection (similar results were obtained with wild-type FGF21). The short in vivo activity
was found to be a result of the proteolytic degradation of FGF21, as described in
Example 8.

The results of another experiment are provided in Figure 5, which shows the
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-Fc
comprising amino acid residues 1-181 has a sustained glucose-lowering activity resulting
in a reduction of blood glucose levels of approximately 30% over the time period of 24
hours to 120 hours following injection. The truncated Fc-FGF21 protein comprising
amino acid residues 1-171 exhibits delayed blood glucose lowering activity evident only
at 72 hours after injection. However, the activity observed is the same as the activity of
wild-type FGF21-Fc. The truncated FGF21-Fc fusion protein comprising residues 1-175
is not active in vivo in lowering blood glucose.

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

which the Fc molecule has been fused to the C-terminal end of the truncated FGF21
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48 hours 45,297 Da 20% 6-423 43,461 Da 65% 22-423
As indicated in Table 13, all of the affinity purified

wgapheg7showed sone degree of degradati on af tRCT/O81099/646113

hours of circulation. After 24 hours of circul ation,
the maj or 15 products of Fc(15)FG-21 were fragnents
consisting of amno acid residues 1-414 (85% of
saqgle) and 1-394 (15% of sanple), and the ngjor
Gdlict s of FGF21(15) Fc were fragnments consi sting of
am no acid residues 1-423 (40% of sanple), 6-423 (35%
of WD 2009/ 149171PCT/ US2009/ 046113 sanple), and
22-423 (25% of sanple). I@éﬁ%Nﬂﬂdﬁscleavage points for
the Fc(15) FGF21 ¢
Fi gures 10A and ot '
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vivo proteol ytic degradation first occurs

b@pd/@étwosnﬂom\@rlaguaatmésfw wesnarg thay 24 holers |1m)e/@b gice. As described
ada am no
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The results of one experinent are
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
degradation. When an Fc sequence was fused to the N-terminus of human FGF21,

degradation was found to occur at the peptide bond between amino acid residues 151 and
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Fc(15) FGF21 WD 2009/ 149171PCT/ US2009/ 046113
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mammalian cells and purified according to standard procedures). Blood was drawn from

the mice at 6, 24, and 48 hours after injection (Table 9) and collected into EDTA tubes
pretreated with protease inhibitor cocktails (Roche Diagnostics). Plasma was separated
by centrifuging the samples at 12,000 g for 10 minutes. FGF21 proteins were affinity

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

Table 9
FGF21 Samples

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

D24 Fc-FGF21 24 hours

D48 Fc-FGF21 48 hours

E6 FGF21-F¢ 6 hours

E24 FGF21-F¢ 24 hours

E48 FGF21-F¢ 48 hours

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

FGF21-Fc protein standards were analyzed as a reference. Protein standards were either
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1-414 Fc(15)FGF21 WI 44,979 Da -100% 1-414 No 24
Fc(15) FGF21 WI' 44,980 Da -100% 1-414 48
Fc(15) FGF21 GL70E standard 46, 068 DeCT/08349/046113

hour s
Wh2we849171

1- 424 Fc(15) FGF21 GL70E 46, 078 Da

reduced with tris[2-carboxyethyl] phosphine (TCEP) or not reduced. Reduced and non-
reduced standards were analyzed by LC-MS using an ACE cyano 0.3 mm x 30 cm
column with the column effluent spraying into an LCQ Classic ion-trap mass

spectrometer. Since the deconvoluted spectra of the reduced samples were cleaner, the

5  affinity purified samples were reduced prior to LC-MS analysis.

The observed masses for the reduced Fe(5)FGF21 standard and samples D6, D24,
and D48 are shown in Figures 6A-6D. The observed masses for the reduced FGF21(3)Fc
standard and samples E6, E24, and E48 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 proteins and the fragments as determined by LC-MS. Results of the
LC-MS analysis of the standards and samples are provided in Table 10.
Table 10
Results of LC-MS Analysis and Predicted Fragments
Intact
FGF21 Sample Major Observed Masses Fragment | N-terminus?
Fc(5)FGF21 standard | 45,339 Da 1-414 Yes
D6 45,338 Da 1-414 Yes
44,317 Da 1-404
D24 44,321 Da 1-404 Yes
D48 44,327 Da 1-404 Yes
42,356 Da ?
FGF21(3)Fc standard | 46,408 Da (glycosylated, GOF) | 1-410 Yes
44,964 Da (non-glycosylated) | 1-410
E6 45,963 Da (glycosylated, GOF) | 5-410 No
44,516 Da (non-glycoylated) 5-410
E24 45,963 Da (glycosylated, GOF) | 5-410 No
44,526 Da (non-glycosylated) | 5-410
44,130 Da (glycosylated, GOF) | 21-410
E48 45,984 Da 5-410?7 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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100% 1-424 No 6 hours Fc(15) FGF21 GL70E 46, 074 Da
80% 1-424 No 24 hours 45,761 Da 20% 1-421 Fc(15)FGF21
W@2000H49161 072 Da - 60% 1-424 No 48 hours 45, 760PCHUSM09/646113

1-421 Fc(15)FGF21 P171A standard

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.

EXAMPLE 11

Preparation and Expression of Proteolysis-Resistant FGF21 Mutants and Fusion

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) Fc Linker
R191
R191 -COOH 15
R19K
R19K -COOH 15
R19Q
R19Q -COOH 15
R19K, Y20H
R19K, Y20H -COOH 15
RI9K, L211
RI19K, L211 -COOH 15
RI19K, Y20H, L211
RI19K, Y20H, L211 -COOH 15
Y20F
Y20F -COOH 15
Y20H
Y20H -COOH 15
Y20L
Y20L -COOH 15
Y20H, L211
Y20H, L211 -COOH 15
L211
L211 -COOH 15
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45,970 Da 100% 1-424 Fc(15)FGF21 P171A 45,980 Da 100%
1-424 No 6 hours Fc(15) FGF21 P171A 45,973 Da -70%

W@ 200944901 24 hours 45,657 Da -30% 1-421 Fc( 15p¢C1EBSW09/046113
P171A 45,992 Da -50% 1-424 No

L21F

L21F -COOH 15
L21V

L21V -COOH 15
L21Y

L21Y -COOH 15
Y22F

Y22F -COOH 15
Y221

Y221 -COOH 15
Y22V

Y22V -COOH 15
P150A

P150A -NH, 15
P150R -NH, 15
P150A, G151A

P150A, G151A -NH, 15
P150A, 1152V

P150A, 1152V -NH, 15
P150A, G151A, 1152V

P150A, G151A, 1152V | -NH, 15
GI5S1A

GI5S1A -NH, 15
G151V

G151V -NH, 15
GI51A, 1152V

GI151A, 1152V -NH, 15
1152F

1152F -NH, 15
1152H

1152H -NH, 15
11521

11521 -NH, 15
1152V

G170A

G170A -NH, 15
G170C

G170C -NH, 15
G170D

G170D -NH, 15
G170E

G170E -NH, 15
G170N

G170N -NH, 15
G170P
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WD 2009/ 149171PCT/ US2009/ 046113 48 hours 45,673 Da
-50% 1-421 Fc(15)FGF21 S172L standard 46,022 Da 100%

W@ 20094491Fc ( 15) FGF21 S172L 6 hours 46, 027 Da 100O%/US20B9046113
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

Tabl e 14,

Fc(15) FGF21 an
that after 24

of the fusion p

am no acid resi

the-SH72E—rutant ook stmta
d%“énbf circu!atimﬁﬂ%rm néigL
ret @G was a fragment cansisti
dut¥Q-414. The dedVthdat|i ohd
G170S

G170S -NH, 15
G170E, P171A

G170E, P171A -NH, 15
G170E, S172L

G170E, S172L -NH, 15
G170E, P171A, S172L

G170E, P171A, S172L | -NH, 15
P171A

P171A -NH, 15
P171C -NH, 15
P171D -NH, 15
P171E -NH, 15
P171G -NH, 15
P171H -NH, 15
P171K -NH, 15
P17IN -NH, 15
P171Q -NH, 15
P171S -NH, 15
P171T -NH, 15
P171W -NH, 15
P171Y -NH, 15
P171A, S172L

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

S172T -NH, 15
Q173E

Q173E -NH, 15
Q173R

Q173R -NH, 15

FGF21 mutant constructs were prepared using primers having sequences that are
homologous to regions upstream and downstream of a codon (or codons) to be mutated.
The primers used in such amplification reactions also provided approximately 15

nucleotides of overlapping sequence to allow for recircularization of the amplified

product, namely the entire vector now having the desired mutant.

67

t he degradation of wld-type

, In
pr oduct
g of



10

15

20

25

5 products of the Fc(15)FG-21 GL70E and Fc(15) FGF21
P171A nutants also look simlar in that the sanples

waoleaon4|ft er 24 hours of circul ati on contai n 7PcB082009/046113

intact protein (amno acids 1-424) and 20-30% of a

fragnent consisting of am no acid residues 1-421. Even

after 48 hours, the Fc(15)FG-21 GL70E and Fc(15) FGF21
P171A,nut ant s st retain intac otein

showi 1§ FFH iﬁi‘t’e‘5 éll‘éﬂt AMUERE ¢ Qﬁt}ﬂ’r‘"rt %t“ {1 “’Eéﬁzhtmutant having a
ERIAPhiS tdchtp rdiRf atapdsitona¢ i@ 1ﬁs$e°a'ddé'teﬁtelnétgfe #8ine residue (i.e., the
observed in prior anal yses of Fc-FG-21 cons%ructs

6hé g B aatanonwes preprrcd@Red thesgrimashisteivit inelablesiZon pr ot ei n
was detected and the Fc portion was found to remain
stable. The cleavage sites identified for wld-type,
Fc(15) FGF21 GL70E, Fc(15) FCFdBleR271A, and Fc(15) FGF21
5172L are shown in Figures 23A-23D, respectively. 15
EXAI\/PLE 15 AGR Rrimers fox Brensring xemnlary FEHaE M aperl
Mut an Ote property of witd-type FGF21 Q
propewitﬁ%ato.gggﬁegate Aggregatlon redu0|ng FC

MR P Lo LW T
r espetANfigenseED] T GW&&F?E%?%T%G%?%%%& is19

triggered by hydrophoblc i nteracti ons and van der

el L08R P TSR SAE R e s

wather glaasae 2610 sidhe 89 Yhdwan BBIBY:, whdRis &onshehY ﬁ@esissthe sense
is that these exposed hydrophoblc resi dues can

pubst (SEQ da NQ: tyetiesceqyyrangdhird sequstersi(RFQ 1D NOs: 20 and 22) are
G2
BB By U SRR, MR BRI B S AREP e s

pﬁﬁkﬁ@ﬁﬂlﬂDb&}Kmmal protein engi neering approach was
used to identify exposed hydrophobic residues in
FGF21. As there were no known X-ray or NWR structures
of FGF21 that coulxtchbecesarttccdestidgrrexposed

DRI e Bl S D e, 1

Bretas3at hatabaric & ACPRBECTER Atsed Ct ocerEasecar 3D

Envi FORERE S CHRTT A CORBTIG & oupy NDntreal . -

Quebec, Canada) nodeling software. FGF19 was chosen as

a tenplate, since anong the protejns deposited in_the

PDB, F@F2b mufaptheonspuets cres mparfét niiag cpyestieln ﬂteoPCR conditions
t Of t q Cc I

el i SAERILH o ; AR dfof BB RTUERE HiedAEP A the rostriction

tdonovicag Dptlhadd uhemgaMﬂE:meﬁ intar sémpeEastucedls of Tisurdsalti@g clones

area (SA1) |s de s the ar a of the residue's

WY Ptﬂcs dQFe argl ﬁ‘ﬁ ey |pe aneﬁ%ﬁetgeesr%?fi e&tﬂr%oFc -FGF21 and
ﬁGFQl 'P%%Qdﬁ? &P&ﬁﬁ%&e'g@n@raﬁ&% ﬁé&nﬁecpﬁérgﬁr ¥.gS GHEeMA

mul tiple t|n% each occurrence of the resu%ue can

have BGHR{ frerans wswéxamsairleatrw®mmlgicdrﬁ1mt@mdﬂs2h (PE3) or BL21

g{%lir ?];mratlrogteh,e ﬁf’bérlﬁt g‘%ﬁ ﬁ&?v&gl%slt st}r@cgltegtg% 1gg a partlcular mutant.

FhEAeforMants wRd drdvie o8 atgha Iwﬂho%ltéd) Rer@fioR ¢ aBemdidiupplemented
acid residues. Therefore, a second nmeasure of surface

withet(( 5@(2)L kenamedén, Wese aicratachibiemest eesniog, ansk efitesse shost recovery
r ct t S

RASLILHEO0 RGBS Gbe] WA uBIRaMA0 L iharvscd by

sgnaitifughtioh E&lwﬁem afteSihdugidnare nutated in silico to

glycines to renove their side-chains, and then the 5A2

for the residue of interest is calculated, giving 20

a nmeasure of the total possiblg surface area for that

residue in its particular conPBrmation. A ratio of SAL

to 5A2 (SA1/5A2) can then give a neasure of the

per cent age of the possible surface area for that

residue that is actually exposed. Sever al

hydrophoblc reS|dues that are hlghly exposed to the

o o o




10

15

20

25

30

Mut ation Stabilization (Kcal/nmol) 26 A K 1.25 E 1.54
R 2.016 45 A 0.66 0.71 1.8

WO 2009/149171 PCT/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 II binding site. This interaction is
required for T cell help in maturation of antibodies that recognize the protein. Since the
binding sites of MHC class II molecules have been characterized, it is possible to predict
whether proteins have specific sequences that can bind to a series of common human
alleles. Computer algorithms have been created based on literature references and MHC
class 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 column with the column
effluent spraying into an LCQ Classic ion-trap mass spectrometer. Since the
deconvoluted spectra of the reduced samples were cleaner, the affinity purified samples

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

indication of predicted fragments are provided in Table 13.

Table 13
Results of LC-MS Analysis and Predicted Fragments

Major Observed | Percent Intact
FGF21 Sample | Masses of Total | Fragment | N-terminus?
Fc(15)FGF21 46,002 Da 100% 1-424 Yes
standard
Fc(15)FGF21 46,000 Da 65% 1-424 Yes
6 hours 44,978 Da 35% 1-414
Fc(15)FGF21 44,978 Da 85% 1-414 Yes
24 hours 43,022 Da 15% 1-394
Fc(15)FGF21 44,976 Da 60% 1-414 Yes
48 hours 43,019 Da 40% 1-394
FGF21(15)Fc¢ 45,999 Da 100% 1-424 Yes
standard
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 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
products of Fc(15)FGF21 were fragments consisting of amino acid residues 1-414 (85%
of sample) and 1-394 (15% of sample), and the major products of FGF21(15)Fc were
fragments consisting of amino acid residues 1-423 (40% of sample), 6-423 (35% of
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sample), and 22-423 (25% of sample). Identified cleavage points for the Fc(15)FGF21
and FGF21(15)Fc proteins are shown in Figures 10A and 10B, respectively.

EXAMPLE 13
In vivo Activity of Proteolvsis-resistant Fc(15)FGF21 Mutants

at 1-7 Days after Injection

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

As a result of these observations, an investigation was performed to identify
proteolysis-resistant FGF21 mutants. LC-MS analysis of Fc-FGF21 demonstrates that in
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
susceptible to protease attack, thereby resulting in a molecule missing the last 10 amino
acids, which are known to be involved in the binding of the co-receptor beta-klotho,
which is a determinant of ligand receptor affinity and in vitro and in vivo potency.
Therefore, the mutagenesis of amino acid residues surrounding position 171 in mature
FGF21 appear to be more critical for improving the in vivo stability, potency, and
efficacy of the molecule.

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

with a PBS control, an Fc(15)FGF21 control, or the Fc(15)FGF21 mutants Fc(15)FGF21
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G170E, Fc(15)FGF21 P171A, Fc(15)FGF21 S172L, Fc(15)FGF21
G170E/P171A/S172L, or Fc(15)FGF21 G151A. Figure 12 shows the percent change in
blood glucose levels as determined in this experiment. This experiment demonstrates
that the Fc(15)FGF21 GI170E, Fc(15)FGF21 P171A, Fc(15)FGF21 S172L, and
Fc(15)FGF21 G170E/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-type Fc-FGF21 fusion protein. Surprisingly,
although the Fc(15)-FGF21 S172L mutant is not a proteolysis-resistant mutant, and
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
Fc(15)-FGF21 polypeptide.

The results of another experiment are provided in Figure 13, which shows the
blood glucose levels measured in mice injected with a PBS control, an Fc(15)FGF21
control, or the Fc(15)FGF21 mutants Fc(15)FGF21 P150A/G151A/1152V, Fc(15)FGF21
G170E, Fc(15)FGF21 G170E/P171A, or Fc(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
Fc(15)FGF21 P150A/G151A/1152V mutant do not exhibit sustained blood glucose
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 Fc(15)FGF21 G170E, Fc(15)FGF21 G170E/P171A,
or Fc(15)FGF21 G170E/S172L exhibit maximal blood glucose lowering activity up to 5
days after injection, which is superior to the wild-type Fc-FGF21 fusion protein and the
Fc(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 Fc(15)FGF21
mutants Fc(15)FGF21 GI170E, Fc(15)FGF21 G170A, Fc(15)FGF21  G170C,
Fc(15)FGF21 G170D, Fc(15)FGF21 G170N, or Fc(15)FGF21 G170S. Figure 16 shows
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
Fc(15)FGF21 G170E, Fc(15)FGF21 P171E, Fc(15)FGF21 P171H, Fc(15)FGF21 P171Q,
Fc(15)FGF21 P171T, or Fc(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 Fc-FGF21.

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

at 6 to 120 Hours after Injection

The in vivo stability of selected FGF21 mutants was analyzed by injecting mice
with an FGF21 mutant, drawing blood from the mice at various time points, and
analyzing the serum by LC-MS. In particular, mice were injected with either the
Fc(15)FGF21 G170E, Fc(15)FGF21 P171A, or Fc(15)FGF21 S172L mutants (obtained
from E. coli as described in Example 2), each of which were diluted in approximately
180 uL of 10 mM HCI prior to injection, and blood was drawn at 6, 24, 48, 72, and 120
hours. FGF21 proteins were affinity purified from the drawn blood using an anti-human-
Fc agarose resin column. Samples were eluted from the column using 10 mM HCI1. All
of the FGF21 constructs comprise an Fc region and 15 amino acid linker at the amino-
terminal end of the FGF21 protein. Mice were also injected with a wild-type FGF21
control.

Prior to analyzing the affinity purified samples by LC-MS, unprocessed wild-type
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 into an LCQ
Classic ion-trap mass spectrometer. Affinity purified samples were diluted with
ammonium acetate, reduced with TCEP, and then analyzed by LC-MS as described

above.
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The observed masses for wild-type Fc(15)FGF21 at 0, 6, 24, and 48 hours after

injection are shown in Figures 19A-19D, respectively. The observed masses for

Fc(15)FGF21 G170E at 0, 6, 24, and 48 hours after injection are shown in Figures 20A-

20D, respectively. The observed masses for Fc(15)FGF21 P171A at 0, 6, 24, and 48

5  hours after 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 kDa by non-reducing SDS-PAGE) component of fibrinogen that

10 is much more abundant than the remaining Fc(15)FGF21 fusion protein. Results of the

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

Table 14
Results of LC-MS Analysis and Predicted Fragments
Major Observed | Percent
FGF21 Sample Masses of Total | Fragment | Edman
Fc(15)FGF21 WT 45,994 Da 100% 1-424 —
standard
Fc(15)FGF21 WT 46,001 Da 80% 1-424 No
6 hours 44,987 Da 20% 1-414
Fc(15)FGF21 WT 44,979 Da ~100% | 1-414 No
24 hours
Fc(15)FGF21 WT 44,980 Da ~100% | 1-414 —
48 hours
Fc(15)FGF21 G170E | 46,068 Da 100% 1-424 —
standard
Fc(15)FGF21 G170E | 46,078 Da 100% 1-424 No
6 hours
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)FGF21 P171A | 45,970 Da 100% 1-424 —
standard
Fc(15)FGF21 P171A | 45,980 Da 100% 1-424 No
6 hours
Fc(15)FGF21 P171A | 45,973 Da ~70% 1-424 No
24 hours 45,657 Da ~30% 1-421
Fc(15)FGF21 P171A | 45,992 Da ~50% 1-424 No
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48 hours 45,673 Da ~50% 1-421
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
Fc(15)FGF21 S172L | 44,985 Da 100% 1-414 No
48 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
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, the Fc(15)FGF21 G170E and Fc(15)FGF21 P171A mutants still
retain intact protein while showing an increase in the amount of the fragment consisting
of amino acid residues 1-421. As observed in prior analyses of 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, Fc(15)FGF21
G170E, Fc(15)FGF21 P171A, and Fc(15)FGF21 S172L are shown in Figures 23A-23D,

respectively.

EXAMPLE 15
Identification of Aggregation-reducing FGF21 Mutants

One property of wild-type FGF21 is its propensity to aggregate. Aggregation-
reducing FGF21 mutants were identified on the basis of two hypotheses. The first
hypothesis is that, with respect to FGF21, aggregation (or dimerization) is triggered by
hydrophobic interactions and van der Waals interactions between FGF21 molecules
caused by hydrophobic residues that are exposed to hydrophilic water-based solvent
environment. The second hypothesis is that these exposed hydrophobic residues can be
substituted to create aggregation-reducing point-mutation variants without compromising

FGF21 activity.
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RN M 1T P
MRS GyclRIAM RS 0 g RGN s o
BGEE1 thaagekld be used to identify exposed hydrophobic residues, a high resolution
(1.3 A) X-ray crystal structure of FGF19 (IPWA) obtained from the Protein Databank
(PDB) was used to create a 3D homology model of FGF21 using MOE (Molecular
Operating Environment; Chemical Computing Group; Montreal, Quebec, Canada)
modeling 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.

Solvent accessibility was calculated by the following method using MOE. A first
measure of surface areca (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
the residue's side-chain, and the spatial position of adjacent amino acid residues.
Therefore, a second measure of surface area (SA2) is made wherein the residue of
interest is extracted from the protein structure along with that residue's neighboring, or
adjacent, residues. These spatially adjacent residues are mutated in silico to glycines to
remove their side-chains, and then the SA2 for the residue of interest is calculated, giving
a measure of the total possible surface area for that residue in its particular conformation.
A ratio of SA1 to SA2 (SA1/SA2) can then give a measure of the percentage of the
possible surface area for that residue that 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
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 et al., 2006, Nucleic Acids Res. 34: W239-42; Parthiban et al.,
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 rare cases, slightly destabilizing) substitutions that introduce improved hydrophilic

and/or ionic characteristics were considered as candidates for aggregation-reducing

FGF21 mutants.

A summary of the data generated through this rational protein engineering
approach is provided in Table 15, which also lists exemplary FGF21 mutants expected to

have reduced protein aggregation and improved stability.

L58C

L5S8E

Table 15
Calculated Effect of FGF21 Mutants on Stability

A45T -NH2 15
L58G
PCT/US2009/046113

Residue #

WT Residue

Mutation

Stabilization
(Kcal/mol)

26

A

1.25
1.54
2.016

45

0.66
0.71
1.8
2.34
1.59

52

-0.33

58

0.16
-0.15
1.0
0.08

60

1.3
1.51
0.66
1.31

78

0.14
2.48
0.08
0.13

86

0.18
4.1

&8

2.52
3.08
2.88
1.48

98
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0.84
34

99

7.34
2.0

1.01
1.61

111

0.47
-0.12

129

3.93
1.02
3.76
3.01
3.76
1.68
29
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5.37
4.32
5.13
6.18
2.86

Preparation and Expression of Aggregation-reducing FGF21 Mutants and Fusion

EXAMPLE 16

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 1).

Proteins

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

Table 16
Aggregation-reducing FGF21 Mutants
Mutation(s) | Fc Linker

A26E
A26K
A26R
A45E
A45K
A45K -NH, 15
A45R -NH, 15
A45Q -NH, 15
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A45T NH,| 15
A45K,L98R | -NH, | 15
L52T
L58C
L58E
L58G
L58S
P6OA
P6OE
P60K
P6OR
P78A
P78C
P78H
P78R
L86C
L86T
F8SA
F8SE
F88K
F8SR
F88S
L98C
L9SE NH, | 15
LI98K NH,| 15
L98Q NH,| 15
LI9SR
LI9SR NH,| 15
L.99C
L99D
L99E
L99R
A111K NH,| 15
ALIIT
A129D
A129E NH, | 15
A129H NH,| 15
A129K
A129N NH,| 15
A129R NH,| 15
A129Q
A134E
A134H NH, | 15
A134K
A134Y
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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
4°C, room temperature, or 37°C for various time points, and then subjected to SEC
analysis. Experiments were performed on a Beckman HPLC system equipped with a
SEC column. For wild-type FGF21, a TOSOHAAS TSK-Gel G2000 SEC column was
used with 2x PBS containing 2% isopropyl alcohol as the mobile phase. For FGF21 Fc
fusion proteins and FGF21 mutant polypeptides, a TOSOHAAS TSK-Gel G3000 SEC

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 retain
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
A129Q, and FGF21 A134K (Figure 24B); and the FGF21 mutants FGF21 A134Y,
FGF21 AI134E, and FGF21 A129K (Figure 24C). The results of these experiments
demonstrate that some of the aggregation-reducing mutations did not adversely impact

FGF21 activity as assayed in ELK-luciferase assays.

EXAMPLE 18
Preparation and Expression of Fe(13)FGF21 Combination Mutants

Showing Longer Half-life and Lower Levels of Aggregation

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 IgG1 Fc molecules. These FGF21 mutants were prepared

essentially as described in Example 11.
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EXAMPLE 19
In vitro Studies of Fe(15)FGEF21 Mutants

Showing Longer Half-life and Lower Levels of Aggregation

Experiments were performed to identify FGF21 combination mutants that retain
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 Fc-FGF21 P171G, Fc-FGF21 P171S, and Fc-FGF21 P171T
(Figure 25A); the Fc-FGF21 mutants Fc-FGF21 P171Y, Fc-FGF21 P171W, and Fec-
FGF21 P171C (Figure 25B); Fc(15)FGF21, Fc(15)FGF21 A45K/G170E, and FGF21
A45K (Figure 25C); and Fc(15)FGF21, Fc(15)FGF21 P171E, and Fc(15)FGF21
A45K/G170E (Figure 25D). The results of these experiments demonstrate that mutations
aimed at improving stability, or both stability and solubility, did not compromise the irn
vitro activity as compared with wild-type Fc-FGF21. Interestingly, the FGF21 A45K
mutant showed improved potency relative to wild-type Fc-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.

Figure 26B shows the change in percent aggregation for an FGF21 control (WT)
and FGF21 P78C, P78R, L86T, L86R, LI98C, LI8R, A111T, A129D, A129Q, A129K,
A134K, A134Y, and A134E following incubation of 65 mg/mL protein at 40C for 1, 6,
and 10 days. The data indicated that the L86R, LI9SC, LI9SR, A111T, A129Q, and A129K
lead to a decrease in aggregation of the protein, compared to the wild-type protein.

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
and efficacy as compared with wild-type FGF21.

Figures 28A-28B show the change in aggregation levels for the Fc(15)FGF21
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In another experiment the FGF21 mutant Fc(15)FGF21 L98R/P171G was studied

side-by-side with wild-type mature FGF21 and Fc-FGF21.
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In one experiment, a
recombinant 293T cell line was cultured in the presence of different concentrations of
FGF21, Fc-FGF21, or Fc-FGF21L98R/P171G for 6 hours.
assayed for luciferase activity. As shown in Figure 30, Fc-FGF21 L98R/P171G had

Cell lysates were then

similar activity to Fc-FGF21, indicating that the introduction of the two point mutations
didn’t alter the molecule’s in vitro activity.

In yet another experiment, the stability of the Fc-FGF21 L98R/P171G at 65
mg/mL was evaluated for nine days at two different temperatures, namely room
temperature and 4°C, side-by-side with FGF21 and Fc-FGF21. After the incubation
period cell lysates were then analyzed with SEC-HPLC to determine an aggregation
versus time profile at various temperatures. The data shown in Figure 31A and 31B

indicate that the rate of aggregation formation was significantly reduced in the Fc-FGF21
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murine and cynomolgus models. The results were found to be similar in both species. In

the cynomolgus study, Fc-FGF21 L98R/P171G and Fc-FGF21 were injected IV at 23.5

mg/kg and aliquots of serum and plasma were collected at time points out to 840 hours
post dose. Time points out to 168 hours were analyzed. Time point samples were
affinity-purified using anti-Fc reagents, then analyzed using MALDI mass spectrometry.
The results correlated well between the two analyses.

Analyzing data generated using immunoaffinity-MALDI, clipping at the P171 site
was seen to be eliminated in the Fc-FGF21 L98R/P171G molecule as a result of the
mutation of P171 to P171G. However, a minor and slow degradation resulting in a loss
of up to 3 C-terminal residues was observed for Fc-FGF21 L98R/P171G (Figure 32).
The minor cleavages at the three C-terminal residues were also observed with other
FGF21 mutants after the more susceptible cleavage site between amino acid residues 171
and 172 was blocked as shown in Figures 20 and 21. The 3 C-terminal residue cleavage
may represent the cessation of cleavage from the C-terminal end of the molecule by a
carboxypeptidase in a sequential, residue-by-residue fashion or a specific protease attack
at amino acid residues 178 and 179 with non-specific clipping at amino acid residues
179-180 and 180-181. The loss of 2-3 amino acids at the C-terminus could cause reduced
beta-klotho binding and ultimately decreased potency and in vivo activity of the molecule
See, e.g., Yie et al, 2009, FEBS Lett. 583:19-24. To address the apparent
carboxypeptidase degradation of the C-terminus, the impact of adding an amino acid
residue “cap” to various FGF21 mutant polypeptides were studied. A variety of
constructs, including those presented in Table 19, were made and assayed using the
techniques described herein. Table 19 summarizes the results of the in vitro ELK

luciferase assay.
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Suitable amino acid caps can be between 1 and 15 amino acids in length, for
example 1, 2, 3, 4, 5, 10 or 15 amino acids in length. Any number and type of amino
acid(s) can be employed as a cap, for example, a single proline residue, and single
glycine residue, two glycine residues, five glycine residues, as well as other
combinations. Additional examples of caps are provided in the instant Example and in
Table 19.

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
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 and studied in the in vitro ELK-luciferase assay, which was performed as
described herein. Consistent with the terminology used herein, hFc means a human Fc
sequence (i.e., SEQ ID NO:13), L15 refers to a linker having 15 residues (i.e., SEQ ID
NO:23)

Table 19
Efficacy and ECS50 Values for FGF21 Polypeptides

Comprising C-terminal Modifications

Constructs Efficacy | EC50(nM)
huFGF21 0.4 100.0%
hFc.L15.hFGF21(L98R, P171G) 2.5 76.1%
hFc.L15.hFGF21(L98R, 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.L15.hFGF21(L98R, P171G, A180E) 1.9 79.6%
hFc.L15.hFGF21(L98R, P171G, S181K) 130 87.9%
GSGSGSGSGS.hFGF21.L15.hFe
MKEDD.hFGF21.L15.hFc 834 83.1%
hFc.L15.hFGF21(L98R, P171G, S181P, P182) 272 69.9%
hFc.L15.hFGF21(L98R, P171G, A180G) 3.25 76.9%
hFc.L15.hFGF21(L98R, P171G, S181G) 3.43 77.3%

hFc.L15.hFGF21(L98R, P171G, L182)
hFGF21(L98R, P171G, G182)
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hFc.L15.hFGF21(L98R, P171G, Y179P) 428 44 4%
hFc.L15.hFGF21(L98R, P171G, Y179G) 61 82.6%
hFc.L15.hFGF21(L98R, P171G, Y179S) 25.3 74.8%
hFc.L15.hFGF21(L98R, P171G, Y179A) 43.2 79.6%
hFc.L15.hFGF21(L98R, P171G, S181T) 3.07 77.6%
hFc.L15.hFGF21(L98R, P171G, S181A) 2.66 73.5%
hFc.L15.hFGF21(L98R, P171G, S181L) 3.46 72.6%
hFc.L15.hFGF21(L98R, P171G, S181P) 33.8 79.5%
hFc.L15.hFGF21(L98R, P171G, A180P) 617 77.1%
hFc.L15.hFGF21(L98R, P171G, A180S) 2.18 84.7%
hFGF21(LI98R, P171G, GGGGG182-6)

hFc.L15.hFGF21(L98R, P171G, P182) 6.1 85.9%
hFc.L15.hFGF21(L98R, P171G, G182) 6.5 71.1%
hFc.L15.hFGF21(1-178, L98R, P171G) 167 63.9%
hFc.L15.hFGF21(L98R, P171G, GG182-3) 1941 84.2%
hFc.L15.hFGF21(L98R, P171G, GGGGG182-6) 4307 99.7%

Figure 33 shows the percent change in blood glucose levels observed in diabetic
db/db mice (C57B6 background) injected with a PBS control, wild type native FGF21,
Fc-FGF21 (L98R, P171G) and two capped molecules to which either a proline or glycine
residue was added at the C-terminal end, i.e. Fc-FGF21 (L98R, P171G, 182P) and Fc-
FGF21 (L98R, P171G, 182G). In the instant Example, when a residue was added to the
C-terminus of a wild-type or mutant FGF21 polypeptide, the residue is referred to by its
position in the resultant protein. Thus, “182G” indicates that a glycine residue was added
to the C-terminus of the mature 181 residue wild-type or mutant protein. Figure 33
shows that native FGF21 lowered blood glucose levels for 6 hours while all three Fc-
FGF21 mutants studied showed sustained blood glucose-lowering activity for at least 120
hours. Fc-FGF21 (L98R, P171G, 182P), molecule comprising the addition of a proline
residue at the C-terminus of the FGF21 component of the fusion molecule, appeared most
potent and resulted in lowest blood glucose levels compared with Fc-FGF21 (L98R,
P171G) and Fc-FGF21 (L98R, P171G, 182 G).

In a subsequent experiment, the in vivo activity of Fc-FGF21 (L98R, P171G,
182G) and Fc-FGF21 (L98R, P171G, 182P) was studied and compared to the in vivo

activity of a capped molecule comprising a two glycine addition at the C-terminus,

86



10

15

20

25

30

A45K -NH2 15 6-181 GL70E L98R -NH2 15 6-181 P171G
-NH2 15 6-181 P171G L98R -NH2 15 7-181 GL70E -NH2 15

wo-e@ane120 shows the bl ood gl ucose | evel s neaseeBEUS1009/046113

mce injected with the 5 Fc(15) FGF21 conbi nati on
mut ants Fc(15) FGF21 A45K/ GL70E, Fc(15) FGF21
AA5K/ P171G or Fc(15)FGF21 L98R/ P171G In

BSGASo ECPEL LT, A a0, JHATL RS TER s st o o

sRfcHbRnE GF2durand dnewk @ hercbit &ﬁﬁ?@)ﬁp%[d'oﬁeg”lﬁeos@ levels observed in

reconbi nant™ 293T cell line was cultured in the
pb/ebeanise injecigil fwidr &S conwdnFe-HGF3h(LORR1 B 1 F&R Fc-FGF21 (LI8R,

PRI B, PGk R Tt B, PGP T fl L Berbiey (Lagr, P171G,

s¢xmyn in Figure 30, Fc-FGR21 L98R/P171G had sim | ar

activity to Fc-FG-21, indicating that the introduction
of t h&stshpwpan dtigwet4t plbwE thy melaculss seidiqdhhonisH sustpimed glucose-

Al RS e DI By Pl s
pasioay adsuhs gdgliror33nitae FodGF2at(LDIR, RIi 71(Ge 82) with a proline addition

t enperatures, nanely roo , ,
at the %-terrmrnus showed shéhtly erqﬂanced glucose-lowering efficacy compared with the

molecule without a proline cap, e.g. Fc-FGF21 (L98R, P171G). However, the addition of
two glycine residues at the C-terminus, e.g. Fc-FGF21 (L98R, P171G, 182G 183QG),
appeared to reduce the molecule’s in vivo potency and shortened the duration of in vivo
glucose-lowering effect.

Figure 35 shows the percent change in blood glucose levels observed in diabetic
db/db mice (C57B6 background) injected with PBS control or the FGF21 mutant
polypeptides Fc-FGF21 (L98R, P171G), Fc-FGF21 (L98R, P171G, Y179S), Fc-FGF21
(L98R, P171G, Y179A), Fc-FGF21 (L98R, P171G, A180S), and Fc-FGF21 (L98R,
P171G, A180G). All mutants showed similar glucose-lowering activity with similar
duration of action.

Figure 36 shows the percent change in blood glucose levels observed in diabetic
db/db mice (C57B6 background) injected with vehicle control, Fc-FGF21 (LI9SR,
P171G), Fc-FGF21 (L98R, P171G, Y179F), and Fc-FGF21 (L98R, P171G, A180E).
Compared with Fc-FGF21 (L98R, P171G), Fc-FGF21 (L98R, P171G, Y179F) was less
efficacious in lowering blood glucose. However, Fc-FGF21 (L98R, P171G, A180E), in
which alanine at amino acid position of 180 was mutated to glutamic acid, was more
efficacious than Fc-FGF21 (L98R, P171G) and caused additional 20% reduction of blood
glucose levels compared with Fc-FGF21 (L98R, P171G). These data suggest that A180E
mutation may have reduced the C-terminal degradation in vivo and thereby improved in

vivo potency and efficacy of the molecule.
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huFGF21 0.4 100. 0% hFc. L15. hFGF21(L98R, P171G 2.5
76.1% hFc. L15. hFGF21(L98R, P171G Y179F) 2.6 78. 3%

Wh w187 hFG-21( L98R, P171G 1-180) PCT/US2009/046113

hFc. L15. hFGF21(L98R, P171G 1-179) 7.8 77.4%
hFc. L15. hFGF21(L98R, P171G Al 80E) 1.9 79.6%
hFc. L15. hFGF21(L98R, P171G S181K) 130 87. 9%

ﬁ%ﬁ ?éﬁéﬁ&éﬁgﬁgé@Lls gFéGMéEgDrD erG:Z‘;yv%l:rLesmconmstent from one test

WGTTlﬁtoﬂﬁ%&Qt( (bR W&@exe‘l\;&gG)The results of OGTTs 1 and 2 are shown
Fc. L15. hFGF21(L98R, P171G 5181G hFc. L15. hFGF21(L9

mlﬁhg@es Qﬁmdhﬁﬁim‘@u@@@ P¢PUGEMeBIssshpwn ipigure 38C. Basehne body
171RPCI/ US 0 3,hFc. L15. hFGF21( L98R,
‘79% 53&‘75 CEWEEG% %i?@gsa P171G_ Y179G)
hFC L@@"FWIE@:ZZL( LABR, wBk73&sfortibd WVkry 2 weeks at the end of each dose

hFc. L15. hFGF21(L98R P171G,_ Y179A)
et o fH eeEmi grgghqg deses GBlapdgspmples were collected from fasted animals

ﬁr’z lefagldh‘,@%%i}s%ﬁg Eﬁea&% 1@1c0§%,8%@lm triglyceride levels, as well as the

hefvels Lol Sedn eGmpdind 8BlooRIsdhples Stdd R)so collected weekly during the 3-week
hFc. L15. hFGF21(L98R, P171G Al180P)
Weehoul Beriidar21( LOSR, P171G, A180S) hFGF21(L98R, P171G

1
mg%hg%:%‘f{gé%d@%%%( éh%%@d & ggp@cteﬁlégéose profile as seen in

hétnall 1&nimeIGF24¢1 - 4 78axir@8R, pl@iﬁ’al@ucose obtained at 30 minutes, and
Fc. L 82- 3)
FRO1S r%feﬂﬁ%%%@é%r tgi%éf er 2-6) 4307 99. 7%
Fasting baselines values for plasma chemistry are shown in Table 20. Plasma
chemistry measurements were performed on blood samples collected prior to the start of

the treatment.

Table 20
Baseline Values for Body Weight, Fasting Plasma Glucose, Insulin, and Triglyceride
Levels of the Three Groups of Rhesus Monkeys

Vehicle FGF21 Fc-FG21(RG)
N 10 10 10
Body weight (kg) 85+£0.5 87+04 85+04
Plasma glucose (mg/dL) 91.9+4.8 94.8+53 822+3.7
Insulin (pg/mL) 942.6 1214  976.1 £107.7 1023.4 £205.1
Triglycerides (mg/dL) 444+48 58.6+52 71.7+9.8

Three different dose levels were selected, the low dose was 0.1 and 0.3 mg/kg, the
mid dose was 0.3 and 1 mg/kg and the high dose was 1 and 5 mg/kg for FGF21 and Fc-
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.

Equimolar doses of FGF21 were used for the low and mid doses, and the Fc-FGF21(RG)
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the curve (AUC) and body weight. The results of the
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the first WD 2009/ 149171PCT/ US2009/ 046113 OGIT
(OGIT1l). Monkeys with OGIT profiles that were
inconsistent from one test (OGIT1) to the next (CGWTZ)
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gbdesas@inctdasdd glcost 1dvalsys ﬁfdlldiﬁvé eVRk&ascdSneinl se@sititiie
| evel s of test compound. Bl ood sanples were al so

col |l ected weekly during the 3-week washout peri od.

108asel ¢ GGfIck 814y ClAhoANRARLORTY FIERRbE A HEARD

profile as seen in nornm
pl asm@hgk WGTEs (DGATREN4 aihd 30 wardpérdamedrudter treatment was initiated.

enonstrated stable Al r the 3 different group
%%H%%lu%é‘fﬂ ﬁlé%ﬂl{}é?‘(%ggrqu?s VBPISIRRSEISE Hh epia %a?reated for 6 weeks
mﬁ%mc{b TFefthe ép?h@ﬁr(fﬁc;g %We%d'nﬁn{%stl% ﬁigﬁmosw@a{seof the high

formed on bl ood sanples collected prior to
éd)ﬁrdsca:hﬁtlcih&tegmldnr @Gﬁﬁtwas'babﬂlect@ba@a@emam Y/alhyreﬁtdrdhe last Fc-

R g1 (e issrivg s g SRECHt bS s ot T sG] iniection. The
M@}‘Il’q&sy Slucods rﬂth& |11@suFﬁ§1:)2§ﬁlg§ ar% @3@8@ F[ﬁpl@ 41 Qnd BiBedy3, respectively.
i ght ~ (kQg) | asma gl ucose

@ngn@s_)regg_d gflth Fg E{ZiFigl (R@) ghcg)zedzan 131p70ved glucose clearance compared to

vehicle-treated animals only at the highest dose and at the last time point measured, as
shown in Figure 42. At the end of the last dose, Fc-FGF21(RG) showed the strongest
improvement in glucose clearance. FGF21 showed no improvement in glucose
clearance. Fc-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 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 animals treated with vehicle.

Glucose AUC percent change from baseline was calculated for the three OGTT
(OGTTs 3, 4 and 5) performed at the end of each of the low, mid and high doses in the
three groups different groups of Rhesus monkeys as shown in Figure 44. OGTTS5 was
conducted approximately seven days after the last Fc-FGF21(RG) injection and 21 hours
after last FGF21 injection and showed that Fc-FGF21(RG) statistically significantly
reduced AUCS. Baseline OGTT values for each group are shown on Figure 38C.

Fasted plasma glucose levels were measured on days when no OGTTs were
performed. There were no meaningful statistical differences observed in fasted plasma

glucose levels measured among the three groups of animals.
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Insulin (pg/nm) 942.6 121.4 976.1 107.7 1023.4 205.1
Triglycerides (ng/dL) 44.4 4.8 58.6 5.2 71.7 9.8

wWQothewel di fferent dose | evel s were sel ect ed, PETYES1009%046113

dose was 0.1 and 0.3 ng/kg, the md dose was 0.3 and 1
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chosen based on the observed dose-response in mce,

with a dosing regi nren based on the antici pated

frequency 93 si ngefeti (ﬁﬂrésﬂCBH{B%ﬁﬁds ér Tﬁiggy&Pi(ﬁrLe%ﬁeS

of FGF21 were used for the | ow and oses, and the

Fc- FGROL¢RQhangy 26Festingoplzsimeiglaxode/ louds y@ishiaghlateds én Rhesus

rai sed to 5.nmgl/ k i.e,, l.nstead of. , i
BB GGE heeR il H e lrvSod willSHRE PR R 59,y dB FBF21RO)
27 durklcfBeB x@éekmmﬁqm@dn@sstwblsedﬁalﬂpueg %r&dxawhrapprommately
experiment, in order to nmeasure effect of the te

Byerdordist bt BoHGFAEREN nesaen anspnReskmgtely %]eh%i’ é%fﬁtlaSt FGF21
Rﬁgs)ﬁﬁ ?ﬁl?é&&ﬂ@&?%g?lé %%g@g%sﬁgédo% %&gﬁ%f%ﬂh ;t?/%t%&ys initiated

wel phitewahaagss droredasyimd adeishavgn ih€idubs 48, fastbde bisclias halues are
out perjod. Baseline body weight values for each group
1 Rl ‘in Table 20. 10Body wei ght was fol | owed

throughop 1c$é?lemslf1gﬁlﬁé 4§9%¥1ﬁ]na@§ %eat@@ Q\/lﬁp@ﬁher Fc- FGF21(RG2 or FGF21

admi ni stration t est conpounds. Body wei ght percen
shivavrgen dicrse{d\ebasiehu deeraase tnhteiglyebiidd kvaﬂ,l wigh §ciftdi2é R@phaving the

th tinme, whereas bod j of animals treated wth
%ﬁéﬁvﬁﬁﬁg%ﬁﬁgﬁ@ﬁ9%6§&§fgggtd in a dose-dependent
f ashi prpuRY 86 shdies %Ulf:lﬁﬁn@trl%g&rﬁe\’l@@fs fof %{ﬂl@snicqulre from Rhesus

peri od, as shown in ure As observed previousl K
m(pnk@@eimasfe(l ¥tptetrduring t]m fifth pha syt weslg pﬁ_}re@tg@n’gwuh vehicle or Fe-

FGE2 tati,sti
OB O el b SRR 31 M bty 3 s e e
BGEL BRI inR3 B M&aﬁﬂﬁ@ﬁnﬁte@y FEbad At gur BGRBI aféttion. Fed plasma
Figure 47, respectively), offeri n& a pos i bl e

labycerde iloyislsr ammébdfﬁ@&dv\atth &oF2A snd ee- lﬁ@;ﬁ%%ﬁ@)were statlstlcally

S G PEAPAER SPORSE MR 6 PR i vl

Ueywk g6). Insulin evels were neasured in bIood
sanpl es that had been collected after an overni ght
fast or after an afternoon neal. Fasting plasma

insulin levels yele gRARLPstiomofN&R HnifRUAAYS every
week in animals treated wth either vehicle, FG21 or

Fc FGFRd ¢eR®suanef tHetdstmg ¢amepoBndseedmidbtoved hbmprqzréniatwy equivalent

?fg G@F? he gh‘@a n%g?esssﬁ‘i\ﬁﬁ@g%ﬂl% aﬁewj[ygﬁ%rﬁ ejgegﬁafC&YC%ntration of Fe-

BGPD Pﬁ’KGﬁB«fv@é MehrddOi hee-addeChind Afproaftate C?QE %&ﬁhﬁﬂt&Qﬁé Bt injection.

Fed asma insulin | evels were neasure esus
ROHR &yeyvetbur¢ragneaseretl jaf pre-dase, aidxathy, weeld, ehd 2oalaysreBlood samples

F%ﬁ?gah qﬁ%gggﬁk%%ggg%%Féémﬂg?e g&%ﬁﬁogbgrogsﬁ:tely

thr eeTH@Mﬁil\aﬁlﬁe& icotr@nir&iohld R tdsei @6iipoindarifl cach 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
animals 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 average
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30approximately 2 hours after |ast FG-21 injection.
Fi gure 40 shows the effect of vehicle, FG21 and

WO-200BBA1( RG on fasted insulin |evels over theCtub1009/046113

ni ne week study, while WD 2009/ 149171PCT/ US2009/ 046113
Figure 41 depicts fed insulin levels determ ned from
sanples taken during weeks 5 and 6. Summari l vy,

dos s bot h 21 and Fc-FG-21
8‘?%FW§tt}°8afF‘?f9 %gﬁb&?%% F sy gt M S g grRopagonally from
p1as BmisNUot Felree 18R GT NTheRSe At RcdiddilatidiSal ddionstrated by
| evel s of animals treated with FGF21 and Fc- FGF21( RG
t&)@r etedﬂelc cezpseidatidng hafter thobiEist whdgetone sasldy disacoghin cach dose
ve of ease insul i 36N Vi ty. .
g plie 155 54b PPl T T RS 15 BBk oot perioa)

FMGFQIIIORG) levels Théreedt¥alabie 0P® Epproxita@Rddd) 4WEIE days post last

performed after treatnment was _ initiated, OGIT5 gl ucose

5‘?19@) pidswpierpelaxy bowap figmi ofepianitfieation 45LORY aftervidsmal s
treat I

Gegtlcz &8 & t‘@%%ﬁg gpoﬁégﬁndg v&ya(ﬁq ﬁ% rﬁ? nifc %(f&ur%{v%eealgh OQTT FGF21
tzvlae ot gletaboebée elsicial aﬂ)GstrZeganrdem félro'wiﬁg Was/- carddudd-ddse FGF21
approxi mately 7 days er the | ast F G:21
RTRERS: oHOWEKY: %e%%ﬁ VElsywerg Phagied Qt“tl &Gfe'fﬁ 4ellowing high-
5&%2‘[ ARERCT WO seﬁﬁ'@g%ﬂ—aﬁ AEMEQSH ?@@GF@?{ﬂ%ﬁlevels was observed
profiles are shown i ure 42 and Figur
r@epabt thiel ty fifthrD @R svithr @aaleting/\d¢$ 1@&1@@%@%@ Eihowdd.

an i rove ucpse cl e npare

Soni champpa IERr fd SRR TR ARTREMRTy e Hhpsed gy dhe expected
ahotihiofl @rh ddnfRDURE] MmE®asGFed an@$csf|'(§’FE1(RG FinOWr®se escalation
42. At the end of the |ast dose, Fc-FGF21(RG showed

maenast wobgeetaﬂahﬁﬁﬁwmhtewqd igl the aeun] of FiGHId encas@rg1which was

B R e AR ol B8 PoTORR Gprinptsly 21 howrs pos
{hfei 1 gxy ﬁSse4a31daﬁl@|h£f By o FEER2 1riespeekimaedly ) hoof.f ering a

possi bl e expl anati on for the observation that

Fc- FGF21(RG 20 showed a nore pronounced effect in

gl ucose cl earance than =21 | evel s during

OGTT5 were Statlstlcal|§S§Igﬁt%?§§%PPy | onered at the

| ast FGHE21 pducrdasdie &sstadednd rfedinilmmbes ttigleadreld aid nsulin levels and

050 TROE PORBeAt TEn BRYENT S0 bekel pho!figy mproved BGTT and
QQJT%E@EI%QIJI (Pévetsheﬁ tﬁ@ h‘fﬁ‘g‘?le%le (a%-%e depchdaitl é@creased fasted and

perfornmed at the end each of the Iom; m d "and hi gh
tosdasmantrighecpde tdvebewgwihusbqﬁyf@egbﬂth@hdﬁi@lcﬁnd Fc-FGF21(RG)

Rhesus, non s as shown in H

ABEd BaUBBEr RSN bl dhs T ABPLe BHpgs ronkeys. Insuln

hitd FrighdbliRevbNd REdab&nv&d %&&c&l%ﬁﬁeeﬁfli(ﬁfz 1l ARItFERERLI(RG) when
i njection and showed that Fc-FGF21(RG statistically

sirgpatingceompopnd devde tveUTS2 sBak| ranee, @@TIIe Vel eanlitiasr  Due to its

e ch h r I

g r%se&l“o@ {e§ 1\§/\C/e$§@%re (;kdér\%l § rt)%ﬁor to f E%P rlltg n@ﬁg the parameters

webaraDped fc@nme te allhgnistevel endtoa-mRanitd gfbutrvetdfitslyl 6@lmetabolic

di fferences observed in fasted plasma gl ucose | evels

A¥AYEIEY anong the three groups of animals. WO

2009/ 149171PCT/ US2009/ 046113 22.5 Effect of Test

Conpounds on Triglyceride Levels Per cent change

of fasting plasma triglyceride |evels was cal cul at ed

i n Rh¥&uks thopicsys ieweatign heelkeehrdemﬂhwdlils tarme af earinistdmbodiments,
i.t her venhi cl FG-21 or, Fc-.EGF21 5 an uri t he

5 QBB G BEFR . TRABSU BB Lot fiare Shid the art

approximately five days after |ast Fc-FG21(RG

i njection and approxi mately 2§3hours after |ast FGF21
injection. Triglyceride |evel s “were nmeasured every

week after the treatnent was initiated and percent

changes from baseline are shown in Figure 45, fasting
basel i ne val ues are shown in Table 20. 10As depicted

|n Fi gure 45 anlnals treated mnth elther Fc-FGFZl(FK3

[N 1 s o g o



The individual concentration of the tested conpounds
in each nonkeys are shown in Figures 47 and 48. As

W@ bwon4dim Fi gure 47, the majority of the ani maPGI/US20D9@46113
FGF21- treated group had concentrations bel ow t he
quantitation limt. Figure 48 shows that 30animals in
the Fc- FGF21(RG -treated group had detectable |evels

Bhebrét b o e R CoRd bRy Wirarions tha
SHROLI R Bl IB2R0AL Qftoh 13 cRAREE NN’ AKItRRA, b QB tRRMadings used

dosi ng phase increased approxi mately

Hosie- pe dpootganiational pripesd. @ily and apgynéidgtof sy construed as limiting the
Fq;ﬁﬁF%&é%@théere is mniml accumul ation as

e S¥riat &4 %@ he steady concentrations after the
first AANRfEenen it ek ltyis dppkcatibh hird ce@elslH @s@rporated by reference
escal ati on phase for both conpounds. During the
bere: nent - free phase (washout period) 5 Fc- FGF21( RO

| evel s were detectable up to approxinmately day 47 (12
days post | ast dose) and were below lower Iimt of
quantification (LLOQ afterwards. Exposur e of
the test conmpounds was al so nonitored during each
OGTT. FGF21 was not detectable during OGITs 3 and 4,
following Il ow and m d-dose FGF21 treat nent. However,
nmeasur abl e | evel s were observed during OGIT5,
followi ng high- 10 dose treatnent. A dose
proportional increase in Fc-FGF21(RG |evel s was
observed across the third to fifth OGIT with

escal ati ng dose | evels, as shown in Figure 49.
Compound | evel s data confirmthat the animals were
exposed to the expected anobunt of each conpound,
namely FGF21 and Fc- FGF21(RG, in a dose escal ation
manner. A large variability was observed in the anount
of FGF21 nmeasured, which was 15 an expected result
consi dering the sanpling was performed approxi mately
21 hours post the | ast dose and the half life of FG21
is approximately 1 hour. 22.7 Conclusions FG21
decreased fasted and fed plasma triglyceride and
insulin levels and 20 decreased body wei ght at the

hi ghest doses. Fc-FG21(RG inproved OGIT and
decreased insulin levels at the highest dose, and dose
dependently decreased fasted and fed plasm
triglyceride levels as well as body weight. Both FGF21
and Fc- FGF21(RG) decreased a nunber of netabolic
paraneters in the non diabetic Rhesus nonkeys. Insulin
and triglyceride | evel decreases were identica

bet ween FGF21 and Fc- FGF21(RG) when 25 circul ating
conpound levels were in a simlar range, in the fed
condition. Due to its inproved properties,

Fc- FGF21(RG) was superior to FGF21 in nost of the

par anmet ers neasured and coul d be adm ni stered
once-a-week to observe efficacy on netabolic
paranmeters. 30Wiile the present invention has been
described in terns of various enbodinents, it is

under stood that variations and nodifications wl|

occur to those skilled in the art. WO

2009/ 149171PCT/ US2009/ 046113 Therefore, it is intended
that the appended clains cover all such equival ent
variations that come within the scope of the invention
as clained. In addition, the section headi ngs used
herein are for organi zati onal purposes only and are
not to be construed as Iiniti?g t he subject matter
described. 5AIl references cited in this application
are expressly incorporated by reference herein. WO
2009/ 149171PCT/ US2009/ 046113 CLAI M5 What is clai ned
is: 51.An isolated pol ypeptide conprising an amn no
acid sequence of SEQ ID NO :4, further conprising the

N - o e Y Y " Y
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proline residue at 171 or both the |eucine residue at
position 98 and the proline residue at 15position 171.

w@2009h@17s0l at ed pol ypepti de of claim2, wherePCI/UR®09/046113

i sol at ed pol ypepti de conprises the substitution of any
amno acid for both the | eucine residue at position 98
and the pro line residue at position 171. 20 4.
An isol ated pol ypepti de co an am no acid
sequence of SEQ ID NO 4 ha ﬁgkﬂga)at | east one am no
acid substitution that is: (0Oa glutam ne, isoleucine,
9@uﬁ¥ﬁﬂ£ﬁm&%§'due at position 19; 25(ii)a histidine,

| euci ne, or phenylalanlne reS|due at p05|t|on 20;
(iii),an igal.e ne
Val | hb° T es PUSIEETTSLEREN BARRGTE «bRE, A oRfence of SEQ D
Ricenyfuathanédiprisdig th@| Jubgithesi B0enyAkmPRSidid @ 2% alavihe residue at
an al anine or arginine residue at position 150;
BN 4» e dangies &‘ﬁldﬂﬁlqt ri@sxtlegu&méheaieus@@.r@méw asposition 98, the
él\éfé é 6%1%{{6 att 8&1 ﬁ,gg& Q@ﬁn@ qgs?éﬂeait %Qélﬂgn l?@, tﬂggfy@fﬁe residue at
Ol #N ﬂﬂeﬂﬁﬂlﬂl&@ﬂﬁé Aokt n( Mili or)thaserimk aeNide, at position 172, and
aspar agi ne, artic acid, cysteine, glutam c acid,
§IDPIAAT S thﬁ'&? tine, or serine residue at position 170;
(i x) an al ani ne, arginine, asparagine, aspartic acid,
cysteine, glutam c acid, glutamne, glycine,
hi sti @i ne, Thgsia'iqhaﬁd yehipaptide bf etminng, whtreypthepahtedopolypeptide

0S n re osition 171; a.leucipe or ..
PP T SkiifiaR b BREemimacid For: ¥ 1eRonS S g 98, the
oligh %s@dﬂe(ﬁt Q?l gr b& & tURu@he RRRIUE 'a@ﬂoslt?&l g taloi| t@l@)p?dhne residue at
east one amno acid substitution t is: (Oan

posiiori he. gl utami c acid, or lysine residue at position
26; 10(ii)an arginine, glutamc acid, glutam ne,
| ysine, or threonine residue at position 455 (iii) a

threopi ne Tes llsﬁlﬁe@tpompﬁdld) Bf 2Piim( 2.V wharety siieeisdited polypeptide
gl utam c acid, g ycine, or serine residue at position
S@npwy thinsubstinae of apyipRinaeacidifer bath halspeine 6esiqupsqt gsition 98

LB h&?olﬂlte rQs‘?ﬁlltdtggmﬁgn 1#p(Vvi)an al anine, arginine,

cystern ine residue at position 78; (vii) a
cystei ne or threonlne residue at position 86; (viii)
ra(r; Slaldagl gte ABolg %ﬂirél n,peogg)eptl(tieacr:%rﬁpr?s%llg an la¥nsnllon 26101dosreq1?e%rcle %? SEQ ID
NO: 4 having;:
(a) at least one amino acid substitution that is:

(1) a glutamine, isoleucine, or lysine residue at position 19;

(i)  a histidine, leucine, or phenylalanine residue at position 20;

(i)  an isoleucine, phenylalanine, tyrosine, or valine residue at position

21;

(iv)  an isoleucine, phenylalanine, or valine residue at position 22;

(V) an alanine or arginine residue at position 150;

(vi)  an alanine or valine residue at position 151;

(vil) a histidine, leucine, phenylalanine, or valine residue at position

152;
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(ix) an arginine, cysteine, glutamc acid, glutam ne,
| ysine, or threonine 20residue at position 98; (x) an

waQe@oninel aspartic acid, cysteine, or gl utamBCHUBH09/046113

residue at position 99; (xi) a lysine or threonine

residue at position 111; (xi1) an
argi ni ne, asparagine, aspartic acid, glutamc acid,

gl ut am ne,  25hi stidine, or |ysine residue, at ositiop . .
120; or (xITH) &h i Rearabist dppEiaci. pelihe gabmic acid
lysine, or tyroghfgnih€SirSluR, 8t scPis irdsidR ol 3dsitign#70;

conbi nations thereof 305.The isolated pol ypeptide of '
clai m 4, wherei an phwineegiginiec, sasppoginei onan® doid, cysteine, glutamic

argi nine and the.residue.at position 171 i roline. .
90 2000/ 146171 PCH-URS00S BachiShe, Hhty| Sol” sohife. rconinc
pol ypepti de of gl Fopheah, orjedseidretibee fqloypientide

conpri ses an am no acid sequence that is at |east 85
percent i d&nti calcucoonEirgeniporesidig akRasifoncld 2ofr SEQ | D

NO 4, but erej ' oF) .

subst a1 G of o b A gl R o ARRI0L A 173;pnd

I S notb)f ur athesst ondahinedicid/suBstitusal thed: pol ypepti de

conpri sing .an am no.acid sequence of SEQ ID NO 4 .

having at (iéast PDAHRR. $BERICEHCKY B%[ﬁs’tnﬁtr?sé‘i‘%et% gpsifign 26;

(a)a gl ut agl_)ne, an ¥&iMiRe, PlubhdR %’&,‘ Siftahfred, ?%?nea,tor threonine residue

position 1 10(b)a histidine, |eucine, 0
phenyl al ani ne r epodiiiendtS; posi ti on 20; (c) an

I sol euci ne,...phenyl al ani ne,, tyrosine,_.or valine residue
at positi ol 1;a%ﬁ?ngﬂa“@%W%%%Wﬁgymﬁﬁenylalanine, or

valine resjdpe aky@aﬁé,tglaam?e%ci%@yc%, 8t @inB Scs®luc at position 58;
argi nine residue at position 150; (0Oan al ani ne or .
val i ne res(Mdue an alppeptdrgninesglutapge gyid, ¢ni lgsinelrasisiue at position 60;

| euci ne, phepyl al anine, or.valine resh§ﬁ§n§%mﬁ§§2ﬁ%8§ﬁon7&
ine; ’

152; (h) ah’ 4l afit A&M PR ORE R OFY
proline regiifjueaaystgins bt thednin€Qesidig atpositibagbne,

argi ni ne, asparagi ne, aspartic acid, cysteine, ) )

gl utami c atild) #F glaacn argiging.cglytmipagid, dysvee, qryssripe, residue at
serine, threoni e t ophan, or tyrosine residue at
position 171; 28%??%{?%ucine residue at position 172;

or (k)an afig) ni aea@inigd, etstaine, gotachic &sd,@leaminepbsinie] @rthreonine
173; and conbi natjons thereof 8.The isol ated

pol ypepti de of EPHURRYPOSHN S n t he resi due at

posi tion 1&]) | San arginine, aspartic acid, cysteine, or glutamic acid residue at
position 99;
(xi)  alysine or threonine residue at position 111;
(xil) an arginine, asparagine, aspartic acid, glutamic acid, glutamine,
histidine, or lysine residue at position 129; or
(xiil) an arginine, glutamic acid, histidine, lysine, or tyrosine residue at
position 134;

and combinations thereof.

5. The isolated polypeptide of claim 4, wherein the residue at position 98 is

arginine and the residue at position 171 is proline.
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25proline. 9.The isol ated pol ypeptide of claim?7,
wherei n the pol ypeptide conprises an am no acid

wGeewasael that is at | east 85 percent identi caPCT/US100%046113

am no acid sequence of SEQ ID NO 4, but wherein the

at least one am no acid substitution of claim7(a)-(k)

is 30not further nodified. WO

2009/ 149171PCT/ US2009/ 046113 10. An i sol at ed

pol ypepti de conprising an am no acid sequence of SEQ

I'D NGy, 4 haué R8laddd pR@ARhti@OSr @RI, WkdrBinIHPSS1hdptide Romprises an
that is: (a) an arginine, glutamc acid, or |ysine

pgiodased atquenes thabry @2deast B) parecal igicnfiqaé to gheuanaimp acid sequence of

id, itamne, |lysine,, or. threoni ne,residue at . N
8EbIm R G Ensro Thi PRt du B A SR R R i -
fst) 4®)(@- Wi Botuither rBbJIFiEME, or serine residue at
position 58; (e) an alanine, arginine, glutanmc acid,
or lysine residue at position 60; (Oan al anine,
ar gi nkne, histidi 'q> Al ity .8:
alanize regﬁdﬁgﬁé?q%%ngﬁ%%b a%W§g§ﬁhg@gﬁ%?ﬁE&%%g%%@SEQH)
YOy darav mgat ledst apleuidansd add shhssituten tidt i¢:hr eoni ne r esi due
at position 98; (i) an arginine, aspartic. acid
cyst efdle, 688@%@51113’%111%\% Holugng It SRR HolY: 99,
(.0a sin : r ' | : Lt onadl1.
5y R D PR e N i
aci d, (gl ut amisnkepcing gthiedylalRniner tytosgicner vadiae deseduatat position 21;

positign 129; or (1)an arginine, glutamc acid, '

R st Bine. ot pofthgheftenpBuihes edntdie it iana:

134; and conbiapiab bPRSidiRer8Rfic 0pokkiohn&ol sol at ed

pol ypeptide of claim10, wherein the residue at

posi t (fon 98n plgniae gi wilme. resiductigopionab bd pol ypepti de

of cl aiim 10,. wherei n .t he.pol,ypepti de conpri.ses, 25. a ]

ari notdlor o biIER et hEP PO HRERG 4T B RO oSici 2,

i dent (ipal &® akﬂi@e,&ﬁ}bzﬁﬁc aciddcys e BE prodihe BlsQuk Rt PJitich 170;

but wherein the at |east one am no acid substitution ) )

of cl ) m 18¢ #lanine) arginingt aNIragSs asRydii¢ jagyl, cysiempeglutamic acid,

isolated p [ f. any: j -4 1

furt her Co%l%’a{l?@?%gg@cﬁle, %‘S)fldﬂfe, q&lﬁhg‘;se}me, ’thrZorﬁﬁe, Qyptophan, or
tyrosine residue at position 171;

a)
J[‘)
C,

() a leucine residue at position 172; or
(k) an arginine or glutamic acid residue at position 173;

and combinations thereof.

8. The isolated polypeptide of claim 7, wherein the residue at position 171 is

proline.

9. The isolated polypeptide of claim 7, wherein the polypeptide comprises an
amino acid sequence that is at least 85 percent identical to the amino acid sequence of
SEQ ID NO: 4, but wherein the at least one amino acid substitution of claim 7(a)-(k) is
not further modified.
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30at | east one ami no acid substitution that is: (a)a
phenyl al ani ne, proline, alanine, serine or glycine at

W@omptam 179; WO 2009/ 149171PCT/ US2009/ 046113P(hYSm09/046113

glutam c acid, glycine, proline, or serine at position
180; or (c) a lysine, glycine, threonine, alanine,

| eucine, or proline at position 181. 14.The isol ated
pol ypeptid of clainms 1, .4, 7 or .10, further

o {8 ngRansolaled pRlyrenBiGEerabisls fpeuifgd Fhtghe of SEQ ID

KO: arah dsit Rast i1 apphy REQLIKlEutba tHNgs: | sol at ed

pol ypeptide of claim 10, wherein the 1 to 10 am no

aci d fxsi duesrginiec, ghitavicadid polysinkecsidusu pestisi 26 ng

of gl ygi ne pro i ne onbi,nations thereof 1

sol'atia ot idpltn e BimEngr 2 WA or " Grbfipt Rsidue a

wher ei n thpo@@hymfptlde conpri ses: (a) an

am no- tern1na| truncation of no nore than 8 am no acid

resi dfds, aHEPQIRC KBidup Al RISEIPNIEe i s capabl e of

| owerypng b S

car bo ({}I -t Légﬁlqa C%?@ﬂggla{aﬁg?]&ggﬁ%%%%?ép%Qnsghonls ’am no

aci d (e@si dueslaninbesrgininet latapat yadpdsn lglﬁm &srdapablbce;ltufn 60;

| owering bl ood glucose in

am not U] o ik Be BB BFRES FOIEC ¢ HA B o aci d

resi d@S aQﬁjal%mngQes?cﬁfe%@?bﬁlﬁ&?ggn nal truncation of no

nor e an 12 am no aci d residues, wherein the

pol ypépt i den iasgiompalglearoic howeglutgnibkobdingl weotheconmearesidue at
manmal . 17, Thelw%glated pol ypepti de of any of clains

1, 4, 7 orPA¥O%WErein the 25pol ypeptide is coval ently
l'inkedyto gngr ﬁﬁn&@ﬁ&r@@éd{&r%&em%%r@]@tahﬁ@é&& fdidue at position 99;
onpeEtlde og claim 17, whefein the polynmer is PEG

19. A fusi omlﬁmwélyﬁbmee caﬁrﬁblpuatspwgthm llu,sol at ed

EOLX? E): gg% (élj ifih 8para$1ae aéaahrgl 881‘(1'1 %tarmc a01d lé?u?armne histidine,

2009/14917&H§5@Qﬁ%@ﬁ@@@ﬂ@§ﬂéﬁ129 or 20. The fusion

pol ypepti de of claim 19, wherein the polypeptide is

fused(i o t MeatgEtRG. GlEaBisaChilibidine lsBisqRielEasingirsidue at position

l'i nker. 134: 21. The fusion polypeptide of claim

20, wherein the |linker conprises 5 GGGGEGSGGGSGGEEGES

( SEQ &l ¢dmmbizdjons thereof. 22. The fusi on pol ypepti de of

claim 20, wherein the heterol ogous am no aci d sequence

is an 1gG constant domain or fragnent thereof 1023. The

fusi ony pol ypepbia& &Eﬁhgb@aam’{‘@ﬁ rehdteih ke #8i@uc at ?osmon 98 is

constant domain co s the amno acid sequence o

8g@hd NO 13. 24. A nultlner conprising two or nore

copi es of the fusion pol ypeptide of

12.  The isolated polypeptide of claim 10, wherein the polypeptide comprises
an amino acid sequence that is at least 85 percent identical to the amino acid sequence of
SEQ ID NO: 4, but wherein the at least one amino acid substitution of claim 10(a)-(l) is
not further modified.

13. The isolated polypeptide of any of claims 1, 4, 7 or 10, further comprising

at least one amino acid substitution that is:

(a) a phenylalanine, proline, alanine, serine or glycine at position 179;
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claim23. 15 25. A pharmaceutical conposition
conprising the isolated pol ypeptide of any of clains

w@2004/149170r 10 and a pharmaceuti cal | y accept abP&r/US2009/046113

fornmul ati on agent. 26. A nethod for treating a
nmet abol i ¢ di sorder conprising admnistering to a
20human patient in need thereof the pharnaceutica

conposi.tion of clal 2 7. The net hod, of cla

wher etH t hg8 %%166‘1% @F%rmlm‘f F Hsey Besitiony] §Hr

et hogt)of ggﬁiﬂ@ g@cmmfe%hﬁlet AenifBaRMd, 6r Flosiae Qteﬁositﬁ)n 181.

obeS|ty An~isol ated nucleic acid encoding the

polypept|de of any of claims 1, 4, 7 or 10. 30. A

vecto aC| le clai 9. ..
fiost @% SPPage ?Ypepﬁg ﬁaenyn% cﬁl%mé ! do?r‘!:)‘?éﬁ%ig% comprising

o&o 0;(1) @inMo2&id M@d&%&é&@lﬂé@%ﬂnﬂ&&@&ﬂh@ﬂ&%&)tﬁ@ An

i sol at ed pol ypepti de conprising the am no acid

sequence of SEQ ID NO 4, wherein the polypeptide

conpri ses: Lid FONGAL re. .

£ han %§ ami "rl]"g@‘)éscol ed'ﬁgggfg uﬁet?cfenz)fngl gﬁ 19 %GR%E tﬁ’g 1"8 {P%fino acid

tHSidde@ |ate| sidedtsl Grapalkicegiobp | coneiktingg ob leb@theg puslgeandnc@nbinations

q%nn? (b) a carboxyl-terninal truncation of no nore

tRERL12 ami no acid residues, and wherein the

pol ypepti de is capabl e of Iomering bl ood gl ucose in a

manmal ; or 10(c)an ami no-term nal truncation of no

nor e ffhan Shamsatwcdgolipeptsdedotsnand daims 1, 4, 7 or 10, wherein the

@fbox | -term nal truncation of no nore than 12 am no

B Vﬂqy%@FaﬁQQ“”and wherein the pol ypeptide is capable

of | opsri ngn RRACLt@MUREO SRIcRich Hﬁmnorelﬁfﬁﬁ fmino acid residues,

I sol ated fusion protein conprisin dé) an 1gG

const ant dwheici thd)podypepiideers sa dncd fovesingt blop@eglucose in a

I gG const ant, doqaln and (c) an FGF21 nutant fused to

the |inker sequehce and conprising the am no

aci d ggquencerbokylSkcninkl Mehcafion WigloeinBreathaArQi 4thiA@ acid residucs,

resi due has been 203ubst|tuted for the |eucjne residue

at positi ohogimike Pobipgelidre iy capthle Halpvsaisg blood glucose in a

substltuteﬁm/gﬁ it&e proline residue at position 171.

34. The i sol ated fusi on protein of claim 33, wherein

t he | (ker ass egireneeminenguncaten HEBSEIBHESEEENG SEQrédues and a

NO 23) .

carboxyl-terminal truncation of no more than 12 amino acid residues,
wherein the polypeptide is capable of lowering blood glucose in a

mammal.

17. The isolated polypeptide of any of claims 1, 4, 7 or 10, wherein the

polypeptide is covalently linked to one or more polymers.

18. The isolated polypeptide of claim 17, wherein the polymer is PEG.

19. A fusion polypeptide comprising the isolated polypeptide of any of claims

1,4, 7 or 10 fused to a heterologous amino acid sequence.
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25 35. The isolated fusion protein of claim 33,
wherein the 1 gG constant domain conprises SEQ | D NO:

WA 3009/149171 36. The isol ated fusion protei n oPCEUSI009/046113

33, wherein the |inker sequence 30 conprises
GGGEEGESEEESGEEES (SEQ | D NG 23) and the 1gG const ant
domai n conprises the am no acid sequence of SEQ I D NO

13. 2009/ 149171PCT/ 00 461 7. The, i so] ated, .
fusi ofd-pr otgfﬁ? ﬁuseﬁn RPIYPFREEE © u&fﬂéwe Whigeip the paivRgRidgss fused to
iR&cldrdlb8ousi atnihs 88 stquchbfevikatipksd nus of the |1gG

constant donain and the N term nus of the FGF21 nut ant
is fused to the Ctermnus of the linker. 5 38. A

mul ti ger c rising two or, moxe,of e fusi.on proteins .
of o aTm 35ne 5oy ¥Bimditsast Gufian 20y ot iR o Phfty Somrise
8&GUOsGEIGRGHEGSEED MuNank3j.urt her conprises at

| east one amino acid substitution that is: 10(a)a

phenyl al ani ne, proline, alanine, serine or glycine at

osi thon 149: .am ' ' ine. . .
o setrne A0 S Rl URTLE cRfh do ShbEli\e HBBbATS amino acid
sdyuenneiinen @b asistudt dbmsiaionagmenitholcofle at positi on

181. 40. The isolated fusion protein of claim 33,
wherein the FG-21 nutant further 15conprises 1 to 10

am noj@aci dTheFgheo )’Péﬁﬂiet or Llgn Q‘Zt, %H&é?ﬁ'_sthé)fl G}I'B%nstant domain
FGF21 nmutant. 41. The isol ated fusion protein o% clarm
donpmdee thei amindecid stquebte an$kQ [BAN@: 18esi dues are
sel ected fromthe group consisting of glycine, proline

and conbi nati ons thereof 20 42. The isol ated fusion

prot epyn of AChRItIMSIonMRBI! th ot dtembfeFobidiWrant fusion polypeptide of
conprises: (a) an am no-termnal truncation of no nore
tlaum28 anino acid residues, wherein the polypeptide is
capabl e of |owering blood glucose in a 25manmal ; (b) a
carboxyl -term nal truncation of no nore than 12 am no

aci d pesi duesharmheiugidl coiposiby peRplideg itk iSaRedpelydtptide of any
| owering bl ood glucose in a mammal ; or (c) an
ahelpignst ledn? AAIO prdid pRarmescusicalinadesptable Hammn Bation agsntaci d

resi dues and a 30carboxyl-term nal truncation of no

nore than 12 am no acid residues, WO
2009/ 24,917 ARQFhUSZQ08¢ 04 6 hIBctabeicadisortidrecopgirispeptdndeistering to a
| s capabl e of | owering hl ood glucose in.a al

umarraicng gy %@%&heﬁﬁiﬂ&wmﬁﬁuﬂca&cowﬂ)%ﬂ?@gﬁ i n
the FGF21 nutant 5 conprises an amino acid sequence
that is at |east 85 percent identical to the am no
aci d 8equehbemsthog8e®claibn RG whsrelnthe wieeabelia disbieler is diabetes.
arginine at position 98 and the glycine at position

171 are not further nodified.

28.  The method of claim 26, wherein the metabolic disorder is obesity.

29.  An isolated nucleic acid encoding the polypeptide of any of claims 1, 4, 7
or 10.

30. A vector comprising the nucleic acid molecule claim 29.

31. A host cell comprising the nucleic acid molecule of claim 29.
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44. A pharnmaceutical conposition conprising the
i solated fusion protein of 10claim 33 or claim38 and

w@2pbasaraceuti cal |y acceptabl e fornul ati on agePET/US2009/046113

45. A nethod for treating a netabolic disorder
conprising admnistering to a human patient in need
t hereof the pharmaceutical conposition of claim44.
1546. The net hod of claim45, wherein the nmetabolic
di sorder is diabetes. 47. The nethod of claim 45,

wher egm t hﬁn%l@t@@'ﬂogrp@btw SRhpristn OBRSIntiMe afl- sefience of SEQ ID
i sol ated nucleic acid encoding the fusion protein of

DI .rwiBBein 4l polypeptilocoropinyssi si ng t he nucl eic acid

mol ecyle claim4 conpyf |

nucl e ae achy a%r}ogt'garfslglaloél%%git)%%ﬁlgl_o niore ansé QI%iI‘}OhaeCid residues, and
wherein the polypeptide is capable of lowering blood glucose in a
mammal;
(b) a carboxyl-terminal truncation of no more than 12 amino acid residues,
and wherein the polypeptide is capable of lowering blood glucose in a
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 acid residues, and
wherein the polypeptide is capable of lowering blood glucose in a

mammal.

33.  An isolated fusion protein comprising:

(a) an IgG constant domain;

(b) a linker sequence fused to the IgG constant domain; and

() an FGF21 mutant fused to the linker sequence and comprising the amino
acid sequence of SEQ ID NO: 4, wherein an arginine residue has been
substituted for the leucine residue at position 98 and a glycine residue has

been substituted for the proline residue at position 171.

34.  The isolated fusion protein of claim 33, wherein the linker sequence

comprises GGGGGSGGGSGGGGS (SEQ ID NO:23).

35.  The isolated fusion protein of claim 33, wherein the IgG constant domain

comprises SEQ ID NO: 13.

36.  The isolated fusion protein of claim 33, wherein the linker sequence
comprises GGGGGSGGGSGGGGS (SEQ ID NO:23) and the IgG constant domain
comprises the amino acid sequence of SEQ ID NO: 13.
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37.  The isolated fusion protein of claim 36, wherein the N terminus of the
linker is fused to the C terminus of the IgG constant domain and the N terminus of the

FGF21 mutant is fused to the C terminus of the linker.

38. A multimer comprising two or more of the fusion proteins of claim 33.

39.  The isolated fusion protein of claim 33, wherein the FGF21 mutant further
comprises at least one amino acid substitution that is:

(a) a phenylalanine, proline, alanine, serine or glycine at position 179;

(b) a glutamic acid, glycine, proline, or serine at position 180; or

(©) a lysine, glycine, threonine, alanine, leucine, or proline at position 181.

40.  The isolated fusion protein of claim 33, wherein the FGF21 mutant further

comprises 1 to 10 amino acid residues fused to the C-terminus of the FGF21 mutant.

41. The isolated fusion protein of claim 40, wherein the 1 to 10 amino acid
residues are selected from the group consisting of glycine, proline and combinations

thereof.

42. The isolated fusion protein of claim 33, wherein the FGF21 mutant

comprises:

(a) an amino-terminal truncation of no more than 8 amino acid residues,
wherein the polypeptide is capable of lowering blood glucose in a
mammal;

(b) a carboxyl-terminal truncation of no more than 12 amino acid residues,
wherein the polypeptide is capable of lowering blood glucose in a
mammal; or

(©) 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,
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wherein the polypeptide is capable of lowering blood glucose in a

mammal.

43.  The isolated fusion protein of claim 33, wherein the FGF21 mutant
comprises an amino acid sequence that is at least 85 percent identical to the amino acid
sequence of SEQ ID NO: 4, but wherein the arginine at position 98 and the glycine at

position 171 are not further modified.

44. A pharmaceutical composition comprising the isolated fusion protein of

claim 33 or claim 38 and a pharmaceutically acceptable formulation agent.

45. A method for treating a metabolic disorder comprising administering to a

human patient in need thereof the pharmaceutical composition of claim 44.

46. The method of claim 45, wherein the metabolic disorder is diabetes.
47.  The method of claim 45, wherein the metabolic disorder is obesity.
48.  An isolated nucleic acid encoding the fusion protein of claim 33.
49. A vector comprising the nucleic acid molecule claim 48.

50. A host cell comprising the nucleic acid molecule of claim 48.
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