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GLUCAGON-LIKE-PEPTIDE-2 {GLP-2} ANALOGUES

Field of the Invention

{0001] The present invention relates o glucagon-like-peptide-2 (GLP-2) analogues
with altered GLP-1 aclivity and their medical use, for example in the prophylaxis,
freatment or ameliorating of diseasas and conditions such as metabolic endotoxemia,

diabeles, obesity, and the metabolic syndrome.

Background of the Invention

{0002] Low-grade inflammation is an independent risk factor of heart disease,
stroke, diabstes and mortality. Research findings sugges! that atherosclerosis, which
involvaes the formation of fally deposits (plagues) and activity of free radicals and
infectious agents in the arteries, can be likened to arthrilis of the bones and joints
because they are both inflammatory disorders. Inflammation precedes the delection
of insulin resistance and therefors may be a good predictor of diabetes.

f0003] Further, it has been demonsirated that chess mice {ob/ob and divdb} have a
disrupted mucosal barrier function and increased systemic inflammaiion (Brun ef af.,
Am J Physiol Gastrointest Liver Physiol 202:G518-G525, 2007. 5 Qclober 20086},
Thase observations were further extended to C87BLE/J mice maintained on high-fat-
dist {Cani ef &, DIABETES, VOL. 57, JUNE 2008, p 1470-1481) and nonobess
diabetic mouse {(Hadfiyvanni ef &/, 2008}, Cani and colleagues, gul.bmj.com, 2008}
reporied that in obfob mice, altering the gut microbicta reduced infestinal permeability
and inflammation via a GLP-2 driven pathway. Further, the increased permeability
ohserved in obesse and diabslic patients is now is likely 1o have a more vital role in the
disease progression than previously anticipated. Increased intestinal permeability
leads {o increased bacterial lipepolysaccharide (LPS) transport across the intestinal
lumen. This increased LPS aclivales immune cells such as macrophages circulating
and organ residing in the body causing low grade chronic inflammation involved in the
pathogenesis of many diseases. This phenomenon is called metabolic endoloxemia

{ME) and can be viewed as a novel concept in chronic diseass pathology.

f0004] Targsting ME and associated diseases is within the scope of this invention.
Diseases including type Il diabetles meliitus, atheroscleresis, Parkinson's disease and
cancer metasiasis arise in the context of chronic low-grade inflammation, of which the

source has not clearly been defined. Interestingly, several recent studies have

e
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demonstrated significant correlations between diseass development and plasma
endotoxin levels {Chang 2011, J Med Sai 2011, 31(53181-208).

[0008] The hypothesized mechanism whereby a dual GLPZ-GLP1 agonist will work
inn a obesity diabeles setling is depicted in Figure 1. The GLPZ component reduces
inflammation and metabolic endotoxemia whereas the GLP1 component provided

glucose control and weight loss through classical GLP1 dependent mechanisms.

f0008] Human GLP-2 is a 33-amino-acid peplide derived from specific
postiransiational processing of proglucagon in the enteroendocrine L cells of the
intestine and in specific regions of the brainstem. R is co-secreted together with
glucagon-like peptide 1 (GLP-1}, oxyntomodulin, and glicentin, in response to nutrient

ingestion.

{68077 GLP-2 inducss significant growth of the small intestinal mucosal epithelium
via the stimulation of stem celf proliferation in the crypts and inhibition of apoplosis in
the villi (Drucker et al., Proc Natll Acad Sci U § A 83:7911-7916 (1898}). GLP-2 also
has growth effects on the colon. Furthermore, GLP-2 inhibits gastric emplying and
gasiric acid secretion {Wojdemann et al., J Clin Endocrinol Metab. 84:2513-25817
{1888}, enhances intestinal barrier funclion (Benjamin el al., Gui47:112-8 (20003,
stimulates intestinal hexose transport via the upregulation of glucose transporters
(Cheeseman, Am J Physiol. R1865-71 {(1887)), and increases intestinal blood flow
(Guan ef al., Gastroenterology125:138147 {2003)).

[G008] GLP-Z binds {0 a single G protein-coupled receplor belonging fo the class i
glucagon secretin family. The GLP-Z receplor is expressed in the small intesting,
colon and stomach, which also are sites that are known {0 be responsive to GLP-2
(Yusia et al., Gastroenterclogy 118:744-755 (2000)). However, the target cell type for
GLP~2 recaeptor stimulation in the gastrointestinal tract remains unclear, and the
downstream intracsiiular mediators coupled to the GLP-2 receplor are poorly

understood.

[60081  The demonstrated specific and beneficial effects of GLP-2 in the small
intestine have raised much interest as to the use of GLP-2 in the trealment of
intestinal diseass or injury {(Sinclair and Drucker, Physiclogy 2005: 357-65).
Furthermora GLP-2 has been shown o prevent or reduce mucosal epithelial damage
in a wide number of preclinical models of gut injury, including chemotherapy-induced

enterilis, ischemia-reperifusion injury, dexiran sulfate-induced colitls and genstic
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models of inflammatory bowel dissase (Binclair and Drucker Physiclogy 2005: 357-
65},

{00101  Additionally, the exprassion of the GLP-2R mRNA in the stomach, (Yusia et
al., 2000} together with the observalion thal GLP-2 reduces gastric motility and gastric
acid secretion {(Meier et al., GASTROENTEROLOGY 2008,130:44-54) provides
ample evidence that the stomach is either directly or indirectly responsive fo GLP-2.
Nonetheless, the use of GLP-2 or analogues of GLP-2 in conditions characterised by
damage to the gastric ning has not yet been explored.

(0011} GLP-2 is secreted as a 33 amino acid peptide with the following segquence
His-Ala-Asp-Gly-Ser-Phe-Ser-Asp-Glu-Met-Asn-Thr-lle-Leu-Asp-Asn-Leu-Ala-Ala-
Arg-Asp-Phe-lle-Asn-Trp-Let-le-Gin-Thr-Lys-lle-Thr-Asp (SEQ 1D NO: 1) His rapidly
cleaved by the enzyme DPP IV al the alanine (Ala) at position 2 relative to the N-
terminus to form an inactive human GLP-2 peptide {3-33). This rapid enzymatic
degradation of GLP-2{1-33}, in addition {0 renal clearance, results in a half life of
about 7 minutes (Tavares et al., Am. J. Physiol. Endocringl. Metab, 278:E134-E139
{2000},

{0012] Representative GLP-2 analogues are described, e.g., in US Patent Nos.
5,789,379, 5,804,500; 8,184,201, 6,184,208, international Publication Nos. WO
7/38031; WO 0141779, WO 02/066511 and DaCambra et al. (Biochemistry 2000,
39, 8888-8804), All references ciled hersin are expressly incorporated by reference
in their entirety.

Summary of the Invention

[0013] Broadly, the present invention concerns GLP-2 analogues comprising one of
more substifutions in comparison to wild-type GLP-2 and which may have the
property of an allered, preferably increased GLP-1 aclivity, 8.¢., as assessed in in
vitro efficacy assays. GLP-1 activity, for example, can be measured by dstermining
ECS0 values at the GLP-1 receplor lower than for native GLP-2. In some
smbodiments, GLP-2 analogues of the invenlion comprise one or more substitutions
at an amino acid position corresponding to one or more of positions 2, 3,5, 7, 8, 8,
10, 11, 12, 14, 15, 16,19, 20, 21, 24, 27 and/or 28 of the wild-type GLP-2 sequence
in combination with Gin, Lys or Glu in position 17. In some embodiments, GLP-2
analogues of the invention comprise one or more substitutions at an amine acid

position corresponding o one or more of positions 2, 3, 5, 7, 8, 9, 10, 11, 12, 15, 18,

)
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20, 21, 24, 27 andior 28 of the wild-type GLP-2 seguence in combination with Gin,
Lys or Glu in position 17, In some embodiments, GLP-2 analogues of the invention
comprise a conservative or non-conservative substitutions at position 2 andfor a
substitution or deletion of one or more of amino acids corresponding to an aming acid
of positions 28 {o 33 of the wild-type GLP-2 sequence. In some embodiments, the
GLP-2 analoguss of the present invention optionatlly comprise lipophilic substituentis
conjugated to one or more of positions 12, 14, 16, 17, 18, 20, 24, 27, 28 and 32. In
some embodimeants, the GLP-2 analoguss of the present invention optionally
comprise lipophilic substituents conjugated {0 one or more of positions 12, 18, 17, 20,
24, 27, 28 and 32.

[G014] In some embodiments, a GLP-2 analogue is represented by the general

Formula

R~ His-X2-X3-Gly-X5-Phe-X7-X8-X8-X10-X11-X12-X13-X14-X15-X16-X17-
Ala-X18-X20-X21-Phe-le-X24-Trp-Leu-X27-X28-X28-X 30-X31-X32-X33-R° (1)
(SEQ D NGO 2)

or a pharmacsutically acceplable salt or solvals thereof,

whersin:

R’ is hydrogen, Cos atkyl {e.g. methyl), acetyl, formyl, benzoy or trifiucroacetyl;

X2 is Gly, Ala or Alb;

X3 is Glu, GlIn or Aspg,

X5 is Seror Thr,

X7 is Seror Thr,

X8 is Asp, Glu or Ser;

X0 is Glu or Asp;

X10 s Met, Vai, Leu or Tyr;

X111 is Asn, Ser or Alg;

X112 is Thr, Ser or Lys;

X13 is lie, Lau, Val, Tyr, Phe or Giny;

X14 is Leu or Met;

X15 is Asp or Gly;

X186 is Asn, Gin, Gly, Ser, Ala, Glu or Lys;

X17 is Gin, Lys, Arg, His or Gly;

X198 is Alg or Val;

K20 is Arg, Lys or His;

X21 is Asp, Glu or Ley;
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X24 is Asn, Ala, Glu or Lys;

X27 is Hle, Ley, Val, Gluor Lys:

X28 is Gin, Asn, Lys, Ser, Y1 or absent;
X289 is Thr, Y1 or absent;

X30 is Lys, Y1 or absent;

X31 is He, Pro or absent;

X32is Thr, Y1 or abseni;

X33 is Asp, Asn, Y1 or absent;

Y1 s Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser, or Lys-Asn-Gly-Gly-Pro-Ser-Ser-
Gly-Ala-Pro-Pro-Pro-Ser; and

R? is NH, or OH;

with the proviso that the GLP-2 analogus of Formula His not
HGDGSFSDEMNTILDGQAARDFINWLIQTKITD; (SEQ ID NO 3}
HGDGSFSDEMNTILDNQAARDFINWLIQTKITD, (SEQ 1D NO 43
or
HGDESFSDEMNTILDSQAARDFINWLIQTK (SEQ D NG §)

I0018]  In this formula, X31 may also be Y1, X28 may also be Gly. X298 may also
be Ala.

I0016]  Additionally, Y1 may be present between X33 and R%. Thus, a position X34
may be envisaged, where X34 is Y1 or is absent.

00171 In some embodiments, a GLP-2 analogus is a GLP-2 analogue according o

Formula { or a pharmaceutically acceplable salt or solvate thereof, wherein:

R' is hydrogen,

X2 is Gly, Ala or Aib;

X3 is Gly, Gin or Asp;

X5 is Seror Thr;

X7 is Ser or Thr;

X8 is Asp, Glu or Ser,

X8 is Glu or Asp;

X10 is Met, Val, Leu or Tyr;
X11is Asn, Ser, or Alg;
X12is Thror Lys;

(93]
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X14 is Lsu or Mel;

X15 is Asp or Gly;

X186 is Asn, Gin, Gly, Ser, Ala, Glu or Lys;
X17 is Ginor Lys;

X198 is Ala or Val;

X20 is Arg, Lys or His;

X21 s Asp, Glu or Lsu;

X24 is Asn, Alg, Glu or Lys;

X27 is He, Ley, Valor Lys:

X28 is Gin, Asn, Y1 or absenti;

X289is Thr, Y1 or absent;

X30 is Lys, Y1 or absent;

X31 is He, Pro, Y1 or absent;

X32is Thr, Y1 or absent

X33 is Asp, Asn, Y1 or absent;

Y1 is -Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser;
and

R? is NH, or OH;

with the proviso that the GLP-2 analogue of Formula s not

HGDGSFSDEMNTILDGQAARDFINWLIQTKITD,
HGDOSFSDEMNTILDNQAARDFINWLIQTKITD; or
HGDGSFSDEMNTILDSQAARDFINWLIQTK,

{0018} In this formula, X13 may be lis, Leu, Val, Tyr, Phe or Gin.

{00491 X28 may also be Gly. X289 may also be Ala. Y1 may be present batween
X33 and R?,

{00201 in some embodiments X14 of Formula His Leu
00211  In some embodiments X14 of Formula | is Mst
{00221  In some smbodiments, X17 of Formula | is Gin.
{00231 In some embodiments, X17 of Formula tis Lys.

[0024]  In some sembodiments, X17 of Formula tis Glu.
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[G025)  In some embodiments X19 of Formula | is Ala.
[0028] In some embodiments X19 of Formula tis Val.
{08271 In some embodiments, X16 of Formula s Gly and X17 of Formuda | is Gin.
[0028]  In some smbodiments, X186 of Formuia His Gly and X147 of Formula s Lys.

f0028] In some embodiments, X168 of Formula lis Gly and X117 is of Formula tis
Gilu.

{8030] In some embodiments, X2 of Formula s Aib, X18 of Formula | is Gly and
X17 of Formula | is Gin.

{0031} In some embodiments, X2 of Formula s Alb, X186 of Formula tis Gly and
X147 of Formula His Lys.

f0032] In some embodiments, X2 of Formula s Aib, X186 of Formula tis Gly and
X417 of Formula 1 is Glu

[6033]  In some embodiments, X2 of Formula | is Gly, X186 of Formula His Gly and
X17 of Formula His Gin.

f0034]  In some embodiments, X2 of Formula s Gly, X16 of Formula tis Gly and
X17 of Formula g is Lys.

f003581  In some embodiments, X2 of Formula | is Gly, X16 of Formula His Gly and
X17 of Formula | is Glu,

{0038] In some embodiments, a GLP-2 analogus is represented by the general

Formula la:

R His-X2-X3-Gly-X5-Phe-X7-X8-X8-X10-X11-X12-X13-Lew-X15-X16-X17-
Ala-Ala-X20-X21-Phe-lle-X24-Trp-Leu-X27-X28-X28-X30-X31-X32-X33- R®
(ia) (SEQ ID NO 8)

or a pharmaceutically acceptable salt or solvale thereof,
whergin:

R' is hydrogen, Cq.. allkyl {8.g. methyl), acetyl, formyl, benzoy! or iriflucroacetyl;

~d
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X2 is Gly, Ala or Aib;
X3 is Glu, Gin or Asp;
X5 is Seror Thr;
X7 is Seror Thr;
5 X8is Asp, Glu or Ser;
X8 is Glu or Asp;
X10 is Met, Val, Leu or Tyt
X11is Asn or Ser;
X12 is Thr, Ser or Lys;
10 X13is lie, Ley, Val, Tyr, Phe or Gin;
X15 is Asp or Glu;
X16 is Asn, Gin, Gly, Ser, Ala, Glu or Lys;
X17 is Gin, Lys, Arg, His or Gly;
X20 is Arg, Lys or His;
15 X21is Asp, Giu or Ley;
X24 is Asn, Ala, Glu or Lys;
X27 is lle, Lsy, Val, Glu or Lys:
X28 is Gin, Asn, Lys, Ser, Y1 or absent;
X28is Thr, Y1 or absent;
200 X30is Lys, Y1 or absent;
X31 is He, Pro or absent;
X32is Thr, Y1 or absent;
X33 is Asp, Asn, Y1 or absent;
Y1 is Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser, or Lys-Asn-Gly-Gly-Pro-Ser-Ser-
25 Giy-Ala-Pro-Pro-Pro-Ser; and
R® is NH; or OH;

with the proviso that the GLP-2 analogue of Formuia fa is not
HGDGSFSDEMNTILDGQAARDFINWLIQTRITD;
HGDGSFSDEMNTILDNQAARDFINWLIQTKITD; or

30 HGDGSFSDEMNTILDSQAARDFINWLIQTK.

[O03TY  In this formula, X31 may also be Y1

[0038]  Additionally, Y1 may be present between X33 and R®. Thus, a8 position X34
may be envisaged, where X34 is Y1 oris absent.

X28 may also be Gly. X289 may also be Ala.
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{00381 In some embodiments, a GLP-Z analogue is a GLP-2 analogue according to
Formuia la or a pharmaceutically acceplable salt or solvale thereof,

whersiny

R' is hydrogen,

X2 is Gly, Ala or Al

X3 is Glu, Gin or Asp;

X5 is Seror Thr;

X7 is Seror Thr;

X8 is Asp, Glu or Ser;

X8 is Glu or Asp;

X10 is Met, Val, Lsu or Tyr;
X11 is Asn or Ser;

X12is Thror Lys;

X15 is Asp or Glu;

X186 is Asnh, Gin, Gly, Ser, Ala, Glu or Lys;
X17 is Gin or Lys;

K20 is Arg, Lys or His;

X21 is Asp, Glu or Ley;

X24 is Asn, Ala, Glu or Lys;
X27 is Hle, Lau, Val or Lys:
X28 is Gin, Asn, Y1 or absent;
X29is Thr, Y1 or absent;

X30 is Lys, Y1 or absent;

X31 is He, Pro, Y1 or absent;
X32is Thr, Y1 or absent;

X33 is Asp, Asn, Y1 or abseant;
Y1 is -Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser;
and

R? is Ny or OH;

with the proviso that the analogue of Formula Ia is nof

HGDGSFSDEMNTILDGQAARDFINWLIQTKITD,
HGDGSFSDEMNTILDNQAARDFINWLIQTKITD, or
HGDGSFSDEMNTILDSQAARDFINWLIQTK,
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[6040]  In this formula, X13 may be lle, Ley, Val, Tyr, Phe or Gin.

[0049] X28 may also be Gly. X208 may also be Ala.

00421 Y1 may be present between X33 and RY,

(00431 In some embodiments, X17 of Formula la is Gin.
(00441  In some smbodiments, X417 of Formula la is Lys.

160457  In some embodiments, X17 of Formula la is Glu.

(68487 In some embodiments, X16 of Formula la s Gly and X117 of Formula a is

Gin,

{60471  In some embodiments, X186 of Formula la is Gly and X17 of Formula lais

Lys.

[0048] in some embodiments, X168 of Formula lais Glvand X17 of Formuda la is

Gl

[00481  in some embodiments, X2 of Formula la is Alb, X16 of Formuia la is Gly and

X7 of Formula la is Gin.

{00501  In some embodiments, X2 of Formula la is Aib, X16 of Formula la is Gly and

X17 of Formula la is Lys.

{80511 In some embodiments, X2 of Formula la is Alb, X16 of Formuda 1a is Gly and

XA7 of Formuia la is Glu.

[0082] In some embodiments, X2 of Formula la is Gly, X186 of Formula Ia is Gly and

K17 of Formula la is Gin.

(00531  in somse embodiments, X2 of Formula la is Gly, X16 of Formula la is Gly and

X117 of Formula la is Lys.

{6054  in some embodiments, X2 of Formuda la is Gly, X16 of Formuda la is Gly and

X17 of Formula la is Glu.

10
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[060558] In any one of the embodiments above, or indspendently, X8-X8-X10-X11
may be Ser-Glu-Leu-Ala.

[6058] In the generic formulae described above, positions X428 (o X33 may be
selectad from cerlain amine acid residues, or may be Y1, or may be absent. itis
intended that the GLP-2 analogue containg no more than ons Y1 molety, and that if
present, Y1 forms the C-lerminal part of the molecule. Thus, if any of positions is X28
fo X33 is Y1, all downstream positions are absent; L.e. those positions X238 {o X33 {or
X34) downstream of that Y1 are absent). In this context, positions *downsiream” of a
given position are those located C-terminal of that position.

[0087] Further, if any of positions X28 {0 X33 is absent, then all positions
downsiream of that position are alse absent {except that Y1 may be present). Thus,
the only combinations of these positions which can be absent are X33; X32-X33; X31-
K3I2-X33; X30-X31-X32-X33; X29-X30-X31-X32-X33; and X28-X28-X30-X31-X32-
X33, To put it ancther way, if position XN is present {where N is an inleger between
28 and 33} then position X{N-1} is also pressnt,

[B058] The GLP-2 analogue may be represented by the general Formula i

R His-X2-X3-Gly-X5-Phe-X7-Ser-Glu-Leu-Ala-X12-X13-X14-X 15-X16-X17-
Ala-X18-X20-X21-Phe-lle-X24-Trp-Leu-X27-X28-X29-X30-X31-X32-X33-X34-
R® (I (SEQIDNQOT)

or a pharmacsutically acceptable salt or soivale thereof,
wherain:

R’ is hydrogen, Gy, alkyl (e.g. methyl), acetyl, formyl, benzoyl or trifluoroacetyl;
X2 is Gly, Ala or Aib;

X3 is Ghu, Gin or Asp;

X&is Seror Thr

X7 is Seror Thr

X12 is Thr, Ser or Lys;

K13 is lls, Ley, Val, Tyr, Phe or Gin;

Xi4 is Leu or Met;

K15 is Asp or Gly;

X168 is Gly, Ser, Ala, Glu or Lys;

X17 is Gin or Lys;

11
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X189 is Ala or Val;

X20 is Arg, Lys or His;

X21is Asp, Gluor Ley;

X24 is Asn, Ala, Glu or Lys;

X27 is He, Ley, Val, Glu or Lys:

X28 is Gin, Asn, Lys, Ser, Gly, Y1 or absent;
X289 is Thr, Ala, Y1 or absent;

X320 is Lys, Y1 or absent;

X31is e, Pro, Y1 or absent;

X32 is Thr, Y1 or absent;

X33 is Asp, Asn, Y1 or absent;

X34 is Y1 or absent;

Y1 is Gly-Gly-Pro-Ser-Ber-Gly-Ala-Pro-Pro-Pro-Ser, or Lys-Asn-Gly-Gly-Pro-Ser-Ser-
Gly-Ala-Pro-Pro-Pro-Ser; and

R? is NH, or OH; wherein

the GLP-2 analogue contains no more than one Y1,

if any of X28 to X33 is Y1, those positions X28 {o X34 downsiream of that Y1 are

absent;

if any of X28 lo X33 is absent, those positions X28 o X33 downsiream of that position

are also absent.

[0858] In some embodiments, X16 of Formula it is Gly, Ser or Ala. In such
embodiments, X17 of Formula it may be Lys, or X17 of Formuda H may be Gin,

{0060] Further additionally or alternatively, X2 of Formula i may be Gly or Ala.

f0061Y  Thus, in some embodiments, X186 of Formuia H is Gly and X17 of Formula
is Gln.

{8062] In some embodiments, X168 of Formula s Gly and X17 of Formula H s Lys.

{0083] In some embodiments, X2 of Formula H is Gly, X18 of Formula i is Gly and
X17 of Formula il is Gin.

12
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[0084] In some embodiments, X2 of Formula His Gly, X18 of Formula il is Gly and
X417 of Formula His Lys.

j0085] In some embodiments, X2 of Formula His Aib, X186 of Formula I is Gly and
X17 of Formula H is Gin.

[0088] In some embodiments, X2 of Formula His Alb, X186 of Formula H s Gly and
X17 of Formula il is Lys.

{00671  Thus, in some embodiments of Formula 1l

R is hydrogen, C,, alkyl (e.g. methyi}, acelyl, formyl, benzoy or iffucroacety!;
X2 is Gly or Alb;

X3 is Glu or Asp;

X5 is Seror Thr;

X7 is Seror Thr

X12 is Thr, Ser or Lys;

X13 is He, Ley, Val, Tyr, Phe or Gin;

X14 is Leu or Met;

X15 is Asp or Gly;

X6 is Gly, Ser or Alg;

X147 is Ginor Lys;

X189 is Ala or Val;

X230 is Arg, Lys or His;

X21 is Asp, Glu or Ley;

X24 is Asn, Ala, Glu or Lys;

X27 is llg, Loy, Val, Glu or Lys:

X28 is Gin, Asn, Lys, Ser, Gly, Y1 or absent;
X298 is Thr, Alg, Y1 or absent;

X30 is Lys, Y1 or absent;

X31is lle, Pro, Y1 or absent;

X32 is Thr, Y1 or absent;

X33 is Asp, Asn, Y1 or absent;

X34 is Y1 or absent;

Y1 is Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser, or Lys-Asn-Bly-Gly-Pro-Ser-Ser-
Giv-Ala-Pro-Pro-Pro-8Ber; and

i3



WO 2013/164484 PCT/EP2013/059320

10

15

20

R is NH, or OH: wherein
the GLP-2 analogue contains no more than one Y1;

if any of X28 o X33 is Y1, those positions X28 {o X34 downsiream of that Y1 are

absent;

if any of X28 to X33 is absent, those positions X289 o X33 downstream of that position

are also absent.

f0068] In some embodiments, X16 is Gly and X17 is Gin.
{0088] In some embodiments, X186 is Gly and X17 is Lys.
(00701  In some embodimenis, X2 is Gly, X168 is Gly and X17 is Gin.
[00T1]  In soms embodiments, X2 is Gly, X186 is Gly and X17 is Lys.
6072  iIn some embodiments, X2 is Aib, X16 is Gly and X17 is Gin.
(60731  In some smbodiments, X2 is Aib, X186 is Gly and X17 is Lys.

[0074] In some embodiments, a GLP-2 analogue is represented by the general

Formula it

R~ His-Bly-X3-Gly-X5-Phe-X7-Ser-Glu-Leu-Ala-X12-X13-Leu-X 15-Gly-X17-
Ala-X18-X20-X21-Phe-lle-X24-Trp-Leu-X27-X28-X29-X30-X31-X32-X33-X34-
R (1D (SEQID NO 21)

or a pharmaceutically acceptable sall or solvale thereof,

wherein:

R is hydrogen, Ciq alkyl (2.g. methyl), acetyl, formyl, benzoy! or triflucroacetyl;
X3 is Glu,or Asp;

X5 is Seror Thr;

X7 is Seror Thr;

X12is Thr, Ser or Lys;

X13is lle, Tyr, or Gy,

X15 is Asp or Gly;

X17 is Gin or Lys;

14
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X186 is Ala or Val;

X20 is Arg, Lys or His;

X21 is Asp, Glu or Ley;

K24 is Asn, Ala, Gly;

X27 is Hle, Ley, Glu or Lys:

K28 is Gin, Lys, Ser, Gly, Y1 or absent;
X28is Thr, Ala, Y1 or absent;

X30is Lys, Y1 or absent;

X31is lie, Pro, Y1 or absent;

X32 s Thr, Y1 or absent;

X33 is Asp, Asn, Y1 or abseni;

X34 is Y1 or absent;

Y1 is Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-8er, or Lys-Asn-Gly-Gly-Pro-Ser-Ser-
Gly-Ala-Pro-Pro-Pro-Ser; and

R* is NH, or OH; wherein

the GLP-2 analogus conlains no more than one Y1,

i any of X28 {o X33 is Y1, those posifions X2¢ {0 X34 downstream of that Y1 are
absent;

it any of X28 to X33 is absent, those positions X28 to X33 downstream of that position

are also absent.

[6075]  In any of the above embodiments of the invention, it may be desirable that
the amino acid ssquence of the GLP-2 analogue has not more than § amino changes,
a.g. not more than 4, not more than 3, not more than 2 or not more than 1 change
from the amino acid sequence HEDGSFESELATHLDGKAARDFINWLUIQTKITD or
HGDGSFSSELATILDGQAARDFIAWLIQTKITD,

[6078]  In some embodiments, a GLP-Z analogue of the invention is represented by
any one of the following sequences:

H-AD-DGSFSRDEMNTILDNQAARDFINWLIQTKITD; (SEQ D NO 8)
HEDGSFSDEMNTILDNKAARDFINWLIQTKITD,  (SEQIDNQO Q)

HGDGESFSDEMNTILDGQAARDFINWLIQTK; (SEQ D NO 10}
HODGSFSSEMNTILDSQAARDFINWLIQTKITD, (SEQIDNO 11
HGEGTFTSDLSKQMEGQAVRDFIEWLIQTKITD, (SEQ ID NG 12}
HOEGTFTSDLEKOMESKAARDFIEWLIQTKITD, (SEQ D NG 13}
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HGDGSFSSELATILDGKAARDFINWLIQTKITD, (SEQID NGO 14)
HGEGTFTSDLSTILENKAARDFIEWLIQTKITD; {SEQ 1D NGO 18)
HGEGSFSSDLSTILENKAARDFIEWLIQTKITD;, (SEQID NG 18)
H-Ab-DGSFSDELNTILDGKAARDFINWLIQTK;, (SEQIDNO 1T
HGDGESFSSELATILDGQAARDFIAWLIQTKITD, (SEQID NO 18)
HGDGSFSDEMNTILDGUAARDFINWLIQTK; {(SEQ D NO 18) and
HGEGSFSSDLSTILEGKAARDFIEWLIQTKITD, (SEQ ID NO 20}
or a pharmaceutically accaptable salt or solvate thersof.

[0077]  Thus, the GLP-2 analogue of the invention may be a compound RL-Z-R°,
wherain R' and R? are as defined in the generic formuiae and 7 is a peptide

sequence sslected from those listed above.

[0078] In some embodiments, a GLP-2 analoguse of the invention comprises a
fipophilic substituent conjugated to an amino acid at a posilion corresponding {0 one
or more of positions 12, 14, 16, 17,18, 20, 24, 27, 28 and 32 of native GLP-2.

[6078] In some embodiments, a GLP-2 analogue of the invention comprises a
lipophilic substituent conjugated to an amine acid at a position corresponding o one
or more of positions 12, 16, 17, 20, 24, 27, 28 and 32 of native GLP-2.

{0080 In some embodiments, a GLP-2Z analogue of the invention may be used in a
therapy.

{06811 In some smbodiments, the invention provides a pharmaceutical composition
comprising a GLP-2 analogus of the invention, or a salt or derivative thereof, in
admixiure with a carrigr. In some embodiments, the pharmaceutical composition may
comprise a GLP-2 analogus thal is a pharmacsutically acceptable acid addition salt,
in some embodiments, the pharmaceutical composition is formulated as a liquid
suitable for administration by injection or infusion, or which is formulated lo cause

slow releass of a GLP-2 analogue of the invention.

[00821 In some embodiments, the invention provides for the use of a GLP-2
analogus of the invention for the preparation of a medicament for the treatment and/or
pravention of low grade inflammation.

{00831  In some embodiments, the invention provides for the use of a GLP-2
analogue of the invention for the preparation of a medicament for the treatment and/or
pravention of low grade inflammation related lo diabetes (which may be type | or type

16



WO 2013/164484 PCT/EP2013/059320

L

10

pmt
(541

20

il diabstes, but particularly type Hl). In some embodiments, the low grade
inflammation is local or systemic low grads inflammation. In some smbodiments, the
low grade inflammation includes the melabolic syndrome, obesity {e.g. abdominal
obesity), diabeles, cardiovascular disesases, gastrointestinal inflammation, depression,
Alzheimer, arthrilis, hypertension, dyslipidasmia and stroks, gastro-intestinal
disorders in the upper gastrointestinal tract of the cesophagus, the stomach,
duodenum, the small intestine, colon and rectum including ulcers of any asticlogy
{e.q., peptic uicers, Zollinger-Ellison Syndrome, drug-induced ulcers, ulcers related {0
infactions or other pathogens), digestion disorders, malabsorplion syndromes, short-
bowel syndrome, cubde-sac syndrome, inflammatory bowel disease {e.¢g., Crohns
disease and ulcerative colitis), celiac sprue {for example arising from gluten induced
entsropathy or celiac disease}, tropical sprue, hypogammaglobulinemic sprue, and
chemotherapy and/or radiationhemotherapy induced mucosilis and diarrhea. Some
of the above diseases, conditions and disorders may be characterized as being

associated with low grade inflammation.

[0084] in some embodiments, the invention provides a nucieic acid moleculs

comprising a nucleic acid sequence encoding 8 GLP-2 analogue of the invention,

f0085]  In some embodiments, the invention provides an expression veclor

comprising a nucleic acid molscule comprising a nuclsic acid sequence encoding a
GLP-2 analogue of the invention in combination with control sequences o direct the
expression of the GLP-Z analogue. In some embodiments, the invention provides a

host celf transformed with the expression veclor.

{00881 In some embodiments, the invention provides a method of producing a GLP-
2 analogus of the invention, the method comprising culturing host cells expressing the
GLP-2 analogue under conditions suitable for expression and purifying the GLP-2

analogue thus produced.

{00871 In some embodiments, a nucleic acid molecule of the invention, an
expression vector of the invention, or a host cell of the invention may be used in a

therapy.

{00881 In soms embodiments, the invention provides for the uss of a nuclsic acid
molscule of the invention, an expression vector of the invention, or a host csll of the
invention in the preparation of a medicament for the treatment and/or prevention of

iow grade inflammation. In some embodiments, the low grade inflammation is local or

t7
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systemic, and can include, for example, metabolic syndrome {broadest definition),
obesily {s.g. abdominal obesity}, diabetes, cardiovascular dissases, gastrointestinal
inflammation, depression, Alzheimer's disease, arthrilis, hypertension, dyslipidaemia
and stroke, gastro-intestinal disorders in the upper gastrointesiinal tract of the
gesophagus, the stomach, duocdenum, the small inlestine, colon and rectum including
uicers of any asticlogy (e.q., peptic ulcers, Zollinger-Ellison Syndrome, drug-induced
uicers, ulcers related to infections or other pathogens), digestion disorders,
malabsorption syndromes, short-bowsl syndrome, cul-de-sac syndroms, inflammatory
hows! disease (Crohns disease and ulcerative colitis), celiac sprus {for example
arising from gluten induced enteropathy or celiac diseass), tropical sprue,
hypogammaglobulinemic sprue, and chemotherapy and/or radiationhemotherapy

induced mucositis and diarrhea.

(00881 In some embodiments, the invention provides a method of reating a
gastrointestinal-related disorder {e.g., stomach or bowsl) in a patient in nesd thereof
by administering an sffective amount a GLP-2 analogue of the invention, & nucieic
acid molecuie of the invention, an expression vector of the invention, or a host cel of
the invention. In some embodiments, the gastrointestinal related disorder is low
grade inflammation. The low grad inflammation may be local or syslemic, and may
include the metabolic syndrome, obesity {e.g. abdominal obesily}, diabetss,
cardiovascular diseases, gastrointestinal inflammation, depression, aizhsimer,
arthritis, hyperiension, dyslipidasmia and stroke, gastrointestinal disorders in the
upper gasirointestinal tract of the cesophagus, the slomach, ducdenum, the small
intestine, colon, or rectum, including ulcers of any aetiology {e.g., peptic ulcers,
Zollinger-Eilison Syndroms, drug-induced ulcers, ulcers related to infections or other
pathogens}, digestion disorders, malabsorption syndromaes, short-bowsl syndrome,
cul-de-sac syndrome, inflammalory boweld disease {e.g., Crohns diseass and
ulcerative colitis), celiac sprue {(for exampile arising from gluten induced enteropathy
or celiac disease), fropical sprue, hypogammaglobulinemic sprue, and chemotherapy

and/or radiationhemotherapy induced mucositis and diarrhea.

{0084]  In some embodiments, the invention provides a therapeutic kit comprising a
cancer chemotherapy drug and a GLP-2 analogue of the invention, a nucleic acid
molscule of the invention, an expression veclor of the invention or a host call of the

invention, sach optionally in combination with a pharmaceutically acceptable carrier.

8



WO 2013/164484 PCT/EP2013/059320

(V4]

10

15

2@

30

Brief Description of the Figures

{0081} Figure 1 shows the gffects of GLP-1 and GLP-2 on physiological pathways.
{Adapted from Cani st al., Pharmacology and Therapeutics 130 (2011) 202-212.)

[0092] Figure 2 shows the effects of Compound 12 or vehicle administration on the
oral glucose tolerance test (OGTT). One hour before glucose challenge, baseline
measurements were {aken and Compound 12/vehicle was administered. (A) Blood
glucose levels during the experimental period (B) AUC of blood glucoss

measurameants,

{0083] Figure 3 shows the sffects of Compound 7 or vehicle administration on
intestinal wet weight, Animals were treated with compound 7 or vehicle once daily,

for four days and on day § the small intesting was removed and weighed.

[0084] Figure 4 shows effects of two weeks administration of test compound 7 or
vehicle administration on infestinal weight. (A} Small intestinal wet weight (B) Large

intestinal wet weight.

{0085] Figure § shows effects of two weeks adminisiration of test compound 7 or
vehicle adminisiration on glucose homeostasis. Animals wers fasted overnight, and
blood drawn for analysis of (A} fasting blood glucose (B} fasting plasma insulin and
{C} homeostatic mode! assessment-insulin resistance (HOMA-IR).

Detalled Description of the invention

[0088] Unless otherwise defined hersin, scientific and technical ferms used in this
application shall have the meanings that are commonly undersiood by those of
ordinary skill in the art. Generally, nomenclature used in connection with, and
techniques of, chemistry, molecular biology, cell and cancer biclogy, immunclogy,
microbicliogy, pharmacology, and protein and nucleic acid chemistry, described

herein, are those well known and commonly used in the art,

{00871 Al publications, palents and published patent applications referred to in this
application are specifically incorporated by reference herein. In case of conflict, the

present specification, including its specific definitions, will control,

{08881 Each embodiment of the invention described herain may be taken alone or in

combination with one or mors other embodimeants of the invention.
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Definitions

(00887  Unless specified otherwise, the following definilions are provided for specific

terms, which are used in the above written description.

31801 Throughout this specification, the word “comprise” or variations such as
“‘comprises” or "comprising” will ba understood o imply the inclusion of a stated
integer {or components) or group of integers {(or componenis), but not the exclusion of

any other integer {or components) or group of integers {or componsnts).

n o8

[040]  The singular forms “8,” "an,” and “the” include the plurals unless the context

clearly dictates otherwise.

[0182] The term "including” is used o mean “including but not imited {0

“Including” and “including but not limited t0” are used interchangeably.

{6183] The terms "patient,” "subject,” and “individual” may be used inlerchangeably
and refer to either 3 human or a non-human animal, These terms include mammals
such as humans, primates, livesiock animals {e.g., bovines, porcings), companion

animals {e.g., canines, felines) and rodents {e.g., mice and rats).

[6104] The term “solvale” in the context of the present invention refers {0 a complex
of defined stoichiometry formed between a solute (in casu, a peptide conjugate or
pharmaceutically acceplable salt thereof according fo the invention) and a solvent.
The solvent in this connection may, for example, be water, sthanol or another
pharmaceutically accepiable, typically small-molecular organic species, such as, but
niot limited to, acetic acid or lactic acid, When the solvent in question is water, such a

soivale is normally referred 10 as a hydrates.

[8105] The term “agonist’ as employed in the context of the invention refers to a

substance (ligand) that activates the receplor type in question.

[0188] Throughout the descriplion and claims the conventional ons-letler and three-
letier codes for natural amino acids are used as well as generally accepled three
letler codes for other g-amino acids, such as sarcosine {Sar), norleucine {Nie) and -
aminoiscbutyric acid (Aib). All amino acid residues in peplides of the invention are
preferably of the L-configuration. Howsver, D-configuration aming acids may also be

present.

20
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(61877  Among sequences disclosed herain ars sequences incorporating an “Hy-*
moiety at the amino terminus {(N-terminus) of the ssguencs, and either an “-OH’
mgiety or an "~-NH:" moiety at the carboxy terminus {C-lerminus) of the sequence. In
such cases, and uniess otherwise indicated, an "Hy-" moisty at the N-terminus of the
sequence in question indicates a hydrogen atom [e.g., R’ = Hy- in formulas 1 and lg;
corresponding to the presence of a fres primary or sscondary amine group at the N-
terminus], while an "-OH" or an "“-NH;” moiety al the C-lerminus of the sequencs
indicates a hydroxy group [2.q., R® = OH in formulas | and ia; corresponding to the
presence of a carboxy (COOH) group at the C-terminus] or an amino group [e.g., R® =
NH; in formulas | and la; corresponding to the presence of an amido {CONH,) group
at the C-lerminus], respectively. In each sequance of the invention, a C-lerminal “~

OH” moiety may be substituted for a C-lerminal *=NH," moisty, and vics-versa.

[0108] As used herein a “conservative substifution” means that an amino acid
residue belonging to a certain position of the native human GLP-2 peptide sequence
has been exchanged with an amino acid residus belonging to the sames group {0, i, i,
IV, V, 1, 2, 3} as defined in the following table:
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01081 A "non-conservalive” substitution as used herain means any substitution
other than a conservative substitution of an amino acid residus of the native human
GLP-2 ssquencs, &.¢., substitution with a non-protein non-natural amino acid (Sar,
Nie, Alb) or substituting with an amino acid which dees not belong to the same group.

01181  In some smbodiments of the invention, a compound of the invention has at
isast one GLP-2 and one GLP-1 biclogical activity, Exemplary aclivilies include
reducing the permeability of the intesting and altering inflammation in the inlestine.
This can be assessed in in vivo assays, for example as described in the examples, in
which the mass and the permeability of the intestine, or a portion thereof, is
determined after a fest animal has been treatsd or exposed to a GLP-2 analogue.

0111}  In some embodiments, a GLP-2 analogue of the invention has at least 60%
amino acid sequence identily to wild-type GLP-2 {1-33} having the ssquenceHis-Ala-
Asp-Gly-Ser-Phe-Ser-Asp-Glu-Mst-Asn-Thr-le-Leu-Asp-Asn-Leu-Ala-Ala-Arg-Asp-
Phe-lle-Asn-Trp-Leu-lle-Gin-Thr-Lys-lle-The-Asp. For sxample, a GLP-2 analogue of
the invention may have from betwsen about 50% o 88% sequence identity, e.g.,
between about 80% - 80% and in cerlain embodiments, al least 63%, 68%, or §8%

sequence identity.

f0142] ‘“Percent (%) amino acid sequence identity” with respeact to the GLP-2
polypeptide sequences is defined as the percentage of amino acid residues in a
candidale sequence that are identical to the amino acid residues in the wild-type
GLP-2 ssguencs, after aligning the seguences and introducing gaps, i necassary, o
achiave the maximum percent sequences identily, and not considering any
conservative substitutions as part of the ssquence identity.  Sequence alignment can
be carried out by the skilled person using techniques well known in the art for
example using publicly available software such as BLAST, BLAST2 or Align software.
For examples, see Altschul st al., Methods in Enzymology 266:460-480 (1886),
Pearson et al., Genomics-46: 24-36, 1887, and the alignment program on the website

at molbiol.soton.ac.uk/compute/align.

[0113] The percent sequance identilies used herein and in accordance with the
prasent invention may be determined using these programs with their defaull sellings.
More generally, the skilied worker can readily determine appropriate parameters for
determining alignment, including any algorithms needed {0 achieve maximal

alignment over the full length of the sequences being compared.
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{0114] Inh some embodiments of the invention, a GLFP-2 analogue of the invention
comprises more than one substitution (i.e., more than one substitution refative o the
wild type GLP-2Z sequence given above) at positions X2, X3, X§&, X7, X8, X8, X140,
X, X142, XA3,X14, X145, X186, X147, X198, X20, X21, X24, X27, X28, X289, X30, X31,
X32 and X33.

1151 In some embodiments of the invention, a GLP-2 analogue of the invention
comprises more than one substifution {i.e., more than one substitution relative {o the
wild type GLP-2 sequence given above) at positions X2, X3, X8, X7, X8, X8, X1,
X141, X112, X13, X158, X168, X117, X20, X21, X24, X27, X28, X298, X30, X31, X32 and
X33.

{01181 In some embodiments, the amino acid residuss in positions X28, X28, X340,
X31, X32 and X33 are optionally deleted.

1171 Without being bound by theory, we belisve that a polar or charged residus
{e.g., Gin, Lys or Glu) at a position corresponding to position 17 of a native GLP-2
peptide sequence, instead of Leu found in the native GLP-2 peptide sequence, may
interact with and activate the GLP-1 receplor. A polar or charged amine acid in
position 17, thus, may alter the receplor selectivity of GLP-2 peptlides or analoguss
thereof, resulling in dual agonistic peptides aclivating both the GLP-1 and GLP-2
receplors.

0118  Without being bound by theory, we believe that a smail amino acid residue
{e.g., Gly, Ser ar Ala) at position 16 may be preferable for infroducing or enhancing
GLP-1 receplor activity of a GLP-2 peptide analogue. However, it may also be
possible o oblain enhanced GLP-1 receplor activity with other amino acid
substitutions as long as the amino acid in position 17 is polar or charged.

31191 In some embodiments of the invention, a GLP-2 analogue as describad
above comprises a lipophilic substituent conjugated o one or more of positions 12,
14,16, 17, 18, 20, 24, 27, 28 and 32.

31201  In some embodiments of the invention, a GLP-2 analogue as described
above comprises a lipophilic subslituent conjugated o one or more of positions 12,
16, 17, 20, 24, 27, 28 and 32.

[01211  In a preferred embodiment of the present invention the GLP-2 analogue as
described above comprises a lipophilic substituent conjugated to one or more of
positions 186, 17, 20 and 24,
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N-terminus and C-terminus as described for R' and R® and including a
pharmaceutically acceptable salt or derivative thersof:

Hy-H-Aib-DGSFSDEMNTILDNGAARDFINWLIQTKITD-OH, {Compound 1}

Hy-HGDRGSFSOEMNTILDNRKAARDFINWLIQTKITD-OH; (Compound 2}

Hy-HGDGSFSDEMNTILDGQAARDFINWLIQTK-NH,, (Compound 3}

Hy- HGDGSFSSEMNTILDSQAARDFINWLIQTKITD-OH; {Compound 4}

Hy-HGEGTFTSDLSKQMEGQAVRDFIEWLIQTKITD-OH; {Compound §)

Hy-HGEGTFTSDLSKOMESKAARDFIEWLIQTKITD-OH: {Compound 6)

Hy-HGDGSFSSELATILDGRAARDFINWLIQTKITD-OH; {Compound 7}

Hy-HGEGTFTSDLSTILENKAARDFIEWLIQTKITD-OH; (Compound 8)

Hy-HGEGSFSSDLSTILENKAARDFIEWLIQTKITR-OH; {Compound 9}

Hy-H-Alb-DGSFSDELNTILDGKAARDFINWLIQTK-NH,;, {(Compound 10}

Hy-HGDGSFSSELATILRDGQAARDHAWLIQTKITR-0OH,; (Compound 11)

Hy-HGDGSFSDEMNTILDGOAARDFINWLIGTK-NH;, (Compound 12)

Hy-HGEGSFSSDLSTILEGKAARDFIEWLIQTKITD-OH {Compound 13).
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[0123]  In some embodiments, the present invention provides the use of GLP-2
analogues of the invention for the preparation of a medicament for the treatment
and/or prevention of gastrointestinal inflammation, e.¢., low level gasirointestinal

inflammation relsisd o diabelss,

[0124] In some embodiments, the present invention provides a nucleic acid
molecule comprising a nucleic acid sequence encoding a GLP-2 analogue as defined

hersin.

[125]  In further aspects, the present invention provides an expression vactor
comprising the above nucleic acid sequence, optionally in combination with
sequences o direct its exprassion, and host celis transformed with the expression
vactors. Preferably the host cells are capable of expressing and secreting the GLP-2
analogue. in a still further aspect, the present invention provides a method of
producing the GLP-2 analogue, the method comprising culturing the host celis under
conditions suilable for expressing the GLP-2 analogue and purifying the GLP-2
analogue thus produced.

[0428] The invention further provides a nucleic acid of the invention, an exprassion
vector of the invention, or a host cell capable of expressing and ssorsting a GLP-2
analogue of the invention, for use in therapy. I will be understood that the nucieic
acid, expression vector and host cells may be used for treatment of any of the
disorders described herain which may be treated with the GLP-2 analoguss
themselves. References {o a therapeutic compaosition comprising a GLP-2 analogue
of the invention, or adminisiration of a GLP-2 analogue of the invention, should
therefore be construed 8 encompass adminisiration of a nucleic acid, expression

vactor or host cell of the invention except where the context demands otherwise.

{3127] In some embodiments, the present invention provides the uss of a nucleic
acid molgcule, an expression veclor, or a host cell as defined herain, in the
preparation of a medicament {or the treatment and/or prevention of gastrointestinal

inflammation.

[0428] in some embodiments, the present invention provides a method of freatling a

low level gastrointestinal inflammation related {o disbetes

28]  in some embodiments, the present invention provides a method of frealing
or preventing low level gastrointestinal inflammation related {o diabstes in a patientin

need thereof, the method comprising administering an effective amount a nucleic

25
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{0130] As described above, the GLP-2 analogues of the invention have one or more
amino acid substitutions, deletions, inversions, or additions compared {0 native GLP-
2. This definition also includes the synonym terms GLP-2 mimstics andfor GLP-2
agonists. Further, an analogue of the present invention may additionally have a
chemical madification of one or more of its amino acid side groups, a-carbon atoms,
terminal aming group, or ferminal carboxylic acid group. A chemical modification
includes, bulis not limited to, adding chemical moieties, creating new bonds, and
ramoving chemical moistiss. Modifications at amino acid side groups include, without
limitation, acylation of lyaine g-amino groups, N-alkylation of argining, histidine, or
iysine, alkylation of glutamic or aspariic carboylic acid groups, and deamidation of
glutamine or asparagine. Modifications of the N-terminal amino group includes,
without limitation, des-amino, N-lower alkyl, N-di-lower alkyl, and N-acyl modifications.
Modifications of the C-terminal carboxy group include, without limitation, amide, lower
alkyl amide, diatkyl amide, and lower alloyd ester modifications. Preferably, a lower
atkyl is C4-C, alkyl. Furthermore, one or more functional groups in side chains or
ferminal groups, may be protected by profective groups known {o the skilled worker,
in some ambodiments, the alpha-carbon of an amino acid may be mono- or di-
methylated.

01311 When present, an oxidalively stable Met-replacement amino acid means one
which is selected among the group consisting of Met(O} {msthionine sulfoxide),
Mel{Q); {(methionine sulfons), Val, lle, Ser and preferably Hle, Leu, Val, Lys or Ser.

Lipophilic substifuanis

(64321 One or more of the amino acid side chains in a compound smployed in the
context of the invention may be conjugated io a lipophitic substituent 2. Without
wishing o be bound by theory, we believe that a lipophilic substituent binds albumin
in the biood stream, thus shislding the compounds employed in the context of the
invention from enzymatic degradation, which can enhance the half-life of the
compounds. The lipophilic substituent may also modulate the potency of the
compound, e.g., with respect o the GLP-2 receplor and/or the GLP-1 receptor.

IG1331  iIn cerlain embodiments, only one aming acid side chain is conjugated to a
lipophilic substituent. In other embodiments, two amino acid side chains are each

conjugated to a lipophilic substituent. In yet further embodiments, three or even more
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amino acid side chains are each conjugated o a lipophilic substituent. When a
compound contains two or more lipophilic substituents, they may be the same or
different substituents.

10134] The lipophilic substituent 2" may be covalently bonded to an atom in the
amino acid side chain, or alternatively may be conjugated to the amino acid side
chain by one or more spacers 22

{G135] The term "conjugated” is used here {o describe the covalent altachment of
one identifiable chemical moisty {0 another, and the structural relationship between
such moieties. it should not be taken to imply any particular method of synthesis.

The one or more spacers 2°, when present, are used fo provide a spacing bstwesn

the compound and the lipophilic moiety.

01381 A lipophilic substituent may be attached o an amino acid side chainorio a
spacer via an aster, a sulphonyl esler, a thiossier, an amide or a sulphonamids.
Accordingly, # will be undersiood that a lipophilic substifuant may include an acy
group, a sulphonyt group, an N atom, an O atom or an S atom which forms part of the
gsier, suiphonyt esier, 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 lipophilic substifuent may include a hydrocarbon chain
having 10 to 24 carbon {C) aloms, e.g. 1010 22 C aloms, e.g. 1010 20 C atoms.
Preferably, it has at least 11 € atoms, and preferably it has 18 C atoms or fewer. For
example, the hydrocarbon chain may contain 12, 13, 14, 15, 18, 17 or 18 carbon
atoms. The hydrocarbon chain may be linear or branchad and may be saturated or
unsaturated. From the discussion above, it will be understood that the hydrocarbon
chain is preferably subsiituted with a moisty which forms part of the altachment {o the
aming acid side chain or the spacer, for example an acyl group, a sulphonyl group, an
N atom, an O alom or an 3 atom. Most preferably, the hydrocarbon chain s
substituted with an acyl group, and accordingly the hydrecarbon chain may be part of
an alkanoyi group, for example a dodecanoyl, 2-butyloctanoyl, telradecanoy,
hexadecanoyl, hepladecanovl, ocladecanoy or sicasanoy! group.

[0137] As mentionaed above, the lipophilic substituent 2' may be conjugated 1o the
amine acid side chain by one or more spacers 72, When pressnt, the spacer is
aitached o the lipophilic substituent and o the amino acid side chain. The spacer
may be atiached to the lipophilic substituent and o the amino acid side chain
independently by an esler, a sulphonyl ester, a thicester, an amide ora
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suiphonamide. Accordingly, it may include two moieties independently selected from
acyl, suiphonyl, an N atom, an © atom or an § alom. The spacer may consist of a
linear Cq.4n hydrocarbon chain or mors preferably a linear Cos hydrocarbon chain.
Furthermors the spacer can be substituled with one or more substituents selected
from Gy alkyl, Gy alkyl amine, Cog alky! hydroxy and Cog alkyl carboxy.

{0138] The spacer may be, for example, a residue of any naturally ocourring or
unnatural amine acid.  For example, the spacer may be a rasidue of Gly, Pro, Alg,
Val, Leu, lle, Mat, Cys, Phe, Tyr, Trp, His, Lys, Arg, Gin, Asn, o-Glu, y-Gly, e-Lys,
Asp, Ser, Thr, Gaba, Alb, B-Ala (i.e., 3-aminopropanayt), 4-aminobutanoyt, -
aminopsnitanoyl, G-aminchexanoyl, 7-aminchepianoyl, 8~-aminooctanow, 8-
aminononanoyl, 10-aminodecanoyt or 8-amino-3,6-dioxaccianoyl. In certain
embodiments, the spacer is a residue of Glu, v-Gly, g-Lys, B-Ala (s, 3
aminopropancyl}, 4-aminobutanoyl, & amincoctanoy! or 8-amino-3,8-dioxaocctanoyl.
in the present invention, y-Glu and isoGlu are used interchangsably. The amino acid
side chain o which the lipophilic substituent is conjugated may be a side chainof a
Glu, Lys, Ser, Cys, Dby, Dpr or Orn residue. For example, it may be a side chainof a
Lys, Giu or Cys residus. Where two or more side chains carry a lipophilic substituent,
they may be independently selecied from those residues. Thus, the aming acid side
chain includes an carboxy, hydroxyl, thiol, amide or amine group, for forming an ester,
a suiphonyi ester, a thicester, an amide, or a suiphonamide with the spacer or

lipophilic substituent.

[0438] An exampie of a lipophilic substituent comprising a lipophilic moisty 2 and
spacer Z° is shown in the formula below:

Here, the side chain of a Lys residue is covalently attached o a v-Glu spacer (7%} via
an amide finkage. A hexadecanoyt group (77) is covalently aftached to the v -Glu
spacer via an amids linkags. This combination of lipophilic molely and spacer,
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conjugated to a Lys residue, may be referred {0 by the short-hand notfation
K{Hexadecanoyl-y-Glu), e.g., when shown in formulae of specific compounds. y-Giu
can also be referred o as isoGly, and a hexadecanoyl group as a palmitoy! group.
Thus it will be apparent that the notation {(Hexadecanoyi-y-Glu) is equivalent to the
notations {isoGlu{Palm)) or {isoGlu{Palmitoyl)) as used for example in
POTIGB2008/004121.

[01403] The skilled person will be well aware of suitable fechnigues for preparing the
compounds employed in the context of the invention. For examples of suifable
chemistry, see WOSB/OBBT1, WO0D/E5184, WOOD/55119, Madsen et al,, J. Med.
Chem. 50:8128-32 (2007), and Knudsen et al., J. Med Chem, 43:1884-1689 (2000},

incorporated hersin by reference.

[6141] In some sembodiments, a GLPZ- analogue of the invention has a lipophilic
substituent as described above conjugated o an amino acid at one or more of
positions corresponding to positions 12, 14, 16, 17, 18, 20, 24, 27, 28 and 32 of native
GLP-2.

{01421 In some smbodiments, a GLPZ- analogus of the invention has a lipophilic
substituent as described abovs conjugated to an amino acid at one or more of
positions corresponding 1o positions 12, 16, 17, 20, 24, 27, 28 and 32 of native GLP-
2.

[3143] Ut should be undersiood that the peptides of the invention might also be
provided in the form of a salt or other derivative. Salts include pharmaceutically
accepiabie salls such as acid addition salls and basic salts. Examples of acid
addition salts include hydrochioride salls, citrate salls, laclate salts, malate salis and
acetate salls. Examples of basic salls include salls where the cation is selecled from
alkall metlals, such as sodium and potassium, alkaline sarth metals, such as calcium,
and ammonium ions TN(RY) (RY, where R® and R* independently designates
optionally substituted C,¢-alkyl, oplionally substituted G, ¢-alkenyl, optionally
substituted aryl, or oplionally substituted hetercaryl. Other examples of
pharmaceulically acceplable salts are described in "Remingtory's Pharmaceutical
Sciences” 17" edition. Ed. Alfonso R. Gennaro (£4.), Mark Publishing Company,
Easton, PA, US.A, 1985 and more recent editions, and in the Encyclopaedia of
Pharmaceutical Technology.

{0144] Other derivatives of the GLF-2 analogues of the invention include
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coordination complexes with metal ions such as Mt and Zn®, esters such as in vive
hydrolysable esters, free acids or bases, hydrates, prodrugs or lipids. Esters can be
formed between hydroxy! or carboxylic acid groups present in the compound and an
appropriate carboxylic acid or alcohol reaction partner, using techniques well known
in the arl. Derivatives which are prodrugs of the compounds are convertible in vivo or
in vifro into one of the parent compounds. Typically, al least one of the biclogical
activities of compound will be reduced in the prodrug form of the compound, and can
be activated by conversion of the prodrug 1o release the compound or a matabolite of
it. Exampies of prodrugs include the use of protecling groups which may be removed

in situ releasing active compound or serve {0 inhibit clearances of the drug 1 vive.

[01458] GLP-2 analogues having an ECS0 value of 1 nM or below, and preferably
below 1 nM, are defined as GLP-2 agonists.

[0448] The present invention includss the following peplides further described in the

sxperiments bslow.
Synthesis of GLP-2 analogues

{61471 itis preferred {o synthesize the analogues of the invention by means of solid
phase or liguid phase peplide synthesis.  in this contexd, the skilled worker may look
fo PCT publication WO 98/11125 and Fields, GB et al,, 2002, "Principies and practice
of solid-phase peptide synthesis” in: Synthetic Peptides (2™ Edition) (incorporated
herein by reference) and (o the Examples herein.

[148] Thus, the GLP-2 analogues may be synthesized in a number of ways
including, for example, a method comprising:

{a) synthesizing the peplide by means of solid phase or liquid phase peptide
synthesis and recovering the synthetic peptide thus oblained;

{b} when the peptide consists of naturally occurring amino acids, expressing a nucleic
acid construct that encodes the peptide in a host cell and recovering the sxpression
product from the host cell cullure;

{c} when the peptide consists of naturally ocourring amino acids, effecting celi-fres in
vitro expression of a nucleic acid construct that encodes the peptide and recovering
the sxpression product; or

a combination of methods of {8}, (b}, and {¢} o obtain fragments of the peplide,
subsequently joining {e.g., ligating} the fragments {¢ obtain the peptide, and
recovering the peptide.
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{3148] Thus, for some analoguss of the invention it may be advantageous {o exploit
genstlic engineering technigquses. This may be the case when the peptide is sufficiently
large (or produced as a fusion construct) and when the peplide only includes naturally
occurring amino acids that can be transiated from RNA in living organisms.

{3158) For the purposes of recombinant gene technology, nucieic acid fragments
encoding the peptides of the invention are important chemical products, MHence, a
further aspect of the present invention provides a nucleic acid molecule comprising a
nucleic acid seguence encoding a GLP-2 anailogue of the invention, whers the
peptide preferably is comprised of naturally ocourring amino acids.  The nucleic acid
fragments of the invention may be sither DNA or RNA fragments.

[3151] The nuclsic acid fragments of the invention will normally be inseried in
suitable veciors o form cloning or expression vectors camying the nucleic acid
fragments of the invention. Such novel vectors are also part of the invention. Details
concerning the consfruction of these vectors of the invention will be discussed in
context of transformed celis and microorganisms below. The veclors can, depending
on purposs and type of application, be in the form of plasmids, phages, cosmids,
mini-chromosomaes, or viruses, bul naked DNA which is only expressed fransiently in
cartain cells also is an important vecior. Preferred cloning and exprassion veclors
{plasmid vectors) of the invention are capable of autonomous replication, thereby
enabling high copy-numbers for the purposes of high-level expression or high-level
replication for subsequent cloning.

{0152] The gensral cutline of a vector of the invention comprises the following
features in the 5o 3’ direction and in operable linkage: a promoler for driving
sxpression of the nucisic acid fragment of the invention, optionally & nucleic acid
sequence encoding a leader peplide enabling secration (to the extracsiiular phase or,
where applicable, into the periplasma) of or a leader peptide for multiple uss e.g.
combined secration, purification tag and enzymatic rimming o correct peptlide or
integration into the membrane of the polypeptide fragment, the nucleic acid fragment
encoding the peptide of the invention, and oplionally a nucleic acid sequence
encoding a terminator. When operatling with expression vectors in producer strains or
cell ines, it is for the purposes of genstic stability of the transformed call preferred
that the vector when introduced into a host cell is inlegrated in the host cell genome.

{01531  The vectors of the invention may be used 1o transform host celis o produce
a GLP-2 analogue of the invention. Such transformed cells, which are also part of the
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invention, can be cultured cells or cell lines used for propagation of the nucleic acid
fragments and vectors of the invention, or used Tor recombinant production of the

peptides of the invention.

{3184] Preferred transformed cealls of the invention are micro-organisms such as
bacteria including, for example, bacleria from the genera Escherichia {8.g., E. coli},
Bacillus {e.g., Bacillus subtlilis), Salmonella, or Mycobacterium {preferably non-
pathogsnic, e.g., M. bovis BCG}}, veasts (such as Saccharomyces cerevisiae), and
protozoans. Alternatively, the transformed cells may be derived from a multiceliular
organism, €.9., fungal cells, insect cells, plant cells, or mammalian cells {(8.g., cells
derived from a human). For the purposes of cloning and/or optimised expression, it is
preferred that the transformed cell is capable of replicating a nucleic acid fragment of
the invention. Cells expressing a nucleic fragment of the invention are preferred
useful embodiments of the invention. They can be used for small-scale or large-scale

preparation of the peplidss of the invention.

(0188  When producing a peptide of the invention by means of ransformed celis, it
is convenient, although not essential, for celis o either export the exprassion product
into the culture medium or carry the expression product on the surfacs of the

transformed cell.

[0158] When an effective producer cell has been identifiad i is preferred, on the
basis thereof, to establish a stable csll line which carries the vector of the invention
and which exprasses the nucleic acid fragment encoding the peptide. Preferably, this
stable cell line secreles or carries the peplide of the invention, thereby faciiitating

purification thereof,

81871 In general, plasmid vectors containing replicon and control sequences, which
are derived from species compatible with the host csll, are used in connection with a
host. The vecltor ardinarily carries a replication site, as well as marking sequences,
which are capable of providing phenolypic selection in ransformed cells. For
sxample, E. coli may typically be transformed using pBR32Z2 {although numerous
other useful plasmids exist), a plasmid derived from an E. coli species (see, 8.9,
Bolivar et al., 1877). The pBR322 plasmid contains genes for ampicillin and
tetracycline resistance and, thus, provides easy means for identifving transformed
cells. The pBR plasmid, or other microbial plasmid or phage must also contain, or be
modified to contain, promoters, which can be used by the prokaryotic microorganism

for exprassion.

32



WO 2013/164484 PCT/EP2013/059320

10

15

20

]
tn

30

35

[0188] Those promoters most commonly used in prokaryotic recombinant DNA
construction include the bela-lactamase {penicillinase} and lactose promoter systems
{Chang et al.,, 1978, llakura et al,, 1977; Goeddel el al., 1978) and a tryplophan {irp)
promoter system (Goedds! et al., 1878, EP 0 038 776 A). While these are the most
commaonly used, other microbial promoters have been discovered and utilized, and
detalls concerning their nuclectide sequences have been published, enabling a skilled
worksr 1o ligate them functionally with plasmid vectors (Siebwenlist et al., 1880).

{04581  In addition to prokaryotes, sukaryotic microbes, such as yeast cullures may
also be used. In these embodiments, a promoter also should be capabile of driving
sxpression. Saccharomyces cersvisiag, or common baker's yeast, is the most
commonly used among sukaryotic microorganisms, although a number of other
strains are commonly available. For example, Pichia stiptis and
Schizesaccharomyces pombe also may be used. For expression in Saccharomyces,
the plasmid YRp?, for example, is commonly ussd {Stinchcomb et al,, 1879;
Kingsman et al,, 1879; Tschemper et al,, 1880). This plasmid already contains the
trpl gene which provides a seisclion marker for a mutant strain of yeast lacking the
ability {o grow in tryptophan {for sxample ATCC No. 44078 or PEP4-1) {Jones, 19877,
The presence of the trpl lesion as a characteristic of the yeast host cell genome then
provides an effective environment for delecting transformation by growth in the

abssncs of tryplophan.

(01807 Suilable promoting sequences in yeast vectors include the promaoters for 3-
phosphoglycerate kinase {Hitzman et al., 1980) or other glycolytic enzymes (Hess st
al., 1968; Holland st al., 1978), such as snolase, glyceraldehyde-3-phosphate
dehydrogenase, hexokinase, pyruvale decarboxviase, phosphofruciokinase, glucose-
8-phosphate isomerase, 3-phosphogiveerate mulase, pyruvate kinase,
frivsephosphate isomerase, phosphoglucose isomerase, and glucokinass. in
constructing suitable expression plasmids, the termination seguences associated with
these genes arg siso ligaled inlo the sxpression vector 3 of the seguence desired to
be expressed o provide polyadenylation of the mRNA and termination.

[0161] Other promoters, which have the additional advantiage of transcription
controlied by growth conditions, are the promoter region for alcohol dehydrogsnase 2,
isocytochrome C, acid phosphatase, degradative enzymes associated with nitrogsn
metabolism, and the aferementionsd glyceraldshyde-3-phosphate dehydrogenase,
and enzymaes responsible for maltoss and galactose utilization. Any plasmid vector

containing a veast-compatible promoter, origin of replication and termination
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ssquences is suitable.

{81621 in addition to microorganisms, cultures of cells derivad from multiceliular
organisms may also be used as hosts. In principle, any such cell culturs is workable,
whether from verigbrale or invertebrate culture. Howsver, interest has been greatest
in vertebrate cells, and propagation of vertebrate in culture (lissue culiura} has
becoms a rouling procedure in recent vears (Tissue Culture, 1973). Examples of
such useful host cell lines are VERO and Hela celis, Chinese hamster ovary (CHO)
cell lines, and W138, BHK, COS8-7 283, Spodoptera frugiperda (8F) celis
{commercially available as complele expression systems from La. Prolein Sciences,
1000 Research Parkway, Meriden, CT 068450, US.A. and from Invitrogen), the D
melanogaster cell line §; available from Invitrogen, PO Box 2312, 8704 CH
Groningen, The Netherlands, and MDCK cell lines.

{0463] Expression vectors for such cells ordinarily include {(if necessary) an origin of
replication, a promoter located in front of the gens to be expressed, along with any
nacessary ribosome binding sites, RNA splice sites, polyadenyiation sife, and

franscriptional terminator sequences,

[6184] For use in mammalian cells, the control functions on the expression vectors
are often provided by viral material. For example, commonly used promoters are
derived from polyoma, Adenovirus 2, and most frequently Simian Virus 403 (8V40).
The sarly and late promoters of SY40 virus are particulanly ussful because both are
oblained easily from the virus as a fragment, which also contains the SV40 viral origin
of replication (Fiers et al., 1878). Smaller or larger SV40 fragments may also be
used, provided thers is included the approximately 250 bp sequence extending from
the Hindlll site toward the Bgll site located in the viral origin of replication. Further, it
is also possible, and often desirable, to ulilize promoter or control sequences normally
associated with the desired gene sequence, provided such control sequences are
compatible with the host cell systems.

[01858] An origin of replication may be provided sither by construction of the vector
to include an exogenous origin, such as may be derived from SV40 or ancther virus
{2.g., Polyoma, Adenovirus, VSY, and BPV}, or it may be provided by the host cell
chromosomal replication mechanism. If the vector is integrated into the host cell

chromosome, the latter is often sufficient.

[0188]  In order {o obtain satisfactory yvislds in a recombinant production process, it
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may be advantageous to prepare the analogues as fusion proteins, either by fusing
the peptide to a fusion pariner that can serve as an affinity tag (Tor ease of
purification} and/or by having multiple repeats of the peptide. These methods require
presence of a suitable cleavage site for a peptlidase. The skilled worker will know
how o lallor the underlying genetic construcis.

[0187]  After recombinant preparation, the peptides of the invention can be purified
by methods generally known in the arl, including multi-step chromatography {e.g., ion-
axchange, size-oxclusion, and affinity chromatographic technigues).

[1688] Alternatively, peptides comprised of naturally cccurring aming acids can be
prepared in vitro in cell fres systems. This is especially expedient in cases where the
peptides could be toxic for putative host celis. Thus, the present invention also
contemplates use of cell-res in vitro translation/expression in order {0 prepare the
peplides of the invention. In this context, reference is made to commercially available
in vitro transiation Kits, materials, and technical documentation from e.g. Ambion Inc.,
2130 Woodward, Austin, TX 78744-1832, USA,

{80168] Finally, the available methods can of course be combined {o preparg .g.,
semi-synthetic analoguses.  In such a set up, peplide fragments are prepared using at
least 2 separate steps or methads, followad by joining {e.g., ligaling) the fragments to
obtain the final peptide product.

Biological activity

[0174] Typically the GLP-2 analogues of the invention have activity at both the
GLP-1 and GLP-2 receplors.

[0171] ECs values may be used as a numerical measurs of agonist potency at a
given receptor. An EC,, value is a mesasure of the concentration of a compound
required to achieve half of that compound’s maximal activity in a particular assay. A
compound having an ECs at a particular receptor which is lower than the ECqy of a
reference compound in the same assay may be considered © have higher potency at
that receptor than the refergnce compound.

[0472] The GLP-2 analogues of the invention typically have higher aclivity at the
GLP-1 receplor {e.g. the human GLP-1 receptor) than wild type human GLP-2 (hGLP-
2). Thus, In any given assay for GLP-1 activity, the GLP-2 analogues will have a
lower ECs than wild type human GLP-2 or [Gly2-hGLP-2 {i.e. human GLP-2 having
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glycine at position 2, also known as teduglutide). When assessed in the same GLP-1
activity assay, the ratio of the GLP-2 analogug’s ECs; to the ECs of hGLP-2 or {Giv2]-
hGLP-2 is therefore typically less than 1. it may, for example, be less than 0.5 or less
than 0.1, or less than 0.01.

34731 The EGs at the GLP-1 receplor may be below 100 nM, below 50nM, below
10nM, or more praferably below 1.0 nM, below 0.8 nM, below 0.8 nM, below 0.7 nM,
below 0.6 nM, below 0.5 nM, below 0.4 nM, below 0.3 nM, below 0.2 nM, below 0.1
nM, below 0.08 nM, below 0.08 nM, below 8.07 nM, below 0.08 nM, below 0.05 nM,
below .04 nM, bslow 0.03 nM, below (01.02 nM, below 0.01 nM, bslow 0.008 n}M,
below 0.008 nM, below 0.007 nM, below 0.008 nM, or below 0.005 nM, e.g. when
assessed using the GLP-1 receptor efficacy assay described in Example 1.

61741 The GLP-2 analogues of the invention retain GLP-2 activily, although their
potency at the GLP-2 receptior need not be the same as that of hGLP-2 or [GlyZ}-
hGLP-2. They may have lowsr polency as long as adsquate levels of GLP-2 activity
are retained. In any given assay for GLP-2 activily, the GLP-2 analogues may have a
tower or higher ECs than wild type human GLP-2 or [GlyZI-hGLP-2. When assessed
in the same GLP-2 aclivity assay, the ratio of the GLP-2 analogue’s ECq to the EGy
of hGLP-2 or {Gly2}-hGLP-2 in the same assay may, for example, be less than 200,
less than 100, less than 10, less than &, less than 1, less than 0.1, less than 0.5 or
less than 0.1,

31751 i may also be desirable to compare the ratio of ECs, values at the GLP-2
and GLP-1 receplors for the analogue of the invention and for hGLP-2 or [Giv2}-
hGLP-2. Preferably, for any given pair of GLP-2 and GLP-1 assays, the analogue of
the invention has an ECs[GLP-2] / EC[GLP-1] which is higher than the equivalent
ratio for hGLP-2 or [Gly2]-hGLP-Z in the same assays. for example, the ratio for the
analogue of the invention may be atleast 2, al least § or at least 10 times greater
than that for hGLP-2 or [GZ}FhGLP-2.

Pharmaceutical Compositions and Administration

04781 The GLP-2 analogues of the present invention, or salis or derivatives
thereof, may be formulaled as pharmaceutical compaositions prepared for storags or
administration, and which comprise a therapsutically effective amount of a GLP-2
peptide of the present invention, or a salt or derivative thereof, in a pharmacsutically

accaplable carrier.
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{04771 The therapeutically effective amount of a compound of the present invention
will depend on the route of administration, the type of mammal being trealed, and the
physical characteristics of the specific mammal under consideration. These factors
and their refationship fo determining this amount are well known fo skilled
praciitioners in the medical arts. This amount and the method of administration can
be {ailored to achieve optimal efiicacy so as o deliver the peplids to the large
intesting, but will depend on such faclors as weight, dist, concurrent medication and
other factors, well known those skilled in the medical arls.

IM781 It is within the invention to provide a pharmacsutical composition, wherein a
GLP-2 analogue of the invention, or a salt theredf, is present in an amount effective to

treat or prevent stomach and bowsl-related disorders.

01781 Pharmacsutically acceptable salls of the compounds of the invention having
an acidic moiety can be formed using organic and inorganic bases. Suilable salts
formed with bases include metal salls, such as alkall metal or alkaline earth metal
salts, for example sodium, potassium, or magnesium salls; ammonia salis and
organic amine salts, such as those formed with morphoiine, thiomorpholine,
piperidine, pyrroliding, a mono-, di- or tri-lower alkylamine {e.g., sthyl-tert-butyl-,
diethyl-, dilsopropyl-, triethyl-, tributyl- or dimsthyipropylaming), or 8 mono-, di- or
frihydroxy lowsr alkylamine {e.¢., mong-, di- or triethanolamine). Internal salts also
may be formed. Simiarly, when a compound of the present invention contains a
basic moiety, salts can be formed using organic and inorganic acids. For example,
salts can be formed from the following acids: acstic, propionic, lactic, citric, tartaric,
succinic, fumaric, malsic, malonic, mandeiic, malic, phthalic, hydrochloric,
hydrobromic, phospheoric, nitric, sulfuric, methanssulfonic, napthalenesulionic,
benzenesulfonic, oluenssulfonic, and camphorsulfonic as well as other known
pharmacsutically acceptable acids. Amino acid addition salts can also be formed with

amino acids such as lysine, glycine, and phenylalanina.

01807  As is apparent {0 one skilled in the art, a “therapeutically effective amount” of
the peplides or pharmaceutical compositions of the present invention will vary
depending upon the age, weight and mammalian species treated, the particular
compounds emploved, the particular mode of administration and the desired effecis
and the therapeutic indicalion. Because these factors and their relationship {o
determining this amount are well known, the determination of therapeutically effective
dosage levels, the amount necessary {o achieve the desired result of preventing
andfor treating the intestine and stomach related diseases described herein, as well
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as other meadical indications disclosed herain, will be within the skill of the skilled

DEFson.

{31811  As used herein, “a therapeutically effective amount” is one which reducss
sympioms of a given condition or pathology, and preferably which normalizes
physiological responses in an individual with the condition or pathology. Reduction of
symptoms or normalization of physiclogical responses can be dstermined using
methods routine in the art and may vary with a given condition or pathology. Inons
aspact, a therapeutically effective amount of one or more GLP-2 analogues of the
invention or a pharmaceutical composition comprising ons or more GLP-2 analogues
of the invention is an amount which restores a measurable physiological paramster {o
substantially the same value {preferably {o within 30%, more preferably {0 within 20%,
and stil more prefarably, to within 10% of the value) of the parameter in an individual

without the condition or pathology.

{1821  In one embodiment of the invention administration of the compounds or
pharmaceutical composition of the present invention is commenced at lower dosage
levels, with dosage levels being increased until the desired effect of
preventingfreating the relevant medical indication, such as inlestine and stomach
related dissases is achisved. This may defins a therapeutically sffective amount. For
the peptides of the present invention, alone or as part of a pharmaceutical
composition, such dosss may be between abouwt 0.01 mg/kg and 100 mg/ikg body
weight, such as between about 0.01 mg/kg and 10 mg/kg body weight, for example
batween 10-100 microgramsikg body weight.

[0183] For therapeutic use, a GLP-2 analogue of the invention may be formulated
with a carrier that is pharmaceutically acceptable and is appropriate for delivering the
peptide by the chosen roule of administration. For the purpose of the present
invention, peripheral parenteral routes include intravenous, intramuscular,
subcutaneous, and intra perifoneal routes of administration.  Certain compounds
used in the present invention may also be amenable {0 administration by the oral,
rectal, nasal, or lower respiratory routes.  These are so-called non-parenteral routes.
The present pharmacsutical composition comprises a GLP-2 analogue of the
invention, or a salt or derivative thereof and a pharmaceutically acceptable carrer.
Suitable pharmacsutically acceptabls carriers are those used conventionally with
peptide-based drugs, such as diluents, excipients and the like. Pharmacsutically
accepiable carriers for therapeutic use are well known in the pharmaceutical art, and

are described, for example, in Reminglon’s Pharmacesutical Sciences, Mack
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Publishing Co. {A. R Gennaro edit. 1985). For exampls, sterile saline and
phosphate-buffered saline at slightly acidic or physiclogical pH may be used. Suitable
oM buffering agents may be phosphate, citrale, acslale,
trisfhydroxymethyhaminomethans (TRIS), N-Tris(hydroxymethyimethyl ~3-
aminopropanesuiphonic acid (TAPS), ammonium bicarbonate, disthanolamine,
histidine, which is a preferred buffer, argining, lysine, or acelate or mixtures thereof.
Preferred buffer ranges in certain embodiments are pH 4-8, pH 8.5-8, and more
preferably pH 7-7.5. Preservatives, such as para, meta, and ortho-cresol, methyi-
and propyiparaben, phenol, benzyl alcohol, sodium benzoate, benzoic acid, benzyl-
benzoatle, sorbic acid, propanoic acid, esters of p-hydroxybenzoic acid may be
provided in the pharmaceutical composition. Stabilizers preventing oxidation,
deamidation, isomerisation, racemisation, cyclisation, peptide hydrolysis, such as e.g.
ascorbic acid, methioning, ryplophans, EDTA, asparagine, lysine, argining, givtamine
and glycine may be provided in the pharmaceutical composition. Slabilizers;
preventing aggregation, fibrillation and precipitation, such as Sodium dodecyl
suiphate, polyethylens glycol, carboxymethyl celiulose, cyciodextrine may also be
provided in the pharmaceutical composition. Urganic modifiers for solubilization or
preventing aggregation, such as athanol, acelic acid or acetale and salls thereof may
be provided in the pharmaceulical composition. isotonicity makers such as saits e.g.
sodium chioride or most preferred carbohydrates e.g. dextrose, mannitel, lactose,
trehalose, sucrose or mixtures thereof may be provided in the pharmaceutical

composition,

{0184] Detlargents, such as Tween 20, Tween 80, SO, Poloxamers 8.g. Pluronic
F-68, Pluronic F-127, may be provided in a pharmaceutical compaosition of the
invention. Dyes and flavoring agents also may be provided in the pharmaceutical
composition, In another embodiment, a pharmaceutically acceptable acid addition
salt of a GLP-2 analogue of the invention is provided for. Suspending agents also

may be ussd.

{0188] Organic modifiers, such as ethanol, tertiary-buthanol, 2-propanol, ethanol,
glycerol, and polyethviene glyeol may be provided in a pharmacsutical formulation for
ivophilization of a yophilized product. Bulking agents and isolonicity makers such as
salt e.q. sodium chioride, carbohydrates e.g. dextrose, mannitol, lactose, trehalose,
sucrose of mixtures thereof, amino acids {e.g., glvcine and glutamate), or excipients
such as cysieine, lecithin or human serum albumin, or mbdures thersof, may be

provided in the pharmaceutical composition for lyophilization.
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(31887 The pharmacseutical compaositions of the present invention may be
formulated and used as {ablsls, capsules or slixirs for oral administration;
suppositories for rectal administration; preferably sterile solutions or sterile powder or
suspensions for injectable administration; and the ike. The dose and method of
administration may be tallored to achieve optimal efficacy, but will depend on faciors
such as weight, diet, concurrent medication, which are recognizable to the skilled

worker.

(187 When administration is {0 be parentersi, such as intravenous and
subcutansous administration, injectable pharmacsutical compaositions can be
prepared in conventional forms, either as agueocus solutions or suspensions,
fyophilized, solid forms suitable Tor reconstitution immediately before use or

suspension in liquid prior {o injection, or as emulsions.

{0188] Diluents for reconstifution of the lvophilized product may be, for example,
chosen from the buffers fisted above, or selected from water, salineg, dextross,
mannilel, lactose, trehaloss, sucrose, lecithin, albumin, sodium glulamate, cysteine
hydrochioride;, or waler for injection with the addition of detergents; such as Tween
20, Tween 80, poloxamers {(e.q., pluronic F-88 ar pluronic F-127), polysthyiens
glycol, andfor with the addition of preservatives such as para-, mela-, and ortho-
cresol, mathyl- and propyiparaben, phenol, benzyl alcchol, sodium benzoate, benzoic
acid, benzyl-benzoate, sorbic acid, propancic acid, esters of p-hydroxybenzoic acid,
andfor with addition of an organic modifisr such as ethanol, acitic acid, citric acid,
lactic acid or salts thereof,

01881  In addition, if desirsd, the injeclable pharmaceutical compositions may
contain minor amounts of non-loxic auxiliary substances, such as wetting agents, or
pH buffering agents. Absorplion enhancing preparations {e.g., liposomes, detergents
and organic acids) also may be utilized.

31801  In one smbodiment of the invention, the compounds are formulated for
administration by infusion, &.g., when used as liquid nutritional supplements for
patients on {ofal parenteral nutrition therapy (for example neonatals, or patients
suffering from cachexia or anorexia), or by injsction, for sxample subcutanaously,
intraperiionsal or intravenously, and are accordingly utilized as aqueous solutions in
sterile and pyrogen-free form and optionally buffered {0 physiologically {olerable pH,
a8.q., a slightly acidic or physiolegical pH. Formulation for intramuscular adminisiration
may be basad on solutions or suspensions in plant oil, 8.g. canola oil, com of or soy
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bean oil. These oil based formulations may be siabilized by antioxidants, e.g. BHA
{butylated hydroxianisole) and BHT {(butylated hydroxytoluene).

[0491] Thus, the GLP-2 analogues of the invention may be administered in a
vehicle, such as dislilied water or in saline, phosphate bufferad saling, 5% dextrose
solutions or olls. The solubiity of a GLP-2 analogue of the invention may be
snhanced, if desired, by incorporating a solubility enhancer, such as a detergents
and/or emuisifier,

{0182] The aqueous carrier or vehicle can be supplemented for injectable use with
an amount of gelatin that serves (o depot the GLP-2 analogue at or near the site of
injection, lo provide a slow release to the desired site of action. Alternative gelling
agents, such as hyaluronic acid, may also be useful as depot agents.

01931 The peptide compounds of the present invention may be used alone; orin
combination with compounds having an anti-inflammatory effect. Without being
bound by theory, such a combination treatment may reinforce the beneficial freatment

effects of the peplide analogues of the invention.

{01841 The therapeutic dosing and regimen most appropriate for patient ireatment
will, of course, vary with the disease or condition {o be treated, and according to the
patient’'s weight and other parameters. Without wishing o be bound by any particular
theory, it is expecled that doses, in the microgramikg or mg/kg range, and shorter or
longer duration or frequency of realment may produce therapeutically useful results,
such as a statistically significant increase, particularly in small bowel mass. In some
instances, the therapeutic regimen may include the administration of maintenance
doses appropriate for preventing tissus regression that occurs following cessation of
initial treatment.  The dosage sizes and dosing regimen most appropriate for human
use may be guided by the resulls oblainaed by the present invention, and may be
confirmed in properly designed clinical trials.

(01851 An effective dosage and treatment protocol may be determined by
conventional means, starting with a low dose in laboratory animals and then
increasing the dosage while monitoring the effects, and sysiematically varying the
dosage regimen as well. Numerous factors may be laken into consideration by a
clinician when determining an oplimal dosage for a given subject.  Such

considerations are known to the skilled person.

01961 A human dose of a GLP-2 peptide according to the invention may in one
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embodiment be from about 10 microgram/kg body weightiday to about 10 mg/kgiday,
preferably from about 50 microgramikg/day to about § mg/kg/day, and most
preferably about 100 microgram/kg/day 1o 1 mag/kg/day.

Medical Conditions

(04971 The GLP-2 analogues of the present invention are useful as a
pharmaceutical agent for preventing or realing an individual suffering from low grade
inflammation, e.g., local or systemic low grade inflammation. Low grade inflammation
may include, but is not limited {0 metabolic syndroms, obesity {e.g. abdominal
obesity}, diabetes, cardiovascular diseases, gastrointestinal inflammation, depression,
alzheimer, arthrilis, hypsriension, dyslipidasmia and stroke. Gastrointestina!
disorders, include the disorders of the upper gastrointastinal tract of the cesophagus,
may be treated by administering an effective amount of a GLP-2 analogue of the
inventtion, or a sall thereof as described herein. Stomach and inlestinalrelated
disorders include ulcers of any asticlogy {e.g., peptic ulcers, Zollinger-Eilison
Syndroms, drug-induced ulcers, ulcers related {o infections or other pathogens),
digestion disorders, malabsorption syndromes, short-bowel syndrome, cul-de-sac
syndrome, inflammatory bowel disease {Crohns disease and ulcerative colitis), celiac
sprue {for example arising from gluten induced enteropathy or celiac disease), tropical
sprus, hypogammagiobulinemic sprue, and chemotherapy and/or
radiationhemotherapy induced mucositis and diarrhea,

[0188] For patienis having gastrointestinal mucosal neoplasia, or an increased risk
of gastrointestinal mucoesal neoplasia, it may be desirable {o select a compound so as
to reduce or abrogate the risk of reduced side effects such as stimulation or

aggravation of gastrointestinal mucosal neoplasia.

{0188] Pardicular conditions that may be treated with a GLP-2 analogus of the
invention include the various forms of sprus including celiac sprue which results from
a toxic reaction to alpha-ghadin from heat and may be a result of gluten-induced
enteropathy or celiac disease, and is marked by a significant loss of villag of the small
bowel; ropical sprue which resulls from infection and is marked by partial fiattening of
the villae; hypogammagiobulinemic sprus which is observed commonly in patients
with common variable immunodeficiency or hypogammagiobulinemia and is marked
by significant decreass in villus height. The therapeutic efficacy of the GLP-2
analogue treatment may be monitored by snteric biopsy o examine the villus
morphology, by biochemical assessment of nuirient absorption, by non invasive

determination of intestinal permeability, by patient weight gain, or by amelioration of
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the symptoms associaled with these conditions.

[0200] The GLP-2 analogues of the present invention may be useful as
pharmaceutical agents for preventing or ireating stomach related disorders including
ulcers of any astiology {(e.9., peplic ulcers, Zollinger-Ellison Syndrome, drug-induced
ulcers, ulcers reiated to infections or other pathogens),

[0201] Other conditions that may be treated with the GLP-2 analogues of the
invention, or for which the GLP-2 analogues may be useful prophylactically, include in
addition to the above mentioned radiation enteritis, infectious or postinfectious
enterilis, and small inlestinal damags due to cancer-chemotherapeutic or oxic

agents.

{02021 The GLP-2 analoguss may also be used for the treatment of mainutrition, for

axample cachexia and anorexia.

[0203] A parlicular embodiment of the invention is concerned with using the present
peptides for the prevention and/or trealment of intestinal damage and dysfunction.
The stem cells of the small intestinal mucosa are particularly susceptible o the
cytofoxic effects of chemotherapy due to their rapid rate of proliferation (Keefe st al,,
Gut 2000; 47: 632-7). Administration of the preseni GLP-2 peplide agonists may
enhanoce trophic effect in the intestinal crypls and rapidly provide new cells o replace
the damaged intestinal epithelium foliowing chemotherapy and/or radiation therapy. A
qoal to be achieved by administering the GLP-2 analogues of the invention is to
reduce morbidity related to gastrointestinal damage of patisnts undergoing
chemotherapy treatment while increasing {olerance o more aggressive
chemotherapy, radiation and combination chemotherapy and radiation therapiss.
Concomitant prophylactic or therapeutic treatment may be provided in accordance
with the present invention (o patlients undsrgoing or about to undergo radiation
therapy.

{02041 Gastrointestinal mucositis after anti-cancer chemotherapy is an increasing
problem that is essentially unireatable once established, although it gradually remits.
Studies conducted with the commonly used cylostatic cancer drugs 5-FU and
irinolecan have demonstraled that effective chemotherapy with these drugs
predominantly affects structural integrity and function of the small intestine, while the
colon is less sensitive and mainly responds with increased mucus formation {Gibson
et al., Jd Gastroenterol Hepatol, 18(8) 10851100, 2003; Tamakiet al.,, J Int Med
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Res. 31(11:6-16, 2003).

f0205]  in another embodiment, the invention describes a method of treating DPP-IV
{dipeplidyipsptidase-iV) mediated condifions by administering o a patient in need
thereof an effective amount of a GLP-2 analogus, or a salt thereof, Such discases

include conditions in which the DPP-IV enzyme is over expressed.

{0208] The pharmaceutical composition may in one smbodiment be formulaled to
cause slow release of said GLP-2 analogue, or a salt or derivative thereof as

dsscribed above.

f02071 His envisaged that the present peptides may be emploved in a mathad of
freating neo~-natals by administering an effective amount of a GLP-2 analogue, ora
salt thereof, of the invention.  Complications with fseding neonatals due 1o the lack of
development of the intesline may be overcome by using the peptide agonists of the

invention.

{02081 In some embodiments, the invention describes a method of treating DPP-IV
{dipeptidyipeplidase-V} medialed conditions by administering to a patient in nesd
thereof an effective amount of a GLP-2 analogue, or a sall thereof, of the invention.

Such diseases include conditions in which the DPP-IV enzyme is over expressad.

Examples

{02081 The following examples are provided o illustrate preferred aspects of the

invention and arg not infended {o timit the scope of the invention.

General Peptide Synthesis-

Apparatus and synthetic stralegy

{0210] Peplides were synthesized balchwise in a polyethylene vessel equipped with
a polypropyiene fiiter for filtration using S-flucrenvimethyloxycarbonyl (Fmoc) as N-g-
amine protecting group and suitable common protection groups for side-chain
functionalities.

{0211] Solid phase peptide synthesis was performed on a CEM Liberty Peplide
Synthesizer using standard Fmoc chemistry. TentaGel 8 Ram resin (1 g; 0.25
mimol/g) was swelled in NMP (10 mi) prior {o use and transferred betwaen tube and
reaction vessel using DCM and NMP.
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Coupling

[6242] An Fmoc-amine acid in NMP/DMF/DCM (1:1:1; 0.2 M, & mi) was added {0
the resin in a2 CEM Discover microwave unit together with HATU/NMP (0.5 M; 2 mi}
and DIPEA/NMP (2.0 M, 1 mi). The coupling mixture was heated {o 75°C for 5 min
while nitrogen was bubbled through the mixiure. The resin was then washed with
NMP (4 x 10 mi).

[0213] Alternatively, an Fmoc-amino acid in DMF/DCM (2:1; 0.2 M; B mi) was
added o the resin in a CEM Discover microwave unit together with COMU/DMF (0.5
M 2 mi) and DIPEADMF (2.0 M; 1 mi). The coupling mixiurs was heated {o 75°C for
5 min while nitrogen was bubbled through the midure.  The resin was then washed
with NMP {4 x 10 mi}.

Deprofection

{0214] Piperidine/NMP (20%; 10 mi} was added to the resin for initial deprotection
and the mixture was heated by microwaves {30 sec; 40°C).  The reaction vessel was
drained and a second portion of piperidine/NMP (20%; 10 mi) was added and heated
{78°C; 3 min.) again. The resin was then washed with NMP (6 x 10 mi).

{3215] Altemnatively, piperiding/DMF (20%; 10 mi) was added {o the resin for initial
deprotection and the mixiure was healed by microwaves {30 sec; 40°C). The
reaction vessel was drained and a second portion of piperidine/DMF (20%; 10 mi)
was added and heated (75°C; 3 min.) again. The resin was then washed with DMF (8
X 10 miy,

Side chain acyletion {optional}

{8218] Fmoc-Lys(ivDde}-OH or altermatively ancther aming acid with an orthogonal
side chain protective group is infroduced at the position of the acviation. The N-
terminal of the peptide backbone is then Boc-protected using Boc20 or alternatively
by using a Boc-protected amino acid in the last coupling. While the peptlide is still
attached to the rasin, the orthogonal side chain protective group is selectively cleaved
using freshily prepared hydrazine hydrate (2-4%) in NMP for 2 x 18 min. The
unprotected lysine side chain is first coupled with Fmoc-Glu-0t8u or another spacer
aming acid, which is deprotecied with piperidine and acvlated with a lipophilic moisty
using the peplide coupling methodology as described above, Abbreviations
gmployed are as follows:
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iviide: 1-{4,4-dimethyl-2, 6-dioxocycichexylidene)3-methyl-buty
Dde: 1-{4, 4-dimethyl-2,6-dioxocyclohexylidena}-ethyl

DCM: dichioromethane

DIMF N N-dimethylformarmide

DIPEA: diisopropylsthyiamine

EtOH: sthanol

Et20: diethyl ether

HATU N-[{dimethylamino}-1H-1,2 3-triazoli4, 5-bilpyridine-T-yimethylene}-N-
methyimethanaminium hexaflucrophosphate N-oxide

MeCN: acelonitrile

NMP: Nemsthyipyrrolidone

TEA: triflucroacetic acid

TiS: triisopropyisilane

Cleavage

{0217] The resin was washed with EtOH (3 x 10 mi} and Et20 (3 x 10 mi) and dried
{o constant weight at room temperaturs {r.1.). The crude peptide was cleaved from
the resin by treatment with TFA/ TS/ water (85/2.5/2.5; 40 mi, 2 h; r.t) or TFA/DQDT
{85/5; 40 mi, 2 h; r.t). Most of the TFA was removed at reduced pressure and the
crude peplide was precipilated and washed thres times with disthylether and dried {o
constant weight at room temperaturs.

HPLC purification of the crude pegplide

[6218] The crude peplide was purified o approximately or greater than 30% by
preparative reverse phase HPLC using a PerSeptive Biosystems VISION Workstation
squipped with a {18 column (& om; 10 um) and a fraction collector and run at 35
mifmin with a gradient of buffer A (0.1% TFA, aq.) and buffer B (0.1% TFA, 80%
MeCN, ag.). Fractions were analyzed by analytical HPLC and MS and relevant
fractions were pooled and lyophilized. The final product was characterized by HPLC
and MS.

{6218] Fmoc-protecited amino acids were purchased from Advanced ChemTech

{ACTY in suitable side-chain protectad forms.

Coupling reagents
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(02281 Coupling reagent dilsopropyicarbodiimide (DIC) was purchased from Risdel

de-Héen, Germany.
Solid supports

[0221] Peplides wers synthesized on TentaGsl & resins 0.22-0.31 mmol/g.
TentaGel S-Ram, TentaGsl 5 RAM-Lys{Boc)Fmoc {(Rapp polymers, Germany) were
used in cases whers a C-erminal amidated peplide was preferred, while TentaGel S
PHE, for example TentaGel S PHB Asp{BociFmoc were used when a C-erminal free

carboylic acid was preferred.

[0222} Deprotection of Asp {e.g. in position 18) was performed using 0.1M formic
acid in 30% Piperidine/NMP when the amino acid in the following position {e.g,
position 168) was Gly and no heating during synthesis or deprotection.

Catalysts and other reagsnis

{0223} Diisopropylsthylamine (DIEA) was purchased from Aldrich, Germany,
piperidine and pyridine from Riedel-de Haen, Frankiurt, Germany. Ethandithiol was
purchased from Riedel-de Haen, Frankfurt, Germany. 3,4-dihydro-3-hydroxy-4-oxo-
1.2, 3-benzotriazine (Dhbi-0OH), 1-hydroxybenzotriazole (HOBL (HOAL) were oblained
from Fluka, Switzerland. Coupling procedures

[0224] The amino acids were coupled as in sity generated HObt or HOA! ssters
made from appropriate N-g-protecied aming acids and HObt or HOAL by means of
DIC in DMF. Acylations wers checked by the ninhydrin test performed at 80 °C in
order to prevent Fmoc deprotection during the test (Larsen, B, D, and Holm, A, inl.
J. Peptide Protein Res. 43, 1894, 1-8).

Deprotection of the N-g-amino protecting group (Fmoc).
{0228] HPLC purification of the crude peplide

The crude peptide producis were purified PerSeplive Biosystems VISION
Workstation. VISION 3.0 software was used for instrument control and data
acquisition. The following column and HPLC buffer system was used:

Column: Kromasi KR 1004, 10mm C-8, 250 x 80.8mm.
Buffer system: Buffers: & 0,1% TFA in MQV,; B: §,085% TFA, 10% MQV, 80%
MeCN.
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Gradient: 0-37 min. 0-40% B
Flow 35 mifmin, UV detection: | = 218 nm and 280 nm.

Mass speciroscopy

{0228] The peptides were dissolved in super gradient methanol {(Labscan, Dublin,
irsland), milli-Q water (Millipore, Bedford, MA) and formic acid (Merck, Damsiadi,
Germany) (50:50:0.1 viviv) to give concenirations between 1 and 10 mg/ml. The
peptide solutions {20 mi) were analysed in positive polarity mode by ESETOF-MS
using a LCT mass spectromster (Micromass, Manchester, UK) accuracy of +/- 0.1

miz.

{0227] After purification using preparative HPLC as described abovs, the peplide
product was collected and the identity of the peptide was confirmed by ES-MS. This
procedure was used for the synthesis of all peptides exemplified further below.
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Compounds Synthesised
{0228] The compounds of Table 1 were synthesized using the abovs techniques.

Table 1: Compounds synthesized

{ Compound | Sequence

1 Hy-H-Ab-DGSFSDEMNTILDNQAARDF INWLIQTKITD-OR
2 Hy-HGDGSFSDEMNTILDNKAARDFINWLIQTKITD-OH
3 Hy-HGDGSFSDEMNT ILDGOAARDEINWLIGT K-NHz
4 Hy-HGDGSFSSEMNTILDSQAARDFINWLIQTKITD-OH
5 Hy-HGEGTFTSDLSKOMEGQAVRDFIEWLIQTKITD-OH
3 Hy-HGEGTETSDLSKOME SKAARDFIEWLIQTKITD-OH
7 Hy-HGDGSFSSELATILDGKAARDFINWLIQTKITD-OH
8 Hy-HOEGTFTSDLSTILENKAARDFIEWLIQTKITD-OH
g Hy-HGEGSFSSDLSTILENKAARDFIEWLIQTKITD-OH
10 Hy-H-Ab-DGSFSDELNTILDGKAARDFINWLIQTK-NH,
11 Hy-HGDGSFSSELATILDGOAARDFIAWLIGTKITD-OH
12 Hy-HGDGSFSDEMNTILDGOAARDEINWLIOTH-NH,

13 Hy-HGEGSFSSDLSTILEGKAARDFIEWLIQTKITD-OH

Example { Synthesis of compound 12

{02281 Solid phase peplide synthesis was performed on a CEM Liberly Peptide
Synthesizer using standard Fmoc chemislry. TentaGel S Ram S resin (1,33 g; 0.25
mmolig) was swelled in DMF (10 mi) prior to use and transferred between tube and

reaction vessel using DOM and DMF.
Coupling

[0230] An Fmoc-aming acid in DMF/DCM (2:1; 0.2 M; & mi) was added {0 the resin
in a CEM Discover microwave unit together with COMU/DMF (0.5 M; 2 mi) and
DIPEAKDMF (2.0 M 1 mi).  The coupling mixture was healed to 75°C for § min while
nitrogen was bubbled through the mixture.  The resin was then washed with DMF (4
x 10 mi). Fmoc-Phe-Ser{Psi Me, Me,Pro}-0OH pseudoproline was used for amino acid

number six and seven.

Desprofection
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f0231] Piperiding/DMF (20%; 10 mi) was added to the resin for initial deprotection
and the mixture was healed by microwaves (30 ssg; 40°C).  The reaction vessel was
drained and a second portion of piperidina/DMF (20%; 10 mi) was added and heated
(78°C; 3 min.} again. The resin was then washed with DMF (8 x 10 mi).

{02331 The resin was washed with EtOH {3 x 10 mi) and E120 (3 x 10 mi) and dried
o constant weight al room {emperalure {r.t.). The crude peplide was cleaved from
the resin by treatment with TFA/DODT (85/8; 80 mi, 2 h; r1). Mostof the TFA was
removed at reduced pressure and the crude peplide was precipitated and washed

three times with disthyisther and dried to constant weight at room temperature.
HPLC purification of the crude pegtide

(02331 The crude peplide was first purified t0 458% by preparalive reverse phase
HPLC using a PerSeptive Biosystems VISION Workstation equipped with a Gemini
NXC B C-18 1104, 10x250 mm column and a fraction collector and run at 35 miimin
with a gradient of buffer A {(0.1% TFA, aq.) and buffer B {0.1% TFA, 80% MeCN, aq.).
Fractions wers analyzed by analytical HPLC and MS and relevant fractions were
pooied and lyophilized. The product {143mg) was purified a second time with a G4
Jupiter 2, 12x25cm column, to vield 27myg, with a purily of 89% as characterized by
HPLE and MS. Calculated monoisoiopic MW = 3377.61, found 3377.57.

Example 2. GLP-Z-receptor efficacy assays

{82341 A cAMP AlphaScreen® assay from Perkin Elmer was used o quantitate a
cAMP response to a GLP-2 analogue. Teduglutide was the reference compound in
this assay and has an ECg, of approximately .01 nM. Test compounds inducing an
increase in the intraceliviar level of CAMP were tesied in this assay, and the response
normalized relative {0 a positive and negative control {o calculale the ECy and
maximal response from the concentration response curve. The resuits are listed in
Table 2.

Generation of cefl ine exprassing human GLP-1 receplors

{82381 The cDNA encoding the human glucagon-like peptide 1 receptor (GLP-1R)
{primary accession number P43220) was cloned from the ¢cDNA BC112126
{(MGC138331IMAGE:8327584). The DNA encoding the GLP-1-R was amplified by

PCR using primers encoding terminal restriction sites for subcloning. The 5-end

S0
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primers additionally encoded a near Kozak consensus sequencs to ensurs efficient
transiation. The fidelity of the DNA encoding the GLP-1-R was confirmed by DNA
sequencing. The PCOR products sncoding the GLP-1-R were subcioned into a
mammalian expression vector containing a neomycin (G418) resistance marker, The
mammalian axpression veclors encading the GLP-1-R were transfacted into HEK283
celis by a standard calcium phosphale transfeclion method. 48 hours after
fransfection, cells were seaeded for limited dilution cloning and selected with 1 mg/mi
3418 in the culture medium. Three weeks later, 12 surviving colonies of GLP-1-R
sxpressing cells were picked, propagated and tested in the GLP-1 receplor efficacy
assays as described below. One GLP-1-R expressing clone was selscled for
compound profiling.

Generation of cell ling expressing human GLP-2 receptors

[6238] The hGLP2-R was purchased from MRC-gensssrvice, Babraham,
Cambridge as an image clone: 5363415 {(11824-117). For subcloning into an
mammalian expression vector, primers for subcloning were obfained from DNA-
Technology, Risskoy, Denmark. The § and 3’ primers usad Tor the PCR reaction
include terminal restriction siles for cloning and the context of the & primer is modified
to a Kozak consensus without changing the sequence of the product encoded by the
ORF. A standard PCR reaction was run using Image clone 5363415 {(11024-117)as a
famplate with the above mentioned primers and Polymerass Herculase H Fusionina
total vol. of 50ul. The generated PCR product was purified using GFX POR and Gel
band purification kit, digesied with restriction enzymes and cloned inlo the
mammalian sxpression vector using Rapid DNA Ligation Kit. Ligation reaction was
transformed to XL10 Gold Ultracompetent cells and coloniss were picked for DNA
production using Endofree Plasmid maxi kit. Subsequent segusnce analysis was
conducted by MWG Eurofins, Germany. The clone was confirmed {o be the hGLP-2
receplor, splice variant ra17681684.

[6237] HEKZ93 cells weare transfected using the Lipofectamine PLUS transfection
method. The day before fransfection, HEK283 cells were sesded in two T75 flasks at
a density of 2x10° cells / T75 flask in cell culturing medium without antibiotics. On the
day of fransfection, cells were washed with Dx DPBS and medium was replaced with
Optimem fo a volume of 5 mL / T75 flask before addition of Lipofectamine-plasmid
complexes were added gently and drop wiss {o the cells in T75 flasks and replaced
with growth medium after 3 hours and again {o growth medium supplementsed with
500ugimb 5418 after 24 hours. After 4 weeks in G418 seleclion, colonies were
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picked and {ested in a funclional assay. One colony was selected foruse in

compound profiling.

GLP-1-receplor efficacy assavs

(062381 The cAMP AlphaScreen® assay from Perkin Elmer was used {o quantilale
the cAMP response (o activation of the GLP1 and GLP2 receplor, respectively.
Exendin-4 (ZP24) was used as reference compound for GLP1 receplor activation and
Tedughutide (ZP1559) as reference compound for GLP2 receplor activation, . Data
from tesl compounds eliciting an increase in the intraceliular level of cAMP were
normalized relative {0 the positive and negative conirol {vehicle} {o calculate the ECy;
and maximal response from the concentration response curve. The results are listed
in Tabie 2.

¥
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Tabile 2: GLP-1R and GLP-2R ECA0 measuremenis

Compound | Sequsnce GLRGER  BLPIR
ECS)  ECHU

‘ : (i) {ald}

GLP-1 ' > 1000 0.0

BLP-2 i i 5.06 200/

Leh7d) | ) 1000

1 | Hy-H-Alb- 0.12 44
| DGSFSDEMNTILDNQAARDFINWLIQTKITD-OH

2 T Hy-HGDGSFSDEMNTILDNKAARDFINWLIOTKITD- .02 77
OH "

3 | Hy-HGDGSFSDEMNTILDGQAARDFINWLIQTK-NH, 0.07 g

4 L H-HGDGSFSSEMNTILDSQAARDFINWLIQTKITD- .06 35
OH

5 Hy-HGEGTFTSDLSKOMEGQAVRDFIEWLIQTKITD- 0.2 1.0
OH

B Hy-HEGEGTFTSDLSKQMESKAARDFIEWLIQTKITD- 0.2 1.10
OH

7 Hy-HGDGSFSSELATILDGKAARDFINWLIQTKITD- 0.2 0.78
OH

8 Hy-HGEGTFTSDLSTILENKAARDFIEWLIQTKITD-  0.008 16
OH

g | Hy-HGEGSFSSDLSTILENKAARDFIEWLIQTKITD- 0.2 5.10
OH

10 Hy-H-Alb-DGSFSDELNTILDGKAARDFINWLIOTK- B9 0.03

,,,,,,,,,,,,, iNH, e e

11 Hy-HGDGSFSSELATILDGQAARDFIAWLIQTKITD. B.2 0.34
OH

12 Hy-HGDGSFSDEMNTILDGOAARDFINWLIQTK-NH, B.0 0.07

13 Y HGE CEF S 8D ST ESKAARDFIEWLIGTKITD. 04 18
OH

Exampile 3: Effect on glucose tolerance in normal mice

{0239] Normal chow-fad C&87BL/GJ male mice were used. The mice were keptin
standard housing conditions {light-, temperature-, and humidity-conirolled room
{12:12 h light-dark cycle, with lights on at 06.00-18.00 h; 24 °C; 50% relative
humidity}), and each dosing group consisted of 10 animals.

{0248] Prior tv the oral glucose tolerance test (OGTT), animals were fasted for S h.
One hour before glucose challenge (lime t = -60 min) baseline blood glucose was
measured. immediately afler the blood sample, the animals were dosed once
subcutaneously with compound at the indicated amount or PBS (vehicie). One hour
later al { = O min, a 2 g/kg oral gavage of glucose (0.4 g/mi in water diluted from

glucose SAD 0.45886 g/l; dose volume 5 mifkg) was given to the animals. After glucose
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adminisiration, {ail vein blood was drawn for glucoss measurements al { = 15, 30, 60,
120 min.

Results

[0241] Vehicle treated mice displayed a typical response o glucose chalienge, with
an increass in blood glucose levels in the first 30 minutes, Tollowed by refumn fo
bassline levels after 120 minutes. Test compound significantly reduced the blood
glucose response {Figure 2},

Example 4; Effect on intestinal weilght in normal rats

(624231 Normal chow-fed Wistar male rals were used. The rats were kept in standard
housing conditions (light-, temperature-, and humidity~-controlled room {12:12 h light-
dark cycle, with ights on at 068.00-18.00 h; 24 °C; 50% relative humidity})}, and each
dosing group consisted of 6 animals. Rats were dosed once daily via the
subcutaneous route, for four days with compound at the indicated amount or PBS
{vehicle). On day five, rals were sacrificed and small inlestinal weight wet measured.

Resulis
(0243 Test compound increased intestinal weight in 3 dose dependant manner
{Figure 3).

Example 5 Effect of compound 7 in dist-induced obese mice

{0244} Dist-induced obesily was generated by feeding CS7BL/GJ male mice with
high fat diet {Research Diet 60% fat (D12482) Research Dist Inc., New Brunswick,
USAL The mice were kept in standard housing conditions (light-, temperature-, and
humidity-controlled room (12:12 h light-dark cycle, with lights on at 08.00-18.00 h; 24
°C; 50% relative humidity}).

{32458] The vehicle treated dosing group contained 8 animals and the compound 7
treated groups consisted of 12 animals/group. All animals were mock treated for 7
days {(once daily, SC, 100 ul vehicle} to acclimatize the animals to handling and
injections, followed by treatment (vehicle or compound 7} for 14 days (twice daily, 8C,
5 mifkg). Animals were Tasted overnight {day 11-12) and blood was drawn for analysis
of glucose and insulin, On day 14, animals were sacrificed and small and large

intestines removed, washad and weighed.
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Results
{0248] Compound 7, dosed twice daily for 14 days, significantly increased the smal

and large intestinal mass when compared o vehicle trealed conirols {(Figure 4},

{0247] Compound 7, dosed twice daily for 14 days, reduced fasting blood glucose
and plasma insulin levels, and gave a lower HOMA-IR index than vehicle treated

conirols {(Figure 5}

{0248] While the invention has been described in conjunction with the exemplary
embodiments describsed above, many equivalent modifications and variations will be
apparsnt {o those skilled in the art when given this disclosure.  Accordingly, the
exemplary embodiments of the invention set forth are considerad {o be lllustrative and
not limiting.  Various changes o the described embodiments may be made without
departing from the spirit and scope of the invention.  All documentis cited hersin are

expressly incorporated by reference.

¥
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Claims:

1. A GLP-2 analogue represented by the general Formula b

R Hig-X2-X3-Gly-X5-Phe-X7-X8-X8-X10-X11-X12-X13-X14-X15-X18-X17-
Ala-X18-X20-X21-Phe-lle-X24-Trp-Lau-X37-X28-X28-X30-X31-X32-X33-X34-
R* (1)

or a pharmaceutically acceptable salt or solvate thereof,
wharain:

R’ is hydrogen, .4 alkyl {e.q. methyl), acetyl, formyl, benzoyl or trifflucroacetyl;
X2 is Gly, Ala or Aib;

X3 is Gly, Gin or Asp;

X& is Ser or Thr;

X7 is Seror Thr

X8 is Asp, Glu or Ser;

X8 is Glu or Asp;

X10 is Met, Val, Leu or Tyr,

X111 is Asn, Seror Alg;

X12 is Thr, Ser or Lys;

X13 is lle, Leu, Val, Tyr, Phe or Giny;

Xi4 is Leu or Met;

X158 is Asp or Gly;

X168 is Asn, Gin, Gly, Ser, Ala, Glu or Lys;
X17 is Gin, Lys, Arg, Mis or Gl

X18 is Ala or Val;

X20 is Arg, Lys or His;

X21 is Asp, Glu or Leu;

X24 is Asn, Ala, Glu or Lys;

X27 is He, Leu, Val, Glu or Lys:

X28 is Gin, Asn, Lys, Ser, Gly, Y1 or absent;
X28 is Thr, Ala, Y1 or absani;

X30 is Lys, Y1 or absent;

X31 is lle, Pro, Y1 or absent;

X32 is Thr, Y1 or absent;

X33 is Asp, Asn, Y1 or absent;

¥ 4
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Y1 is Giy-Gly-Pro-Ser-Ser-Gly Ala-Pro-Pro-Pro-Ser, or Lys-Asn-Gly-Gly-Pro-Ser-Ser-
Giy-Ala-Fro-Fro-Pro-Ser; and
R? is NH, or OH; whersin

the GLP-2 anslogue conlains no mors than one Y1,

if any of X28 1o X33 is Y1, those positions X28 to X34 downstream of that Y1 are
absent;

if any of X28 {o X33 is absent, those positions X238 {o X33 downsiream of that position
are also absent; and

with the proviso that the GLP-2 analogue of Formuida s not
HGDGSFSDEMNTILDGQAARDFINWLIQTKITD;
HGDGSFSDEMNTILDNQAARDFINWLIQTKITD, or
HGDGSFSDEMNTILDSQAARDFINWLIQTK.

2. The GLP-2 analogue or a pharmaceutically acceptable salt or solvate thereof

according to claim 1, wherein:

R' is hydrogen,

X2 is Gly, Ala or Aib;

X3 is Gy, Gin or Asp;

X5 is Ser or Thry

X7 is Seror Thr;

X8 is Asp, Glu or Ser;

X9 is Glu or Asp;

10 is Met, Val, Leu or Tyn;

X411 is Asn or Ser;

X13 is He, Leu, Val, Tyr, Phe or Gin;
X14 is Lsu or Met;

X12 is Thr or Lys;

X15 is Asp or Glu;

X18 is Asn, Gin, Gly, Ser, Ala, Glu or Lys;

+ X147 is Gin or Lys;

X198 is Ala or Val;

X20 is Arg, Lys or His;
X21is Asp, Glu or Ley;
X24 is Asn, Ala, Glu or Lys;
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X27 is He, Ley, Val or Lys:

X28 is Gin, Asn, Gly, Y1 or absent;

X238 is Thr, Ala, Y1 or absent;

X30 is Lys, Y1 or absent;

X31is Hlg, Pro, Y1 or absent;

X32 is Thy, Y1 or absent;

X33 is Asp, Asn, Y1 or absent;

Y1 is -Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser;
and

RZ is NH; or OH; wherein

the GLP-2 analogue contains no more than one Y1,

if any of X28 to X33 is Y1, those positions X29 to X34 downstream of that ¥1 arg
absent;

if any of X28 to X33 is absent, those positions X28 {o X33 downstream of that position
are also absent; and

with the proviso that the GLP-2 analogue of Formuda s not

HGDGSFSDEMNTILDGQAARDFINWLIQTKITD;
HGDGSFSDEMNTILDNQAARDFINWLIQTKITD; or
HGDGSFSDEMNTILDSQAARDFINWLIGTK..

3. A GLP-2 analogue represented by the general Formuda la:
R His-X2-X3-Bly-X5-Phe-X7-X8-X8-X10-X11-X12-X13-Leu-X15-X18-X17-
Ala-Ala-X20-X21-Phe-He-X24-Trp-Leu-X27-X28-X28-X30-X31-X32-X33-R* {Ia)

or a pharmaceutically acceptable sall or solvats thereof,

wherain:

R’ is hydrogen, Ci., alkyl (8.9, methyl}, acetyl, formyl, benzoy! or trifluoroacetyl;
X2 is Gly, Ala or Ally;

X3 is Glu, Gin or Asp;

X5 is Seror Thr;

X7 is Ber or Thr;

X8 is Asp, Glu or Ser;

X8 is Glu or Aspy;

K10 is Met, Val, Leu or Tyr;

45
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X11 is Asn or Ser;

K12 is Thr, Seror Lys;

X13is He, Ley, Val, Tyr, Phe or Giny;

X15 is Asp or Glu;

X18 is Asn, Gin, Gly, Ser, Ala, Glu or Lys;
X17 is Gin, Lys, Arg, His or Gly;

X20 is Arg, Lys or His;

X271 is Asp, Gluor Lsy;

X24 is Asn, Ala, Glu or Lys;

X237 is He, Ley, Val, Gluor Lys:

X28 is Gin, Asn, Lys, Ser, Gly, Y1 or absent;
X298 is Thr, Y1 or absent;

X30is Lys, Y1 or absent;

X31is He, Pro, Y1 or absent;

X32is Thr, Y1 or absent;

X33 is Asp, Asn, Y1 or absent;

Y1 is Ghy-Gly-Pro-Ser-Ser-Gly-Ala-Fro-Fro-Pro-Ser;
and

R* is NiL or OH: whaerein

the GLP-2 analogue contains no mors than one Y1,

if any of X28 o X33 is Y1, those positions X28 (o X34 downstream of that Y1 are
absent;

if any of X28 fo X33 is absent, those positions X28 to X33 downstream of that position
are alzo ahsent; and

with the proviso that the GLP-2 analogue of Formula la is not
HGDGSFSDEMNTILDGQAARDFINWLIQTKITD,
HGDGSFSDEMNTILDNQAARDFINWLIQTKITD; or
HGDGSFSDEMNTILDSQAARDFINWLIQTK..

4, The GLP-2 analogue or pharmaceutically acceplable salt or solvate thereof,
according to claim 3 whersin:

R’ is hydrogen,

X2 is Gly, Ala or Alb;

X3 is Glu, Gin or Asp;

X5 is Seror Thr;
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X7 is Seror Thr

X8 iz Asp, Glu or Ser;

X8 is Glu or Asp;

X1G is Met, Val, Leu or Ty

X11 is Asn or Ser;

X112 is Thr or Lys;

X13is He, Ley, Val, Tyr, Phe or Gin;
X15 is Asp or Gly;

X186 is Asn, Gin, Gly, Ser, Ala, Glu or Lys;
X17 is Ginor Lys;

X20 is Arg, Lys or His;

X21is Asp, Glu or Ley;

K24 is Asn, Alg, Glu or Lys;

K27 is llg, Ley, Val or Lys:

X28 is Gin, Asn, Gly, Y1 or abseni;
X28is Thr, Y1 or absent;

X30is Lys, Y1 or absent;

X31is He, Pro, Y1 or absent;

X32is Thr, Y1 or absent;

X33 is Asp, Asn, Y1 or absent;

Y1 is Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser; and
R? i NH, or OH; whersin

the GLP-2 analoguse conlains no more than one Y1,

if any of X28 to X33 is Y1, those positions X28 o X34 downstream of that Y1 are
absent;

if any of X28 {o X33 is absent, thoss positions X28 to X33 downstream of that position
are also absent; and

with the proviso that the GLP-2Z analogue of Formula ia is not
HGDGSFSDEMNTILDGQAARDFINWLIQTKITI);
HGDGSFSDEMNTILDNQAARDFINWLIQTKITD, or
HGDGSFSDEMNTILDSQAARDFINWLIQTK..

5. The GLP-2 analogus according (o any one of claims 1 {0 4 wherein X17 is
Gin.

60



WO 2013/164484 PCT/EP2013/059320

1o

Sonrd
L4

28

B3
(93]

8. The GLP-2 analogue according to any one of claims 1 1o 4 whersin X17 is
Lys,

7. The GLP-2 analogue according to any one of claims 1 to 4 wherein X17 is
Glu,

8 The GLP-2 analogue according fo claim 1 or claim 2 wherein X14 is Leu.
8. The GLP-2 analogue according to claim 1 or claim 2 whersin X14 is Mel

10. The GLP-2 analogue according to any one of claims 1 o 4 wherein:

{i} X16is Gly and X17 iz Gin;

(il X18is Gly and X17 is Lys,; or

(i} X186 is Gly and X17 is Glu.

11 The GLP-2 analogue according to any one of claims 1 to 10 wherein X2 is Aib.

12. The GLP-2 analogue according fo claim T orclaim 2, oranyone of claims 5 {o

11 as dependent on claim 1 or claim 2, wherain X18 is Ala.

13. The GLP-2 analogue according to claim 1 orclaim 2, oranyone of claims S {o
11 as dependent on claim 1 or claim 2, wherain X18 is Val

14, A GLP-2 analogus represented by the general Formula il

R~ His-X2-X3-Gly-X5-Phe-X7-Ser-Glu-Leu-Ala-X12-X(13-X14-X15-X 16-X17-
Ala-X18-X20-X21-Phe-He-X24-Trp-Lau-X27-X28-X28-X30-X31-X32-X33-X34-
R (B

or a pharmaceutically acceptable salt or solvale thereof,

whersin:

R is hydrogen, Cq.q alkyl {(2.g. methyl), acetyl, formyl, benzoyl or trifluoroacetyl;
X2 is Gly, Ala or Alb;

X3is Gly, Gin or Asp;

X5 is Seror Thr;

X7 is Ser or Thr,

K12 is Thy, Ser or Lys;

X133 is lle, Leu, Val, Tyr, Phe or Gin;
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X14 is Lsu or Met;

X15 is Asp or Gly;

X168 is Gly, Ser, Ala, Glu or Lys;

X17 is Ginor Lys;

X19 is Ala or Val;

X20 is Arg, Lys or His;

X21 is Asp, Glu or Lay;

X24 is Asn, Ala, Glu or Lys;

K27 is Hle, Lewy, Val, Gluor Lys:

X28 is Glny, Asn, Lys, Ser, Y1 or absent;
X28 is Thr, Ala, Y1 or absent;

X30 is Lys, Y1 or absent;

X31is Hle, Pro, Y1 or absent;

X32 is Thr, Y1 or absent;

X33 is Asp, Asn, Y1 or absent;

X34 is Y1 or absent;

¥1 is Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ber, or Lys-Asn-Gly-Gly-Pro-Ser-Ser-
Giy-Ala-Pro-Pro-Pro-Ser; and

R* is NH; or OH; wherein

the GLP-2 analogue contains no more than one Y1,

if any of X28 to X33 is Y1, those positions X28 {o X34 downstream of that Y1 are

absent;

if any of X28 to X33 is absent, those positions X28 {o X33 downstream of thatl position

are also absent.

15. A GLP-2 analogue according fo claim 14 whersin X186 of Formula i is Gly, Ser
or Ala, and optionally X117 is Lys or Gin.

16. A GLP-2 analogue according to claim 14 whersin:

R is hydrogen, T4 alkyl {e.g. methyl), acetyl, formyl, benzoyl or triflucroacetyl:
X2 is Gly or Alb;

X3 is Glu or Asp;

X5 is Seror Thr;

X7 is Seror Thr;

X12 is Thr, Ser or Lys;
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X413 is le, Ley, Val, Tyr, Phe or Giny;
X1d is Leu or Met;

X15 is Asp or Gly;

X186 is Gly, Ser or Alg;

X417 is Ginor Lys;

X189 is Ala or Val;

X230 is Arg, Lys or His;

X21 is Asp, Glu or Ley;

X24 is Asn, Ala, Glu or Lys;

X27 is He, Leu, Val, Gluor Lys:

X28 is Gin, Asn, Lys, Ser, Y1 or absent,
X298 is Thr, Ala, Y1 or absent;

X30 is Lys, Y1 or absent;

X31is He, Pro, Y1 or absent;

X32 is Thr, Y1 or absent;

X33 is Asp, Asnh, Y1 or absent;

X34 is ¥1 or absent;

Y1 is Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser, or Lys-Asn-Gly-Gly-Pro-Ser-Ser-
Ghy-Ala-Pro-Pro-Pro-Ser; and

R%is NH, or OH; whersin

the GLP-2 analogue contains no more than one Y1,

if any of X28 to X33 is Y1, those positions X29 to X34 downsiream of that Y1 are
absent;

if any of X28 to X33 is absent, those positions X28 to X33 downstream of that position
are also abssnt.

17. A GLP-Z analogus according to any one of claims 14 {0 16 whersin
{i} X168 is Gly and X17 is Gl or

{ify X186 is Gly and X17 is Lys.

18. A GLP-2 analogue according to any one of claims 14 to 17 wherein:
{i}y X2 is Gly; or

(i} X2 is Alb.
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18. A GLP-2 analogue representad by the general Formula ik

R'- His-Gly-X3-Gly-X5-Phe-X7-Ser-Glu-Leu-Ala-){(12-X13-Leu-X 15-Gly-X17-
Ala-X18-X20-X21-Phe-lle-X24-Trp-Leu-X27-X28-X29-X30-X31-X32-X33-X34-

R? (i

or a pharmaceulically acceptable sall or solvate thereof,

whersin:

R’ is hydrogen, Cq.. alkyl (e.g. methyl), acetyl, formyl, benzovl or triflucroacetyl:

X3 is Glu or Aspy;

X8 is Ser or Thr,

X7 is SerorThr

X12 is Thr, Ser or Lys;

X13 is Hle, Tyr, or Gy

X185 is Asp or Gly;

X17 is Gin or Lys;

X189 is Ala or Val;

X20 is Arg, Lys or His;

X271 is Asp, Glu or Ley;

X24 is Asn, Ala, Gly;

X27 is Hle, Loy, Glu or Lys:
X28 is Gin, Lys, Ser, Gly, Y1 or absent;
X28 is Thr, Ala, Y1 or absent;
X320 is Lys, Y1 or absent;

X321 is Hle, Pro, Y1 or absent;
X32is Thr, Y1 or absent;

X33 is Asp, Asn, Y1 or absent;
X34 is Y1 or abseni;

Y1 is Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser, or Lys-Asn-Gl-Gly-Pro-Ser-Ser-

Gly-Ala-Pro-Pro-Pro-Ser; and
R* is NH, or OH: whersin

the GLP-2 analogue contains no more than one Y1,

if any of X28 to X33 I8 Y1, those positions X28 o X34 downstream of that Y1 are

absent;
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if any of X28 to X33 is absent, those positions X28 to X33 downstream of that position

are also abssent.
20 The GLP-2 analogus of any of the preceding claims, selected from

H-AIb-DGSFSDEMNTILDNQAARDFINWLIQTKITD;
HODGSFSDEMNTILDNKAARDFINWLIQTKITD;
HGDGSFSDEMNTILDGQAARDFINWLIQTK;
HGDGSFSSEMNTILDSQAARDFINWLIQTKITE,
HOEGTFTSDLSKOMEGOAVRDFIEWLIQTKITD,
HGEGTFTSDLSKQMESKAARDFIEWLIQTKITD;
HGDGSFSSELATILDGKAARDFINWLIQTKITD;
HGEGTFTSDLSTILENKAARDFIEWLIQTRITD,
HGEGSFSSDLSTILENKAARDFIEWLIQTKITD;
H-AIb-DGSFSDELNTILDGRAARDFINWLIQTK;
HGDGSFSSELATILDGQAARDFIAWLIQTKITD;
HGDGSFSDEMNTILDGQAARDFINWLIQTK; and
HOEGSFSSDLETILEGKAARDFIEWLIQTKITD;

or a pharmaceutically accepiable salt or solvate thereof.

21 The GLP-2 analogue according to any ons of the preceding claims, wherein a
Epophilic substituent is conjugated {o one or more of positions 12, 14, 16, 17,19, 20,
24, 27, 28 and 32.

22 The GLP-2 analogue according to any one of the preceding claims, wherein a
Epophilic substituent is conjugated {o one or more of positions 12, 18, 17, 20, 24, 27,
28 and 32.

23. The GLP-2 analogue according to any one of the preceding claims, wherein a
ipophilic substituent is conjugated (o one or more of positions 186, 17, 20, 24, 27, 28
and 32.

24, The GLP-2 analogue of any one of the precading claims for use in therapy.

25. A pharmaceutical composition comprising a GLP-2 analogue of any one
claims 1 to 23, or a salt or derivative thaereof, in admbdure with a carrier.

28, The pharmaceutical composition of claim 25, wherein the GLP-2 analogue is a
pharmaceutically accepiable acid addition sait.
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27, The pharmaceutical composition of claim 25 or claim 26, which is formulated
as g liquid suitable for administration by injection or infusion, or which is formulated {o

cause slow relsase of said GLP-2Z analogue.

28. Use of a2 GLP-2 analogus of any one of claims 1 to 23 for the preparation of a

medicament for the treatment and/or prevention of low grade inflammation.

28 Use of g GLP-2 analogue of any one of claims 1 to 23 {for the preparation of &
medicament for the treatment and/or prevention of low grade inflammation related {o

diabstes,

30 The use of claim 28, wherein the low grade inflammation related to diabetes is
associated with:

metabolic syndrome, obasity {e.g. abdominal cbhesity), diabetes, cardiovascular
diseases, gastrointestinal inflammation, depression, alzheimer, arthritis, hypertension,
dyslipidaemia, stroke; gastro-intestinal disorders in the uppsr gastrointestinal tract of
the cesophagus, the stomach, duodenum, the small intestine, colon and rectum,
uicers of any asticlogy  digestion disorders, malabsorplion syndromaes, short-bowsl
syndrome, cul-ds-sac syndrome, inflammatory bowsl disease, csliac sprus, fropical
sprus, hypogammagliobulinemic sprue, and chemaotherapy and/or

radistionhemoctherapy induced mucositis and diarrhea.

31. A nucleic acid molecuie comprising a nucleic acid ssquencs encoding a GLP-

2 analoguse of any one of claims 1 1o 20,

3z2. An exprassion vector comprising the nucleic acid segusence of claim 31, in

combination with control sequences to directed its exprassion,
33. A host call ransformed the expression vector of claim 32,

34, A method of producing the GLP-2 analogue of any one of claims 1 {0 20, the
method comprising culturing the host cells of claim 33 under conditions suitable for
gxpressing the GLP-2 analogue and purifying the GLP-2 analogue thus produced.

35. A nucleic acid moleculs according to claim 31, an expression vector according
o claim 32 or a host cell according to claim 33 for use in therapy.

36. Use of a nucieic acid molecule according to claim 31, an sxpression veclor
according fo claim 32 or a host csll according to claim 33, in the preparation of a

medicament for the treaiment and/or prevention of low grade inflammation associated
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with obesity {e.g. abdominal chesily), diabeles, cardiovascular diseases,
gastrointestinal inflammation, depression, alzheimer, arthrilis, hyperiension,
dysiipidaemia, stroke, gasirointestinal disorders in the upper gastrointastinal fract of
the pesophagus, the stomach, duosdenum, the small intesting, colon and rectum
including ulcers of any aeticlogy, digestion disorders, malabsorption syndromss,
short-bowel syndrome, cul-de-sac syndrome, inflammatory bowel diseass, celiac
sprue, tropical sprue, hypogammagiobulinemic sprue, and chemotherapy andfor

radiationhemothserapy induced mucositis and diarrhea.

37. A method of realing & stomach and bowsi-related disorder in a patient in need
thereof by administering an effective amount a GLP-2 analogue of any one of ciaims
110 23, 2 nucleic acid molecule according o claim 31, an expression vector
according to claim 32, or a host cell according fo claim 33,

38. The method of claim 37, whersin the gastro intestinal related disorder is low
grade inflammation associated with metabolic syndrome, obesily {e.9. abdominal
obhesily), diabetles, cardiovascular diseasss, gastrointestinal inflammation, depression,
alzheimer, arthritis, hypertension, dyslipidasmia, stroke; gastrointestinal disorders in
the upper gastrointestinal fract of the cesophagus, the stomach, ducdenum, the smalt
intestineg, colon and rectumn including ulcers of any asticlogy, digestion disorders,
malabsorption syndromes, shori-bowel syndrome, cul-de-sac syndrome, inflammatory
bowel disease, celiac sprue, iropical sprue, hypogammagiobulinemic sprue, and
chemotherapy and/or radigtionhemotherapy induced mucositis and diarrhea.

38, A therapeutic kit comprising a cancer chemaotherapy drug and a GLP-2
analogue according to any one of claims 1 {0 23, a nucleic acid molscuie according o
claim 31, an expression vector according to claim 32 or a host csll according fo claim

33, ach oplionally in combination with a pharmacsulically acceptable camier.
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