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X-16020 -1- POLYETHYLENE GLYCOL LINKED GLP-1 COMPOUNDS
}{iﬁb OF THE INVENTION The present invention relates to GLP-1

> ;%unds covalently attached to one or 5 more molecules of

polyethylene glycol or a derivative thereof, and related compositions and

methods useful in treating conditions or disorders benefited by lowering

blood glucose, decreasing food intake, decreasing gastric or intestinal

emptying, or decreasing gastric or inté%ﬁ"nal motility. 10 BACKGROUND

OF THE | N Glucagan-like peptide-1 (GLP-1) i S NUMeEerous
biologicar%}éggg u\%{;‘é giﬁ%ﬁn@n&m&é@ﬁm@iﬁﬁgon
secretion, inhibiting gastric emptying, inhibiting gastric motility or intestinal
motility, enhancing gluco Iii} [ % induci ight loss. GLP-I

may further act to prevent the"| a%gcgr)ggﬁg I-Vé%;#jll\SLP(EJQ\ggrioration that

occurd as preseinsuliendepeadenttdiah@tascnapius NDDRMaPrograsreso one or
A significant characteristic of GLP:1 is its ability tg stimulate insulin .
RSO 1€ RCBOHEEhEK bR CLTTCRED i Seks positions
andingtinsidinstiel apyratisgmentiipess of dishthardpiasiital mctdyering blood

increasing insulin expression. The usefulness of therapy, involving GLP-1
e R R TS, A PP Ay SRS TR WliReasing
gastd¢he twestiadlirabiyildgcurring truncated peptides, GLP-1(7-37)OH and

GLP-1(7-36)NH2, are rapidly cleared in vivo and have extremely short in

vivo half lives. It is known that endogenously produced

dipeptidyl-peptidase BA (BRR{VY MROFIIS I TONEINT 1&L¥P- 1 peptides

by rerpaying the,N-terminal afding and slanine residues and s malor,

reaso es VIVO arious approac e% ave
stinciéatalcein ol iextendttbe, elintatiopl haldifesefatiGl Pahipepiidensiric emptying,

s O T T e e

jologi y. atent No. eac pep

iahalogsyagtiel cesistam-ionkl Psh degradatienday depnoaadmntiaeidf

modifications at the N-terminus of the peptide, An alternative oach
AT e VR O CR T RS 40U VA0 A0 DR yoeresses.
Aavigeiicyhgehapstdratiorey SHPDPR 4tV fdlinyaccasaingtthaiH tersatetisnok ithout

th i ttached,t ' [ ids of GLP-1 (S
Rt AT Al CAOR N3 T IOROOOAED HABEATIR D3rapygy some types

ofntitlati iGHPS e rivaby ésci{sH0R20ui2 wipekgtaims the benefit of DK

Provisjgnal Application Nos 0931/96 filed August 30, 1996, 1259/96 filed
Never e e R S B o DBty B the fact
i@ BIIPaHAl6gs arpodescribad,innd Ge Ratantripiicatinn Seriaittatd peptides,

3464 iled J Y. ,and 60/405,097 filed August 21, 2002,
A B B R et WSl ety
sBO0 3y aivemtiiedveE xtended Glubagenib gea®aptipadedldgsehadd gegptidase IV

incprperated herein in their entirety. These applications desgcribe analogs. ..
S RSBl nEees BRSNS B B B¥ticine
a@dtelamine spsyiblek GhdPis|apeplideanalogs titklamtexteind ddiidife life and

reduced clearance than that of the native,molecule. Eyrthermore, GLP-1,.
o B e B SRR T it o
(AgblicativniSeriaddioe 610/344¢6 73 thitgebAulguso 23th200 ynekile maintaining a
International Application Nq..PCT/LUSO 325, fi ust. 14, 2002,
A e e S ARk 0 mae
ré@eadinoDOBBA YcleardetiGh Pyltire captgromtkitmodmoditaintioel ypesN-terminus

[ ing: insulin- [ng, cells. e, et al,..J. Bio]. Chem, 3 e
oL GHA ARG, BB R R e B G s
derotetaidiomre izsoribedeindyiterpapiotial pArplkcafidhP Mifiber accessing the N-

SQE/ [ N N jrety) [ iou .
e o TR empaonal
Aprplaceti potenc) CHAR Y G HakivEed MPgisa dditidvgl apistohchéd thdderivatives,”

could be used either alone or in combination with known approaches are
needed to further decrease 20 GLP-1 compound clearance and increase

GLP-1 compound half-life thereby optimizing its ability to be useful as a

therapeutic that can be administered a minimum number of times during
A nrolonaed neriod of time Covalant attachment of one ar more moleciilac
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30 exendin-4 for modified exendin-4 peptides of the invention). The
XPH@ytated GLP-1 compounds of the invention have greater usefulness as
a therapeutic as well as greater convenience of use than native GLP-1
because they retain -3- all or a portion of a biological activity of native
GLP-1 yet have an enhanced half-life and/or reduced clearance when
compared to that of the native GLP-1 compound or to that
ofVals-GLP-1(7-37)OH. GLP-1(7-37) has a serum half-life of only 3 to 5

WIEH S m SR B B6) AIMTerbasiating patian &f 8laewbs0,/ 08 mtesAMBe 30,
dmlnlstered subcutagﬁ)ously Even GLP-I analogs and derlvatlves that

1898 LEROG, S Rgsgarsts: hrorase Hs A yBluoRserRss #a

long emug@iﬁ;wl_cmr@ﬁ@l@@obﬁ@d fﬁu@ﬁt@l?ﬂ@ Qmétﬁlzﬁbﬁﬁ%??i‘?ﬁ?%nal Nos.
co ounds e Invenuon ma ave a na ITe In

R o K P S ek Tho b e peatec

Ir@;&ﬂomm@@ue@tmmmwmf%@a tflhcpt@%ﬁ%ﬁngstmom%%ﬁ@ed

ve on u ate compounds ma
%é ?I@éeg @éﬁﬁgﬁ ﬁc’k?ﬁ’ ri%f é\mf@ %&Wfﬁﬁé&?ﬁﬁ‘% th&r
etitiigd tﬁldék&k{@iﬁﬁﬂ@hﬁﬁﬂ%@@i@&tﬂﬁa&fﬁl oF (niestirad MOMiyherein various amino

gnor alltl ric and/or intestinal emp ing abnormalities with a
Y Fizie a%éiﬁ%aﬂﬁakstﬁgc PRS- AR BRI Sfcted half-

hﬂemﬂtmau&eaulearﬁeweﬂm@aaatdmmg@t&ﬁehﬂure@aﬂeowlaﬁéaa&@g@pm1 analogs
t e.conven ence toasu i%ect in need of such therfﬂ%/f and the |Ike|lh00d of

‘E?F%SS R E A aEeRL TRt S PRURHIA R RN/ 3 14,573
ﬁlwrﬁﬁﬂ;ﬁm TZ’NE)lmﬁemlﬁﬂdﬂﬁﬁﬁstbﬂchbﬁrﬁ&t@fﬂ\ﬂdqmm@ZGQmggumiﬁ August

ntI ttached to on ore m es of polyethylene glycol
1‘&%@? e R WA G CBEC T RACHEY Wigpy Sgpndin-4
cdryscamine MerH%emafbﬁ)XMﬁﬁl’(mmﬂ&Qf H&H peRiidecluebidingit-secreting

b BTty s A 7, 10V 6 SIS SR mhodt e AL B i

eteadin2shtieneadin hgoﬂEG}Akﬂtﬁﬁl@d.Be]demﬁbw ndmdisclased RersiRation

er ce value 200 ml/h/kg ar less, more preferably

Nﬁ@'é W@@g%@&%ﬂ%& 548 BAl %]8 Weferably less than
50, 4mm@mﬂmﬂ<@mmmd¢mmté¢sﬁicﬁea hesgitpisiads B@klatedger half-

Plc ound comprising. the a ce of
e RO s AR BT S e coutdbo used
efdmr&ibmhpattacbmﬁzamozi with kn‘cth’e B@pt@ﬂmalmﬁeddb‘@m thetlgrodyzrease

P SR I P Al soummesan 45 sty eptovine

1tﬁiyr-lfal memaigﬁﬂﬂha&ysl@ﬂapakte: Heat can be admmlstered a mmnnum number of
30Al Leu- VaI L s-35Gly-Arg-37 Another
s S o S R B QR AT O mocutes
Wmmmmmeqm@mmweﬁ@ummmbm ibr exendin-4
O%ES Dﬂ IW é)l%ll%ill?Ea Vrgl%leeg all?a((:: Vaglgpstl¥ aH: aChl?iqa% ’E%%OO{ nﬁ?ecule
Psidues selected from e group Consist ing 011_y55261 Lys 21
arﬂ-tﬁé%ta}ﬁilmbl@iyﬁﬁkﬂy@h@ﬁhﬁ S ertbAsrohaliSde Lﬁlsmtable foruse as a
1 gtg I AIa Lys+Glu-Phe:l eﬁ Ia -Leu-V
s B R S A S s B L s
att@@l@@@yfaaed GoRIE nmiqwimd)fdt&ﬁ?pmsmgmaammdm|dfse@ﬁ@nbecoﬁpound

| :
SHEHHERINGL R N Ny e
amdaa@uses@d@smma%emamhéiuehxaafsnﬁfrm GeP-Xae33:XaaP4! (or native
exXCRARS2 439%%&%@@§Zfﬂ aﬁ%ﬁégu dR VehgRprein: Xaaris:

L-histidine, D-histidine e amlno histidine, (3-hydroxy-
histidirtes Pofnohiedidihé’- b doporethgf Histinlirveion ammyadammﬁéness as a

thé%ﬁgulﬁ’c éﬁ%éﬁ%@%@aﬂeﬁoﬁ@eﬁ&&@&gﬂe AR tz) £y5: 8232 Sictain
Trp, Tyr, or Cys; Xaalé6 is: Val, Trp, lle, Leu, yr or ysS; a¥1§
IS: Ser Trp, Tyr, Phe, Lys, lle, Leu, Val; Xaai9 is: Tyr, Trp or Phe; Xaa20
is: Leu, Phe, Tyr, or Trp; Xaa22 is: Gly, Glu, Asp, Lys, or Cys; Xaa23 is:
GIn or Cys;



Xaa24 is: Ala or Cys; Xaa25 is: Ala, Val, lle, Leu, or Cys; Xaa26 is: Lys or
Cys; Xaa27 is: Glu, lle, Ala, or Cys; Xaa30 is: Ala, Giu, or Cys -5- Xaa33
is: Val or lle; Xaa34 is: Lys or Cys; Xaa35 is: Gly or Cys; Xaa36 is: Arg or
Cys; Xaa37 is: Gly, His, Cys, NH2i or is absent; and wherein: 2 or 1 of the
Cys residues are covalently attached to a PEG molecule, or 3, 2 or 1 of
the Lys residues are covalently attached to a PEG molecule, or the
termlnzfl 0 ac (dis covagntl attached to a PEG molec

it ehaih e 2 PG e T ek RaVR B oo half I

emﬁﬂﬁlm&ﬁﬁedlsmﬂ%@dd\ﬁ'@ﬁl derarRkGated GilifehaormrouPd compound or to that

m|n cid seq1 uence of Formula Il (ISE ID NO: 4%
g\?aig é?)) api}’ (7-37) has a serum half-life of only 3 to 5 minutes.

Xm&ﬁﬁ&@m&ﬁalﬁ&%cm&%&m minutes when administered
Glu-Xaa22- x?azs -Xaa24-Xaa2s-Xaa26-Xaa27-Phe-ll

e RARRNTIPe e ExensE-Pk hanalogand SemsavRatay are et (S Erggenous

Nfo)switlerenge XRAaddShivh slidineeDrbvistigineadrsarminqdpsiidingministrations
2-amino- eﬁtldlne P- h)édro ga histidine, homohistidine,

a NGB Aottty RRRadinG EoPARt I his famRouRdse ihedny ealionvaiy haye a balf-

llgifSiareRtcknsr Xanadrisaldwiak Gysie xR ddnisniRRRi s GY X @2 isied GLP-1
Val, Phe, yr Trp, or Cys; Xaal8 is; Ser, Tyr, 'I"&rtgﬁPhe Lys, lle, Leu, or
O

VTR ovaile fanteiinse B jaloa )l oAs, wopp oty eneapmionged period

Gt ah &y SupaBdigaARoer S I8 ARy DEAl sl b QRN
Xaaz26 is: Lys or C %aXaa27 is: Gclhéﬁ(fcr%gls E‘{@,Xaago is: A%Dor1 %HO treat

X SIS Wit G5 f’f?(&’ééﬂd@&bgfdm%m%é@sii@bm opeys, Sedtigpand/or
iSiregiRAI NI APARRAR A1t S Wn & %’%MH%&%H:@&?@E& e %ﬁ%[ﬁxlfar%a ities with

or | of the Cys résidues are covalenfly attached to a PEG molécu

o PBTRE ydvredidsdsiae thal Bie iy irlacdddiB-4 mrGMolsafigiontemtion
CaERRXY-THFE NALAIRR 2619460V g%%'&' %@8&%&1&9&%&6‘&%@88&% to a subject

and provided that there are 2, 1 or Cys in the molecule. Another
eriisah it ahsbrrasy mddhe liksita]lafeutaers rooplpmendvith dosing

comptisingnie amino acid sequence of Formula Il (SEQ ID NO: 5)
Xaa7-Xaas-Glu-Gly-Xaalr-Xaal2-Thr-Ser-Asp-Xaal6-Ser-Xaaig-Xaa 9-
Xaa20-Glu-Xaa22-Xaa23-Xaa24-Xaa25-

Xaa26-Xaa27-Phe-lle-Xaggarhids k8 GRIIPE INVENTION
Xaa34-Xaa35-Xaa36-Xaa37-Xaa3

g_Xaaggﬁgégﬁ:&Mcm&Qb@g@@x@éd@. GLP-1 compounds covalently attached to
X%@é@%ﬁ@x@@%ﬁ@é}é e D?ﬁ @%ﬂﬁ:‘al EE% l@r 1 4%8’[1'{% N}Qfeg% wherein each

wherein: Xaa7 is: L-histidi istiding, desamlno histidine,

2-BR{HS-piatbrd el mChifdvolkys maxitinaciiomBisstdiasy terminus of the peptide,
a-fluerq WFE@?E@&B%BF ai'%ﬁwgllﬂ@stlvﬁl@lean AR Al Bat least one

Leu, IIe er, or
hour, preferab}y at Jeast 3,5,7,10, 15, 20 hours and most preferably at least 24 hours.

The PEGylated GLP-1 compounds disciosed herein preferably have a clearance
value 0f 200 ml/h/kg or less, more preferably 180, 150, 120, 100, 80, 60 mi/h/kg or less
and most preferably less than 50, 40 or 20 ml/h/kg,

One embodiment disclosed herein is a PEGyiated GLP-1 compound comprising
the amino acid sequence of GLP-1(7-37)OH as shown in SEQ ID NO: 1 with a PEG
molecule covalently attached at 3, 2 or 1 of the residues selected from the group
consisting of L}’Sz(,,. Lysss and Glysy:

"His-Ala-Glu-'"Gly-Thr-Phe-Thr-Ser- > Asp-Vai-Ser-Ser-Tyr->"Leu-Glu-Gly-

GIn—AIa—2SAIa-Lys—GiuwPhe-Ile~30Aia-Trp-Leu~Va1—Lys-3 S(}ly-uﬁxrgﬁ?(?rly



Xaaliis: Thr or Cys; Xaal2 is: Phe, Trp, Tyr, or Cys; Xaal6 is: Val, Trp,
lle, Leu, Phe, Tyr, or Cys; Xaais is: Ser, Trp, Tyr, Phe, Lys, He, Leu, or
Val; Xaa,9 is: Tyr, Trp, or Phe; Xaa20 is: Leu, Phe, Tyr, or Trp; Xaa22 is:
Gly, Glu, Asp, Lys, or Cys; Xaa23 is: GIn or Cys; -7- Xaa24 is: Ala or Cys;
Xaaz25 is: Ala, Val, lle, Len, or Cys; Xaa26 is: Lys or Cys; Xaa27 is: Glu,
lle, Ala, or Cys; Xaa30 is: Ala, Glu, or Cys; Xaa33 is: Val or lle; Xaa34 is:
Lys, ASIEAD, Gy, 9r Cys; Xaa3s is: Gly or Cys; Xaa36 is: Gly, Pro, Arg,
or Cys; Xaa37 is: Gly, Pro, Ser, or Cys; Xaa38 is: Ser, Pro, His, or Cys;
Xaa38nstreeemgdiient Tisclopedotetys; iDtaREGBaR8IcEH 1 Qbh¥Sund

Xaadl.is: Ala, Asp, Arg, Glu, Lys, Gly, ar Cys; Xaad?2 is: Pro, Ala, Cys, or .

S e Al asmeentoo it & R s Shssineidiav: 2 i

PPECAiR &g legsatdisyCirtdN2atd, IS absesftihXashés sSRE ddiSsdti®he group
H2 oy is absent; Xaa46 is: His, Ser, Arg, Lys, Pro,

Lys, Arg; Gly, Cys, N S

‘gﬁfl%ﬁ%% %ﬁr?@'ﬁ’dé’é‘ﬂt%ﬁﬁ‘ Xaad7 is: His, Ser, Arg, Lys, Cys, NH2 or

is abseéHisXaa4his' Gly, His PEy S N2 0 i phag e Ra4915°Pea. dHs Gly-
Cys, NH2, or is;absent; Xaaso is; Sef, His, Cys, Ser-NH2, His-NH2,

Cys-NH?* ,',‘%P"lssg%s” H&“%ﬁiép &/F‘Q‘é‘i NP5 ipblf‘fﬁévé&?g%“;i&}@?éﬁe
covaleggiycattastedio a PEG molecule, or 3, 2 or | of the Lys residues are
covalently attached to a PEG molecule, or { rbQXxy- jnal amino

o T S T B R Bt o T e b e
)@am,sméhﬂ?mm&ika%@m@aﬂﬁoméSE@dEgNQab}sent each

B B R R Xaaur G-

Cys in the molecule. -7a- In one aspect, there Is prov&fe

GLP-1 éovnpolinttcomprisitaptheXamninc acio Bhelienseasd- ForhetaXdas;- Xaas-
(SEQ I%%Oil@ Xage

-Xaag-G u-t5 y-a)?%t(’a?li-%%%%\IZ-Thr-Ser-Asp-XaaiG-Ser-Xaa,8-Xaai9-
Xaa20-Glu-X&az2ukah 2SEXaH2 NKad25-Xaa26-Xaa27-Phe-lle-Xaa3o-Trp
-l“%léf ) a33-Xaa34-Xaa35-Xaa36-Xaa37-Xaa38-Xaa39-Xaado0-Xaa4d
j-Xaad2-Xaa43- Xaad4-Xaad5-Xaad6-Xaa47 Formula IV (SEQ ID NO: 6)
whrerein: XaaTidnd,-Distiglién D) dustidine-lssdmino-histidingstidine, p-hydroxy-
2-aminoﬁilg'{sfgidine, (3- hydroxy-histidine, homohistidine,
a-fluoromet 131/-'I"i:histidine, or a-methyl- histidine; Xaa$ is: Ala, Gly, Val, Leu,
|lgorfoetei soidihb) o ek dnistnes AyseX aa b2is RS HPindyr, or Cys;
X alG,is:}é%al Trp, lle, Leu, Phe, Tyr, or Cys; Xaa,8 is: Ser, Trp, Tyr, Phe,
L8291/ ;@ %aL@‘?s.l‘?yﬁeﬁﬁ,rémF‘he; Xaa2o is: Leu, Phe, Tyr, or
TR, XRa28ris Gly; Glu, Asp, Lys or Cys; Xaa23is: GIn or Cys; Xaa24 is:
Ala or Cys; Xaa25 is: Ala, Val, lle, Leu, or Cys; Xaa26 is: Lys or Cys;
Xaay, 15° Phe, Trp, Tyr, or Cys;

Xaayg 1s: Val, Trp, lle, Leu, Phe, Tyr, or Cys;

Xaayg 1s: Ser, Trp, Tyr, Phe, Lys, He, Leu, Val;

Xaayg 1s: Tyr, Trp, or Phe;

Xaagp 15 Leu, Phe, Tyr, or Trp;

Xaay 1s: Gly, Glu, Asp, Lys, or Cys;

Xaays 1s: Gln or Cys;

Xaapg is: Ala or Cys;

Xaays is: Ala, Val, lle, Len, or Cys;

Xaazg 18: Lys or Cys;

Kaayy 1s: Glu, e, Ala, or Cys;

Xaazg is: Ala, Glu, or Cys



Xaa27 is: Glu, lle, Ala, or Cys; Xaa3o is: Ala, Glu or Cys Xaa33is: Val or
lle; Xaa34 is: Lys, Asp, Arg, Glu or Cys; Xaa35 is: Gly or Cys; Xaa36 is:
Gly, Pro, Arg or Cys; - 7b - Xaa37 is: Gly, Pro, Ser or Cys; Xaa38 is: Ser,
Pro, His or Cys; Xaa39 is: Ser, Arg, Thr, Trp, Lys or Cys; Xaado is: Ser,
Gly, or Cys; Xaadi is: Ala, Asp, Arg, Glu,_Lys, Gly, or Cys; Xaa42 is: Pro,
Ala, Cys, NH2, or is absent; Xaa43 is: Pro, Ala, Cys, NH2, or is absent;
XRaddiis RIQAlR, Arg, Lys, His, Cys, NHZ, or is absent; Xaa45 is: Ser,
His, Pro, Lys, Arg, Cys, NHZ or is absent; Xaa46 is: His, Ser, Arg, Lys,
@§%533N1ﬁ3112}’ér0ifs(5b53ent; and Xaa47 is: His, Set, Arg, Lys, Cys, NHZ or is
aﬁ§%@§é?{}®‘{‘{?€f9§f‘1 at least one Cys residue is covalently attached to a
PEG molecule, and provided that if Xaa42, Xaa43, Xaa44, Xaa45 or
X53461% Asentesch amino acid downstream is absent; and provided

tb@a&b%&ﬂ{ﬁ[@ﬁ; rr(}gyse ﬁe_ 9‘5\@/.% gtys residues in the molecule. Another

embodimerit disclosed heréin is a ylated GAP-1 compound
c@?ﬁﬁ?@ﬁ@the amino acid sequence of Formula IV (SEQ ID NO:6)

X - -Xaag-Glu-Gly-Xaal

IXeats Do Lo A B A pesditip 2 PEG moleaue, o

Rad25-Ghi e dn-xaisseaed- N aads-HaaR6dXaadEBhadleXaa3aht Wrboxy-
X binal aminp goidJs Covalently et lo s BECumslechlrs sz x
dhasthsegane 2X 4% Kaads KeablcbHermula IV (SEQ ID NO: 6)
wheraiRstaadnib iSOG 2y FHALIR i<8 TEDRBIs Ul B compound

2-amino-histidine, f3-hydroxy- histidine, homohistidine,

aSiTEVaTHE M- AIstirsidrerverthyifHRstidink; (B XQaIS M) Gly, Val,

Leu, lle, Ser, g{'gh“r)'{g_(ggé%j s The-or Cys Xaal? is; Phe, Trp, Tyr, or Cys;

Xaal6 is: Val, T?p7, lle, Leu, P lg,h%ﬁ‘dr%%a? %{%@f”{g%‘ ; %,Sﬁyyﬁaa**@y"m“‘
Phe, Lys, lle, E8u; Xeash> P61xadlis XIam: Tipani Rhe;-Kaa2e Kabe rRNRu-Xas s

Tyr, or Trp; Xga22 isy Gl L@ ,Asp, Lys or Cys; Xaa23 is: GIn or Cys;
Xaa24 is: Ala or C?f/s; Zoéaaéjg'%{?%& Val, lle, Leu, or Cys; XaaZ26 is:

Lys or Cys; x&&zmide BI(SHE IMAOr 8ys; Xaa30 is: Ala, Glu or Cys
X@aa3iis: Val or lle; 25 Xaa34 is: Lys, Asp, Arg, Glu or Cys; Xaa35 is: Gly

or Cys; Xaa36 is: Gly, Pro, Arg or Cys; Xaa37 is: Gly, Pro, Ser or Cys;
Xga%ig3I—S@S,tm?%]ﬂiﬁmﬁiﬁ?%aaﬁﬁ-ibi:sﬁéihﬁe\ﬂgaﬂiMOIﬁQﬁm,@—hydmxy
Cys; Xﬁ}f}gﬁ%'ﬁ' Ser, Gly, or Cys; Xaa4l is: Ala, Asp, Arg, Glu, Lys, Gly, or
Cys; X-16020 -9- Xaa42 is: Pro, Ala, Cys, NH2, or is absent; Xaa43 is:
Ph@?ﬂl&iﬁfﬁiﬁsﬁr,mﬁuordmah?@hﬁ's%ﬁﬁé{ldﬁdﬂfﬂbﬂ@ﬁhﬁfﬂﬁhé’ﬁ His, Cys,

N‘X'z?a’g A I&%?iﬁg} l’VaI, Lew, lle, Ser, or Thr;
Xaay is: Thr or Cys;
Xaag is: Phe, or Cys
Xaayg is: Val, Phe, Tyr, Trp, or Cys;
Xaayg is: Ser, Tyr, Trp, Phe, Lys, lle, Leu, or Val;
Xaay is: Tyr or Phe;
Xaap 1s: Gly, Glu, Asp, Lys, or Cys;
Xaazy is: Gln or Cys;
Xaay 150 Ala or Cys;
Xaays is: Ala, Val, lle, Leu, or Cys;
Xaage 151 Lys or Cys;
Xaayy 18: Glu or Cys;



Xaad5s is: Ser, His, Pro, Lys, Arg, Cys, NH2 or is absent; 5 Xaa46 is: His,
Ser, Arg, Lys, Cys, NH2 or is absent; and Xaa47 is: His, Ser, Arg, Lys,
Cys, NHZ or is absent; and wherein: 2 or | of the Cys residues are
covalently attached to a PEG molecule, or 3, 2 or 1 of the Lys residues
are covalently attached to a PEG molecule, or the carboxy- 10 terminal
amino acid is covalently attached to a PE”é'moIecuIe; and provided that if
)g@ﬁﬁfozisg(g?aélgf asa44, Xaa4dbs or Xaa46 is absent each amino acid
downstream IS absent; and provided that there are 2, 1 or 0 Cys in the
roaeute V&notAer embodiment of the present invention is a PEGylated
GLP-1. Qo{{]n ourafd comprising the amino acid sequence of Formula V
(SE@l I5) :95 gs)(aa?-Xaas-GIu-Gly- Xaa 1-
X 2T it Bor-Bgn-Xaal6-Ser-Ser-Tyr-Lys- Glu-Xaa22- Xaa23-
)%%241")'(?3325' a26- Xaa27-Phe-lle- Xaa3o-Trp-Leu- Xaa33-Xaa34-
Xaa¥5-X 4486 X a3 7 %aa3s-Xaa39-Xaado-Xaad1l-Xaad2-Xaad3-
Xead/X aig5ovaaderXaatk/abeirmula V (SEQ ID NO: 7) 20 wherein:
éﬁﬁ?(}xsérléﬁlgjstidine, D-histidine, desamino-histidine, 2-amino-histidine,
(3-hydroxy-histidine, homohistidine, a-fluoromethyl-histidine, or
cbmelidihistinesXaathie:cShi il Leclies ReLET Bl aalis: Thr
g{ (2‘, S ngllles: Phe or Cys; Xaal6 is: Val, Trp, _IIe, Leu, Phe, Tyr, or

v6: "X a30 P s BRI NS oyel ity attackad ig: REG ordbysie3@ the carboxy-
XeeddalarAlfc0idRlE; okaaRhts: Manal e, kel QLGS Xaa26 is: Lys or
ng; -10_3( aﬁ?i : Glu or Cys; Xaa30 is: Ala or Cys; Xaa33 is: Val or lle;
Xaagnog E§§ %é%??&r@ﬁeél o €y dmtmmelGijeor Cys: Xaa36 is: Gly,
Pro, Argnéth&isinbéanadrisuicdiosBih&reln ¥ £7sCRarIedsPSetoRisbUAiS,
or Cys; Xaa39 is: Set, Arg, Thr, Trp, Lys, or Cys; Xaa4o is: Set, Gly, or
CYRSDg e NHPQ%’,&%@"@FH? W%@W&ﬁf BYSERIAN X @: Pro, Ala, or
Cys; Xaa43 isxRs » 448, PromAla, Ar, Hi S,
NH2, or is absent?’})g%ﬁ![ggﬁl%é Fj%),Iﬁ%@A%éé%}%%ﬁf%?%ﬁa‘3"Xaa‘9'
absent; Xaa4§?§?¢@?§é¢?%1§?@y§f@wrﬂﬂﬂsOMabXem;'—BhdID&a%thTrp-Leu-
is: His, Ser, Argad.ys, Cys, NH2 or is absent; and wherein: 2 or 1 of the
Cys residues are covalently attached to a PEG molecule, or 3, 2 or | of the
Lys residues Aoyt Hacéd tolaPE molSeuie Xanth& captixy s, - Xany-
terminal aminxagjd is,soveieniiya tagg&qlztgo_ﬁlgslgG molecule; and
provided that if Xaa44, Xaa45, Xaa B6 orXaa4’ is absent each amino acid
downstream id' BBSEHIILAER SRAEA 1At there are 2, 1 or O Cys in the
maieaite. Another embodiment disclosed herein is a PEGylated GLP-1
compound comprising the amino acid sequence of Formula VI (SEQ ID
NEB) RahTHASG - Hidia desaxamabihidBer-AspiXadistidine, B-hydroxy-
6-Ser-Sgfsfyfkys-Glu- Xaa22-Xaa23-Xaa24-Xaa25-Xaa26-Xaa27-Phe-ll
e-Xaa3o-Trp-Leu-Xaa33-Xaa34-
XeseBBhieHd 86~ Xa 87 Xnal S asB g ad o iaedy Xaadantaad3-Xaad4-X

a%?g @ﬁf&?é@aﬁfﬁgxﬁ %}é'éi%- D;NO: 8) wherein: X-16020 -11-
Xaay; 18 Thr or Cys; |
Xaayy 1s: Phe, Trp, Tyr, or Cys;
Xaayg is: Val, Trp, Ile, Leu, Phe, Tyr, or Cys;
Xaayg is: Ser, Trp, Tvr, Phe, Lys, Iie, Lew, or Val;
Xaaig is: Tyr, Trp, or Phe;
Kaagg 1s: Leu, Phe, Ty, or Trp;
Xaap; is: Gly, Glu, Asp, Lys, or Cys;

Xaaps is: Gln or Cys;



Xaa7 is: L-histidine, D-histidine, desamino-histidine, 2-amino-histidine,
(3-hydroxy- histidine, homohistidine, a-fluoromethyl-histidine, or
a-methyl-histidine; Xaag is: Gly, Val, Leu, lle, Ser, or Thr; 5 Xaail is: Thr
or Cys; Xaal2 is: Phe or Cys; Xaalé6 is: Val or Cys; Xaa22 is: Gly, Glu,
Asp, Lys or Cys; Xaa23 is: GIn or Cys; 10;Xaa24 is: Ala or Cys; Xaa25 is:
Ala, Val, lle, Leu, or Cys; XaaZ26 is: Lys or Cys; Xaa27 is: Glu or Cys;
XxasQ is: ﬂl@@r@y’s; 15 Xaa33 is: Val or lle; Xaa34 is: Lys or Cys;
Xaa35 is: Gly or Cys; Xaa36 is: Gly or Cys; Xaa37 is: Pro or Cys; 20
Xgﬁ% 16 Slar lolipibeBr@fayxaaso is: Ser, Arg, Thr, Trp, Lys, or Cys;
Xaa4Q is: ]g%rg%,or Cys; Xaadi is: Ala, Asp, Arg, Glu, Lys, Gly, or Cys;
Xaad?2 is: Pro, Ala, or Cys; 25 Xaa43 is: Pro, Ala, or Cys; Xaa44 is: Pro,
AP (S8, Hies Ay XS, or is absent; Xaads is: Ser, His, Pro, Lys,
AChaC\s; M@,?(}?ﬁ’igla@?gnt; Xaadb6 is: His, Ser, Arg, Lys, Cys, NH2 or is
absent; and Xaa47 is: His, Ser, Arg, Lys, Cys, NH2 or is absent; 30 and
witarains: V8t 9dighe Cys residues are covalently attached to a PEG
MRIRcHIS. QFs3a g0 LEhe &y@ig.sidues are covalently attached to a
PEG m_olecufe, or the carboxy -122 terminal amino acid is covalently
atSerdd (53 PESsnolecule:; provided that if Xaa44, Xaa45, Xaa46,
ORXABAL: I8 ROBENT &%Qra@j@o acid downstream is absent and provided
that there are 2, 1 or 0 Cys'in the molecule. Another embodiment
di¥efosisd GldirisSarPEGisited GLP-1 compound comprising the amino
asigsearsuce of Fptmylall (SEQ ID NO:9)
His-Ala-Glu-Gly-Thr-Phe-Thi-S

erSARp VakSeh ety T e d-BGleGlySIn-Ala-

A@E}@SG&IP@?I&Q -Trp-Leu-V al-Lys-Gl
y-Gly-Pro-Xaa3s-Xaa39-Xaa4o- Xaa4 i-Xaa42-Xaa43

- XRANX A8 AR XAa4 T 3% a6 18- %a649: Xaa50 Formula VII (SEQ ID
NQ, eir; | isahhr or Cys: Xaal2 is: Phe or Cys; Xaal6 is: Val
or9 é%%}‘é).’('?ézé‘ﬁ %)’(éG?g (érg ysz,’ %alg%slg? In or. Cys; Xaa24 is: Ala or
CyigtaxgaPpidilaldps, OV;, Xaa2bssnbys or Cys; Xaa27 is: Glu or Cys;

RO O ELRER SRRE S O
CysxassisHBe gy Thiu TriliyS vs,O4; oXaedasdarSer, Gly or Cys;
VL E AR S SRR SRS O

Xaagr is: His, Ser, Arg, Lys, Cys, NH, or is absent;

Xaagg is: Gly, His, Cys, NH,, or is absent:

Xaayg 18 Pro, His, Cys, NH,, or is absent;

Xaasg 1s: Ser, His, Cys, Ser-NHa, His-NHo, Cys-NHa,, or is absent;

and wherein:

2 or 1 of the Cys residues are covalently attached to a PEG molecule, or

3,2 or 1 of the Lys residues are covalently attached to a PEG molecule, or the carboxy-

terminal amino acid is covalently attached to a PEG molecule;

and provided that if Xaays, Xaays, Xaaga, Xaass, Xass, Xaagy, Xaagg or Xaags is absent each

amino acid downstream is absent; and provided that there are 2,1 0r 0 Cys in the

molecule,



Xaad4 is: Pro, Ala, Arg, Lys, His, Cys, NH2, or is absent; Xaa45 is: Ser,
His, Pro, Lys, Arg, Gly, Cys, NH2 or is absent; X-16020 -13- Xaa46 is:
His, Set, Arg, Lys, Pro, Gly, Cys, NH2 or is absent; and Xaa47 is: His,
Ser, Arg, Lys, Cys, NHz or is absent; Xaa#8 is: Gly, His, Cys, NHz or is
absent; Xaa49 is: Pro, His, Cys, NH2 or is absent; and 5 Xaa50 is: Set,
His, Cys, Ser-NH2, His-NH2, Cys-NH2, or is absent; wherein said GLP-1
compound comprises from one to seven further substitutions and
wherein: 2 or | of the Cys residues are covalently attached to a PEG
molecule, or 3, 2 or 1 of the Lys residues are covalently attached to a
PEG molecuyiesi¥ Sap&aranng-id Brisiguinal BRI adEBEValREbind comprising the
attached to a PEG molecule; provided that if Xaa44, Xaa45, Xaa46,

orxaddy"e &P SHPESRreRh MR YoWmRrR AN absent; and provided

that there are in.the,molegule; and provjded that if Xaa42,

Xaa43, Xaa4£§a )%a—g{fg,gm a%—4 1, Xandy, 3&4@&6? é‘é‘ﬁ@" S Gty
amino acid deVastredmisabdont 15 RrefXued-snbedinenthef TONMIATp-Leu-

I-VIl include GLP-1 eunds.that dg not differ from GLP-1(7-37)OH or
GLP-I (7-36)NH§3E>y£r%£(r);fPe%%ﬁ aa?ﬁ‘l;j‘r%a?&ids%awgﬁ??&"%%“é(%ﬂr Agp-Xaag-
acids, by mor&ahanBamfieaackis:by more than 4 amino acids, or by
more than 3 amino aﬂ) Mﬁ\?@h@”ﬁ?ﬁ le that the GLP-1 compounds

ycl

of Formula I-VII have valine or g e at position 8 and glutamic acid at
positionvdrdiris also preferable 20 that the GLP-1 compounds of formula

Formula,l-VIl. have valine oy glycine at position 8 and glutamic acid at _
positior?%? |%S‘|§La'?§‘8 bﬁ%rgt%lgsfﬁé??hgﬁ@ﬂ%&iﬁ%@?ﬁd%‘é@@@%ﬁi@mes p-
-VII haugdratine,prigiveinesaidpesitinn: S.and isHeing A USIRING &Y. methyi-
position\b37_. Itis also preferable that the GLP-1 compounds of Formu?a
1-VIl halS%5ei or 0 cysteine residues. It is also preferable that there is
one PEGamolecuin ReryGVRLT eameowd. gapfnother embodiment of the
invention is a.PEGylated GLP-1 compound comprising the amino acid
sequengéleﬂf %MI%\QMS(SEQ ID NO: 10) Xaa7-Xaa8-Xaa9-Xaal
o-Xaal ixxaak? Plrai3piegldXerls-Xaale-Xaal 7-Xaa | 8-
Xaal9-Xaa20-Xaa2l-Xaa2 -XaaZ3°Xaa24-Xaa25-Xaa26-Xaa27-Xaa28-X
aa29- Xaaigeis: Val, Trp, Ile, Len, Phe, Tyr, or Cys;
Xaa3l-Xaag32:Xeadd ael;?ﬂ-g(lz,a@i@-sxqggﬁ-e)ﬁa@,%Y.-Xaa38-Xaa39-Xaa4o
30 Xaa4l-Xaad2-Xaad3-Xaadd-Xaads Formula VIl (SEQ ID NO: 10)
whereir3&126550/11 A1 3B L-histidine, D-histidine,
desamimﬂ&qu%,gaﬂgﬁpgﬂm;qque, (3-hydroxy histidine,
homohistidine, a-fluoromethyl-histidine, a-methyl-histidine, Arg, Tyr, Ala or
Val; Xaddie SIplseriniaim ThsosXeag is: Glu, Ala or Asp; Xaalo is:
Gly, Alasgr,Val, Xgadldsy Thr, Cys or Ala; Xaal2 is: Phe, Cys, Ala, or
Tyr; Xaa1§ is: Thr or Ser; 10 Xaal4 is: Ser, Ala, or Thr; Xaal5 is: Asp, or
Glu; Xad2&ids1LAla @yeyala, lle, Val, or Met; Xaal7 is: Ser or Ala; Xaalg
is: Lys la; 19X i$; Gin or Ala; Xaa20 is: Met, Ala, Leu, lle, or Val;
Xaa2l ?s&%ful Sérﬁféi\ aa@éh?é%ﬁfé%’bfﬁ Ss‘ or Ala; Xaa23 is: Glu, Cys, or
Ala; 20%¢a=24:ibyAlkx 6138ys; Xaa25 is: Val, Cys, or Ala; Xaa26 is: Arg,
Cys, or is; Leu, Cys,-or Ala; Xaa2g is: Phe, Ala, or Tyr; 25
Xaa2g éé%ze?)g?/z]%?ﬁi:ge I)}?’o%l\(lfgﬁ’

Xaazp 1s: Ala, Glu or Cys

Xaasy 1s: Val or Te;

Xaass 1s: Lys, Asp, Arg, Glu or Cys;
Xaazs is: Gly or Cys;

Xaasg 18: Gly, Pro, Arg or Cys;



Xaa3o is: Glu, Cys, Ala, or Asp; Xaa3lis: Trp, Ala, Phe, or Tyr; Xaa32
is: Leu or Ala; Xaa33 is: Lys or Ala; 30 Xaa34 is: Asn, Cys, or Ala; Xaa35
is: Gly or Cys; Xaa36 is: Gly or Cys; -15- Xaa37 is: Pro or Cys Xaa3S is:
Ser, Cys, NH2, or absent; Xaa39 is: Ser, ©ys, NH2, or absent; Xaa4o is:
Gly, Cys, NH2 or absent; Xaa4l is: Ala, Cys, NH2 or absent; Xaa42 is:
Pro, CY§¢ NH2‘ocrj1ab§ent;S Xaa? is Pro, Cys, NH2 or absent;, Xaa44 is
Pro, Cys. NHZ o absénit”shd" %&345 is Ser, Cys, NH2 or absent; and
whereinX2@rid: SethBreydiresidigs are covalently attached to a PEG
moleculg; and péovi%ed Ugﬁ}t ere are 2 or 1 Cys in the molecule; further
provided T Ho Rore thaR tiBe oix¥HeYKaal0, Xaall, Xaal2, Xaals,
Xaalb, Xemal b, RenGlyXaals;Xaal9, Xaa20, Xaa2l, Xaa22, Xaa23,
Xaa24, a@azg,_ 3?32754, XO%aSOGi(af;l, é a32, are Ala; and provided also
that, if Xaad i& Aid: ﬁré’ By therrar (B85t BieSf Xaa9, Xaal0 and
Xaal6 iEalaiaittofutthe providedthatifs¥aa38, Xaa39, Xaa40, Xaadl,
Xaad2, ¥aad3 of Xaad4 | ab§I t each amino acid downstream is
absent. Po&itidns"? ‘géag"% noéésoq‘%ﬁ%‘?ﬁwula VIl cannot
accomniadatesaPeysteineran)ingsacis\Wthgumssuitanisieascceptable loss

of activity. The polyethylene glycol polymers used in the invention ("PEG")
e il

preferably Have “fo Ghis BetwSeN BpordnabEeptooo daltons,

more prifeably HishBegm20,090, and, 60:0QQ Haltps:; mast preferably
betwee 20,0opﬁfndséf0,§b(20 %Slltons, magbbe linear or branched
moleculed>4At M=y B BBty EB Yehvhats as described in the
art. In amethelieasipect, there is provided the use of a PEGylated GLP-1
compourﬁq as defﬁz? ab%ve in the manufacture of a medicament for the

treatmefit SFHialeteY TBHENRYS SHBUENHY Btarhrs ihmPdiBrnemtteand provided
bowel synalioXeags msim@éﬂym%s@;@@g'g%%@éae(%&iaﬁi%ae&mddetmmm is

stimulating the GIP-1 receptor in - 15a a subject in need of suct ‘
stimulatf ?@aﬁi‘#%‘ﬂaego%r@ﬁ‘iﬁ 16 RpBE Repnitsténngaesiduss in the molecule.

ﬁubject zln ef;%m%r@ﬁ%aﬁﬁaf&&%@@ﬁ?@ﬁﬁ%@ﬁ@@%@ﬁ%ﬁ%ﬂ%mpound
erein, is¢losed:herein.is a metho stimu e -
recep%girxlﬁ%lg%%%ésc&%%i}?eae%d OF SUeS %ﬁ%%% ,as@i gg’r‘é&ﬂg&%{afﬁbrisi ng

the step of administering to the subject an effective amount of an
unPEGylated GLP-1 compound with a sequence as shown in SEQ ID
NOs 3-10provided that there are 2 or 1 Cys in the molecule. Subjects in
need of GLP-1 receptor stimulation include those with non-insulin
dependent diabetes, stress- induced hyperglycemia, obesity, gastric
and/or intestinal motility or emptying disorders including, for example,
irritable bowel syndrome and functional dyspepsia. X-16020 -16-
DETAILED DESCRIPTION OF THE INVENTION Glucagon-Like Peptide
1 (GLP-1) is a 37 amino acid peptide secreted by the L cells of the
intestine in response to food ingestion. Numerous GLP-1 analogs and 5
derivatives have been described in the art. The present invention
describes modifications to GLP-1 compounds that result in extended
elimination half-life and/or reduced clearance. Incorporation of 1 or 2 Cys
residues into particular amino acid sites of the peptide provides a thiol
group to which a polyethylene glycol (PEG) or PEG derivative may be
covalently attached resulting in a PEGylated GLP-1 compound.
Additionally, the 10 lysine residues or the carboxy-terminus of the GLP-1
peptides, analogs or fragments of the invention may be covalently
attached to one or more molecules of PEG or a PEG derivative resulting
in a molecule with extended elimination half-life and/or reduced
clearance. GLP-1(7-37)OH has the amino acid sequence of SEQ ID NO:
1:1578910111213141.51617
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser- 18 19 20 21 22 23 24 25
26 27 28 Ser-Tyr-Leu-Glu-Gly-GIn-Ala-Ala-Lys-Gly-Phe-
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20 29 30 31 32 33 34 35 36 37 lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQ
#D‘ﬁ\ég:l) The term "polypeptide” or "peptide" as used herein, is intended to
n ?e any 25 structural form (e.g., primary, secondary or tertiary form)
of an amino acid sequence comprising more than 5 amino acid residues,
which may or may not be further modified (e.g., acetylated, carboxylated,

phosphorylated, lipidated, or acylated). The tern "native" refers to a
polypeptide that has an amino acid seaﬁénce that is identical to one found

in nature. The t "native is_intended to_encompass allelic variants of
the polypep 37?#%6"@(}5&3?#]%é‘%@ﬁ“@?ﬁi%ﬁ%ﬁ")@%&eﬁgﬁﬁﬁﬁ9'
broadest seHae;,abinliNahgdesnatiaily- VecuHag, axing, Jgidgiaswell asp-Leu-

non-naturall%%cc ring @minag_ acids, including amino _acid yariants and
derivatives. ‘ON&" ﬁ?éﬂ%??ﬁséo}ﬁ’?wsrﬁ%ﬁ" e TN S@fﬁ%ablr' 2-Xaays-
definition, théizgferencehereiiatg-an amino acid includes, for example,
naturally X-16020 -17- 0 j 0 nic. L-amino acids; D-amino
acids; chemically m%%ﬁéggaﬁﬁgoﬁécfg)s S c@ as amino acid variants and
wihertiatives; naturally occurring non-proteogenic amino acids such as

orleucjnge, (3:-alaning, arpithine, etc.; and chemically. synthesized
XS g LTSRS AR R i e D CHARALEH dpdeony-
aminaieidised Examples of non-naturally occurring amino acids include
a-methyl amino acids (e.g., a- methyl alanine), D-amino acids,
hmabidine SR ARE e tiginm e s Bvdugsdffsroxy-histidine,
xhamahistidiogy (¢-fluermethyl-histidine and a-methyl-histidine), amino
acids having an extra methylene in the side chain (*homo" amino acids)
X3Ad Hnin® %&as in which a carboxylic acid functional group in the side
xXehginsispirplaged witbraclQ. sulfonic acid group (e.g., cysteic acid).
Preferably, however, the GLP-1 compounds of the present invention
X80 oAb riyPndtrafiy S&urifig ki acids except as otherwise
XeRgdificadly preyvidedriereins e teumv@LP-1 compound” as used herein,
includes native GLP-1, [GLP-1(7- 37)OH or GLP-I (7-36)NH2], GLP-I
Xaraibyd 58D gefiltives, GLP-1 biologically 15 active fragments,
Xexiendedc bRe 105 an arplog or fragment of an extended GLP-1 peptide
(see, e.q,, U.?. Patent Application Serial Nos. 60/346474 and
X@ﬁﬁb%,%b’?)(,} Bx@iilr¥P Sh&18%s and exendin-4 derivatives comprising
Xang or WA &ysygsidues at particular positions of the peptide as
desc,ribe?l hergin. By custom in the art, the amino terminus of native
X@Lpi (M3 MSH%has been 20 assigned residue number 7 and the
Xearboxysterminuge nusaber Gys; The other amino acids in the polypeptide
are numbered consecutively, as shown in SEQ ID NO: 1. For example,
Xﬁ%@iﬁ%ﬁﬁ%%ﬁ%nylalanine and position 22 is glycine in the native
XaplasuteluAllG WP 1ofragment,” or "fragment of a GLP-1 compound"” as
Xused herein, is a %iologically active polypeptide obtained after truncation
8fGe ?hgiiél 8MiAd acids from 25 the N-terminus and/or C-tenminus of
XadaliP-Veboidbynd. The nomenclature used to describe GLP-1(7-37)OH
plies.to G P-I‘gagaf:nts_. or example, GLP-1(9-36)OH denotes a
X%?Ef?ﬁ Yy MERt OB Wincating two amino acids from the
Xbhkieimibsondsone amino acid from the C-terminus. The amino acids in
the fra d by the same number as the corresponding

ent are deno
Xﬁ%ﬁ?ﬁ%‘%@%{rﬁ{%éﬁgﬂ%- OH. For example, the 30 N-terminal glutamic
Xagid it GLPPLOSR6)DId ys;at position 9; position 12 is occupied by
phenylalanine; and position 22 is occupied by glycine, as in
X&’Eb%%&ﬁ@ﬁ%‘%e@% -18- GLP-1 compounds include GLP-1 analogs
Xang ex&adin diialcs, Toberclgar, "exendin-4 analogs" as included
XWithiQ,-"%IfPG cont-piounds" always have one or twoCys residues.
Preia ?y’, a GLP- yg’nalog has the amino acid sequence of
Xa&l Pt (R187)6H srgattextend 6dvGuRcIpeptide as described in U.S.
Patent Application Serial Nos. 5 60/346474 filed August 1, 2002, or
60/405,097 filed August 21, 2002, both entitled "Extended Glucagon-Like
Peptide-1 Analogs." or a fragment thereof, modified so that 1, 2, 3, 4, 5 or

6 amino acids differ from the amino acid in the corresponding position of
Cl P1(7-27\YOH or a franment of 1 P2l (7-2R7YXOH or modified cn that 0 1
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15 attachment of one or more molecules of polyethylene glycol or a
)fi_?gg?gve thereof. Furthermore, it is intended that the term "PEG" refers
o polyethylene glycol or a derivative thereof as are known in the art (see,
e.g., U.S. Patent Nos: 5,445,090; 5,900,461; 5,932,462; 6,436,386;
6,448,369; 6,437,025; 6,448,369; 6,495,659; 6,515,100 and 6,514,491).
Preferably, in PEGylated GLP-1 compgggds of the present invention, 20
PEG (or a derivative thereof) is covalently attached to one or more lysine
r_cystel sidue the GLP-1 compound. Most preferably, PEG is
)%g\ia%ﬁﬁr;&aéz%hg& 't0 Offe oF far%)os'?gc[éysteine residues of the GLP-1
Xcompsutid, Ror, PEGHBtedesendim4 analogs of the present invention,
G.js gitached to ope of tw steine residues introduced into
)é:axé*n}“ in?igb%%ﬁ /é\g%n%%rs‘f-gﬁgha ggﬁﬁbglrt%r?l‘éslgghtified in Formula VIII.
Xoptionalisr, He. 25 RES mMoleduies Mibyobesattacited to the GLP-|

m ia a linker. gor molecule (see exemplary spacer

)%1% e@%ﬁg’c\ige%éfﬁ) U?ingégségfflezn?r SZ%JSS%(‘EB?nﬁn the nonmenclature
Nygediyidiginder déwig haise GPNHeomisabmels; the substituting amino acid
aﬁ\@qv'ﬁ&g&ytion is indicated followed by the name of the parent peptide.

For example, Glu22-GLP-1(7-37)OH designates a GLP-1 compound in
2whitkibe §lysiresidaenorenaliyafouhy dtapbsitionn 226§ BoRe o H8 7)OH

h 1 i iq; U22+ -1¢7-37)OH {ar
b R T B, R R IR B R garoon-
teuinict aimmheennidrin allyadleniiy attasbsiionagPaid mhyicmdenormally found at

ition f -l (7 O i lj .
RERIARER Al B KRR IR RED IPRIRCEE WIGRUIE Ao acid
dovrmstsandmivieith anstine vidrhtling foemdie Dositih @ysfinskenuieb bigs

been r%m%%@m&q'zﬁ-tﬁ’erg%g@ml{bgﬁﬁmsla%t@y@gSc{%hec%%pound

invention have insulinotropic activity. “Insulinotropic activity” re ers to
cepilitistocsimazieoingd|irwerretiohinrmadp SheeHa Eibdded glucose

e v RYSBRGANIRAIURRHR Y O A R BRSPS L ys-

glucose levels. 1nsullnotroplc activity can be assessed by met

in the art, includiftfusiiepin-vRagexpetimerits antidn viths dssajeathdirp-Leu-

measure LOGhRkiReeRinL bIRdINO AGHyIN.OL [ SGERIOE ACKNAHION G X aays-

assays employing pancreatic islet cells or insulinoma cells, as describe

in EP 619,3%23g-Batfanthees-dizdand U.S. Patent No. 5,120,712,

respectively. Insulingifepic @C@/ﬂbigj’%p%y measured in humans by

measuring insulin levels or C-peptide levels: For the purposes of the
WH@8&BLt invention an in vitro GLP-1 receptor signaling 15 assay is used to
X%%eﬁf‘ﬂ%i‘é{'&ﬁﬂé?b%%ﬁ@X@@&ﬁhﬁéllﬁgﬁé?ﬁa@a?x(ﬁ?ﬁlﬁgﬁﬁﬁ{& hydroxy-

invention will exhibit insulinotropic activity in vivo. Insulinotropic activity is

an actiatiflitisat may be used to demonstrate that the PEGylated GLP-1

is bi icall tive..'In vitro potency" as,used herein, is the

hér}n%%%g{r{éq % trﬁ%%lg{ﬁ@qé%f bégﬁglé]%bo uglc??éggl %f%%&]EP-I receptor in a
Xoellibatdd ¥esaycunldtrdcpatedty;is expressed as the "EC50" which is
Xt£1ae eigfei;};li}/%rcgné;entration of compound that results in 50% activity in a
swféle'dose-res}f)énse experiment. For the purposes of the present
Ximuensidthdmiioe; potency is determined using a fluorescence assay that

&ML kg:y% -2 |s that stabl ress the human GLP-1 receptor.
TEu?eE)se H&%S@éﬁéﬁ’aﬁe’sﬁﬁﬁrm@gFated a DNA 25 vector having a
Xea P respdnke Atpnlerst (ERE;driving expression of the (3-lactamase
X(aBd%AiM)(ﬁS%?C e interaction of a GLP-1 compound (or agonist) with the

reCeptor initiates’a signal that results in activation of the cCAMP response
Xefementdiner Silssequent  expression of (3-lactamase. The (3-lactamase

X(;&F%{%s%ﬂ@%@gt&@%@ fluorescence when it is cleaved by

(3-actamase (PanVera LLC) éan then be added to cells that have 30

Xpemriseposed-ia specific amount of GLP-1 agonist to provide a measure
of GLP-1 agonist potency. The assay is further described in Zlokarnik et
al. (1998) Science 279:84 X-16020 -20- 88. The EC50 values for the
compounds listed in Example 4 were determined using the BLAM assay

described above. Relative in vitro potency values may be established by
riinninAa \/al®€_-1 P_1(7-27YXOH Aar nativa Cl P-1 ac a contral and accianinA



invention has an elimination half-life of at least one hour, more preferably
at least 3, 5, 7, 10, 15, 20 hours and most preferably at least 24 hours.
The half-life reported herein in Example 5 is the elimination half-life; it is
that which corresponds to the terminal log 15 linear rate of elimination.
Those of skill in the art appreciate that haffdife is a derived parameter that
changes as a function of both clearance and volume of distribution.

- Cleagancdiis tre(measure of the body's ability to eliminate a drug. As
clfaarar}g_eﬁecre ses due, for example,.to modifications to a drug, half-life
woutd be ex?oglét 10 increase. However, this reciprocal relationship is
eXaetdniWahenltfiere is no change in 20 the volume of distribution. A
useful ap roximate relationship_between the terminal log linear half-life

(t ?)"f‘%ﬁe;riééﬁcgf&){*é BIEY distribution (V) is given by the
edfuatidm: Gly 2063 (V/C). Clearance does not indicate how much drug is
b%'n rerr(;(ive but, rather, the volume of biological fluid such as blood or
plashfa thatwoild feve {o¥5e completely freed of drug to account for the
elitmigaio Gl [earamnge ds @xexpressed as a volume per unit of time. The
PEGylated GLP-1 compounds of the present invention preferably have a
clreRinte dEf 2D PhitAikg or less, more preferably 180, 150, 120,
1502405 EMIKaRY, legs BRE Brastpreferably 50, 40 or 20 mi/h/kg or
I§s (See Exquple 5). In the present invention, a Cys amino acid may not
be theofp Rkt atPBdsiions 7, 30 28, 29, 31 or 32 or GLP-1 or GLP-1
aﬁalggi@ﬁﬂl&jassp,egaggsgl@fi%;sgfyggw s(3f the resulting peptide. It is
contemplated that all other residues may be replace with a cysteine

X= - P @df"if’?scﬁi‘“éferably that such cysteine be incorporated at
pomiignéspaglagiedrfrap the group consisting of 11, 12, 16, 22, 23, 24,
2?&26,,2_7 30, 34, 35, 36 and 37 ofGLP-1 or GLP-1 analog peptides, with
p @‘i“a’ﬁtfﬁ% e Mk 5 ORI, 635 i eicidelsentmolecule. When Cys
anMag acigerexint m(gbg)@’LZEf y @%?Pﬂ%’ s, e¥gen,more preferred 5
preferred that they are located at position(s) selected from the group
corigrstigtBfF o812 kyse v Nkl 97 wribsspsrembre preferred to exist
alpesiiong sad/Rrs34.yEheyesuling, malgie may be PEGylated at the
Cys.amino_ acids resulting in a modified molecule that retains all or a
pa?ﬁo‘ﬁh(?f%’(rbiological activity while having a longer half-life than that of

theinnapditeckneleaule attbanhattanatye mokcie, Alternatvely, in

. Alte
the 10 invention, GLP-1 or GLP-I analog peptides may beoﬁélf ylé)tred at

o) ﬁe? &%d 6f thedey B EHEURSHR Gewadyat fobitibhsalPE R thaluh26; wortlat carboxy-
theranmnQ:asith At 1D e caRMteIRiBHS PF, @9@%{%@@&%@”
e

embodiment of the invention is the unPEGylat -1 cdmpounds with

tHOSBERIdAES BatdhSwn GEG TBNE 93X Ia provitent thatitheiecate @ durwnstream is
1 Gysnitn dhe o meieaulenApplicants dj 2d that residues at specific

position of tr?ééGLP-l COtmpOL%%C?g ?a%%ﬁqugﬁ%%?e%@v?&u ys and still

retain bidtBEIEaT SRtRALjMENedisconrE Bykited 6 PEGarep@ioRls raydaeind

inégrme-diate used in the process of oduc'n%PEG Iated GLP-1
o A A e R AR o Uiy A0 be
used as theraptaties far Giseter SXadgre an eXtenciadaliide, j[saeSer- Tyr-Lys-Glu-

required, e.g.,,20 irrtable owegés ndrgme. %nce eptide for use in the
invention is prgéag?éé&%%’ﬂ plfitie ,E}/?tz?s'%%ﬁﬁf' H%V%Epf)"\%gﬁﬂ%?ﬂl{ﬁi&e&fxaa3'Xa334“
least one PEGXnajetlale 4 Eys-0inhys Fasiguesf- Kuthe XadboxXy: ferainalias,:-
amino acid. It i égifﬁ_ e{t to endow delicate peptide or protein molecules '
with suitable nev34f)rop2é4|7ties by attaching polymers without causing loss

of their functionality. Ze#nulkl®' Vatiedy tbmelhegs have been described in
tk\ghartegig,produce covalently conjugated to PEG and the specific method
used for the present invention is not intended to be limiting (for review

article see, Roberts, M. et al. Advanced Drug Delivery Reviews,

54:459-476, 2002). Carboxy-terminal attachment of PEG may be attached

via enzymatic coupling using recombinant GLP-1 peptide as a precursor

or alternative methods known 30 in the art and described, for example, in

U.S, Patent 4,343,898 or International Journal of Peptide & Protein

Research. 43:127-38, 1994. PEGylation of proteins may overcome many

nf the nharmacoloadical and tovieolaaical/immiimonloaical nrohleme
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damage inflicted by the activated polymer; or viii) retention of charge.
Xg%gﬂding on the coupling reaction used, polymer modification of
cytokines, in particular, has resulted in 10 dramatic reductions in
bioactivity. [Francis, G.E., et al., (1998) PEGylation of cytokines and other
therapeutic proteins and peptides: the importance of biological
optimization of coupling techniques, I_ritEg. Hein. 68:1-18]. PEGylated
GLP-I compounds of the present invention have an in vitro biological

S S R AP

complognding.the present invention has an in vitro biological activity that is

at least 1% or 3% that of native GLP-1 or magre, preferably that of
h%%}&_ 3?(9&-3%(5?—?%%%%% ogieal active %/WA gésa%et’ermined by the in
XuitydspOisnsinhdsay Hs, descsiierirherein (Example 4) or by other GLP-1
+2ssays.. nowgnq?jn_ the art. Although some PEGylated GLP-1 compounds of
fi& ifventioh may 20 have biological activity lower than that of native
Xeh P dhefoval8sGLP-1(7-37)OH as measured in a particular assay; this
Xaé:tivity\glqcre e is compensated by the compound's extended half-life
AHa/Sr lower clédrance value and may even be a favorable characteristic
Xhap.a GOP 1@ empgynid swith(ar;extended elimination half-life. It is further
Xcgntlenh?igtgrdéhgt the positions of the GLP-1 peptide which have been 25
f6tind 10 acCommiodate a cysteine residue without elimination of biological
Xagtivity Abayr Bysubstituted with a cysteine in the analogous position of
Xexengji&-él a\r/lcir su{tﬁin an exendin-4 analog still capable of binding the
Bepa rec’epf%’r. Ye eura%liy there are no more than 2 or | Cys amino acids
Xpeg exdndinsd’analog of the invention. Preferably Cys that exist in the
Xmolec,uiuar? Al Jositions selected from the group consisting of 11, 12, 16,
367295 23 84,95, 26, 27, 30, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43 and 44
XgseaFoximolaOsi]); preferably positions selected from the group
ngn%g{p, 8}‘ E23,, 26, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43 and 44; even
more pretferably positions 26 and/or 34. Cys amino acids X-16020 -23-
XpresenLirs thellymlecule are covalently attached to a PEG molecule
sulting,in a -PEGylated exendin-4 analog with an elimination half-life
X% 5gles'rt 1 no{hcgfséf native exendin-4. Preferably a PEGylated exendin-4
Xanaleg(peptidey@s described in Formula VIII) of the present invention has
biologi lyity that is at least 0.5%, 1.0%, 3%, 5 10%, 30%, or 50%
X?ﬁgt?éf gk%%a%ﬁgﬁg(;ylated exendin-4 analog. The sequence of wild type
Xeendifet,iBrH BBEFFETISDLSKQMEEEAVRLFIEWLKNGGPSSGAPPS
xé}%@%@&}'% ll)hllnltg_%tﬂi)sc% ferrg,, PEG is a linear polymer with terminal
ydroxyl groups and has the ormiila
XHO-CHRC K OH2E: 20)n-CH2CH2-0Il, where n is from about 8 to
0 4Q00. arminal r ay be substituted with a
X%?Bt%%t%/%’g%gﬁ’pgs%?cr@ﬁ%ﬁéﬁ%‘ﬁ’&gﬁgoI group. Preferably, PEG has at
XieassoRechdrosy Greup, more preferably it is a terminal hydroxy group. It
Xéﬁa,%hii_é @ygr%xj%tio@%yvhich is preferably activated to react WiFh the_
peptide. There are many forms of PEG useful for the present invention.
ANunherbis ddrivatiyvdsy of IPE.G gxidtih.theiarbaea:are suitable for use in
x4Be foveplios 1§r&83693 e G REED RABieht o000 2900200
5,632,462; 6,436,386; 6,458,3 d; 6,437,025 6,448,369; 6,495,659;
Xgu515, 10e a8t 651449 Cand\ZhlipsisatseBigednjugate Chem.
xfiL50-15, 4998):The.PEG meleculs goyajenty attached to GLP-1
compounds in' the present invention is not intended to be limited to a
andaHfieifér type. PEG's molecular weight is preferably from 500-100,000

2 dajtepsRndmetsnisierably fiam ¢Q.L00:00.008 28 f?ﬁ%ht@&%ea% most

preferably from 20,000-40,000 daltons. PEG may be linear or branched

3, Zrid PEG)RteH crHuecHinpounertbf thachnkistioRErapplavela, @, tBe qaboxy-
or 6 PEG molecules attached to the peptide. It is most preferably that
there be one PEG molecule per PEGylated GLP-1 compound molecule;
however, when there are more than PEG molecules per peptide

molecule, it is preferred that there be no more than six. It is further 25
contemnlated that hoth ende of the PEC moleciile mavy he homo- or



The reaction is highly specific and takes place under mild conditions in the
presence of other functional groups. PEG maleimide has been used as a
reactive polymer for 5 preparing WeII-déﬁr?e_d, bioactive PEG-protein

](E:ﬁo{g#] tes. It is preferable that the procedure uses a molar excess of a

MMEELBIRsEpBYAdIeatVe PP shraaifide to drive the
praciied txCHRISIOR - TNEXRACTIANS A S iRraferally PeHonned; PSMEE e am is

4.0 and 9.0 at room temperature for 15 to 40 hours. The excess of

g SRR RS- Bohthmmerpeptids £ feadmyhsapatesatefrom the

PEGylasedpeashisdihg kQirerientinal-separatiop seihods. reyY
%8%di1t,{%ns quirfled for.PEGélation g%“GLP_l cothounds are set forth in

Example 1. fgeﬁ]r?eagééeﬁ MR el BBk RS eE LEh G P
maleimitie-staiflneaigdIREEhmaleiBitleAGL Pal SMRUNGSINAVE13-Gly-Glin-Ala-

variety jological actiyities. For example, GLP-1 has been found to
stimulal e{ Eﬂ“% %ﬁ%@gﬁﬁ%ﬁ@@pﬁg NGl SRRy e AR PHar
decreaded, sétey HuapsH davelR {88 exaag, MejSWaaz;- XA AL, J-

Peptide Protein Research, 4({%}30@ GLP-1 isgarticularly promising as a
treatment for non-in u(fﬁ’im&lé‘pe ﬁ@.ﬂ%&‘{% thellitus (NIDDM) as it does

p¥asernita risk of hypoglycemia as do present NIDDM treatments. GLP-1
' galcf .cpjfg?m[prkate_d to be a treatment for obesity, irritable bowel
dyndroftie and fufittional dyspepsia. 20 It is contemplated that a use of a
Reaglaerh6GhPch,compound of the present invention includes use in the
g&a%{athg of a medicament for the treatment of non- insulin dependent
1abetdd, bledityY Stroke, myocardial infarction, irritable bowel syndrome
Otdaniciiotdy dyspgpsia. PEGylation of a GLP-1 compound may be
r%)#'ne_d with gther modifications known in the art to increase GLP-1
%gﬁ ZhpiEsi %‘.g,yf).s. 25 Patent Application Serial Nos. 60/346474 filed
Agpstis, 2002 (and 60/405,097 filed August 21, 2002) and thereby
l(%%? se the half-life of the compound even further than PEGylation alone
SthefbiliEation method alone. As used herein, the term "GLP-1
compoindyalsadnpgludes pharmaceutically acceptable salts of the
%? unds described herein. A GLP-1 compound of this 30 invention can
%g s§a’8uftfcienitly acidic, a sufficiently basic, or both functional
Gtaafisisanthagaoygingly react with any of a number of inorganic bases,
g%d 'gorg nic_and organic acids, to form a salt. Acids commonly
%% V&GS riacid addition X- 16020 -25- salts are inorganic acids
Kef3 sgshgtyeghigec acid, hydrobromic acid, hydroiodic acid, sulfuric
%é?éé)hqs horic acid, and the like, and organic acids such asp-
SEUHBHTE S&R1, methanesulfonic acid, oxalic acid,
phaemigpheny-sylfonic acid, carbonic acid, succinic acid, citric acid,
nzoic acid, acetic acid, and the like. 5 Examples of such salts include
aéhfﬁét%?rpr/’%sﬁl’i%\%,ca@blfate, sulfite, bisulfite, phosphate,
m@mghypggg@ﬁg@hgﬁﬁhﬁtﬁ, Igijgy(gr@gggphosphate, metaphosphate,
g}gropho_sghate, chloride, bromide, iodide, acetate, propionate, decanoate,
Brpite> hdAats G8tmate, isobutyrate, caproate, heptanoate,

praiplate oxalates spatomateyssugeinate, suberate, sebacate, fumarate,
aleate, butyne-l,4-dioate, hexyne- 1,6 Iyo’dioate, benzoate,

f8tobenrdatetrhethyben sbatetdmmfobenzoate, hydroxybenzoate,

Methoyrenzentec phithaate- sulfgnate, xylenesulfonate, phenylacetate,
ggenyl,propionate, phenylbutyrate, citrate, lactate,

Hith S HyAroxb (e sglytolas, TaFeats irrdtsatiesulfonate,
prapanesslfonalep Rapiialenectyseianale, naphifialgne-2- sulfonate,
mandelate, and the like. 15 Base addition salts include those derived from
inorganic bases, such as ammonium or alkali or alkaline-earth metal
hydroxides, carbonates, bicarbonates, and the like. Such bases useful in
preparing the salts of this invention thus include sodium hydroxide,
potassium hydroxide, ammonium hydroxide, potassium carbonate, and
the like. 20 The PEGylated GLP- | compounds of the present invention
are particularly suited for parenteral administration, they can be also be

delivered orally, by nasal administration, or by inhalation. Parenteral
adminictratinn can inchide for eavamnle covetemice adminictratinn <irich ac
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- xBamer & fiﬁg,ﬁ

be employed such as those described in Remington's Pharmaceutical
Xgh%'g%es, Mack X-16020 -26- Publishing Company, Easton, PA. Suitable
pharmaceutical carriers for parenteral administration include, for example,
sterile water, physiological saline, bacteriostatic saline (saline containing
about 0.9% mg/ml benzyl alcohol), phosphate-buffered saline, Hank's
solution, Ringer's-lactate and the like. §Q_r_ne examples of suitable 5
excipients include lactose, dextrose, sucrose, trehalose, sorbitol, and

xmannite); R late -l com ds of the invention may be
%F’nula%%%?’ ggﬁ%#ﬁ%ﬁrg{gr@ﬁ(?%at %Fo%r ?)%.Ssﬁlnéj Iaél\]/&els are
Xmainsainsd Sarthergfficaciovs Miger forlesdended time periods. The main
0 epti rug delivery is poor bioavailability due to
degradation o pggﬁgqeisgbog gg:%%eg%d enzymes, poor 10 absorption
Xtaro iy W epithisli@yméfhhranesbaent;tradsition of peptides to an insoluble
xharm after gxpogure o theg acidic pH epvirgament in the digestive tract.

Orsgll_ de%éry ’s%%rﬁ%ﬁ%ﬁ?éﬁ%&%ﬂ%gas those léﬁigg?ﬁ%assed by the
wheetiarsridvehtiohcaretamvodsoinpthscaftoForexanplenFEGyiatets GlPohs
RPARQUNds can be encapsulated using microspheres and then delivered

orally. For example, PEGylated GLP-1 compounds 15 can be
2 entapshedicd mstdnvierss shertendpntpobed of aiohmeloially available,

3 biosapatiblebiagageeganl O ONROINEL S0 oy
and olive oilhegs a fiIIer.gSee ?c\)%z%ﬁ}?egtnégl. %%80? EF;‘E(;%{? gélllae’ orthiecarboxy
tergm @ eonipacidihep tppudl phtmibrdsiotrePdi e cheistody; is also available
P, A R € LB S MR AR R vmtmcaom i
polymers from Alkermes. Medisorb(r polymers can be 20 pro ucea with
abaptoif etaciied ibehiess: tsctidecy Y datidin thtiondesnbe varied between

100, pd 400:0 llowirg, for & broad ran f erproperties. This
anall%ws for the dlesig%udf déﬁ%ien%ffstem%%%?%ﬁ%ga%a%%é é?(;g\lfigeassu‘ﬁ?\/%absm
eadsgrptio nerhslesy Fatighig Fohsseeks to months. Emisphere has also

publi RAUMeraUS; A ' in ' s f
peptigggsﬁand proit;giﬁlé?1r %%?ggmﬁas%%%%%%%%ﬁ%%gg %%%%r%—%‘%dgt not

digferfrqen(eidtibsed Spdtine GhHiéré-somibtidadopraduifictamminacatidsstorore
igcdlifaisaRspIRtinnmihe i GYaed GER- P mpUAdS Q%ﬁﬁﬂ@r%giﬁg "%y more

can be used to treat subjects with a wide variety of diseases a

thap AditTBAL 2PEE Whtealopreteabisibelibie @nkonnosamdy ahBoreserdt VII
haERERD SXAUEhe L Rilogicat SHe IS MMARCHNG Al B IGGPYS %Qi@eiﬁg%?eti%rabie

as the "GLP-1 receptor” r%s,gae Dillon et al. (1993& loning and Functiona
tht{Breabibrl GPiROMRRAN ‘GTuREgSRTIKE PelibiBay (arbogOREspORA! Position 8

angRAREHRCIRGY o IR3HIR A 9% Q). a%é%?@éré(ﬁﬁt@ tﬁmﬁéﬁ@ﬂﬁ@&p&ﬁm@ P
that respond favorably to X-16020 -27- GLP-1 receptor stimulation orto
Fopaubainiidiration Bis op el vebia sbopri eah tréreimidi nrorestetnoutytseion 37.

1t BR(aylpter GihiE thLomRroupds Qi ihsRRSaNt ARyemien T hese sHPesS) c%steine

are salid to "be in need of treatment with GLP-1 compounds" or "in need 0
regifussy lrisclpparrefirbsibat era duaed 5ie siinests mn{Hdhlivsmipound.

depepdemdiahsiRgiasuindensedent diabetesistioka 5eeWBound

00/16797 by Efendic), myocardial infarction (see WO 98/08531 by
copyRRRiRg, (BH AT SEk ey 99T 96 G8 Y 45 eQiHB e dRAnges after

surgery (Segad/-Raf kel Naa £.008, (5810, BigRdila nstianakdyspeRsia xaal .
and irritable bowel syndrome_ (see WO 99/64060 by Efendic). Also

included ard bR TEGMHNG BropRptaciA 20 st IS At itra SRR Xaa0-
compound 3. h,- SthigCIeaal liskaAordavelening Ren-insulin. denesdant xaa,,-
diabetes (see WQ 00/07617). Additional subjects include those with
impaired gitfdose idrerante oritpared fasting glucose, subjects whose
body Weigr}td&@b@qnzﬁ()mggtmp}@oqmpl body weight for the subject's
height and body build, subjects with a partial pancreatectomy, subjects
WLty one or more parents with non-insulin dependent 15 diabetes,
subjects who have had gestational diabetes and subjects who have had
acute or chronic pancreatitis are at risk for developing non-insulin
dependent diabetes. The PEGylated GLP-1 compounds of the present

invention can be used to normalize blood glucose levels, prevent
nancreatic n-call detearioratinn indiice (R-ceall nrolifearatinn <timiilate
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the symptom(s) associated with the disease or condition; 2) a delay in the

Xlopg f symptoms associated with the disease or condition; 3) increased

ongévity compared with the absence of the treatment; and 4) greater
quality of life compared with the absence of 30 the treatment. For
example, an "effective amount” of a PEGylated GLP-1 compound for the
treatment of diabetes is the quantity tmh?E\ivould result in greater control of
blood X-16020 -28- glucose concentration than in the absence of

treatment,.thereby resulting in,a delay in the. onset of diabeti
X B e PR A o cs et Ay droxy

hisfiactive amaundief o PhGyiaesGhiRilieempawisyionhrRpe verRtianohla or

diabetes is the quantity that would delay, compared with the absence of
Vﬁ]éatment, the onset of elevated 5 blood glucose levels that require
Xigatment, wih ami-bywaglycaemic drugs such as sulfonyl ureas,
thiazolidinedjones, insulin and/or bisguanidines. An "effective amount” of
EAWAREH compound administered to a subject will also
Xdepeandnn Wk boeand severity of the disease and on the characteristics
of the subject, such as general health, age, sex, body weight and
Xedarsnd 8 dRRysA¥B Typically, the PEGylated GLP-1 compounds of the
Xpiesenpiwention wilbpbe@administered such that plasma levels are within
the range of about 5 picomoles/liter and about 200 picomoles/liter.
XetifuhipTaSHa levels for Vals-GLP-1(7-37)OH were determined to be
XbetweesesQ\picepoies/liter and about 200 picomoles/liter. A typical dose
range for the PEGylated GLP-1 compounds of the present 15 invention
Xt PSP 8hiABout 0.01 mg per day to about 1000 mg per day for an
Xagylls: Peeferabin itheldogageranges from about 0.1 mg per day to about
100 mg per day, more preferably from about 1.0 mg/day to about 10
XBRy1d% .?&Qgggfect" is @ mammal, preferably a human, but can also be an
Xanimal L& e sompanion animals (e.g., dogs, cats, and the like), farm
XanimaJ e.g., cows, 20 sheep, pigs, horses, and the like) and laboratory
ﬁ?fﬁﬁﬁlg}&%, , mice, guinea pigs, and the like). The peptides used to
Xaspesamdhe REGyated (sl compounds of the present invention can
Xbe prepared by using standard methods of solution phase or solid-phase
6%68(@9%&?3 techniques. Peptide synthesizers are commercially
Kavailabl@drargs,for 2mexample, Applied Biosystems in Foster City CA.

XEI?Etea e?}F f%r soli%gpase synthesis are commercially available, for
examp 2, from Midiwést Biotech (Fishers, IN). Solid phase peptide

Xsynthesirers Cgn; be used according to manufacturers instructions for
Xbloc:ki_ng {n rferingﬂroups, protecting the amino acid to be reacted,
%ac‘fdﬁﬁ'ng?decygu%ﬂng, ‘and capping of unreacted amino acids. 30
Xdypisallyseat ysNecarlamoyl protected amino acid and the N-terminal
Xagnirlmg EC{Q egtggﬁgwing peptide chain on a resin is coupled at room
e?ﬁpe‘ra?uf‘e i an inert solvent such as dimethylfornamide,
Xhemist BHpyrblidorieygr methylene chloride in the presence X-16020 -29-
X01‘ cou kin%g netg choaﬁ\gl‘ciJ yclohexylcarbodiimide and 1
?‘ﬁffdlr“c)xy enzotriazole’ and a base such as diisopropylethylamine. The
X¢arcarbamOyk piAdtectingsgroup is removed from the resulting peptide
Xg{gsirl.l usin R regggnérsych as trifluoroacetic acid or piperidine, and the
coﬁpﬁng eaction répeatgd with the next desired N-protected amino acid
Xtesbes5laddedia;the peptide chain. Suitable amine protecting groups are
X elligngvxénoin&pae art and are described, for example, in Green and Wuts,
Fote'ct%g E;rou’ps in Organic Synthesis ", John Wiley and Sons, 1991,
Xthae entikentedehingd bf which are incorporated by reference. Examples
XH%%LigzedT %pg‘?éycarbonyl (tBoc) and fluorenylmethoxycarbonyl (Fmoc).
1 e peptides are also synthesized using standard automated
Xsolidsphdsesymthesis protocols using t-butoxycarbonyl- or
fluorenylmethoxycarbonyl-alpha-amino acids with appropriate side-chain
protection. After completion of synthesis, peptides are cleaved from the
solid-phase support with simultaneous side-chain deprotection using

standard hydrogen fluoride methods. Crude peptides are then further
niirified 1icinad Reverced 15 Phace Chromatoaranhy non \/vvdaer C19



Example 1 - PEGylation of GLP-1 related analogs: PEGylation reactions
are run under conditions that pen-nit the formation of a 25 thioether bond.
Specifically, the pH of the solution ranges from about 4 to 9 and the
thiol-containing peptide concentrations range from 1 to 10 molar excess of
methoxy- PEG2-MAL concentration. The PEGylation reactions are
normally run at room temperature. The PEGylated GLP-1 peptide is then
isg@gqqsyfs;gg){%rse-phase HPLC or size exclusion chromatography
(SEC). PEGylated GLP-1 analogues are characterized 30 using analytical
RBPISCSMALG-BER, SDEBAGE, and/or MALDI Mass Spectrometry.
Tﬁ@gg-ggpt@épi d L pe tiéje%%_ are reacted with 40 kDa polyethylene
gg{gl 'malel’mi € -maleimite) to produce derivatives with PEG

C AthyCAndehedia aneds620 -30- thioether bond. For example,
peptide Cex-51- ﬁﬁ%ﬂl 3C40 GLP-1, 45aa in length; 7.5 mg, 1.8 mol)
is%ai%slgls\'/g |hé£’%1 0 86%ﬁéﬁhosphate buffer containing 20 mM EDTA,
pPieR 1sT Reos 6lutiOwHS threabpuntged with argon. To this solution is added

4 : ethoxy:REG2-MAL, a bifurcated PEG maleimide (Lot#
P%%%Eig% .S ésaﬁv%’%e?%a c?lrlf;tmers, Inc., Huntsville, Alabama) (0.55:1
metelmoRrvafiynhRPEGrtaipeptide)X The reaction is performed for 2 hours.
T th Gylated peptide is purified by RP-HPLC,
ci%%é%k%% By Z?zﬁleg-é)){c%’%%ﬁ HPLC, and tested for in vitro activity.
Esetinyiergin:40kDa-PEG-maleimide reaction with GLP analogs 10 GLP-1

aQ%I $5 (e:?:as Ct6E22V8GLP and V8C3s GLP are selectively

PEéi/?ategia METROET e SV rlsthed ieimERRaeiitiddenativated
biftreaketiitd e mPEG (SheanvaterRolwmer 40

P%Gglg};if%n reaction, the peptide to be PEGyIafe%glli@%g%gc%{l\ég %3588%%% then
TRIS Bufefar b 8.6 3hd 2225 A6k molar exSess ok bulk X0ah) 3ami Ky, Xan,,,
isadged aiheXeagtivmis; altowedita.stir atsoomtemperatyre for 2-3 hour ,
agg 15 tpr%en ialyzed ov&nigﬁ?(? kD§z§1 men?ﬁrgaﬁtg)zé%%%&s%iﬁ% y gfg%#ea?m that, if
10 TAMonSsphatl, b st A8t oamatehisCXThe R Giiate-EhPind, further
moteddtdstare fXsHie Sy AN £X rogatography on a Mono- .
glumn (Amersham Biosciences C%%%%c%%vég%f ?\%Jfﬁ &éﬁg?ﬁ%&fﬁc AIHINO

c e
gradient AL ASTHIAT BRECBY ERSHPRS 3 - 355tk 1. 4RDA2RE GomakkiniHE cannot
reactinmuitheGlpsloanalenn, GUB i nalos el A8, CAOEEVECL B L

at the

and V8C3sGLP-1 are selectively PEGylated introduced cystefnaeCtiVity'
rgsidueﬁ?@&ﬁ%@%%?ﬂ&é&@m%m@e tevmitate(f REGT piptdrably have
distdaroir phospiakdylethanelaming(BRRE) (R0 ?I%BW@%%&?%%’%%@% 20,000

I%%%d;gd tﬂﬁ |E;EGyIation reaction, the peptide is disso In
BUifa %%ﬁl%ghﬁ’@%erSh@ﬁWﬁfﬁlapé}MW daltons, may be linear or
Oishichs dordAkG -malgimide | bsol thanol is added to _ .
approximately 17% to ass?s}{ in é%%g%%@ﬁ%éd%g%t?d%nvatw@ %%%Scnged m the art.
DSPE-NAISHFEerarildhaldds Prideattieniseationel GyistéeGIGOMeompound as
teefipeadbbRd @ Bredhaiim skt ' ight,({ kDa membrane
%%%isrést 18- meM citrate, 10.%“%%%&%%@%%@%&@%%&8 y E)aég?eg,

& DS P dNesRttak Narmar viripiimbawekerndigme srdhmatisnalshyppepsia.
on a Mgko- I . rsham Bipsciences Corp,. Piscataway, NJ)
g & Me e e SR e e e P o
activity assay HEK-293 cells expressing the human GLP-1 receptor, using
the PanVera LLC CRE-BLAM system, are seeded at 20,000 to 40,000
cells/well/100 | DMEM medium with | O%FBS into a poly-d-lysine coated
96 well black, clear-bottom plate. The day after 5 seeding, the medium is
flicked off and 80 | plasma-free DMEM medium is added. On the third day
after seeding, 20 | of plasma-free DMEM medium with 0.5% BSA
containing different concentrations of PEGylated GLP-1 compound is
added to each well to generate a dose response curve. Generally,
fourteen dilutions containing from 3 nanomolar to 30 nanomolar
PEGylated peptide are used to generate a dose response curve 10 from
which EC50 values can be determined. After 5 hours of incubation with
the PEGylated peptide, 20 tl of (3-lactamase substrate (CCF2/AM,

PanVera LLC) is added and incubation continued for 1 hour at which time
fliinreceence ic dAetermined nn a evinfliinor The acceav ie fiirthear decerihad



V8E22I33C4p-40kDa PEG (CEX-51) 9.4 +/- 1.5 % [n=5] Example 5 -
Pharmacokinetic analysis of derivatized GLP-1 peptide A PEGylated
GLP-1 analog (VsE22133C40-40 kDa PEG (PEGylated, C40-modified 25
CEX-5 1)) is administered by intravenous (IV) or subcutaneous (SC)
routes at a dose of 0.1 mg/kg to male SExrats. The animals (2 rats per
timepoint for IV, 3 rats for timepoint for SC) are bled at various times
between 0 and 336 hours after dosing. Plasma is collected from each
sample and analyzed by radioimmunoassay. Pharmacokinetic
parameters are calculated using model-dependent (IV data) and
irftRpE e eetod avah 30rmithiodsseiinhlankn BrR)rATRPHeSeRIAlieo

tering to
the=pharamgo me er rted in the Table 1 belo Ci{l}mis &
adﬁlnlsﬂratlongk?k%q%g%r?%ted éi%ﬁﬁﬁ 8 ﬁ% énc%ﬁﬁﬁﬁafﬂldmhalf@ﬁféa@ém

apirosisniartyl hesataysavhithby SCRIMimsyaloathe PEGYRE Xo,

Qg | an ellmlnatl n half-life of approxmate T%Ct in need
gg}lsg&lgﬁaﬂd@\%{%g%@ R% %serva o) ngrfg‘%%%?:fgt@ﬂ'\}\mﬁtﬁ/ﬂaﬁ Ts(ﬁwe subject an

RfvEATRRMbPDaD WVBE@Z@BQ%@GMW@ERE@ yelerges as shown in

Sindinatisdhalttifeoslaw %@fﬁ@ﬁ@a’?‘é@ satelyhigh supeuts r%%:;%cts in need of

Y/ |mate 60%) are observed fort e comp U
%ﬁﬂ%ﬁé’%ﬁﬁ '&ﬁ‘t g&ﬁ’& OFf, &QE*R%@Svfzdima«msmggimwgstress

Héﬁ‘fﬁ_G) *(ngr@y*@#m@) hegity./b A agde) lﬁt’@@ﬁ@ﬂr&%@ﬁ@bﬂ\érﬁﬂr@%& zggorders

FERQnd. 53 S 21812 1.355 2566
Mammém obser%ﬂgﬁjé &E@ﬂ%@rﬁ%n? atio mB 7”%8& oﬂ‘ﬂgﬂz e@ﬁ%rved

plasma concentration. Area under the plasma concentration-time curve
measured from 0 to infinity. 10 d Elimination half-life in days. 'Total body

- clearance as a function of bioavailability, f Volume of distribution at steady
state as a function of bioavailability. B Percent bioavailability. 15 When
V8-GLP(7-37)OH is similarly IV administered to Fischer 344 rats at a dose
of 10 g/kg, profoundly different clearance and elimination half-life values
are obtained as listed below. Clearance: 1449 ml/hr/kg tl/2 (hr): 0.05 20
A PEGylated GLP-I analog (V8E22133C40-40 kDa PEG (PEGylated,
C40-modified CEX-51)) is administered by intravenous (V) or
subcutaneous (SC) routes at a dose of 0.1 mg/kg to male cynomolgus

- monkeys. The animals are bled at various times between 25 0 and 336
hours after dosing. Plasma is collected from each sample and analyzed by
radioimmunoassay. Pharmacokinetic parameters are calculated using
model-dependent (IV data) and independent (SC data) methods
(WinNonlin Pro). A representation of the pharmmcokinetic parameters is
reported in the Table 2 below. By IV administration, the PEGylated GLP-1
analog has an elimination half-life of approximately 59.5 hours while 30 by
SC administration the PEGylated GLP-1 analog has an elimination half-life
of approximately 61.6 hours. X-16020 -33- Table 2. IV Dose Animal#
Cmaxa Tmaxb AUCpcre T1 2" CL VSS (mg/kg) (ng/mL) (h) (ng*h/mL.,) (h)
(mL/h/kg_) (mL/kg) 0.1 100473 1662 1.0 149279 59.5 0.67 57.5 100474
2282 4.0 130341 42.1 0.77 46.6 100477 2672 0.0 215992 76.8 0.46 51.3
Mean 2205 1.7 165204 59.5 0.63 51.8 SD 509 2.1 1244991 17.4 0.16 5.5
SC Dose Animal # Cmaxa T"iaxb AUCo," t12d CL/Fe Vss/Ff (mg/kg)
(ng/mL) (h) (ng*h/mL (h) (mL/h/kg) (mL/kg) 0.1 100478 657 72.0 113518
64.4 0.88 81.8 100480 976 48.0 138306 58.8 0.72 61.3 Mean 817 60.0
125912 61.6 0.80 71.6
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5 a Maximum observed plasma concentration. b Time of maximum
)Q%g%ed plasma concentration. Area under the plasma
concentration-time curve measured from 0 to infinity. d Elimination
half-life. e Total body clearance as a function of bioavailability. 10 f
Volume of distribution as a function of bioavailability. SD = Standard
deviation. Example 6 - Pharmacodynamijc analysis of derivatized GLP-1
peptide 15 A PEGylated GLP-1 analog (V8E22133C40-40 kDa PEG
(PEGylated, Coo-modified CEX-51)) is administered by subcutaneous
(SC) route at doses of 3 mmol/kg (12.33mg/kg = 0.62 pg (microgram)/50g
mouse) or 10 AdIAYLHEDRYIRG R PG TN QY A0y VIENTdE)No male
CoTBHRAkatiefitePbyiea Yerbus 7 ehisia anly SABIRh INS A0S Ge 1 -
mice per timepoint) are dosed with a single injection of either the
cels of thredictipcliposaivgio fvehiokedian: O8amerhe Glidelarealhen and
alagiad oy ﬁé@@@é%%ﬂ%lﬁ%@ g“c.d %%(fg‘@éggt 'iHV)eh?tiB ﬁgggﬂ%%s %%%%ations

samples for glucose and insulin are takenpre and after the glucose

tqfdetidreampsunds Got oouling edendid wlesimiiepredétation of teduced

ROBHADCOVRBRIG BRIAMEIEISISI RRONIR i&&*ﬁ&%ﬁ% DAY 30020 the
-34- glucose AUC vehicle 3 nmol PEG 10 nmol PEG 85965.75 28206

royrEreyviden aghe bggen trebsh spayetBrroe gt PEG) 38 B G5lerivative
2y 5e%4vaRAPR8 ARl A0 ARG -%@Eéggée‘é 1%951@0@%&5%&%&1@, the

Average 70272.75 41217.38 34060.88 St. Error 4100.657 4346.437
hsgry gpdugnesthe 0000855 m0BE3EE Mdhide IRspddonybay @ Biemnts of

ARG ADGRE Weldhl GIueosg AGUs Sale0sR OHBR MR A APHAR L P EG
462.8 ob/ob MS A 46.9 260.5 521 ob/ob MZ A 48.5 206.3 412.6 oblob

degixan vert ¢spliin g in pompoleprbonihs e ralabe imastien §pYoh ik knd/ag:@duced

cR24444 Average 47.95 436.7 St. Error 0.48563 21.99944 3 nmol GLP-1
PEG ob/ob MO C 49.4 187.1 374.2 ob/ob MP C 45.7 212.8 425.6 ob/ob

Gl B 53 308 d1ss sl agire g pisesuan ot S EEPIBAYEL NE C 50.3 247

494 oblob NG G349.51207.7 4154 Average 40.6833 4447 St Error

0.9914420:46022) 10Nk GLPk PES,0h/ob,MJ D,49:31259.518 ob/ob
ML D 47.4 221.9 443.8 ob/ob MU D 46.4 232.6 465.2 ob/ob MY D 48.2

227.61455.3 ob/oh NB D 51.5 18557 331.4 ph/obyND B 42.6,396.5 393
Average-45667 441d1 Stkror1:22384 24150366-X160201135 Vehicle
Time 0 Time 15 Time 30 Time 60 Time 90 Time 120 Mouse ID Dose
Actuat Glucose Actual:@lucese Aciual Glucase Agtpal Glucose Actual
GlucoseActual-Glucose uMR=Q.0994 124:8-566;77i~1.9 869.11668:4 : 1)

The term “polypeptide” or “peptide” as used herein, is intended to indicate any
structural form (e.g., primary, secondary or tertiary form) of an amino acid sequence
comprising more than 5 amino acid residues, which may or may not be further modified
(e.g., acetylated, carboxylated, phosphorylated, lipidated, or acylated). The term “pative”
refers to a polypeptide that has an amino acid sequence that is identical to one found in
nature. The term “native” is intended to encompass allelic variants of the polypeptide in
question.

The term “amino acid” is used herein in its broadest sense, and includes naturally
occurring amino acids as well as non-naturally occurring amino acids, including amino
acid variants and derivatives. One skilled in the art will recognize, in view of this broad

definition, that reference herein to an amino acid includes, for example, naturally
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MS 0.0938 83.4 299.1 568.8 759.3 204 MZ 0.097 130.5 468.6 597.9
}@980%(?83'4 NA 0.0942 247.2 577.2 612.3 623.4 528.9 699.3 NI 0.0936
174.6 469.2 628.2 635.4 506.1 687.6 NK 0.0974 267 563.4 649.8 662.7
495 572.4 Ave 171.25 490.7 638.15 693.2 510 535.85 StEiror
29.71165596 43.2838538 28.99511166 41.42960294 9.978476838
82.05989581 3 nmol GLP-1 PEG MQpﬁ988 70.2 206.4 325.2 240.9
214.2 MP 0.0914 96.6 386.7 408 295.2 196.5 MT 0.1066 84 308.7 369.6
998. . . ) .
oG ihg bt PR A Pttlo 30 it doMincl B peias
sudeas AyEd 068.9 37RIEE UB61¢5 384 6518893 328 @ SHE mon- 1504 E86688nine
8 , 168 57.001.66664 52.5730./2S
o A e B e B Gnl&a
cOnOY8583898i02 086063 knd@mmdehGuPtd REBGAMT 010086 0h2nd6Hids.
.3290.1 217. 0.0948 68.1.318.6 285.3152.1 1 MU.0.092
EX DRSS BTy SR R R R S 3 fe-e. o
n263/Ba B2}l 08 H2ido3oH2 6156 dibd-BkELA2A0 HidN P} 0852983 2 ilibe, f-
272.7 209.4 147.6 147 Ave 107.1 338.45 371.25 278.45 203.9 243.25
hydparpshisl G884 695 carkiosaS I dusidine 459 gopisehyl-histidine),

arbZndARBAAEL 3. 152468 aMabae 1 HO8EEQR3IN CEERAO WO L3RPAB amino
0.002986998 0.040209038 0.018193438 0 15 30 60 90 120 Vehicle Ave

agidy Bavhiieh p 638ty Be 8IS ¥pchenaeranmib ity sdodsininreyared wih

s 8sh 5133020388 S 1L ARIERIAND. 1064388, AR03 el 2Dt 8iP-2Q38pounds of
243.25 X-16020 -36- Vehicle Time 0 Time 15 Time 30 Time 60 Time 90

the; RTESTRLIMVIIE 191BisE AL AFTHEnACHIER hamreAcidarresalias otherwise

sppettiahinspin deluiingulin Actual Insulin MR 0.0994 2.7 2.7 2.7 2.7 3.3
MS 0.0938 12.33.6 2.7 2.7 6.9 MZ 0.097 2.7 2.7 2.7 2.7 5.1 NA 0.0942

6.3 2.71% F87y §5 15 honopuedeas. 4580Asrein. nslydgsparesiddrh GLP-107-

3DOR G GLB A2 AvNTHD 8185 RahAded PSR LARS8338T7 901511y
0_0%3205081 0'575%112843 3 nmol GLP-l_ PEG MO 0.0988 4.8 3.6 5.7
agiBC IR BN G408 16.5-15%6%8 918182 RiT g g0RY 8T an sigended GLE-1

paPEAR.0R08:70,859. #4650 BB oh 3R rNENQEL 0052849 14ad 36603 347),
.9 25.2 0.8.1212.619.5ave 21.2 18.7521.4

12 !\iOG 0.0%9 12.6 1?}% _
B8 TGP S BB 10 S EH IS S IDBHTHE P10 A A7 s residues at

p&A{TA329504508650H6 PBPAH. 16424144 hekalie 0.198202864
0.11819731 0.123985904.0.023885517 0.127758283 0.089610323 10

nmol BY PIBEE 19 lobe 398 1815 958 Ve Ryl (500 hysbeen

as36z8e48 &Rl Vi Q11988 S2bbA3-8rhbiMhid 2 dd kMY GRO6fhdZddno acids
122.7 95.1 85.8 56.1 4%:‘.3316 B 0.103.35.7 50.7 56.4 34.8.13.2 16.5

in the polypeplide are num consecutively, as shown in SEQ ID NO: 1. For example,
position 12 is phenylalanine and position 22 is glycine in the native molecule.

A "GLP-1 fragment," or “fragment of a GLP-1 compound” as used herein, is a
biologically active polypeptide obtained after truncation of one or more amino acids from
the N-terminus and/or C-terminus of a GLP-1 compound. The nomenclature used to
describe GLP-1(7-37)OH applies to GLP-1 fragments. For example, GLP-1(9-36)OH
denotes a GLP-1 fragment obtained by truncating two amino acids from the N-terminus
and one amino acid from the C-terminus. The amino acids in the fragment are denoted by
the same number as the corresponding amino acid in GLP-1(7-37)OH. For example, the
N-terminal glutamic acid in GLP-1(9-36)OH is at position 9; position 12 is occupied by
phenylalanine; and position 22 is occupied by glycine, as in GLP-1(7-37)OH.
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ND 0.0852 70.556.7 63.9 21.3 10.8 7.5 Ave 52.1 49.55 48.75 34.05 26.7
;%g? StEITOr 15.73130637 16.2621801 12.62063786 10.88735505

1 %31747 6.035768385 pValue 0.033003008 0.03509872
0.014767024 0.034608806 0.24535686 0.069087455 0 15 30 60 90 120
Vehicle Ave 5.45 2.85 2.7 2.7 34.4 3nmol Ave 21.2 18.75 21.4 11.65
19.4 14.95 1 Omnol Ave 52.1 49.55 48.75 34.05 26.7 18.75 X-16020 -37

Vehicle Time 0 Time 15 Time 30 Time Time 90 Time 120 Actual C-

Actu = Actual C- Actual C- C- Actual G- Moyse |D Dose Peptide
e B A A T 2RSS £ 0B Stcar
“exe8@i 27381080 . 60818248 WS 1002 A 7A oG8N A10:08MhA85dnk2GGwo Cys

St R TR B ab R S SR SS90t hom o
apEIOMEI% AV 1264 d9B20BLTIOADIDAL. 24BRSB0D Biftion 2808587689

T 00 S SO T (e e

“Buasisd X uazens 248 RePtOla066n26%E. 29198 £80R&1t4Bc30T /NG :0908hat 1,

3 9 7197,984 1006 6726 5349 6747 3843 9855. NG
2’?)%%’;580?130%}%71% %Zg%déqf%%%‘%géﬁ) SBAE 5‘9&%65‘3?%‘?%’0 Al
GE810( 6237181 stEnvraeat. P02 11163 B 561G 846 7251644,8320244 5 or 6

o S B B B T S P ansisnged
GPEG pptoloddest 2o @sah G204 108825500 Uektli:0948B68 #80udas, L, 11, 111,
7 27 0 212.17643 13266
N e I T A S e R e ot

VBI0852 12162 8478 10785 4947 3867 4506 Ave 8892.5 9369 9256 8718

645159003, SEREQNABP Gvyf?eﬁgx%&se?r%)étg %%ﬁ% 'ﬁ%ﬁ%@‘}égﬁ the present

- 1352.954914 2340.865438 1104.975497 pValue
Ingeppes0sis? to.0 61554 6180038883t ln:26c00o1Ei6 OB 5502610 15

att%glﬁge%) c;]fggle\{ﬁ rﬁiﬁ:lf‘e %’(ﬁ c%gldé% 819 gglie&*é/?i% g %}ﬁg?gld’(%?%é%%%g%%%g!:ég?

5289.6 5155.5 4329.6 4703.4 5810 6217 nmol Ave
Fuisgparg b 55mieodelsBs letmmmSPER ricylated Giimlaeghsolnda

dGRRRNISRg e M%Mﬁﬁ%saﬁe@fe@gﬂ%.%Yeg%’és?s.l@,M@,i%o;

Xaa7-Xaas-Glu-Gly-Xaal i-Xaal2-Thr-Ser-Asp-Xaai6-Ser-Xaals-Xaai9-
5 XHh L Ch3ad02- R 4303304 821K AADHAIALE K a7, e 44195,659; 6,515,100

arfr §333J 1P-bRY= X358 %ﬁ%ﬁéﬂ@éﬂﬁ@&%&ﬁﬂ&%ﬁﬁ@_ Rsent invention,

-Xaa39-Xaado-Xaad i -Xaad2-Xaad3- Xaad4-Xaads-Xaad6-Xaad/7 10
PIEG (piLitedryisiE@ fiped) 5)covadarily stashzod to tistaimer Dimiadmeysteine

reSi@8RMIPePIBIdINE SANIRG: hﬁ%@g{ﬁeﬁhwwm%@%ﬁﬂy attached to one or
homohistidine, a-fluoromethyi-histidine, or a-methyl- histidine; 15 Xaag is:

mpe cpineetidues el BeGbP Tihvomapamd isk Tl dgiskeendie-Puealogs of the
pr&dBht GRS SIEG is attached to one or two cysteine residues introduced into
exendin-4 or an exendin-4 analog at positions identified in Formula VIII. Optionally, the
PEG molecules may be attached to the GLP-1 compound via a linker or spacer molecule
(see exemplary spacer molecules described in U.S. Patent 6,268,343).

In the nonmenclature used herein to designate GLP-1 compounds, the substituting
amino acid and its position is indicated followed by the name of the parent peptide. For

example, Gluz-GLP-1(7-37)OH designates a GLP-1 compound in which the glycine
normally found at position 22 of GLP-1(7-37)OH has been replaced with glitamic acid;

ValgGluyy-GLP-1(7-37)OH (or VgEz-GLP-1(7-37)OH) designates a GLP-1 compound in
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Xaalb6 is: Val, Trp, lle, Leu, Phe, Tyr, or Cys; Xaais is: Ser, Trp, Tyr, Phe,
e éP , Leu, Val; 20 Xaai9 is: Tyr, Trp, or Phe; Xaa2o is: Leu, Phe, Tyr,

or Trp; Xaa22 is: Gly, Glu, Asp, Lys or Cys; Xaa23 is: Gin or Cys; Xaa24

is: Ala or Cys; 25 Xaa25 is: Ala, Val, lle, Leu, or Cys; XaaZ26 is: Lys or

Cys; Xaa27 is: Glu, lle, Ala, or Cys; Xaa30 is: Ala, Glu or Cys Xaa33 is:

Val or lle; 30 Xaa34 is: Lys, Asp, Argﬂ,m%gwor Cys; Xaa35is: Gly or Cys;

Xaa3b6 is: Gly, Pro, Arg or Cys; 3 1) Xaa37 is: Gly, Pro, Ser or Cys;

aa38is: Ser, Pr is or, Cys: Xaa39 is:,Ser, Arg, Thr, Trp, Lys ar Cys;

EE B ran o R RS MR gl e retigu 2 of
GKBad2-i57)Pid hala, eys, iR edrvistlysBnt aXdalBdsiiLaojdAlasfieya v b2V als-

or i ent; Xaad4 is.Pro, Ala, Arg, Lys, His, Cys, NH2, oris absent; . .
R R e R i St S SR Riven s of
exdisliSehaf\bget ysplays] N2 ovdliah denteartd yhad 7l B: Hispfpenndsaf the
in%ﬁtic&ﬁ \'/\(szr%soﬁzils agslent' .%p(d wherein: at least one Cys residue is

covalen %/at ac eé)ttro%(f:’aéjg myo'lecule, and provided that if Xaa42,

Xaad3dnxdabiropaadsion X axdG isaibsatt Bgcty amindaacid adivnstreaon is:

15 absent; an?lf rovided that,there are no more.than two residues jn
ST e A R
debanshe PEGY gledo& Rvtlcompdumet guesciotidiftan frormssidfed by methods

-37)OH or GLP- lg](g-% NH2 by more. than 7 amino.acids witt}'n he
e B el s e L B 28 S W Meapuce
GphovidedthatttingiRE BylaigdoGieReptocaripoting. dogs aot differfloymg pancreatic

- (73 r GLR-1(7-36)NH2.b t 6 amino acids withi
R ARl Tt L e A A Pl el i AR
Patenrdvided 04t the REEaiyd Bifidotcopipaciind tsoe sondndiffendaomed in

P-1(7- or .Gl P-1(7-36)NH2 re.25 than 5 amino acids within
hl% e zfm%ggé%%%%olm@}# %&ﬁéﬁ&%@%&%"gﬁpl compound of claim 1,
providied theapuhe RE Gl thtaet Gk incompoanddaes RdtRfifferckptor signaling

-1(7- -36 Jhan 4 amin ids withi
o e S B BSD TSt
ingkaifen wlowidé ttirsuie PEBVIatedtGiP4hcohpolindtuges awiviliffer an activity
-1(7-37 P r minQ acids .
I the s Qg o i g DA RTEE. LR AR A Rieaty
acgopound of any one of claims 1-6 in the manufacture of a medicament

for therirAImSOALAaRGIEs RRAINS HOKR INOFAHIAMAR 6 Mbeptide to

irritable bowel syndfome or functional dyspepsia. 8. The useo
aofjhiercipetd-Mhédresntentiis ysE s dermsaiiabeted OpTisaayde offekaireds:s the

«phereln;the digbetes.is BapOsHIN: deReNde N Habaes40:4 8y éf(g?z\ ity in a

_of claim 7 wherein the medicament is used to treat obesity. ABST
siTe deverttiopio Vs B - 1Fes thgunpesedapad pocasteastation, in vitro

pRANSTYIERSGNCP L GIRles W DL deralive fhele 9&#&%‘@@1&%@3 rceli s that stably

biologically active peptide with an extendéd half-life and a slowe

oxgrsardheduenenpareeptorhahetuPESHarallpbptiieiabinégesrated a DNA
veiofaiolRg SlAvipsannaunde.aos composons B3 Hsabl I RN amase

diabetes, “obesity, irritable bowel syndrome an r conditions tha
(Bhaut) senise ndfitent iy clomerigdldsinerginewse (imhigiting) geistribaratgrtor
inffliSUR] Aty and.nhibiting gasttic ahdign estnal.emelying., of
minhibiting%od B A A S b o syseauent
exgysiency PidtietgusFeSThe P-lactamase CCF2/AM substrate that emits fluorescence
when 1t 1s cleaved by B-lactamase (PanVera LLC) can then be added to cells that have
been exposed to a specific amount of GLP-1 agonist to provide a measure of GLP-1

agonist potency. The assay is further described in Zlokarnik et al. (1998) Science 279:84-
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SEQUENCE LISTING <110> Eli Lilly and Company <120> Polyethylene
GlygehLinked GLP-1 Compounds <130> x-16020 <140> 60/456081
<141> 2003-03-19 <160> 10 <170> Patentrn version 3.2 <210> 1 <211>
31 <212> PRT <213> Homo sapiens <400> 1 His Ala Glu Gly Thr Phe
Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 15 10 15 Gin Ala Ala Lys Glu
Phe lle Ala Trp Leu Val Lys Gly Arg Gly 20 25 30 <210> 2 <211> 30
<212> PRT <213> Homo sapiens <400> 2 His Ala Glu Gly Thr Phe Thr

g@%ﬁéﬁdabﬁﬁaéﬁqryé é&u&g &é'mé@&%&%@@ﬂ%&'a&@%&’dﬁg ¢ the

lle Ala Trp LeU Val Lys Gly 20 25 30 <210>3<211> 31
%Mﬁﬁm@w@b&mzé&@yﬁmtmtmu@y wed@gemegdiestablished by

e AR 7<2AEHD)- (172630 528 %%%%%ég’t%?% 'R O@x 11 control a

0- hIS |d|ne desamino-histidine, 2-amino-histidine ydr istidine,
Tﬁf@iﬁtﬂ‘?@ﬂmﬁ@fé% -fluoromethyl-histidine, or alpha methyl-histidine

<2207 1,520 MIRG . A THRERAOR k}\é\ltgn%qgﬂ%?%ﬁf of the reievant
PCT/US2004/006082 <222> (2)..(2) X-16020 Sequence Listing.ST25.txt

mepermiexiscatapolitba Qlagmaa)r@ryomng@dﬁated Sén sltarhptixghossed term is

“Thata PSR WRE eralas dpkidd) ﬁ%é%é@@%@?ﬁ%%%@% flasma
Cys <220> <221> MISC_FEATURE <222> <223> xaa at posit

hgidifper ‘FWWW%W@EQE@}C&@E benise SﬁE%ﬁMR@@zﬁzaﬂuwﬁ(&@)m the

halea8e ka2 R PP MlpdfiRa ErabiGH 1 NBud ¥FHRL G¥S il TRtecute (e.g.,
<221> MISC_FEATURE <222> (12)..(12) <223> Xaa at position 12 Is

the@errPEOyjrieddoyfifbepsntide vathenatine peptide)nsdterminrd Ruder
comparable conditions. Preferably a PEGylated GLP-1 compound of the present

invention has an elimination half-life of at least one hour, more preferably at least 3, 5, 7,
10, 15, 20 hours and most preferably at least 24 hours. The half-life reported herein in
Example 5 is the elimination half-life; it is that which corresponds to the terminal log-
linear rate of elimination. Those of skill in the art appreciate that half-life is a derived
parameter that changes as a function of both clearance and volume of distribution.

Clearance is the measure of the body’s ability to eliminate a drug. As clearance
decreases due, for example, to modifications to a drug, half-life would be expected to
mcrease. However, this reciprocal relationship is exact only when there is no change in
the volume of distribution. A useful approximate relationship between the terminal log-
linear half-life (t 1, ), clearance (C), and volume of distribution (V) is given by the
equation: t ., = 0.693 (V/C). Clearance does not indicate how much drug is being
removed but, rather, the volume of biological fluid such as blood or plasma that would
have to be completely freed of drug to account for the elimination. Clearance is
expressed as a volume per unit of time. The PEGylated GLP-1 compounds of the present
invention preferably have a clearance value of 200 ml/h/kg or less, more preferably 180,
150, 120, 100, 80, 60 ml/h/kg or less and most preferably 50, 40 or 20 ml/h/kg or less
{See Example 5).

In the present invention, a Cys amino acid may not be incorporated at positions 7,
28, 29, 31 or 32 or GLP-1 or GLP-1 analog peptides because of loss of activity of the

resulting peptide. It is contemplated that all other residues may be replace with a cysteine
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<222> (13)..(13) <223> xaa at position 13 is Tyr, Trp, or the <220> <221>
MISaFEATURE <222> (14)..(14) <223> xaa at position 14 is Leu, Phe,
Tyr, or Trp <220> <221> MISC-FEATURE <222> (16)..(16) <223> xaa at
position 16 is Gly, Glu, Asp, Lys, or Cys <220> <221> MISC_FEATURE
<222> (17)..(17) <223> xaa at position 17 is GlIn or Cys <220> <221>
MISC_FEATURE <222> (18)..(18) <223> xaa at position 18 is Ala or Cys
<220> <221> MISC_FEATURE <222> (19)..(19) <223> xaa at position

b%zéoﬂ')%,ggfé{a‘ﬂ?:"t‘hét%ﬂc}%%&’éué%%‘?&é@%ﬁ%'Qigggﬁhg %ﬁ;&é@%ﬁm the

) <223> xaa at position 20 Is LyS or cys
ZIPS CORSNTRIRE [<22286(22) 2B P« 25326x 33 a0pdsitich 31 ds8dGIt oi§LP-1 or

! 0zP ) AR04 PGT 6
O B S 2 e D DA s e
malgyutos ppdsyramitpegidion is MGG | onddgeile2p@sex@? more preferred
) (27 3P iti ' le,
P e e I e T e AR BRhad Bt 22, 26
39835 pYangd Eyandooasnr@e psaipisd FERTUREDSHRRDG(29) 00} <Phgresulting
mAG ARSI 5204 QF fﬁ¥%5§2%9510< 2443 %g%gléqyﬁgﬁeﬁ%%gl%wle that
(30)..(30) <223> xaa at position 30 is Arg or Cys <220> <221>
repiscal e ATOREn €5 2 biofegicqkagtivity vhilgharipeditionse il (life wisn that of

YRR o R Medifind REsidue 52200 shehis MARRER15303%
(31)..(31) <223> AMIDATION <400> 3
mnvention, GLP-1 or GLP-1 analog peptides may be PEGylated at one, two or three of the

lysine residues at positions 18, 22 and 26; or at the amino acid at the carboxy terminus of
the peptide.

Another embodiment of the invention is the unPEGylated GLP-1 compounds with
the sequence as shown in SEQ ID NOs 3-10 provided that there are 2 or 1 Cys in the
molecule. Applicants discovered that residues at specific position of the GLP-1
compounds can be substituted with Cys and still retain biological activity. These
unPEGylated GLP-1 compounds may be intermediates used in the process of producing
the PEGylated GLP-1 compounds of the present invention. These compounds may also
be used as therapeutics for disorders where an extended half-life is not required, e.g.,
irritable bowel syndrome.

Once a peptide for use in the invention is prepared and purified, it is modified by
covalently linking at least one PEG molecule to Cys or Lys residues or to the carboxy-
terminal amino acid. It is difficult to endow delicate peptide or protein molecules with
suitable new properties by attaching polymers without causing loss of their functionality.
A wide variety of methods have been described in the art to produce covalently
conjugated to PEG and the specific method used for the present invention is not intended
to be limiting (for review article see, Roberts, M. et al. Advanced Drug Delivery Reviews,
54:459-476, 2002). Carboxy-terminal attachment of PEG may be attached via enzymatic
coupling using recombinant GLP-1 peptide as a precursor or alternative methods known
in the art and described, for example, in U.S. Patent 4,343,898 or International Journal of
Peptide & Protein Research.43:127-38, 1994. PEGylation of proteins may overcome

many of the pharmacological and toxicological/immunological problems associated with
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Xaa Xaa Glu Gly Xaa XaaThr Ser Asp Xaa Ser Xaa Xaa Xaa Gluxaa 15
%g %% (kaa xaa xaa Xaa Xaa Phe lle Xaa Trp Leu Xaa Xaa xaa xaa xaa 20
<210> 4 <211> 31 <212> PRT <213> Atrtificial <220> <223>
synthetic Construct <220> <221> MISC_FEATURE <222> (1)..(1) <223>
xaa at position 1 is L-histidine, D-histidine, desamino-histidine,
2-amino-histidine, beta-hydroxy-histidlr&ez_homohistidine,
alpha-fluoromethyl-histidine, or alpha-mmiéthyl-histidine <220> <221>
u'g/“SC e e-l-UrRIrE gal‘%?agt erca)i 26(1)}. 14é0%§§23 e éUSZOC%é{gQﬁl 86? tide it4s
<]§l§é)§?5 . 2(3 X160 sequence Ifls'ting.\gefffﬁ Xt 29334448 Boglhontz1
uiscBiyAve) dtal; thel HIsy Sar] brrthof €2200p @2 &3l IS € sigmfiTidR bss in
<222>.(5). (5) <223 at ition. S.is Thr or.Cys <220> <221>
bf\ﬁ%%E‘fé%&%%@%%%@?&%@%@dj%g & tp})lc%fi)t?gtr% is Phe or Lys
$220>HR2oaMiSE FRRAGYRE] pR22in 16). {d @228 b xdacatrpositian: 1Dthe
is Val,.P [, TrPq Or. <220> <221> MIS EATURE . <222>
R S e R i s
nyghi ficadon; 292ty dkSOuFERTIIRE @22 2P (h8)h¢l 3 )linR23ks usal dbr attachment

L .
da@2ge IMISGAREATURE at@DECl YR, (1 F)i KPR Bentan of gusittonepdadain on the
S T M D R T T e
degp@icXedetipositibroagiig tila] Rrahdie, G.&u, areCydl 9822 PEG2R1eN of cytokines
aMf %ﬁ%ﬁil: t%@i‘;ye%tli':'c 51%%%55@19& p%@dgsz%%g i’r&?&%ﬁ&s g. e 8 giicéelﬁyosp%n?z\é%on of
coupling techniques, Intl. J. Hem. 68:1-18].

PEGylated GLLP-1 compounds of the present invention have an in viiro biological
activity that is at least 0.5% that of native GLP-1 or more preferably that of Val®-GLP-
1(7-37)OH. More preferably, the PEGylated GLP-1 compound of the present invention
has an in vitro biological activity that is at least 1% or 3% that of native GLP-1 or more
preferably that of Valg-GLP-1(7-37)OH. Such biological activity may be determined by
the in vitro potency assay as described herein (Example 4) or by other GLP-1 assays
known in the art. Although some PEGylated GLP-1 compounds of the invention may
have biological activity lower than that of native GLP-1 or of Valg-GLP-1{7-37)OH as
measured in a particular assay; this activity decrease is compensated by the compound’s
extended half-life and/or lower clearance value and may even be a favorable
characteristic for a GL.P-1 compound with an extended elimination half-life.

It is further contemplated that the positions of the GLP-1 peptide which have been
found to accommodate a cysteine residue without elimination of biological activity may
be substituted with a cysteine in the analogous position of exendin-4 and result in an
exendin-4 analog still capable of binding the GLP-1 receptor. Preferably there are no
more than 2 or 1 Cys amino acids per exendin-4 analog of the invention. Preferably Cys
that exist in the molecule are at positions selected from the group consisting of 11, 12, 16,
22, 23,24, 25,26, 27, 30, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43 and 44 (see Formula VIII);
preferably positions selected from the group consisting of 22, 26, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43 and 44; even more preferably positions 26 and/or 34. Cys amino acids



10

15

20

25

30

<220> <221> MISC_FEATURE <222> (21)..(21) <223> xaa at position
X%]-éég%"u or cys <220> <221> MISC_FEATURE <222> (24)..(24) <223>
Xaa at position 24 is Ala or Cys <220> Page 4 WO 2004/093823
PCT/US2004/006082 X-16020 Sequence Listing.5T25.txt <221>
MISC_FEATURE <222> (27)..(27) <223> Xaa at position 27 is Val or lle
<220> <221> MISC_FEATURE <222> (28)..(28) <223> Xaa at position
28 is Lys or Cys <220> <221> MISC é ATURE <222> (29)..(29) <223>

PR RRIRA S e AR P O )i 222

> xaa a position 3 rg or &ys <25
PRISGtHERATIRES mzaggmmymz@semm@dsnm BirisiGlyf@atse

nt, o e, <22 21> MOD .RE 222
o R RS R S e U RPap el gt
V&dy Maheyprebad BlgXaa im5all®<)15gmhaxaazmala¢aa adenRteSe, Xadd o,
10> 5 <211> 44 <212>
e o S R D08, Ty bt ofwild e
em@@a ‘FEAFI URETEPEDE IR QMPER28¥ Rdalal BVpoENGHGT S G-hiditigline,
( samino-histidine, 2-amino-histidine, beta-hydroxy-histidine,
omo |st|d|ne ‘alpha-fluoromethyl-histidine, or- alpha-methyl-Ai stidine
<2203n 4329pigull SEmFEIAT iSRHEinc2gol {Rien ) ti228nixald pd pasitigo @isand has

o, T SR S M AU 5o

4y uEhetetistinghSTEanimay be substituted with a protective group such as an alkyl
or alkanol group. Preferably, PEG has at least one hydroxy group, more preferably it is a

terminal hydroxy group. It is this hydroxy group which is preferably activated to react
with the peptide. There are many forms of PEG useful for the present invention.
Numerous derivatives of PEG exist in the art and are suitable for use in the invention.
(See, e.g., U.S. Patent Nos: 5,445,090; 5,900,461; 5,932,462, 6,436,386; 6,448,369;
0,437,025; 6,448,369, 6,495,659; 6,515,100 and 6,514,491 and Zalipsky, S. Bioconjugate
Chem. 6:150-165, 1995). The PEG molecule covalently attached to GLP-1 compounds in
the present invention is not intended to be limited to a particular type. PEG’s molecular
weight is preferably from 500-100,000 daltons and more preferably from 20,000-60,000
daltons and most preferably from 20,000-40,000 daltons. PEG may be linear or branched
and PEGylated GLP-1 compounds of the invention may have 1, 2, 3, 4, 5 or 6 PEG
molecules attached to the peptide. Tt is most preferably that there be one PEG molecule
per PEGylated GLP-1 compound molecule; however, when there are more than PEG
molecules per peptide molecule, it is preferred that there be no more than six. It is further
contemplated that both ends of the PEG molecule may be homo- or heroly-functionalized
for crosslinking two or more GLP-1 compounds together.

The present invention provides GLP-1 compounds with one or more PEG
molecules covalently attached thereto. One method for preparing the PEGylated GLP-1
compounds of the present invention involves the use of PEG-maleimide to directly attach
PEG to a thiol group of the peptide. The introduction of a thiol functionality can be
achteved by adding or inserting a Cys residue onto or into the peptide at positions

described above. A thiol functionality can also be introduced onto the side-chain of the
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<223> xaa at position 5 is Thr or Cys <220> <221> MISC_FEATURE
X<2 %> (6)..(6) <223> xaa at position 6 is Phe, Trp, Tyr, or Cys <220>

< g MISC_FEATURE <222> (10)..(10) <223> xaa at position 10 is val,

Trp, lle, Leu, Phe, Tyr, or Cys <220> <221> MISC_FEATURE <222>

(12)..(12) <223> xaa at position 12 is Ser, Trp, Tyr, Phe, Lys, lle, Leu, or

Val <220> <221> MISC_FEATURE <222> (13)..(13) <223> xaa at

position 13 is Tyr, Trp, or Phe <220> £221> MISC_FEATURE <222>

(14)..(14) <223> xaa at position 14 is Leu, Phe, Tyr, or Trp <220><221> |
pﬁ@ﬁé&gﬁ'ﬁ%&%ﬁﬁ@wﬁwﬁ%ﬁmﬁ E9B-04 A4 P TSN A 18 ?&%méﬁﬁﬂaﬂon

prASEsslofRhepeysent %Z\Eb?tﬁﬁzm%mi&ﬁémkﬁﬁoﬁaﬁmlaﬁta&@ YisdadBer linker.
aa at position 17 is GIn.or Cys <220> <221> MISC_FEATURE, <222>
T iéf%ﬁlgmgtsﬁ%%feﬁ%ﬂ Fies @9%5%&@%%@132%@ the presence of

othrﬂrﬁﬁaﬁm%ﬂﬁp§me i) K228 Kas m&&ec(u&@ lb?ﬁgaewiah

lle, Leu, or Cys. <220> <221> MISC FEATURE <222> (20).. <223>

Pffaa”é&gp‘éssﬂréyﬁ% *a%%’r"é%]?éﬁﬁﬁl&f@ﬁ!ﬁl&m@%ﬁ#ﬁm B ?eééﬂzéie

priEgbiviRN)ss2 2 BrokaaatResitio - @hinllg, Bl -oreyspsidrlris@edn PEG
ISC_FEATURE <222> (24)..(24) <223> xaa at position 24 js Ala, Glu,

m%g;gﬁ% vséE%igeﬂﬁ@éi%&OA%%@bgéfs W BT PO pertomed

PG SRODNALAABNB 2 Fed22 el 27 HorlB0RMBe@ueNTthe excess of

ARSI S e e o Rty
coMk@nbinaDsdpytoA20et kIR LB MBS aFEARU R s $20dPe(29). KBS yidddrof
Gélgn acl:to%%soigggsza%ei %e(f;%r%g 1%/ Example 1. Cysteine PEGylation may be performed
using PEG maleimide or bifurcated PEG maleimide.

GLP-1 compounds have a variety of biological activities. For example, GLP-1
has been found to stimulate insulin release, thereby causing glucose uptake by cells and
decreased serum glucose levels [see, e.g., Mojsov, S., (1992) Int. J. Peptide Protein
Research, 40:333]. GLP-1 is particularly promising as a treatment for non-insulin
dependent diabetes mellitus (NIDDM) as it does present a risk of hypoglycemia as do
present NIDDM treatments. GLP-1 is also contemplated to be a treatment for obesity,
irritable bowel syndrome and functional dyspepsia.

it is contemplated that a use of a PEGylated GLP-1 compound of the present
invention includes use in the manufacture of a medicament for the treatment of non-
insulin dependent diabetes, obesity, stroke, myocardial infarction, irritable bowel
syndrome or functional dyspepsia. PEGylation of a GLP-1 compound may be combined
with other modifications known in the art to increase GLP-1 half-life (see, e.g, U.S.
Patent Application Serial Nos. 60/346474 filed August 1, 2002, and 60/405,097 filed
August 21, 2002} and thereby increase the half-life of the compound even further than
PEGylation alone or the other modification method alone.

As used herein, the term "GLP-1 compound" also includes phanmaceutically
acceptable salts of the compounds described herein. A GLP-1 compound of this
invention can possess a sufficiently acidic, a sufficiently basic, or both functional
groups, and accordingly react with any of a number of inorganic bases, and inorganic

and organic acids, to form a salt. Acids commonly employed to form acid addition



10

15

20

25

30

<220> <221> MISC_FEATURE <222> (30)..(30) <223> xaa at position
30.is.Gly, Pro, Arg, or Cys <220> <221> MISC_FEATURE <222>
X(if?fz 1) <223> xaa at position 31 is Gly, Pro, Ser, or Cys <220> <221>
MISC_FEATURE <222> (32)..(32) <223> xaa at position 32 is Ser, Pro,
His or Cys <220> <221> MISC_FEATURE <222> (33)..(33) <223> xaa
at position 33 is Ser, Arg, Thr, Trp, Lys, or cys <220> <221>
MISC_FEATURE <222> (34)..(34) <?%§5 xaa at position 34 is Ser, Gly,

r cys.<220> <221> MISC_FEATURE <222> (35)..(35) <223> xaa.at. .
SRR AR SRS AT E%@?lér &x@%mgﬁé%hﬂmwdw acid,
sUVBIC aBR Aidiphor2 221 (30) 113Gjke22aPoraand poisition:Be4s,Pro, Ala,

OD_RES <222>.

, A , O, ified id 220> <221 B .
oS 5 RRTE L350 Cie i ERRTURE! cobamic acid

cd@ohi(3i)k 2n3eintaaat pasiiorid/ srRode Adad, Gysti AbsanindriRemirdified

Resi 220> <221> MOD_RES <222> (37)..(37) .<223> AMIDATION
B TR R T R T AT
plidsting 5 TiRGokydAR0mpKaR TR ISy FEATHIRE 22 2nc{aBlokBBM s 223>

ition 38.is Pro, Ala, Arg, Lys, His, Cys, Ab Modified
PR E rondl ee WEe LS55t ARy S sssw AATATION:

acePB0x fo2Rhte NHSOHFEA TR Eats A2ra (@) e (BR) HARES xadaaé, pRsIIRIC,

AT AL ST
dioate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate,
methoxybenzoate, phthalate, sulfonate, xylenesulfonate, phenylacetate,

phenylpropionate, phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate, glycolate,
tartrate, methanesulfonate, propanesulfonate, naphthalene-1-sulfonate, naphthalene-2-

sulfonate, mandelate, and the like.

Base addition salts include those derived from inorganic bases, such as

ammonium or alkali or alkaline earth metal hydroxides, carbonates, bicarbonates, and the

like. Such bases useful in preparing the salts of this invention thus include sodium
hydroxide, potassium hydroxide, ammonium hydroxide, potassium carbonate, and the
like.

The PEGylated GLP-1 compounds of the present invention are particularly
suited for parenteral administration, they can be also be delivered orally, by nasal
administration, or by inhalation. Parenteral administration can include, for example,
systemic administration, such as by intramuscular, intravenous, subcutaneous, or
mtraperitoneal injection. The PEGylated GLP-1 compounds can be administered to
the subject in conjunction with an acceptable pharmaceutical carrier, diluent or
excipient as part of a pharmaceutical composition for treating the diseases discussed
above. The pharmaceutical composition can be a solution or, if administered
parenterally, a suspension of the GLP-1 compound or a suspension of the GLP-1
compound complexed with a divalent metal cation such as zinc. Suitable
pharmaceutical carriers may contain inert ingredients which do not interact with the
peptide or peptide derivative. Standard pharmaceutical formulation techniques may

be employed such as those described in Remington's Pharmaceutical Sciences, Mack
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<220> <221> MISC_FEATURE <222> (40)..(40) <223> xaa at position
40 is His, Ser, Arg, Lys, Pro, Gly, Cys, Absent, or a Modified Residue
XehP0 <001 MOD_RES <222> (40)..(40) <223> AMIDATION <220>
<221> MISC_FEATURE <222> (41)..(41) <223> Xaa at position 41 is
His, Ser, Arg, Lys, Cys, Absent, or a Modified Residue <220> <221>
MOD_RES <222> (41)..(41) <223> AMIDATION <220> <221>
MISC_FEATURE <222> (42)..(42) <2355 xaa at position 42 is Gly, His,
Cys, Absent, or a modified Residue <220> <221> MOD_RES <222>
PrRIhinsCempaayaNT N ol ebauagnaisaFERTUREr Rayoptsral

adAdpiddal crPiddud@dataRasiing 4&ik RigeHish feMsoSREEONIRE, B spRMifiad:
Resi;iu  <220> <221> MOD_RES Pa%g 8 WO 2004/093823
s TG0 GREOEUES L9300 Thay A herrebals haflemesdhate-buffered

saligtinP k23 dKitfod) bR HRNnG 220k 12 R bin MBIt/ b FRED e
<222> (44)..(44) <223> xaa at position 44 js Ser, His, Cys, Absent, or a

SR IRESRIRT 05X E9% SUHOTS, Ealoseeibind) aplpanssisl
AMID2Hd ONG QPG Rapc¥amp e G haankaanbhnds! SR Ad 6T kaa

Xaa Xaa Glu Xaa 15 10 15 xaa xaa xaa Xaa xaa Phe lle xaa Trp Leu
R A YEh 1R 3&%&3%%@%&%@%&@% W g SENeag pusTIRge

foras Kaded@nddbpediod 1 Thdntdd barddr o242 R bradlepti Ay tigiad (1R20v s
poatoav A ADiINY G905 dobradition oFpapties by acids and aizymas. posk
absorption through epithelial membranes, and transition of peptides to an insoluble
form after exposure to the acidic pH environment in the digestive tract. Oral delivery
systems for peptides such as those encompassed by the present invention are known
mn the art. For example, PEGylated GLP-1 compounds can be encapsulated using
microspheres and then delivered orally. For example, PEGylated GLP-1 compounds
can be encapsulated into microspheres composed of a commercially available,
biocompatible, biodegradable polymer, poly(lactide-co-glycolide)-COOH and olive
oil as a filler. See Joseph, et al. (2000) Diabetologia 43:1319-1328. Other types of
microsphere technology 1s also available commercially such as Medisoth® and
Prolease® biodegradable polymers from Alkermes. Medisorb® polymers can be
produced with any of the lactide isomers. Lactide:glycolide ratios can be varied
between 0:100 and 100:0 allowing for a broad range of polymer properties. This
allows for the design of delivery systems and implantable devices with resorption
times ranging from weeks to months. Emisphere has also published numerous articles
discussing oral delivery technology for peptides and proteins. For example, see WO
9528838 by Leone-bay et al. which discloses specific carriers comprised of modified
amino acids to facilitate absorption.

The PEGylated GLP-1 compounds described herein can be used to treat subjects
with a wide variety of diseases and conditions. PEGylated GLP-1 compounds
encompassed by the present invention exert their biological effects by acting at a receptor
referred to as the “GLP-1 receptor” (see Dillon et al. (1993) Cleoning and Functional
Expression of the Human Glucagon-like Peptide-1 (GLP-1) Receptor, Endocrinology,
133:1907-1910). Subjects with diseases and/or conditions that respond favorably to
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<223> Xaa at position 1 is L-histidine, D-histidine, desamino-histidine,
2-amino-histidine, beta-hydroxy-histidine, homohistidine,
%IW—QIuoromethyl-histidine, or alpha-methyl-histidine <220> <221>
MISC_FEATURE <222> (2)..(2) <223> xaa at position 2 is Ala, Gly, val,

Leu, lle, ser, or Thr <220> <221> MISC_FEATURE <222> (5)..(5) <223>

xaa at position 5 is Thr or Cys <220> <221> MISC_FEATURE <222>

(6)..(6) <223> xaa at position 6 is Phe‘,zﬂﬁ, Tyr, or Cys <220> <221>

MISC FEATURE <222> (10)..(10) <223> xaa at position 10 is Val, Trp,
TN SR Sy A o o0 83525 LU BT BB fore be

te$al Q0S80 PEDE RNy, BT 2B w993 e MBS bfdd UREse subjects
<222> (12)..(12) <223> Xaa at position 12 is Ser, Trp, Tyr, Phe, Lys, lle,

ape:id/g “Dospaecs of tripimentrE Il compoady qndpasod ohGhEY

r@QpilieRtkBuRktIy; Trp, or Phe <220> <221> MISC_FEATURE <222>
(14)..(14) <223> xaa at position 14 is Leu, Phe, Tyr, or Trp 1220> <221>
o THRRRE abiss Y48 nepeyreslndepsadenh diaheiis R Eyleprdent

SRt sy SuRk 6 SeRR0D 728197 MISTakEd THRfea iAo k(L2 sR2328/0853 1
xaa at pasition 17 is Gln or C‘cygs <220> <221> MISC FEATURE <222>

bpkjendis)-ebsuiaaeal LAHbNCDS Ry Alirer ey selabatis dippess efer surgery (see

UM SEERT URB6 52325 EXNdEDindddnatdgepasition 19:isRI8oWal syndrome
lle, Leu, 0 Cg/s <220> <221> MISC_FEATURE <222> (20)..(20) <223>

S LB E G lmmdarsihise: warOREoRasic
trgihd@hy 22 8L ran @lpesitian 24, isublectiat Alf B Gyl oA e akalin
db@/lglfgx e_nli %élg{g(lisl%séezz 2\7\21(>) 204}2)7%21%<§&%§h>t1§321 g;[},‘t%%g{tsl ?chzléclast}ﬂsaé \Ef;llt% ?r%paired
glucose tolerance or impaired fasting glucose, subjects whose body weight is about 25%
above normal body weight for the subject's height and body build, subjects with a partial
pancreatectomy, subjects having one or more parents with non-insulin dependent
diabetes, subjects who have had gestational diabetes and subjects who have had acute or
chronic pancreatitis are at risk for developing non-insulin dependent diabetes.

'The PEGylated GLP-1 compounds of the present invention can be used to
normalize blood glucose levels, prevent pancreatic -cell deterioration, induce B-cell
proliferation, stimulate insulin gene transcription, up-regulate IDX-1/PDX-1 or other
growth factors, improve B-cell function, activate dormant B-cells, differentiate cells into
P-cells, stimulate B-cell replication, inhibit B-cell apoptosis, regulate body weight and
induce weight loss.

An "effective amount” of a PEGylated GLP-1 compound is the quantity that
results in a desired therapeutic and/or prophylactic effect without causing unacceptable
side-effects when administered to a subject in need of GLP-1 receptor stimulation. A
"destred therapeutic effect” includes one or more of the following: 1) an amelioration of
the symptom(s) associated with the disease or condition; 2) a delay in the onset of
symptoms associated with the disease or condition; 3) increased longevity compared with
the absence of the treatment; and 4) greater quality of life compared with the absence of
the treatment. For example, an “effective amount” of a PEGylated GLP-1 compound for

the treatment of diabetes is the quantity that would result in greater control of blood
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<220> <221> MISC_FEATURE <222> (27)..(27) <223> xaa at position
Xigi E{al or lle <220> <221> MISC_FEATURE <222> (28)..(28) <223>
X %& position 28 is Lys, Asp, Arg, Glu, or Cys <220> <221>
MISC_FEATURE <222> (29)..(29) Page 10 WO 21144/093823
PCT/US2804/006082 X-16020 sequence Listing.ST25.txt <223> xaa at
position 29 is Gly or Cys <220> <221> MISC_FEATURE <222>
(30)..(30) <223> xaa at position 30 is é Pro, Arg, or cys <220><221>

MISC FEATURE <222> (31 223 t tion 3 P
S T b R B IS o
ommﬁdﬂs&ﬂeﬂ&: Senpfatibis, soclCysretid@atlsp Aenivlahy bEAdRBiscase. An

3 > tion 33 is Ser, Thr, Tr
e33R B A TR PR gty S st S fbees is e

qm&t@@&@m&éﬂ,eﬁb% mmeéﬂﬁﬂ?tﬁéﬁis‘eﬂ‘dé% trEEﬁithiREe 612&22% elevated
Glu L

o TR R s T e s SR
stﬁars,anmaAlmlmmcgrlmmﬁdﬁnd&rlmdm(ﬁﬁ&b <221>

0D eSS D MBI S0
SLﬂﬁysgt AbE eihto dﬁmmbaﬂtfthd tesiddecs220po K22 kshMODnR b theddpacteristics
of B shR e S AN el 220 S 60 S frahes <%2

38 sl R b e o e ¢ RiSKBRR
TgapiaaModlﬁQEEMdéH:ﬂD:eompounds of the present invention Wﬂl be administered
such that plasma levels are within the range of about 5 picomoles/liter and about 200
picomoles/liter. Optimum plasma levels for Vals-GLP-1(7-37)OH were determined to be
between 30 picomoles/liter and about 200 picomoles/liter.

A typical dose range for the PEGylated GLP-1 compounds of the present
invention will range from about 0.01 mg per day to about 1000 mg per day for an adult.
Preferably, the dosage ranges from about 0.1 mg per day to about 100 mg per day, more
preferably from about 1.0 mg/day to about 10 mg/day.

A "subject” is a mammal, preferably a human, but can also be an animal,

e.g., companion animals (e.g., dogs, cats, and the like), farm animals (e.g., cows,
sheep, pigs, horses, and the like) and laboratory animals (e.g., rats, mice, guinea
pigs, and the like).

The peptides used to generate the PEGylated GLP-1 compounds of the present
mvention can be prepared by using standard methods of solution phase or solid-phase
peptide synthesis techniques. Peptide synthesizers are commercially available from, for
example, Applied Biosystems in Foster City CA. Reagents for solid phase synthesis are
commercially available, for example, from Midwest Biotech (Fishers, IN). Solid phase
peptide synthesizers can be used according to manufacturers instructions for blocking
interfering groups, protecting the amino acid to be reacted, coupling, decoupling, and
capping of unreacted amino acids.

Typically, an {-N-carbamoyl protected amino acid and the N-terminal amino acid
on the growing peptide chain on a resin is coupled at room temperature in an inert solvent

such as dimethylformamide, N-methylpyrrolidone or methylene chloride in the presence
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<221> MOD_RES <222> (38)..(38) <223> AMIDATION Page 11 WO
XZQQ(%QQSSZS PCT/US204/906082 X-16020 Sequence Listing.ST25.txt
<220> <221> MISC_FEATURE <222> (39)..(39) <223> xaa at position
39 is 5er, His, Pro, Lys, Arg, Cys, Absent, or a Modified Residue <220>
<221> MOD_RES <222> (39)..(39) <223> AMIDATION <220> <221>
MISC_FEATURE <222> (40)..(40) <223> xaa at position 40 is His, Ser,
Arg Lys, Cys, Absent, or a Modified Residue <220> <221> MOD RES

%Ogg&ltg) c%%%ﬁf%%ﬁ%&?yrbo%%% ZfRéClZ lrl\ﬂk?ggoajf 0 mazo}e and a

1)..(41) <223> xaa at position 41 |s
bﬁﬁﬁﬁh or divipoifiddiRdsidive. <?E€)3$M2@b§mm®l@r«ﬂﬁ$ng%2@wp is removed

4 223> IDATION <400> 6 Iy Gl a Xaa Thr Ser.
M R P TR el B e
alx@ﬁmqmmémgaaaxaalmeeaaimab@a 26xP8e3DckAaprareotad xamxa@idaa be

40 <21 11>.41 <212> PRT <213> Artificial <22
R A S DBy B e DB A o
arp 23>dgaiheghdsitionbpdel ihistideney@-Wstidin € odesamiGeshistigid@ ganic

- Or beta dro stidine,..homobhistiding, . . .
o B ascorporated by
rei@mmﬁsz&ﬂemm@ﬁeM@@mammwmmmeotmw@fﬁm@mmnyi
(ﬁrgggg <221> MISC_FEATURE <222> (2)..(2) <223> xaa at position 2 is

Gly, Val, feu, lle, Ser, or Thr <220> <221> MISC_FEATURE <222>
(5)..(5hhe peptides are also synthesized using standard automated solid-phase synthesis

protocols using t-butoxycarbonyl- or fluorenylmethoxycarbonyl-alpha-amino acids with
appropriate side-chain protection. After completion of synthesis, peptides are cleaved
from the solid-phase support with simultaneous side-chain deprotection using standard
hydrogen fluoride methods. Crude peptides are then further purified using Reversed-
Phase Chromatography on Vydac C18 columns using acetonitrile gradients in 0.1%
trifluoroacetic acid (TFA). To remove acetonitrile, peptides are lyophilized from a
solution containing 0.1 % TFA, acetonitrile and water. Purity can be verified by
analytical reversed phase chromatography. Identity of peptides can be verified by mass
spectrometry. Peptides can be solubilized in aqueous buffers at neutral pH.
The invention is illustrated by the following examples that are not
intended to be limiting in any way.
EXAMPLES
Example 1 - PEGylation of GLP-1 related analogs:

PEGylation reactions are run under conditions that permit the formation of a
thioether bond. Specifically, the pH of the solution ranges from about 4 to 9 and the
thiol-containing peptide concentrations range from 1 to 10 molar excess of methoxy-
PEG2-MAL concentration. The PEGylation reactions are normally run at room
temperature. The PEGylated GLP-1 peptide is then isolated using reverse-phase HPLC or
size exclusion chromatography (SEC). PEGylated GLP-1 analogues are characterized
using analytical RP-HPLC, HPLC-SEC, SDS-PAGE, and/or MALDI Mass Spectrometry.

Thiol-containing GLP-1 peptides are reacted with 40 kDa polyethylene glycol-

maleimide (PEG-maleimide) to produce derivatives with PEG covalently attached via a



10

15

20

25

30

<223> xaa at position 5 is Thr or Cys <220> <221> MISC_FEATURE
X;fé%% (6)..(6) <223> Xaa at position 6 is Phe or Cys <220> <221>
“FEATURE <222> (10)..(10) <223> xaa at position 10 is Val, Trp,
lle, Feu, Phe, Tyr, or Cys <220> <221> MISC_FEATURE <222>
(16)..(16) <223> xaa at position 16 is Gly, Glu, Asp, Lys, or Cys <220>
<221> MISC_FEATURE <222> (17)..(17) <223> xaa at position 17 is GIn
or Cys <220><221> MISC_FEATURE '<222> (18)..(18) <223> xaa at
osition 18.is Ala or Cys <220 2 I ATU <222>
S b o RS SR T . Do o O e g lemth 7.5
g2 BB s BEATHR n 22225 (20) n(ROpsd)Batx daffrnositiim 2026 yg
S .<220> <221> MISC FEATURE <222> (21)..(21) <223> xaa at
PR ah e it Sy S350 MBS OB ATUR L3 added 40 me
o 2Xh(24) RRG3IAKAA ot bidsitionr? iGAaeikiys (K3ROPTKE2B>10, Shearwater

ISC FEATURE <222> (27)..( <223> xaa at posijtio is Val or |l
P sy AT e A GRS (353 (98l L SAe A R0 Peptids. The
1e2004Q9 PSA3RET fISP RO 06082 2 2-160201Rcpantedigipgl iz pukiicd by
< > Xaa at position 28.is Lys, Asp, lu, or Cys <220><221> .
R RO 8 b33 s Uy B G s T 20 G GF o s
<220 <221> MISC_FEATURE <222> (30)..(30) <223> xaa at position
30 is Gly, Prowndvle, DF CYD =220 maAR1m1 W S6GE i ATHREL K 2R2Des

31).. <223> xaa at positi is.Gly, Pro, Ser cys <220> < >
I(\/IIS) c ;&ﬁl}ﬂ%gs E%s(?;?é]ég?éL% %nd r\98 18 Gﬂ’ a¥e se}ectlvelyzgé(}ylated at
the introduced cysteine residue using maleimide-activated bifurcated 40 kDa mPEG

(Shearwater Polymers, Inc.). For the PEGylation reaction, the peptide to be PEGylated is
dissolved in 100 mM TRIS buffer at pH 8.0 and a 1.25-fold molar excess of bulk 40 kDa-
mPEG is added. The reaction is allowed to stir at room temperature for 2-3 hours and
then dialyzed overnight (7 kDa membrane) against 10 mM citrate, 10 mM phosphate, pH
7.4 at approximately 5°C. The PEGylated-GLP molecules are purified by anion exchange
chromatography on a Mono-Q column (Amersham Biosciences Corp, Piscataway, NJ)

using a NaCl gradient at neutral pH.

Example 3 - DSPE-3.4kDa-PEG-maleimide reaction with GLP-1 analogs
GLP-1 analogs such as CigEpnVsGLP-1 and ViCayGLP-1 are selectively

PEGylated at the introduced cysteine residue using maleimide-activated 3.4kDa mPEG
terminated with a lipid, distearoyl phosphatidyl ethanolamine (DSPE) (Shearwater
Polymers, Inc.). For the PEGylation reaction, the peptide is dissolved in 100 mM TRIS
buffer at pH 8 and a 1.25-fold molar excess of bulk DSPE-3.4kDa-PEG-maleimide is
added. Absolute ethanol is added to approximately 17% to assist in solubilizing the
DSPE-3.4kDa-PEG-maleimide. The reaction is allowed to stir at room temperature for 2-
3 hours and then dialyzed overnight (7 kDa membrane) against 10 mM citrate, 10 mM
phosphate, pH 7.4 at approximately 5°C. The PEGylated-peptide is purified by anion
exchange chromatography on a Mono-Q) column (Amersham Biosciences Corp,

Piscataway, NJ) using a NaCl gradient at neutral pH.
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<223> xaa at position 32 is Ser, Pro, His, or Cys <220> <221>
I@ FEATURE <222> (33)..(33) <223> xaa at position 33 is Ser, Arg,
)AEF/L , TIp, Lys, or Cys <220> <221> MISC_FEATURE <222> (34)..(34)
<223> xaa at position 34 is Ser, Gly, or Cys <220> <221>
MISC_FEATURE <222> (35)..(35) <223> xaa at position 35 is Ala, Asp,
Arg, Glu, LyS, Gly, or Cys <220> <221> MISC_FEATURE <222>
(36)..(36) <223> xaa at position 36 is Pro, Ala, or cys <220> <221>
MISC_FEATURE <2Z2> (37)..(37) 223> xaa at position 37 is Pro, Ala,
or Cys <220> <221> M%&E&é%@@#%%%) <223> xaa at
positibiEB8283Rrel | sAdaprasginkyhe Hisr@y G Bbderdcaitar, Moghfiad Residuel 1L.C
< > <221> MOD RES <222> (38)..(38) <223> AMIDATION. <220> |
BT Ve e rone b sD Ul ity B sk el i I bnedium

wikr (HE Y ntoys pbligd Cysndbsanl o6 av dadifigd Residuadiagritd YWOday after
2004/0‘193823 PCT/1JS2004/006082 X-16020 sequence Listing.ST2S.txt

segging, theympdiyas tigked off 354 $94yl phsmadee AN AmTeRmds sdded. On

the 2Rkt MISEFFRATHR B0 7444 31l SRABRINAA RPN 1k A
His, Ser, Arg, Lys, Cys, Absent, or a Modified Residue <220> <221>

coptpingEgieopxonge) iy st XEONMISITIEN coppsurd i sdded to each well

to“éb%&a%%%%p%%@eu%l)-é%ﬁéﬁ%%?foéﬂ@eﬂtcﬁﬁﬁiﬁ% izt £&h 3
Arg, Lys, Cys, Absent, or a Modified Residue <220> <221> MOD_RES
nwz@f

%4p)? faynpols PRABATIOR tdeons PRdioeriGeaIfosasesease curve
fréRMWREHER X 331R& A8 Yelefm Al XAR el PHHUADF incubation with the

PEGylated peptide, 20 pl of -lactamase substrate (CCF2/AM, PanVera LLC) is added
and incubation continued for 1 hour at which time fluorescence is determined on a
cytofluor. The assay is further described in Zlokarnik, et al. (1998), Science, 278:84-88.
The following PEGylated GLP-1 peptides were tested as described and had ECsy values
stated below (with ViGLP-1 equal to 100%):

VsCig-3.4kDa DPSE-PEG 4%
Vs-3.4kDa PEG-FMOC 87%
VsCas-3.4kDa DPSE-PEG 18%

VCag-40kDa PEG 3%

VsE»C6-40 kDa PEG 0.7%
VsEpl33Ca0-40kDa PEG (CEX-51) 9.4 +/- 1.5 % [n=5]

Example 5 - Pharmacokinetic analysis of derivatized GLP-1 peptide
A PEGylated GLP-1 analog {(VgEl13Cs0-40 kDa PEG (PEGylated, Cyp-modified

CEX-51)) is administered by intravenous (IV) or subcutaneous (SC) routes at a dose of
0.1 mg/kg to male SD rats. The animals (2 rats per timepoint for IV, 3 rats for timepoint
for SC) are bled at various times between 0 and 336 hours after dosing. Plasma is
collected from each sample and analyzed by radioimmunoassay. Pharmacokinetic
parameters are calculated using model-dependent (IV data) and independent (SC data)
methods (WinNonlin Pro). A representation of the pharamcokinetic parameters is
reported in the Table | below. By IV administration, the PEGylated GLP-1 analog has an
elimination half-life of approximately 1.5 days while by SC administration the PEGylated
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xaa xaa xaa xaa xaa Phe lle xaa Trp Leu Xaa Xaa xaa xaa Xaa Xaa 20
Xi@é)o Xaa Xaa Xaa xaa xaa Xaa Xaa Xaa Xaa 3540 <210> 8 <211>41
> PRT <213> Artificial <220> <223> synthetic Construct <220>
<221> MISC_FEATURE <222> (1)..(1) <223> xaa at position 1 is
L-histidine, D-histidine, desamino-histidine, 2-amino-histidine,
beta-hydroxy-histidine, homobhistidine,.alpha-fluoromethyl-histidine, or
alpha methyl histidine <220> <221> I\YI? C_ FEATURE <222> (2)..(2)

5\% zf/% OSIt b I%ﬂb%ﬁlgééd#flle Ser %ru e<(§ éQ >I\|})0aggverse clinical

olts&twagﬁfﬁ@ﬁetﬂ 862%13151 MISOV W@Rﬁlﬁ%ﬁ%ﬁdﬁbf(ﬁ)ﬁﬁ@&% X B, et C -

Thr or S <220> < MISC-EEATURE <2
BITRL PR SRR SRR S e SR
swzaﬁmae«jlﬁ)s) b(&@aﬁﬁﬁﬂﬁw(am&bmﬁmdry £0%9 Yal drs€ysd<az 0 thddpound.
MISC-FEATURE- <222> (16)..(16) <223> xaa at position 16 is Gly, Glu,

Asp, Lys or Cys <220> <221> MISC_FEATURE <222> (17)..(17) <223>
xaa atgdsifien 17 is GIn or Cys <220><221> MISC FEATURE <222>

Vsg/F' 0
al, ml/ke) i
Xaa @y, positjon 20 iYys orit§s <290 <223028ASC-AEATURB. X222> 161
(2HiphBa pre23> xaa at posmon 21 |s Glu or Cys <220> <221>
MISC_FEATURE <%22> (24§7(24) !-2 18128 1.3 5.5 256 60

MISTREBATIURE 282> (

? Maximum observed plasma concentration.
® Time of maximum observed plasma concentration.

¢ Area under the plasma concentration-time curve measured from 0 to infinity.
¢ Elimination half-life in days.

© Total body clearance as a function of bioavailability.

"Volume of distribution at steady state as a function of bioavailability.

¥ Percent bioavailability.

When Vg-GLP(7-37)OH is similarly TV administered to Fischer 344 rats at a dose of

10 pg/kg, profoundly different clearance and elimination half-life values are obtained as

listed below.
Clearance: 1449 ml/hr/kg
t1/2 (hr): 0.05

A PEGylated GLP-1 analog (VEx133Cs-40 kDa PEG (PEGylated, Cg-modified
CEX-51)) is administered by intravenous (1V) or subcutaneous (SC) routes at a dose of
0.1 mg/kg to male cynomolgus monkeys. The animals are bled at various times between
0 and 336 hours after dosing. Plasma is collected from each sample and analyzed by
radioimmunoassay. Pharmacokinetic parameters are calculated using model-dependent
(IV data) and independent (SC data) methods (WinNonlin Pro). A representation of the
pharamcokinetic parameters is reported in the Table 2 below. By IV administration, the
PEGylated GLP-1 analog has an elimination half-life of approximately 59.5 hours while
by SC administration the PEGylated GLP-1 analog has an elimination half-life of

approximately 61.6 hours.



<223> xaa at position 24 is Ala or Cys <220> <221> MISC_FEATURE

<222> (27)..(27) <223> xaa at position 27 is Val or lle <220> <221>
Xﬂ/ﬁé%?FEATURE <222> (28)..(28) <223> xaa at position 28 is Lys or Cys

<220> <221> MISC_FEATURE <222> (29)..(29) <223> xaa at position

29 is Gly or Cys Page 16 WO 2004/093523 PCT/US2004/006082

X-16020 Sequence Listing.5T25.txt <_2§ > <221> MISC_FEATURE

<222> (30)..(30) <223> xaa at position"30 is Gly or Cys <220> <221>

MISC_FEATURE <222> (31)..(31) <223> xaa at position 31 is Pro or Cys

<220> <221> MISC_FEATURE <222> (32)..(32) <223> xaa at position

32 is Beb]d20, His, or Cys <220> <221> MISC_FEATURE <222>

(33)..(33) <223> xaa at position 33 is Ser, Arg, Thr, Trp, Lys, or Cys
<2 ’Ci\ <221>-MISEFFEATURE-<222> (34)-{34)<223>Xaa at positien
34 sger, Gly, or Cys <220> <221> MISC_FEATURE <222> (35)..(35)
<223%Pxaa at %%s}i%{)g 35@.4la, Agp,Arg, GlocLys, Gly,.0r C_y_s C§]22(_)> Vss
<221»dMSC REng222> (36)..(36)ng2R3: .xaa dhpositian/Beds (ml/ke)
Pra, Ala] or Cy804&220> <2ia?> MISQ) FEATAIRE <2229.837)..(8:0)7<223>57.5
Xaa at positiofi087#74 Pro 28K, or Cyd) <220363201> MMSC_ FEATWRE  46.6
<222> (38)..(3BP4223> x&@7at position 38 kP62 Ala, Arg, Lys,His, Cys, 51.3
Absent, or a Medified Rexidfie <220> <2255 NOD_RES <2223 51.8
(38)..(38) <22B> AMIDATBON <220p <2244MI8C_FEATURE(<4322> 5.5
(39)..(839) <223> xaa at position 39 is Ser, His, Pro, Lys, Arg, Cys, Absent

or a—Medified-Residue <2203 5 ;
Dose Anvional # sCHES AUC,.f £10 CL/F* Vss/F
(mg/ke) (ng/mb) ()  (g*mb) () (mi/hkg) (ml/kg)

0.1 100478 057 720 113518 644 0.88 81.8
100480 976 48.0 138306 58.8 0.72 61.3

Mean 817 60.0 125912  61.6 0.80 71.6

* Maximum observed plasma concentration.

® Time of maximum observed plasma concentration.

¢ Area under the plasma concentration-time curve measured from 0 to infinity.
Y Elimination half-life.

* Total body clearance as a function of bioavailability.

"Volume of distribution as a function of bioavailability.

SD = Standard deviation.

Example 6 - Pharmacodynamic analysis of derivatized GLP-1 peptide
A PEGylated GLP-1 analog (VgE2133C40-40 kDa PEG (PEGylated, Cyp-modified

CEX-51)) is administered by subcutaneous (SC) route at doses of 3 nmol/kg (12.33mg/kg

= 0.62 pg (microgram)/50g mouse) or 10 nmol/’kg (41mg/kg = 2 ug (microgram)/50g
mouse) to male CS?BL/60iaHsd—Lep°b mice versus a vehicle only control. The animals
(6 mice per timepoint) are dosed with a single injection of either the PEGylated GLP-1
analog or vehicle at 11:00am. The mice are then fasted overnight and an IPTGG (1 g
dextrose/kg i.p.) is performed. Repeat samples for glucose and insulin are taken pre and
after the glucose injection at 15, 30, 60, 90, and 120 minutes. A representation of the

pharamcodynamic parameters is reported in the Tables below.



<221> MOD_RES <222> (39)..(39) <223> AMIDATION <220> <221>
MISC_FEATURE Page 17 WO 2004/093823 PCTIUS2004/006082

X&Q@@MO)..MO) X-16020 sequence Listing.5T25.txt <223> xaa at position
40 is His, Ser, Arg, Lys, Cys, Absent, or a Modified Residue <220>
<221> MOD_RES <222> (40)..(40) <223> AMIDATION <220> <221>
MISCFEATURE <222> (41)..(41) <223> xaa at position 41 is His. Ser,
Arg, Lys, Cys, Absent, or a Modified R&sidue 4220> <221> MOD_RES
<222> (41)..(41) <223> AMIDATION <400> 8 xaa Xaa Glu Gly xaa xaa
Thr Ser Asp xaa Ser Ser Tyr Lys Glu xaa 15 10 15 xaa xaa xaa xaa xaa
Phe lle xaa Trp Leu xaa xaa xaa xaa xaa xaa 20 25 30 xaa xaa Xaa xaa
xaa Xaa xaa ﬁ&%ﬁ%ﬁé%% <210> 9 <211> 44 <212> PRT <213>

ifici ¢ ol o1>

MISC_FEATUREX®%55 (5). @522623> 38 780pbsition 5 is Thr or Cys
<220> <221> MISEI EEATURE 800> (6 2 f)%é23> xaa at position 6 is
Phe or Cys <220>%331> MISCG2REATUREL<D22> (10)..(10) <223> Xaa

(16)..(16) <223> Xda 4t ~
-2 J04/008082/ -X-16020°Sequence Listing. ST25.txt
Avstge MISC_FERTURE <24321(335..(17549B83x aa at position 17 is Gln

Shrieyer <220> <2299 Mi5C_FEKTURE <22P213B)..(18) <223> xaa at
PY38ifon 18 is Alaor Cys  0-000659  0.000365

Vehicle Day0 Day0 Day 0
Strain Mouse ID GRP Weight Glucose  Actual Glucose
ob/ob MR A 497 2314 462.8
ob/ob MS A 46.9  260.5 521
ob/ob MZ A 48.5 2063 412.6
ob/ob NA A 47.1 2096 419.2
ob/ob NI A 468  180.3 360.6
ob/ob NK A 48.7 222 444
Average 4795 - 436.7
St. Error 6.48563 21.99944
3 nmol GLP-1 PEG
ob/ob MO C 494  187.1 374.2
ob/ob MP C 457 2128 425.6
ob/ob MT C 533 2335 507
ob/ob NC C 49.9 226 452
ob/ob NE C 50.3 247 494
ob/ob NG C 49.5 2077 415.4
Average 49.6833 4447
St. Error 0.99144 20.46022
10 nmol GLP-1 PEG
ob/ob Ml D 493 259 518
ob/ob ML D 474 2219 4438
ob/ob MU D 46.4 2326 465.2
ob/ob MY D 482  227.6 455.2
ob/ob NB D 515 1857 3714
ob/ob ND D 426 196.5 393
Average 47.5667 441.1

St. Error 1.22384 21.50366



<220> <221> MISC_FEATURE <222> (19)..(19) <223> xaa at position
19 is Ala or cys <220> <221> MISC_FEATURE <222> (20)..(20) <223>
X489 position 20 is Lys or Cys <220> <221> MISC_FEATURE <2225
(21)..(21) <223> xaa at position 21 is Glu or Cys <220> <221>
MISC_FEATURE <222> (24)..(24) <223> xaa at position 24 is Ala or Cys
<220> <221> MISC_FEATURE <222> (28)..(28) <223> xaa at position
28 is Lys or cys <220> <221> MISC FEATURE <222> (29)..(29) <223>
xaa at position 29 is Gly or Cys <220> <221> MISC_FEATURE <222>
(30)..(30) <223> xaa at position 30 is Gly or Cys <220> <221>
MISC_FEATURE <222> (31)..(31) <223> xaa at position 31 is Pro or Cys
g%%g? <221> MIS§Ce FEAT%JRE <222'>e(302)"(32) <223> x?na at posj;[iin?ﬂn120
J296n £10 LT G 2202 SRR IS R ATURE S22, e
<o00> <200 MlSZf;EFEAngE <2223, (34)..(34),£223> xaa at positigh
34Nz Ser, fay, or Gys Page; k3 WO 2Q94/093823 RCTIUS2004/096682,
<28@> X-16020 segquence Listing.ST2h4xt > <2212 MISCEFEATURE,
<222> (3b)9435) ¥223> xaasat2position:85 is AlasAsp, Arg.s&slu, Lys, iy
or’gys <p2> <224 MISCsEEATURE.x222> (B6)..(36) <R23> xaasat4
position 36is Pro/a, Cys sA&bisent, osamodified: Residuesx220> <221>
MOD_RES 2275 (38)..(36F @23 >2AMIDAT IO MNI«220> 722%38  82.05989581
MISC _FEATURE <222> (37)..(37)

3 nmob
GLP-1 PEG

MO 0.0088 70.2 206.4 3252 2409 2142
MP 0.0914 96.6 386.7 408 2952 196.5
MT (.1066 84 3087 369.6 2733 2472
NC 0.0998 156 4812 521.7 532.8 449.1 389.7
NE 0.1006 158.7 4536 531 287.1 258 518.7
NG 0.099 83.7 433.5 461 4 378.6 310.5 405.3

Ave 108.2 378.35 436,15 334,65 3392 3286

StError  15.91596683  42.333590084  33.90384197 4380457168  57.00166664  52.57307296
pValue 0.074622226  0.127534361  0.012940369  0.004544365  0.073533898  (.021860517

10 nmol

GLP-1 PEG .
MI (5.0986 g1.2 164 4 3123 290.1 2178
ML 0.0948 68.1 118.6 285.3 152.1 135
MU 0.0928 1146 384.6 489.3 4203 385.%
MY 0.0964 186 5316 606.3 4473 147.1 3633
NB 0.103 92.4 354 261.6 151.5 117 2106
ND 0.0852 90.3 2715 2727 2094 147.6 147
Ave 107.1 338.45 37125 27845 203.9 24325

StError 16.88549674  49.69268055 5824718448 5342159208 7214284441 4377524685

pValue 0.049860093  0.06660094  0.013403998  0.002986998  0.040209038  0.018193438
0 15 36 60 90 120
Vehicle  ave 171.25 490.7 638.15 6932 510 535.85
3nmol Ave 108.2 378.35 436.15 334.65 3392 3286

10nmol  ave 107.1 338.45 17125 278.45 2029 24325



<223> Xaa at position 37 is Pro, Ala, Cys, Absent, or a modified Residue
<220> <221>MOD_RES <222> (37)..(37) <223> AMIDATION <220>

< OMISC_FEATURE <222> (38)..(38) <223> xaa at position 38 is
Pro, Ala, Arg, Lys, His, Cys, Absent, or a Modified Residue <220> <221>
MOD_RES <222> (38)..(38) <223> AMIDATION <220> <221>
MISC_FEATURE <222> (39)..(39) <223> xaa at position 39 is Ser, His,
Pro, Lys, Arg, Gly, Cys, Absent, or a mddified Residue <220> <221>
MOD_RES <222> (39)..(39) <223> AMIDATION <220> <221>
Mk$ FEATURE <222> (40) (40) <223> xaa at posmon 40 is His, Ser,

me 120

% PBObC G/b,(th:g: M ulin Q%ual 115\19 %cma? nsu %d ABtues nsu gl <A%t§ulg%15ulln Ac%al Insuiin

M%Rt%ogg;zb {40)..(40) ,5223> AMJIDATION ,52205<221>

MIS@s FEATLRE 222> (41)5 ((41) <223> Xaa at ppsmon 41 is His, Sgg
ArgmMzys, Cysy Absent, or a Page 20 W©,21814/093823
PCNAS200440406082 X-16020 Sequence Listing;5T25. txt3Mod|f|ed 16
Resfue <220> <224> MOD2RES <222> (41)..(4%) <223>AMIDATION
<2288 <22TMISCAEEATURE <222>x42)..(42) x223> Xaa at position

42 is Gly, His; Cysji&bsent, orsd modified Residue=<220> <221> 44

MOD_RESFa2D83¢23% (42)0-8223> AMIDATION 0<220 &22381  0.572712843

MljSC FEATURE <222> (43)..(43) <223> xaa at position 43 is Pro, His,
ii@)ﬁs@nt or a modified Residue <220> <221> MOD_RES <222>

%SM@S) 5R&3> AMIDATION .

5.7 4.8 2.7
MP 0.0914 57 16,5 12.6 8.7 9.6
MT 0.1066 5.4 45 4.8 8.4 27
NC 0.099% 70.8 56.4 69.9 24.6 327 30
NE 0.1006 27.9 14.7 24.6 114 129 252
NG 0.099 12.6 13.8 10.8 iz 12.6 19.5
ave 21.2 18.75 214 11.65 19.4 14.95

Strror 10.54808039 842807807  10.123141% 2793295545  6.650563886  4.764504171

pValue 0.198202864  0.11819731  (,123985004  0.023885517  0.127758283  0.089610323

10 nmol
GLP-1 PEG

MIJ 0.0586 393 16.5 13.5 31.2 13.5
ML 0.0948 1335 36.9 48 19.2 14.4
MU 0.0928 32.4 13.8 15.6 17 123
MY 0.0964 121.2 122.7 93.1 83.8 56.1 48.3
NB 0.103 35.7 50.7 56.4 34.8 13.2 163
ND 0.0852 70.5 56.7 63.9 213 10.8 75
Ave 521 49.55 48,75 34.05 26.7 18.75

StError 1573130637 162621801  12.62063786  10.88735505 1471631747 6035768385

pValue 0.033003008 003509872  (.014767024  0.034508806  0.24535686  0.069087455
0 15 30 60 20 120
Vehicle Ay 5.45 2.85 2.7 2.7 3 44
3nmol Ave 212 18.75 214 11.65 19.4 14.95
10nmol  Ave 52.1 45.55 48.75 34.05 267 1875



<220> <221> MISC_FEATURE <222> (44)..(44) <223> xaa at position
44 is Ser, His, Cys, Absent, or a modified Residue <220> <221>

MO RES <222> (44)..(44) <223> AMIDATION <400> 9 His Ala Glu
Gly Thr Phe Thr Ser Asp val Ser Ser Tyr Leu Glu Gly 1510 15 GIn Ala
Ala Lys Glu Phe lle Ala Trp Leu Val Lys Gly Gly Pro Xaa 20 25 30 xaa
Xaa xaa xaa Xaa Xaa Xaa xaa xaa xaa xaa xaa 35 40 <210> 10 <211>
39 <212> PRT <213> Artificial <2205 £223> synthetic Construct <220>
Page 21 WO 211114/093823 PCT/US2004/1106082 X-16020 Sequence
Listing.‘S/Th?g?.txt <221> MISC_FEATURE <222> (1)..(1) <223> Xaa at
position*¥1§'t -histidine,' DeRistidiiie; } Hesirriffo-hiStidifie, Tme%  Time120
2-aminadni;stﬁnin®pdaetaﬁ1§§3?£bxy- Ctuéléll'liné\ S BEEONISUAINE, Tomite  ponne
alpha-flustdmethybhistidize, alphasmethyl-histidinejsArg, Tyr, <220>736
<221> MMC_FEARURB24222> (2).(2) <228> xaarat position 2 is Gl
Ser, Ala,™¢ Thr 220> «221> MIBE_FEATURE <222> (3)..(3) <2236
xaa at posftion 398'Glu, Ala, or ASH! <22082221>MISC_FEATURE?0s!
<222> (4)..(4) <29%> xa&i*at positidhl 4 is GIYf, Ala, ¥fVal <220> <22¥¥
MISG 29750003%Ey ! 3 is Fhr-Cysitor -
Ala <220> <2218 MISCREATURE’ <225% 6)..(6§2223>%Ha at patifion
6 is Phe, Cys, Alaor {1 <5208 2537 I MiSee PATHRES2DZ3S (7.7
<223> %ag,at position 7 is Thr or Ser <220> <221> MISC_FEATURE
<222%1(B)18)<223> xaa at position 8 is Ser, Ala, or Thr <220> <221>

MISC_FERTURE93€222> (9)..(9) 2130 3492 2613 1989
MP 00914 2472 5445 4632 4326 4248

MT 0.1066 2577 2019 2802 4149 3027

NC 0.0998 9663 10278 6759 7197 9846

NE 0.1006 6726 5349 6747 1843 9833

NG 0.069 5010 4812 3975 5670 6390 8337
Ave 5289.6 5155.5 4329.6 4703.4 5810 62175

StError 1234.32027%  1163.8275 615.6346725 644.8310244 1010.714104 1447410464
pValue 0.104283454 0021669546 0.012956014 0.010105544 0.095491566 0.15910403

10 nmol
GLP-1 PEG
MIJ 0.0986 200 3501 4796 10332 5901
ML 0.0948 3687 £040 9627 4821
MU 0.0928 5953 6300 7278
MY 0.0964 16212 17643 13266 12423 11124 11943
NB 0.103 8139 9174 11262 7170 4362 6954
ND 0.0852 12162 8478 10785 4947 3867 4506

Ave 88925 9369 9256 8718 6451 6%00.5
StError  1856.727996 20962594409 1365273526 1352.954914 2340.865438 1104 975497
pValue 0.015654599 (.025508262 0001556618 0.035883718 0.263009115 0.082555028

0 15 30 60 90 120
Vehicle  ave 2644 1932.5 1794 2044 2437 1803
3nmol Ave 5289.6 5155.3 43206 4703 .4 5810 6217.5

10nmol  ave 8892.5 9369 9256 8718 6451 6905
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<223> xaa at position 9 is Asp or Glu <220> <221> MISC_FEATURE
<222> (10)..(10) <223> xaa at position 10 is Leu, Cys, Ala, lle, Val, or met
<220> <221> MISC_FEATURE <222> (11)..(11) <223> xaa at position
11 is Ser or Ala <220> <221> MISC_FEATURE <222> (12)..(12) <223>
xaa at position 12 is Lys or Ala Page 22 WO 20041093823
PCTIUS2004/006082 X-16020 sequence Listing.ST2S.txt <220> <221>
MISC_FEATURE <222> (13)..(13) <223> Xaa at position 13 is GIn or Ala
<220> <221> MISC_FEATURE <222> (14)..(14) <223> xaa at position
14 {sLhévfAla, Leu, lle, or Val <220> <221> MISC_FEATURE <222>
(15)..(15) <223> xaa at position 15 is Glu or Ala <220> <221>

MISC A 16)..(16) <223> Xaa at position 16 is Glu, C

o R D5 THeT S S3RER 50 L B i sSayanee Cromuia
positioY X33 MEYy$)or Ala <220> <221> MISC_FEATURE <222>
(18)..(18) <223> xaa a-position 18 isAla o <220><221>

MISC_F EAT%%E%&?R%’ 3((15& é%%%‘;_)[{a%! %‘Frﬁossﬁi‘gﬁaié"%e(ié?ﬁﬁigﬁm‘9'

or Ala <220X2222 (HNHEG,-REATFHRE,-X222>X20)-120) <PRSHXNamas-Trp-Leu-
position 20 i N Qr.Alass220s <221> Ml FEATU <222>
(21)..(21) <2%§§>'§X§;éé§% g{)@; ?o>r%<a 16?5?_366, V& O MA 35%%32?' das-Xadus-
MISC_FEAPURE-X@22X¢22)X@2) <223> xaa at position 22 is Phe, Ala,

or Tyr <220> <221%M&§1%F\ﬁ&£§%5 I\Z%Z%T (23)..(23) <223> xaa at
et <

position 23 is lle, val, Leu, Gly, or 0>'<221> MISC_FEATURE
<2225Mp¥iNpA)

Xaa; is: L-histidine, D-histidine, desamino-histidine, 2-amino-histidine, -

hydroxy-histidine, homohistidine, a-fluoromethyl-histidine, or a-methyl-

histidine;

Xaag 1s: Ala, Gly, Val, Leu, le, Ser, or Thr;

Xaayy 1s: Thr or Cys

Xaayy 15t Phe, Trp, Tyr, or Cys;

Xaaye is: Val, Trp, lle, Leu, Phe, Tyr, or Cys;

Xaayg is: Ser, Trp, Tyr, Phe, Lys, Ile, Leu, Val;

Xaayg is: Tyr, Trp, or Phe;

Xaay is: Leu, Phe, Tyr, or Trp;

Xaay is: Gly, Glu, Asp, Lys or Cys;

Xaap; 1s: Gln or Cys;

Xaayg is: Ala or Cys;

Xaaps 15: Ala, Val, Ile, Leu, or Cys;

Xaagg 1s: Lys or Cys;

Xaay; is: Glu, Ile, Ala, or Cys;

Xaayy is: Ala, Glu or Cys

Xaasy is: Val or Tle;

Xaayg 15: Lys, Asp, Arg, Glu or Cys;

Xaass 1s: Gly or Cys;

Xaazg 15: Gly, Pro, Arg or Cys;



<223> xaa at position 24 is Glu, Cys, Ala, or Asp <220> <221>
MISC_FEATURE <222> (25)..(25) Page 23 WO 2003/093823
PCT/US2004/006082 X-16020 Sequence Listing.ST25.txt <223> xaa at
position 25 is Trp, Ala, Phe, or Tyr <220> <221> MISC_FEATURE

<222> (26)..(26) <223> xaa at position 26is Leu or Ala <220> <221>
MISC_FEATURE <222> (27)..(27) <223> Xaa at position 27 is Lys or Ala
<220>s221> MISC_FEATURE <222> (28)..(28) .223> Xaa at position 28
is Asn. V¥, ‘Sr’\gﬁj{% 12522§§f£§ BPMISC_FEATURE <222> (29)..(29)
<223>Xam @it pBaitiBro 2Hiis Blyar Cys <220> <221> MISC_FEATURE

<222>)'g30&%|(§§ <2 3>%< alflxhp sition 30 is Gly or cys <220> <221>
MISC_FE/ £ §2>E(‘3 Y H31Y°<J23%%%aa at position 31 is Pro or Cys

<220>X%224 s MSCIFEATYRE <222> (32)..(32) <223> xaa at position

32 is Sgr, Cys, Absent, or a modified Residue , <220> <221> MOD_RES

<222>s‘§§§‘)‘.¥é2§\a<§2‘§>9i\rﬁtlr§%‘r#dﬁr%285932929 MISC_FEATURE

<222>X33) (83«22 By> Gpg birhositisraBR:is; Ser, cys, Absent, or a

modifigd Residye <220% <221> MOD_RES <222> (33)..(33) <223>
SR B2 TGRS

AMIDAT] £ . E <222> (34)..(34) <223> xaa
at positiem: 34816l @ ysrabsentior €ysodifigdhResibkedt <220> <221>

MISC L BRTURE RSt W Ao iobse Pt p D82 oaioo6062
X-160208etuéhiccsSeistag, 3T25Cys<NPR>o(36)b3b); 183> xaa at
positon 3 18 A G ANk, A FRgsd Rgsive
and wherein:
at least one Cys residue is covalently attached to a PEG molecule, and provided
that if Xaag,, Xaass, Xaags, Xaass or Xaas is absent each amino acid downstream is

absent; and provided that there are no more than two Cys residues in the molecule.

2. The PEGylated GLP-1 compound of claim 1, provided that the PEGylated GLP-1
compound does not differ from GLP-1(7-37)OH or GLP-1(7-36)NH, by more
than 7 amino acids within the amino acids from 7-37.

3. The PEGylated GLP-1 compound of claim 1, provided that the PEGylated GLP-1
compound does not differ from GLP-1(7-37)0H or GLP-1(7-36)NH; by more
than 6 amino acids within the amino acids from 7-37.

4. The PEGylated GLP-1 compound of claim 1, provided that the PEGylated GLP-1
compound does not differ from GLP-1(7-37)OH or GLP-1(7-36)NH; by more
than 5 amino acids within the amino acids from 7-37.

5. The PEGylated GLP-1 compound of claim 1, provided that the PEGylated GLP-1
compound does not differ from GLP-1(7-37)OH or GLP-1(7-36)NH, by more

than 4 amino acids within the amino acids from 7-37.



<220> <221> MOD_RES <222> (35)..(35) <223> AMIDATION <220>
<221> MISC_FEATURE <222> (36)..(36) <223> xaa at position 36 is
Pro, Cys, Absent, or a modified Residue <220><221> MOD_RES <222>
(36)..(36) <223> AMIDATION <220> <221> MISC_FEATURE <222>
(37)..(37) <223> Xaa at position 37 is Prd’ €ys, Absent, or a modified
Residue <220><221>MOD_RES <222> (37)..(37) <223> AMIDATION
<220> <221> MISC_FEATURE <222> (38)..(38) <223> xaa at position
38 is Pro, Cys, Absent, or a modified Residue <220> <221> MOD_RES
<257> T8\ issylaabel Inhrompiont edemm<RaisWiSChEBATIRE lated GLP-1
<222> tpositi ' o ;
modifed B s e e R DS T S5t by o
AMIDATIOR awingscids xathivdisaivaasas kaanxad kaa Xaa Xaa xaa

5 xaaXem¥aasaa Keavhad G5 Xaadaarenan xAR PANRR YRR

Xaa xaa xaa xaa xaa xaa xaa 20 25 30 xaa xaa Xaa xaa xaa Xaa Xxaa
Page gaanufacture of a medicament for the treatment of diabetes, obesity, stroke,
myocardial infarction, irritable bowel syndrome or functional dyspepsia.
8. The use of claim 7 wherein the medicament is used to treat diabetes.

9. The use of claim 8 wherein the diabetes is non-insulin dependent diabetes.

10 10. The use of claim 7 wherein the medicament is used to treat obesity.





