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PEPTIDE CONJUGATES OF GLP-1 RECEPTOR AGONISTS AND
GASTRIN AND THEIR USE

FIELD OF THE INVENTION

The present invention relates, inter afia, to certain peptide conjugates, and to the use of the conjugates
in the freatment of a variety of diseases or disorders, including diabetes (type 1 and/or type 2) and dia-

betes-related diseases or disorders.

The present application claims benefit of pricrity to US Patent Nao, 61/395,119 and §1/470,170, the

speciiications of which are each incorporated herein by reference in ifs entirefy.

BACKGROUND OF THE INVENTION

Diabetes, notably type 1 and type 2 diabetes, together with obesity, which is believed to be a major
causal factor in development of, in particutar, type 2 diabetes, constitute a growing and woridwide ma-
jot health problem. Diseases or disorders that may develcp as a consgguence of untreated diabetes
include cardiovascular and petipheral artery disease, micro- and macrovascular complications, stroke

and possibly certain forms of cancer.

Diabetes is characterized by a defective physiological regulation of biood glucose levels, and among
underlying conditions that may lead to diabetes are reduction in or loss of pancreatic B-celt mass and
function, with attendant reduction in or loss of endegenous Insulin production, and/or Insulin resistance
{reduced sensitivity to Insulin), l.e. reduction in or loss of the ability of endogenous Insulin to bring

about adequate regutation of blood glucose levels,

A number of hormones that lower blood glucose levels are secreted by the gastrointestinal mucosa in
response fo the presence and absorption of nutrients in the gut. These include glucagon-like peptide-1
(GLP-1), giucose-dependent insulinotropic peptide {GIP) and Secretin.

GLP-1 {see, e.q., Orskov, Diabetologia 35 701-711 (1992)} is produced by tissue processing of proglu-
cagon, a 180 amino acid peplide {see, e.g., Drucker, Diabetes 47: 159-160 {1988)]. The overall se-
guence of progiucagon contains the 29 amine acid sequence of giucagon, the 36 or 37 amino acid se-
quence of GLP-1, as weli as the 34 amino acid sequence of glucagon-like peptide-2 (GLP-2; an intesti-
notrophic peptide}, Human GLP-1{7-37) has the amino acid sequence HAEGTFTSDVSSYLEGQA-
AKEFIAWLVKGRG {SEQ ID NO: 114),
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GLP-1 has been identified as having a number of functions. It is a hormone that enhances glucose-
stimulated Insulin secretion in normal humans (and therefore belongs to a group of hormenes known
as incretin harmones). In addition, GLP-1 lowers glucagen concentrations, delays gastric emptying,
stimulates (projinsulin biosynthesis, and enhances Insulin sensitivity [see. e.g., Nauck, Horm. Metab,
Res. 47: 1263-1258 (1897}]. GLP-1 alsc enhances the ability of pancresiic f-cells to sense and re-
spond (by insulin secretion) to giucose in subjects with impaired glucose tolerance [see, e.g, Byrne,
Eur, J. Clin, Invest. 28: 72-78 {1998}]. The insulinotrepic effect of GLP-1 in humans increases the rate
of glucose disappearance and decreases endogenous ghucose production, partly because of increase
in Insulin levels and partly because of enhancement of insulin sensitivity {see, e.g., D'Alessic, Eur. J.
Clin, Invest. 28: 72-78 (1994)]. However, the short haif-lite of native GLP-1 in vivo has constitited a
major pharmacological challenge in attempts to exploit the hormone as a drug. I humans and rats,
GLP-1 is rapidly degraded by dipeptidyl peptidase-IV (DPP-IV) to GLP-1(2-38)amide, that acts as an
endogenous GLP-1 receptor antagonist. Several strategies for circumventing this problem have been
proposed, some of which employ inhibitors of DPP-1V, while others employ DPP-IV resistant analogues
of GLP-1(7-38)amide.

The so-called Exendins, which constitute another group of peptides that lower blood glucose levels,
have some seguence similarity {53%) to GLP-1(7-38} [see, e.q., Goke et al., J Biol Chem. 268
19650-19655 {1993)]. Tre Exendins are found in the saliva of Helcdermatidae species (beaded liz-
ards). Exendin-3 is present in the saliva of Heloderma horridum (Mexican beadad fizard), while Ex-
endin-4-is present in the saliva of Heloderma suspectum (Gila monster). The amino acid seguence of
Exendin-4, which differs from that of Exendin-3 at positions two and three, s
HGEGTFTEDLSKOMEEEAVRLFIEWLKNGGPSSGAPPFS-NH, (SEQ D NO: 115).

Exendin-4 has been reported to be a potent GLP-1 receptor agonist on isolated rat insulinoma celis
[Goke et al., loc. cit.]. WO 99/07404 discloses that Exendin-4 administered systemically lowers blood
glucose ievels by 40% in diabetic db/db mice, and a tong-lasting blood giucose lowering eftect of once-
daiy intrapetitoneal injection of Exendin-4 in diabetic ob/ob mice has also been reperted [Grieg et al.,
Diabetologia 42: 45-50 (1998)].

US 5,424,286 and WO 98/05351 disclose that Exendin-3, Exendin-4 and Exendin agonists may be used for the
treaiment of diabetes, for reducing gastric motllity and delaying gasiric emptying, and for prevention of hypergly-
cemiz, and WO 98/30231 further discloses that they may be used for reducing food intake.

The pepiide hormone Gastrin is secreted from cells in the gastric mucosa and from G cells in the duo-
denum, and among the major physiclogical roles of the hormene in humans are stimulation of secretion
of gastric acid (i.e. HCI) and.aiding in gastric motility. Other identified effecis of Gastrin include stimula-
tion of cell growth, and there are indications that Gastrin may play a role in islet neogenesis, i.e. stimu-

fation of Insulin-secreting B-cell growih in the pancreaiic islets {see, e.g., Kore, M., J. Clin. Invest., 92;
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1113-1114 (1993): Rooman et al. Diabetes 51: 686-890 (2002)], and thereby contribute to requlation of
blood glucose,

Gastrin shares receptors with another gastrointestinal peptide hormone, Cholecystokinin (CCK). The
receptors CCK-A R and CCK-B R have different affinities for Gastrin and CCK variants, CCK-A R (or
CCK R1) acts primarily as a receptor for suliated CCK, whereas CCK-B R {or CCK R2) binds both
CCK and Gastrin egually well. CCK-B R is considered to be the "Gastrin receptor” due to the higher
leveis of Gastrin compared to CCK in plasma [Foucaud et al. Reg. Peplides 145: 17-23 (2008)].

GCK-B R can initiate several intracellutar pathways upon binding of ligand, which is considered to be
the reason for the diverse physiclogical roles of CCK. A key pathway downstream of CCK-B R is the
MAPK {mitogen activated protein kinases) or ERK {exira-celiular regulated kinases) pathway, which is
also activated by severzl growth hormones, This is & key feature in the cel! proliferation role of Gastrin.
Since CCK-B R is expressed in the pancreas, Gastrin is abie to contribute to celi profiferation and islet

regeneration in this tissue.

in humans, Gastrin occurs primarily in three forms, viz. Gastrin34, Gastrin17 and Gastrin14 {with refer-
ence {o the total number of amino acids in the seguence in question). Gasiring has aiso been identi-
fied. The shorter forms are generated by cleavage of C-terminally amidated Gasirin34; thus Gastrin17
consists of the G-terminally last 17 residues of Gastrin34 (corresponding to Progastrin {55-71), Gas~
trin14 the C-terminally tast 14 residues (cotresponding to Progastrin58-71}, and Gastring only the C-
terminally last 6 residues (corresponding to Progastrin(66-71). 1t is the amidated forms of Gastrin that
bind with high affinity to GCK-B R and exert cell proiiferative functions, In human Gastrin17 the N-
terminal amino acid residue is a pyroglutarmic acid {PyroGiu) residue. The amidated C-terminal 6 amino
acids are the key receptor-binding residues of Gastrin.

WO 2005/072045 discloses, inter alia, combinations of "GLP-1 agenists” and “Gastrin compounds” re-
putedly having beneficial sffacts in the prevention and/or treafment of conditions and/or diseases for
which either a "GLP-1 agonist” ar a "Gastrin compeund” have been demoenstrated to have a therapeutic
effect. WO 2007/095737 discioses, inter alia, analogous combinations of "Exendin agonists” and “Gas-
trin compounds” that reputedly likewise have beneficial effects in the prevention and/or treatment of
conditions and/or diseases for which either "Exendin agonisis” or “Gastrin compounds” have been

demonstratad fc have a therapeutic effect.

Data [deriving from studies employing non-obese diabetic {NCDY mice, widely employed as an animal
model for human type 1 diabetes] presented in WO 2005/072045 appear io indicate that certain "GLP-
1 agenist"/"Gastrin compound” combinations described therein may have a beneficial effect with re-
spect {o normalizing blood glucose levels in acutely diabetic NOD mice compared to the effect seen
when employing the “GLP-1 agenist” {or the "Gastrin compound”) in question alone. Data [lkewise de-

riving from studies empioying non-obese diabetic (NOD) mice] presented in WO 2007/095737 appear
3
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to indicate that certain “Exendin agonist’/"Gasirin compound” combinations described therein may
have a beneficial effect with respect to normalizing blood glucose and Insulin levels in acutely diabetic
NOD mice compared to the effect seen when employing the "Exendin agonist” (or the “Gastrin com-
pound”) in question alone, and that certain *“GLP-1 receptor agonist” /Gasirin combinations described
therein may have a beneficial effect with respect io inducing islet celi regeneration compared to the

effect seen when employing the *GLP-1 receptor agonist” alone.

WO 2005/072045 and WO 2007/095737 aiso disclose the possibility of forming conjugates comprising
a "GLP-1 agonist” or “Exendin agonist”, respectively, and a “Gastrin compound” covalently coupled or
linked {i.e. conjugated) to one another, optionally via an intermediate linker or spacer. As a suitable
spacer is mentioned a mono-~ or disaccharide, an amino acid, a sulfate, a succinate, an acetate, or an
oligomeric polymeric spacer or linker comprising one or more of such meieties. Coriemplated methods
by which conjugates of the types in question might be prepared are also described. However, no pre-
parative or other data are provided in either of the latter documents in question to substantiate that any
conjugate of the type in question had in fact been prepared and characterized - or tested with respect
to its biologicai/physiological properties or activity — at the time of filing of the respective international
application.

it may further be noted that neither WO 2005/072045 nor WO 2007/095737 provide any in vivo, in vifro
or other data io substantiate that the *GLP-1 agonist’/"Gastrin compound” or “Exendin agonist™/"Gastrin
compound”’ combinations, respectively, described and utilized therein might be beneficial in the treat-
ment, for example, of type 2 diabeles.

SUMMARY

it has now been found that certain conjugates comprising two covalently coupled or linked peptide
moieties may exhibit unexpectedly high therapeutic activity in the freatment, for example, of diabetes
{type 1 and/or type 2 diabetes), or of various other diabetes-relaied diseases or disorders, by compari-

son with the therapeutic activity of a combination of the two individual peptides in guestion.

Irt a broad embodiment, the disclosure provides a peptide conjugate of a GLP-1 receptor agonist and
Gastrin, in particular Gastrin with a substitution at position 15 selected from Leu, Nle, Phe and Thr.
More particuiarly, the disclosure provides peptide conjugates of Exendin-4 and Gastrin as weil as pep-
tide conjugates of GLP-1 and Gastrin.

in one aspect, there is provided a peptide conjugate having the formula |

H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-Peg3-Peg3-YGWILDF-NH;,



H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-Peg3-Peg3-GWLDF-NH;,;
H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-Peg3-Peg3-AGWLDF-NH,; or
H-HGEGTFTSDL SKQMEEEAVRLFIEWLKNYGWTDF-NH,;

or a pharmaceutically acceptable salt or solvate thereof.

In one embodiment, the disclosure thus provides a peptide conjugate having the formula |

4a
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R'-Z-L-Y-R? (1)

wherein

R'isH, Ci alkyl, acetyi, formyl, benzowyi or trifluorcacetyl;

R? is OH or NH;;

Z comprises the sequence of Exendin-4(1-38) having the seguence

His - Gly - Glu - Gly - Thr - Phe - Thr -~ Ser - Asp - Leu - Ser ~ Lys - Gln - Met - Glu - Glu - Glu - Ala - Val
-Arg - Leu - Phe - He - Glu - Trp - Leu - Lys ~ Asn - Gly - Gly - Pro - Ser - Ser - Gly - Ala - Pro - Fro -
Pro — Ser (SEQ 1D NO: 115)

or an analogue thereof Z;;

L is an optionat linker moiety; and

Y comprises the sequence of Gastrin17 having the sequence
GIn-Gly-Pro-Trp-Leu-Glu-Glu-Glu-Glu-Glu-Ala-Tyr-Gly-Trp-Y15-Asp-Phe {SEQ ID NO: 116)
wharein Y15 is selected from Leu, Nle, Phe and Thr

or an analogue thereof Y.

Further, the disclosure provides a peptide conjugate wherein:

{i} 2, has substitutions in up to 10 positions, andfor comprises a C-terminal truncation of 1 to

12 amino acids, with respect o the sequence of Exendin-4; and/or

{ii) Y has substitutions in up to 5 positions with respect to the sequence of Gastrin17, and/or
comprises an N-terminal fruncation from 1 to 13 amino acids, with respect to the sequence of
Gastrin17.

in one embodiment, the disclosure provides a peptide conjugate wherein
Z, is a peptide seguence having the formula lla

His-Z22~-273-Gly-Thr-Phe-Thr-5er-29 -210-211 - 212 - 213 - 214 - Glu - 216 - Z17- 218
~Z19-220-721-722 - 723~ 724 - 725 - 226~ 227 - 228 - 229 - 230 - 231 - 232 - £33 ~ 234
- Z35 236237 - 738 - 239 (lla)
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wherein

Z2 is selected from Gly, Ala, Ser, Aib, Thr, Leu and lle;
Z3 is selected from Glu and Asp;

29 is selected from Asp and Glu;

210 is selected from Leu, Val, lle and Ala;

Z11 is selected from Ser and Aib:

Z12 is selected from Ser, Gin, Arg, Cys, Lys, Giu and Orn;
Z13 is selected from Arg, Ser, Gin, Tyr and Glu;

Z14 is selected from Gy, Cys, Phe, Tyr, Trp, Lys, Met, Leu, Nie and llg;
Z16 is selected from Asp, Gly, Aib, Glu, Lys and Gys;

Z17 is selected from Giu, Cys, Lys, Ser and Gin;

Z18 is selected from Ala and Aib;

219 is selected from Val, Leu, lle and Ala;

220 is selected from Arg, Lys, Cys, Orn ang Glu;

Z21 is selected from Leu and Glu;

Z22 is selected from Phe and Ala;

223 is selected from He and Leu:

£24 is selected from Glu, Cys, Lys, Ala and Arg;

225 is selected from Trp, Cys, Lys aﬁd Phe;

Z26 is selected from Leu and lig;

Z27 is setected from lle, Val, Gin, Lys, Cys, Arg and Om;
728 is selected from Asn, Ser, Asp, Alb, Glin, Lys, Cys, Arg, Tyr, bAla, Glu, Orn and Leu or is absent;
Z29 is selected from Gly, Alb and bAla or is absent;

Z30 is selected from Gly, Cys, Lys and Arg or is absent;
Z31 is selected from Pro, Ser and Asp or is absent;

Z32 is selected from Ser and Lys or is absent;

Z33 is Ser or is absent;

Z34 is selected from Gly and Lys or is absent;
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Z35 is Ala or is absent;
736 is Pro or is absent;
Z37 is Pro or is absent;
Z38 is Pro or is absent;

Z39 is Ser or is absent;

L. is a peptide sequence having the formula b

[1-L2-L3-L4 {llb)

wherein

L1 is selected from Ser, Ala, Lys, O, bAla, 8Aoc, DBF, Peg3, Cys and Gin or is absent;
L2 is selected trom Ser, Ala, Lys, Om, bAla, 8Aoc, DBF, Peg3, Cys and Gin or is absent;
L3 is selected from Ser, Ala, Lys, Orn, bAla, BAcc, DBF, Pegl, Cys and Gin or is absent;

L4 is selected from Ser, Ala, Lys. Omn, bAla, 8Acc, DBF, Peg3, Cys and Gin or is absent;

Y. is a peptide sequence having the formula lic

Y1-Y2-Y3-Y4-YE-YE-Y7-YB-Y3-Y10-Y11-Y12-Y13-Y14-Y15-Asp-Y17 {llc)

wherein

Y1 is Gin or is absent;
Y2 is Gly or is absent;
Y3 is Pro or is absent;
Y4 is Trp or is absent;
Y5 is Leu or is absent;
Y6 is Glu ot is absent;
Y7 is Glu or is absent;
Y8 is Giu or is absent;

Y9 is Gl or is absent;



Y10 is Glu or is absent;

Y11 is Ala or is absent;

Y12 is selected from Ala and Tyr or is absent;
Y13 is selected from Gly and Ala or is absent;
Y14 is selected from Trp, Phe, 1Nal and Met;
Y15 is selected from Leu, Nie, Phe and Thr; and

Y17 is selected from Phe and 3-(3-Pyridyl}-alanine.

In another embodiment, the disclosure provides a peptide conjugate wherein

10

15

20

25

2. is a peplide sequence having the formula illa

His-Gly-Giu-Gly-Thr-Phe-Thr-Ser-Z9-Leu-Ser-Z12-213-Z 14-Glu-216-Glu-Ala-Vai-Z220-Leu-Phe-e-Z224-

Z225-Leu-Z27-228 (llla)

wherein

79 is seiected from Asp and Glu;

7212 is selected from Lys, Arg and Orn;
7213 is selected from Gin and Tyr;

214 is selected from Met and Ley;

216 is selected from Gluy, Cys and Lys;
220 is selected from Arg, Lys and Orn;
224 is selected from Lys and Glu;

Z25 is selected from Trp, Lys, Cys and Phe;
7227 is selected from Lys, Arg and Orn;

Z28 is seiected from Asn and Asp or is absent;

L is a peplide sequence having the formula b

£1-L2-L 3-L4 {ilb)

wherein
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L1 is selecied from Orn, Peg3, Cys, Lys and Gin or is absent;
L2 is selected from Orn, Peg3, Cys, Lys and Gin or is absent;
L3 is selected from Orn, Peg3, Cys, Lys and Gin or is absent;

L4 is selected from Orn, Peg3, Cys, Lys and Gln or is absent;

Y, is a peptide sequence having the formula llic

Y12-Y13-Y14-Y15-Asp-Y17 (llic)

wherein

Y412 is selected from Tyr and Ala or is absent;
Y13 is selected from Gly and Ala or is absent;
Y14 is selected from Trp, 1Nal and FPhe;

Y15 is selected from Leu, Nle, Thr and Phe.; and

Y17 is selecied from Phe and 3-{3-pyridyl}-alanine.

In a further embodiment, the disclosure provides a peptide conjugate wherein

7. is a peptide sequence having the formula IVa

His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Z8-Leu-Ser-Z12-GIn-Met-Glu-Z168-Glu-Ala-Val-Arg-L.eu-Phe-fie-Glu-

Trp-Leu-Z27-Z28 (IVa)

wherein

Z9 is selected from Glu and Asp;
Z12 is selected from Lys and Om;
Z16 is selected from Glu and Lys;
227 is selected from Lys and Orn;

Z28 is selected from Asn and Asp or is absent;

L is a peptide sequence having the formuia Vb

L1-L2-L3-L4 (Ivb)
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wherein

i1 is selected from Orn, Peg3, Cys, Lys and Gln or is absent;
12 is selected from Orn, Peg3, Cys, Lys and Gin or is absent;
L3 is selected from Orn, Peg3, Cys, Lys and Gin or is absent;

L4 is selected from Orn, Peg3, Cys, Lys and Gln or is absent;

Y, is a peptide sequence having the formuia Ve
Y12-Y13-Trp-Leu-Asp-Phe {IVc)

wherein

Y12 is Tyr or is absent; and

Y13 is Gly or is absent.

In a still further embodiment, the disclosure provides a peptide conjugate wherein

Z. is a peptide sequence having the formula Va

His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Z8-L eu-Ser-Z12-Tyr-Leu-Glu-Z16-Glu-Ala-Val-Arg-Leu-Phe-lie-Glu-
Phe-Leu-Z27-228 (Va)

wherein

Z9 is selected from Glu and Asp;
Z12 is selected from Lys and Om;
Z16 is selected from Glu and Lys;
Z27 is selected from Lys and Orn;

228 is selected from Asn and Asp or is absent;

L is a peplide sequence having the formula Vb

L1-£2-L3-L4 (Vb)

wherein

10
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11 is selected from Orn, Peg3, Cys, Lys and Gin or is absent;
L2 is selected from Orn, Peg3, Cys, Lys and Gln or is absent;
L3 is selected from Orn, Peg3, Cys, Lys and Gin or is absent;

L4 is selected from Orn, Peg3, Cys, Lys and Gln or is absent;

Y. is a peptide sequence having the formula Ve
Y12-¥Y13-Trp-Leu-Asp-Phe (Vc)

wherein

Y12 is Tyr or is absent; and

Y13 is Gly or is absent.

Further, the disclosure provides a peptide conjugate wherein the peptide sequence of formula |

comprises one or more inframolecular bridges.

Still further, the disciosure provides a peptide conjugate wherein said intramolecular bridge is formed
between the side chains of two amine acid residues which are separated by three amino acids in the

linear amino acid sequence of formuia L.

tn a specific embodiment, the disclosure provides a peptide conjugate wherein the intramolecular
bridge is formed between the side chains of residue pairs x and x+3, x+4, x+5 efc.

in another specific embodiment, the disclosure provides a peptide conjugate wherein the

intramolecular bridge is a lactam ring.

in a further specific embodiment, the disclosure provides a peplide conjugate wherein the
intramolecular bridge involves a pair of residues wherein:

212 is Lys and Z16 is Glu; 212 is Glu and Z16 is Lys;
Z16is Gluand Z20is Lys; Z16 is Lys and Z20 is Glu;

Z20is Glu and Z24 is Lys; Z20 is Lys and 224 is Glu;

11
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In another embodiment of the disclosure is provided a peptide conjugate having the formula VI:

R'-X-L-Y-R? (V1)

wherein

R'is H, Cig alkyl, acetyl, formyl, benzoyl or trifluoroacetyl;

R? is OH or NHy;

X comprises the sequence of GLP-1(7-36) having the sequence

His — Ala - Giu - Gly - Thr - Phe - Thr - Ser - Asp - Val - Ser - Ser - Tyr —Leu - Glu - Gly - Gin - Ala - Ala
- Lys - Glu —FPhe - lle - Ala - Trp - Leu - Val — Lys - Gly — Arg {SEQ ID NO: 114)

or an analogue thereof Xa;

L is & linker containing up to 4 naturally or non-naturally amino acids or combinations thereof or is ab-

sent;

Y comprises the sequence of Gastrin-17 having the sequence
Gin-Gly-Pro-Trp-Leu-Giu-Glu-Glu-Glu-Glu-Ala-Tyr-Gly-Trp-Y15- Asp-Phe
wherein Y15 is selected from Leu, Nle, Phe and Thr

or an analogue thereof Y,

In one embodiment, the disclosure provides a peptide conjugate wherein

(i) X5 has substitutions in up to 5 positions and/or comprises a C-terminally truncation of 1-2

amino acids, with respect fo the sequence of GLP-1; and/or

(i} Y, has subsiitutions in up to 5 positions with respect to the sequence of Gasirin17, and/or
comprises an N-terminal truncation of 1 to 13 amino acids, with respect to the sequence of
Gastrint?.

In another embodiment, the disclosure provides a peptide conjugate wherein

Xa is a peplide sequence having the formula Vliia

His — X8 - Glu - Gly - Thr - Phe - Thr - Ser - Asp - Val - Ser - Ser - Tyr ~Leu - Glu - Gly - GIn - Ala - Ala
— X26 - Glu ~Phe - lie - Ala - Trp - Leu - Val - X34 - Gly - X36 (Vlla)

12
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wherein

X8 is seiected from Ala, Aib and Gly;
X26 is selected from Arg and Lys;
X34 is selected from Arg and Lys;

X36 is selected from Arg and Lys;

L is a peptide sequence having the formuia Viib

L1-L2-L3-L4 {Vilb)

wherein

PCT/DE2011/050133

L1 is selected from Ser, Alz, Lys, O, bAla, 8Acc, DBF, Peg3. Cys, Gin or is absent;

LZ is selected from Ser, Ala, Lys, Orn, bAla, 8Aos, DBF, Peg3, Cys, Gin or is absent;

L3 is selected from Ser, Alg, Lys, Orn, bAla, BAoc, DBF, Peg3. Cys, Gin or is absent;

L4 is selected from Ser, Ala, Lys, Orn, bAla, 8Aoc, DBF, Peg3, Cys, Gin or is absent;

Y. is a peptide sequence having the formula Vilc

¥1-Y2-Y3-Y4-Y5-YE-Y7-YB-YI-YT0-Y11-¥Y12-Y13-Y14-Y15-Asp-Y17 {Viic)

wherein

Y1 is Gin or is absent;
Y2 is Gly or is absent;
Y3 s Pro or is absent;
Y4 is Trp or is absent;
¥5 is Leu or is absent;
Y6 is Glu or is absent;
Y7 is Giu or is absent;
Y8 is Glu or is absent;

Y9 ie Glu or is absent;

13
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Y10 is Glu or is absent;

Y11 is Ala or is absent;

Y12 is selected from Ala, Tyr or is absent;

Y13 is selected from Gly, Ala or is absent;

Y14 is selected from Trp, Phe, 1Nal and Met;
Y15 is selected from Leu, Nle, Phe and Thr: and

Y17 is selected from Phe and 3-(3-pyridyl}-alanine.

in still another embodiment, the disciosure provides a peplide conjugate wherein

X, is a peptide sequence having the formula Villa

His — X8 - Glu - Gly - Thr - Phe - Thr - Ser - Asp - Val - Ser - Ser - Tyr -Leu - Glu - Gly - Gin - Ala - Ala
- X268 - Giu ~Phe - lle - Ala - Trp - Leu - Val — X34 - Gly — X36 (Villa)

wherein

X8 is selected from Alz, Aib and Gly;
X26 is selected from Arg and Lys;
X34 is selected from Arg and Lys;

X36 is selected from Arg and Lys;

L is a peptide sequence having the formula Viiib

L1-L2-L3-L4 (VIlIb)

wherein

L1 is selected from Peg3, Orn, Cys, Lys, Gin or is absent;
1.2 is seiected from Ser, Ala, Orn, Cys, Lys, Gin or is absent;
L3 is seiected from Lys, Ala, Cys, Omn, Gln or is absent;

L4 is seiecied from Lys, O, Ala, Peg3, Cys, Lys, Gin or is absent;

Y, is a peptide sequence having the formuia Vilic

14
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Y42-Y13-Y14-Y15-Asp-Phe (Vilic)

wherein

Y12 is setected from Tyr, Ala or is absent;
Y13 is selecied from Gly, Ala or is absent;
Y14 is selected from Trp and Phe; and

Y15 is selected from Leu, Thr and FPhe.

In a specific embodiment, the disclosure provides a peptide conjugate wherein

X, is a peptide sequence having the formula IXa

His — X8 - Glu - Gly - Thr - Phe - Thr - Ser - Asp - Vai - Ser - Ser - Tyr —Leu - Glu - Gly - GIn - Ala - Ala
~ X268 - Glu ~Phe - lle - Ala - Trp - Leu - Val — X34 - Gly — X36 {IXa)

wherein

X8 is selected from Ala, Aib and Gly;
X26 is selected from Arg and Lys;
X34 is selected from Arg and Lys;

X36 is selected from Arg and Lys;

L is a peptide sequence having the formula [Xb

L1-L2-13-L4 (IXb)

wherein

L1 is selected from Orn, Peg3, Cys, Lys and GIn or is absent;
12 is selected from Orn, Peg3, Cys, Lys and Gin or is absent;
L3 is selected from Orn, Peg3, Cys, Lys and Gin or is absent;

|.4 is selected from Orn, Peg3, Cys, Lys and Gin or is absent;

Y, is a peptide sequence having the formula IXc

15



Y12-Y13-Trp-Leu-Asp-Phe (IXc)
wherein
¥12 is Tyr or is absent; and

Y13 is Gly or is absent.

In a further specific embodiment, the disclosure provides a peptide conjugate wherein at least one of

iys or Cys is further conjugated to a lipophiiic substituent.
A a further embodiment of the disclosure relates to a peptide conjugate having the formula:

Exendin-4(1-39)-Peg3-Peg3-[Gin1 Leuts]Gastrin17, (1)

Exendin-4(1-39)-[Gln1,Leu15}Gastrin17, {2)
Exendin-4{1-39)}-K-[Gin1,Leu15]Gastrint?, {3)
Exendin-4(1-39}-AAA-[GIn1 Leu15]Gastrin17, (4
Exendin-4(1-39)-SKK-[Gin1,Leu15]Gastrint7, (5)

Exendin-4{1-39)-Peg3-SKK-[Gin1,Leu15]Gasirini?, {6)
Exendin-4{1-39)-8Aoc-SKK-{GIn1,Leu15]Gastrini?, (7}
Exendin-4(1-39)-DBF-SKK-[GIn1,Leut5]Gastrin1 7, (8)

Exendin-4{1-39)-8A0c-8A0c-{Gin1,Leut5]Gastrini?, (9)

Exendin-4(1-39)-[LeudiGastring, (10)
Exendin-4({1-39)-K-[Leud]Gastring, (11
Exendin-4(1-39)}-AAA-[Leud]Gastring, (12)
Exendin-4{1-39)-SKK-fLeud]Gastring, (13)
Exendin-4(1-39)-Peg3-SKK-[Leud]Gastring, (14)
Exendin-4(1-39)}-Peg3-Peg3-[Leud]Gastrins, {15)
Exendin-4(1-39)-8A0c-SKK-[Leud]Gastring, (186)
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Exendin-4(1-39)-DBF-SKK-[Leud|Gastrins, (17
Exendin-4(1-39)-8Acc-8Aoc-[Leud]Gastring, (18}
Exendin-4(1-28)-[GIn1,Leu15]Gastrin17, (19)
Exendin-4(1-28}-K-[GIn1,Leu18iGastrini?, {20}
Exendin-4(1-28)-AAA-[GIn1.Leu15]Gastrini 7, 21
Exendin-4(1-28)-SKK-[Gin1 .Leu13]Gasirin1 7, {22}

Exendin-4(1-28)-Peg3-SKK-[GIn1,Leu15]Gastrini?, (23}
Exendin-4{1-28}-Peq3-Pegd-[GIni Leu15])Gastrini 7, (24}
Exendin-4(1-28}-8Aoc-SKK-[GIn1,Leul1 5]Gastrini 7, {25)
Exendin-4(1-28}-DBF-SKK-[Gin1,Leu15iGastring 7, {26)

Exendin-4{1-28)-8Aoc-8Acc-[Gint,Leut 5)Gastrini 7, (27)

Exendin-4{1-28}-[LeudiGastring, (283
Exendin-4(1-28)-K-[Leud])Gastring, (29}
Exendin-4(1-28}-AAA-[Leus]Gastring, ' (30}
Exendin-4(1-28)-SKK-[Leud]Gastring, {31}
Exendin-4(1-28)-Peg3-SKK-[Leud]Gastring, (32)
Exendin-4(1-28}-Peg3-Peg3-[Leud]Gastring, (33}
Exendin-4{1-28}-8Aoc-SKK-{Leud]Gastring, (34}
Exendin-4{1-28)-DBF-SKK-[l.eud]Gastring, {35}
Exendin-4(1-28)-8Aoc-8Aoc-{Leud]Gastring, (386)
GLP-1(7-38)-[GIn1,Leut5]Gastrini 7, (37)
GLP-1{7-36)-K-[GIn%,Leut5]Gastrini 7, (38)
GLP-1{7-36)-AAA-[GIn1,Leut 5]Gastrint 7, {39)
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GLP-1{7-36)-8BKK-[GIn1,Leut5]Gastrint 7, (40}
GLP-1(7-36)-Peg3-SKK-[GIn1 Leut 5)Gastrini 7, {41)
GLP-1({7-36)-Peg3-Peg3-]Gin1 Leu15iGastrini7, (42}
GLP-1(7-36)-BAoc-SKK-IGIn1,Leut BlGastrini 7, (43)
GLP-1(7-36)-DBF-SKK-[GIn1,Leu15]Gastrin17, (44}
GLP-1(7-36)-8Acc-8Aoc-{Gint,Leul5])Gastrinl 7. {45)
GLP-1(7-36)-[Leud]Gastring, | (46)
GLP-1(7-36)-K-[Leud]Gastring, {47)
GLP-1(7-36)-AAA-[L.eudiGastring, {48}
GLP-1{7-36)-SKK-[l.eud]Gastring, (49}
GLP-1{7-36)-Peg3-8KK-{l.eud]Gastring, (50)
GLP-1{7-36)-Peg3-Peg3-{l.eudiGastring, {51)
GLP-1({7-36)-8A0c-SKK-{Leud]Gastring, (52)
GLP-1{7-38)-DBF-SKK-{Leud)Gastring {53)
or

" GLP-1 (7-36}-BAoc-8Acc-[Leud]Gastring, (54)

wherein each of the Exendin-4({1-39), the Exendin-4({1-28) and the GLP-1{7-38) peptide moietigs is co-
valently attached (i.e. linked or coupied) to the remaining part of the respective conjugate molecule via
its C-terminal, and each of the [Gin1,Leut5])Gastrint7 and [Leud]Gastring peptide moleties is cova-
tently attached (i.e. Inked or coupied) to the remaining part of the respeactive conjugate molecule via its

N-terminal;

or a pharmaceutically acceptable salt or solvate thereof.
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In one aspect, there is provided a method of manufacturing a peptide conjugaie as defined herein

synthetically.

In one aspect, there is provided a method of manufacturing a peptide conjugate as defined herein
recombinantty.

In one aspect, there is provided a process for manufacturing a peptide conjugate, or pharmaceutically

accepiable salt or solvate thereo! as defined herein.

In a specific embodiment, the peptide conjugates of the disclosure may be manufaciured by standard
synthetic methods, by use of recombinant expression systems, or by any other suitable method. Thus,

the conjugates may be synthesized in a number of ways, including, e.g., methods which comprise:

{(a) synthesizing the peptide conjugate by means of standard solid-phase or liquid-phase methodology,
either stepwise or hy fragment assembly, and isolating and purifying the final peptide conjugate

product;

(b) expressing a nucleic acid construct that encodes the peptide conjugate in a host cell and recovering
the expression product from the host cell culture; or

{c) effecting cell-free in vifro expression of a nucleic acid construct that encodes the peptide conjugate,

and recovering the expression product;

or by any combination of methods of {a), {b) or {c) to obtain fragments of the peplide conjugate,
subsequently ligating the fragmenis {0 obtain the peptide conjugate, and recovering the peptide
conjugate.

in one aspect, there is provided a pharmaceuticai composition comprising a peptide conjugate, or
pharmaceutically acceptable salt or solvate thereof, as defined herein, together with a pharmaceuticalty

acceptabie carrier, excipient or vehicle.

in one aspect, there is provided a peptide conjugate or pharmaceutically acceptable salt or solvate
thereof as defined herein for use as a medicament,

Among further embodiments of the disclosure are methods of treatment of a variety of conditions, dis-
eases or disorders [including diabetes {type 1 and type 2} and various diabetes-related conditions, dis-
eases or disorders] comprising administration of a peptide conjugate of the disclosure (in free form or
in the form of a pharmaceutically acceptable salt or solvate thereof), as well as pharmaceutical compo-
sitions comprising a peptide conjugate or pharmaceutically acceptable salt or solvate thereof of the
disclosure.
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In one aspect, there is provided the use of a peptide conjugate or pharmaceutically acceptable salt or
solvate thereof as defined herein, in the manufacture of a medicament for the treatment, in & subject in

need thereof, of a disease or disorder selected from the group consisting of:

type 1 diabetes, type 2 diabetes, pre-diabetes, Insulin resistance syndrome, impaired glucose toler-
ance (IGT), disease states associated with elevated blood glucose levels, hyperglycemia, hyperten-
sion, atherogenic dyslipidemia, arteriosclerosis (e.g. atherosclerosis), coronary heart disease, periph-
eral artery disease, stroke, microvascular disease, gastric disease, metabolic syndrome, cancer {e.g.

colon cancer), inflammatory bowel disease (1BD) and irritable bowel syndrome (IBS).

In one aspect, there is provided the use of a peptide conjugate or pharmaceutically acceptable sait or
sobvate thereof as defined herein, in the manufacture of a medicament for inducing, in a subject in need
thereof, pancreatic islet neogenesis.

In one aspect, there is provided the use of a peptide conjugate or pharmaceutically acceptable salt or
solvate thereof as defined herein in the manufacture of a medicament for preventing, in a subject in
need thereof, B-cell apoptesis in the pancreatic islets.

in one aspect, there is provided the use of a peptide coniugate, or pharmaceutically acceptable salt or
solvate thereof, as defined herein, or a pharmaceutical composition as defined herein, in the

manufacture of a medicament for preventing weight gain or promoting weight loss.

In one aspect, there is provided the use of a peptide conjugate, or pharmaceutically acceptable salt or
solvate thereof, as defined herein in the manufacture of a medicament for the treatment of a condition
caused or characterized by excess body weight, e.g. the treatment and/or prevention of obesity, morbid
obesity, obesity linked infltammation, obesity linked gallbladder disease, obesity induced sleep apnes,
metabolic syndrome, or pre-diabetes.

in one aspect, there is provided the use of a peptide conjugate, or pharmaceutically acceptable salt or
solvate thereof, as defined herein, in the manufacture of a medicament for improving circulating
glucose leveis, glucose tolerance and/or circuiating cholesterol levels, lowering circulating LDL levels,
andfor increasing HDL/LDL ratic.

In one aspect, there is provided the use of a peptide conjugate, or pharmaceutically acceptabie salt or
solvate thereof as defined herein in the manufacture of a medicament for improving circutating glucose
levels, glucose tolerance and/or circulating cholesterol levels, lowering circulating LDL levels, and/or
increasing HDL/LDL ratio in an individual in need thereof wherein a Drug holiday dosage regimen is
used.
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In a specific embodiment, the peptide conjugates of the present disclosure may also be useiul as
pharmaceuiical agents for treatment of insulin resistance, glucose intolerance, pre-diabetes, elevated
fasting glucose levels, type 1 and/or type 2 diabetes, hypertension and/or dyslipidemia (or a
combination of these metabolic risk factors), atherosclerosis, arteriosclerosis, coronary heart disease,
peripheral artery disease and stroke. They may also be useful in preventing weight gain, promoting
weight loss, reducing excess body weight and/or treating obesity (e.g. by control of appetite, feeding,
food intake, calorie intake, and/or energy expenditure), including morbid obesity, as well as associated
diseases, disorders and health conditions, including, but not limited to, obesity-linked inflammation,
obesity-linked galibladder disease and obesity-induced sleep apnea. Effects of the peptide conjugates
of the disclosure on these conditions may be mediated in whole or in part via an effect on body weight,

or may be independent thereof.

in one aspect, there is provided a device comprising at least one peptide conjugate, or
pharmaceutically acceptable salt or solvate thereof, as defined herein, for delivery of the peptide
conjugate to a subject.

In one aspect, there is provided a kit comprising at least one peptide conjugate, or pharmaceutically
acceptable salt or solvate thereof, as defined herein, and further comprising packaging or instructions

for use.

Further embodiments of the disclosure will become apparent from the disclosure below.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Mean plasma concentration versus time (log-lnear) after i.v. and s.c. administration of 100

nmelkg to mice, A: Compound 33, B: Compound 1. Data represent mean = SD, n=3/datapoint.

Figure 2. Mean plasma concentration versus time (log-linear) after s.c. administration of 160 nmol

compound/kg of Compound 33, 74, 76, 77, 78 and 80 to mice. n=2/datapoint.

Figure 3 presents data for total pancreatic insulin content {in u1g) in db/db diabetic mice following ac-
ministration of (i} three concenirations {1, 10 and 50 nmolkg) of Compound 1 of the invention [Ex-
endin-4(1-38)-Peg3-Peg3-[Gint,Leu1B]Gastrint7; vide infra], {ii} three corresponding concentrations of
a 11 additive combination of the Exendin-4(1-39) and h[Leul5]Gastiin17 peptides (1, 10 and 50
nmoikg of each peptide} and {iii} vehicie.

Figure 4. A-Blood glucose in mice. Data were analyzed using Kruskal-Wallis test foliowed by Dunn's

ey

multiple comparison test,™ p<0.001. Comparison of Compound 33, Exendin-4 a combination of Fx-

endin-4(1-39) and h[Léu15]Gastrin§ 7 and Vehicle respectively; n = 18-19 per group.

Figure 5. A-Plasma insulin in mice. Data were analyzed using Kruskal-Waliis test followed by Dunn's
multipie comparison test. ““p<0.001. Comparison of Compound 33, Exendin-4, a combination of Ex-
endin-4{1-39) and hlLeu15]Gastrin1 7 and Vehicle respectively; n = 16-19 per group.

Figure 6. Pancreatic insulin content in mice. Data were analyzed using Kruskal-Wallis test followad by
Dunn’s multiple comparison test, **p <0.01. Comparison of Compound 33, Exendin-4, a combination of

Exendin-4(1-39) and h{l.eu15]Gastrin17 and Vehicle respectively; n = 16-1% per group.

Figure 7. A-HbAlc in mice. Data were analyzed using Kruskal-Wallis test followed by Dunn's multiple
comparison test, ™p <0.01, *"“p<0.001. Comparison of Compound 33, Exendin-4, a combination of
Exendin-4(1.39) and hil.eui5]Gastrin17 and Venicle respectively; n = 16-19 per group.

Figure 8 A-plasma C peptide in mice. Data were analyzed using Kruskal-Wallis test followed by
Dunn's multiple comparison test, *p < 0.05. Gomparison of Compound 33, Exendin-4,a combination of
Exendin-4{1-33} and h{Leu15iGastrin17 and Vehicle respectively; n = 16-19 per group.

Figure 8 Effect of SC administration of Exendin-4, Liragiutide or Compound 33 on glucose tolsrance
as measured by the Area Under the Curve (AUC) following a glucose load in db/db mice. Three treat-
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ment regimens were applied (A} Prevention, (B} Treatment, or {C) Moliday. Data are given as mean
with SEM (n=8-13/group). Statistic: Data was compared by 2-way ANOVA followed by Bonferroni's
post-test: *p<0.08; “p<0.01; ***p<0.001 vs. vehicle.

Figure 10. Effect of SC administration of Exendin-4. Liragiutide or Compound 33 on &h fasting bicod
glucose in db/db mice. Thres treatment regimens were applied (A) Prevention, (B} Treatment or {C)
Holiday. Data are given as mean with SEM (n=8-13/group). Statistic: Data was compared by 2-way
ANGV A followed by Bonferroni's post-test: *p<0.05; *p<0.01; **p<0.001 vs. vehicle.

Figure 11, &zfiect of 3C administration of Exendin-4, Liraglutide or Compound 33 on terminal (day -93)
valugs of (A} piasmza G-peptide, (B) plasma insulin, or (C) HbA1c {%). Data are given as mean with
SEM (n=8-13/group). Statistic: Data was compared by 1-way ANOVA Kruskal-Wallis test foliowed by
Dunn's MC test: **p<0.001, "p<0.01, *p<0.05 vs. vehicle.

DETAILED DESCRIPTION OF THE INVENTICN

As already indicated above, one aspect of the present invention reiates to a peptide coniugate having

the formuia:

Exendin-4{1-39}-Peg3-Peg3-[Gint,Leu15]Gastrini 7, {1

Exendin-4(1-39)-{GIn1,Leut5]Gastrini 7, (2)
Exendin-4{1-39}-K-[Gin1,l.eui15]Gastrini 7, (3)
Exendin-4{1-39)-AAA-[Gin1 LeuiB)Gastrini7, {4)
Exendin-4(1-39)-8KK-[Gin1.Leu15]Gastrini7, {5

Exendin-4{1-39)-Peg3-SKK-[GIn1,Leu15]Gastrini7, (8)
Exendin-4{1-39}-8A0c-SKK-[Gin1,Leut 5]Gastrint7, (7
Exendin-4{1-39)-DBF-SKK-[Gin1,Leui5]Gastrini 7, (8}
Exendin-4(1-39)-8Aoc-8Acc-[Gint,Leul 5jGastrin1 7, (9

Exendin-4ﬁ-39)-[Leg4]6astrin6, (10

Exendin-4{1-39)-K-[l.eu4])Gastring, (11}
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Exendin-4(1-39)-AAA-[Leud]|Gastring,
Exendin-4{1-39)-SKK-[Leud]Gastring,
Exendin-4{1-38)-Peg3-SKK-[Leud]Gastring,
Exendin-4{1-39}-Peg3-Peg3-[Leud]Gastring,
Exendin-4(1-39)-8Aoc-SKK-[LeudiGastzing,
Exendin-4(1-39)-DBF-SKK-[LLeu4]Gastring,
Exendin-4{1-39})-8Aoc-BAcc-[Leu4])GastrinG,
Exendin-4(1-28)-[Gin1, Leu15]Gastrini?,
Exendin-4{1-28)-K-[Gin1.Leu15]Gastrini 7,
Exendin-4{1-28}-AAA-[GIn1.Leu1B]Gasirini7,
Exendin-4(1-28)-SKK-[Gin1 Leu1b[Gastrint 7,
Exendin-4{1-28)-Peg3-SKK-[Gint,Leu15]Gastrin17,
Exendin-é(1.—2-8)-F’993-Peg:3v[Glm .Leu1B}Gastrini?,
Exendin-4(1-28)-8Aoc-SKK-{Gin1,Leul151Gastrini7y,
Exendin-4{1-28)-DBF-SKK-[Gin1,Leu15)Gastrini?,
Exendin-4(1-28)-8Aoc-8A0c-[Gint Leut 8iGasirini7,
Exendin-4(1-28)-[Leud]Gastring,
Exendin-4(1-28)-K-[Leud]Gastring,
Exendin-4{1-28)}-AAA-[l_eu4jGastring,
Exendin-4{1-28)-SKK-{Leu4]Gastring.
Exendin-4{1-28)-Peg3-SKK-[L.eus]Gastring,
Exendin-4(1-28}-Peg3-Peg3-jl.eud|GastrinG,

Exendin-4(1-28)-8A0c-SKK-[Leud}Gastring,
22
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Exendin-4(1-28)-DBF-SKK-[l.eu4]Gastiring,
Exendin-4(1-28)-8Aoc-8Acc-[leudiGastring,
GLP-1(7-36)-[Gin1,Leu15]Gastrini 7,
GLP-1{7-36)-K-[Gin1, Leu15]Gastrint 7,
GLP-1{7-36)-AAA-[GIn1,Leu15]Gastrin17,
GLP-1(7-36)-SKK-[GIn1,Leutb]Gastrint7,

GLP-1{7-36)-Peg3-SKK-[GIn1,Leu15]Gastrin17,

GLP-1(7-38)-Peg3-Peg3-{Gin1,Leut15iGastrin17,

GLP-1{7-38)-8A0¢-8KK-[GiIn1.Leu B]Gastrin17,
GL.P-1{7-36)-DBF-SKK-{Gint.Leu1 5]Gastrini7,
GLP-1(7-36)-8Aoc-8Aoc-[Gint, Leu15]Gastrini 7,
GLP-1 (7—36}-{Leu4]{5astrin6,
GLP-1(7-38)-K-iLeud]Gastring,
GLP-1(7-36)-AAA-ILeud]|Gasting,
GLP-1({7-36)-SKK-[Leud]Gasting,
GLP-1(7-38)-Peg3-SKK-lLeud]Gasiring,
GLP-1{7-36}-FPeg3-Pegl-li_eud]Gastring,
GLP-1{7-38)-8A0c-SKK-Leud]Gastring,
GLP-1{7-36)-DBF-SKK-[Leud]GastrinG

of

GLP-1{7-36)-8Aoc-8Aac-{Leud]Gastring,
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wherein each of the Exendin-4(1-39), the Exendin-4(1-28) and the GLP-1(7-36) peptide moieties is co-
vatenily attached to the remaining part of the respective conjugate molecule via its C-terminal, and
each of the [GIn1,Leu15]Gastrint? and [Leud]Gastring peptide meieties is covalently attached to the

remaining part of the respective conjugate molecule via its N-terminal;
or a pharmaceutically acceptable salt or solvate thereof.

in & further aspect, the present invention relates {o & peptide conjugate having the formula:

Exendin-4(1-28)-Peg3-Peg3-iLeud]Gastrinb {55)
Exendin-4(1-28)-Peg3-Peg3-[Alal.LeudiGastring {56)
Exendin-4(1-28)-Peqg3-Peg3-fAlaZ Leud}Gastring (57)
Exendin-4(1-27)-Peg3-Peg3-[Leud]|Gastring {58)
Exendin-4(1-28)-Peg3-Peg3-[eu2]Gastrind {59)
[Leu‘}4]E)éeﬁdin—4(1.-28)-Peg3-Peng[Leu4}Gastrin6 180) -
[Orn12]Exendin-4(1-28)-Peg3-Peg3-[Leud]Gasiring (81}
[Orn27]Exendin-4{1-28)-Peg3-Pegl-[LeudiGasiring {62)
[PheES]Exendin@(‘E -28)-Peg3-Peg3-[l.eu41Gastring 63)
{Asp2B]Exendin-4(1-28)-Peg3-Pey3-[LeudK3astring (84)
[Tyrt 3Exendin-4(1-28)-Peg3-Peg3-[Leud]Gastring (65)
[Cin20]Exendin-4{1-28}-Peg3-Peg3-[Leu4])Gastring {686)
Exendin-4(1-28}-Peg3-{Leud]Gastring {87)
Exendin-4{1-28}-{Leud|Gastring {68)
Exendin-4(1-27)-[Leud)Gastrint {69)
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Exendin-4{1-27}-Peg3-[Leud]Gastring

Exendin-4{1-27}-Peg3-[Leu3iGastrind

Exendin-4(1-28)-Peg3-{Leu3]Gastrind

Exendin-4{1-27)-Peg3-[Leu2]Gastring

[Tyr13.Leut 4lExendin-4(1-27)-Peg3-Pegl3-[LeudlGastring

[Fyr13.Phe25]Exendin-4(1-27)-Peg3-Peg3-iLeud]Gastring

[Leutd, Phe25lExendin-4{1-27)-Peg3-Peg3-[Leu4]Gastring

[Tyr13,Leut4,Phe25]Exendin-4(1-27)-Peg3-Peg3-[L.eud]Gasiring

Side chain-cycle([Lys12,Glu16]Exendin-4(1-28)-Peg3-Peg3-[Leud]Gastring

Side chain-cycio(]Glu18,Lys20]Exendin-4{1-28)-Peg3-Peg3-[Leud]Gastring

Side ghain-cyclo([Lys20,Giu24]Exendin-4({1-28)-Peg3-Peg3-[Leud|Gastring

[Lys16iExendin-4{1-28}-Peg3-Peg3-[Leud]Gasting

Exendin-4{1-28)-Peg3-K-Peg3-[Leud]Gasirng

kxendin-4(1-28)-[Thr4]Gastring

Exendin-4(1-28)-[Phed]Gastring

[Leuid]Exendin-4{1-28)-[1Nal3 | sud]Gastring

[Leut4]Exendin-4{1-28)-[Nie4]Gastring

[leuid]Exendin-4{1-28)-[Leud [3-(3-Pyridyl)-Alz]8iGastring

[Glug,Leu14,Phe28, Tyr 13]Exendin-4(1-27)-Peg3-Peg3-[LeudiGastiring
25
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Leut4,Phe25, Tyr13]Exendin-4{1-27)-Peg3-Peg3-[Leu4,Phe3]Gastring (89)
[Glug,Leut4,Phe25 Tyr13]Exendin-4(1-27)-Peg3-Peg3-|Leud, Phed]Gastring (90)
tArg27 Leul4,Phe25, Tyr1 3]Exendin-4(1-27}-Peg3-[Leud]Gastring (81)
jArg12,27.Leut4,Lys16,Phe25 Tyrt 3]Exendin-4(1-27)-Peg3-lLeud]Gastting {92}
[Arg12,27 Leut4 Lys20,Phe25, Tyr1 3] Exendin-4(1-27)-Peg3-ILeud]Gastring (93}
[Arg12,27 Leul4,Lys24,Phe25, Tyrt 8]Exendin-4(1-27)-Peg3-|Leud|Gastring {24)
[Arg12.Leut4,Phe28 Tyr13]Exendin-4({1-27}-Peg3-lLeudiGastring (95)
[Glug,Leu14,Phe2s. Tyri13iExendin-4(1-27}-[Leul1Gastrind (96)
[Glug.Leutd, Phe2s Tyri13lExendin-4(1-27)-Peg3-[leu2]Gastrind (97)
[Glu2.Leu14,Pne2s, Tyri3]Exendin-4{1-27)-Orn-Peg3-[L.eu2]|Gastring (98)
[Glu9,Leut4,Phe25, Tyr1 3] Exendin-4(1-27)-Peg3-Om-[L eu2]Gastrin4g 199}
[Glu9.Leutd,Pha2b Tyr13]Exendin-4{1-27)-0Orn-Orn-{Leu2iGastring (100)
[Glug.Leu14 Phe25 Tyr13lExendin-4({1-27)-{l eud|Gastring {101}
[Glug.Leul4, Phe25, Tyr13]Exandin-4(1-27)-Peg3-{LeudiGastring {102}
[Glud.Leut4,Phe25 Tyr13]Exendin-4(1-27)-Crn-Peg3-[L.eu4]Gastring {103}
[Glug,Leuid,Phe25 Tyr13]Exendin-4{1-27)-Peg3-Om-[Leud]|Gastring (104)
{Giug,Leut14,Phe25,Tyr13]Exendin-4(1-27)-Orn-Orn-[Leud]Gastring {105}
[Lys{Hexadecanoyl-iscGlu)34]Gl.P-1(7-37)-Peg3-Peg3-[LeudiGastring (108)
[Arg34,Lys(Hexadecanoyi-isoGIu)28]GLP-1(7-37)-Peg3-Peg3-|l.eud]Gastring (107}

[Arg26,34,Lys(Hexadecanoy-isoGlu)36]GLP-1{7-37)-Peg3-Peg3-[Leud]|Gastring {108)

[Lys{Hexadecanoyl-isoGiu)26]GLP-1{7-37)-Peg3-Peg3-[Leud]Gastring (109)
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[Arg28,34.Gly8 Lys(Hexadecanoyl-isoGIu)36)GLP-1(7-37)-Peg3-Peg3-
[Leud]Gastring (110}

[AibB,Arg34, Lys{Hexadecanoyl-isoGIu)26]GLP-1(7-37)-Peg3-Peg3-

fLeud]Gastring {111}
[Aib8, Arg341GLP-1{7-37)-Peg3-Peg3-[Leud]Gastring (112)
[Arg341GLP-1(7-37)-Peg3-Peg3-[LeudiGastring (113)

or a pharmaceutically acceptable salt or solvate thereof.

The above formulae for the pepiide conjugates of the invention, which are writter emploving conven-
tional and widely used abbreviaticns/designations for the various peptide moisties in guestion {i.e. Ex-
endin-4(1-39), Exendin-4(1-28} and GLP-1{7-38)] may be written in conventicnal full aminc acid se-

guence form as follows (with linker moieties highlighted in bold font):

{SEQ ID NO: 1} H-HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-Peg3-Peg3-
QGPWLEEEEEAYGWLDF-NH;

(SEQ ID NO: 2 H-
HGEGTFTSDLSKGMEEEAVRLFIEWLKNGGPSSGAPPPSQGPWLEEEEEAYGWLDF-NH, (no linker)

{SEQ ID NO: 3} H-HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-K-
QGPWLEEEEEAYGWI.DF-NH, :

(SEQ 1D NO: 4) H-HGEGTFTSDLSKOMEEEAVRLFIEWLKNGGPSSGAPPPS-AAA-
GGPWLEEEEEAYGWLDF-NH;

(SEG ID NO: 5) H-HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-BKK-
QGPWLEEEEEAYGWLDF-NH,

(SEQ ID NO: 6} H-HGEGTFTSDLSKOMEEEAVRLFIEWLKNGGPSSGAPPPS-Peg3-SKK-
QGPWLEEEEEAYGWLDF-NH,

{SEQ IDNG: 7) H-HGEGTFTSDLSKOMEEEAVRLFIEWLKNGGPSSGAPPPS-8A0nc-SKK-
QGPWLEEEEEAYGWILDF-NH,

{SEQ IDNC: 8) H-HGEGTFTSDLSKOMEEEAVRLFIEWLKNGGPSSGAPPPS-DBF-SKK-
QGPWLEEEEEAYGWLDF-NM,

(SEQ D NO: 9] H-HGEGTFTSDLEKOMEEEAVRLFIEWLKNGGPSSGAPPPS-8Anc-8Anc-
QGPWLEEEEEAYGWLDF-NH;

{SEQ ID NO: 10) H-HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGARPPPSYGWLDF-NH, (no
finker)

{SEQ ID NO: 11) H-HGEGTFTSDLSKOMEEEAVRLFIEWLKNGGPSSGAPPPS-K-YGWLDF-NH,
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(SEQ ID NO: 12)
(SEQ 1D NO: 13)

{SEQ 1D NO: 14)
NH;

(SEQ ID NO: 15)
YGWLDF-NH,

(SEQ ID NO: 16
YGWLDF-NH,

(SEQ 1D NO: 17)
NH,

(SEQ iD NO: 18)
YGWLDF-NH,

(SEQ ID NOC: 19}
linker)

(SEQ 1D NO: 20)
(SEQ ID NO; 21}
{SEQ ID NO: 22

(SEQ 1D NO: 23)

PCT/BEK201 /050133

H-HGEGTFTSDLSKOMEEEAVRLFIEWLKNGGPSSGAPPPS-AAA-YGWLDF-NH,
H-HGEGTFTSDLSKOMEREAVRLFIEWLKNGGPSSGAPPPS-8KK-YGWLDF-NH;

H-HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-Peg3-SKK-YGWLDF-

H-HGEGTFTSDLSKOMEEEAVRI.FIEWLKNGGPSSGAPRPS-Peg3-Peg3-

H-HGEGTFTSDLSKOMEEEAVRLFIEWI KNGGPSSGAPPPS-8Aoc-SKK-

H-HGEGTFTSDLSKOMEEEAVRLFIEWLKNGGPSSGAPPPS-DBF-SKK-YGWLDF-

H-HGEGTFTSDLSKOMEEEAVRLFIEWLKNGGPSSGAPPPS-8Aoc-8AoC-

H-HGEGTFTSDLSKGMEEEAVRLFIEWLKNQGPWLEEEEEAYGWLDF-NH, (no

H-HGEGTFTSDLEKQMEEEAVRLFIEWLKN-K-GGPWLEEEEEAYGWLDF-NH,
H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-AAA-QGPWLEEEEEAYGWLDF-NH,
H-HGEGTFTSDLSKQMEEEAVRIL FIEWLKN-SKK-QGPWLEEEEEAYGWLDF-NH,

H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-Peg3-SKK-

QGPWLEEEEEAYGWLDF-NH;

(SEQ 1D NO: 24)

H-HGEGTFTSDLSKQMEEEAVBLFIEWLKN-Peg3-Peg3-

QGPWLEEEEEAYGWLDF-NH,

(SEQ D NO: 25)

H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-GA0Cc-SKK -

QGPWLEEEEEAYGWLDF-NH;

(SEQ ID NO: 286)
NH;

(SEQ 1D NO: 27)

H-HGEGTFTSDLSKQM EEEAVRLFIEWLKNwDBF-SKK-QCi PWLEEEEEAYGWLDF-

H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-8Aoc-BAoc-

QGPWLEEEEEAYGWLDF-NH;

(SEQ ID NO: 28}
(SEQ iD NO: 28}
(SEQ ID NO: 30}

)
(SEQ ID NO: 32)

{SEQIDNOC:3

b

(SEQ ID NO: 83)

(SEQ D) NO: 34)

H-HGEGTFTSRLSKOMEEEAVRLFIEWLKN-YGWLDF-NH;  (no linker)
H-HGEGTFTSDLSKOMEEEAVRLFIEWLKN-K-YGWLDF-NH,
H-HGEGTFTSDLSKOMEEEAVRLFIEWLKN-SAA-YGWLDF-NH,
H-HGEGTFTSDLSKOMEEEAVRLFIEW LKN-SKK-YGWLDF-NH,
H-HGEGTFT3DL.SKQMEEEAVRLFIEWL KN-Peg3-SKK-YGWLDF-NH;
H-HGEGTFTSDLSKOGMEEEAVRLFIEWLKN- Peg3-Peg3-YGWLDF-NH,

H-HGEGTFTSDLSKOMEEEAVRLFIEWLKN-8Acc-SKK-YGWLDF-NH,
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{SEQID NC: 38) H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-DBF-SKK -YGWLDF-NH,
(SEQ D NC: 36) H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-8Aoc-8Aoc-YGWLDF-NH,

(SEQ ID NC: 37y H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGRQGPWLEEEEEAYGWLDF-NH,
{no linker}

(SEQID NO: 38) H-HAEGTFTSDVESYLEGQAAKEFIAWLVKGR-K-QGPWLEEEEEAYGWLDF-NH,

(SEQ ID NC:38) H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-AAA-QGPWI_EEEEEAYGWI.DF-
NH>

{SEQ ID NO: 40} H-HAEGTFTSDVSSYLEGOAAKEFIAWLVKGR-SKK-QGPWLEESEEAYGWLDF-
NH»

{SEQ ID NO: 41} H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-Peyg3-SKK-
QGPWLEEEEEAYGWLDF-NH,

(SEQ 1D NO: 42) H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-Peg3-Peg3-
QGPWLEEEEEAYGWLDF-NH,

{(SEQ IDNO: 43) H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-8A0C-SKK-
QGPWLEEEEEAYGWLDF-NH;

{SEQ ID NO: 44} H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-DBF-SKK-
QGPWLEEEEEAYGWLDF-NH,

(SEQ ID NO: 45) H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-8Aoc-8A0C-
QGPWLEEEEEAYGWLDF-NH,

(SEQ IDNQ: 48) H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGRYGWLDF-NH2 (no linker)
(SEQ 1D NQ: 47) H-HAEGTFTSDVSSYLEGOAAKEFIAWLVKGR-K-YGWLDF-NH,

(SEQ IDNO: 48) H-HAEGTFTSDVSSYLEGOQAAKEFIAWLVKGR-AAA-YGWLDF-NH,

(SEQ ID NC: 49) H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-SKK-YGWLDF-NH;

(SEQ ID NO: 507 H-HAEGTFTSDVSESYLEGQAAKEFIAWLVKGR-Peg3-SKIK-YGWLDF-NH;
{SEQID NO: 51} H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-Pey3-Pey3-YGWLDF-NH;
(SEQ IDNO: 52) H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-8A0c-SKK-YGW|.DF-NH,
{SEQID NO: 53) H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-DBF-SKK-YGWL.DF-NH,

(SEQ ID NO: 54) H-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-8Acc-8A0c-YGWLDF-NH,

{SEQ ID NO: 55) H-HGEGTFTSDLSKOGMEEEAVRLFIEWLKN-Peg3-Peg3-GWLDF-NH2
(SEQ 1D NO: 56) H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-Pey3-Peg3-AGWLDF-NH2
{SEQ ID NO: 57) H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-Peg3-Peg3-YAWLDF-NH2
(SEQ ID NO: 58) H-HGEGTFTSDLSKQMEEEAVRLFIEWLK-Peg3-Pey3-YGWLDF-NHZ
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(SEG ID NO:
(SEQ D NO:
(SEQ 1D NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
{SEQ ID NO:
(SEQ ID NC:
(SEQ ID NO:
(SEQ ID NO:
{SEQ 1D NC:
(SEQ 1D NO:
(SEG 1D NO:
(SEQ iD NO:
(SEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ D NO:
(SEG iD NO:
ISEQ 1D NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ 1D NO:
(SEQ ID NC:
(SEQ ID NO:

(SEQ ID NO:

59)
60)
81}
62)
83)
B4
65)
86)
87)
58)
59)
70)
71)
72)
73)
74)
75

76}

-

78}
79)
80)
81)
82)

83}

a5}

86)

PCT/DK2011/050133

H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-Peg3-Peg3-Wi.DF-NH2
H-BGEGTFTSDLSKQLEEEAVRLFIEWLKN-Peg3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLS-Om-GMEEEAVRLFIEWLKN-Pey3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLSKQMEEEAVRLFIEWL-Orn-N-Peg3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLSKQMEEEAVRLFIEFLKN-Peg3-Peg3-YGWLDF-NH2
H-HMGEGTFTSDLSKQMEEEAVRLFIEWLKD-Peg3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLEKYMEEEAVRLFIEWLKN-Peg3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLSKQMEEEAV-Orn-LFIEWL KN-Peg3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLSKOMEEEAVRLFIEWLKN-Peg3-YGWLDF-NH2
H-HGEGTFTSDLEKQMEEEAVRLFIEWLKNYGWLDF-NH2
H-HGEGTFTSDLEKQOMEEEAVRLFIEWLKEEEEAYGWLDF-NH2
H-HGEGTFTSDLEKOMEELZAVRLFIEWLK-Peg3-YGWLDF-NH2
H-HGEGTFTSDLEKAMEE EAVRLFIEWLK-Peg3-GWLDF-NH2
H-HGEGTFTSDLEKQMEEEAVRLFIEWL-Peg3-GWLDF-NH2
H-HGEGTFTSDLSKOMEEEAVRLFIEWLK-Peg3-WLDF-NH2
H-MGEGTFTSDLSKYLEEEAVRLFIEWLK-Peg3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLSKYMEEEAVRLFIEFLK-Peg3-Peg3- YGWLDF-NH2
H-HGEGTFTSDLSKQLEEEAVRLFIEFLK-Peg3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLSKYLEEEAVRLFIEFLK-Peg3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLS-K()-OME-E()-EAVRLFIEWLKN-Peg3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLSKQME-E(}-EAV-K()-LFIEWLKN-Pey3-Peg3-YGWLDF-NH2
R-HGEGTFTSDLSKQMEEEAV-K(}-LFI-E()}-WLKN-Peg3-Peg3-YGWLDF-NH2
H-HGEGTFTSDLSKGMEKEAVRLFIEWLKN-Pey3-Peg3-YGWLDF-NH2
H-HGEGTFTSDILSKQOMEEEAVRLFIEWL KN-Peg3-K-Peg3-YGWLDF-NH2
H-HGEGTFTSDLSKOMEEEAVRLFIEWLKNYGWTDF-NH2
H-HGEGTFTSDLSKQMEEEAVRLFIEWLKNYGWFDF-NH2
H-HGEGTFTSDLSKQLEEEAVRLFIEWLKNYG-1Mal-LDF-NH2

H-HGEGTFTSDLSKQLEEEAVRLFIEWLKNYGW -Nie-DF-NH2
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1{\[852(3 10 NO: 87} H-MGEGTFTSRLEKQLEREAVRLFIEWLKNYGWLD-[3-(3-Pyridyl)-alanyi}-
{SEQ 1D NQ: 88} H-HGEGTFTSELSKYLEEEAVRLFIEFLK-Peg3-Peg3-YGWLDF-NH2
(SEQ ID NO: 89) H-HGEGTFTSDLSKYLEEEAVRLFIEFLK-Peg3-Pegad-YGFLDF-NH2
(SEQ ID NG: 90) H-HGEGTFTSELSKYLEEEAVRLFIEFLK-Pey3-Peg3-YGFLDF-NH2
{SEQ 1D NO: 91} H-HGEGTFTSDLSKYLEEEAVRLFIEFLR-Peg3-YGWLDF-NH2
{SEQ ID NO: 92) H-HGEGTFTSDLSRYLEKEAVRLFIEFLR-Peg3-YGWLDF-NH2
{SEQ 1D NO; 93} H-HGEGTFTSDLSRYLEEEAVKLFIEFLR-Peg3-YGWLDF-NH2
(BEQ 1D NO: 94) H-HGEGTFTSDLSRYLEEEAVRLFIKFLR-Peg3-YGWLDF-NH2
{SEQ D NO: 95) H-HGEGTFTSDLSRYLEEEAVRLFIEFLK-Peg3-YGWLDF-NH2
(SEQ 1D NO: 96} M-HGEGTFTSELSKYLEEEAVRLFIEFLKWLDF-NH2

(SEQ ID NG: 97) H-HGEGTFTSELSKYLEEEAVRLFIEFLK-Peg3-WI.DF-NH2

(SEQ 1D NO: 28} H-HGEGTFTSELSKYLEEEAVRLFIEFLK-Orn-Peg3-WILDF-NHZ2
{SEQ ID NO: 99) H-HGEGTFTSELSKYLEEEAVRLFIEFLK-Peg3-0m-WLDF-NH2
{SEQ ID NO: 100} H-HGEGTFTSELSKYLEEEAVRLFIEFLK-Orn-Orn-WLDF-NH2

(SEQ ID NO: 101) H-HGEGTFTBELSKYLEEEAVRLFIEFLKYGWLDF-NH2

(SEQ IR NO: 102) H-HGEGTFTSELSKYLEEEAVRLFIEFLK-Peg3-YGWLDF-NH2

{SEQ ID NQ: 103) H-HGEGTFTSELSKYLEEEAVRLFIEFLK-Orn-Peg3-YGWLDF-NH2
(SEQ 1D NQ: 104) H-HGEGTFTSELSKYLEEEAVRLFIEFLK-Peg3-0rn-YGWLDF-NH2
(SEQ 1D NO: 105) H-HGEGTFTSELSKYLEEEAVRLFIEFLK-Qrn-0Orn-YGWLDF-NH2

(SEQ D NO: 108) H-HAEGTFTSDVSSYLEGQAAKEFIAWLY-K{Hexadecanoyl-isoGlu)-GRG-
Peg3-Peg3-YGWILDF-NH2

(SEQ ID NO: 107) H-HARGTFTSDVESYLEGQAA-K(Hexadecanoyl-iscGlu)-EFIAWLVRGRG-
Peg3-Peg3-YOWILDF-NH2

(SEQ 1D NQ: 108) H-HAEGTFTSDVSSYLEGQAAREFIAWLVRG-K({Hexadecanoyi-isoGiu)-G-
Peg3-Peg3-YGWLDF-NH2

(SEQ ID NO: 109) H-HAEGTFTSDVESYLEGGAA-K(Hexadecanoyl-isoGiu)-EFIAWLVKGRG-
Peg3-Peg3-YGWLDF-NH2

(SEQ IDNO: 110) H-HGEGTFTSDVSSYLEGQAAREFIAWLVRG-K({Hexadecanoyl-isoGiu)-G-
Peg3-Peg3-YGWILDF-NH2

(SEQ 1D NO: 111) H-H-AIb-EGTFTSDVSSYLEGOAA-K(Hexadecanoyl-isoGlu)-EFIAWLVRGRG-
Peg3-Peg3-YGWLDF-NH2
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(SEQ ID NO: 112} H-H-Aib-EGTFTSDVESYLEGQAAKEFIAWLVRGRG-Feg3-Peg3-YGWLDF-
NH2

{SEQ ID NO: 113) H-HAEGTFTSDVESYLEGGAAKEFIAWL VRGRG-Peg3-Peg3-YGWLDF-NH2

wherein the abbreviations Peg3, 8Aoc,DBF, TNal, bAla, Crn, DPR, Dbu, Gaba and Aib represent the

following non-naturally ccecurring amino acid moieties:

Peg3: ~NH-CH-CH;-C-CHy-CH-0O-Cl,-C{O}- {derived from 8-amino-3,6-dioxaoctancic acid);

BA0G: -NH-CHz-CHz-CHy-CH-CH,-CHp-CH-C({O)-  (derived from 8-amincoctancic acid}l;

DBF:
NS
N
o st
JNH o
' o [derived from 4-{2-aminoethyl}-8-dibenzoiuranpropanocic acid];

iNai: 1-napthylalanine
bAla: beta-~alanine

Gaba: y-aminchitanoic acid
Alty: a-Amino-isobutanoic acid
Dbu: Diaminobutanoic acid
DPR: Diaminopropionic acid

Orn: Ornitine

Thus, with regard to the orientation of the linker moiety in a peptide conjugate of the invention, the

linker moiety ~Peg3-Peg3- |, for example, desighates the chemical molety
-NH-CHy-CH - O-CHo-CHz-O-CHp-C{O}-NH-CHy-CHz-0-CH3-CH,-O-CH-C(O}-,

the ~NH-_... moiety to the left of the linker moiety in question being covalently attached to the Exendin-
4- or GLP-1- derived moiety of the peplide conjugate in question, and the ....~C{Q}- moiety fo the right
of the linker molety in guestion being attached to the Gastrin-derived moiety of the peplide conjugate in

question.
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With regard to the remaining specified linker moieties, -K- designhates a lysine amino acid residue, -
AAA- designates a —Ala-Ala-Ala- tripeptide residue and -SKK- designates a —Ser-Lys-Lys- tripeptide

residue.

In some of the peptide conjugates of the invention, listed above, it is to be understood that the GLP-
1(7-36) peptide sequence moiety is derived from the sequence of human GLP-1 (hGLP-1) sequence or

is an analogue thereof,

In some other of the peptide conjugates of the invention. listed above, it is to be understoad that the
Exendin-4(1-39} peptide sequence moiety is derived from the sequence of the Heloderma suspectum

Exendin-4 sequence or is an analogue theraof,

Likewise, the [Gint,Leu15]Gastrint? and [Leud]Gastrind moieties in the conjugates are derived from

human Gastrin.
it is to be understocd that SEQ 1D NO: 1 equats Compound 1, SEQ 1D NO; 2 egquals Gompound 2 etc.

Itis to be understood that each one of the above peptide conjugates 1-54 individually, i.e. compound 1
or compound 2 or competnd 3...(efc., up to compound 54), and each one of the further peptide conju-
gates 55-113 disclosed below (See Table 2 and 3 in Example 2}, individually, i.e. compound 85 or
compound 56...{etc. up to compeund 113), or a pharmaceutically acceptable salt or soivate thereof,

constitutes a further, individual aspect of the present invention.

in the cortext of the present invention. uniess aminc acids are referred to by their full name (e.g.
alanine, arginine, etc.), they are designated by their conventional three-letter and/or single-ietter abbre-

viations {e.g. Ala or A for alanine, Arg or R for arginine, etc.).

The term "peptide conjugate” in the context of the present invention refers to a molecule in which a first
peptide motety is attached (i.e. coupied or linked), either directly or via a linking {i.e. bridging or spac-
ing) chemical moiety, by means of covalent chemical bonding to a second peptide moiety.

Compounds of the invention may carry one or more intramolecular lactam bridges within the peptide
sequence. Each such bridge in compounds listed in Table 2 (referred o by the prefix “side-chain-
cycio”) is formed between & side chain containing a carboxyiic acid and another side chain containing
an amine. The two amino acid residues are fypically separated by three amino acids in the linear se-

guence.

in peptide conjugates of the invention, exendin-4 or Z, may have at least 75% identity to native
exendin-4, eg. at ieast 80, 85, 90 or 85%.
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in the peptide conjugates of the invention, gastrin or Y, may have at least 70% identity to native gastrin,
eg. al least 75, 80, 85, 30 or 95%. In the peptide conjugates of the invention, GL.P-1 or X, may have at
least 85% ideniity to native GLP-1, eg. at ieast 90 or 95%.

In an embodiment, the polypeptide of the invention may comprise the amino acid sequence set forth in
anyone of SEQIDNO:1,2,3,4,5.8,7,.8 8,10, 11,12, 13, 14, 15,18, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51
52, 53, b4, 55, b6, 57, 58, 59, 60, 61, 62,-63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, BO, B1, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 98, 97, 98, 99, 100, 141, 102, 103,
104, 105, 106, 107, 108, 109, 110, 111, 112 and 113 or a functional fragment / variant thereof that is at
least about 80%, 85%, 90%. 95%. 97%, 98%, 99%, 99.5% identical to one or more of the racited se-
guences, ot functional fragments / variants thereof thal have at most 20, 15, 10,9, 8,7.8,5. 4, 3, 2, of
1 amino acid substitutions compared to one or more of the recited sequences, with or without the sig-
nal sequence, with or without substitution of one or more cysteine residues with another residue, such

as a serine, and contiguous segments thereof of at least 2 amino asids in iength.

In an embodiment, the polypeptide of the invention (i) shares at least 38% amino acid seguence iden-
ttytoanyone of SEQIDNC: 1,2, 3, 4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16,17, 18, 18, 20, 21, 22,
23, 24,25, 26,27, 28, 29, 30, 31, 32,33, 34, 35, 368, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51 b2, 53. b4, 55, 58, b7, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 78,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 81, 82, 98, 94, 85, 96, 97, 48, 89, 10¢, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110: 11, 112 and 113, or to a portion thereof; or (i} comprises at
least 31, 32, 33, 34, 35,38, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 48, 50, 81, 52, 53, 54, 55, 56,
57. 58, 59 or 60 contiguous amino acids of any one of SEQ IDNO: 1,2, 3, 4,5, 6,7, 8,910, 11, 12,
13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, B0, 51 82, 53, 54. 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 85, 86,
67,68,69,70,71, 72,73, 74,75, 76,77, 78,79, 80, 81, 82, B3, 84, 85, 86, 87, 88, 89, 80, 91, 92, 93,
94, 95, 96, 97, 98, 92, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112 and 113; or (iii)
both.

The term “pharmaceutically acceptable salt’ in the context of the present invention {pharmaceutically
acceptable saft of a peplide conjugate of the invention) is intended to indicate a salt which is not harm-
ful to a patient or subject to which the salt in question is administered. It may suitably be a salt chosen,
e.g., among acid addition salts and basic salts. Examples of acid addition salts inciude chioride salts,
citrate salis and acetate salts. Examples of basic salis include salts where the cation is selected among
alkali metaf cations, such as sodium or potassium iong, alkaline earth metal cations, such as calcium or
magnesium ions, as well as substituted ammonium ions, such as ions of the type N(R* R (R{RY",

where R', R®, R® and R" independently will typically designate hydrogen, optionally substituted G.q-
34



10

15

20

25

30

WO 20117134471 PCT/DK2011/050133

alkyi or optionally substituted Cye-alkenyl. Examples of relevant G, s-alkyl groups inciude methyl, ethyi,
1-propy! and 2-propyl groups. Examples of Cae-alkenyl groups of possible relevance include ethenyt, 1-
propenyl and 2-propenyl. Other examples of pharmaceutically acceptable salts are described in "Rem-
ington’s Pharmaceutical Sciences”, 17th edition, Affonse . Gennaro {Ed.}, Mark Publishing Company,
Easton, PA, USA, 1985 (and more recent editions thereof), in the "Encyclopaedia of Pharmaceutical
Technology”, 3" edition, James Swarbrick (Ed.}, Informa Healthcare USA {Inc.), NY, USA, 2007, and in
J. Pharm. Sci. 66: 2 (1977).

The term "solvate” in the context of the present invention refers to a complex of defined stoichiometry
formed between a solute (in casu, a peptide conjugate or pharmaceutically aéceptabie sait thereof ac-
cording to the invention} and a solvent. The salvent in this connection may, for example, be water,
ethanot or another pharmaceutically acceptable, typically small-molecular organic species, such as, but
not limited to, acetic acid or factic acid. When the solvent in question is watet, such a saivate is nor-

mally referred to as a hydrate.

Anotner aspect of the present invention relates to a peptide conjugate or pharmaceutically acceptable
salt thereof according to the invention, for use as a medicament. In a further aspect, the medicament in
question is a medicament for use in the treatment. in a subject in need therecf, of one or more of the

following diseases or disorders and associated conditions:

type 1 diabetes, type 2 diabetes, pre-diabetes, insulin resistance syndrome, impaired glucose toler-
ance {IGT), disease states associated with elevated blocd glucose levels, hyperglycemia, hyperten-
sion, atherogenic dysiipidemia, arteriosclerosis (e.g. atherosclerosis), coronary heart disease, periph-
eral artery disease, stroke, microvascular disease, gastric disease, metabolic syndrome, cancer (e.g.

colon cancer), inflammatory bowel disease (IBD) and irritabie bowel syndrome {iBS).

Further diseases or disorders of possible refevance in this connection inciude cbesily, morbid obesity,

obesity-linked inflammation, cbesity-linked gall bladder disease and obesity-induced sleep apnea.

in a stifl further aspect, the medicament in question is a medicament for use in inducing, in a subject in
need thereof, pancreatic istet necgenesis (e.g. for promoting formation of new B-cells in the islets of the

pancreas).

In a still further aspect, the medicament in guestion is a medicament for use in inducing, in a subject in
need thereof, survival of B-cells in the pancreatic isiets (e.g. for preventing loss of B-cells in the pan-

creatic islets).

tn yet ancther aspect, the medicament in question is a medicament for use in preventing, in a subject
in need thereof, f-cell apoptosis in the pancreatic isiets (e.g. for preventing loss of B-cells in the pan-

creatic islets).
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in a further aspect, the medicament in question is a medicament for use in reducing, in a subject in

need thereof, haemogiobin bt Ac (glycosylated haemoglobin; HbA1¢) levels in the blood.

A further aspect of the invention relates to the use of a peptide conjugate of the invenilon in the manu-
tacture of a2 medicament for the treatment, in a subject in need thereof, of one or more of the foliowing

conditions, diseases or disorders:

type 1 diabetes, type 2 diabetes, pre-dizbetes, insulin resistance syndrome, impaired glucose toler
ance {IGT). disease states associated with elevated blood glucese levels, hyperglycemia, hyperten-
sion, atherogenic dyslipidemia, arteriosclerosis {e.g. atherosclerosis), coronary heart disease, petiph-
eral artery disease, stroke, microvascular disease, gastric disease, metabolic syndrome, cancer (e.g.

colon cancer), inflammatory bowel disease (1BD) and irritable bowel syndrome {IBS).
A peptide conjugate of the invention may further be used in:
the manufacture of a medicament for inducing pancreatic isiet necgenesis in a subject in need thereof;

the manuiacture of a medicament for preventing 8-cell apoptosis in the pancreatic islets in a subject in

need thereof: or

the manufacture of a medicament for reducing haemogiobin b1Ac (glycosylated haemoglobin; HbA1c)

fevels in the biocd of a subject in need thereot,

Among related, additional aspects of the invention are corresponding methods of treatment of condi-
tions, diseases ar disorders among those mentioned above. Thus, one such additional aspect of the
invention relates to a methaod for treatment, in a subject in need thereof, of one or more of the following

diseases or discrders:

type 1 diabetes, type 2 diabetes, pre-diabetes, Insulin resistance syndrome, impaired glucose toler-
ance {IGT), disease states associated with elevated blood glucose levels, hypergiycemia, hyperten-
sion, atherogenic dyslipidemia, arteriosclerosis (e.g. atherosclerosis), coronary heart disease, periph-
eral arery disease, stroke, microvascular disease, gastric disease, metabolic syndrome, cancer {e.g.

colon cancer}, inflarmmatory bowel disease (1BD) and irritable bowel syndrome (IBS),

the method comprising administering o the subject a therapeutically effective amount of & peptide con-

jugate or pharmaceutically acceptable salt or solvate thereot according to the invention.

Again, further conditions, diseases or disorders of possible relevance in the context of methods of
treatment according o the invention inciude obesity, morbid obesity, obesity-linked inflammation, obe-

sity-linked gall bladder disease and obesity-induced sleep apnea.
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A turther aspect of the present invention relates to a method for inducing pancreatic islet neogenesis in
a subject in need thereo!f, the method comprising administeting to the subject a therapeuiicaily effective
amount of a peptide conjugate or pharmaceutically acceptable salt or solvate thereof according to the

invention,

An additional aspect of the invention relates to a method for promoting B-cell survival in the pancreatic
islets in a subject in need therecf, the method comprising administering to the subject a therapeutically
effective amount of a peptide conjugate or pharmaceutically acceptable salt or solvate thereo! accord-

ing to the invention.

An additional aspect of the invention relates to a method for reducing or preventing B-ceill apoptosis in
the pancreatic istets in a subject in need thereof, the method comprising administering to the subject a
therapeutically effective amount of a peptide conjugate or pharmaceutically acceptabie salt or solvate

thereof according to the invertion.

Another aspect of the invention relates to a method for reducing haemogicbin b1Ac {glycosylated hae-
moglobin; HbA1c) levels in the biood of a subject in need thereof, the method comprising administering
10 the subject 2 therapeutically effective amount of a peptide conjugate or pharmaceutically acceptabie

salt or sotvate thereof according to the invention,
Siil further aspects of the present invention retate to the following:

A methed of treatmeant, in a subject in need thereot, of o disease state asscciated with elevated blood

glucose levels;

A method for loweting blood glucose levels in a subject in need thereof;
A method of stimulating insulin release in a subject in need thereof;

A method for regulating gastric emptying in a subject in need thereof; and
A method for lowering plasma lipid levels in & subject in need thereof.

in each of the latter methods of the invention, the method comprises administering to the subject a
therapeutically effective amount of a peptide conjugate or pharmaceutically acceptabie salt or solvate

thereot according o the invention.

The term ‘therapeutically effective amount” as employed in the context of the above-described
methods of treatment or cther therapeutic intervention according to the invention refers to an amount
that is sufficient to cure, amelicrale, alleviate or pariially arrest the ciinical manifestations of the

particular disease, disorder or conditicn that is the object of the treatment or other therapeutic
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intervention in guestion. An amount adequate to accomplish this is defined as a therapeutically
effective amount. The administered amount and the method of administration can be tailored to
achieve optimal efficacy. An amount effective for a given purpose will depend, inter alia, on the severity
of the disease, disorder or condition that is the object of the particular treatment or other therapeutic
intervention, on the body weight and general condition of the subject in guestion, on diet, on possible
concurrent medication, and on other faciors well known to those skilled in the medical arts.
Determination of an apprepriate dosage size and dosing regimen mast appropriate for administration of
a peplide conjugate or phartaceutically acceptable salt or soivate thereot according to the invention to
& human may be guided by the results obtained by the present inveniion, and may be confirmed in
properly designed clinical triais. An effestive 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 efiects, 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 considerations are welf known 1o the skilled person.

The terms "treatment” and grammatical variants thereof {e.g. “treated”, "treating”, "treat”) as employed
in the present context refer to an approach for obtaining beneficial or desired clinical results. For the
purposes of this invention, beneficial or desired clinical results include, but are not limited to, alleviation
of symptoms, diminishment of exient of disease, stabilization {i.e. not worsening) of state of disease,
delay or slowing of disease progression, amelioration or paliation of the disease state, and remission
{whether partial or fotal), whether detectabie or undetectable. "Treatment” can also mean prolonging
survival relative to expected survival ime if not receiving treatment. "Treatment” in some embodiments
may be an intervention performed with the intention of preventing the development of, or altering the
pathology of, a condition, disease or disorder. Accordingty, "ireatment” may refer both to therapeutic
intervention or tc prophylactic or preventive measures. A subject (e.g. a human) in need of treatment
may thus be a subject already suffering from the disease or disorder in question, or a subject in which
the disorder is to be prevented. The term "treatment” thus includes inhibition or reduction of an in-
crease in severity of a pathological state or symptoms (e.g. weight gain or hypergiycemia) reiative to
the absence of treatment, and is not necessarily meant to imply complete cessation of the relevant dis-

ease, disorder or condition.

The term “agonist” as employed in the context of the invention refers to a substance (ligand) that acti-

vates the receptor type in question.

The term "GLP-1 receptor agonist” as employed in the context of the invention (sometimes termed
elsewhere “GLP-1 agonist”) refers to a substance (ligand) that activates a GLP-1 receptor, such as the
human GLP-1 receptor. Substances that activate the human GLP-1 receptor include the native GLP-1
peplide hormones GLP-1(7-37), GLP-1{7-38)amide, oxyntornodulin, exendin-3, exendin-4, glucagon,
gastric inhibitory polypeptide (GIP). and functional peptide analogues and derivatives thereof.
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The term "antagonist” as employed in the context of the invention refers to a substance {ligand) that
blocks, neutralizes or counteracts the effect of another substance (ligandy that functions as an agonist

towards the receptor type in question.

in the context of the thvention, a subject in need of the particular treatment or other therapeytic inter-
vention referred to in connection with the various aspects of the invention described above is preferably

a mammal, and mote patticuiarly, is a human.

An additional aspect of the invention relates to a pharmaceutical composition comprising a peptide
cenjugate, or pharmaceutically acceptable salt or soivate thereof, according to the invention, together

with a pharmaceutically acceptable carrier, excipient or vehicle.

Synihests of peptide conjugates

The peptide conjugates of the invention may be manufactured by standard synthetic methods, by use
of recombinant expression systems, or by any other suitable method. Thus, the conjugates may be

synthesized in a number of ways, including, e.g., methods which comprise:

(a) synthesizing the pepfide conjugate by means of standard solid-phase or liquid-phase methodology,
either stepwise or by fragment assembly, and isolating and purifying the final peptide conjugate
product;

{b) expressing a nucleic acid construct that encodes the peptide conjugate in a host celi and

recovering the expression product from the host cell culture; or

(¢} effecting celh-free in vitro expression of a nucleic acid construct that encodes the peptide conjugate,

and recoveting the expression product;

or by any combination of methods of {a}, (b} or (¢} to obtain fragments of the peplide conjugate,
subsequently ligating the fragments to obtain the peptide conjugate, and recovering the peptide

conjugate.

it may often be preferable to synthesize the conjugates of the invention by means of solid- phase or
liguid-phase peptide synthesis. in this connection, reference may be made to WO 98/11125 or, infer
afiz, Fields, G.B. et al, "Principles and Practice of Solid-Phase Peptide Synthesis”; in: Synthetic
Peptides, Gregory A. Grant (ed.), Oxford University Press (2™ edition, 2002) and the synthesis

examples herein,
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One or more of the amino acid side chains in the compound of the invention may be further conjugated
to & lipophilic substituent. The lipophilic substiiuent may be covalently bonded to an atomn in the aminc
acid sige chain, or alternatively may be conjugated fo the amino acid side chain by & spacer. The
amino acid may be part of the peptide Z, or part of the peptide Y.

Without wishing to be bound by theory, it is thought that the lipophilic substituent binds albumin in the
biood stream, thus shielding the compounds of the invention from enzymatic degradation which can
enhance the hali-life of the compounds. The spacer, when present, is used to provide a spacing
batween the compound and the lipophilic substituent.

The lipophilic substituent may be attached to the amino acid side chain or to the spacer via an ester, a
sulphonyt ester, a thioester, an amide or a sulphonamide. Accordingly it will be understood that
preferably the lipophilic substituent includes an acyl group. a suiphonyl group, an N atom, an O atom or

an 3 atom which forms part of the ester, sulphony! ester, thicester, amide or sulphonamide.

Preferably, an acyl group in the lipophilic substituent forms part of an amide or ester with the amino

acid side chain or the spacer.

The lipophitic substituent may include a hydrocarbon chain having 4 to 30 C atoms. Preferabiy it has at
least 8 or 12 C atoms, and preferably it has 24 C atoms or fewer, or 20 C atoms or fewer, The
hydrocarbon chain may be linear or branched and may be saturated or unsaiurated. |t will be
undetstood that the hydrocarbeon chain is preferably substituted with & moiety which forms part of the
attachment to the amino acid side chain or the spacer, for exampie an acy! group. a sulphonyl group,
an N atom, an O atom or an S atom. Most preferably the hydrocarbon chain is substituted with acyl,
and accordingly the nydrocarbon chain may be part of an alkanoy!l group, for example palmitoyl,

caproyl, lauroyl, myristoyl or stearoyl.

Accordingly, the lipophilic substituent may have the formula shown below:

at
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A may be, for example, an acyl group, a sulpheny! 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

iess, more preferably 19 or less.

The hydrocarbon chain may be further substituted. For example, it may be further substituted with up
to three substituents selected from NH.. OH and CCOH. H the hydrecarbon chain is further
substituted, preferably it is further substituted with only one substituent. Alternatively or additionally,

the hydrocarbon chain may include a cyclealkane or heterocycioalikane, for exarnpie as shown below:

\— NmN
/ \

Preferably the cycloalkane or heterocycloalkane is a six-membered ring. Most preferably, it is

piperidine.

Alternatively, the lipophilic substituent may be based on a cyciopentanophenanthrene skeleton, which
may be partiaily or fully unsaturated, or saturated. The carbon atoms in the skeleton each may be
substituted with Me or OM. For example, the lipophilic substituent may be cholyl, deoxycholy! or
lithocholyl,

As mentioned above, the lipohphilic substituent may be conjugated to the amino acid side chain by a
spacer. When preseni, the spacer is attached to the lipophilic substituent and to the amino acid side
chain. The spacer may be atfached to the lipophilic substituent and o the amine acid side chain
independently by an ester, a sulphonyl ester, a thioester, an amide or a sulphonamide. Accordingly, it
may inciude iwo moieties independently selected from acyl, sulphonyl, an N atom, an O atom or an S

atom. The spacer may have the formula:
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B’{/\}n\[}

wherein B and D are each independently selected from acyl, sulphonyl, N, N-alkyl, an O atom or an S
atom, preferably from acyl and NH. Preferably, n is an integer frem 1 to 10, preferably from 1 o 5.
The spacer may be further substituted with cne or more substituents selected from Cy; alkyl, Coe alkyl
amine, Gy alkyt hydroxy and Coe alkyl carboxy.

Aliernatively, the spacer may have two or more repeat units of the formuia above. B, D and n are each
selected independently for each repeat unit. Adjacent repeat units may be covalently attached to each
other via their respective B and D moieties. For example, the B and D moieties of the adjacent repeat
units may together form an ester, a sulphony! ester, & thicester, an amide or a suiphonamide. The free
B and D units at each end of the spacer are attached to the amino acid side chain and the fipophilic

substituent as described above.

Preferably the spacer has five or fewer, four of fewer or three or fewer repeat units. Most preferably

the spacer has two repeat units, or is a single unit.

The spager (or one or more of the repeat units of the spacer, if it has repeat units) may be, for
example, a natural or unnatural amine acid. |t will be understood that for amino acids having
functionalized side chains, B and/or D may be a moiety within the side chain of the amino acid. The
spacer may be any naturally cccurring or unnatural amino acid. For example, the spacer {or one or
mare of the repeat units of the spacer, if it has repeat units) may be Gly, Pre, Ala, Val, Leu, lle, Met,
Cys, Phe, Tyr, Trp, His, Lys, Arg, Gin, Asn, o-Glu, vGlu, Asp, Ser Thr, Gaba, Aib, bAla, 5-
aminopentanoyl, 6-amin6hexanoyt, 7-aminoheptanoyl, 8-aminooctanoyl, 8-aminononanoyl or 10-

aminodecanoyl.
For example, the spacer may be a single amino acid selected from vGiu, Gaba, b-Ala and o-Gly.

The lipophilic substituent may be conjugated to any amino acid side chain in e compounds of the
invention, Preferably, the amine acid side chain includes an carboxy, hydroxyl, thiol, amide or amine
group, for forming an ester, a suiphonyl ester, g thicester, an amide or a sulphonamide with the spacer
or lipophilic substituent. For example, the lipophilic substituent may be conjugated to Asn, Asp, Giu,
Gin, His, Lys, Arg, Ser, Thr, Tyr, Trp, Cys or Dbu, Dpr or Orn.  Preferably, the lipophilic substituent is
conjugated to Lys or Cys. However, any amino acid shown as Lys in the formulae provided herein may

be replaced by Dbu. Dpr or Orn where a lipophilic substituent is added.

An exampie lipophilic substituent and spacer is shown in the formuia betow:
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Here, a Lys from the compound of the prasent invention (e.g. from X) is covalently attached to y-Glu
{the spacer) by via an amide moiely. Paimitoyl is covalently attached to the v-Glu spacer via an amide

moiety,

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

ciearance) of therapeutic proteins and peptides.

The polymeric molety is prefersbly water soluble (amphiphilic or hydrophilic}, non-toxic, and
pharmaceutically inert. Suitable polymeric moleties include polyethylene glycot (PEG), homo- or co-
polymers of PEG, a monomethyl-substituted polymer of PEG (mPEG), or polyoxyethylene glycerol
{POG). See, for example, Int. J. Hemalology 68:1 (1998); Bicconjugate Chem. 8:150 {1895); and Crit,
Rev. Therap. Drug Carrfer Sys. 9:249 (1982).

Qther suitable polymeric moieties inciude poly-amino acids such as poly-lysine, poly-aspartic acid and
poly-glutamic acid {see for example Gombotz, ef al. (1995) , Bioconjugate Chem. , vol. & : 332-351;
Hudecz, et al. (1892) , Bicconjugate Chem, , vol. 3, 49-57; Tsukada, et al. (1984) , J. Natl. Cancer Inst.
Vol 73, 1 721-729; and Pratesi, et al, {1985). Br. J. Cancer, vol. 52: 841-848).

The polymeric moiety may be straight-chain or branched. It may have a molecular weight of 500-
40,000 Da, for example 500-10,000 Da, 1000-5000 Da, 10,000-20,000 Da, or 20,000-40,000 Da.
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A compound may comprise two or more such moieties, in which case the total molecular weight of alt

such moleties will generally fall within the ranges provided above.

The polymertic moiety may be coupled (by covalent linkage) to an amino, carboxyl or thiol group of an
amino acid side chain. Preferred examples are the thiol group of Cys residues and the epsilon amino

group of Lys residues, and the carboxy! groups of Asp and Glu residues may also be used.

The skilled reader will be well aware of sulfable technigues which can be used to perform the coupling
reaction. For example, a PEG moiety carrying a methoxy group can be coupled to a Cys thicl group by
a mateimide linkage using reagents commercially available from Nektar Therapeutics AL. See also

WO 2008/101017, and the referances cited above for details of suitable chemistry.

Therapeutic yses

In the following, it wilt be understood that reference fo the use of a peptide conjugate of the invention

also encompasses use of 2 pharmaceutically acceptable salt or solvate thereof,

The peplide conjugates of the invention may providé an afiractive ireatment oplion for metabolic
diseases or disorders, including diabetes, in particular type 1 and/or type 2 diabetes, -and possibly

cbesity,

Diabetes comprises a group of metabolic diseases characterized by hyperglycemia resulting frem
defects in insulin secretion, insulin action, or both. Acute signs of diabetes inciude excessive urine
production, resulting compensatory thirst and increased fiuid intake, biurred vision, unexplained weight
loss, lethargy, and changes in energy metabolism. The chronic hypergiycemia of diabetes is
associated with macro- and microvascular complications that can lead to long-term damage,
dysfunction, and — in scme cases - ullimately failure of various organs, particuiariy the eyes {notably in
the form of diabetic retinepathy), kidneys {in the form of diabetic nephropathy), nerves {in the form of
diabetic neuropathy), heart and blood vessels. Diabetes may be subdivided into three classes, viz. type

1 diabetes, type 2 diabetes and gestational diabetes, on the basis on pathogenetic characteristics.

Type 1 diabetes accounts for 5-10% of ali diabetes cases and is caused by auto-immune destruction of

insulin-secreting pancreatic -celis.
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Type 2 diabetes accounts for 80-85% of diabetes cases and is a result of a compiex set of metabelic
disorders. Type 2 diabetes is the consequence of endogencus Insulin production and/or whole-body
insufin sensitivity becoming insufficient to maintain plasma giucese levels below the diagnostic
thresholds.

Gestational diabetes refers to any degree of glucose intolerance identified during pregnancy.

A condition Known as pre-diabeies is also recognized. It inciudes, e.g., impaired fasting glucose leveis
and impaired gluccse tolerance, and refers generally to those states that occur when blood glucose

leveis are elevated, but are below levels that are established for the clinica! diagnesis for diabetes.

A large proportion of subjects with type 2 diabetes and pre-diabetes are at increased risk of morbidity
and mortality due to the high prevalence of additional metabolic risk factors, including abdominal
obesity (excessive fat tissue around the abdominal internal organs), atherogenic dysiipidemia (bicod fat
disorders, including high trigiyceride leveis, low HDL cholesterol ievels andfor high LDL cholestergi
tevals, which foster plague build-up in artery walls), elevated blood pressure (hyperiension), a
prothrombotic state (e.g. high Fibrinogen or Plasminogen activator inhibitor~1 levels in the blood), and

a proinflammatory state {e.g., elevated C-reactive protsin levels in the blood).

Conversely, obesity confers an increased risk of developing. for example, pre-diabetes. type 2

diabetes, certain types of cancer, obstructive sleep apnea and gall-bladder disease,

Dyslipidemia is associated with increased risk of cardiovascular disease. High Density Lipoprotein
(HDL) is of clinical importance since an inverse correlation exists between plasma HDL concentrations
and risk of athercsclerctic disease. The major part of cholesterct stored in atheroscleratic plagues
ariginates from Low Density Lipoproteins {LDL), and hence etevated concentrations of LDL are closely
assoctated with atherosclerosis. The HDL/LDL ratio is a parameter empioyed is assessing clinical risk

of atherosclerosis and coronary atherosclerosis in particular.

Without beihng bound by any particular theory, it appears that the peptide conjugates of the invention
may unexpectedly combine the physiological effects of GLP-1 receptor agonists with those of Gastrin
peptides vide supra in a manner such that the observed activity may be significantly greater than that
observed when employing a correspending additive (non-conjugated) combination of the individual
peptide components. It is consequently believed that the peptide conjugates of the invention may be of
particular benefit in the trealment of pre-diabetes, diabetes {notably type 1 and/or type 2 diabetes) and
diabetes-relaied conditions, diseases or disorders such as those discussed above, including treatment
to promote pancreatic isiet f-cell formation {islet neogenesis), and thereby Insulin production, that will
be beneficial with respect to regulation of blood glucose concentrations, Peptide conjugates of the
inventior: may therefore be of value, infer alia, in limiting or arresiing disease progression in type 1
and/or type 2 diabetes,
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The peptides of the present invention may further be useiuli for promoting survival and inhibiting
apoptosis of B-cells in the pancreatic islets. Effects ot GLP-1 and Gastrin includes effects on B-cell
proliferation and maturation but also prevention ot 3-cell apoptosis and enhanced neogenesis, thus the
effects of the peptides of the invention may include such effects and thereof efiects on improved insuiin

and giucose regulation.

The peptide conjugates of the present invention may thus be useful as pharmaceutical agents for
treatment of insulin resistance, glucose intoierance, pre-diabetes, elevated fasting glucose leveis, type
1 and/or type 2 diabetes, hypertension anc/or dyslipidemia (or a combination of these metabolic risk
factors), atherosclerosis, arteriosclerosis, coronary heart disease, peripherai artery disease and stroke.
They may also be useful in preventing weight gain, promoting weight loss, reducing excess body
weight and/or treating obesity (e.g. by control of appetite. feeding, food intake, caiorie intake, and/or
energy expenditure), including marbid obesity, as well as associated disesses, disorders and health
conditions, including, but not limited to, obesity-linked inflarmmation, obesity-linked galbladder disease
and obesity-induced sleep apnea. Effecis of the peptide conjugates of the invention on these
conditions may be mediated in whole or in part via an effect on body weight, or may be independent
thersof,

Pharmaceutical compositions

In the following, it will be understood that reference to the inclusion of cne or more cf a peptide

conjugate of the invention in a pharmaceutical composition aiso encompasses inclusion of a

- pharmaceidically acceptable sait or solvate of a peptide conjugate of the invention.

The peplide conjugates of the present invention may be formulated as pharmaceutical compositions
which are suited for administration with or without storage, and which typically comprise a
therapeutically effective amount of af least one peptide conjugate of the invention, together with a

pharmaceutically acceptabie carrier, excipient or vehicle.

The term "pharmaceutically acceptable carrier” inciudes any of the standard pharmaceutical carriers,
Pharmaceutically acceptable carriers for therapeutic use are welt known in the pharmaceutical art and
are described, for example. in "Remington's Pharmaceutical Sciences”, 17th edition, Alfonso R.
Gennare (Ed.), Mark Publishing Company, Easton, PA, USA, 1985. For example, stetile saline and
phesphate-buffered saline at slightly acidic or physiclogical pH may be used. Suitabie pH-buffering
agents may, e.g.. be phosphate, citrate, acetate, tris(hydroxymethylaminomethane (TRIS), N-
tristhydroxymethylymethyl-3-aminopropanesulfonic  acid (TAPS), ammonium bicarbonate,

diethanclamine, histidine, arginine, lysine or acetate (e.g. as sodium acetate), or mixtures thereof. The
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term further encompasses any carrier agents listed in the US Pharmacopeia for use in animals,

mcluding humans.

A pharmaceutical composition of the invention may be in unit dosage form. In such form, the
composition is divided into unit doses containing appropriate guantities of the active component or
cormponents. The unit dosage form may be presented as a packaged preparation, the package
containing discrete quantities of the preparation, for example, packaged tablets, capsutes or powders
in vials or ampoules. The unit dosage form may aiso be, e.g.. a capsule, cachet or fablet in itself, or it
may be an appropriate number of any of these packaged forms, A unit dosage form may also bhe
provided in single-dose injectable form, for example in the form of a pen device containing a liguid-
phase (typically agueous) composition. Compositions may be formulated for any suitable route and
means of administration. Pharmaceutically acceptabie carriers or diluents include those used in
formulations suitable for e.g. oral, intraviteral, rectal, vaginal, nasal, topical, entsral or parenteral
{including subcutaneous, intramuscular, intravenous, intradermai and iransdermal} administration or
administration by inhalation. The formulations may conveniently be presented in unit dosage form and

may be prepared by any of the methods well known in the ari of pharmaceutical formulation,

Subcutaneous or transdermal modes of administration may be particularly suitabie for the peptide

conjugates of the invention.

A further aspect of the invention relates to devices, dosage forms and packages used to deliver the
pharmaceutical formuiations of the present invention. Thus, at least one peptide conjugate or specified
portion or variant in either the stable or preserved formulations or solutions described herain, can be
administered to a patient in accordance with the present invention via a variety of delivery methods
including SC or IM injection; transdermal. pulmonary, transmucosal, implant, osmotic pump, cartridge,

micro pump. or other means appreciated by the skilled artisan, as wel-known in the art.

A still further aspect of the invention relates to oral formulations and administration. Formulations for
oral may rely on the co-administration of adjuvants (e.g., resorcinols and nonionic surfactants such as
polyoxyethylene oleyl ether and n-hexadecylpalyethylene ether) to increase artificially the permeability
of the intestinal walls, as well as the co-administration of enzymatic inhibitors (e.q., pancreatic trypsin
inhibitors. dilsopropyifiucrophosphate (DFF) and trasylol) to inhibit enzymatic degradation. The active
constiiuent compound of the solid-type dosage form for oral administration can be mixed with at least
one additive, including sucrosa, lactose, cellulose, mannitol, trehalose, raffinose, maltitol, dextran,
starches, ager, arginates, chifing, chitosans, pectins, gum tragacanth, gum arabic, gelatin, collagen,
casein, albumin, synthetic or semisynthetic polymer, and glyceride. These dosage forms can also con-
tain other type(s) of additives, e.g., inactive diluting agent, lubricant such as magnesium stearate,

paraben, preserving agent such as sorbic acid, ascorbic acid, alpha-tocopherai, antioxidant such as
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cysfeine, disintegrator, binder, thickener, buffering agent. sweetening agent, flavoring agent, periuming

agent, etc.

Dosages

A typical dosage of a peptide conjugate of the invention as employed in the context of the present
invention may be i the range from about 0.001 to about 100 mg/kg body weight per day. such as from
about 0.01 to about 50 mg/kg body weight per day, e.g. from about 0.05 to about 10 ma/kyg body weight
per day, administered in one or more doses, such as from one to three doses. As already indicated to
some extent above, the exact dosage employed will depend, inter afia, on: the nature and severity of
ihe disease of disorder to be treated; the sex, age, body weight and general condition of the subject to
be treated; possible other, concomitant diseass or disorder that is undergoing or is fo undergo

treatment; as well as other factors that will be known to a medical practitioner of skill in the art.

Combination therapy

As rioted above, & will be understood that reference in the following to & peptide conjugate of the inven-
tion also extends to a pharmaceuticaliy acceptable salt or solvate thereof as well as to a composition

somprising more than one different peptide conjugate of the invention.

A peptide conjugate of the invention may be administered as part of a combination therapy together
with another active agent for the treatment of the disease or disorder in question, e.g. diabetes,
obesity, metabolic syndrome, dyslipidemia or hypertension, and in such cases, the iwo active agents
may be given together of separately, e.g. as constituents in the same pharmaceutical composition ot

formulation, or as separate fermulations.

Thus a peptide conjugate of the invention may be used in combination with an anti-diabetic agent of
known type, including, but not limited to, Metformin, & sulfonylurea, a glinide, a DPP-IV inhibitor, a
glitazone, or insuiin or an Insuiin analogue. In a preferred embodiment, the peptide conjugate of the
invention is administered in combination with Insulin or an analogue thereof, a DFP-IV inhibitor,
suffonylurea or Metformin, particularly sulfonylurea or Metformin, for achieving adequate glycemic
control. In a more preferred embodiment, the pepiide conjugate is administered in combination with
insulin or an Insulin analogue for achieving adequate glycemic conirol. Examples of appropriate Insulin
analogues include, but are not limited to, Lantus™, Novorapid™, Humalog™, Novornix™,

Actraphane™ HM, Levemir™ Degludec™ and Apidra™. Other relevant anti-disbetic agents in this
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connection include GLP-1 receptor agonists, such as exenatide {Byetta™; Exendin-4}) and liragiutide

{Victoza™).

A peptide conjugate of the invention may also be used in combination with an anti-obesity agent of
known type, including, but not limited to, Peptide YY or an analogue thereof, Neuropentide Y {(NPY) or
an analogue thereof, a cannabinoid recepior 1 antagonist, a lipase inhibitor, Human proisiet Peptide

{HIF), & Melanocortin receptor 4 agonist or a Melanin concentrating hormone recepior 1 antagonist. .

A peplide conjugate of the invention may further be used in combination with an anti-hypertension
agent of known type, including, bui not limited to, an angiotensin-converting enzyme inhibitor, an

Angiotensin il receptor blocker, a diuretic, a beta-blocker or a calcivm channel blocker.

A peptide conjugate of the invention may still further be used in combination with an anti-dyslipidemia
agent of known type, including, but not limited to, a statin, a fibrate, a niacin and/or & cholesterol

absorption inhibitor,

A peptide conjugate of the invention may also be used in combination with a proton pump inhibitor {i.e.
a pharmaceutical agent possessing pharmacological activity as an inhibitor M/K™-ATPase) of known
type, inciuding, but not limited to, an agent of the benzimidazole derivative type or of the
imidazopyridine derivative typs, such as Omeprazole™, Lansoprazole™, Dexiansoprazole™,
Esomeprazole™, Panioprazole™, Rabeprazoie™, Zolpidem™, Alpidem™, Saripidem™ or

Necopidem™.

A pentide conjugate of the invention may, morecver, be used in combination with an anti-inflammatory

agent of known type, including, but not limited to:

steroids and corticostercids, such as beclomethasone, methylprednisolone, betamethasone, predni-

sone, dexamethasone, and hydrocortisone,;

non-steroidal antiinflammatory agents (NSAIDs), such as propionic acid derivatives (e.g. alminoprofen,
benoxaprofen, bucloxic acid, carprofen, fenbufen, fenoprofen, fluprofen, fiurbiprofen, ibuprofen, indo-
profen, ketoprotfen, miroproten, naproxen, oxaprozin, pirprofen, pranoprofen, suprofen, tiaprofenic acid
and tioxaprofen); acetic acid derivatives (e.g. indomethacin, acemetacin, alclofenac, clidanac, di-
clotenac, fenclofenac, fenclozic acid, fentiazac, furofenac, bufenac, isoxepac, oxpinac, sulindac, tic-
pinac, tolmetin, zidometacin and zomepirac); fenamic acid derivaiives {e.g. flufenamic acid, me-
ciofenamic acid, mefenamic acid, niflumic acid and tolfenamic acid); biphenylcarboxylic acid detivatives

{e.g. diflunisal and flufenisal); oxicams (e.g. isoxicam, piroxicam. sudoxicam and tenoxicam); salicy-
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lates {e.g. acetyisalicylic acid and sulfasalazine); and pyrazolones (e.g. apazone, bezpiperylon, fepra-

zone, mofebutazone, exyphenbutazone and phenylbutazone);

GOX 1 inhibitors, such as rofecoxib and celecoxio; preparations of interieron beta (e.q. interferon beta-

ia or interferon beta-1b);

and cettain other compeunds, such as 5-aminosalicylic acid and prodrugs and pharmaceutically ac-

ceptable salts therecf.

Metformin has also been demonstrated to have anti-inflammatory properties [see Haffner et al., Dizbe-

fes 54: 1568-1572 (Z005)] and as such may also be useful in the present context

Each of the cited publications and patent applications are incorporated herein by reference in its

entirety

The following examples demonstrate certain specific embodiments of the present invention. The
following examples were carried out using standard techniques, which are well known and routine to
those of skill in the art, except where otherwise described in detail. It is to be understood that these
examples are for illustrative purposes anly and do not purport to be wholly definitive as to conditions or
scope of the invention. As such, they should not be construed in any way as limiting the scope of the

present invention.

EXAMPLES

Abbreviations employed in the examples inciude;

NMP:  N-methyipyrrolidone

DCM:  dichloromethane

DMF:  N,N-dimethylformamide

HATU: 2-{7-aza-1H-benzotriazole-1-yl}-1,1,3.3-tetramethyluronium hexaflucrophosphate
DIPEA: diisopropylethylamine

EtOH:  ethano!

Et,C:  diethyl ether
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Peg3: B-amino-3,8-dioxaoctanoy
8Aoc:  B-aminooctanoy!

DBF:  4-{2-aminocethyl)-8-dibenzohiranpropanoy!

TFA:  triflucroacetic acid

MeCN: acetonitrile

HPLC: high perfermance liquid chromatography
MS: mass spectrometry

IBMX:  3-lsobutyl-1-methylxanthine

BEA:  bovine serum albumin

cAMP: cyclic adenosine monophosphate

DMEM: Dulbecco's Modified Eagle Medium

FCS:  fetai calf serum

HEPES: N-2-hydroxyethyiplperazine-N'-2-ethanesulfonic acig
p-ERK: phosphorylated extraceliular regulated kinase
PHS:  phosphate-buffered saline

Boc: t-Butoxycarbonyl

NEP: N-methylpyrrolidone

Liraglutide: {Arg34.Lys{Hexadecanoyi-isoGIu)26]GLP-1(7-37)

EXAMPLE 1: Synthesis of compounds and pepiide properties

MATERIALS AND METHODS
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Unless otherwise specifted, reagents and solvenis employed in the foflowing were available
commercially in standard laboralery reagent or analyfical grade, and were used without further

purification.

Seneral procedure for synthests of peptide conjugates of the Invention

Solid phase peptide synthesis was performed on a CEM Liberty Peptide Synthesizer using standarg
Fmoc chemistry. TentaGel™ S Ram resin {1 g; 0.25 mmol/g) was swelfled in NMP (10 ml) prior to use
and transferred between tube and reaction vessel using DCM and NMP. Pseudoprolines, which are
dipeptides employed to minimize aggregation during peptide synthesis, such as Fmoc-Phe-Thr{y-
Me,Me-Pro)-OH and Fmoc-Asp-Ser{y-Me, Me-Pro)-OH, were used where appropriate, and the non-
natural aminc acids forming the Peg3, 8Aoc and DBF linker moieties (vide supra) were employed as
Fmoc-protected amino acids {i.e. Fmoc-Peg3-OH, Fmoc-8Aocc-CH and Fmec-DBEF-OM, respectivety),

and without any changes to the general procedure,
Coupling:

A Fmoc-amino acid in NMP/DME/DCM (1:1:1; 0.2 M; 5 ml) was added to the resin in & CEM Discover
microwave unit together with HATU/NMP (0.5 M; 2 ml) and DIPEA/NMP (2.0 M; 1 ml}. The coupling
mixture was heated to 75°C for 5 min while nifrogen was bubbled through the mixture. The resin was
then washed with NMP {4 x 10 mil.

Deprotaction:

Piperidine/NMP (20%; 10 mi) was added to the resin for initial deproteciion, and the mixiure was
microwave-heated (40°C; 30 sec.). The reaction vessel was drained and a second porticn of
piperidine/NMP {20%; 10 mi) was added and heated (75°C; 3 min} again. The resin was then washed
with NMP (8 % 10 ml).

Cleavage:

The resin was washed with EtOH (3 x 10 ml} and EGC {3 x 10 ml} and dried to constant weight at room
temperature (r.t.). The crude peptide was cleaved from the resin by treatment with TFA/ethanedithiol
(95/5, 40 mi, 2 h: r.t.). Most of the TFA was removed under reduced pressure, and the crude pepiide

was precipitated and washed three times with Ef,0 and dried o constant weight st room temperature,
Furificafion and characterisation:

The crude peptide was purified to greater than 20% purity by preparative reverse phase HPLC using a
PerSeplive Biosystemns VISION Workstation equipped with a suitable column and a fraction collecior,
and run with a gradient of buffer A (0.1% TFA, aq.) and buffer B (0.1% TFA, 90% MeCN, aq.).

52



10

15

20

25

30

WO 2011/134471 PCT/BK2011/050133

Fractions were analysed by analytical HPLC and MS, and relevani iractions were pocled and
lyophilised. The final product was characterised by HPLC and MS.

Synthesis example

Exendin-4(1-39)-Peg3-Peg3-{Gin1,Leu18]Gastrin17 {Compound 1) was synthesized on a CEM Liberty
Peptide Synthesizer using TentaGe! & Ram resin (0,67 g; 0.23 mmol/g) and Fmoc chemistry as de-
scribed above. Fmoc-8-amino-3,8-dioxacctancic acid and pseudoprolines Fmoc-Phe-Thr{y-Me, Me-

Pro}-OM and Fmoee-Ser(1Bu)-Ser{y-Me,Me-Pro}-OH were employed.

The peptide was cleaved from the resin as described above, and the purification was performed on a
Gemini-NX column (5x25 cm; 10 um; C18) with a 35 miymin flow of a mixture of buffer A (0.1% TFA;
ag.} and buffer B {0.1% TFA; 20% MeCN, aq.). The preduct was eluted with a linear gradient from 20%
o 50% buffer B over 47 min, and fractions {2 ml) were coliected with a fracticn collector. Relevant frac-
tions were analysed by analytical HPLC and MS, pooled and iyophilised to give a white powder (122
mg). which was analysed by anafytical HPLC as being 58% pure.

The product was purified again on a Luna column (1x25 cm; 5 pm; €8} with & 4 mi/min flow of a mix-
ture of buffer A (0.1% TFA; aq.) and bufter B (0.1% TFA; 90% MeCN; aq.). The product was eluted
with a linear gradient from 20% to 50% bufier B over 47 min, and fractions {2 ml) were collected with &
fraction collector. Relevant fractions were analysed by aralytical HPLC and MS, pooled and lyophilised
10 & give white powder (63 mg}, which was analysed by analytical HPLC as being 82% pure.

Another poriion of Compound 1 was synthesized using TentaGel S Ram resin (0,70 ¢; 0.22 mmolig)

and otherwise the same conditions as described above for synthesis and cleavage.

Purification was performed on a Gemini-NX column (5x25 cm; 10 pm; C18) with a 35 mlimin flow of 2
mixture of buffer A (0.1% TFA; aqg.) and bufier B (0.1% TFA; 90% MeCN; aq.}. The product was eluted
with a linear gradient from 20% to 50% bufter B over 47 min, and fractions (8 ml) were collected with a
fraction coliector. Relevant fractions were analysed by analytical HPL.C and MS, pooled and lyophilised
to give a white powder {113 mg), which was analysed by analytical HPLC as being 57% pure.

The product was purified again on a Luna column {1x25 cm; 5 um; C8) with a 4 ml/min flow of a mix-
ture of butfer A (0.1% TFA; ag.) and bufier B {0.1% TFA; 80% MeCN; aq.). The product was eluted
with & linear gradient from 20% te 55% buffer B over 47 min, and fractions (2 mi) were collected with a
fraction collector. Relevant fractions were analysed by analytical HPLC and MS, pooled and iyophilised
to give & white powder (29 mg), which was analysed by analytical HPLC as being 77% pure.

The products from the first synthesis (63 mg:; 82%) and second synthesis (28 mg; 77%) were combined

and purified once more on a Kromasil column (1x25 om; 10 um; C8) with & 4 mi/min flow of a mixture
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of bufier A (0.1% TFA; ag.} and bulfer B (0.1% TFA,; 80% MeCN: aq.}). The product was eiuted with a
linear gradient from 25% to 65% buffer B over 47 min, and fractions {2 mi) were coliected with & frac-
tion coliector. Belevant fractions were analysed by analytical HPLC and MS, pooled and lyophilised to
give a white powder {33 mg). which was analysed by analytical HPLC as being 94% pure. The mass
was £553.39 Da as determined by MS (Calc. 553,08 Da).

Exendin-4{1-28)-Peg3-Pag3-{Leud]Gastriné {Compound 33) was synthesized on a CEM Liberty Pep-
tide Synthesizer using TentaGel S Ram resin {0,55 g; 0.23 mmoci/g).and Fmoc chemistry as described
above. Fmoc-8-amino-3,6-dioxaoctanocic acid and pseudoproline Fmoc-Phe-Thr{p-Me,Me-Pro)-OH

were employad.

The peptide was cleaved from the resin as described above, and the purification was periormed on a
Gemini-NX column (5x25 cm; 10 um; ©18) with a 35 ml/min fiow of a mixture of buffer A (0.1% TFA;
ag.) and buffer B {0.1% TFA; 20% MeCN; aq.). The preduct was eiuted with a linear gradient from 25%
toc £5% buffer B over 47 min, and fractions (9 ml) were coliected with & fraction collector. Relevant frac-
tions were analysed by anaiytical MPLC and M8, pooled and lyophiiised to give a white powder (70
mg;, which was analysed by analytical HPLC as being 80% pure. The mass was 4364.08 Da as de-
termined by MS (Calc. 4364.11 Da).

[Giug,Leut4, Phe25 Tyr1 3] Exendin-4{1-27)-[Leud]Gastriné {Compound 101) was synthesized on a
CEM Liberty Peptide Synthesizer using TentaGe! S Ram resin (1,15 g: 0.25 mmollg) and Fmoc chem-
istry as described above using Fmoc-Phe-Thr{y-Me, Me-Pro)-OH. NEP was used instead of NMP dur-
ing coupling ang deprotectior.

The peptide was cleaved from the resin as described above, and the purification was performed on a
Gemini-NX column (5x25 cm; 10 um; C18) with a 35 ml/min flow of a mixiure of buffer A (0.1% TFA;
aq.) and buffer B (0.1% TFA; 90% MeCN; aq.}. The product was eluted with a linear gradient from 20%
to 50% buffer B over 47 min, and fractions (8 mi) were collected with a traction coliector. Relevant frac-
tions were analysed by analytical HPLC and MS, pooled and iyophilised to give a white powder (50
mg}, which was analysed by analytical HPLC as being 85% pure. The mass was 3952.00.08 Da as
determined by MS (Cale. 3851.97 Da}.

GLP-1(7-368)-Peg3-Peg3-{GInt Leut BiGastrin1? (Compound 42) was synthesized on a CEM Liberty
Peptide Synthesizer using TentaGel $ Ram resin (1,168 g; 0.23 mmol/g) and Fmoc chemistry as de-
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scribed above. Fmoc-8-amine-3,6-dioxaoctancic acid and pseudoproline Fmoc-Ser(iBu)-Ser{Psi Me,
Me pro)-OH were employed,

The peptide was cleaved from the resin as described above, and the purification was performed on a
Gemini-NX celumn (5x25 cm; 10 pm; C18) with a 35 mlimin flow of a mixture of buffer A (0.1% TFA;
aq.) and buffer B {0.1% TFA; 90% MeCN; aq.). The product was eluted with a linear gradient from 25%
to 45% buffer B over 47 min, and fractions {3 mf) were coliected with a fraction collector. Relevant frac-
tions were analysed by analytical HPLC and MS, pooled and lyophilised to give a white poewder (172
mg}, which was analysed by analytical HPLC as being 86% pure. The mass was 5664.72 Da as de-
termined by MS {Calc. 5864.70 Da).

iArg34,Lys(Hexadecanoyl-isoGlu)26]GLIP-1{7-37)-Peg3-Peg3-[Leud]Gastring  (Compound 107} was
synthesized on a CEM Liberty Peplide Synthesizer using TentaGel S Ram resin (1,30 g; 0.25 mmolig)
and Fmoc chemistry as described above. NEP was used instead of NMP during coupling and depro-
tection. Fmoc-8-amino-3,6-dioxacctancic acid and pseudoproline Frmoc-Phe-Thr(y-Me,Me-Pro}-OH

were employed as well as Fmoc-Lys({Dde)-0OH at the point of attachment for the acyiation.

The N-terminal of the solid-phase attached peptide was Boc protected using Boc,O {330 mg) and
DIPEA (54 uf) in DCM. Then the Dde protection group was cleaved using hydrazine hydrate/NEP (4%;
2x15 min), and the resin was washed with NEP (8x2 min), DIEA/NEP {10%; 5x5 min} and NEP (8x2
min}. The synthesls was completed on a CEM Liberty Peptide Synthesizer as described above using
Fmoc-Glu-OtBu and hexadecaneic acid. NEP was used instead of NMP during coupling arnd deprotec-
tion.

The peptide was cleaved trom the resin as described above, and the purification was performed on a
Gemini-NX column (5x25 cm; 10 pm; C18) with a 35 miymin flow of a mixture of buffer A (0.1% TFA;
aq.} and buffer B (0.1% TFA; 20% MeCN; aq.}, The product was eluted with a linear gradient trom 30%
to 70% buffer BB over 47 min, and fracticns {9 ml) were collecied with a fraction collector. Relevant frac-
tions were analysed by analytical HPLC and MS, pooled and lyophilised to give a white powder (60
mg}. which was analysed by analytical HPLC as being 88% pure. The rmass was 4819.95 Da as de-
termined by MS (Calc., 4819.45 Dal.

EXAMPLE 2: Activation {ECs) of GLP-1 receptor and Gastrin CCK-B receptor i vitro by peptide

conjugates of the invention
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MATERIALS AND METHODS
Hurman GLP-1 receptor {GLP-1 B} efficacy assay:

in vitro effects of peptide conjugates of the invention were assessed by measuring the induction of
cAMP following stimulation of the receptor by GLP-1(7-38), Exendin-4{1-39) or tested conjugates of the
invention using the FlashPlate™ cAMP kit from Perkin-Elmer. Briefly. HEK293 cells expressing the
human GLP-1 R (stable ceil line generated through transfection of the cDNA for GLP-1 R and seiection
of stable clones) were seeded at 40,000 celis/well i 98-well microtiter plates coated with 0,01 % poly-
L-lysine, and grown for 1 day in culture in 100 pt growth medium [DMEM, 10% FCS, Penicillin {100
IUsmi), Streptomycin (100 pg/mi)], On the day of analysis, growth medium was removed and the celis
were washed once with 200 wl Tyrode buffer [Tyrode's Salis (9.6 g/l), 10 mM HEPES, pH 7.4]. Cells
were incubated in 100 1l Tyrode buffer containing increasing concentrations of test compounds, 100
MM IBMX, and 0.1% BSA for 15 min at 37° C. The reaction was stopped by addition of 25 ul 0.5 M HG!
and incubated on ice for 60 min. For further methodoiogicai details, see WO 2008/152403.

CCK-B receptor {CCK-B R) efficacy assay:

To test binding and activation of CCK-B R we produced stable cell lines expressing one of the human
of mouse CCK receptors in a manner similar to that for production of the hGLP-1 R cell lines were
generated {vide supra). |n brief, we used HEK293 cells for transfection of the cDNA for human or
mouse CCK-A R or CCK-B R [hCCK-A R {gene identity: |_198315), hCCK-B R (NM_176875), mCCK-A
R (NM_009827) and mCCK-B R (NM_007627)] al cloned into the transfection plasmid p/RES-
neo2dNGFR. The cells were grown according to standard protocol in growth medium and transfected
with the plasmids using Lipofectamin {Invitrogen). The cells stably expressing CCK receptors were se-
lected using G418 in the growth medium {only cells that have taken up and incorporated the cDNA ex-

pression plasmid survive) and propagated. Stocks of cells were frozen for iater use.

In vitro effects of peptide conjugates of the invention were estimated by measuring p-ERK {using the
AlphaScreen™ SureFire p-ERK assay) in HEK293 cells stably expressing the human and mouse CCK-
B R (high-affinity Gastrin receptor), respectively. The Gastrin recepior efficacy assays (AlphaScreen™
SureFire p-ERK assay) were performed as follows:

Day 1: Seeding of celis

The CCK-B R expressing cells in question were seeded at 20,000 cells/well in 100 u! growth medium
IDMEM, 10% FGS, Penicillin (100 1U/ml). Streptomycin {100 pg/mlj in a 36-well plate coated with poly-

D-lysine. The cells were incubated in an incubator (37°C, 5% CO;) for two days,
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Day 3: Change fo serum-free medium

The growth medium was changed to 80 pl of serum-free medium [DMEM, Penicillin (100 1U/ml), Strep-
tornycin (100 pg/mly] per well, and incubation of the cells was continued for 12 hours in the incubator
(37°C, 5% GO,).

Day 4: Peptide conjugate stimulation and AlphaScreen™ SureFire p-ERK assay

1. After 19 hours, 20 pl of serum-tree medium containing one of 5 difierent concentrations of pep-
tide conjugate was added (performed in triplicate for each concentration), and the cells were
incubated for & min, at room temperature.

2. The stimulation medium was discarded by quickly turning the piate upside down, and 80 W 1x
lysis buffer (from the SureFire assay kif) was added per well.

3. The plate was shaken on a plate-shaker for 5 min and then placed on ice.

4. SureFire P-ERK assay: 4 |l of each supernatant was transferred to a 384 well proxiplate
{Perkin &imer).

8, 4 ulof each of the two cantrol lysates {unstimulated and stimulated) were added to the
proxipiate in duplicate.

6. 60 parts reaction bufer, 10 parts activation buffer, 1 part acceptor beads and 1 part denor
beads were mixed (reaction buffer + activation buffer + beads). 7 i of the lalter reaction buffer
+ activation buffer + beads per well were added in the proxiplate, the mix being resuspended
carefully before addition to the wells,

7. The plate was incubated for 2 hours in a dark box in a 22°C incubator.

8 The plate was analyzed on an Envision™ fight-emission plate reader (Perkin-Eimer) using the

appropriate reading program (Perkin-Elmer).

The peptide conjugates of the invention were tested in the above-described assays {i.e. human GLP-1
R activation efficacy, human CCK-B R activation efficacy and mouse GCK-B R activation efficacy).

Human GLP-1({7-36) and Exendin-4{1-39) were used as positive conirols in the human GLP-1 recepior
(hGLP-1 R} activation efficacy assay, and h[GIn1,Leut5)Gasirin17 and CCK-8 {consisting of the C-
terminai 8 active amino acid residues of CCK) were used as positive contrels in the human CCK-B re-

ceptor (hCCK-B R) eﬁicécy assay and the mouse CCOK-B receptor (mCCK-B R) assay.

In the present CCK receptor activation study, h{Gin1,Leul 5iGastrin17 (having the sequence H-
QGPWLEEEEEAYGWLDF-NH;) was used as a conirol compound. The giutamine {Gin) residue may

rearrange to some exient to PyroGiu, but without loss of receptor binding activity.

The resuilts (ECg, values, in molfl} are summarized in Tables 1, 1a and 2. below.
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Table 1. in vitro efficacy (ECs, molff} of compounds {peplide conjugates) of the invention in activation
of hGLP-1 R, hCCK-B R and mCCK-B R.

Cpd ‘Peptide conjugate hGLP-1 R hGCK-BR | mCCK-B R
No. ECs ECx ECe;

1 | Exendin-4{1-39)-Peg3-Peg3-[Gint,Leui5|Gastin17 | 5.68x10 0 | 1.90xi0° 5.40x10"
32 | Exendin-4{1-28}-Peg3-Peg3-[l.eud]Gastring 7.74x107° | 3.08x107° 7.15x107
37 | GLP-1{7-38)-[GlIn1,Leut5]Gastrin17 1.4Bx107° | 258107 7.31x10°
38 | GLP-1{7-36)-K-[Gin1,..eu15)Gastrini7 8.42x107° | 7.73x10° 1.14x107
39 | GLP-1{7-36)-AAA-[Gin1,Leul5)Gastrini7 114x1077 [ 1.88x107 5.41x10%
40 | GLP-1(7-36)-SKK-[GiIn1,Leul5]Gastrint 7 14610 | 1.56x107 5.86x10°
4% | GLP-1(7-368)-Peg3-SKK-[CGIn1,Leui5)Gastini? a.28x10" | 8.78x107 EEPG
42 | GLP-1(7-38)-Peg3-Peg3-[Gin1,Leu15/Gastrin17 7.78x107 | 8.20x107° 5.83x10™
43 | GLP-1(7-36)-8A0c-SKK-{Gin1 Leut5]|Gastrini7 1.56x107° | 8.19x107 8.25x107
44 | GLP-1(7-38)-DBF-SKK-[GIn1,Leu15]Gastrini7 137x10°0 | 25710 8.69x10™
45 | GLP-1(7-36)-8Aoc-BAcc-[GInt,Leu15]Gastrin7 1201077 | 1.28x10T 7.14x107

Con | GLP-1(7-38) 1.66x10T

trol

Con | Exendin-4(1-39) 1.63x107°

trol

Con | hiGint,Leul 5iGastrint7 4.69x107 1.82x10°
trof

Con | CCK-8 6.1x1¢" 1.63x107
trol
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Table 1a. in vitre efficacy (ECss. mol/l} of compounds (peptide conjugates) of the invention in activation

of hGLP-1 R, hCCK-B R and mCCK-B R.
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Cpd. hGLP-TR | hCCK-BR | mCCK-BR
No. Peptide conjugate ECe ECs ECsyy
Exendin-4{1-39)-Pey3-Peg3-
1 | [Gin1,Leu15]Gastrini7 2.7 xig" 8.0 x10° 54 %10°
Exendin-4{1-28)-Feg3-FPeg3-
33 | [Leud|Gasiring 2.8xig" 1.1 x10% 7.1 x10°

Table 2. /n vitro efficacy (ECsq. mol/l) of further compounds (peptide conjugates) of the invention in ac-

tivation of hGLP-1 R and hCCK-B R.

Cpd, hGLP-1 R | hGCK-B
No. | Peptide conjugate ECq R ECs

55 | Exendin-4{1-28)-Peg3-Peg3-[Leud]Gastring 42x10 1 7.4 x107
56 Exendin-4(1-28)-Peg3-Peg3-fAlal,Leud]Gastring 22167 1 9.1 x107
57 | Exendin-4(1-28)-Peg3-Peg3-[Ala2,Leud]Gastring 33x1077 1 7.2x1C7
58 | Exendin-4{1-27)-Peg3-Peg3-[Leu4}Gastring 3.3 x107" 98 x107
59 | Exendgin-4{1-28)-Peg3-Peg3-[LeuziGastring 25 x107 | 9.00 x10¥
80 | [Leutd]Exendin-4(1-28)-Peg3-Peg3-[Leud]Gasting 41x107 | 6.3 xic”
61 [Crnt2]Exendin-4{1-28)-Peg3-Peg3-[Leud]Gastriné 28x107 | BEBx10T
62 | [Orn27]Exendin-4(1-28)-Peg3-Peg3-[Leud)Gastriné 3tx10 L 58107
63 | [Phe25]Exendin-4{1-28)-Peg3-Peg3-[Leud]Gastring 41x107 1 BEx10T
B4 | [Asp28]Exendin-4{1-28}-Feg3-Pegi-[Leud]Gastring B1x107 | 33107
85 | [Tyr13]Exendin-4(1-28)-Peg3-Peg3-[Leud]Gastring 48x10 | 1.2x10°
66 | [Orn20jExendin4(1 -28)-Peg3-Peg3-[Leud]Gastring 38x107 | 1.5x107
67 | Exendin-4{1-28)-Peg3-[lLeud]GastrinG 50x107 | 1.0x107
68 | Exendin-4(1-28}-lLeud]Gastring 84 x107 | 1.4 x10°
89 | Exendin-4(1-27)-[Leud]Gasirin11 1.0x107° | 4.3 %107
70 | Exendin-4{1-27)-Peg3-[l eu41Gastring 1.4x107 | 53x10°
71 Exendin-4{1-27}-Peg3-[LeuldiGastrin® 29x107 | 41 x167
72 | Exendin-4{1-268)-Peg3-[Leu3]Gastrin 14x107 | 3.2x10°
73 | Exendin-4{1-27)-Peg3-|Leu2]Gastring 41 %1077 &1x10°
74 | [Tyr13,Leut4)Exendin-4{1-27)-Peg3-Peg3-ILeudiGasiring | 50x107 | B4 xi0"

[Tyr13,Phe25ikxendin-4(1-27)-Peg3-Peg3-
75 | [Leud]Gastring 35x10™" | 84x10°
[Leut4,Phe25)Exendin-4(1-27)-Peg3-Pegl-
76 | [Leud]Gastring 26x10"" 1 7.9x10°
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[Tyr13,Leut14,Phe25iExendin-4(1-27)-Pag3-Peg3-
77 1 [Leud]Gastrind 44x10" | 91xi0®
Side chain-cycto([Lys12,Giut8]Exendin-4(1-28)-Peg3-
78 | Peg3-iLeud|Gastring 25x10" | s9x10°
Side chain-cyclo{{Glu16,Lys20iExendin-4{1-28)-Peg3-
79 | Peg3-[Leud])GastrinG 26xi0™" | 53x107
Side chain-cyclo{fLys20,Glu24]Exendin-4(1-28)-Peqg3-
80 | Pegl[Leud]Gastring 32x10" ¢ 40x10°
21 [Lys16]Exendin-4{1-28)-Peg3-Peg3-IL_eud]Gastring 32x10" [ 1.5xi0T
82 | Exendin-4(1-28)-Peg3-K-Peg3-iLeud]Gastring 28x107 | 214 %107
83 Exendin-4({1-28)-IThr4])Gastring 4.4 %107 58 xi0”
84 | Exendin-4{1-28)-[Phe4]Gastring 44x1077 1 1.4 xi0
85 | [Leut4]Exendin-4(1-28)-[1Nzl3,Leud|Gastring 40x107 | 2.7x107
86 | [Leutd]Exendin-4{1-28)-[Nie4]Gastring 52x107 ] 24 x107
[Leut4]Exendin-4{1-28)-[Leud,[3-(3-Pyridyl-
87 | Alm]6]Gastring 28x16" | 20x10®
[Glug.Leut4,Phe2b, Tyr13]Exendin-4(1-27)-Peg3-Peg3-
86 | [Leud)Gastrind 48x10" | 2.0x10®
{Leu14,.Phe25,Tyr1 3]Exendin-4(1-27}-Peg3-Peg3-
89 | [Leu4,Phe3]Gastring saxto | 12x10®
[Giug.Leut4,Phe25 Tyr13]Exencin-4({1-27)-Peg3-Peg3-
{Leud,Phe3]Gastring
80 3ox10™ ) 13 x10®
[Arg27,Leut4 Phe25 Tyr1 3iExendin-4{1-27)-Peg3-
[Leud]Gastrin 8.8x107 | 1.8x10°
91
[Arg12,27 Leut4,Lys16,Phe25, Tyri3jExendin-4(1-27)-
Pegd-[LeudiGastring 1.7x107° ] 26x10"
9z
[Arg12.27 Leuid.Lys20,Phe25, Tyri 3|Exendin-4(1-27)-
Peg3-[Leud]Gastring 58x10"" ! 26x10°
a3
IArg1 2,27 Leuld,Lys24,Phe25, Tyr13]Exendin-4(1-27)~
Peg3-[Leud]Gastring 1.3x10% ) 36x10"
84
(Arg12,Leut4,Phe25, Tyr1 3]Exendin-4(1-27)-Peg3-
[Leud)Gasting 79x107 | 1.4xi0®
95
98 | [GIug,Leu14,Phe25, Tyr13|Exendin-4{1-27)- 1.2x107 [ 2.11x107
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Leuz]lGastriné

[Glud,Leul4,Phe2b, Tyr13]Exendin-4(1-27}-Peg3-
[Leu2]Gastrind

97 6.0x167"" 1 1.3x10°
[Giug,Leutd,Phe2b Tyr13]Exendin-4(1-27)-0Orn-Peg3-
[LeuZ2]Gastrind

98 48x10™ | 1.0x107
[Glu9,Leut4,Phe25,Tyr13]Exendin-4(1-27)-Peg3-Orn-
[LeuZiGastring

59 4.1x107 | sax10®

[Glug,Leutd,Phe25,Tyr13]Exendin-4(1-27)-Orn-Crn-

[LeuR]Gastrin4
100 1.1x10™ | 86&x107

[Glu®,Leut14,Pheds Tyr13]Exendin-4(1-27)-

[Leud]Gastring
101 1.9x107° | 30x10°

[GIu8,Leu14,Phe25 Tyr13]Exendin-4{1-27)-Peg3-
[Leud]Gastring

102 81 x10™" | B4x10®
| [Giu8.Leut4.Phe25. T yr13]Exendin-4(1-27)-Orn-Peg3-
[LeudGaslring
103 1.2x107° 0 1.0x107
[Glug,Leut4, Phe25, Tyr13]|Exendin-4(1-27)-Peg3-Orn-
[Leud]Gastring
104 | 8.7x10" | 8.8x10*

[Glug,Leul4, Phe25, Tyr13]Exendin-4(1-27)-Orn-Qfn-

[Leud]Gastring
105 1x107° | 1.8 x10°

Table 3. in vitro efficacy (ECss, mol/l) of GLP-1 compounds (peptide conjugates) of the invention in ac-
tivation of hGLP-1 R, hCCK-B R and mCCK-B K. {Only included in the GLP-1 application)

Cpd. hGLF-1 R | hCCK-BR | mCCK-BR

No. | Peplide conjugate ECE0 ECE0 ECE0

37 | GLP-1({7-36)-[GIn1 Leut5]Gastrini7 3.0 x107" 2.8 x10° 7.3x10%

38 | GLP-1{7-36)-K-[Gin1,Leu15]Gastrint? 3.0 x10™ 7.7 x10° 1.1 %107
GLP-1{7-36)-AAA-

39 | [Gin1,Leu15]|Gastrint7 3.4 x107" 1.8 x10°® 5.4 x10°

40 | GLP-1{7-36)-SKK- 3.1 x10™ 1.6x10° 5.9 x10°
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[Gln1, Leui5]Gastrint?
GLP-1{7-36)-Peg3-SKK-
41 | [GIn1,Leui5]Gastrin17 23 x10™ 8.8 xi0”® 5.1 x10°®
GLP-1(7-36)-Peg3-Pega-
42 | [Gint,Leu15]Gastrin1? 2.8 x10™" 8.2 x10° 58x10°
GLP-1{7-36)-BAoc-SKK-
43 | [Gin1,Leu15)Gastrini7 49 x10" 5.2 x10® 8.3 x10®
GLP-1(7-36)-DBF-SKK-
44 | [Gin1,Leu15]Gastrint 7 53 %10 2.8 x10°® 8.7 x107°
GLP-1{7-36)-8A0c-8Aoc-
45 | [Gint,Leu15])Gastrint7 42x10™" 1.3 x10° 7.1 x10°
Control | GLP-1(7-36) 1.7 %107 | N.T. AT
Control | Exendin-4{1-39) 24 %107 | NT. NT.
Control | hiGini,Leut5]Gastrin17 NT 4.7 x107 1.8 x10
Control | CCK-8 N.T 8.3 x107 1.6 x10°
| Control | h|Leu15]Gastrin17 N.T 2.4 x107 [ N.T
] [Lys{Hexadecanoyl-isoGlu)341GLP-1{7-
37)-Peg3-Peg3-iLaud]Gastring 4,910 1.8 x107
106
IArg34,Lys{Hexadecanoyi-
is0Glu) 26]GLP-1(7-37)-Peag3-Peg3-
[Leud]Gastring 1.4x107° 2.9x10°®
107
[Arg26,34 Lys(Hexadecanoyk
is0GI)ABIGLP-1(7-37)-Peg3-Pega-
[Leud]Gastring 1.1x107° 7.8x10®
108
[Lys{Hexadecanoyl-isoGIu)28]GLF-1(7-
37}-Peg3-Peg3-[LeudiGastring 9.0x10™" 26x10°
109
{Arg25,34,Gly8, Lys(Hexadecanoyi-
isoGIU)IBIGLP-1(7-37)-Peg3-Peg3-
ILeud]Gastring 1.2x197° 2.9x107
110
[AIRS, Arg34. Lys{Hexadecanoyl-
180GIu)26]GLP-1(7-37)-Peg3-Peg3-
{Leud)Gastring 8.6x10™" Eoxi0®
111
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i [AIDS Arg34|GLP-1(7-37)-Pegs-Bega-

.| [Leud]Gastrin® 4.3x10™" 4,2x10°
112
[Arg34]GLP-1(7-37)-Peg3-Peg3-
[Leud]Gastring 2.7x10" 2.4x10°
113

N.T: Not tested
Resulis

The results summarized in Tables 1, ta, 2 and 3 above indicate that generally all of the peptide conju-
gates of the invention are potent agonists of all of the three receptors in question, and that they exhibit

closely similar levels of efficacy.

Example 3: Screening of Compound 73 on 92 seiected peptide GPCRs.

Compound 73 was selected for testing on a iarge selection of peptide receptors of the GPCR type, in
otder to discover any receptor promiscuity early on. The receptors are of the class A and B GPCR
families and the assay was carried out at Millipore using their GPCR screening piatform. Each GPCR
was activated by its control peptide ligand (known activator of the respective receptors) or by Com-
pound 73 at 100 nM concentration. Agenism on a receptor is given as % of the controf peptide (that
gives 100 % activation by definition). Only the expected GLP-1 receptor and the CCKB (CCK2) recep-
tor was aotivated significantly (100 and 25%, respectively) by Compound 73 showing that the peplide is

specific for these two receptors,

Example 4: Pharmacokinetic (PK) of compound 1 and 33 in mice

fMethod

Three C57B! mice were given 100 nmol of compound 1 or 33 per kg as i.v. or s.¢. boiug, and plasma
samples were collected up to 240 min post-dose. Samples were collected from three mice at each time
point. The plasma samples were analyzed for the presence of compound 33 using LC/MS/MS (10-
1000 niv}.

Results
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Table 4. PK parameters after L.v. and s.c. administration of 100 nmoal /kg to mice

PCT/BK2011/0503.33

Compound 33 Compound 1
Parameter Unit s.C. L. s.C. i,
b, hr 3.4 2.8 0.45 0.28
F Yo 100% - 7% -

Both compounds exhibited an excellent bioavailability {F) after sc adinistration, with compound 33

showing a suparicr PK profile likely due to a longer half-life (Figure 1A, 1B and Table 4).

EXAMPLE 5: PK OF COMPOUND 33 AND 74-80

iethod

Two C57Bl mice were given a singla subcutaneous dose of 100 nmolkg of each peptide. Blood sam-
ples were taken after 5 and 30 min and after 1, 2, 4, &, 16 and 24 hour. At each time point, samples
from two mice were taken. Plasma samples were anzlyzed after solid phase extraction {SPE) by liquid

chrematography mass spectrometry (LC-MS/MS).

Table &. T after s.c. administration of 100 nmol /kg to mice

74 3.6
76 2.3
77 3.1
75 25
78 2.0
79 1.5
80 1.9

The peptides show promising T4 profiles, with compeund 74 and 77 being superior to the rest with
respect to half-life and exposure (Table 5 and Figure 2).
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EXAMPLE 6: In vivo activity of peplide conjugates of the invention in db/db mice
MATERIALS AND METHODS

The db/db mouse model has previously been used to assess the B-ceil preserving effecis of potential
therapeutic candidates [Relin, B. et al., Am. J. Physiol. Endocrinol. Metab. 283: E745-E752 {2002)].
Several studies have demonstrated a correlation between pancreatic Insuiin content and B-cell mass
[Rolin, B. et al. {loc.cit.); Suarez-Pinzon, W.L. et al., Diabeles 54: 2596-2601 {2005); Suarez-Pinzon
W.L. et al., Diabetes 57: 3281-3288 (2008)].

in the present study, & week old db/db (BKS.Cg-m +/+ Lepr™/J) female mice (Taconic Europe A/S, Lille
Skensved, Denmark) were acclimatized to thelr new environment and given ad fibitum access to nor-
mal chow and water. Mice were housed in pairs in a light-, temperature- and humidity-controfled room.
The progression of diabetes was followed for 2 weeks by monitoring bicod glucose levels, and then
before freatment the diabetic mice were randomized according to their blood giucose levels into treat-
ment groups {n = 10/groun). Animals were then mock-injected subcutansousty (sc) with 100 ul vehicle
{once daily) for a period of three days te acclimatize the animals fo handling and injections. Following
randomization and mock injection, animais were then treated {sc. twice daily) for 16 days with combi-
naiions of hil.eu15]Gastrinl? (1, 10 and 50 nmolkg) and Exendin-4{1-39} {1, 10 and 50 nmolkg). or
with  Compound 1 (peptide conjugate of the invention) [ie. Exendin-4(1-39)-Peg3-Pega-
[Gint,Leutd)Gastrin17] {1, 10 and 50 nmolikg), or with vehicle (PBS buffer; injection volume 5 mikg).
Daily injections tcok place between 8:00 and 9:00 howrs. and between 15:00 and 16:00 hours, with

iresh solutions prepared immediately before dosing.

Blood samples {200 pl) were obtained from the orbital plexus and placed in EDTA coated iubes before
dosing (day 1), and at day & and day 16 of the reatment. Each blood sample was centrifuged, and
plasma (100 pi) was stored at -80°C for iater analysis. Bicod samples for biood glucose determinations
were taken from the tail vein, Foilowing the last day of dosing, all animals were sacrificed (day 16) by
CO; anesthesia, followed by cervical dislocation. The pancreas from each animal was immediately iso-

lated, weighed, and stored for later analysis of Insufin content.

Measurements

Whote blood glucose concentration (mM) was determined by the immobilized glucose oxidase method
{Elite Autoanalyser, Bayer, Denmark). Plasma C-peptide was determined using a rat C-peptide radio-
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immunoassay kit (Linco/Miliipore, kit RCP-21K). Pancreatic Insulin content was determined using a rat

Insulin radicimmunoassay kit (Linco/Millipore, kit R1-13).
Results

As is clearly apparent from Figure 3, a markedly higher content of pancreatic Insulin was seen in ani-
mais treated with the peptide conjugate of the invention (Compound 1) compared to that in animals
treated with & simple combination of Exendin-4(1-38) and hil.eu15]Gastrin17 or treated with vehicle.

It thus appears that the effect on pancreatic Insulin levels arising as a result of the covalent coupling or
iinkage (conjugaticn) of the Exendin-4 moiety and the Gastrin moiety in the peptide conjugate of the
invention may be unexpectedly greater than that achieved when employing a corresponding, additive

combination of the two, individual peptide components.

Example 7: Six week study
Protocol

125 db/db (BKS.Cg-m A Lepr®1) female mice (6 weeks at arrival) were obtaihed from Taconic
Europe A/S.

At day -4 blocd was collected from semi-fasted animais for determination of baseline plasma G-
pepiide, plasma insulin, blood glucose, and HbA1c ievels. Animals were then stratified infe 5 treatment
groups of n = 20 based on baseline plasmea C-peptide and HbA1c levels. Animals were injected s.c.
with 100 p! of vehicle twice dally for at least 3 days o acclimatize the animais to handling and experi-

mental procedures.

Then animals were injected s.c. twice daily with peptides or vehicle for & total of 42 days according to
Table 8 The dally injections took place between 08:00-02:00 h and 15:00-16:00 b with freshly pre-
pared solutions. The iast day of dosing was day 42 in the morning.

Table 8. Groups and doses
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‘.Groupﬁ 'Vehic%e(PBS) ' " N I

Group 2 Exendin-4 SC twice 2x25
daily
Group 3 Exendin-4+ Gas- 2x25+2x25
trint7
Group 4 Compound 33 2x25

The study was terminated on day 42. Animals were semi-fasted, and they received the final dose in the
merning. Bloed was sampled for determination of plasma C-peptide, plasma insulin, blood glucose,
and HbA1c. After the blood sampling, animals were euthanized using CO, foliowed by cetvical disloca-
tion. The pancreas was isolated, weighed, divided into 3 pieces, and transferred to tubes containing 2

ml of cold actdic alcohol and analyzed tor insutin content.

Compound 33 lowered blood glucose levels (Figure £) and eievated plasma insulin concentrations refa-
five to vehicle in the db/db mice {Figure 5). In addition, treatment with Compound 33 caused a statisti-
cally significant reduction in HbAlc leveis compared to vehicle-treated and Gastini7+Exendin-4
reated animals {Figure 6). These resuils suggest that Compound 33 improved glycemic control in the

diabetic mice.

Alse, Compound 33 caused a stafistically significant increase in pancreatic insulin content relative to
vehicle {Figure 7). in addition both Compound 33 and Exendin-4 caused a significant increase in the

delta C-peptide ievel in plasma, indicating an improved pancreatic function in ail groups (Figure 8).

Co-administration of Exendin-4 and Gastrin was not superior to Exendin-4 in improving glycemic con-
trol in the dibvdb mice. Thus, in the doses used in this study there was no synergistic effect of Exendin-4

and Gastrinn on glycemia,

Qur data show that the peptide conjugaie Compound 33 increases the pancreatic insulin content and

improves glycemic control in the db/db mice significantly as evident by the decrease in HbA1c.
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Example 8: Drug holiday study
Protocol

150 male db/db mice were obtained ai an age of 5-8 weeks. The animals were housed {5 mice/cags)
under controlled conditions (20-22°C, 55-85% humiidity) following a 12:12-hrs light/dark cycle with light
on at 05.00 AM. The animals were fed ad fibiturm with standard Altromin No. 1324 diet and had free
access to acidified tap water. At the time of study start the animals were 8-9 weeks old. All animals

were acclimatized and handled daily minimum one week prior to the experiment.

Blocd sampies: Before treatment start, and on day 93 (before termination) in fagted mice (17 hrs) a
blocd sample (150 ul} was obtained from orbital plexus with an EDTA coated micro-pipette. Blood
sampies were taken into EDTA coated tubes and kept on ice. The blood sample was centrifuged and
the resulting plasma (at least 50 ul} was stored (at -80°C) for later analysis of C-peptide and insulin
level._Also, on day -10/12 {before treatment start), and day 93 {before termination) a blood sample (50

1) obiained from orbital plexus was anaiyzed for BG (sticks) and HbA1c.

Siratification

On days -6 to -4 before the first drug dose, fasted animals (17 hrs) were subjected to an oral glucose
tolerance test (OGTT, see below). The area under the bicod glucose concentration curve obtained over
a 240-minute period (AUCaos0; Unit: mM*min) was used to stratify animals into 5 groups (A-E) of 26
animals each in order to obtain similar glucese tolerances in both groups. After the first 50 days of dos-
ing {period 1) & second OGTT were performed. On the basis of this second OGTT test, each group of

mice was stratified by AUC {as above) into two sub-groups displaying similar glucose tolerances.

Dosing: The animals were given one daily (QD) subcutaneous {SC) dose of vehicle {2 * n=26), Ex-
endin-4 {n=28) or Compound33 (n=26) and dosed according to Table 6 for a period of 50 days. Dosing
was performed between 02.00 and 03.00 PM every day, with an injection volume of 5 mikg. After 50
days of dosing the animals were stratified into 7 groups as illustrated in Table 1. This dosing regimen
was continued for 40 days unill animals were sacrificed on day 93,

Oraf Glucose Tolerance Test {OGTT): OGTT was performed on days -8/4, 50, 65, 78 and 91 of the

treatment period on animals fasted overnight {17 hours) after the last injestion of vehicle or compound.

Blood samples were taken from the tip of the tail and blood glucose measured. To prevent confounding
food intake, the animals were kept {asted during all OGTTs. immediately after the initial blood sample (&
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= 0, fasling bleod glucese level) an oral dose (1 g/kg) of glucose (Glucose-monohydrat, SAD 500 g/l),

dissolved MQ water was given (5 mliikg, 0.2 g/mi), and the animals were returned to their home cages

(t = 0), Then, BG levels were measured att = 15, 30, 60, 120, and 240 minutes.

Fasting blood glucose: To further monitor the diabetic status of the animals, fasting blood glucose lev-

els were measured after 8 hours of fasting on day 0, 37, 44, 8, 72, and 85. To minimize stress, ani-

mais were fasted during the day (from 08.00 AM when habltual consumption of food was low), and

fasting blocd glucose was determined at 02.00 PM.

Table 6. Study groups

o iSubstance

Vﬂehlcle '

Vehfcie

Vehicle Exendin-4
Vehicle Compound 33
Vehicle Liraglutide
Exendin-4 Exendin-4
Exendin-4 Vehicle
Liragiutide Liragiutide
Liraglutide Vehicle
Compound 33 Compound 33
Compound 33 Vehicle

5C once
daily

0+b

0+100

0+100

0+100

100+100

16040

100+100

1000

100+100

10048

Vehicie: PBS: Phesphate buffered saline Gibco (#70011, pH=7.4).
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The GLP-1-Gastrin dual agonist Compeund 33 iowered the area under the glucose curve (AUG) follow-
ing an oral giucose challenge test and aiso the fasting blood giucose was decreased compared to ve-
hicie contro! regardless if the treatment paradigm was prevention, treatment or holiday {Figure 9+10) .
Also, plasma levels of insuiin and G-peptide and blood levels of HbAtc were significantly lower in mice
treated with Compound 33 compared to those treated with vehicle control (Figure 11). These data
shows that Compound 33 improves glycemic control in diabetic db/db mice, and to a greater extent
than does both Exendin-4 and Liragiutide. Notably, the effect of the compounds on glycemic control
was sustained for several days after treatment was stopped, most pronounced in the mice treated with
Compound 33.
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CLAIMS
1. A peptide coniugate having the formuia |

H-HGEGTFTSDLSKQMEEEAVRLFIEWLKN-Peg3-Peg3-YGWLDF-NH,
H-.HG EGTFTSDLSKQMEEEAVRLFIEWLKN-Peg3-Peg3-GWLDF-NH,;
H-HGEGTFTSDLSKGMEEEAVRLFIEWLKN-Peg3-Peg3-AGWLDF-NH,; or
H-HGEGTFTSDLOSKOMEEEAVRLF IEWLKNYGWTDF-NH,;

or a pharmaceutically acceptable sait or solvate thereof.

2. A pentide conjugate or pharmaceutically acceptable salt or solvate thereo! according to claim 1
for use as a medicament.

3. Use of a peplide conjugate or pharmaceutically acceptable salt or solvate thereof according to
claim 1, in the manufacture of a medicament for the treatment, in a subject in need therecf, of a dis-
aase or disorder selected from the group consisting of:

type 1 diabetes, type 2 diabetes, pre-digbetes, Insulin resistance syndrome, impaired glucose foler-
ance {IGT), disease states asscciated with elevated biood glucose levels, hyperglycemia, hyperten-
sion, atherogenic dyshipidemia, arferiosclerosis {e.g. atherosclerosis), coronary heart disease, periph-
eral artery disease, siroke, microvascular disease, gasiric disease, meiabolic syndrome, cancer (e.g.

coton cancer), inflammatory bowe! disease (IBD) and irritable bowel syndrome (IBS).

4, Use of a peptide conjugate or pharmaceutically acceptabie salt or soivate thereof according io
claim 1, in the manufacture of a medicament for inducing, In a subject in need thereof, pancreatic isiet
neogenasis.

5. Use of a peptide conjugate or pharmaceuticaliy acceptable salt or solvate thereof according to
claim 1, in the manufacture of a medicarment for preventing, in a subject in need thereof, B-cell apopto-
sis in the pancreatic islets.

6. The use according to any one of claims 3-5, wherein said subject is & human.
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7. A pharmaceutical composition comprising a peptide conjugate, or pharmaceutically acceptable
salt or solvate thereof, according to claim 1, together with a pharmaceutically acceptable carrier, excip-
ient or vehicle.

8. Use of a peptide conjugate, or pharmaceutically acceptable salt or solvate thereof, according
to claim 1, or a pharmaceutical composition according o claim 7, in the manufacture of a meadicament
for preventing weight gain or promoting weight loss.

9. Use of a peptide conjugate, or pharmaceutically acceptabie salt or solvate thereof, according
to claim 1, in the manufacture of a medicament for improving circulating giucese levels, glucose

tolerance and/or circulaling cholesterol levels, lowering circulating LDL levels, andfor increasing
HDL/LDL ratio.

10. Use of a peptide conjugate, or pharmaceutically acceptable salt or solvate thereof, according
to claim 1 in the manufacture of a medicament for the treatment of a condition caused or characterized
by excess body weight, e.g. the treatment and/or prevention of obesity, morbid obesity, obesity linked

inflammation, obesity linked galtbladder disease, obesity induced sieep apnea, metabolic syndrome, or

-pre-diabetes,

11. The use according fo any one of claims 3 to 6 or 8 to 10 wherein the compound is to be
administered as part of a combination therapy with an agent for treatment of diabefes, obesity,
dyslipidaemia, or hypertension.

12. The use according o claim 11 wherein the agent for treatment of diabetes is metformin, a

sulfonyiurea, a glinide, a DPP-IV inhibitor, a glitazone, insufin or an insulin analogue.

13. The use according to claim 11 wherein the agent for treatment of obesity is a giucagon-like
peptide receptor 1 agonist, peplide YY or analogue thereof, cannabinoid receptor 1 antagonist, lipase
inhibitor, melanocoriin receptor 4 agonist, or melanin concentrating hormone receptor 1 antagonist.
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14, The use according io ciaim 11 wherein the agent for treatment of hypertension is an
angiotensin-converting enzyme inhibitor, angiotensin i receptor biocker, diuretic, beta-blocker, or
calcium channe! blocker.

15. The use according to claim 11 wherein the agent for ireatment of dysiipidaemia is a statin, a

fibrate, a niacin and/or a cholesterol absorbtion inhibitor.

16 A method of manufacturing a peptide conjugate according o ciaim 1 synthetically.
17. A method of manufacturing a peptide conjugate according to claim 1 recombinantly.
18. Use of a peptide conjugate, or pharmaceutically acceptabie sait or solvate thereof according to

claim 1 in the manufacture of a medicament for improving circulating glucose leveis, glucose tolerance
and/or circulating cholesterol levels, lowering circulating LDL levels, and/or increasing HDL/LDL ratio in

an individual in need thereof wherein a Drug holiday dosage regimen is used,

19, A process for manufacturing a peptide conjugate, or pharmaceutically acceptable salt or solv-
ate thereof according to ciaim 1.

20. A device comprising at least one peplide conjugate, or pharmaceuticaily acceptable salt or
solvate thereof, according fo claim 1, for delivery of the pepiide conjugate to a subject.

21. A kit comprising at least one peptide conjugate, or pharmaceutically acceptable salt or solvate

thereof, according to ¢laim 1, and further comprising packaging or instructions for use.
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