WD 2010/ 070251PCT/ GB2008/ 004121 GLUCAGON ANALOGUES FI ELD OF THE | NVENTI ON
The present invention relates to glucagon anal ogues and their nedical use,
for exanpwWe 2m/i7bas15t r eat ment of excess food i ntake, obesirigBassbhoereess
wei ght . BACKGROUND OF THE | NVENTI ON Preprogl ucagon is a 158 am no acid
precursor polypeptide that is differentiall rocessed in the tissues to
forma nunber of structurally reIﬁ\'lé(Ele)?% A &Hﬁsderi ved pepti des,

i ncl udi ng glucagon 10(G u), glucagon-like peptide-1 (G.P-1), glucagon-like
peptide-2 (Kefd oF THRNAvERWBonodul in (OXM . These nol ecul es are involved in
a wde variﬁty of physij ol o%i cal functions, including %I ucose honeost asi s,

i nsul i n secr St SAM '@égtﬂnir@ EH{StHCAY N ARRoguse @ad ihﬁ'amegje viden for gt ip thes

regul at i%on tebtrienbof eixedsaked intfke] abesigand bsess Wdgrani no aci d peptide that
corresponds to amno acids 53 to 81 of pre-proglucagon and has the sequence
H s-Ser-@& gﬂ%{ Thr - Phe- Thr - Ser - Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- Ser - Ar g- Ar gAl a-
A n- Asp- Phe2RRHCROYUNR G5 THE INNENTIQYL- Thr (SEQ 1D NO 1). Oxyntomodulin (OXM
is a 37 an}ﬁr@re@ld;dig@ﬁipf@ﬂd&ar‘ﬁhb@hd br@&lr_éﬁﬂ@&ly&ébgd&tﬁm @ﬁ&erﬁiauyadt?@da@s_ea(ﬁi fle
sequence ofy e _car boxyternn ex sion (am no
R e ot s R e e

Lys- Ar gOAs fShy. glusagrnaike pentide-A(GLR- BEXhidageBe peptidaRdGLR2head Siyniompduini @XV).
ﬂ_ept iSde (1; Toksd Bolﬁéuld;fwe i_fF_irb]UNegﬁﬁéWi@é‘%_lﬁ_ie@foé bwmrbg@glﬂ_ymm,d%&oﬁh ig%c%\éBJSA A

i s- Ser - - -Thr - - Thr- Ser - - Tyr-Ser-Lys- Tyr-leu-Asp- Ser - Arg- Arg- Al a
"G n- Asp- PSR S s e PRSP P 204 AT e eh AR & o)
(SEQ I D NOi™&ke. The mmj or biol ogically active fragment of GLP-1 is produced
as a 30-amno acid, Cternmnally am dated peptide that corresponds to am no

aci ds 98 t%'127 of he: .ZS%r O%| uc n. g uca%on hel ps maintain the | evel of
gl ucose i n THE%BI 884 B9 A5 iA af'dfﬁ%gm@awﬂs AU A9 B3P P Rfegrroelwsagon
causi ng t henfl hgsthe sequeedediis 8ergblorShsSEr-PheT br$at-Asp- TykeerLgs-Tyrd u-gby 8ages-Arg-

through gl yenaRNRLYHESal-8f-TrHRES AVSTARR | HEGaaN
stinulates the || berggg&%?nﬁ%esi z% A%éggh@??g@@qpuﬁggmg@“g uconseggénesi S.

This gl ucof8"oPcdg AICGIdphiBe BIERIGIE £F 2R IRP 2piF eQRRDGER) S PRI IR pent
of hypogl ycetapentidOxdvboxsternsiha agtedbidnrigroind hadddaa0d9 bipré-pepiocesen, thavih@md

i ngest iogn J oot en A0 eal i ont ; . 5ho to
SUppI 68 agéﬂﬁ"%e%%ﬁ&ﬁ%%?%w% PRRSROIENEES) B et MRS R RiGI°LP
Journal of "EAdBR 4! 8IUSHSP AREMNEVAHENPAH] isdiys HisSe:-ClrSly-Thpdoe Thnigsr-Asp-Tyr-
2ﬁ03/ 02 f230éS)er—L)PsFITy&ddi-MmSerTA@g-Ad’ngS&Gmn@b%bi\QI-efnﬁE@L&—M@Msﬁhhﬁ[;&-ﬁbmsrh-é\fg-t 0
t hose o R- . e s AT, '

since rat SAESP&‘I? E%Mffy%b o@ n 'Sﬁhgﬁ%ﬁpgﬁé%ﬁﬁggg*’%%@/@ﬁ%ﬁﬁ@%%&@%ﬁgalsa
pair-fed raP3mimBastni-tEmingtt anidatestperidrgiat couesporms draming peida $8en f 2091 Pibese
rodent 25W piogld¥dgonl so i nproves their glucose tolerance (Parlevliet et al,
Am J Physi ol Endocrinol Metab, 294, E142-7, 2008) and 40suppresses body

wei ght gain (WO 2003/ 022304). WO 2010/ 070251PCT/ GB2008/ 004121 OXM acti vat es
bot h t he glQcagemhealirsdesitan tharteyekal gluggspinthe bleedinyorinditotit glacaommretcenters ah gher
potency f Ohepdiboytth agRdNthE Aef Rl rBkasd\WRicoddestére®mind BB RoogddUthoSgH €SS

pot ent thanI nat i v'es._l Uﬁ%goq ang G_P-dl on their r sglectqtvm r ceﬁ\} ors.

& ucagon | SYAREROISID ARTE R TIo%E Pree RS BL P e sirbREs et dT SR eR

5st r ong0pr e@fiditiamatgiudosy byt glecogsageregsnTisgeseis rgeased tntrethGh/Podbtrean epdventing GLP- 1
on the ot hele 2R86Mst BAlypsRaRize of activating the glucagon receptor. The
mechani sm of action of oxyntonodulin is not well understood. In particular,

it is not known whether the effects of the hornone are nedi ated excl usively
t hr ough t hé&®Xil i celgpsiad ineakpblord iaredpdrae taGhéd ihgestaepidon proportidnic oweglvapne or

nor e as-yelkodiEt: A8 hid Gfln SRGHRb Qippress appetite and inhibit food intake in humans (Cohen et al,
35  Journal of Endocrinology and Metabolism, 88, 4696-4701, 2003; WO 2003/022304). In addition to
those anorectic effects, which are similar to those of GLP-1, OXM must also affect body weight by
another mechanism, since rats treated with oxyntomodulin show less body weight gain than pair-fed
rats (Bloom, Endocrinology 2004, 145, 2687). Treatment of obese rodents with OXM also improves
their glucose tolerance (Parlevliet et al, Am J Physiol Endocrinol Metab, 294, E142-7, 2008) and
40  suppresses body weight gain (WO 2003/022304).



10 O her peptides have been shown to bind and activate both the gl ucagon
and the G.P-1 receptor (Hort et al, Journal of Biological Chem stry, 269,
30121- 301020804 )25and t o suppress body wei ght gain and retdwB20ds004i2int ake
(WD 2006/ 134340; WD 2007/ 100535; WD 2008/ 101017). 15Cnesity, classified is
a globally increasing health problemand is associated with various

di seases, particularly cardiovascul ar di sease (CVD), type 2 diabetes,

obst ruct i veOXWeetyap heth theghrchgtiniedeppesndahie GBING @dcep@RWitasiveaad hiiidr bbencyAsr a
result, obegi Liycdas & ) | i expectancy. According.to 2005
proj ecti ons bg (t:gr%}g \r/‘br&ﬁ% O(Illgrgfkfdﬁt%g é%%il’{g'g{) ?tés:\'g?ﬁfé)?eggé?%n %ﬁﬁéﬁﬁgf’ﬁ‘ oy 'd:g? ts
(age > 15) ¥ BYLEEReslyescepBEsEluGRsIe ivdlsgsarabie af iqetiveliig hotierssapiors, thonghwith a

bel ik_evecﬁ tT ostioag prbte_réhe@gﬂ’d_e lgri8stioR geceptuisivetthe 80PM ey@moabig_@-ﬁ&ﬁh@otgértr@ﬁd is
SNDKI ng. I rlv an | ncrease I n diabetes, and, . .

appr oxi mat gﬁ) ;Eégoga)egpacge%ﬁ% %‘x\ﬁﬁh{: of 3%’3&9' e ges 3g'srﬂé’ya%8” G CHAPRED 5 BRse.
There are 248 UnpersiPerh Inagistler, ikisrobiktions wikther tok effsetsobthe Anrthoby ar20Slisted | s

estimat ed tdxalusiddOthrsug the Bludddoh rdaame:r At ARESIES1 robBUld, faNBughdil bl BPRlas-yet

car di ovasc%n%ntriﬁleﬁgecgqfract ors including high/aberrant LDL and triglycerides
and | ow HDL. People Wi TR di abetes are 2 to 4 times nore likely to devel op
cardi ov@scul ar di sease than peopl e without diabetes, naking it the nost

g 8 (r;m ][1 fﬁmm&?felt)%s aévediea:b@fo%-tq L?ﬁd ﬂ{d%‘éﬁ\;t%%o@{ thelg® lﬁaa&ﬂae Fﬁbfﬂ_rgé&‘b’%ﬁbom
00 e nor [ [ eopl e h di_ahe oun ults w i abet es
have 30r at ég%gfe?élo‘i%WSW%ﬁg%W' %Gg'és%’@%?’(ﬁq%%ﬁ%?ﬁ’gg% ﬁﬁitoﬁP%"éﬁsq‘P%‘ﬁe'Qmose
in young adi@inandugduboispd thiekib 8Y @ 20061184840y Btth200 7100585t WE 200ghoiont)i dence and
preval ence of obesity and type 2 diabetes, the norbidity and nortality
rates relating.to these tapol i c di sorders underscore the nedical need for
ef fi caé%ouséqeg@aflﬁ%sﬂieg 5&”5;?‘&9?&3’ BeeasNgNgRINATSPlen Art is apsgcigted with VRjopdiseeats: need
for treati ngrticbledy dapdienstulanpisease (VD)) twpoBdiakictdscotdirodive sISINMARY cekaiiyies of

| NVENTI ON | fi t ' ' ' ingst he
Formil a Ri- 2 &r b0 SeaTBak, as o 28yl DUERS ke B DI de BRSRROP b
al kyl , acet!)POOFRSRIRGHPNS hydhe, Wprld idpalth Organizationdesse §ie;40Rmilliag adpitsdpoatt) X is a
pepti de whiddsinabastdbesd vagriawida. Ih thedS, obesity is now believed to be the second-leading cause of

Hi s- SeronG n- - Thr.- 5 - - Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- Ser - Lys- Al a- Al a
- Hi s-AsZB-P e éﬁaégg?%gﬂ-[gﬁ@@g{]-Ar g-Ala (SEQID NO 4) or differs from

formula | at up to 4 of the follow ng positions whereby, if different from

formul a |: TH3triB€inrob&ditldfvedtan pREktd iARiaBeteS af®bRed@abtély 00% ofdable RitSeHe 2t he
resi due at o[?a%si tion, 12 i

oot due at BREID BN o8l TedGhas, e 4Eme it pefets witdihioe GG gk apgl
resi due at 398§ itisiastimatgd ingt 386 miltianerd!! fiave diabgegy Mane havegditiorheardiguesgular Fgk
resi duesat Bash t&@%%&@@m%hﬁ%%% frigQaridds sha 1byWBIDLHI S, Ser, Tyr; 15the
residue at position 20 is selected from dn, Lys, Arg, Qu, Asp;
People with diabetes are 2 to 4 times more likely to develop cardiovascular disease than people
without diabetes, making it the most common complication of diabetes. Cardiovascular disease
accounts for about 50% of the mortality in people with diabetes.Young adulis with diabetes have
30  rates of coronary heart disease (CHD) 12-40 times higher than those in young adults without
diabetes and together with the high incidence and prevalence of obesity and type 2 diabetes, the
morbidity and mortality rates relating to these metabolic disorders underscore the medical need for
efficacious treatment options

35  Accordingly, there is a strong medical need for treating obesity and improving glucose tolerance..

SUMMARY OF THE INVENTION

In a first aspect, the invention provides a compound having the formula R'-X-Z-R?

40  wherein



the residue at position 21 is GQu; the residue at position 24 is selected
from dn, Leu, Ala, Lys, Arg, Asp; the residue at position 27 is selected
from MetwoGymy/o7hass, Arg, G u; the residue at position P8TicB@/@et2ed from
Asn, Ser, Lys, GQu, Ala, Leu, Asp; and 20t he residue at position 29 is
selected from Thr, GQu, Lys; and Z is absent or a peptide sequence of 1-20
am no acid unlts seI ect ed fromthe group consisting of Ala, Leu, Ser, Thr,
Tyr, Cys, CRUSHLGs,aliat geetiiformyDpenzayidr fluvroe2&gr a phar naceut | cal | y

accept abl e g%a;gb,_ﬁdy@mgof In certain enbodinents of the first aspect, X may
differ fronglgforrruL%ml E) to 4 of the followi ng positions whereby, if
different f76MARE '};\Chlhas Nedord@ildue at position 2 is selected from Al b,
D-Ser; 30the residue at position 16 is selected from Arg, H's, Lys, Qu;

the resi dueH@ISep@fﬁ'é|¥ ‘i’@' §='WA 'I*h? S%e/{s%crtyﬁgerle_‘Q 'ﬂlr-Lg{JEAsp %%P Lyst hagAl%z-gs-gs&gPhg_vap

position 18 is sel ec ﬂ
posi tion 20 'Pérr%é?%lﬁueﬁgﬂad%(l@ O: f_)ys Arg, 4 u; the resi due at position
24 is selected from Gn, Leu, Ala, Lys, Arg; 35the residue at position 27

ESZ| Zglt gCt ??Ofdff@%rowpfgrmuglsat UH() ofﬁ’wr %\?"OW'”EBOS'“OQ,—]‘C’YE‘EVE%/ Eggfgrgﬁtfo t#o%ﬂsq t8| Iofl 29

i s sel et edthe Fesisie Fositie %'S Sﬁ'%ed from: Aib, PrBegier t ai n enbodi ments of the first
aspect, X nmyredidhé etrpofsnf;@mz‘@gmdt@ fﬂonﬁLedJV\rgf Bpd %fr drhe fol | owi ng 40positions

wher eby, if fOI‘ 010 251PCT/ GB2008/ 004121 the
resi due at tEQPes{d?%%Lfs“'%n LelT 8% %eé’a}‘for omg\/\% o [é P the residue at position
16 is sel ecthetsidpophpopitien 17Hp selecteddromGity, Leg, QPUtDwe Qresi due at position 24 is
sel ect ed fr@atesiidat doSiton A idselderes: froﬁ\r @ig, ﬁelese§ér > at position 27 is

sel ect ue at position 28 is
sel ect 2’% tﬁ%{es%g%étpgéfén @géel?ﬁt‘% frogy §1” H@uEr a?ei e residue at position 29
i s sel ect edh¢ residue Fpogsitic 21,is Bgs. \Whi | e mai ntai ni ng consistency with the

definiti Onsthéaf'esfdb@atfdoglﬁén @4&9@&&@%\4@6,& Ley/TRIS, £ &@SAJ abl e that X conprises
one or nore of the | owi ngﬁge s of residues: 10 s, 18-Ala: 17-Leu,

18-Ala; 17- "E%es'di%at/ﬂ"a"“"rz%f ectopfrops [fiet, g8, AV ADEY s 17-Lys, 18- Al a,
24- d u; 17-theresidd@atHosifior2ZB-iEhalgcted foml Asi, Bsr, LUSCGA, Ala, [20; Agiandl7- Leu, 18- Al a,

g; tgﬂﬂ(%g tl'ré(%’Sid&@atpdogltlo@&’l@géecte%zroheVhr éﬁ l’_A)‘Jsa 29- Al a; 17-Lys, ,18-Aa,

and Z is absent or a peptide sequence of 1-20 amino acid units selected from the group consisting
of Ala, Leu, Ser, Thr, Tyr, Cys, Glu, Lys, Arg, Dbu, Dpr and Orn;

25  or a pharmaceutically acceptable salt thereof.

In certain embodiments of the first aspect, X may differ from formula | at up to 4 of the following
positions whereby, if different from formula I:
the residue at position 2 is selected from: Aib, D-Ser;
30  the residue at position 16 is selected from: Arg, His, Lys, Glu;
the residue at position 17 is selected from: Arg, Leu;
the residue at position 18 is selected from: Arg, Lys, His, Ser, Tyr;
the residue at position 20 is selected from: Gln, Lys, Arg, Glu;
the residue at position 24 is selected from: Gin, Leu, Ala, Lys, Arg;
35  theresidue at position 27 is selected from: Met, Cys, Lys, Arg, Glu;
the residue at position 28 is selected from: Asn, Ser, Lys, Glu, Ala, Leu; and
the residue at position 29 is selected from: Thr, Glu, Lys.

In certain embodiments of the first aspect, X may differ from formula | at up to 4 of the following
40  positions whereby, if different from formula I



2017-Leu, 18-Ala, 27-Leu, 29-Ala; 17-Lys, 18-Ala, 27-Leu, 28-Arg, 29-Al a;
17-Leu, 18-Ala, 27-Leu, 28-Arg, 29-Ala; 24-du, 28-Arg; 24-du, 28-Arg,
27- Leu; 25D401da102528- Arg, 27-Leu, 29-Ala; 27-Leu, 28-Ar @CTRZB200s200429- Al a;
20-Arg, 24-Arg, 27-Lys, 28-Leu; 17-Arg; 3018-Arg; 20-G@n; 24-Gn; 27-Met,
28- Asn, 29-Thr; or 24-Lys 35and conbi nations thereof. For exanple, X may
have t he sethegesidue WF?MHQDSMAMKLA (SEQ I D NG 5); '

HSQGTFTSDYSigyly SWialsb R efeele@irbi: N@ Hig ?L)ys
HSQGTFTSOYSKYLDSK Féchﬁ‘l FI ED SHEET (RULE 91)

WO 2010/ omﬂ‘fiﬁi’fﬁmg\/\g&?f%% %%&TF?@MKNE%RM@FVEV\LLRA (SEQ I D NO
8): HSQGTFTSBY&Hdrie BEHAHDEY @NeleRd (BRQUEDCHOLYSO g, Glu;

HSOGTFTSbY SR ERRAL SR R o0 P N S G Ae. Leu; and

H- DSer - QGTF'SiRelfleeabrgsitianBR froREFr) GluNgs- 6) :
H A b- QGTFTSDYSKYLDSKAAHDFVEW.LRA (SEQ ID NO 7);

HSQGTFTSDY W I
HS@;TFTSDY?@ V@%ﬁs’l‘%{ﬁy ?@E dB( rﬁlgns @ f' rst aspect above, it may be desirable that
i

HSQGT FTSDYSKW@S%?WE\M%F@AP‘(@MW@%@“ es:10 In a second aspect, the
i nventi oh prpuysiesAR; torgugdiahavi ng the fornul a Rl- X-Z-R2 wherein

17-Lys, 18-Ala, 20-His;
17-Leu, 18-Ala, 20-His;
17-Lys, 18-Ala, 24-Glu;
17-Leu, 18-Ala, 24-Gluy;
15  17-Lys, 18-Ala, 27-Levu;
17-Leu, 18-Ala, 27-Leu;
17-Lys, 18-Ala, 29-Alg;
17-Leu, 18-Ala, 29-Ala;
17-Lys, 718-Ala. 27-Leu, 29-Ala;
20  17-Leu, 18-Ala, 27-Leu, 29-Ala;
17-Lys, 18-Ala, 27-Leu, 28-Arg, 29-Ala;
17-Leu, 18-Ala, 27-Leu, 28-Arg, 29-Alg;
24-Glu, 28-Arg;
24-Glu, 28-Arg, 27-Leu;
25  24-Glu, 28-Arg, 27-Leu, 29-Ala;
27-Leu, 28-Arg, 29-Ala;
29-Ala; .
20-Arg, 24-Arg, 27-Lys, 28-Leu;
17-Arg;
30 18-Arg;
20-Gin;
24-Gin;
27-Met, 28-Asn, 29-Thr; or
24-Lys
35 and combinations thereof.

For example, X may have the sequence:

HSQGTFTSDYSKYLDSKAARDFVRWLKLA (SEQ ID NO: 5);

HSQGTFTSDYSKYLDSRAAHDFVEWLLRA (SEQ iD NO: 12);
40 HSQGTFT: SDYSKYLDSKRAHDFVEWLLRA (SEQ ID NO: 13),

4
RECTIFIED SHEET (RULE 91)



15R1 is H, Cl4 al kyl, acetyl, fornyl, benzoyl or trifluoroacetyl; R2 is OH
or NH2; X is a peptide which has the formula I:

Hi s- Ser - G&vo-2@wo70151 - Phe- Thr - Ser - Asp- Tyr - Ser - Lys- Tyr - LeuPASGHEe0s/doyr1 Al a- Al a
- Hi s- Asp- Phe-Val 20G u- Trp-Leu-Leu-Arg-Ala (SEQ ID NO 4) or differs from
formula | at up to 5 of the follow ng positions whereby, if different from

formula | tHsOEWISOMSKADRONADFYEWLLRA (St irkede)f rom  Ai b, D- Ser;

t he residue H's, Lys, Q.u; 25t he

resi due at ﬁqéui%bﬁﬁlﬁ@gﬁ%@%&%ﬁég Dﬁﬁ%ﬁ the resi due at position
20 i s sel ectHSRGTFIAPYEKH,DSKAAHDEVEWLENT (SB@ D NOhEO)r esi due at position 21 is.
Glu the reHstieTFAEDPORYIDSKAARDFVRWE ERR GSEREliD iOM1),G n, Leu, Ala, Lys, Arg,

P o8] STLOLE ARSIt R IBL, O, 0% 5 O
Leu, Asp; artAbIQSTFESPYSEYINSKASIDFVEWLEBA(SEGKI N@tAM from Thr, GQu, Lys;
and Zis ab%msgygﬁﬂmgj@ﬁ@ﬁvmm%éb%@mago acid units selected

phu, Dpr andtb P aso R A bRanteRuenElon FQRBIRIE calt thereol in

certai n enbdtSQ@IFTEDYSKYUISKAALIORUEWEPRA (SEQIDNG: 20).f fer from formula | at up
to 4 of 4phe following positions whereby, if different fromformula I: 40the
residue at position 2 is selected from Aib, D-Ser; 5 RECTIFIED,SHEET (RULE
91) WO 2010) BIRFIBABEFFCRS BEtion EPYdes HeemAsundfipvingthefarmua RiX-£d’ s sel ect ed
from Arg, H's, Lys, Qu, Qy; the residue at position 17 is selected from
Arg, Leu; t%e,rﬁ,mdue at position 18 is selected from Arg, Lys, H's, Ser,

Tyr; the re5|due at position 20 is selected from Gn, Lys, Arg, Qu; 5the

residue at position 24 is selected from dn, Leu, AIa Lys, Arg; the

resi due1sdt BROBIH,ICQRalR, aicewls&»hﬁynttedzéyr@nﬁﬂuhﬂabcet@/s, Lys, Arg, Gu; the

resi due at pp&lé,],gm,QS is selected from Asn, Ser, Lys, GQu, Aa, Leu; and

t he resi due_at p05|t|on 29 is selected from Thr G u, Lys.
X is a peptide which has the formula I:

His-Ser-GIn-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-Lys-Ala-Ala-His-Asp-Phe-Val-
20  Glu-Trp-Leu-Leu-Arg-Ala (SEQ ID NO: 4)

or differs from formula | at up to 5 of the following positions whereby, if different from formula I:
the resndue at position 2 is selected from: Aib, D-Ser;
the residue at position 16 is selected from: Arg, His, Lys, Glu;
25  the residue at position 17 is: Arg, Leu, Dpu, Dpr, Om;
the residue at position 20 is selected from: Gln, Lys, Arg, Glu, Asp;
the residue at position 21 is Glu;
the‘residue at position 24 is selected from: GlIn, Leu, Ala, Lys, Arg, Asp;
the residue at position 27 is selected from: Met, Cys, Lys, Arg, Glu; .
30 the residue at position 28 is selected from: Asn, Ser, Lys, Glu, Ala, Leu, Asp; and
the residue at position 29 is selected from: Thr, Glu, Lys;

and Z is absent or a peptide éequence of 1-20 amino acid units selected from the group consisting
of Ala, Leu, Ser, Thr, Tyr, Cys, Glu, Lys, Arg, Dbu, Dpr and Omn;
35 | '

ora pharmaceutically acceptable salt thereof.

In certain embodiments of the second aspect, X may differ from formula | at up to 4 of the following
positions whereby, if different from formula [;
40 the residue at position 2 is selected from: Aib, D-Ser;

5
RECTIFIED SHEET (RULE 91)



10Whi | e mai ntai ning consistency with the definitions of the second aspect
above, it may be desirable that X conprises any of the sets of residues
descri bedvakowe7oasirel ation to the first aspect, or onePor/GR@8/0k121he
followi ng sets of residues: 20-An, 24-Gn, 27-Met, 28-Asn, 29-Thr; or
17-Leu, 20- GI n, 24-Gn, 28-Asn, 29 Thr. 15 HS FTSDYSKYLDSKAAQI)FVQ/\LNNT
(SEQ | D NO e tspides atigeiisrrdpeiseiac EM{@#JWM% GSEQ ID NO 14). The

i nventi on fthe tehidue grpoviticles nasenﬂwcidenom Agj| buf Wwhi ch may be DNA or RNA)

encodi ng a . Ny ti XQL i-on vector conprising such
a nucleic ac Q%,QQHQ% pgg'h(;nm% 2 ?‘T\{‘%&gc@& A%i 'F'Y% 3 ’gﬁ 1950nuc| eic acid or
expressi on teepigre atipgsiiony39ris sriqctesdigme Bin, ltwﬁe‘\fﬁr‘é'Sent i nvention provides a

conposi B onheesEnd Sipdgtich B i4IEAFHA RRAEROLR), puamysd@gas defined herein, or a
salt or derh%/%é vE ttrng{l&od‘7,lsselecp%lfr%lfngM gd EY B‘E’USUCh a gl ucagon

anal ogue pe rressi on ch a nucleic acid, or a
host cel | dontesidye ?fgmﬂ%l@hs e@lmﬁélfremc/%mﬁ@r bys, prﬁleysl@cm\dvector in

adm xt ure Wwhé Rsidusapokifidn 29 iSlsdctludomethreaadisment s, the conposition is a
pharmaceutical |y acceptable conposition and the carrier is a
pharmaceutically acceptable carrier. The glucagon peptide anal ogue may be a
phar macléut i Whilelnyeirtaiviep tatsiseneciith teditivifian obtk sewhid adpectgbocatowry badésighle.

30The COWQH&I@@oﬁ%ﬁé‘és ah?gf tﬁé gk H5&iduBs SEMRALLAR iMVRia8bH to @ st @5pdRl, BMBHeioh g
wei ght | oss. ing" is meant inihibiting or reducing melght gai n

when conpar'8y® PU“?W@O‘%{B%%G‘#FC‘HFW dUe§'eat nent, and is not necessarily nmeant to
i mply conplast@n,cdsSiata7evetois-Asei ZPRThrgai n. The pepti des may cause a decrease

in food intg Iq_%uaéyjé@rzarl@lgrga&edzgeﬂergy expenditure, resulting in the
observe ef f ect nde ndentl)ﬁp(;f their effect on body

wei ght ,’ hé*%@ﬁfJ@P&%%’FD?WQ[}W 5RdY NPaV® %8 beneficial effect on
gl ucose toIMWWSKKLEMMFMthme@mﬂO.I1eyel s, being capabl e of

| owering circulating LDL levels and increasing HDL/LDL ratio. Thus the
conpounds of the invention can be used for direct or indirect therapy o
any condi t i B ivattivadurier rraddesueipis aeld pyhichyreayds B R gpreding g cpmping H%
treat ment apslinGgntion, @u @Rﬁrb&f@n@éct&%ﬁbrﬁs}hg SOEH Hhublenee sl bnd a dsesdl tynthihink adth a
i nfl ammpt i N I%t%elal té(x I|~ 'sQIi&? Cg)el | bl adder di sease, obesity induced sl eep
apnea. hey USR58 &°USET Tor the treatnent of netabolic syndr one,

insulin resistance, gI ucose intol erance, type-2 WO

2010/ 0702534R§Tdr@2&98ét Qﬂéﬂraéerﬂinaém&re&ow&eéré&fomaﬁﬂo@ Rompridit@r=Qfi&ageh analogue

dysl di t
Oyl 1 8 DLRR6 0L B B OREASRR S SOl Lieaas o
associ at ed amebbud peptide, ef Expression véntad gomeristplitsuchor nueigie deid, ¢radepleasti eeitaininger eof .

S5Thus the | Q¥eRhiGd: Ry eQQ%sél’cﬁﬁ/e&f)r R RRKRPEIE é)éarttié?eln' dﬂé'f@rlﬂéd Pibobithehidthe
treatment of a condition as cLéa oV

t her eof . THEMPAYER'S %Hhaémg??%‘ia ?&ﬁ?gmﬁ‘aang&et%g'ef ﬁ\?é’%? "Weﬁ'S?qeuse in
a net hod ofacoeateadarder. e‘anermwuagorg&phdewhlagdmzﬁxhe aphermacegticaibtdsorbtabfe acid

t reat ment OJddﬁ’foﬁ%q}fHeg;P Qg%n%ﬁél%debed above. 10 The invention also provides

t he use of a conpound Invention in the preparation of a nedi canent
for the treatnment of a condition as described above. As al ready descri-bed,
t he i nwa@nt i ThHe ceMmbaumds désariesdping 8sH i0 prevertihgwsigit@aforor siomgtighveeighblose-Blescr i bed

15nucl ei ¢ egerﬁlﬁﬁg§ﬂ8§‘{t m%t' g%ﬁ elﬂcw!gm/e ET? R Ahdrodmphied (R YERRESHft 0 di rect

its exXpr essi on cont alni ng eXpr essi on vectors.
Pref er abl y tfastneand&nd seto} ecassariy Bsa Ffe"r@b' Cé%ﬁ'ﬁ@scei*%o%ﬁafe@@% iTh PeRiides
conmpound of méhRubdey @8thd=08in fbddl iltalsd dnldlor ntrebde@renagpexpienditulee restidgeintheiohveved on

provides a Etﬂo(rjl%ogy w$9r§dH8 e%dennﬁafqﬁ eﬁf'é&galb%)gkg\ive@? hed.d ??Sgﬁds%'f fd erl/entlon

cul turing tHe ssin
conpourd® andayave ppemajcialriedonpiorsd tal¢TarceHNe ditrsisgng cholestero levels belng capabie

of lowering circulating LDL levels and increasing HDL/LDL ratio. Thus the compounds of the
invention can be used for direct or indirect therapy of any condition caused or characterised by
excess bady weight, such as the treatment and/or prevention of obesity, morbid obesity, obesity
linked inflammation, obesity linked gallbladder disease, obesity induced sleep apnea. They may

40  also be used for the treatment of metabolic syndrome, insulin resistance, glucose intolerance, type-2



20 The invention further provides a nucleic acid of the invention, an
expression vector of the invention, or a host cell capable of expressing
and secr evongin7enpound of the invention, for use in aroetdrrdosaf4rzedi ca
treatment. It will be understood that the nucleic acid, expression vector
and host cells may be used for treatment of any of the disorders described
her ei n whi HPPRES Mpeeriepsen: alermpenic Qm@*dzwemﬁﬁ?mfﬁé@isu préarigediayesis, cqatesy kagdes t o
adt her a{)eutoﬁseassoafmem I TOBir s%um][iﬁ &ﬁmmimtﬁm_ Re aoh réshﬁf[)fihdﬂ\é%tzibt?ﬂl with their

adm ni stra oun . the inventi.on, or any erapeutic use

t her eof sﬁﬁﬁﬁagﬁﬂﬁwéﬁgggf%8V@%ﬁ%¥?ﬁ% “ﬁ%eghconpass t he equival ent use of a
nucl ei ¢ acid, expression vector or host cell of the invention except where
t he congextrhdemBiiientionh PRLBESEe oBE cdApatifl & TN eBlon ile e S3RED BilchtitRn s
Ef f ect of %PZGﬁ%jép onal.ﬁLu§o§e to ﬁraqce in db/db m ce. Db/db mice were
fasted overSrGRTY Hede dh™1 TV "EPELE°€3nhpl e (fasting bl ood gl ucose |evel)
taken just before admnistration (i.p.) of vehicles or ZP2669 (45

nmol / kg) , . Fikk §ReMioR bRy b@Siddsd &mpaind: 8le iflRERNIEr U9 MEAH&nddlor HbiBalitBatmeRt, / KQ)
was given anﬂicﬁ% |.evel s wer mn, t=120 35m n

sured at t=30 mn, t=60
And D=2a0 APHCTEARE R PRoH T SRUEEN b0 ptrin B ae O aPaioen f or each 11 e
poi nt dAd AUCO-240 min val ues were deterni ned. ZP2669 significantly

I nproved glyeasentbRLEs BidGiBed e 94@3?%%@&96 IondinGSrion In WY GeraratBh best of
ZP2669 on food intake In m fied mce stratified

(o] ce. . ougﬁ of stratifie
after body MRHGRETIR e tealpenboffordias deriPed ®Yed with PYY3-36 40(30
nmol / kg) (internal positive control), glucagon (500 nnol/kg), ZP2669 (500

nnol / kg) O{jAsVa‘ﬁQédp%'d%scribé/éo i%ﬁ&\@étﬁ)%%géﬂrﬁggé%ggﬁgg@oé%éc;lmpar‘{sfngEhe%@vet@ééribed

pre-wei ghed food was |nf}o uced he mce an I ntake measured b
wei ghi ,18 t Heclpie aeifl peaygnaeoRrtiondly BrcomhiBatinn yfith spryeRses iediesttsPraigre? dd‘oﬁl)c/)dy
}Nei ght (g cemosbh@inBidkhe d?bfr\ééaﬂr&@):to&hM&at&jﬂth&lﬂ@ﬁ%@l?s}@e efpbile bf asreesdrma&m?d .
rom previ qus _fi . - 00
i e e S T e
no effect oretBiodarofyringkies compgurde thg meltjo semprisinazgltuiag thehastcais N dg cPriitPp® 669
on body wei@idbld - dkbREsihd b 68 hoaResR JuUBRY tHE ompousd iRls biodoedde m ce were put
on higg fat diet (HFD)and treated (b.i.d.; s.c.) with ZP2669 (500 nnol /kg)
or vehi¥le . A non-obese control group mai ntained on regul ar chow was
treated wi tThelOeetionfrierm@MEIAP aindcleinacié efifee inyestemanexpresgionEeriaof thR&VENtion.
gr Quﬁts . Body a}?@%}@@ﬂ Sap¥sie f@f é’xSr‘ét@ii t(jﬁ&i,rét}ﬁg @f&tﬂm?ﬁﬁﬂ oE mg &ﬂﬁﬂ'ztghﬁbr&fse tdwmblﬁﬁlyd
wei ght - correct ed doses o i de throughou e. study. . e
body wei gnto! GEAFEITBA oVl wg?raxooq BoeRgiasiscie b tpf Tk ond i 5
Fi gure 4. HEhdydstused fodietme@it alGirp-ollthadiseriders descabadrhierain whictDnay be trastedafith dheweek s

(b.i.dok on ﬁ\%&ﬁﬁmﬁeﬁfsel\;le%t IRRRPerREs thBlihe&tARLRSdofInBition cORBrighd £oimpaifind@XMe( p
:0.002:3 ang P2669 (p = 0.0006 ) r slgqulcant conp reqw¥o Weh;&le.
Figure 5. EfvYe8q" ﬁm'ﬂﬁéﬂ“o@f@(ﬁ?ﬁpi“’%&ﬁﬁﬁv POBAY BN 5P ‘%FE? ¥ TP weeks
(b.i.d.) orhébfddblconaibd®.enBBHagpite Bouh)alantssetdie nuedtit atid eygessionyerctapavost
exendi n-4 ggkkﬁggﬁ§%ﬁ%gﬁégﬁM%e%%$¥@ﬁk&n%n%ﬁ&§&hg@gge used for ZP2669. The

effect of and 669 (P =0.05 % were significant com
pared to vehicle. Figure 6: The chenical nodification of 17-Lys in conpound
ZP2872.30 DESCRIPTION OF THE FIGURES

Figure 1. Effect of ZP2669 on oral glucose tolerance in db/db mice.

Db/db mice were fasted overnight and an initial blood sample (fasting blood glucose level) taken just

before administration (i.p.) of vehicles or ZP2669 (45 nmol/kg),.Fifteen minutes later an oral dose of

glucose (1 g/kg in 5 ml/kg) was given and BG levels were measured at t=30 min, t=60 min, =120
35 min and =240 min. Difference from baseline (t=0) was calculated for each time point and AUCq.249

min Values were determined. ZP2669 significantly improved glucose tolerance in diabetic db/db mice.

Figure 2. Effect of ZP2669 on food intake in mice.
Groups of stratified mice stratified after body weight were fasted overnight and treated with PYY3.56
40 (30 nmol/kg) (internal positive control), glucagon (500 nmol/kg), ZP2669 (500 nmol/kg) or vehicle.



25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thr oughout this specification, the
conventional one letter and three letter codes for naturally occurring

am no aciwe 2aren7osed, as well as generally accepted threeTiatzoerooendes for
ot her amino acids, such as Aib (a-am noisobutyric acid), On (ornithine),
Dbu (2 4 di am nobutyr| c aci t) and Dpr (2, 3-di am nopropanoi ¢ aci dé/ 30 The

t erm " nat i Véteppedrgone-weighed §°Gt%asn@ttqdweedh®mﬁwﬁ Qe 98 intag\esgurehiey weighinghce
H Hi s- Ser - GhdrefairingfisodRer oRb hopehd é&:@s?&dre@ﬁ«etb}é&dnghtwgfm Sen.-PYvgs-28)9- A

,l,a G n- Asp- lI?ow e%an(o%.ebga\ﬁ,f%ct afs exngtted frgninlprevn %dﬁ,\n%g)?zé#6%galn?‘nﬁv%z Prﬁfucaﬁthns

oxynt onoddT'| and T6n
sequence |-|_decreased food intake during the first hour following injection of peptlde Glucagon had no e ect on

Hi s- Ser 5A nodd iMaddar - Phe- Thr - Ser - Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- Ser- Arg- Arg- Al a
- d n- Asp- Phe- Val - d n- Tr p- Leu- Met - Asn- Thr - Lys- Ar g- Asn- Ar g- Asn- Asn- | | e- Al a- OH
(SEQ ID NO 3). The invention provi des conpounds as defined above. For

t he avoi darfigureB. Eftagbaf 28 iday taatmaneWitmZRA66Men U@y veightde dichisdusied obdgse (PI9) mice.

general |y Idﬁv@v@ﬁgnem%wér@sut%ﬁﬂ ﬁmeleghnréia@akryatsh fofi@r s.cf vamyPseeoos | at
t hose position to allowyv thin the

are st [l
o oo sk B v By eiﬁé%‘ﬁ’i@?ﬁ%‘?@%ﬁ@%@aﬁ’%‘@%%&?ﬁ%equ i
nunber d@ combicie (THOW) in the samelrebinepOregimet hethe DY grovpso Badly Weighes wiere sdconded

C-term nal CQW 5‘51 ds8@iMo elaﬁﬁrﬁ'srté?r%%oﬁ?wéghtggﬁé&éd%sesvﬂf E)EBnGe ?ﬁr&ﬁ%{ltdwetéﬁjdy

construed acco s shoul d Teférence ns. Wt ative hunan
gl ucagon arfd %?%@Cr%?%ww@‘ghtfﬂ?ﬁéoElﬁ’r‘fﬁélﬁ‘ﬂ'ﬁ%toa%t PW@rVFﬂWE'?l?fioé?He?f&Sg carry one

or nore intramol ecular bridge within the peptide sequence X. Each such

bridge is fqrned ?{’?etc\’\@f%ﬂal (FJ 1d§'g[ ﬁ@ﬂ}e@%éﬁ ofith8 nﬁé@fm \ﬁéékg fHIQiS)'OQ'é@&thFa—

whi ch are typi cal separ at e ree amno acids in i near seq
of X (i1%. t@é%ﬁfé&#%ﬁ*ﬁﬁ@f%c?ﬁ@iﬂﬁ@hﬁ@wpn@ 092 ) andadppe9 @Po%?@%&’ﬁﬁsd\‘iﬁ‘ ‘émty,

the bridge dmipafeetd @hrerd bet ween the side chains of residue pairs 12 and
16, 16 and 20, 17 and 21, 20 and 24, or 24 and 28. The tmo si de chai ns can
be |linked to one another through ionic interactions, coval ent bonds.

Thus t hese iaunes. Bifect efsiugl @uGlFal agopiviiraatieend piiIQinies for ‘b‘N%ﬁkﬁétbl' Aiogd AR ns i n
order to f%msaP§§- tdH 24 vike endhicie b&d forndyaw %)‘(bthdikﬂ&Whll%Qa’cetemmﬁB@) waibe oéhit he

of "Lys Bha W8 ety e e SlE - LB alhaaf o e Rt I

| act am ri ngpardd theelide, a Tyr and a Qu or a Tyr and a Asp are capabl e of’
formng a lactone ring. In particular, the residues at positions 20 and 24

nmay be capagygre®: ThOEHSNGI AdtificBidhmmpt- E,ysud edmpbundlzees7Exanpl es of suitable
pairs of residues at these positions include: 2020-Asp, 24-Lys; 20-du,

24-Lys; 20-Asp, 24-Arg; 20-du, 24- Arh? 20-Lys, 24-Asp; 2520-Arg, 24-Asp,
20- Lys,2824- BGETAILER @ESCRIFTON OF THEUNVENTIQNt hout  wi shi ng to be bound by any

particul ar +heQhYut thid sgeSii@Rb, @eadnidhfdnabdheNetientridaniet etel @bedXol iy esly
occurring amino acids are used, as well as generally accepted three letter codes for other amino
acids, such as Aib (a-aminoisobutyric acid), Orn (ornithine), Dbu (2,4 diaminobutyric acid) and Dpr
(2,3-diaminopropanoic acid).

30

The term “native glucagon” refers to native human glucagon having the sequence H-His-Ser-Gin-
GIy-Thr-Phe—Thr-Ser-Asp-Tyr—Ser-Lys-Tyr-Leu-Asp—Ser-Arg—Arg—Ala—Gln-Asp—Phe-Val-GIn-Trp-Leu-
Met-Asn-Thr-OH (SEQ ID NO: 1).

35  The terms “oxyntomodulin” and “OXM" refer to native human oxyntomodulin having the sequence H-
His-Ser-GIn~Gly—Thr—Phe—Thr-Ser-Asp—Tyr-Ser-Lys-Tyr-Leu~Asp-Ser-Arg—Arg-Ala-Gln-Asp—Phe-Val~
GIn-Trp-Leu-Met-Asn-Thr-Lys-Arg-Asn-Arg-Asn-Asn-lle-Ala-OH (SEQ ID NO: 3).

The invention provides compounds as defined above. For the avoidance of doubt, in the definitions
40  provided herein, it is generally intended that the sequence of X only differs from Formula | at those
positions which are stated to allow variation. Amino acids within the sequence X can be considered

8



30stabilise the al pha helical structure of the nolecule and so increase
potency and/or selectivity at the G.P-1 receptor and possibly also the

gl ucagon wecemwn2s1A substitution at position 12 (e.g. @®CTARO@OOLEN) Mmay
i ncrease potency and/or selectivity at the GLP1 receptor. 35 The presence
of a basic amno acid (Arg, Lys or His) at position 16 may enhance the
mol ecul e' s t88¢ DWnharedcoapruiitely feormhbin @@ indheepnaéritiaia! Niteryninaineds-igrmgjna dirgstion.
resi dues atprd@endeit®n spoéﬁ‘oramtma& sqaéuldn@é dovigrul BERERY 2 BPERUId rGeBR@Mb Bstitions

si gnificant 4OSe ivity for on receptor. A nunber of
substituti of&" l"@ﬁ?é’ ?‘/l’ﬁ?%o”@f'd f’tﬁg@éoq?fg'ﬁtl ons WO
2010/ 070251PCT/ GB2008/ 004121 can i ncrease potency and/or selectivity for

both the G—ﬁmjeoﬁmS&ﬁnH& O th ki &?mQJ &%999@orrn‘?&@mr%oleétbé$ b@dgelvﬁth% &9t$det i 0“
on receptor arti cuI

17 may increase

of focti vo.  BURICERI EAon e IRBHEOTE domegnts ot 5/ auFll bR TBRT BB 5 g X AL )
at posti on vigh atn@tyauu@bse;ﬁarath@bptbrceetammalac:tls)mfﬂmlmearrseqwmcaafm (ee,lblew\reeltnannuige A
hydr ophobi cicffa SBIindWel @Rfyi | i c residue (e.g. Ala 5or Ser) at position 18
may i ncrease potency at both G.P-1 and gl ucagon receptors. The residues at
positions 27, 28 and 29 of native glucagon appear to provide significant
selectiMit yMcBre patitigarly) the bripge nag be piroed betwdastthd didd ahnids aft regidie, patrsvi, aralr16aid

e ee of LNEa00PASkLAS sl & S30AMs b LBSBRhNEALIGALAT, SRYARGS MY

i ncrease potency a sel ectivit
pot ent i al | yhRRHgBRIE '”E?Fﬁﬂ?ffsr ‘érabmco‘fa&ﬂmn%nﬂtyﬁ theee %@yfr@ﬁ'dw%@@%@a@ﬁwvm—
receptor. Ratel cledngersidohaips Borden @l fordhea doh Bridde HYOSHId ihteractbhs. Por@xa@hpi@@aé bi on

28 and Al a gl eBB&%}%%IBS?chn oﬁ%sp%gﬁq%yotrpe?n%gté% Lg“&%&sﬁrﬂ Sfr@éfro‘?ﬁ}/ar‘g‘é?ﬁ%l& here

is a ne ativel

can for] arﬁ“idt#t’?%l’h’n‘}séc'ﬂﬁ)a?'s%t?q efgeble Wwa@wwaiprmr@da*%%@nq Hisewdse, éJW@Sﬁa}ﬁWency
at the GLP-darmpcst=04sp atdSIpasE of foini 18dtorchBgnat ural | y- occurring Met
residue at position 27 (e.g. with Leu, Lys or GQu) also reduces the
potential for oxidation, so increasing the chemcal stability of the
conpounds. Ingeretdriine fesiduestat ppitiona eQangl 24ymaydewepdbiepf Auming @s indemolaeuigsosi t i on
28 (e.g. berﬂéeQ BambRY bf itSife pHEYBERSAIR At OIS ihdiaedeam dation in
acidic géodé)n zf i ncreasing the chemcal stability of the 20conpounds.
Potencf% s?e 3t|V|ty at the GLP-1 receptor may al so be increased by

i nt roduci nRor@siXdes, t hat are |ikely to form an anphi pathic helical
structure, POALMIAL Y wi thout significant |oss of potency at the glucagon
receptor. T?g e achieved by introduction of charged residues at one
or nmore of é%ﬁs% #V'9ns 16, 20, 24, and 28. Thus the residues of positions
24 and 28 maylyal24-Ase; charged, the residues at positions 20, 24, and 28 may
al' | be sgharged, quAthe residues at positions 16, 20, 24, and 28 may all be
charged. For exarrpl , the residue at position 20 may be His or Arg,

parti cul ar 19 L+G@fesi due at position 24 may be Gu, Asp Lys or Arg,
parti cul ar 120-Ash,p4-Te resi due at position 28 may be Arg. 30 Substitution of
one or both of the naturally-occurring G n residues at positi ons 20 and 24
al so reduces the potential for deam dation in acidic solution,

i ncr easi ng WHeUHeNRICa Pe puityiepy PasfcuiehBedpiiio beligéed tha pHe ‘EWH@ biidges
conpri ﬁa;e)l a dtabllies e Apha pelRblisthactse @it mledui®indlsodfbredst aaeﬂd‘yla?a/orh sfdyctlnay armpé e
to stabili Ly structure of the glucagon
anal ogue pep |Q§ecgp(m %Eg?s*bwalsﬁow%ﬁucag%ugge gn anal ogue. pepti de nore
resistant to enzymatic hydrolysis, e.g. as described in WO99/46283.

A substitution at position 12 (e.g. of Arg or Leu) may increase potency and/or selectivity at the GLP-
1 receptor.

35
The presence of a basic amino acid (Arg, Lys or His) at position 16 may enhance the molecule’s
solubility and may enhance bioavailability.

The arginine residues at positions 17 and 18 of native glucagon appear to provide significant

40  selectivity for the glucagon receptor. A number of substitutions at one or more of these positions



WO 2010/ 070251PCT/ GB2008/ 004121 When present, Z represents a peptide
sequence of 1-20 amno acid residues, e.g. in the range of 1- 15, nore
pr ef er ablwoi2niodie2snange of 1-10 in particular in the ramrge/cHE20d/0042m NO
acid residues, e.g., 1, 2, 3, 4, 5, 6 or 7 amino acid residues, such as 6
am no acid residues. Each of the amno acid residues in the ge ptide
sequence Zcamijcreargapienelcamtioy seiestivy|fedpbdhe Gldhi meaptonand thegiicagoppoeptl,
?ZQIZ dG u, Lha/s Leé\égoosumh7(@aﬂn&é@mp&@b@tayﬂb@luaﬁgod)Fr)eceEbf Lyls may be particularly .
iamn opano n r ci
resi dues alegg %EF 8?:&38'8%%{#@@? 1S a.Fﬁgat!(/t% &J@’P&Qdée (é 8 A%g)’aeq RXstlan %ﬁ b@Eglgglé)oia
O'n, nore (eafolntd tofomngn ibeansetasier l@rwgex/éhmnheblyorrs | byiorhilig gesidye (p- e
The aboxye- il anpdicisHPaydsdréite PBY¥ndyAYBOtRELIE an@gluigoh rezgtbisgur at i on, but
preferably have an L-configuration. Particularly preferred sequences’' Z are
sequences of four, five, six or seven 1lOconsecutive |ysine residues (i.e.
Lys3, Lys4 The yesBled at 96sitons 2, §8)and a9 of netivetdlusagaarappedr ta/Rovde sgniicarseleettity ve

lysi ne resq?w u %&ﬁ’@ce‘?ﬁ%‘? ”@utﬁsﬁ%tlo?ﬁqmcﬁ/@ d?fall %re’y ¢ 1B PbitioRs WA 1@dpedrkd 56.
Al ternative %

term nal residue of
resi due. Tﬁhes”%‘f‘é’yg"‘a%‘i‘g?”s‘“tequcﬁﬁ@?’ﬂc@ﬁﬁ W”{J\éatd’m ch\(ztyga ¥heﬁﬁh%§pt°ﬁbound
| n sucHOemnpo@nimtintvishout Signifisernt uetuciiponDf pagney bidhe Qwaa@prl\ ecefier. GartigulgrrxenpPho

acid in lengfl.(} gtpogilon 2%’&)9 a‘t) osTRY 288nd MR at 609&1&?29 fZBUC(rg n{ayﬁﬁparﬁdukrlw even
15nore am no aC|d% I'n h re SE@VE as a

e other am n %@i 3 g
spacer bet\Hé%?frqdﬁ@ebﬁﬁfei‘86”9@‘9&\‘@3'?'1%939@?"Wﬁ81' W?? P‘Eﬁj@” IR BBt
sequence Z fhraSannftraifdlctuliitaitigs} Wick egy taeesd ideffedt by peteidy af the GO resqmﬂm ng
sequence of the IP-1 portion of human OXM (whi ch has t he sequence
Lys- Ar g- Asn- Arg? Asn- Asn-l1le-Ala). 20 "Percent _) am no acjd s;ﬁmegce
i dent i tlp" CHubgf tgnpvefrfhmqwrala/e»cswnw‘y;s@s&uraeép%@arm% hEe- Witk hew BSRe A £5°
anot her polyarRed thé BoteR@LIBIERIaliéh, 8o inbrEading thechealicalbtattligdofaiss dompoyeiscent age of
amno acid residues in the given peptide sequence that are identical with
corresponding am no acid residues in the correspondi ng sequence of that
ot her pol yfabstiteion aHbanatiellteeeursneAI rPEfve @t BRSIAN 8% -G RY AFEY" Leu)pto reduces
i nt r oduci NghgedsntibIAr deBrhidBRIN ibdidd$BRAbN, isb IndRaSsEAE ¥herficdl d@bitity bithw al ues may
be det L ned by WUBLAST-2 (Altschul et al., Methods in Enzynol ogy,
266: 46 48(5’%“?@%‘3 WJ- BLAST-2 uses several search paraneters, nost of
whi ch are set to the default values. The adjustable paraneters are set with

E Ee f ﬁl : SW(F‘_II_)@en\éﬁlam sel@c\,ﬁew é’l%e&ﬂfm’l recéptor@r\é‘?rakalbe fricR@tdduy imrddudiztresites that
resno

= tit |. ed b
HARRERGP-R IS 1 b T R R T
di vi ded by thédrglucagbmtecensorb&his ofay be s¢hikyes byihtradyetionef dﬁéﬂﬁ@éeﬁs@m@rﬁﬂé of gaisef

I ntrodyged J&Xméﬂéﬂ%‘-ﬁ& Znk Qé OTﬁJQ%err@&&fege sﬁ@rﬂs@%@ 28 %aSTBPK bé%l‘?a@eﬁhﬁe
allgnnent score bein

or ]
al i gned opt'EFeHes @ WSE H”Stgarﬁ? 28 aa?@%@aé@FW%8@e¥ﬁr %e Tesdups,at B'P%HM
am no 35aci zksnayhilob cEa’r@ed drendieanle, thi tdsidub et reitioreapoadbaigis anri\rgopaat@ulééy 'cb‘ﬁ
IP-1. One ud ' Oy B, FRIRAMIathositidhens
i nvention Ong]fq%r'&g%n chsnlg? g@ntggb@él A%’p%lglof%gs Isc%ﬂl Et%ent The | |?)(?E))ﬂ| lic
subst i t uentmatle Ase coval ently bonded to an atomin the amno acid side
chain, ggr alternatively may be conjugated to the am no acid side chain by a

spacer. The m no.acid r e
ept i de z. SErBona) B2 pEs NEaBRly Byt ClTRILEE “thosbrenidaRe “52
theory, it feducehthaghientichier dedmeddtippishidiciselubonbiainerersing thy ?hﬁgmé\ %%H*H the
bl ood streaghmpbiis. shi el ding the conpounds of the invention from enzymatl C

degr adati on V\/m ch can enhance the half-life of the conpounds. The spacer,

when present, is used to provide a 5spacing between the conpound and the
| i pophida c Ewb@tnpoummay comprise a C-terminal peptide sequence Z of 1-20 amino acids, for example to

stabilise the conformation and/or secondary structure of the glucagon analogue peptide, and/or to
make the glucagon analogue peptide more resistant to enzymatic hydrolysis, e.g. as described in

W009/46283.
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The |ipophilic substituent may be attached to the amno acid side chain or
to the spacer via an ester, a sul phonyl ester, a thioester, an amde or a
sul phonamvdeotoAoesndi ngly it will be understood that pretCercabys/dhe1

| i pophilic substituent includes an acyl group, a sul phonyl group, an N
atom an O atom 10or_an S atom which forns part of the ester, hon}/{
ester, thi Y&sparesenid rgerespntssa pephidmenienee o€ piahpgid resifuesc§-p- '@F"Su%gﬁﬁ "he
li pOphl | i C15uhsé plefeedly ifi le@ngpal 1-1@ih panicadriindibe eange st BT aminblaciti residaed, ng., aci d

side chain,of ,the FPafHo aﬁm@s%é)gemslacanﬁgp&; rgygl{ag Egaﬁafﬂ@ama%

hydr ocar boiv’ Chaln avin has _at Ieast 8
or 12 C at msiuesxndwemeemc@rsameyce £ M@y depengengy B?rﬁe“iﬁtedff@we'?'a L@I" 6 16rd¥ons or
fewer. Fhe Cbé/@@fﬂ?d' ey peh &, mdléfﬁlyoﬂﬂl@mb bﬂ@ﬁlerQﬁE 3laanobedamitckciynd@mnsat ur at ed
or unsatur ers { r 14,1

pref er abl y qbrrm%ug\fe} Pd%%@“’% tﬁ%arg‘mo aC| {eSl V\%s aar' s%le ?edr}yoq'\ Qqaﬁ?%ﬁ(\c@gtééé Srh?ﬁ to

t he am no &bi.dPpseokOwhapre Mﬁferﬁfﬂlemgpb%wecteﬁ@ﬂd@k‘/&wﬁqo@ QR lgeyand gydupre a

sul phonyl gB&IéQnerﬂéheNaﬁﬁrWBmd@ﬁwthéVe%é?'D an &)nﬁét@éﬂonl\@ﬁbref&zﬁ)fyﬂ’faa@brﬂ-t he
hydr ocar bon rﬁhal n

t
hydr ocar bof{° 'ﬁ%’?“?”@ﬁﬁ'ﬁga%ﬂ ?Ufergefd Sgﬂuegf‘f?a‘ﬁ%{y Péqé'? B?Jeﬁ Oﬂf%grr gve gx Xr Sebeen it oyl ,
caproyllQ | aomsegitive iygind tidyds (or. Letsdasolss Lisookd n@ﬂcypaf’ftch'ér'y fi'Vp@pﬁl(I | c

substi ][ Uentcoﬁ@é’utlt)@wﬁné Q@ldué%r @M@emmy %LM&:S &Mrg%oﬁnnﬁwm,lollf‘l% exa”p| e,
an acyl grou

preferably AQE’W"'VG'M ”1950 EH}‘/'T‘?{? eeséjgg of tyﬁﬁ?"@e’f%%y bﬁraeﬁ‘;‘@rrﬁ%&? 3["8 I"}aacylffs'st} “or at
| east 11, arm‘lmpatleiﬁ . [HBGYRBom of ihe ssmpawnd.eln snaf eertabiments othe seduescs. Z BT foe

hydr ocar bo ut E TBYinop
further SU%S'[I t Ut egﬁy p‘ﬁar%l%w@ﬁ] Ier%g{ehs(fséu%st(ﬁ{gb(grﬁ bg)éf\lﬁ(g?%rgﬁ féerr(;. l:ﬁp:;geé

COOH. 1% t MOrhgaipoRUdsB Inethail e 9teer _IVOREHS BRISEAS SYSRT, a%?@&?f&?%ﬂ?ﬁ"y
further sulbxsdndthetechiv Cis r@ﬁblqe one substituent. Alternatively or
additional ly, the hydrocarbon chain may include a cycloalkane or

het er ocycl oal kane, for exanple as shown bel ow

2010/ 07025 TPETPREBS SOGP TG 41 bas Moretre fhan Py%e ﬁ@ee‘iﬁ’dﬁ%‘é} kaﬁthéheoﬁo"espmd'”g sequence
het er ocycl @ik @ne porforfof SuxaneriagiEich fidsnigs seitxsice pysedrgrablayg-AsrtAdngle-Ala).

pi peri 9 ne. Alternatively, the lipophilic substituent nay be based on a

cycl opent anophenant hr ene skel eton, 5which may be partially or fully

unsat ur at edPereant €altamng asis! seTvrRaC SEHBA OB GvAP HeRtiderns PAKRIPIIIFINAICH WH%S?S‘Ef‘ét

substi t ut egy éMo‘iHér B&yr@btlo@éeqlﬁﬂée t@amﬂ )65 caldiiteliap @fefpetdentagelbisiniitoenitresidues be

(S:Bgls%/: t ugﬁ?nx tﬁgglvgﬁpe@g?ﬁ ﬁegg?ngaut é’r‘? ep\zcl%ma{% corres&onoalgg A Plo £choereL h@e%?rgmgl i c

Wen pr esemprresphreingsaceance of teat phetnstyperside een thpbystare P'@Qn%%’t PQGLPé‘ﬁtherand t 0
the anpgo %ﬂo@uoﬁ*lg%% @ﬂﬁb&lmaTQi@nrﬁé}ﬁﬁﬂéce‘My b ifhitpches n'ﬁé%t Heft%telrm'ﬁétpﬂiv wuc

st phony! | BE8F2( R R, e T T
may i ncl udeesrooparaneters gsost ndeparede st ko/the défauditveldes. T bma@ggtzpb,le gauarpﬁgrﬁyzre seém N
atom an 0 ,ahe0Qlbwig vauéd: 81Brad BanSPRGEHaFRYCiBRY 8 108 SvdkPhradhad (32 11. A%
amino acid sequence identity value is determined by the number of matching identical residues as
30 determined by WU-BLAST-2, divided by the total number of residues of the reference sequence
(gaps introduced by WU-BLAST-2 into the reference sequence to maximize the alignment score

being ignored), multiplied by 100.

Thus, when Z is aligned optimally with the 8 amino acids of IP-1, it has no more than two amino

35  acids which are identical with the corresponding amino acids of IP-1.

One or more of the amino acid side chains in the compound of the invention may be conjugated to a
lipophilic substituent. The lipophilic substituent may be covalently bonded to an atom in the amino
acid side chain, or alternatively may be conjugated to the amino acid side chain by a spacer. The

40  amino acid may be part of the peptide X, or part of the peptide Z.
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n D wherein B and D are each independently selected fromacyl, sul phonyl,
NH, N-alkyl, an O atomor an S atom preferably fromacyl and NH.

Pr ef er ablwo 2n10/50m i nt eger fromIlto 10, preferably frorCI/GEas/B412The
spacer may be further substituted with one or nore substituents sel ected
fromCl. 6 alkyl, C0.6 alkyl am ne, CO_6 al kyl hydroxy and CO_6 al kyl
carboxy. Alternatively, the spacer may have two or nore repeat units of the
formul a abavigoutBjishidgasbe bouat ey e\acdy isietheadhe thai thel ipehittesubstijuehbbindsaedtumirepeat
uni t. Adj aQﬁenJlood%Egﬁﬁ éM%'s"ﬂ%ldﬂ?Y &W@L 8ﬂﬁé Mvé?'ltc &r@ﬁmgnzgﬁaﬁcodeﬁl%gg’uoﬁmﬁzﬁ vi a

their respective noi et1 es of the
adj acent réﬁ%&ﬂh%“ﬁ? the hﬁwelobf@%?wouf"iﬁ rﬁhaﬁpaé"grt @Pe” %{e%em Erﬂﬁﬁ‘ixio PEMIER  a

t hi oest 6r, spacirdiBeten thedompburd@natiedpophiibisubkitesntB and D units at each end
of the spacer are attached to the am no acid side chain and the lipophilic
substituent as descri bed above. 30Preferably the spacer has five or fewer,
four or fevise ligaphiighsubstiteant mayes atiashrsde theming, acigiside chpie PP 4151 Spatah¥ia @p S8ieh

has two repgsalohttii dster, @ﬂhlobﬁeraaﬁérﬂlgé@rdkm;i}mnaﬂ’i@ Hraseingl{ Bwvillkeendsrstom teatof

the repeat unit f the. spac it has t

exanpl e, a ﬁe;{?rﬁlﬁgﬁlegporﬁ%gq ﬁ% nté‘ﬁliucrinc?’ Ry g%ﬁ % S%%Wéronder iutea ct)%rél’%{nﬁ) F%Por
am no 48i dor haGiatey @Hchffamstriadiohihe seter, silkheny Batph tioegern Amdgor ByIRRRYaHEe

noi ety W t hpsetdhfy), & EJ(FyI &b iR trRflipd Phic SEsihQerd Erfls parhi6r af PAERIor BRI W@ tiRymino
naturally occurri an unnatura[J am no acid. For exanple, the spacer (or
one or rmor &°GFEL ?8rp}3%?paﬁ?frts of the spacer, if it has repeat units) may
be dy, Pro, Ala, Val, Leu, Ile, Mt, Cys, Phe, Tyr, Trp, H's, Lys, Arg,

G n, Asn, arhg_llu']*rb hific gﬂb@t’ltuﬁ Fﬁay Felad ﬁydréé@r@@n cHithaviy A't@-BO O atoméDpreferably it
2010/ 070251PC1 GBs00 am n noy,

72 ndRepEhayFas: BoalA IBEE ANBPIS O SHADY P BY1D OSBRIy
For exanpl erhethhopimaehaimapy belireasormednehetirdng agbe datsrated ot etbafurated. i-vall be
Gaba, b-Al %nﬁ%]’gtogd tﬁatﬁlp]e I%/dp_cﬁgrbhﬁ E}%ﬂhé !Jr'efjér %Bét&&&ﬂfwth@ﬁm@@\A/Ei@ﬁ‘fng@ﬁ&bet 0

any am no acl n% he 1 nvention. Pref er I

the amino ds eteshmRnt i ae ?{“Fﬂé?'ﬁa'é%"'?ﬁ‘ %Hﬂﬁ@%@?r TRIRIPBRE AN aphTgYP: 25HP

am ne gr oupgrodppén M @tom, Big OaMbnest=RIS atﬁmsMbﬂlpmfgrhblyembdaydrocarttohlcbaalstssnbstlalrfﬁdam de
or a sujph r Rer ex@xaiep! e
o “goph QPR nwak{br&@tﬁg%g&a%mLtﬁrgrpgvdw %r%?ﬁ%lkéd&%%ou& oBHBRPL .
Lys, Arg, S@mitoytheaproylyjauroyy ﬁyf'S@‘sméFeal%h Dpr or Orn. Pr ef erably, the

| i pophilic substituent is conjugated to Lys. However, any am no acid shown
as Lys in the for e I‘OVI y Dbu, Dpr or Orn
where a |i Cﬁﬂrd'lnggql!‘& sle uen%qiegpé%ﬁé%ﬁ&@%r%ﬁm%%mgph| I | Cc substituent
and spacer is shown in the formula below. 15 / N---..,--

AT

A may be, for example, an acyl group, a sulphonyi group, NH, N-alkyl , an O atom or an S atom,
preferably acyl. nis an integer from 3 to 29, preferably at least 7 or at least 11, and preferably 23 or

25

less, more preferably 19 or less.

30  The hydrocarbon chain may be further substituted. For example, it may be further substituted with
up to three substituents selected from NH,, OH and COOH. If the hydrocarbon chain is further
substituted, preferably it is further substituted with only one substituent. Alternatively or additionally,
the hydrocarbon chain may include a cycloalkane or heterocycloalkane, for example as shown

below:

I\
\-— N\—_/N—\

35
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Here, a Lys fromthe conpound of the present invention (e.g. fromX) is
covalently attached to y-GQu (the spacer) by via an am de noiety. Palmtoyl
i s coval enmolgicatromehed to the y-Ad u spacer via an 20am #€TraB2edsy0412m a
particul ar enbodi nent of the present invention, the conpound conprises or

consi sts o en

HSQGTFTSDY @i%@k&e%ﬁa WE&&W%@WE@R‘X(’%‘E@‘?@ e, Mpshpreferably.difiat i vel y
or addi ti onipiidine. one or m)re am no acid side chains in the conpound of the

invention may be conjugated to a polynmeric noiety, for exanple, in order to
i ncrease sql ubi | ife.in vivo (e. in plasma) and/ or

bi oavai | ab |"?f{‘?}'ve'éd€%'pﬁ8*a‘i°fﬁu@S&%ﬁewwe&ag@& RRRHSRS anee N PR kaisEE (e.q.

renal cbeamhistapy bé partialy apfeljt unsatpratet eorisstuated. feptarb@satomd/Bthe skeleton each

2010/ 07025383 g-lgé @%@t@éﬁ Qﬂﬁlﬂﬂgjor 35he FQ XXHBE'tﬁe I'i'&bﬁﬁ(ysub%nwnﬂfn%é@ebclh& IWat er

sol ubl e (agg i éX rophi | non-t oxi c har maceut caIIy

i nert. Sui faByY OL‘Y I WB?W noi et i es i ncI ude pol yet hyl ene gl ycol (PEG, hono-
or copolymers of PEG a nononethyl -substituted polymer of PEG (nPEG, or

pol yoxyet h t.ol
( 1998) BI )é(% gﬁﬁt;%giy gl?(f thé IP@?}QB%?@S&& mag)ﬁg%@qatedqgthe%n%% sfife %ﬁé( n @3? a
Carri ef Syépacg @"(Pi@g?)t e spaoeHe pitashed ta Hedippriliig surstiieptsng g tb%am'ﬁe peideide

pol y- am nocigi. déhespader asy pobtiachedso me ipgpbliy s@smas bed RchdanidladDdive @lamt ami c

?Ci?)gz( Sggl ”gé?uﬁecz loy?ar@s{i@r %wgwyl @ét%’l, ggh?o%?tl:r 2n gm%% Eggaﬁon?m %nécézogiygly

Tsukada, eft Mgy incudetue)maietigs lnﬂmqndeniméﬁwr ronrmyl sulphppyl, 4@\ atomyzmO agr orand

Pratesi, etn 8laton{ 1383paceBay Have GaTeiula: VOl . 52: 841-848). The pol yneric
noi etyggray be straight-chain or branched. It may have a nol ecul ar wei ght of

500- 40, 000 Da, for exanple 500-10,000 Da, 1000-5000 Da, 10, 000-20, 000 Da,
or 20, 000-40,/000 Da. 15A conpound nmay conprise two or nore such noieties,
in whichc tTeptotal nol ecul ar weight of all such noieties wll

generally fall wthin the ranges provi ded above. The polyneric noiety

may be coupled (by covalent |inkage) to an amino, carboxyl or thiol group
of an am no acid side chain. Preferred exanples are the thiol group of Cys
resi dues aWbeeiR& aBES FoRePiMisPesettlvaigcied f"wgcyll &4ipbrivs NHaiNalkylhan @aﬁ’ﬁtﬁ(yl
groups of é\sﬁ atnt plefarablyeintagSanamyH. Hrsferablg, mseﬁimteﬁbﬁrcﬁkn td wdpré@aili@rfro\ﬂ‘i | be

vel | aypar e Tﬂs“ &%Q ﬁa} @eﬁﬂ@eg gl?o% :t\ﬂ‘@h mh 81% ore éL{%%[lt eontsteII’ec%d momhlgé pI i ng

reaction. or exa carry can U | ed
to a Cys tRicAKHBI0P Ooya'éy‘ﬁﬁﬂr@ﬁyrﬁ”ééﬂ@'Maﬁj'@xml ng regents cormerm al I y
avai |l abl e from Nektar Therapeutics 25AL. See al so WD 2008/ 101017, and the

ref erences QV. r detai.ls of suitabl stry., Pe |desnthe5|s
e comouafi e a8 ol el B 3 oo ok Blnfs G R g Pl i

synt heti c fashiselgeted !ﬂé@l@ﬁﬂéﬁnﬁhﬁﬁf e@i@mpésmnénA@mmeat onitsainay betchealendy attaehezﬂ

t he ar2s netohaeh otfiétus tﬁ&ﬁe@e@%%ﬁd@ﬁbl&%eﬁor@% et{ﬁ’e 8Y¥Rd b%l&l@éjofltﬁb a

Synthest i R Rh G E Y ForBaRmL b AP anlous  FRTFEr Ghasks o =
met hodol oggulrsiondreitie. sthegiwe Seand D Unjts hreagnenitof dieseardsr aregittacheld tesibé ahinoaciand

purificati gf aintdhg tl‘fe'llB@Ahlll@%ﬁEs'hQ@ntQEQgslé%ed BaP) expressing a nucleic acid
construct that encodes the peptide in a host cell and recovering the

expression product fromthe host cell culture; or (c) effecting cell-free
in vitio eRefeezbhitnsmberdan e @ifavesdoud oclewnatar thtde drhaier espestdets. tMest pefatdbde

and recovefi Q;Sbth%sWrreﬁéa?quﬁg, Wi?ggiﬁélé unit.

The spacer (or one or more of the repeat units of the spacer, if it has repeat units) may be, for
example, a natural or unnatural amino acid. It will be understood that for amino acids having

35 functionalised side chains, B and/or D may be a moiety within the side chain of the amino acid. The
spacer may be any naturally occurring or unnatural amino acid. For example, the spacer (or one or
more of the repeat units of the spacer, if it has repeat units) may be Gly, Pro, Ala, Val, Leu, lle, Met,
Cys, Phe, Tyr, Trp, His, Lys, Arg, Gin, Asn, a-Glu, y-Glu, Asp, Ser Thr, Gaba, Aib, B-Ala, 5-
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40 WO 2010/ 070251PCT/ GB2008/ 004121 or any conbi nati on of methods of (a),
(b), and (c) to obtain fragnents of the peptide, subsequently ligating the
f ragnent swocooitzedsm t he pepti de, and recovering the peptPCuaB2DIs/ (08121
preferred to synthesize the anal ogues of the invention by neans of solid
phase or |iquid phase 5peptide synthesis. In this context, reference is
gi ven to Wemg®pdritd@sl, Gattinoberermys 7-amineperiariodr Samppeqtangyl, %B“@P”%E‘P”OY' ¥382,
"Principl esyidedhéit i ce of solid-phase peptide synthesis". In: Synthetlc
Peptides (2nd Edition) and the Exanples herein. For reconbinant expression,
the nucleic acid fragnents of the invention will normally be inserted in
10sui t abl e Peeetaoipt:, the spaermay lerd sinpleosmiexaricestsicted fromat@v.$Sabarh-Hip aod ¢fRy.-
nucl ei cgcacid fragnments of the invention; such noveI vectors are also part
of the Invention. The vectors can, dependln% ose. aqg &P é f the
appl i cat i orfhe Beophiic supstitigsyt mappe eAnkgRted ipany g d Sé Shipigdn the compounds o
m ni - chr oNGSRARS, Pasfersibly, W aniut ackl side dhaskeﬂluﬁ)kdﬁemdarb@hy hgdromyl, jhiaaorideszsed
tran5|ently |n cert ot n @éwgqand
ing goup, % ﬁ% %r? edid é”lghlpghw Eétﬁ' L inVeREEO LN allu8 bES Elﬁﬂ\oﬁérﬁ

expressi on vect I nvention are cgg 1
15aut ononouie srapirios bRQPUHP subpfitesh 0B paIPfenthe HRphie BRI DY ?W”gﬁtﬁg ©

pur posag ofashi AHp; GRVEN, |e.gp_ryesusg ®ar, Ofr, Myrgtrp] @@k Dbeipr are®@ho Rrefapablys thesequent
cl oni ng. I |p8@g|8|sﬁ%s&@g%t rllsl po% é’j}ed t%)f_g:: glﬁcﬁNeQ% Xr&%tnﬁrj{o SoRYR E)\!Vﬁ §§L)Ishr¢thE ‘fﬂrrlnglﬁé ng

features i R0 pronoter” for driving
expr essi on pdvided dereinghayi ke rami&!qsd by ReBiRt orgIr ther elad@‘é‘r'i‘ﬂ"P SHpstiveRINRL 1y a
nucl ei ¢ aci d sequence encodi ng a | eader peptide enabling secretion (to the

t |1 ul h " , bl.e , th | ei
O SR ie EhptPAL T Bt o)t e el

nucl ei cdbaci d sequence encoding a term nator. They may conprise additional
features such as gglectable markers and origins of replication. \Wen
operating with exgression vectors in producer stralns or cell lines it may
be preferred th ? S t 0 into the host cel
genone. The skilled jperson is very famliar with SU|tabIe vectors and is
able to design one &ccor@ing to their specific requirements. The vectors of
the invention are [used to transformhost cells to produce the conpound of
t he invention. 5 ransforned cells, which are also part of the
invention, can be cuftured cells or cell 30lines used for propagation of
the nucleic acid fragnments and vectors of the invention, or used for
reconbi nant producftion of the peptides of the invention. Preferred
transforned cell s /of the invention are m cro-organi sns such as bacteria
(such as the spdcies Escherichia (e.g. E. coli), Bacillus (e.g. Bacillus
subtilis), Sal , or Mycobacterium 35(preferably non-pathogenic, e.g.
M bovis BOG N yedpts (such as Saccharonyces cerevisiae), and

Here, a Lys from the compound of the present invention (e.g. from X) is cpvalently attached to y-Glu |
(the spacer) by via an amide moiety. Palmitoy! is covalently attached to the y-Glu spacer via an

20  amide moiety.
In a particular embodiment of the present invention, the compound comprises or consists of peptide

X having the sequence:
HSQGTFTSDYSKYLDSK(isoGlu(Palm))AAHDFVEWLLRA (SEQ ID NO: 17)

25  Alternatively or additionally, one or more amino acid side chains in the compound of the invention
may be conjugated to a polymeric moiety, for example, in order to increase solubility and/or half-life
in vivo (e.g. in plasma) and/or bioavailability. Such modification is also known to reduce clearance

(e.g. renal clearance) of therapeutic proteins and peptides.
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protozoans. Alternatively, the transfornmed cells nmay be derived froma

multicellular organism i.e. it may be fungal cell, an insect cell, a plant
cell, or wormmmabisan cell. For the purposes of cloning aou/GB0@pMireised
expression it is preferred that the transfornmed cell is capable of

replicating the nucleic acid fragnent of the invention. Cells expr essi ng
t he nucl ei Thd pagresnmomtyds pretefably waDsololle(=0TpbipBli Twepgiish Nnowipxio.end

embodi ment ﬁhé?%aéet]ﬁ‘cahﬂﬁ@rmé‘nﬁable EHWer%%xéﬂ@s HEed: ﬁo@éthijlﬂﬁé élyc‘bC(a’Ee) ®bmo- or co-

| ar ge-scal e preparatio s . of t

produci ng P‘H)ém‘ﬂgﬁft |ﬁ5%a6‘f°”f’ﬁ‘8thylrf83§‘hte@rf’°l¥ e%%ﬁg ("*%% 8? %Oxﬁetwg%lyceml is
conveni ent (PG Shedglexéraple fintoimHessrogy @@1 (oB3it BIPMIUQRZ‘BICég@i &HP0419GUEHd i 5
secr et eg '@IPREpQ'hng)JtD){JgFC%Q‘&}/Q‘QMEf(TQQQﬁCY Bi nding of the relevant
conpounds to GLP-1 or gllucagon’(G u) receptors may be used as an ,

i ndi cation of agonist activity, but in general it is preferred to use a

bi ol ogi cal OC#ssaytaib paimereasaesties inti0depaeaehd adidersush aarlHyging. pdyrgwgrtipgcid

bi ndi ng of aFupSo rf@ﬂ’tBRH%‘Jndt(geetf&%x%rﬁ;'u@é@%o& %FQP(EIQQ’S) @Eonﬁ?@ﬁt@@h@m %t byasd-on

of the gluc ucagon agoni st W [ a el |

cyclic AIVP3'(5 Mczf%ﬁh'éﬂtgp@n B'OSP'?anéﬁq”}?m at i3v#tPo rTS‘H‘iad‘[’nE Cigﬁzﬁ é\}éhpt or by
a GLP- 10ag@ah&k Indi. | Yol 83, i: med-adoeaeeirhtabisat ac ANBS5)f B dretancer, vo1l.'i5038,41*@|4@duct| on of
CAMP in suitable cells expressing one of these two receptors can be used to
moni tor the rel evant receptor activity. Use of a suitable ir of (f;gdeo
types, eacfhaBewprieswiaigmanks steigBhiain op st ¥ MY Bt Vgey Mol rW@'ﬁ@é’ used
t o det er m g 06@OR & lexaRblE B00-10,600WRY; dROBOOMDE,yP@S0-2b, 00D [t 80,000140:008 0l | ed
person wl | be aware of suitable assay fomats, and exanpl es are provi ded
bel ow. The G.P-1 receptor and/or the glucagon receptor may have

sequendB ofA cohgoundargyticomarisgswel esBere 5@% maRtias. thehiekeasp Ff@éota‘me%%‘ﬁ%% f t he
assays may fjeif meémgewmwfaﬂmmmmaﬁ@e@@méd éKdvecagon- R) havi ng
primary accessi on nunber 4503947 and/ or the human gl ucagon-|ike peptide
1 receptor (G.P-1R) havi ng prl mary accessi on nunber G :166795283. (Were
sequences dhe polgaericsmietpmey bé eriplad éyrcefaiant intaged to antanyid GRraowt or el 9P B

under st ood ,haj oBRHR BN ﬂf@hﬁewéan@fesramhmtou@reummyer&uduémltmmm
si gnal sequenc rB

val u used .as
2goni 20paEHEBIGHP AL oafher e DA oRn oo Aap el P o BauEl 35 bRl
concentration of a conpound required to achieve half of that conpound's

maxi mal act ot B o6 e
havi ng ECS(T é_&%fé%dgg\&gpé nglg%al\ﬁare @l%%ﬁéﬁetgmﬁueécmw%rﬁﬁu d t p T

é% P—le of native g I fﬁ?"n?f%
particul ar C&s@a@/rel’ﬁ"ﬁfﬂ?”bEOrc%ﬁ@P'aé%%G f“8'eF¥ WA YRENOYAAPSRE P §eUP 1R
t han gl ucagea. groﬂb@ya@rramirulﬂdmkd@swngbegbnlsrcommes:ne@pe\call&bl@mm dektanTderapgitienl | y
A u- ARl dyalg t aRAk 'dB@alil@Jrf'sﬂ&bl@%MT’n t
forrratl on gAtLL %BFW%O&;&SOJ% gr@%:{ré%{e%;&‘and %ﬁaﬂveﬁc{rl recepltJ or. S
stinmulation of each receptor can be neasured in independent assays and

af t erwar ds mprRaededi® 35each other. By conparing the EC50 val ue for the
gl ucagon r Rt Orﬁ&%&}&]% mlyéh(t\’gtg%gy Eg %aNMfaanrédr%hgqggtaYﬁarHgyﬁtl%rtlc Fntéﬁ‘]o@— P-1

receptor, ven Cco tive gl ucarg |
sel ecti vi tye@v@m@ﬁt qxhrgg&mf@mﬁ(pr@@hotb@ s‘a ghe agignetiygg- Thus the glucagori analogues

2010/ 07925 1R T GRRRHe0 0 Rukn tRe bddyy Ric@ihEREeamRIes & metibil whitl cgnipispound]
(11EC50 [ d ucagon- Rpx100 / (11ECS0 [d ucagon-R] + 1/ EC50 [ GLP-1R])

(a) synthesizing the peptide by means of solid phase or liquid phase methodology either stepwise or
by fragment assembling and isolation and purification of the final peptide product;

35 (b) expressing a nucleic acid construct that encoc!es the peptide in a host cell and recovering the

expression product from the host cell culture; or

(c) effecting cell-free in vitro expression of a nucleic acid construct that encodes the peptide and

recovering the expression product;
40
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The rel ative GP-1R selectivity can |ikew se be found: 5 Relative GP-1R
selectivity [Conpound] = (1/EC50 [G.P-1R])x100 / (1/EC50 [ ucagon-R] +
11EC50 [ GuB-20Rjg70281conpound’ s rel ative selectivity all oreTidBRo@ifoerzt on t he
G.P-1 or glucagon receptor to be conpared 10directly to its effect on the
other receptor. For exanple, the higher a conpound's relative GLP-1

sel ecti vityrawy, Coﬂ‘ﬁ@aﬁ*ﬁﬁroéméﬁhf’%ﬁcﬁfl(ﬂ)e(bi Red (ctigppigii@oments A theeertigeosybspareat or

as conpar edgdtg tHagraghbfia®UbtaireBe péplitie, and recovekisd the pédliee.assays descri bed
bel ow, we have found the relative GLP-1 selectivity for human gl ucagon 15to

be approxi mately 5% The conpounds of the invention have a higher relative
GLP- 1R sel digs prefetrgd tormamihesizediie ayielogrsehthe Tiyartion py meansgd selidphipsgror figjephags
%'_gc i-gROB R p@ﬂ@@'s?rtth&fst |IthHeY:ont§>h &eﬁﬂiﬂ@lﬁ @ﬂerWoM/O ds/3pi2ayana diiopbe mahetadrs, (ﬁf

- ago at er .potency  at t han
gl ucagon. ryﬂ ﬁﬁﬁ ?E t‘.) %)3 (%'P%‘B tpﬁacf' etch eﬁegﬁde%yﬁh%sgqﬁesg}hpartl cul ar
conmpound atPepW@Sg?trld@dglom@ﬁ@e@xmmmbﬁf@!ptors may be hi gher, |ower or
approxi mately equal to that of native human gl ucagon, as long as the

appropri at relatlve GLP- 1R sel ecti Vit eved. . Nevert hel ess )
D ontia. Gof ErpaoNar, S e el TraTieRs el A e b Bl Rnsch i
25g| ucédgon.suie \eotepdal feds cineiyg breexpressioroigetorsEaBYIdEhendcldR adihzasmgnigobien
whi | e mai ntl?U ﬁﬁo’ﬂgs@ﬂn 5ePbclofd é?&glg@?arﬁif tﬁehﬁvenflo% Hﬁ@%&d?@-&bnl@eﬁeﬁélﬁ’g &H ;S]Jﬁ[ﬂfse

t han t hat | ucagon, | ess ? ?F? (?s ‘{f t hat of
gl ucagon, dc"dpess ?prﬁ’!éﬁ?t'% P& indheniogm ek palsﬁ”aqsf RAEES 6 n@ﬁ‘"@lr%%@g‘ﬁs °’I’Hrus'
conpounds @t dlendkad BNA wbich seplyleapressan treSidtly Glcertagoatis Rjantimpdrtantvebtess t han

two-fold t E?& folPdd c;fc% @%Ex@%ﬁ%ﬁggﬁo? gp{qa%mmtg&?]gﬁhmyenhéw SreRbpBEP

[ 3 ucagon- that 1s’les hat of hunan uca(ogr?II gnd have an
EC50 [ GBp- Brjonemays redlicatioadherarerRaling hoh §ePYotumpbaisadl %3%&58?1 182 han a
fifth of thapresdiorhdtmyn-lgkiiesigaton f@suttsegsnt didnga tenth of that of human

gl ucagon. The relative GP-1 selectivity of the conpounds nmay be between
5% and 95% For exanple, the 35conpounds nay have a relative selectivity of
5-20% 10- 3096nez) oBli%, arBEXPTRGSPN ¥R QOTBYYIBES Uaefqﬂq’wm)fea@oﬁé e 863 girestinnAN or
75- 9'[5;%) T?Qﬁ Qﬂféglé Itﬁ_'%kélg%e§ promoterfor]%gcéiﬁﬂémtf@fnublaeatg&ﬁ@@ﬁérﬁ)ﬂf th@yiveptioVi de
an attractive trea i on abol |

el udily. (PPl A 256 oo\ o 09 B slesery B 200U o g In" | TR
mel | itus, qhbenorefieaes agticab, Blort perabsrda)alben@@elc paid zagmentiensatinghe gensige efer ed
met abol i Smthé’ﬁb@‘ult by, aqygptlt)ﬁ)al@a(hgémb B@@ sQfeth eht%dﬁﬁ@'attmna@ﬂdT@é}'\Md'yQﬁﬂﬁmem
causes, resulti n i'n ab n%&§ !‘% g 8} bl oo SU'?SrﬂS ?aﬁ ‘f"ﬁgfﬁ% gatu 5
Bl ood gl uc@é’g't'Pr@/@F%‘reérséc rrelegipb'a hapyreang © R ] qe e bet a
cell's of thsprasiareasrs lnDprabtﬁteestretttrs\oebemsesjUBastb:e riefstred theti tamvegfor lsmsmﬁbierpf
producizag qﬁ@@%(ﬁ‘@n‘ut? 1R&H& c‘él?![)én%m(e' %ﬂl@d berdbAb %r?ﬁa)mﬂ%? Wﬁl@§l|t§l§l@-0&§)r§ ghdiisie

ef fects of gest ati onal etes) followed by beta cell loss (in
type 2 di ab%’ieetgFeS'Q'BQS‘LeW“f%&to(ﬁe'réf’%@ﬂ%'r?r@%{ﬁs to hypergl ycem a, which
| argel y causes the acute signs of

The vectors of the invention are used to transform host cells to produce the compound of the
invention. Such transformed cells, which are also part of the invention, can be cultured cells or cell
30 lines used for propagation of the nucleic acid fragments and vectors of the invention, or used for

recombinant production of the peptides of the invention.

Preferred transformed cells of the invention are micro-organisms such as bacteria (such as the
species Escherichia (e.g. E. coli), Bacillus (e.g. Bacillus subtilis), Salmonella, or Mycobacterium

35  (preferably non-pathogenic, e.g. M. bovis BCG), yeasts (such as Saccharomyces cerevisiae), and
protozoans. Alternatively, the transformed cells may be derived from a multicellular organism, i.e. it
may be fungal cell, an insect cell, a plant cell, or a mammalian cell. For the purposes of cloning
and/or optimised expression it is preferred that the transformed cell is capable of replicating the

nucleic acid fragment of the invention. Cells expressing the nucleic fragment are useful
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10di abet es: excessive urine production, resulting conpensatory thirst and
increased fluid intake, blurred vision, unexplained weight |oss, |ethargy,
and changee 20r/@msngy et abol i sm  Met abol i ¢ syndrone i sPchazBeotsanired by a
group of metabolic risk factors in one person. They include abdorri nal
obesity (excessive fat tissue around the abdom nal internal org ?h

at her ogeni ema@iyests ¢f ihgdmieatiqnbiheepniostser feoyerllssale PR aEPRE ‘PfF'ffﬁ o of the
triglyceri g@;ﬁdesldameHDbnmol esterol and/or high LDL chol esterol, which
foster plaque buildup in artery walls), elevated bl ood pressure
(hypertension), insulin resistance and gl ucose intol erance, prothronbotic
state (e.gWhan pldddrsrthaesptde efthejnuesiantyqrasnaefitieosieraed palli s € Ve’l'e'?t'n t he

bl 00d) , 5 anginRlH Bf fATBRLATY tHat Ak ex{réssBn proal@ wakedteCintehe tilves pedidrei n i n the
bl ood). 20 Individuals with the netabolic syndrome are at increased risk of
type 2 diabetes as well as coronary heart disease and ot her di seases

rel at ed t oEffitdmer mani festations of arteriosclerosis (e.g., stroke and

peri pheral gyasg b fé re@v§rﬁ%§tﬁbound§r @%Lm%r@ﬁﬁégddm@er ﬂe&éﬂf@s fnlaﬁ ke isedizons f or

t hi d
ol Ucose | niOrER L asons oo raeBeray el B Ui gk b SRR e
pl asmi ndge mracdlilsrasgmeallingdaubed myrbirtingref thkeorhibayodiio, theelevar sicaptPraieh@teaIPle. st at e

(e.g., el e\éé\rvst%n%ﬂheﬁmqeﬁ r&re%%yfb éhﬁba%&?ad%@ml) stimOidtd\itiavdysilRiAMP (cavbe

bound by an articular eory t he
i n\ljent i )c/)n g%lmgté’@ IélmH'@_Pa‘it'VatL?QIOfté?lﬁgilrf’strgcepﬁgy%Iﬁ«tt'lgqa?ﬁ?)'?ﬁ ¥v§i|0 nﬂfén"zeg‘ﬁ%

effect of ghupageatcdNTHAal produetdnad OAVIB in sitdtie ¢eieepfdseioy anepdf tHEsPWP r@%n@r%od
gl ucose | e\égrl Be LFSQQ id rga'ﬁlt )8 ?elfeﬁlant-m:%}{to%(ﬂmy Uaebef é@lft@ol@ﬁélr df Gelﬁyﬁﬁér@bl' stic

fashion to accelerate elimnation of excessive fat n, &33 F 8

sust ai NAbl EXRIRISEENE (sePtorRyENQY thedtier vy BRICe B8 BS&HdT B‘?t%rgwef@%'% FLNREFPL A

nor mal | evebis typek bitetdptor.he ri sk of hypogl ycem a, which is associated with
conconmi tant use of GLP-1 agonists and sul phonylurea. 35The synergetic
effect of dual G uGLP-1 agonists may also result in reduction gg he

car di ovascheskiled prrspreil F gwatgohsuitable pefaY Msfse 81 PISH arePFYY 9e8 8%10%) Theas an

| mpr ovenentg bty @&éﬁ‘dﬁ%ﬁd/&rﬂh@@l@@@& reddpitd mayhyverie ssylenoelofthi nebeptersche Wesagbed
their fect

on

can théPef JH8e B’éa"li’g%d'y\ggg?) 1 TR E’éaly en%mq? ew%% a@%ﬁ?ﬁgor&gyﬁagﬁ

gai n, pr o) hagnamsinght accession nr’@@‘tiéi'rf’@o%%@@‘yoﬁb%i?”w Wg‘ﬂ?"kﬁpg%{

?begl ty (?r&gptoV@Laﬂw&Qﬁ%mléc%B%brg@ém1667952mn(Wbére@équammetoftel i
eeding, food in calarie ing nd/ o i ng
ror bi 0 obedteysnghs pesterental dpanofRUedbe SR B BN N et e

i ncl udi ng bhe matorte pratern tating thectgnslisequdnpgdiked i nfl anmati on, obesity |inked

gal I bl adder di sease and obesity induced sleep apnea. The conpounds of the

e By o0 e 5 o 52 MBI O LRI o DL O AV

at her ogeni cady &4 rpéadurs ofitheabhenosioh efr aéos)poand required ol E@h@\zﬁ lealf th:tﬁ’labWHWUWéar t
di sease a”%&%a%&wwfn%?gru%& a@%éy FRAGbL é@ﬂﬁle%oﬁbo@rﬂﬂ\abﬂg E@%{@.F&Uﬂ%w th

obesity. Ho he corrgoun S f'? J; hQR I%grs
condi ti ons thanhbECISHPRb ef NafivediiPecHR 3P ”'ﬁ%?rtasﬁyé“ag ©EPIEE ?1 B6 dqu

wei ght ,300r gaRyic#t thaGlepeRdiemtglichgimeof . 10 Phar maceuti cal conpositions The
conmpounds of the present invention, or salts thereof, may be forrrul ated as
phar maceuti cal conpositions prepar ed for starage or adnmi ni str

typical |y compeneeings daseiiteg duthiscasaripation pecyRicaly Givaehit " g‘]fa‘ 39 n’b‘”&fethe
i nvention, @pate SalihubiRicRNP, fornfatiéh 41bath Rcguthgdakieptonankipe &P receptor The

stimulation of each receptor can be measured in independent assays and afterwards compared to

35  each other.

By comparing the ECs, value for the glucagon receptor (ECso [Glucagon-R]) with the ECsp value for
the GLP-1 receptor, (ECsy [GLP-1R]) for a given compound the relative glucagon selectivity (%) of

that compound can be found:
40
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15carrier. The therapeutically effective anpunt of a conpound of the
present invention will depend on the route of adm nistration, the type of
manmal bewogotwietsed, and t he physical characteristics eCTidBoepeei2iii c
manmal under consi deration. These factors and thei r relationship to
determ ning this 20anmount are well known to sk ;?)(ractitloncers in ﬁ

nedi cal ar RelativErilecagerB seleedidy [CARPeHBEHOA/ESko @H‘ﬁ?Wﬁ] 196 /$HECaNSHE9PET by ed
to achi evegiljepb-1gf)f i cacy, and may depend on such factors as weight,

di et, concurrent nedication and other factors, well known to those skilled
in the medi cal arts. The dosage sizes and d05| ng regi nen nost appropriate
for human iibereirtiye Ble>-tiRiseledvibycan HeewisedaIlUsdobt ai ned by the present

i nventign, and may be confirned |n properly designed clinical tr| als. 25 An

means, | St al PR G STl o PR B aTary R o] R oKk RN T

t he dosage [®@H-1i) nonitoring the effects and systemati cal |y varyl ng the
dosage regi men as well. Nunerous factors may be taken into consideration by

a clinician when determnin [ Lve {

30consi der gtqogwgurgpéelﬁtws\ﬁﬁlegg%f ﬂ'@ﬁi ﬁm%eetdmzteeg(glb’g QOLI@JC%?OH RodHkSH comptiel
" phar ma0 eutdiremil toyits @ffe ph tislothec wcenitar For axginpldehe bipiyer efcomm;méﬁ saiie GLP-1

phar maceut isgaly, fAL rtl'\eer[h?re eﬁgﬁtomgtedéHp&ﬁtdllé’ orfth€ BRb AhbRpeASY dorfpareli@d the

t herapeuti c use are nown i n the pharmaceutical art, and are

descri bed, 9U679%8Xe#pPe, in Remi ngton's Phar maceuti cal Sci ences, Mack

Publishing Co. (A 35R Gennaro edit. 1985). For exanpl e, steri | e saline

and phOSphﬁs feTs‘é%Ej}/@%e C%Lé(ﬂ?&l@ welhb @ hlng taCieBlive OP-PESHiAlyIeH Hamkan Blokagey be

used. pH bu rin s may be phosphate, citrate, acetate,

tris/ hyér o@h@@m efet hane (TRI'S), N-Tris(hydroxynethyl)methyl -3-

am nopr opanesul phoni ¢ aci d (TAPS) anmoni um bi car bonat e, di et hanol am ne,

hi sti di ne, r@hlggqquuﬁsaoft [y {.Jortctht?é%ﬁﬁerr&étgt@LBqRJebéeﬁvﬂetha%ura&e@@ta gorPr

m Xtures t ses any agents |]sted 40t he us
Phar nacopeiTaus,der awpaicilar level ?f@l%aganl:eq’g?dg?ﬁ?t'ﬁtﬁ rtﬁ‘h%ompot)@ wil display a higher level

2010/ 070251&@#@’9%9@%@%1&1 grEBer pRérzy Hithacome eeﬂeptoaltHayt olicagpt dblileesal t "

refers _to th und | J ors
accept 4B o ‘GarsEongine L o PRI T e oRLlT OAGI3, B BLERRRENe B fecspory
acid add| t ingay kedidhsr, lowet ardertayitieteagr tatbatpapative h‘t’ﬂ‘i’t%‘tcég%%F‘f ?”%ﬁ%l 8cetate
salts. rggb,e,?r,é@; RS ELIE AR t8e&iviROL Belve@l ts where the cation is selected
from al kal such as sodi um and potassium al kaline earth netals,
such as cal ci um and anmoni um i ons +N (R3)3(R4), where R3 and R4

i ndependentNeyediessisg it @spoptds ohtalsliyvestisnsnayhayestloesid Goy ICL PG fheR AL

Substi tial egg L%%(% %5%611\{ oun@sm'lé%e EYO\A?&HQ@&!GLPMQ@'] tRdrydiucagdn vk Irr@n@dldlr)g an

substitute eroaryl er ex h eutic salts
are descri bédo Gr't“"a%t’ﬁ]ﬁ@ e ttﬁ?ﬂﬁ@t@@ﬁﬁtfé’% %?él @H’ 33 Q%C%gv?n%sc %I or??Ei Ed.

Al fonso R Hagenhaothbid himad @ddegén, Buless thén fhg)lcmm’rpathyn thEepjtt@man @wagoﬁ S. A

1985 and mor e recent editions, and in the Encycl opaedia of Phar maceut i cal

Technol ogy. "Treatnment” is an approach for qbtaini red
clinical r eH§o0®pPoyngs o hRINYRIFIHERENAYE 3P e [&H?/aegﬁt‘ Riﬁapf)%ﬁ% a% Plgrﬂ%géﬁs ired

clinicao resulshglucagohume, colgbunas eman bavel anffCselGiucagonaR] e is dass ttwn@tfo-fold that of
15synpt ons, %ﬁaﬁgﬂjc%&ﬁ%% he a%(?(f r{;—)LQH Rﬁhéﬁ?@@s thar ﬁet?f'tlltét #ELin{dn-gRicagdiOlkss than

Wor seni ng) i'sease, 02 di sease rogre55| on,
arel i or at i omfiftrof hat ofhampreluesioon. lgefegs bama ienty th@t of aHG2R @H‘f T-on (whet her
partial or total), whether detectable or undetectable. "Tr eat ment" can al so

mean prol ongl g suryival, 2% 6MRAL S A CHRAREMHEHEN ABlosk! FoRlafiGs i ng

t r eat ment ervention rforme e intention of
preventding tdmmodweiseiaypaen relntiveaselashviti gf 3-B6 FANH. 8YH0% 304 O S ER7: or of
20Accor di ngbd/s00 t4b@BLATBOL 0% R7§08%! O bot h ther apeutic treatnent and

prophyl actic or preventative nmeasures. Those in need of treatnent include
those already with the disorder as well as those in which the disorder is
to be prevehiepabelivaisphar maceuti cal conpositions can be in unit dosage form

I'n such forg L HeoGREBOSL fv&llioh Bay provide an attractive treatment option for obesity and

40 metabolic diseases including type 2 diabetes.
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25di vided into unit doses containing appropriate quantities of the active
conponent. The unit dosage form can be a packaged preparation, the package
cont ai ni nyodnear7etse quantities of the preparations, forprexaRh@s/oopecket ed
tabl ets, capsules, and powders in vials or anpoules. The unit dosage form
can al so be a capsule, cachet, or tablet itself, or it can be the
appropriate nunber of any of these packaged forns: It may be provided in
si ngl e dosidlrteactsiiiscoffenrrefprrddde siewkyrap dabetes, ishrsyhdome of disorgsegr metabolism,
30Conposi ti ppg GE%tobaeco%rngwn%tf ﬁ&eéﬂ%Fy a%@lénﬁr‘dh&éﬁél%aﬁs@é’tr@suﬁiﬂ i EBAGha® high
adm ni stration: armaceut 1 cal acceptable carriers or diluents include
t hose used q"??dﬁéﬁﬂafdﬂ"alﬁmyﬁ%’g'ﬁﬂ"?a&bl e for oral, rectal, nasal, topical

(i ncludisng buccal and sublingual), vagi nal or parenteral (i ncluding

b
Z 3 mC g;[ 2??2;@%%1 dﬁfﬁWe?suelr?&{mrblwd rbgﬁ“%%”ﬁone wﬁhlﬁrﬁrﬁﬁferﬁ?{he b@fa(ielﬁsr@ ﬂ@%@ﬁéf@és)

é convenl ent resente (}”Lﬁ
dosage f or rRighsiEsifigyelens dye iopdesiractisy o W"%Proﬁwgﬁﬁ‘ﬁ?%'ﬁagta\ﬁ@'ﬁ('”I&‘P(?van 705t he
art of phardm&}étan&lmm éﬂé:el@ldﬁmﬂﬂln'(mi assatienaraibatex etiovodd ydhetaties tosatin gpe 2ay be

particul ar he.c 4 i ey
her apy w38} BB a6 a oY IBATREE M R P BRI BT
be admi®i st@&@@sa@wﬁér‘/ﬁ ugife raCdvielifbi ealingFompIsaleyy thf Wdawr%ﬁjéﬁﬂwq' Biake

treat ment ofjurliddRehAHexHRRS idighPlosd)EtRFdyeARI dBBinges in enelgh nitibbliseases, the t wo
active agents nmay be given together or separately, and as part of the sane
S5pharmaceutical fornulation or as separate fornul ati ons. Thus the conpound
of the i nveMetalmtic gymdronteds garacteritrsrhy@foroupaph migiabelis digk fapforsdmieRerseanT "\t h an

ant : - di abet lh&uc%ga%%mlhé]%bét‘m/ HQC&HM) f&@ﬁsshé HobrRdnd Q)dﬁﬁtn%ﬂﬁtﬁinal, orgarS) bﬂh@ﬂbyérutl’ ea,
a i ni r

o it BRB Al bpetis Pefurd B Nassdion B HHkpekRe L RaBEfEh it

i nsul i n, DRMPoleMeiohminish faster plsulefbuitup i atenowalisk elevated bigodpegssire (vaentgpsion),

sul f Onyl ur €gs ﬁré@%%@én%ﬂ ucgéylnt@iggh@é/b%%rm&'ﬁﬁt% Qb %ﬁ&lrﬂbﬂndéj@ﬁlbﬂ'&ismldd@e@n
even nore prererre he COWEOU”

conbi nat i ona%’%t‘l’f iRt H‘tB‘? blgﬁfi)’l 37€ BIAHeg e OEYQSLFée %c?r i?c\!ﬁtleggfrﬁ%&‘ée %raﬁgt '«]ethe

gl ycem c cowéadpl . Exanpl es of insulin anal ogues include but are not limted
to Lantgys, Novorapid, Humalog, Novom x, and Actraphane HM 15 The corrpound
or salt“thereof can further be used in conbi nation with gn anti -

agent i ncl uBfWguasUYItYIBe mPiRRRlie 8NN L1 g PURERRSAY 1igkes YRR pLieaReS %Sc‘%’ﬂ'ta&mrfnxry
agoni st, peiattdeedté i otvadiaGue rblard endther canifeskitions o arteegerosis (. arstralgomdst

| i pase i nhi [?erIE)RJraI vg?cu 29 QL) Qhég&ﬁlﬁgrﬂ LnfélrlgggzmksfgctorgforFﬁ%lé@mremggﬁﬁé%%rb@t' ng

hor nbne rece oni st e conpound or salt thereof can
be used in %Wﬁmlnﬁbtbﬁéiwﬁ\ﬂﬂt”ﬁ“'ﬁﬁe%ﬁce H%@#‘Qoé?]ﬂolﬁﬁarﬁ@é’ﬁ‘fthmﬁ‘é?tﬁc?%etf’uf”grhot

limteds 0 ﬁdﬁn@gégloeplaaﬁh@geﬁ@aw%t inifBitoB-AZlY the bioot), Brid peinflaamgitoy eai(ag), |
recept or ry utlv ok mlﬂ] b?oogi)ocker or cal ci um channel bl ocker. 25
METHODS Gen%?vzfe %/Wfaﬁ S (J)r]l SUCAg6n anal ogues Solid phase peptide
synt hesi s was perfornmed as SPPS on a mcrowave assisted synthesizer using

st andar g ang%@ft o’v%fnﬁ@w HerboNM:’oyCHﬂy ﬂarﬂ@Jléf%Wyellﬂ@ bélEsZt@thég am@c.?hncs dRam I(—|§'(I)'(L)j
was used as Ccou 1N r | 0
act of dich g A Fat
in NI\/P) Wasm\(%]@?f' z?céps g&lﬁﬁ&qé@?‘ agﬂ Sis. h'Fh cWal agonlst com lﬁgs t géﬁ C QRI% éo a
metabolism with the effects of GLP-1 on blood glucose levels and food intake. They might therefore
act in a synergistic fashion to accelerate elimination of excessive fat deposition, induce sustainable
weight loss, and directly decrease morbid glucose levels to normal levels, without the risk of

hypoglycemia, which is associated with concomitant use of GLP-1 agonists and sulphonylurea.
35  The synergetic effect of dual GIUGLP-1 agonists may also result in reduction of cardiovascular risk
factors such as high cholesterol and LDL, as well as an improvement in glucose tolerance, which

may be entirely independent of their effect on body weight.

The compounds of the present invention can therefore be used as pharmaceutical agents for

40  preventing weight gain, promoting weight loss, reducing excess body weight or treating obesity (e.g.
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Pseudoprol i nes: Fnoc-Phe-Thr(.Psi. Me, Me pro)-OH and Fnoc- Asp- Ser (. Psi .,
Me, Me pro)-OH (purchased from NovaBi ochem) were used where applicable.

Cl eavage:w8aidtm7crsude pepti de was cl eaved from t he resi RCIyGH20@8at0ment W t h
95/2.5/2.5 % (v/v) TFATTIS/ water at r.t. for For peptides with a

met hi onine in the sequence a mxture of 95/5 %r§1 %quFA/ ED ed Most
of the TFA byaentiekeispeaiiteateetiagieddntpeeqie dntaigd@ PP -tg'fr\é\ﬁ

preci pi t at esbrisunchasms be deMbd dschigdéddideasdsand aeaalthabhdiineslintloding hut ta hm@edstpant

ht at d
20107 07025 Phety Laioh SERGRRL: S sl SRk dboly e tRapapian o
reverse phdbe cmcen@moféhqa@\res@mma)/@lsabsél famigeatppest ?ﬁﬂ‘%ﬁﬂok“sﬁya?r%‘ﬁ NSYIE) ON

3.0 ng BVaresistdee l{;ﬂi@dsé‘ |Qt|’olel'aﬁh§é ft)lpﬁﬁmtabét@é]?\&@rteﬁmﬁh diatraganiyysipidmion. The
pepti des vverea rifie a

det er mi ned A gﬁr@s ﬂ%ce 'Sscor{?rﬁeysr?%rtg %ngafﬂ QFMGW‘E ’fﬁ%g%&ﬁé]gﬁ %’3%32"’“ The
pepti de bammb@esspgatsywﬂme@smemoa@venéb%¢ﬁes@@f @s@%p%ﬁis e igeRignn these
synthesi s qhn@itdas A39 Be ARBLRE HBSholdMr ikt i ioh @odyiwidht, iot mbgbaibyépeheht on
t he side chaln of a lysine residue with the peptide still attached to the
resin and f' r?‘if protected on the side chain groups, except the

epsi | orf0am ne on the lysine to be acyiated. The lysine to be acylated is

i ncor por at g4, MhdcButlcB&oliSSsihs Fmoc- Lys(i vDde) - 10C]—I The N-term nal of the

peptide is protected wih a Boc epti de
PSPSti 11 actachEsongs Pres mas e Pl hereBt BBt PhETUT O el aReBe) |

cl eaved usmag]paé}bolnydrreaanemwr bipchgea breadiminisiiiefon, Whieh wnlpallmp@nmréé a|thesaneatiogie
chain is thea.fb 5(%5 {:]d?ﬁjpo%c}&ﬂ% IRRAGRT ord Hall theffot, th 4 priePmdodDcaly dtcédidlle
which is deprotecte pi peridine and acylated with a fatty acid using
st andar® peftricte coupl i ng met hodol ogy as descri bed above. Alternatively,
the histidine at the 15N-term nal could be incorporated fromthe begi nning

as Boc- Hi s( gqger%}gu%%f@%%% yoeﬁpowgorﬁp%ah of%%r@ééw lme%ﬁ*&mmmd@@ﬁd giembor med

as descri bed abo e sta nal ues
wer e i ncubaPeg obad ”B'B‘Ftiaélorb Hl?dtﬁfrﬂﬂ @aafnahwgérﬁateaq %‘9 Hle\fg‘éﬂsq?fg C’?gﬁcﬁﬁr PERS @
200. 1M aque@uaf.d-dﬁ:ém&xal uﬂ@érﬂiﬂu)&de]rahlen Jabdstthaars andther feltenship éaldag¢rmirthgThie

r emai ni Ispnéoau(r:\{ ara%/velg%g)% I\;? g}ﬂleg gr%ct%ﬁ%s MRRASHERS &s, RRs laﬁllo&tg}{d lh@tn%d%to‘f on

of the remalning is nmeasure for the
rel ative stasbiitigtrayion can be taifpred tasgshieve %\‘ﬁ'ﬂ“ab‘tﬁ'q{i‘ﬂ 6ﬁ%m6¥ df@leﬁ‘é%fg%ﬁ EsiFoinds
were prior &granfdtYohsuridht rdoratidnbntiblhGr f@étbre eundil khowrto 2mse skiksdtin it inedicaifartel. 2
ng/ nL and alyzed at a rorlatetl I P

ot tp. " Col v bR e R LB g ma IRl olioe6 8) bR

obtained by the present invention, and may be confirmed in properly designed clinical trials.

25
An effective dosage and treatment protocol may be determined by conventional means, starting with

a low dose in laboratory animals and then increasing the dosage while monitoring the effects, and
systematically varying the dosage regimen as well. Numerous factors may be taken into
consideration by a clinician when determining an optimal dosage for a given subject. Such

30 considerations are known to the skilled person.

The term “pharmaceutically acceptable carrier” includes any of the standard pharmaceutical carriers.
Pharmaceutically acceptable carriers for therapeutic use are well known in the pharmaceutical art,
and are described, for example, in Remington's Pharmaceutical Sciences, Mack Publishing Co. (A.
35 R. Gennaro edit. 1985). For example, sterile saline and phosphate-buffered saline at slightly acidic
or physiological pH may be used. pH buffering agents may be phosphate, citrate, acetate,
tris/hydroxymethyl)aminomethane (TRIS), N-Tris(hydroxymethyl)methyl —3- aminopropanesulphonic
acid (TAPS), ammonium bicarbonate, diethanolamine, histidine, which is a preferred buffer,
arginine, lysine, or acetate or mixtures thereof. The term further encompases any agents listed in

40 the US Pharmacopeia for use in animals, including humans.
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(0-3mn; 18%B) (3-22mi n; 45%B) (22-23min; 95%B) (23-24min; 18%B) (24-30m n;
1898B) Solvent A 0.1 %TFA in 1% MeCN: MQW Sol vent B 0.085 % TFA in MeCN Fl ow
0. 300 ni/wonoionj7exsti on Vol une 35 pL Col umm Tenp. 30C UVPrdetaxnesonn4220 nm
WD 2010/ 070251PCT/ GB2008/ 004121 Generation of cell lines expressing human
gl ucagon- and G.P-1 receptors The cDNA encoding either the human gl ucagon
receptor (d ucagon-R) (primary accessi on nunber P47871) or the human
glpz g ggg ;1 | ite t@?pﬁﬂaﬁﬁ?cbuﬁcﬁwg eptat(€3akt: réfd)s t6 meismba«h@mﬁsmnsm iHeRible
(NG 1905 AT RCER Gy ShlabigSef i, o R et S 3 s sy Epgmigy of s
respect i vel3dditigheitpRpuesfaeichigridersaltscritiata §efis-2Rd aeetate salis) Pramutes\gh Basipssits f i ed
% PgR asidngslu_@é isﬁlﬁrvﬁwg@_lﬁQdétiﬂlﬂ lists@re&ia@gd)rré BIRSE hétat,is06h & doBRim PE pSt&Ing RikBighe

e 5 -en rinmers additigna encoded .a _nearts ak consensuys sequence to
ensure of f1 e el S8 PSpRGRM sy ERFRAER By T 185 b RS B e
G ucagon- R depidnatéseop@rly suRstiteisd S arfilivh meiipnally suBNEISaqatkamil, pgtionaihesupgiRited
pr odU|Ct s eng@dir Betich4le s@étﬁﬁl?&i%teféaﬂﬂ._ biRer &biplds & pwneac&mmly@&%ttabletsgtsaare ’
manmal i an expressi Qn vect qr _cont ai i .a_neojycin. resi st ance_nar ker.
The el 1RrBRb P oReonog LRREe el g ra tea ol ih Akess X Al eHET I
wer e t rl@nsfidark BeblishingoCampa Eastoh) RA, byS.A., $38ardamdrevatant editioph @sp mdbe

transfect i gihcfidpb@sl offPatactlifcfTebirdiRg).ecti on cel s 15were seeded for
limted dilution cloning and selected with 1 ng/m 0418 in the culture

medi um Three weeks later 12 surviving colonies of ducagon-R and G.P-1-R
expr essi ng "tebimenieran gppokddor itapaganefdtishordiesissitcidces! restitseF ddtheqagmeesdfand

GLP-1-R ef fthigﬁséfntiar%%@a{e?ipraﬁorqgaféa biiRd ugwclu%}%u@ryﬁ&mm%ﬁo,% i@pRLNY cl one
and one GLP-1-R expressing clone were chosen tor conpound profiling.
symptoms, diminishment of extent of disease, stabilized (i.e., not worsening) state of disease, delay

or slowing of disease progression, amelioration or palliation of the disease state, and remission
(whether partial or total), whether detectable or undetectable. "Treatment" can also mean prolonging
survival as compared to expected survival if not receiving treatment. "Treatment” is an intervention
performed with the intention of preventing the development or altering the pathology of a disorder.
20  Accordingly, "treatment” refers to both therapeutic treatment and prophylactic or preventative
measures. Those in need of treatment include those already with the disorder as well as those in

which the disorder is to be prevented

The pharmaceutical compositions can be in unit dosage form. In such form, the composition is

25  divided into unit doses containing appropriate quantities of the active component. The unit dosage
form can be a packaged preparation, the package containing discrete quantities of the preparations,
for example, packeted tablets, capsules, and powders in vials or ampoules. The unit dosage form
can also be a capsule, cachet, or tablet itself, or it can be the appropriate number of any of these
packaged forms. It may be provided in single dose injectable form, for example in the form of a pen.

30  Compositions may be formulated for any suitable route and means of administration.
Pharmaceutically acceptable carriers or diluents include those used in formulations suitable for oral,
rectal, nasal, topical (including buccal and sublingual), vaginal or parenteral (including
subcutaneous, intramuscular, intravenous, infradermal, and transdermal) administration. The
formulations may conveniently be presented in unit dosage form and may be prepared by any of the

35  methods well known in the art of pharmacy.

Subcutaneous or transdermal modes of administration may be particularly suitable for the

compounds described herein.

40  Combination therapy
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20 d ucagon receptor and G.P-1l-receptor efficacy assays HEK293 cells
expressing the human d ucagon-R, or human GLP-1-R were seeded at 40, 000

cel | s perwoeblo/i7mes96-wel | mcrotiter plates coated w t hPOTGB2968/004121
poly-L-lysine and grown for 1 day in culture in 100 pl growth nedium On
the day of analysis, growth nmediumwas renoved and the cells washed 25 once
with 200 giThe Tyinoded ¢fiffefieventiananayvdepeministaied as-REE QT # RoMTRFtER fherpgy WA e r
cont ai ni Ng dr RESLRERINGasARS Btistypdrihgmstemdiort est  pepti des, 100 p, M I BMX, and 6
mM gl ucose for 15 mn at 37 C. The reaction was stopped by addition of 25
p/] 0.5 MNCI and incubated on ice for 60 mn. The cAMP content was

estimat ed Ussuslycases R twolaFivaEa¢nty MaybaruivantogethhorPEPR AR EANES PRSP SAMS

rel ative ebfifaGas RRATRAIAS: tosdhaberaneriarMPOUNds (gl ucagon and GLP-1)
were estimted by conputer aided curve fitting. 30 Lipolvsis in primary rat
adi pocytes The effect of glucagon anal ogues on |ipolysis was assesed in
primary culThus tes cofipound ofdih ipemijareler thasdligorrgalieeane uged is gpralieaiion Wighan ant-

epi di dymal f8LicdlgesGrhafg biGmR IRMeI® myRHAE, AsibiyluRR agifeDanPeyV malbgor, dhe

fat lunps were mnced, | ncubated and shgken (220 rpm . .wth coll. 1

mg/ m) in SERFEBY RSHEeln aRifiFERd %‘%’r‘i‘g'ﬁleﬂﬁﬁﬁco %O%AOF(S%L@? BSAY u?egr'@%g&%%ﬁ%{ es

at 37 @ Theth susipeDBP-dninaiior fsulidngiued of metumi, gariipuladnsiifondusea ¢rregfomn. (r e

si ze) and tagﬁ%\ﬁri[glhégget}a?ee@ﬁ% id Jongﬁqum gt eveflGhore StefeREd énBidMent IRB cSHYUAE BMBalt
upp

medi um beneat h t | floating | ayer of _adl%{oq%ies yas r%m)\éged Ivc\;/i rtmt% a
Past eur - pi pereadis upedin B piBRIPD wéh Reylia opasiAR™ 3499 LT PR RIS BB LT & by
r e- suspensicomtrodmlaged sfiirfsuradnaiobues Tivkida ditpoeydt épitadge Eantes, dagpanid] Edmpiag,
KRB- BSA, m . | ;,and shaken 40with test conpounds in 96-deep
wel | pl at es%g%'f’o%g%gg%q%%%vl) inatotal volume of 1 m at 37 Cfor W)
2010/ 0#6251PCT/ GB2008/ 004121 60 min. The plates were placed on ice for at
| east 10 nithe b un Bessh @terddncdnalitrevnesluday ircentbmifangethisomnibbeddpageny f or 3
mn. 300 pl._of the buffer bepeath t ' £ YvYrbested in a
1o i B0 PEREE0 LA BAIABRNEE: SOUEL P16 YTQU AR

96- deep wel I was 't I mes and

extracts cohdredtoannabingishrecester & antegnnist erse AL greiRRIcoTtitFRECRIPYARIOBIL Por ned
by the |i pohdisiirScohfertrBthgd@ineYéRptotd hnsdgsistvas nmeasur ed by 5adding free

gl ycer%b reagent (200 pl) to aliquots (25 pl) of adi pocyte extract,

i ncubat™© at roomtenperature for 15 mn and neasure the absorbance at 540
nm O al GTheasaodielcemagund oTesiitther€dtFan) be usedin/cambinption withign apti-pyperengiop @gent
fasted overn gty vafitht AAitddtb b MgiddrRRGomRAPY endyhasititigr, Bhiaehsyl Ireosptor| evel )
taken just 10 bef_orec]sﬂa\h()jm ﬂi ﬁ(tFrati nm(a_i. % |of \r/ehi cle (Acetate buffer, 20
mM acetic a9 BYBIGHMSRINAT beCa&w ‘?'ﬁ‘ﬁ“)” PIoP%8% t est conmpound zP2669 ( SEQ
ID NO 4) (45 nnol/kg in acetate buffer). The animals were kept fasted
during Jshe @eRfspgrent to prevent confounding food intake. Fifteen mnutes

| ater an oral dose of glucose (1 g/kg in 5 m/kg) was given and BG | evel s
were neasured at t=30 mn, t=60 mn, t=120 mn and t=240 mn. 15 Difference
from basel | Genefd s)hevinsf gadagen ataldudsor each tinme point and AUCO_240 nin

val ues wer ?Ssoqg h@%sg}ﬁ%@@e rs}i[‘tl@és's%a's %@#orﬁ@@gé’ 8§85 6 o Midfonadd Bty RAGS 2R YsIRNOVA

and Dunnet anal yses were perfornmed_wt aphP ri smyersion
4. Differ erd@sagdmocstaeyda MY %ﬂiw'ﬁiy@aﬁf%&“ﬂﬁfﬁaeé%95"’8")@95“5% 45¢%8° Food
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twi ce a weelurchdseerop Novaitigchemn wese usaievhgR2PBieBPe start of experinent into
groups with simlar body

Cleavage:
35  The crude peptide was cleaved from the resin by treatment with 95/2.5/2.5 % (v/v) TEA/TIS/ water at

r.t. for 2 h. For peptides with a methionine in the sequence a mixture of 95/5 % (v/v) TFA/EDT was
used. Most of the TFA was removed at reduced pressure and the crude peptide was precipitated

and washed with diethylether and allowed to dry to constant weight at ambient temperature.

40  HPLC purification of the crude peptide
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25wei ght (BW. Goups of stratified mce were fasted overnight treated (10
pl test solution/g BW s.c.) with PYY3.36 (30 nnol/kg) (internal positive
control ) ,wglomagaesi (500 nnol / kg) and ZP2669 (SEQ | D NO péY/qE20/00m2t/ kg) or
vehicle. After one hour pre-weighed food was introduced to the m ce and
food i ntake nmeasured by wei ghing the remaining food after one hour and
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. [ t-corrected doses of ptide 5t hroughout
the stuldy. Wﬁrwrﬂscowéhbempa@?ré@d?f9@rﬂeﬁ @ﬁﬂ““'B%F%‘P%""s“é@f"?)f(?@&'ea}i‘\?ﬂeefif’é‘ '@F g‘%ﬁlﬁ‘
sanpl e (0. Ganal pufiidfiyn ar@perbh@i stedsdribed dmlé owi ng norni ng i medi ately before
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anal yzed for cholesterol, HDL and LDL using commercially available kits.
Body wei ghtAunghisigof pptidaigierililt t he treatnent period were cal cul ated for each
am mal byf Sﬂmd@ﬁédn%aioéieswgih_&ubaﬁed biigolitl Bbrhpaaindom 401C dridettsotestt as sbOTéTe in )
effects reat nent 0 | . gai i - y
> vy O TR Ha AT SUbehE Ee RRthaRrk 35 Blepmailis REgRaESH
Gr aphPad Prénsipgy wersinegasyred B RA-BPeG bristegiation & d1edi\Geignstizte2 g AMTne RRTCCRYE9% he p

< 0. 05 | evelgmaREsW dRedsardzsai® tehutide sthtpf.i de stability Table 2. Results for
recovery neasured by RP-HPLC after stress. ZP Conpound Recovery (%

The solid and solutions of glucagon compounds were prior to analysis diluted in HPLC solvent to a

25  concentration of 0.2 mg/mL and analyzed at appropriate time points.

Table 1. Analytical HPLC set-up.

Column Gemini C18 150x3mm

Gradient (time; % B)’ (0-3min; 18%B) (3-22min; 45%B) (22-23min; 95%B)
(23-24min; 18%B) (24-30min; 18%B)

Solvent A 0.1 % TFA in 1% MeCN:MQW

Solvent B 0.085 % TFA in MeCN

Flow 0.300 mL/min

Injection Volume 35l

Column Temp. 30°C

UV detection 220 nm
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Solid peptide Recovery (% 0.1M HClI d ucagon 91 15 2669 98 58 The results
of incubation in HCl stress solutions are shown in table 2. Both the

anal ogue wodoffighascagon were stable over 5 weeks at 40CpeirtdBoogrwenzyery of
over 90% purity. However, the results of the acidic degradation of the
conpounds shows that the glucagon anal ogue is alnost four tinmes nore
stabile than native glucagon. Exanple 2: Efficacy on d ucagon and GLP-1

recept ors 28&sdvhien 3f ceEGRR exprestd Hfnal bu%%ﬂfb%d anploguesat G ucagon and
AP-17 eceph@g EDNA e(rji‘cgzj'fnlg%itﬁeqﬁge éur}nl\gn g%?:%%n receptol ucagonqlgfa(gr(l)nQary accession number
P47871) or the human glucagon-like peptide 1 receptor (GLP-1R) (primary accession number
5  P43220) were cloned from the cDNA clones BC104854 (MGC:132514/IMAGE:8143857) or

BC112126 (MGC:138331/IMAGE:8327594), respectively. The DNA encoding the Glucagon-R or the
GLP-1-R was amplified by PCR using primers encoding terminal restriction sites for subcloning. The

§'-end primers additionally encoded a near Kozak consensus sequence to ensure efficient
translation. The fidelity of the DNA encoding the Glucagon-R and the GLP-1-R was confirmed by
10 DNA sequencing. The PCR products encoding the Glucagon-R or the GLP-1-R were subcloned into

a mammalian expression vector containing a neomycin (G418) resistance marker.

The mammalian expression vectors encoding the Glucagon-R or the GLP-1-R were fransfected into
HEK293 cells by a standard calcium phosphate transfection method. 48 hr after transfection cells
15 were seeded for limited dilution cloning and selected with 1 mg/ml G418 in the culture medium.
Three weeks later 12 surviving colonies of Glucagon-R and GLP-1-R expressing cells were picked,
propagated and tested in the Glucagon-R and GLP-1-R efficacy assays as described below. One
Glucagon-R expressing clone and one GLP-1-R expressing clone were chosen for compound
profiling.
20
Glucagon receptor and GLP-1-receptor efficacy assays
HEK293 cells expressing the human Glucagon-R, or human GLP-1-R were seeded at 40,000 cells

per well in 96-well microtiter plates coated with 0.01 % poly-L-lysine and grown for 1 day in culture in
100 yl growth medium. On the day of analysis, growth medium was removed and the cells washed
25  once with 200 ul Tyrode buffer. Cells were incubated in 100 ul Tyrode buffer containing increasing
concentrations of test peptides, 100 uM IBMX, and 6 mM glucose for 15 min at 37° C. The reaction
was stopped by addition of 25 ul 0.5 M HCI and incubated on ice for 60 min. The cAMP content was
estimated using the FlashPlate® cAMP kit from Perkin-Elmer. ECs, and relative efficacies compared
to reference compounds (glucagon and GLP-1) were estimated by computer aided curve fitting.
30
Lipolysis in primary rat adipocytes

The effect of glucagon analogues on lipolysis was assesed in primary cultures of rat adipocytes.
Adipocytes were isolated from epididymal fat dissected from normal young adult Sprague-Dawley
rats. The fat lumps were minced, incubated and shaken (220 rpm) with collagenase (1 mg/ml) in

35  Krebs-Ringer buffer containing 4% BSA (KRB-BSA) for 60 minutes at 37° C. The suspension was
filtered through a nylon filter (160 pm pore size) and the filtrate centrifuged at 200 x g for 3 min. The
subjacent medium beneath the upper floating layer of adipocytes was removed with a Pasteur-
pipette. The adipocytes were washed 3 times in KRB-BSA buffer by re-suspension and
centrifugation. The adipocytes were re-suspended in KRB-BSA, mixed, incubated in and shaken

40  with test compounds in 96-deep well plates (50,000 cells/well} in a total volume of 1 ml at 37° C for
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20 0.10 OXM 1.0 0.50 Exendin-4 0.02 >1,000. ZP2669 (SEQ ID NG 4)

H HSQGTFTSDYSKYLDSKAAHDFVEW.LRA- NH2 0. 05 0. 05 ZP2668 (SEQ | D NO 5)

H HSQGT F N8O ¢tz RSIKAARDFVRW.KLA- NH2 0. 08 0.80 WO PCT/GB2008/004121

2010/ 070251PCT/ GB2008/ 004121 ZP2866 (SEQ I D NGO 6)

H H DSer - QGTFTSDYSKYLDSKAAHDFVEWLLRA- NH2 0. 09 0.11 ZP2867 gSE% | D.NO. 7)
d by tentrifugation
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60 min. The plates were placed on ice for at least 10 min after incubation follow:

at 200 x g for 3 min. 300 yl of the buffer beneath the adipocyte layer were collected in a 96-deep
well plate. This process was repeated two more times and the 3 extracts collected from each culture
pooled together. The glycerol formed by the lipolysis in the adipocyte cultures was measured by
adding free glycerol reagent (200 pl) to aliquots (25 pl) of adipocyte extract, incubate at room
temperature for 15 min and measure the absorbance at 540 nm.

Oral Glucose Tolerance Test (OGTT) in db/db mice

Db/db mice were fasted overnight and an initial blood sample (fasting blood glucose level) taken just

before administration (i.p.) of vehicle (Acetate buffer, 20 mM acetic acid, 260 mM mannitol, pH 5.0)
or the test compound ZP2669 (SEQ ID NO: 4) (45 nmol/kg in acetate buffer). The animals were kept
fasted during the experiment to prevent confounding food intake. Fifteen minutes later an oral dose
of glucose (1 g/kg in 5 ml/kg) was given and BG levels were measured at t=30 min, t=60 min, t=120
min and =240 min.

Difference from baseline (t=0) was calculated for each time point and AUCq 240 min values were
determined. Statistical analyses of AUC values by one-way ANOVA and Dunnetts post-hoc
analyses were performed with GraphPad Prism version 4. Differences were considered significant at
the p < 0.05 level.

Food intake in normal mice

One week before study C57BI/6 mice (8 weeks) (N=9-12 animals in each group) were conditioned
to treatment by daily injections (s.c.) of 0.2 ml vehicle and acclimatized to handling by weighing them
twice a week. Mice were stratified one day before start of experiment into groups with similar body
weight (BW). Groups of stratified mice were fasted overnight treated (10 pl test solution/g BW, s.c.)
with PYYa3.35 (30 nmol/kg)(internal positive control), glucagon (500 nmol/kg) and ZP2669 (SEQID
NO: 4) (500 nmol/kg) or vehicle. After one hour pre-weighed food was introduced to the mice and
food intake measured by weighing the remaining food after one hour and expressed relative to body
weight (mg food/g BW). Statistical analyses of food intake data by one-way ANOVA and Dunnetts
post-hoc analyses were performed with GraphPad Prism version 4. Differences were considered

significant at the p < 0.05 level.

Effects of 28 day treatment of diet induced obese (D1O) mice with ZP2669 (SEQ ID NO: 4) agonist

on body weight gain and plasma cholesterols

Four weeks before drug treatments, C57BI/6 male mice (7 weeks) ) (N=10-12 animals in each
group) were put on high fat diet (HFD) and their day-night cycle reversed with lights On/Off at
2000/0800 hour. Experimental animals were conditioned to treatment by daily injections (s.c.) of 0.1
ml vehicle and acclimatized to handling by weighing them twice a week one week before start of
drug administrations. The day before start of experiment, mice were stratified into groups with
similar body weight (BW) and the next day groups of stratified mice were treated (b.i.d.; s.c.) with
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H H- Ai b- QGTFTSDYSKYLDSKAAHDFVEW.LRA- NH2 0. 08 0. 06 L006-0171 (SEQ I D NO. 8)*
H HSQGTFTSDYSKYLDSKAAQDFVEW.LRA- NH2 0. 37 0. 78 L006-0172 (SEQ ID NGO 9)*

H HSQGT F\8D¢sloxizBIKAAHDFVOALLRA- NH2 021 0. 37 LO06-0176 @EEQ@H2D8M#1210) *

H HSQGTFTSDYSKYLDSKAAHDFVEW.MNT- NH2 0. 44 0.57 L006-0212 (SEQ ID NO 11)*

G T S BRI N Y} Qb e %r Yenlef (heaSie 508, 9P 5600\ SERID RoMPwad 2™
given in isotonic acetate buffer (pH 4.8; 2.5 ul/g BW). A non-obese control group maintained on
regular chow was treated with vehicle in the same treatment regime as the DIO groups. Body
weights were recorded daily and used to administer the body weight-corrected doses of peptide

5  throughout the study. Animals were fasted overnight before sacrifice. An eye blood sample (0.6 mi
EDTA) was obtained the following morning immediately before cervical dislocation. Blood plasma
samples were stored at -80° C until analyzed for cholesterol, HDL and LDL using commercially
available kits. Body weight gains throughout the treatment period were calculated for each animal by
subtracting its weight at the initiation of treatment.

10  The effects of treatment on body weight gain and cholesterols were assessed by 2-way ANOVA with
repeated measures and Bonferoni post-hoc analyses, using GraphPad Prism version 4. Differences

were considered significant at the p < 0.05 level.

RESULTS
15
Example 1: Peptide stability
Table 2. Results for recovery measured by RP-HPLC after stress.
ZP Recovery (%) Recovery (%)
Compound Solid peptide 0.1M HCI
Glucagon 91 15
2669 98 58
The results of incubation in HCI stress solutions are shown in table 2. Both the analogue and
20  glucagon were stable over 5 weeks at 40°C with a recovery of over 90% purity. However, the results
of the acidic degradation of the compounds shows that the glucagon analogue is almost four times
more stabile than native glucagon.
Example 2: Efficacy on Glucagon and GLP-1 receptors
25  Table 3. ECs values of glucagons analogues at Glucagon and GLP-1 receptors
GLP-1R GLUR.
ECso ECs
(nM) (n)
Glucagon 20 0.10
OXM 1.0 0.50
Exendin-4 ‘ : 0.02 >1,000.
ZP2669 H-HSQGTFTSDYSKYLDSKAAHDFVEWLLRA-NH2 0.05 0.05
(SEQID
NO: 4)
ZP2668 H-HSQGTFTSDYSKYLDSKAARDFVRWLKLA-NH2 0.08 0.80
(SEQ ID
NO: 5)
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H HSQGTFTSDYSKYLDSRAAHDFVEW.LRA- NH2 0. 99 152 L006-0170 (SEQ ID NO 13)*
H HSQGTFTSDYSKYLDSKRAHDFVEW.LRA- NH2 0. 50 0. 79 ZP2753 (SEQ I D NO 14)
H HSQGT F\8D¢sloxizDBSI AAQDFVOALLNT- NH2 0. 04 0. 08 ZP2667 ( SEQridB2bi8/00dz)
H HSQGTFTSDYSKYLDSKAAQDFVQALIMNT- NH2 0. 02 0.07 ZP2872 (SEQ ID NO 17) H

KYLDSK( |l so

uw(Pal m ) AAHDEVEW. |

RA-NH2 _0._103

085 10

HSQGTFTSDYS
ID NO 18)1
NO 19)* Hi

ZPR498 G
KERQUDFTS
NO: 6)

HENIRR DEHERR
DMBKYL DKKAAHDFVEW. L RA- NH2

KEROERPRRORIBVBLRY o,

55 Lo

6-0208 (SEQ

239 (8E0

I D

ZP2867
(SEQID
NO: 7)

H-H-Aib-QGTFTSDYSKYLDSKAAHDFVEWLLRA-NH2

0.08

0.06

L006-0171
(SEQID
NO: 8)*

H-HSQGTFTSDYSKYLDSKAAQDFVEWLLRA-NH2

0.37

0.78

L006-0172
(SEQID
NO: 9)*

H-HSQGTFTSDYSKYLDSKAAHDFVQWLLRA-NH2

021

0.37

L006-0176
(SEQ ID
NO: 10)*

H-HSQGTFTSDYSKYLDSKAAHDFVEWLMNT-NH2

0.44

0.57

L006-0212
(SEQID
NO: 11)*

H-HSQGTFTSDYSKYLDSKAAHDFVKWLLRA-NH2

0.76

1.23

L006-0169
(SEQ D
NO: 12)

H-HSQGTFTSDYSKYLDSRAAHDFVEWLLRA-NH2

0.99

152

L006-0170
(SEQ ID
NO: 13)*

H-HSQGTFTSDYSKYLDSKRAHDFVEWLLRA-NH2

0.50

0.79

ZP2753
(SEQ ID
NO: 14)

H-HSQGTFTSDYSKYLDSLAAQDFVQWLLNT-NH2

0.04

0.08

ZP2667

(SEQID

NO: 15)

H-HSQGTFTSDYSKYLDSKAAQDFVQWLMNT-NH2

0.02

0.07

ZP2872
(SEQ ID
NO: 17)

H-

RA-NH2

HSQGTFTSDYSKYLDSK(isoGlu(Paim))AAHDFVEWLL

0.103

0.085

L006-0208
(SEQ ID
NO: 18)*

H-HSQGTFTSDYSKYLDSKAAKDFVEWLLRA-NH2

0.57

0.55

L006-0239
(SEQ ID
NO: 19)*

H-HSQGTFTSDYSKYLDKKAAHDFVEWLLRA-NH2

0.98

1.05

L006-0296

H-HSQGTFTSDYSKYLDSKAAHDFVEWLLRA-OH

0.14

0.12
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0.98 1.05 LO06-0296 H HSQGTFTSDYSKYLDSKAAHDFVEW.LRA-OH 0.14 0.12 WO

2010/ 070251PCT/ GB2008/ 004121 (SEQ ID
"*"oare cwoadeiopapisides with purity of
to a purity of 50%

NG 20)* The conpounds narked
| ess than 90% ThecECEo0iswoenr ect ed
| sod u(Palm conjugated to a lysine residue is

illustrated in Figure 6. Exanple 3: lipalysis assay Table 4 Stimulation of
lipolysis i Ehary rat adi pocyte cultures (for detail$ see Methods).
Compound ECHNO: o)V Exendi n- 4
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The compounds marked “*" are crude peptides with purity of less than 90%. The EC50 is corrected
to a purity of 50%. IsoGlu(Palm) conjugated to a lysine residue is illustrated in Figure 6.

Example 3: Lipolysis assay

Table 4. Stimulation of lipolysis in primary rat adipocyte cultures (for details see Methods).

Compound EC50 (nM)
Exendin-4 No effect
Glucagon 6
OXM 180
ZP2669 (SEQ ID

NO: 4) 46
ZP2668 (SEQ ID

NO: 5) 101
ZP2667 (SEQID

NO: 15) 0.75

The GLP-1 agonist, exendin-4 had no effect on lipolysis in primary adipocyte cultures in contrast to
glucagon and OXM.ZP2667 was 8 times as potent as glucagon and 240 times as potent as OXM,
while ZP2669 (SEQ ID NO: 4) was equipotent with glucagon and 40 times as potent as OXM. The
potency of ZP2668 (SEQ ID NO: 5) was in the same order of magnitude as OXM. The finding that 4
weeks treatment of DIO mice with ZP2669 (SEQ ID NO: 4) significantly decreased fat deposition
concurs with the effect observed (Table 4) on lipid metabolism in primary adipocyte cultures.

Example 4: Effect on oral glucose tolerance in db/db mice.

ZP2669 (SEQ ID .NO: 4y significantly (P < 0.0‘f) improved glucose tolerance measured during an
OGTT in diabetic db/db mice (Fig. 1). ZP2669 (SEQ ID NO: 4) improved glucose tolerance by 77.1
% at 45 nmol/kg.

Example 5: Effect on food intake in mice

The vehicle treated animals ate 0.033+0.001 g food/g body weight during the first hour (Fig. 2).
PYY(3-36) showed an anorectic effect as expected from previous findings. ZP2669 (SEQ ID NO: 4)
(500 nmol/kg) significantly (P < 0.05) decreased food intake during the first hour following injection
of peptide (Fig. 2). Glucagon had no effect on food intake.

Example 6: Effect of subcutaneous administration on body weight gain in diet induced obese

mice
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No effect G ucagon 6 OXM 180 ZP2669 (SEQ ID NO 4) 4.6 ZP2668 (SEQ I D NO
5) 101 ZP2667 (SEQ ID NGO 15) 0.75 20The G.P-1 agonist, exendin-4 had no
ef fect orwbipoloyeiss i n primary adi pocyte cultures in coRCT&R20e8M00gI2uCcagon
and OXM ZP2667 was 8 tines as potent as glucagon and 240 tinmes as potent as

OXM while_ZP2669 (SEQ ID NO 4) was equi potent with gl ucagon and 40 ti nes
as potent gEZWI\QﬁEé%SBb‘E)@ﬁ%@aW bwt? @W@’%""@)O&@s ?{V?‘ﬂ"gthscg%
order of nmegaing (Elg 3pThEMddy wEltt ddimdasetptistvatly signifeektls (B K @6 htess thaf thleDide ce
with ZP2669 (SEQ ID NGO 4) significantly decreased fat deposition 25concurs
with the effect observed (Table 4) on lipid netabolismin primry adi pocyte
cultures. Exanple 4: Effect on oral glucose tolerance in db/db m ce.

ZP2669 % SE@xhipN®@: EffectsiogniDiLianamoLy (P < 0.01) inproved gl ucose tol erance
measured duj ' [ I G, ] i D NO
4) inprove X% %&%ggﬁﬁgéeﬁtn%éﬁﬁg%%lggtg%?glt) 8%5( J)r?rrtgff; ikI%R a@éﬁg(?eeffegﬁg Igl‘ef ect
on food i ntaikeirpeytatipelysisrarsaxdasritned abqveal wtherneraei*gndiit-t hes Tasi§ci® P1ogdf 0od/ g
body wei ghtcogbahtratigng dieotdl ch@dstdi@UnDL( EDY or RDL/LIBLY %G (Big. 4Bpwed an anorectic
effect as expected from previous findings. ZP2669 (SEQ ID NO 4) 35(500
nmol / k % significantly (P < 0.05) decreased food intake during the first
hour f &P oW erptrps; tesetienhof BHO pegetwit €PREIYSEQRYD NG fidag ersidniiiepnheffast geiiqodon

f ood i nt akeoendsx@dtibh 65 LBL cRbiEREbI (Pf= cSdobe)Hs e a8 SIDBMNL Ritisd (Rt 0.0005pEbripRERE to

wei ght gain Ij].%e ﬂBSt i duced obese mice WD 2010/070251PCT/ GB2008/ 004121
ZP2669 ( SEXT P %)°) decr eased body weight gain to a level simlar to that
observed with chow feeding (Fig. 3). The body weight gain was statistically
significantly (P < 0.05) less than the vehicle group.
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5 Exanple 7: Effects on LDL and HDL Exendin-4 is a very potent G.P-1R

agoni st, but has no effect on the G uR and has no effect in the rat

adi pocyt ewbiz2poloyeiss assay descri bed above. Furthernore, PEXEEBRI0S/004124S NO
effect on blood concentrations of total cholesterol, HDL, LDL or HDL/LDL
ratios (Fi g:z_ "@s 5) 10I'n contrast, treatnent of DIO mce wth ZP2669 (SEQ

| D NO 4) GMS s gni fi cant effect on bl ood concentration of LDL

chol est eroll. (P A ®npo@e)haeisg theldrmals RH¥Z-RDL ratios (P = 0.0005) conpared to
vehicle ( Figs 4, 5). WD 2010/070251PCT/ GB2008/ 004121 CLAI M5 1. A conpound
havi ng the forrrula R1-X-Z-R2 wherein 5 Rl is H Cl1_4 alkyl, acetyl, fornyl,
benzoyl or WP uoroacetyl: R2 is OH or NH2; 10X is a peptide which has the
formul adl :

Hi s- Ser-d ' Iy'CThER\Iﬁ?_,%et Ihforr@?rbeﬁﬁﬂl’&ﬂﬂu%écekyys Tyr-Leu- Asp-Ser-Lys-Ala-Al a
- Hi s- Asp- Phe- Val & eu- Leu-Arg-Al'a 150r differs fromfornmula | at up

to 4 of the follow ng p03|t|ons whereby, if different fromfornula |I: the
resi due at RiesOHbodH2 is selected from Aib, D-Ser; the residue at position
12 is selected from Leu, Arg, Dpu, Dpr, On; the residue at position 16 is
sel ect gg from Ar H s a u Asp; 20 the residue at position 17 is
sel ect éd f Pdff PRpt ewﬂﬁfﬂjhasl_%%‘éor On; the residue at position 18 is
selected from Arg, Lys, His, Ser Tyr; the residue at position 20 is

sel ected from @ ng }%?P é“"rrgr REN p-Tfr‘%% ]1.3% hﬁ4 igk&“ er%s Aﬁ%é h%'l\sgkhb ?/a|GI “

t he re5|due 05| ion i'S se
25t he resi (ﬁ}éTfé’tLeBégﬁ\igoﬂa 27 is selected from Met, Cys Lys, Arg, GI u; t he
residue at position 28 is selected from Asn, Ser, Lys, Qu, Ala, Leu, Asp;
o0 g e i B AL L8078 A SRR e At e o
group consisting 30of Ala, Leu, Ser, Thr, Tyr, Cys, GQu, Lys, Arg, Dbu, Dpr
and O n; onhea;egg@rm% Qqeageie)étea%@,pA,ghj_ge,sal t thereof. 352. A conpound
having the feq"[agyue at posmon %2 Is sel\é@ted From Leu, Arg, Dpu, Dpr, Orn;

the residue at position 16 is selected from: Arg, His, Lys, Glu, Asp;
20  the residue at position 17 is selected from: Arg, Leu, Dpu, Dpr, Orn;

the residue at position 18 is selected from: Arg, Lys, His, Ser, Tyr;

the residue at position 20 is selected from: Gin, Lys, Arg, Glu, Asp;

the residue at position 21 is Glu;

the residue at position 24 is selected from: Gln, Leu, Ala, Lys, Arg, Asp;
25 the residue at position 27 is selected from: Met, Cys, Lys, Arg, Glu;

the residue at position 28 is selected from: Asn, Ser, Lys, Glu, Ala, Leu, Asp; and

the residue at position 29 is selected from: Thr, Glu, Lys;

and Z is absent or a peptide sequence of 1-20 amino acid units selected from the group consisting
30  of Ala, Leu, Ser, Thr, Tyr, Cys, Glu, Lys, Arg, Dbu, Dpr and Orn;

or a pharmaceutically acceptable salt thereof.

35 2 A compound having the formula R'-X-Z-R?
wherein

R'is H, C1.4 alkyl, acetyl, formyl, benzoy! or trifluoroacetyl;
40

30



Rl is H Cl.4 alkyl, acetyl, fornyl, benzoyl or trifluoroacetyl; 40 WO
2010/ 070251PCT/ GB2008/ 004121 R2 is OH or NH2; X is a peptide which has the
formul a Iwo 2010/070251 PCT/GB2008/004121

5Hi s- Ser-A n-Ad y- Thr - Phe- Thr - Ser - Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- Ser - Lys- Al a- Al
a- H s- Asp- Pit\)ze'-%gﬁl - ﬁl_u-Trp- Leu-Leu-Arg-Ala or differs fromfornula | at up
to 5 of the fd owgpositions whereby, if different fromfornula I: 10the
residue at position 2 is selected from A b, D Ser; the residue at position

16 is sel eck ad) Jeb@B wHihGas tHeFormbié§, G U; the residue at position 17 is:
Arg, Leu, Dpu, Dpr, On; the residue at position 20 is selected from dn,

Lys, Arg, G u, Asp; the residue at position 21 is G u; 15the residue at
posi ti o® 24His-Ses@ingdy-Eut-Fhedim-S&Asp-TiyeSer-LAb-Ayr-UeyAsp-8egl ysAspAlat-ieAspetiechsd at
posi tion 27gj,srsedacheds-hizom Met, Cys, Lys, Arg, du; the residue at
position 28 is selected from Asn, Ser, Lys, GQu, A a, Leu, Asp; and the
residue at position 29 is selected from Thr, du, Lys; 20and Z is absent
or a pepti de difeglimnciernafa 15t @Dtodf the fallovitkg positoss weérelnt &differeatficihiferngizolp
consisting of Ala, Leu, Ser, Thr, Tyr, Cys, GQu, Lys, Arg, Dbu, Dpr and
O n; or, a pharnmaceutically acceptable salt thereof. 25 3. A conpound

accor di g ttBeEﬂSEQF?r?tlpom‘r%’?ﬁe'%t?ﬂff%&b:Pr%forrrul al at up to 4 of the
fol | owi ng postasidonst pokitsretdyis sdidctedifiohre ARnHisf vepEibor mul a 1@ the residue at

Cer ect od {rbareSRLERER 0% AR Paiion G 12T ESLUAE Dosltion 24 s
sel ect ed f riBpdesidreat pogition 28 igselgole fropy Gin, LyseAigeSiudd®: at position 27 is
sel ected fripatesiiBs at podion d1)iSGIWAr g, G u;
15 the residue at position 24 is selected from: GIn, Leu, Ala, Lys, Arg, Asp;
the residue at position 27 is selected from: Met, Cys, Lys, Arg, Glu;
the residue at position 28 is selected from: Asn, Ser, Lys, Glu, Ala, Leu, Asp; and

the residue at position 29 is selected from: Thr, Glu, Lys;

20 and Z is absent or a peptide sequence of 1-20 amino acid units selected from the group consisting
of Ala, Leu, Ser, Thr, Tyr, Cys, Glu, Lys, Arg, Dbu, Dpr and Orn;

or a pharmaceutically acceptable salt thereof.

25
3. A compound according to claim 1 wherein X differs from formula | at up to 4 of the following

positions whereby, if different from formula I:

the residue at position 2 is selected from: Aib, D-Ser;
30  the residue at position 16 is selected from: Arg, His, Lys, Glu, Gly;
the residue at position 24 is selected from: Gin, Leu, Ala, Lys, Arg;
the residue at position 27 is selected from: Met, Cys, Lys, Arg, Glu;
the residue at position 28 is selected from: Asn, Ser, Lys, Glu, Ala, Leu; and
the residue at position 29 is selected from: Thr, Glu, Lys.
35

4, A compound according any one of the preceding claims wherein X comprises one or more
of the following sets of residues:
17-Lys, 18-Alg;

40  17-Leu, 18-Ala;
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the residue at position 28 is selected from Asn, Ser, Lys, GQu, Aa, Leu;
and the residue at position 29 is selected from Thr, du, Lys. 35 4. A
conmpound wocorudi7ozy1any one of the precedi ng clai ns wher ecm/cB20anprizses one
or nore of the follow ng sets of residues: 17-Lys, 18-Ala; 4017-Leu,
18-Ala; WD 2010/ 070251PCT/ GB2008/ 004121 17-Lys, 18-Ala, 20-Hs; 17-Leu,
18- Al a, 20-W4lys, 18Alq, ¢yQHis1g- Ala, 24-GF u; 17-Leu, 18-Ala, 24-du; 517-Lys,
igﬁ: a, %-ﬂze_uu, 13?]5,@044@2-?} a, 27-Leu; 17-Lys, 18-Ala, 29-Ala; 17-Leu,

-Al a, - Al a: - L 18-Ala, 27-Leu, 29-Ala; 1017-Leu, 18-Ala, 27-Leu,
29- Al a’ 17-1@%{?’ 1%‘8“-‘%?%?"%7- Leu, 28-Arg, 29-Ala: 17-Leu, 18-Ala, 27-Leu,
28- Arg, 29-1AHgu, BAIG24:GR8- Arg; 24-G u, 28-Arg, 27-Leu; 1524-3u, 28-Arg,
27-Leu, 529-14l13s, 18784, eie@8- Arg, 29-Ala; 29-Ala; 20-Arg, 24-Arg, 27-Llys,

28-Leu; 17-ANQ, 18.A1a, 27-Leu;

17-Lys, 18-Ala, 29-Ala;
17-Leu, 18-Ala, 29-Ala;
17-Lys, 18-Ala, 27-Leu, 29-Ala;

10  17-Leu, 18-Ala, 27-Leu, 29-Ala;
17-Lys, 18-Ala, 27-Leu, 28-Arg, 29-Ala;
17-Leu, 18-Ala, 27-Leu, 28-Arg, 29-Ala;
24-Glu, 28-Arg;
24-Glu, 28-Arg, 27-Leu;

15  24-Glu, 28-Arg, 27-Leu, 29-Ala;
27-Leu, 28-Arg, 29-Ala;
29-Ala;
20-Arg, 24-Arg, 27-Lys, 28-Leu;
17-Arg;

20  18-Arg;
20-Gln;
24-GIn;
27-Met, 28-Asn, 29-Thr; or
24-Lys.

25

5. A compound according to claim 2 wherein X comprises one of the following sets of residues:
20-GlIn, 24-Gln, 27-Met, 28-Asn, 29-Thr; or 17-Leu, 20-GIn, 24-GlIn, 28-Asn, 29-Thr.

30
6. A compound according to claim 1 wherein X has the sequence:
H-DSer-QGTFTSDYSKYLDSKAAHDFVEWLLRA (SEQ ID NO: 6);
H-Aib-QGTFTSDYSKYLDSKAAHDFVEWLLRA (SEQ ID NO: 7);
HSQGTFTSDYSKYLDSKAARDFVRWLKLA (SEQ ID NO: 5);

35 HSQGTFTSDYSKYLDSRAAHDFVEWLLRA (SEQ ID NO: 12);
HSQGTFTSDYSKYLDSKRAHDFVEWLLRA (SEQ ID NO: 13);
HSQGTFTSDYSKYLDSKAAQDFVEWLLRA (SEQ ID NO: 8);
HSQGTFTSDYSKYLDSKAAHDFVQWLLRA (SEQ ID NO: 9);
HSQGTFTSDYSKYLDSKAAHDFVEWLMNT (SEQ ID NO: 10);

40 HSQGTFTSDYSKYLDSKAAHDFVKWLLRA (SEQ ID NO: 11);
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20 18-Arg; 20-Gn; 24-Gn; 27-Met, 28-Asn, 29-Thr; or 24-Lys. 25 5. A
conpound according to claim2 wherein X conprises one of the follow ng sets
of residuwe:2007@sm, 24-Gn, 27-Met, 28-Asn, 29-Thr; or PETAIB2008/@01G N,
24-G n, 28-Asn, 29-Thr. 30 6. A conmpound according to claim1l wherein X
has t he seq H DSer - FTSDYSKYLDSKAAHDFVEV\LLRA (SEQ ID NO 6);

H Al b- QGTF TRASSRRX FREWLERAS (PERNONO7 §8):

HSQGT FT SDY SKYQEBRSARBKVRW KA MMDFSEQ LLRANSEQTH) NO3%9) or

HSQGTFTSDY Sk

HSQGTFTSDYSKY!L! 2RI %EW@E@L BGe %‘O 20)

HS(I;TFTSDYSKYLDSKAAQDFVEV\LLRA (SEQ ID NO 8); HSQGTFTSDYSKYLDSKAAHDEVQALLRA
(SEQ I D5NO 7.9) ; AGSXpbETEANSKINE RIAALDERW AN thSESQubmeNO.  10); 40

?5?57555!?%?@*&%@35?3@%%@@%@% ROBAVREE Ve LR (5EQ 1D Mo

18): HSQGTHTHRY KXLPRIDORREY RWLLVBEEER TP NO: 14)9) or
HSQGTFTSDYSKYLDSKAAHDFVEW.LRA (SEQ I D NO 20); 57. A compound according to
claim2 wherein X has the sequence: HSQGTFTSDYSKYLDSKAAQDFVQALMNT (SEQ I D
NG 15) or HSQGTFTSDYSKYLDSLAACDFVQALLNT (SEQ ID NO 14). 108. A conpound
accordi’fy t& any? enmepognd qui@rdpgMDngofdmeawrﬁ@dMeﬂaemwmelm8 iBH. 9. A
conpound accordi ng to any one of the precedl ng clains wherein R2 i s NH2.
10. A corrpodmd a&cor n todané the receding clains wherein Z has
no more than 25% 1b&8qUfeifcd i™d nqniytog}ef}\nﬂi‘%pr? @'”@6‘3%35 P RgSPBetion of the

| P-1 sequence of human oxyntonodul i n havi ng t he sequence

Lys- Ar g- AsnoAr g- P%dhpﬁﬁﬁb‘ éck@rd & any Jalle of/ﬁw&&g&gMBQIaWeﬁjéW hésonoarﬁ'é/re 91@5 89‘];/? 5

t he prq%edl g cl admst S S termnal resid

A conpotind K&l ﬁ'@f'yt"(‘S't éﬂ?/c%rﬁépoﬁ g p ‘?‘Ps“f FHEdPé wewfhzm?%ws@@ﬁﬁuhn

13. A conpdanidg the sequsneegvs-ArgAsn-Argdsofist-heAlpr ecedi ng cl ai ns wherei n one or
nore of the am no acid side chains in the conpound, for exanple in the
peptide X, 1|s con ated to a |ipophilic 25substituent or a polymeric

moi ety. 14" A ¢ #ﬁ%’ﬁﬁw a&&%‘S‘F‘Qﬁor?@yPBe ofitha RipcegingRBin Wheseima Bast heyssas dhacpre e:
HSQGTFTSDY $tvirBiidend u( Pal n) ) AAHDFVEW.LRA (SEQ I D NO. 17) 3015. A nucleic
aci d emgodi ng a conpound according to any one of the preceding claims. 16.

An expressi gn vector conpri sSi ng a nucleic acid according to claim15.
12. A compound accordmg 0 any one of claims 1 to 9 wherein Z is absent.

13. A compound according to any one of the preceding claims wherein one or more of the
amino acid side chains in the compound, for example in the peptide X, is conjugated to a lipophilic
25  substituent or a polymeric moiety.

14. A compound according to claim 13 wherein X has the sequence:
HSQGTFTSDYSKYLDSK(isoGlu(Palm))AAHDFVEWLLRA (SEQ 1D NO: 17)

30 15, A nucleic acid encoding a compound according to any one of the preceding claims.
16. An expression vector comprising a nucleic acid according to claim 15.
17. A host cell comprising a nucleic acid according to claim 15 or an expression vector

35  according to claim 16.

18. A pharmaceutical composition comprising a compound, nucleic acid, expression vector or
host cell according to any one of the preceding claims, in admixture with pharmacedutically

acceptable carrier.
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17. A host cell conprising a nucleic acid according to claim15 or an
expression vector 35according to claim16. 18. A pharnmaceuti cal

conposi t iwo 200MP01ssi ng a conpound, nucl eic acid, expres®CorGBeeasiO4120r host
cell according to any one of the preceding clains, in adm xture with

phar maceut i ﬁgal ly at:Pﬁept able carrier. 40 WD 2010/ 070251PCT/ GB2008/ 004121
19. Use of onpPBLFA A SORRUNE NEiClgie AEY: eXRisPEiRestAT ¢ diest el acomty fo anwione of
accor di ng tdaiaay toten tie pedparatien df atroedicadmient ftbrl‘pﬁavpll‘itﬁtgwe@hl pffomatlrrga,ddnghala?eé)t

for preventjimng tﬁé@thﬂhttofg%rmltloﬂ'é&ggd by (9r a\é@dcgattgd @%geesgﬁo g gth[ gr%%@tp nclofs in§

condition cau or associ at ed WI exce
i ncl udi ng nBf Eidd’b%%é#wty “'e}ﬁémﬂ?'ym?i'%k%SMW%ﬂﬁﬂ lagsigr %ﬁ?é%?"ﬂ‘{ﬁbleﬁlw@dced

gal | bl acﬁderslmpsaemeoraadreabmt biynsulirhesigidndasdi@Rpe RfLdhce Qy’pefZHaHefe@at ment  of
I I’lSU| I nr esﬁyﬁéﬁéﬁgﬁn ggﬁgd%ﬁé alln rgtﬂgi'gsdetry?%rtenoscl bgg esn’ona%ﬂ % ns On

at herogeni c ‘dyslip eroscl erors, arter 810 ?lreart
di sease or ¥ %ke 20 A conpound, nucl ei c aci d, expreSS| on vector or host
cell according to any one of clainms 1 to 1015 for use in a nethod of

G S e e
pr event¥ng \/’éécPrdﬁ?'r@dﬁﬁhOWfdvﬁﬁtcplﬁ'@aﬁthht | oss, or for treatnment of a

condition caused by or assom at ed with excess body wei ght or obesity
i ncl udi ng nxr bi d, of mrat i on, obesity |inked

gal | bl adder di sease poudy o%céec? e’t‘f’df%é’ﬂ V%‘il%‘gé’bh %&f‘cc%?'”q fgrany prexefislaifts bip
i nsul i n resi4derased a rgqath@cb@‘@rqvmtog eeghtgain, premeting vaiighblesse sr; fohtygaendneoisi on,

at her ogeni Ccoﬁl&iﬁdnlcﬂbsﬁlzd Bl 85 aRbAREPIH &EQsDod PG bPSHL B iR dfhyg RP5iQ Biidsiy, hear t
di seasgz0r Str ek
57 ¢ SIty linked inflammation, obesity linked galibladder disease and obesity induced sleep apnea, or
for treatment of insulin resistance, glucose intolerance, type 2 diabetes, hypertension, atherogenic
dyslipidimia, atherosclerois, arteriosclerosis, coronary heart disease or stroke.
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