[ DESCRIPTION] [invention Title] | NSULI NOTROPI C PEPTI DE
DERI VATI VE WHEREIN I TS NN TERM NAL AMNO ACID IS
WO MBI D [ Techni cal Fi el d] The present i nvenPCOIKR2008/004170

relates to an insulinotropic peptide derivative having
an inproved insulinotropic activity. In particular,
the present invention relates to an N-term nal am no
aci d-nodi fied insulinotropic peptide having high
stability and insulinotropic activity. [Background

[PeddrEPPTONDpepti des tend to be easily denatured due to
their low stability, degraded by in-vivo proteolytic

[ B Bson tTE1d PSi Ng the activity, and have a
relatively small size, thereby easily passing through

the kidney. Accordingly, in order to maintain the
bl oBNSPETNPTRARTE REFTIRR RRRIYARIIE HRERE INoABS: N FRRISINAL

peptide as a pharmaceutically effective conponent, it
AMIRO ACID IS MODIFIED

[Technical Field]

The present invention relates to an insulinotropic peptide
derivative having an improved insulinotropic activity. In
particular, the present invention relates to an N-terminal amino

10 acid-modified insulinotropic peptide having high stability and

insulinotropic activity.

[Background Art]

Since peptides tend to be easily denatured due to their

15 low stability, degraded by in-vivo proteolytic enzymes, thus
losing the activity, and have a relatively small size, thereby
easily passing through the kidney. Accordingly, in order to
maintain the blood level and the titer of a medicament comprising

a peptide as a pharmaceutically effective component, it is

20 necessary to administer the peptide drug frequently to a patient

to maintain desired blood level and titer. However, the peptide
1
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necessary to adm ni ster the peptide drug frequently to

a patient to maintain desired blood Ievel and titer.
WOk en4 the peptidedrugs are usually adm ni BCEKRI0G8/904170

the formof injectable preparations, and such frequent

adm ni stration for maintaining the blood | evels of the

physi ol ogically active peptides cause severe pain for

the patients .To solve these problens, nany efforts

have been made. As one of such efforts, there has been
droyg9estedyana appr eaeh ntikate dgcansmi $sicoNféhfiowgh idpectable

bi ol ogi cal nmenbrane of the peptide drug is increased,

and then the peptide drug is transferred into the bod

prﬁyaéﬁﬁbﬁﬁﬁyﬁﬁéﬁﬁu§b ﬁﬁ%ﬁ%ﬁ%}jﬁ@@dﬂqqﬂﬁﬂ%wqgﬁrrmnjmalnlng

However, this approach is still difficult in

b o3 Ny | ¥t ¥aQf yt these day

e e e i, BT RE LT, PELEFE per 2688 cause
efficiency, as conpared with injectable preparations.

seart peiotfertiapdt igany . &cforlwe havee beebleade ntamy efforts
i nprove the bl ood stability of the peptide drug, and
to maintain the dru at a h| h | eve] for a

haye Ry Badert ST O groéﬂi)? ma ﬁ?zttai‘?gk?ﬁg suggested
phar maceut i cal efflcacy of the drug. The

an approach that transmission through the biclogical membrane

of the peptide drug is increased, and then the peptide drug is
transferred into the body by oropharyngeal or nasopharyngeal
inhalation. However, this approach is still difficult in
maintaining the in-vivo activity of the peptide drug due to the
remarkably lower in-vivo transfer efficiency, as compared with

injectable preparations.

On the other hand, many efforts have been made to improve
the blood stability of the peptide drug, and to maintain the
drug in blood at a high level for a prolonged period of time,
thereby maximizing the pharmaceutical efficacy of the drug. The
longactingpreparationof suchpeptide drugtherefore is required
to increase the stability of the peptide drug, and to maintain

the titers at sufficiently high levels without causing immune
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| ong acting preparation of such peptide drug therefore
is required to increase the stability of the peptide
wodew@i1and to naintain the titers at suffici eRCTKRIVG3004170

| evel s wi t hout causi ng i nmuneresponses in patients. A

s a nmethod for stabilizing the peptide, and inhibiting
the degradation by a proteolytic enzyne, sone trials

have been perforned to nodify a specific am no acid
sequence which is sensitive to the proteol ytic enzyne.

reEBbn8¥8MPhepaBibnts(7-37 or 7-36 amde) , which
functions to reduce the glucose concentration in bl ood

for the treatnent of Type 2 di abetes, has a short
hal f-1ife of the physiological activity of about 4
m nutes or less (Kreymann et al., 1987), due to |oss

o SEea bR She b Y ounD b eleprage behvemhsing

by a di peptidyl peptidase IV (DPP 1V) . As a result,
th¥adé@risda tvestdgat poosebayeibeenz ymee wmea t@iB1k have been
anal og having resistance to DPP IV, and trials have
been made for substitutiq% of Ala 8 wit (Hg Deacan
R

pegfogied toBgdigyr delSPfCet 19 aminpo@id SHANGHGE Eylch 1s
or DAla (Xiao et al. , 2001) , .
sensitive to the proteolytic enzyme. For example, GLP-1 (7-37
or 7-36 amide), which functions to reduce the glucose
concentration in blood for the treatment of Type 2 diabetes,
has a short half-life of the physiological activity of about
4 minutes or less (Kreymann et al., 1987), due to loss of the
titers of GLP-1 through the cleavage between the 8" amino acid
(Ala) and the 9“iamino acid (Asp) by a dipeptidyl péptidaée v
(DPP IV). As a result, various investigations have been made
on a GLP-1 analog having resistance to DPP IV, and trials have
been made for substitution of Ala® with Gly (Deacon et al., 1998;
Burcelin et al., 1999), or with Leu or D-Ala (Xiao et al., 2001),
thereby increasing the resistance to DPP IV, while maintaining
its activity. The N-terminal amino acid His’ of GLP-1 is critical

for the GLP-1 activity, and serves as a target of DPP IV.

Accordingly, US Patent No. 5,545,618 describes that the
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thereby increasing the resistance to DPP IV, while
mai ntaining its activity. The N-term nal am no acid
wobRb®w/0T15a§ CGLP-1 is critical for the GLP-1 act POTAR20@81004170
serves as a target of DPP IV. Accordingly, US Patent
No. 5,545,618 describes that theN-termnus is nodified
with an al kyl or acyl group, and Gallwtz, et al.
describes that H's 7 was subject to N-nethylation, or
al pha-net hyl ation, or the entire Hs is substituted
N-wethinnosdaznbeif dedmdrtdase dllkey Ir esisstydngeotp, BRR ¢34 1lwitz,
and to mai ntain physiological activity. Wereas the
resi stance ,to dipeptidyl, peptidase i.s increased to_,
ot fir 0B ST DESaBIIA T ha R SUPRRSH 109 Sl T UL b iy o
are found to have markedly reduced receptor affinity
altﬁ’héhmé_@}‘@ﬁaﬁfyﬁ stdukabi ath@f rd @ iganes CReaRt kakledN with
Gallwitz. et al., Regulatory Peptide 79:93-102 (1999)
, Regul atory Peptide 86:103-111(2000)). In addition to
im@iPzp | eexerdiarsameethept ¢ sibst amer tar BPPolivid and thanaintain
venom of glia nonster, a lizard common in Arizona and

hbrtzern Xi co. endin-3 is esent.in_the venom of, .
OBYRE BHEPRGS hor it v antiesehai hg Fesbr BRbAE 16 Thacbtidyl
venom of Hel oderma
peptidaseisincreasedtoimproveitsstability,theHis7—modified
derivatives are found to have markedly reduced receptor affinity
with lower cAMP stimulation at the same concentration (Gallwitz.

et al., Regulatory Peptide 79:93-102(1999), Regulatory Peptide

86:103-111(2000)) .

In addition to GLP-1, exendins are peptides that are found
in the venom of glia monster, a lizard commonvin Arizona and
Northern Mexico. Exendin-3 is present in the venom of Heloderma
horridum, and exendin-4 is present in the venom of Heloderma
suspectum. The exendins have a high homology of 53% with GLP-1
(Goke, et al., J. Bio. Chem., 268:19650-55(1993)). Exendin-4
reportedly acts at GLP-1 receptors on specific insulin-secreting
cells, at dispersed acinar cells from guinea pig pancreas, and

at parietal cells from stomach, and the peptide is also said
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suspectum The exendi ns have a hi gh honol ogy of 53%
wth GP-I (Goke, et al., J . Bio. Chem ,
w0 268/018850- 55(1993) ). Exendi n-4 reportedly acPET/aR2008/004170
GLP-1 receptors on specific insulin-secreting cells,
at dispersed acinar cells from guinea pig pancreas,
and at parietal cells fromstomach, and the peptide is
al so saidto stinmulate somatostatin rel ease and i nhibit
gastrin release in isolated stomachs. In addition,

t o exenthi Na Be afsh£xeNH 1l rwelred gee port edhybfiougdstoin release
stinmul ate cAMP production in pancreatic acinar cells,
~and to stinulate anylase.release from pancreatic _.
ings At ek ptemagngeel 1 RE e g ne AP oEn patadKt eggndin-4 were
5,424,686) has a sequence of H s-G@y, instead of
j ' functd a t . fH t ;
e PR L e o hag o ol ot e e TP Ty, Pk eatie
hi gher physi ol ogi cal activity than GLP-1. As a result,
acihabhatklBls rend vo bhifhulate aiyaso r4 leages froni gdnoesatic
| onger than that of G.P-1. Although the native exendin
an jn-vivo ingéeased al f

355 1 bl oSt Tt LT (57 AR ot P TEFEhE 17 shefarngqe) has
For exanple, in the case of a commercially avail able

a 8X¥8N8hBz4ofexenatide) instbafle8HsHi®-Ala which functions as
a substrate of dipeptidyl peptidase in GLP-1, it has resistance
to DPP IV, and higher physiological activity than GLP-1. As a
result, it had an in-vivo half-life of 2 to 4 hours, which was
longer than that of GLP-1. Although the native exendin has an
in-vivo increased half-life than GLP-1, its physiological
activity is not sufficiently sustained. For example, in the case
of a commercially available exendin-4 (exenatide), it needs to
be injected to a patient twice a day,‘which is still difficult
for patients.

To improve therapeutic efficacy of the native exendin,
trials have been made to prepare its analogs, derivatives and
variants. The term "analog or variant" typically refers to a

peptide prepared by substitution, deletion or insertion of one

or more amino acids into or from the native peptide. The term



be injected to a patient twice a day, which is stil

difficult for patients. To inprove therapeutic
woebdioceay of the native exendin, trials have PEBKRIBS$H04170

to prepare its anal ogs, derivatives and variants. The

term"analog or variant" typically refers to a peptide

prepared by substitution, deletion or insertion of one

or nore amino acids into or fromthe native peptide.

The ternm'derivative" refers to a chemcally nodified

"apeptheeveprepased Joy aat kthadd DNy eyl fAitddpepestier i prepared
ication, or amdation of one or nore amno acids in
the native peptide. Novel exendin agoni st conpounds

bYa@bkﬂb%%WlbeoacFlemo%ppﬂﬁt(%%fdfFWOfPCPFUSQS}d%SS? of one

Caimng priority thereon, a nethod for reducing food

T b

appl i cation, use of exendlns and anal ogs thereof for
t heNoedlictaxamsliof d@odisnt abeposndissdmwsedesnribed in PCT
EP0996459, and exendi n agoni st conpounds are di scl osed

S nebs B0l M SR e RO HBL LY, creon,

method for reducing food intake using exendin is disclosed in
US Patent No. 6956026. In addition, claiming priority on the
PCT application, use of exendins and analogs thereof for the
reductions of food intake is disclosed in EP0996459, and exendin
10 agonist compounds aredisclosedinUSPatentNo. 7157555. However,
they merely disclose several sequences of exendin analogs.
Moreover, thereisnomentionofactivityandpropertywithrespect
to said analogs, which is also not supported by the detailed
description.
15
[Disclosure]

[Technical Problem]

Accordingly,thepresentinventorsfoundthatHiskmwdified
exendin derivatives exhibit higher blood stability and

20 insulinotropicactivitythananativeexendin, therebycompleting



Moreover, there is nonention of activity and property

W th respect to said anal ogs, which is al so not
wozupperied by the detail ed description. [D scPOBUR2)08/004170

[ Techni cal Problen] Accordingly, the present inventors

found that Hi s 1-nodified exendin derivatives exhibit

hi gher bl ood stability and insulinotropic activity

t hananati ve exendi n, thereby conpl etingthe present

i nvention. [Technical Solution] It is an object of the

th@r@g@ggntnyﬁﬂgh@moho provi de insulinotropic peptide
derivatives having i nproved blood stability and

insulinotropic activity. It is another object of the
present invention to provide a pharnaceutica
conposition for the treatment of diabetes, conprising

(HSuhakh GEHqERRSY Dept oo dervati ve having |t oved
It is an object of the present invention to provide
5 insulinotropic peptide derivatives having improved blood
stability and insulinbtropic activity.
It is another object of the present invention to provide
a pharmaceutical composition for the treatment of diabetes,
comprising the insulinotropicpeptidederivative having improved

10 insulinotropic activity.

[Description of Drawings]
Fig 1 shows stability of exendin-4 derivatives in serum.
A: exendin-4, D: DA-exendin-4, H: HY-exendin-4, C : CA~exendin-4.
15 Fig. 2 shows insulinotropic activities of exendin-4, and
exendin-4 derivate, CA-exendin 4.
Fig. 3 shows blood glucose lowering effect of exendin-4,

and CA-exendin-4 in diabetic model animals.

20 [Best Model
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Fig 1 shows stability of exendin-4 derivatives in
serum A :exendin-4 ,D :DA-exendin-4 ,H :HY-exendin-4
WO 2@9/004exendi n-4 . Fig. 2 shows insulinotropPCT/KR2008/004170
activities of exendin-4, and exendin-4 derivate,
CA-exendin 4 . Fig. 3 shows bl ood glucose | owering
ef fect of exendin-4, and CA-exendin-4 in diabetic
nodel aninmals. [Best Mdde]ln accordance with an
aspect, the present invention relates to an

i nsghitideRircdRpt hde depe¥al itk Pavbagt iiffeMadn relates
bl ood stability and insulinotropic activity. The
derivative according to the present invention is a

toder | Vas e plakemic Pterdc A9ni iddivie 8@ viingeiPRared blood
hi stidi ne residue, or a derivative having a chemcally

htled 1 B Nt ! hi sti di ne residue.
Stg?gggkgbﬁgg]?Egg?gggF?égg?ogngggEYfde according to
the present invention is exendin-4, exendin-3 or
der T'nat dees vhhéreotccolreliher mo' eotendireserdr Eexenrdiiv8 is a
derivative" as used herein, refers to a peptide

repared by substituting, deleti and/ or
degivgtive hgving a chemigally modggied N-terminal histidine

residue, or aderivative having a chemically modified amino group
of N-terminal histidine residue.

Preferably, the insulinotropic peptide according to the
present inventionisexendin-4, exendin-3orderivativesthereof.
The term "exendin-4 or exendin-3 derivative" as used herein,
refers to a peptide prepared by substituting, deleting and/or
adding one or more amino acids of exendin-4 or exendin-3, or
a peptide having one or more amino acid residues chemically
modified, e.g., alkylation, acylation esterification or
amidation, whose activity isbequivalent to that of native
exendin-4.

As examples of exendin-3 or exendin-4 deivatives, an
exendin-4derivativepreparedbydeletingC-terminus of exendin-4
or substituting an amino acid of exendin-4 with nonnatural amino

acid, Norleucine is disclosed in W097/46584. Also, W099/07404
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addi ng one or nore am no acids of exendin-4 or

exendi n-3, or a peptide having one or nore amno acid
worewiodies chemcally nodified, e.g., alkyl ati BOT/KR2008/004170

acyl ation esterif ication or am dation, whose activity

is equivalent to that of native exendin-4 . As

exanpl es of exendin-3 or exendi n-4 deivatives, an

exendi n-4 derivative prepared by deleting Cterm nus

of exendin-4 or substituting an am no acid of

d18%eBdes-dkad ih BeRIFEYn 3k safh dide Aalitho NoTdeuGingubstituted
di scl osed in WXO7/46584. Al so, W9/ 07404di scl oses

exendin derivatives whose am no acids are substituted
wiht honpaRar at b aosds ds$ - ®.gPenserdt gLygiper neomoproline
honmoprol ine or tert- butylglycine and US2008/ 0119390

dls%h?%ﬁﬁaﬁﬁgggh?hg H@tbg %O%9%§ﬁ§gb6g fséHEgter%xendln

amno seq he na 've  exen prepared
del eti ng some am no acid residues of exendin-4, and

deptepat edslyorsiibstiingi f Bgozo e aimosegiehcesicduastefnative
exendin-4 with other ami no acid residues. These
publi cati ons are incorporated by references.

exeeeeprﬂcmeyarteﬁe B3 edeHe T 17 efPTBn e CalSd e rcoiigises ©

exend1n—4,andpreparajbysubstltutlngsomeam1noac1dre51dues
of exendin-4 with other amino acid residues. These publications
are incorporated by references.

Specifically, the present invention may also encompass a
derivative thereof with removal of the amino group of N-terminal
histidine (desamino-histidyl derivative), a derivative thereof
prepared by substitution of the amino group with a hydroxyl group
(beta-hydroxyimidazoproionyl derivative), a derivative thereof
prepared by modification of the amino group with two methyl
residues (dimethyl-histidyl derivative), a derivative thereof
prepared by substitution of the amino group with a carboxyl group
(beta-carboxyimidazopropionyl derivative), or a derivative
thereof with removal of the positive charge of the amino group,
in which the alpha carbon of N-terminal histidine residue is

removed to remain only the imidazoacetyl group (imidazoacetyl
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derivative thereof with renoval of the am no group of

N-term nal histidine (desam no-histidyl derivative) |,
woaoenisMati ve t hereof prepared by substituti oRCOKR2008/004170

am no group with a hydroxyl group

(bet a- hydr oxyi m dazopr oi onyl derivative) , a

derivative thereof prepared by nodification of the

am no group with two nethyl residues

(di met hyl -hi stidyl derivative) , a derivative thereof
depriepaned)by substlit ut beneof thr-asrmongloup smihoa  group

carboxyl group (beta-carboxyi m dazopropi onyl

derivative) , or a derivative thereof with renoval of
mogdpéig85FEFvE2ERYF§e of the amino group, in which the

al pha carbon of N-term nal histidine residue is

re”@g%@ekgbﬁ§naL@h@n%>e%@%t'nlg@@@@£§ﬁylIQEQQ%S exendin-4

azoacetylderivative) , and other N-term nal am no

group nodif ied-derivatives . Preferably, the present
derrnventives pavvndeshaxeral hy atbirf et Nv¢s rdrdwviadgamino group

chemcally nodified NNterm nal am no group or am no

acid resid nore preferably exendi n-4 deriyvative in
Orv\ﬁflﬁ%otar%lcglrﬁﬁ ,nlaoaﬁo%lbe%«?r £XELK 4O erlvatlve in

N-term nal histidine residue (the first am no acid of
whe¥8MHIE Hhd SmSHBSrblitddta Bfha carbon of N-terminal histidine

residue (the first amino acid of exendin-4) is substituted or
removed, and further more’ preferably
desamino-histidyl-exendin-4 (DA-Exendin-4) with removal of the
N-terminal amino group,. | beta-hydroxy
imidazopropionyl-exendin-4 (HY-exendin-4) prepared by
substitution of the amino group with a hydroxyl group,
beta-carboxy imidazopropionyl-exendin-4 (CX—exéndin—4)
prepared by substitution of the amino group with a carboxyl group,
dimethyl-histidyl-exendin-4 (DM-exendin-4) prepared by
modification of the amino group with two methyl residues, and
imidazoacetyl-exendin-4 (CA-exendin-4) with removal of alpha

carbon of N-terminal histidine residue.

10



renmoved, and further nore preferably
desam no- hi sti dyl -exendin-4 (DA-Exendin-4 ) with
worenswwe4 of the N-term nal am no group, beta- PgUKR2§08/004170

i m dazopr opi onyl - exendi n-4 (HY-exendin-4 ) prepared by
substitution of the am no group with a hydroxyl group,
bet a- car boxy i m dazopr opi onyl - exendi n-4 ( CX-exendi n-4
) prepared by substitution of the am no group with a
car boxyl group, dinethyl-histidyl-exendin-4
( exendi n-4 ) prepaged by nodification of \t he am no
Hg?o with two nmet hyl” rgsi dues, and
iniJ zoacet yl - exend{in-4 l[( CA- exendi n-4) wi {h r& val of
al pha carbon of N-term nal histidine residue.ifde ide i
Haiegp@iz ami no-h igHL}&pQﬂ*y | Bet a- hyd—dOCQ(engHz“

opr i.,ony | Be't ar bo | - imdazopr, iany, .|
maogf%g%béei p- 4 (HH?)CE-_EE%’EEQ"% n-4 (CX) JrExe%}]HﬁBFB/HS’?L
im @azoacety | Dinethyl -hi st idyl ( GA) -Exend i

S APNE B R

I'nsul 1 notropi c pepti e derivative conprising a n

N N
(] -
N N
f|3H2 _ H30~CWCH2
. . /\_ R
% Peptide HaC % Peptide
imidazoacetyl Dimethyl-histidyl
{CA)-Exendin-4 (DM)-Exendin-4

In accordance with a specific aspect, the present invention
relates to an insulinotropic peptide derivative comprising an

5 amino acid of the following Formula 1.

R1-X-R2 <Formula 1>

wherein R1 1is selected from the group consisting of
10  desamino-histidyl, N-dimethyl-histidyl, beta-hydroxy
imidazopropionyl, 4-imidazoacetyl and beta-carboxy

imidazopropionyl;

11
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amno acid o f the followng Formula 1 . Rl-X-R2

<Formula 1> wherein R| i s selected fromthe group
woecangilsuing o f desam no-histidyl, N dinethyl pOT/&R2008/004170
bet a- hydr oxy i m dazopropi onyl , 4-im dazoacetyl and

bet a- car boxy i m dazopropionyl ;R2 is selected fromthe
group consisting of -NH2 -OH and -Lys, X is selected
fromthe group consisting of
A y-d u-d y-Thr- Phe- Thr - Ser - Asp- Leu- Ser - Y-d n- Met - d u-
G URG is selected from the group consisting of -NH;, -OH and
| u- Al a-val - Arg-Leu-Phe-1le-Q u-Trp-Leu-Z-Asn-@y-dy-P
ro-Se r-Ser-d y-Al a-Pro-Pro-Pro- Ser,
~L@Sy- Q u- A y- Thr - Phe- Thr - Ser - Asp- Leu- Ser- Y- d n- Met - 4 u-
G u-G
Iaﬁaﬁd a-Val - Argrlevsfhe-4} & G Unl p- Lebuf ASBofkYsBikg  of
Ser - Asp- d y- Thr - Phe- Thr - Ser - Asp- Leu- Ser - Y-d n- Met - d u-
Gl@G1lG-Gly-Thr~Phe-Thr-Ser-Asp-Leu-Ser-Y-Gln-Met-Glu-Glu-G
| u- Al a-vVal - Arg-Leu-Phe-1le-Q3 u-Trp-Leu-Z-Asn-@y-dy-P

o B g A S i g Rl Y b 2L 9589 ro-oe
r-Ser-Gly-Ala-Pro-Pro-Pro-5Ser,
Gly—Glu—Gly—Thr—Phe—Thr—Ser—Asp—Leu—Ser—Y—Gln—Met—Glu—Glﬁ—G
lu-Ala-vVal-Arg-Leu-Phe-Ile-Glu-Trp-Leu-Z2-Asn-Gly-Gly, and
Ser-Asp-Gly-Thr-Phe~Thr-Ser-Asp-Leu-Ser-Y¥-Gln-Met-Glu-Glu-G
lu—Ala—Val—Arg—Leu—Phe—Ile—Glu—Trp—Leu—Z—Asn—Gly—Gly—Pro—Se
r-Ser-Gly-Ala-Pro-Pro-Pro-Ser;

Y is selected from the group consisting of Lys, Ser, and
Arg, and

Z is selected from the group consisting of Lys, Ser, and

Arg.

Preferred insulinotropic peptide derivative has Formula
1, wherein R1 is selected from desamino-histidyl,
N-dimethyl-histidyl, beta-hydroxy imidazopropionyl,

4-imidazoacetyl and beta-carboxyimidazopropionyl, Y is Lys or

12



Arg, and Z is selected fromthe group consisting of

Lys, Ser, and Arg. Preferred insulinotropic peptide
wodeminnetsd ve has Formula 1 , wherein R is sel BCT&R26(8003170

desam no- hi stidyl, N-dinethyl-histidyl, beta-hydroxy

I m dazopr opi onyl, 4-im dazoacetyl and

bet a- car boxyi m dazopropionyl, Y is Lys orSer, Zi s

Lys, and R2 i s -NH2. In accordance w th anot her

speci fic aspect, the present invention relates to an

Sekpsglﬁ@otggpigngeggigg dgyi vative conprising an am no
acid of the followwng Fornula 2 . R3-X -R4 <Formul a 2>
wherein R3 is 4-imdazoacetyl; X 1is
A y-d u-d y-Thr-Phe-Thr - Ser - Asp- Leu- Ser - Y-3 n- Met - d u-
A u-G
u- Al a- - d
o-éé ?_gégé%ﬁcEAP E é Blk?g ;séégt ¥hg;¥r£gent
dy-d u-GIy-Thr-Phe Thr - Ser - Asp Leu Ser Y-d n- Met - d u-
in€GkutGon relates to an insulinotropic peptide derivative

5 comprising an amino acid of the following Formula 2.
R3-X'-R4 <Formula 2>

wherein R3 is 4-imidazoacetyl;

10 X! \ is
Gly-Glu-Gly-Thr-Phe-Thr-Ser~Asp-Leu-Ser-Y-Gln-Met-Glu-Glu-G
lu-Ala-Val-Arg-Leu-Phe-TIle-Glu-Trp-Leu-Z-Asn-Gly-Gly—-Pro-Se
r-Ser-Gly-Ala-Pro-Pro-Pro-Ser or
Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Y-Gln-Met-Glu-Glu-G

15 1u-Ala-Val-Arg-Leu-Phe-Ile-Glu-Trp-Leu-Z-Asn-Gly-Gly;

R4 is -NH;;

Y is selected from the group consisting of Lys, Ser, and
Arg; and

Z 1s selected from the group consisting of Lys, Ser, and

20 Arg.

13
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| u- Al a- Vval - Arg- Leu- Phe-11e-d u-Trp-Leu-Z-Asn-dy-4dy;

R4 is -NH2/ Y is selected fromthe group consisting of
wOoRk¢w/ 01584, and Arg; and Z is sel ected from t heCHKRI[E08/004170

consi sting of Lys, Ser, and Arg.In terns of its

activity, the chemcal nodification in the N-term nal

hi stidi ne residue of exendin-4 has a different effect

fromthat in other insulinotropic peptide GP-I. The

chemi cal nodification in the N-term nal histidine

residue of G.P-1, for exanple, a-nethyl-GP-1,

n-met hyl -GP-1, or im-G.P-1, rmy be expected to

i nhibit degradati on by dipeptid ept | dase,_.t hereb
i ncrBasT Y Pﬁelgﬁeﬂﬁﬂ‘f]}ﬁy'aﬁ@epglé%‘g?gﬁi Ggriqthin the

degradation rate was reported. However, it was al so

N—ngﬁiﬁgg kaac:] cflr}Pe)’rgéYSué%@ék¥§H¥nt@%%eQ drﬁcf%@e@lrt effect
a

Intty w ower CAMP stimulation, as corrpare to

the native GLP-1. In contrast, since exendin-4 is not
frometved tW'qnnﬂﬂnﬂnﬁulqmgﬁﬁowagepep¢1W@uGané-dThei@memlcal

to predict the effect of the
modification in the N-terminal histidine residue of GLP-1, for
example, oa-methyl-GLP-1, n-methyl-GLP-1, or imi-GLP-1, may be
expected to inhibit degradation by dipeptidyl peptidase, thereby
increasing the stability, and practical reduction in degradation
rate was reported. However, it was also reported that they have

relativelyreducedreceptoraffinitywithlower cAMPstimulation,

as compared to the native GLP-1.

In contrast, since exendin-4 is not eleaved by dipeptidyl
peptidase, it would be difficult to predict the effect of the
chemical modification in the N-terminal histidine residue on
its activity, in particular, its effect on receptor affinity
and glucose concentration in blood.

Accordingly, the present invention provides an exendin-4
derivative having a chemically modified N-terminal histidine

residue or having a chemically modified amino group of N-terminal
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chem cal nodification in the N-term nal histidine

residue on its activity, in particular, its effect on
worem®ptas affinity and gl ucose concentrati on POT/KR2G0$/004170

Accordingly, the present invention provides an

exendi n-4 derivative having a chemcally nodified

N-term nal histidine residue or having a chemcally

nodi fi ed am no group of N-term nal histidine residue,

whi ch exhi bits unexpected excellent insulinotropic
higetdyhty cerpaed tohiath ves:axiendia- dunddweseted excellent

derivatives exhi bited excellent blood stability and

insulinotropic activity in vitro, anred to

ingRéhBPATEPEE §CtaVity SoRRETES 5P TAUMES FEeRinTA - These
di abetic db/db nouse that they exhibited an excellent

de®ilgetvak regueipg-Lhe %Mleerﬁ@nc%‘ltoro@“ oetbal@heg;d and
conpared to the native exendin-4 (Fig. 3)

t hought that the change in net charge due tonDdlf
inkuathohrbpithecanvhoy gioupt tofo Naompginesl thi skedidhe-4 (Fig.
residue or the change in size of histidine residue

2t PERRE T bl bod of SarTRued Peaeaper g i atEyiiasianar, they

there is still a need fornore extensivenol ecul ar
exBtiHELB8 an excellent effect of reducing the glucose
concentration in blood, compared to the native exendin-4 (Fig.
3). Itisthoughtthatthechangeinnetchargeduetomodification
in the amino group of N-terminal histidine residue or the change
in size of histidine residue causes a difference in sensitivity
to proteolytic attack in blood or affects receptor affinity.
However, thereisstill aneed formoreextensivemolecular studies
thereon. Such property is expected to maximize the intrinsic
insulinotropic activity of exendin-4, that is, a therapeutic

effect on type 2 diabetes, and to induce reduction of food intake,

delay in gastric emptying or the like.

The exendin-4 derivatives including
desamino-histidyl-exendin-4 (DA-exendin-4), beta~hydroxy
imidazopropionyl-exendin-4 (HY-exendin-4),
beta-carboxyimidazopropionyl-exendin-4 (CX-exendin-4),

15
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thereon. Such property is expected to nmaxi m ze the

intrinsic insulinotropic activity of exendin-4, that
woRen/0a1her apeuti c effect on type 2 di abet es, PAMGKR2G08/004170

i nduce reduction of food intake, delay in gastric

enptying or the |ike. The exendin-4 derivatives

i ncl udi ng desam no- hi sti dyl - exendi n-4 (DA-exendin-4 ),

bet a- hydr oxy i m dazopr opi onyl - exendi n-4 ( HY-exendi n-4

), beta-carboxyi m dazopr opi onyl - exendi n-4
difEXnexendsnidy) rdkartihyt4hi sti dyl {EXeagénddn-4) and

(DM exendi n-4 ) and i m dazoacetyl - exendi n-4

imbar ehooLHy- aﬁ% PR A T N it

N-term nal histidine reS|due or by renoving the al pha

ar& fgﬂbfgd%hﬁ§éﬂboﬁﬁgnh§fEng%1%%%hg%ethghﬁ&ﬁﬁpﬁﬁino group

ot er am no acid sequences are not |limted, as |ong as
their activity is maintained. Further, it is ObVIOUS

of tho- tdiosinakhliised diimet hes adte tdrabyt hemexendithesalpha carbon
derivatives are nodified by a typical method including

dificati on of yner su h as.PEG and su h
o RAC PGS BRLw RSB FoRFCCF anbRer? LS SaUgaef ganino acid
enhance their therapeutic
sequencesarenot limited, as longastheiractivityismaintained.
Further, it is obvious to those skilled in the art that the
exendin-4 derivatives aremodified by a typical method including
modification of polymer such as PEG and sugar chain and fusion

with albumin or transferrin, so as to enhance their therapeutic

effect, being superior to the native exendin-4.

In accordance with another aspect, the present invention
provides a pharmaceutical composition for the treatment of
diabetes, comprising the insulinotropic peptide derivative.

The term "administration™ as used hereinmeans introduction
of a predetermined amount of a substance into a patient by a
certainsuitablenethod. The conjugate of the present invention
may be administered via any of the common routes, as long as

it is able to reach adesired tissue. Avarietyof administration
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effect, being superior to the native exendin-4. In

accordance w th anot her aspect, the present invention
wOopomwilthes a pharnmaceutical conposition for theBCT/KR2008/004170

treatment of diabetes, conprising the insulinotropic

pepti de derivative. The term "adm nistration" as used

herein neans introduction of a predeterm ned anount of

a substance into a patient by a certain suitable

nmet hod. The conjugate of the present invention may be

mo@881 Ni gter edcyh e ﬁYa@édt he cEATMALAQUL €Bnt BSpé PigodSally,
it is able to reach a desired tissue . A variety of

adm ni strati onnodes are contenpl ated, including
mi:nwap@uswnealrurylmu.slﬁ:prlawéwo@hgﬂuﬁafﬂerca%ﬁ}%ulrraﬂ@dermally/
subcut aneously, intradermally, orally, topically,

or%ﬂﬂzanas néi’?%iv&fap%%%'g%%"d '%EQEEEE%EXHQW and

prese tion’i's not ‘ted to these
exenplified adm ni strati on nodes. However, since

inpeptedeslaye litgest ek aqrart onaknadohnishoation tettiovehese
ingredients of a conposition for oral adm nistration

shoul d be coated or fornulated for protection a |n§t
exgRPF 484 oRATH T Bl 3t bPRCH A% e fEEnISy Fﬁé‘cﬁrEgBH es are
conposition may be adm nistered in an

digested upon oral administration, active ingredients of a
composition for oral administration should be coated or
formulated for protection against degradation in the stomach.
Preferably, the present composition may be administered in an
injectable form. In addition, the pharmaceutical composition
of the present invention may be administered using a certain
apparatus capable of transporting the active ingredients into

a target cell.

The pharmaceutical composition comprising the conjugate
of the present invention can further comprise a pharmaceutically
acceptable carrier. For oral administration, the
pharmaceutically acceptable carrier may include a binder, a
lubricant, a disintegrator, an excipient, a solubilizer, a

dispersing agent, a stabilizer, a suspending agent, a coloring
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injectable form In addition, the pharmaceutica
conposition of the present invention nmay be

woaedvioniss ered using a certai n apparat us capabPeT/&R2008/004170
transporting the active ingredients into a target
cell. The pharmaceutical conposition conprising the
conjugate of the present invention can further
conprise a pharmaceutically acceptable carrier. For
oral adm nistration, the pharmaceutically acceptable

agBAt!i eindmy i peledfea bi pder,imyddudicanbreparations, the
di sintegrator, an excipient, a solubilizer, a
di spersing agent, a stabilizer, a suspending agent, a
phashacengageht y aaneraapdefanns i ioray hpesvdppeoufferingagent,
preparations, the pharmaceutically acceptable carrier

may_include_a bufferin ent ., ' a t, :

> EhaPgedi€7 a08Brbi i 367 Jan- T sof oni c- ANt~ and a2 Onie
stabilizer. For preparations for topica

agaflg ni shd atd or;tathie ipkar.nacaws caldepaacedphnabl €or topical
carrier may include a base, anexcipient, a |ubricant,
and a preserviggﬁagent . The pharmaceutica

adpbRpEETEFHAN0f thRe PHAEEEFEUtAFERtYo R TREP 1O G H ¥ may

into a variety of dosage forns in conbination with
include abase, anexcipient, a lubricant, and a preserving agent.

The pharmaceutical composition of the present invention may be
formulated into a variety of dosage forms in combination with
the aforementioned pharmaceutically acceptable carriers. For
example, fororal administration, the pharmaceutical composition
may be formulated into tablets, troches, capsules, elixirs,
suspensions, syrups orwafers. Forinjectablepreparations, the
pharmaceutical composition may be formulated into a unit dosage
form, such as amultidose container or an ampule as a single-dose
dosage form. The pharmaceutical composition may be also
formulated into solutions, suspensions, tablets, pills, capsules

and long-acting preparations.

On the other hand, examples of the carrier, the excipient,

and the diluent suitable for the pharmaceutical formulations
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the af orenenti oned pharmaceutically acceptable
carriers. For exanple, for oral admnistration, the
woOpbmronesdeut i cal conposition may be fornul at edPCTKR2008/004170
tabl ets, troches, capsules, elixirs, suspensions,
syrups or wafers . For injectable preparations, the
phar maceuti cal conposition nmay be fornulated into a
unit dosage form such as a multidose container or an
anpul e as a singl e-dose dosage form The
inphagsaceitioseq| deonpast t soorony, be raliso 1f, oramuiliatedld kxpibtol,
sol utions, suspensions, tablets, pills, capsules and

| ong-acting pr, rations, On the other hand, exanple :
erBRERBOart r L oS BRER P GHEC AnBUPREE i LGafE e/ S atin,

sui table for the pharnmaceutical fornmnulationsinclude

call B¢LAIAo PR 0SEa ] SHEH 8381 c8OEDIdl Lu I h@thylcellulose,
xylitol, erythritol, maltitol, starch, acacia rubber
al ginate, gelatin, calcium phosphate, cal cium
misibccasealtehkul osd ludesky| catd phoisel i ralcrdmtal | iweter,
cel l ul ose, polyvinyl pyrrolidone, water,

t byl hydr oxybenzopat e r | hydr gxybenzoate, .talc .
e R i PR £ ark SR YA A e G, s fum
pharmaceutical fornulations may further include
stbbkheesanantdin@e@adulatlifNg In addition, the pharmaceutical

formulations may further include fillers, anti-coagulating

agents, lubricants, humectants, perfumes, and antiseptics.

The administration frequency and dose of the pharmaceutical
composition of the present invention can be determined by several
related factors including the types of diseases to be treated,
administration routes, the patient's age, gender, weight and
severity of the illness, as well as by the types of the drug
as an active component. Since the pharmaceutical composition
of the present invention has excellent duration of in-vivo
efficacy and titer, it can remarkably reduce the administration
frequency and dose of pharmaceutical drugs of the present

invention.
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agents, lubricants, humectants, perfunes, and
antiseptics. The adm nistration frequency and dose of
WO tbw/opttas maceut i cal conposition of the presenPCI/KR2008/004170
i nvention can be determ ned by several related factors
including the types of diseases to be treated,
adm nistration routes, the patient's age, gender,
wei ght and severity of the illness, as well as by the
types of the drug as an active conponent. Since the
pharpacedtiutahocoboposi eonvet iybe peesedingnventhénpresent
has excellent duration of in-vivo efficacy and titer,
it can remarkably reduce the adm nistration frequency
ingAAtdeBcat NfafhBceaEredty dragsrot YRRt PFaseht are broadly
i nvention. The insulinotropic derivatives according to

di%B?oBé@sﬁfﬁhbﬂyeﬁﬁ%QQa € MOt flirRel2038d sRYUERERBr and their
Inventors, or are broadly disclosed without any
speci fic am no aci d sequences and their activities are
acheévétieomnpae edvier thoperefl théhose v& Exendbnvs, cothdéen-4,
derivatives and variants. Therefore, it never be

xpected that exendin-4 deriv h%ve whose al pha.am no
Ot BB ol 1R SAr BT 161 Nt ef HPRGSOF S’ SubREr Tt hbedt drected
del eted exert remarkably
that exendin-4 derivatives whose alpha amino group or alpha carbon
of N-terminus is substituted or deleted exert remarkably
excellent activities. Accordingly, the excellent stability in
serum and insulinotropic activity of the insulinotropic peptide

derivatives according to the present invention maximize a

therapeutic effect on type 2 diabetes.

[Mode for Inventionl]
Hereinafter, abetterunderstandingof thepresent invention
may be obtained through the following examples which are set
forth to illustrate, but are not to be construed as the limit

of the present invention.

Example 1. Plasma stability of exendin-4 derivative

To measure plasma stability of exendin-4 derivatives, each

20



excel l ent activities. Accordingly, the excellent
stability in serumand insulinotropic activity of the
wOR®WILizet ropi ¢ peptide derivatives accor di ngPCOKR2608/004170
present invention maximze a therapeutic effect on
type 2 diabetes. [Mdde for Invention] Hereinafter,
abetter understanding of the present invention may be
obt ai ned through the foll owi ng exanpl es which are set
forth to illustrate, but are not to be construed as
ofthendtinid Ecdentdie-@dr esdnixémaemt 4 aier Bxanpltes as Pkasaad to
stability of exendin-4 derivative To neasure plasna
stability of exendin-4 derivatives, eachof a nativ
01 828R 1A% AR SN AL 4 S Ve Pé?t\‘ﬁ/égse&%to&?&attb‘red were
pl asma, and the anmounts of remmining proteins not
meggﬂﬁéaﬁo%ﬂré\@éﬁsé@%ﬁﬁgéq{ﬁ)c £§¥>%&%%%P5‘€§§t HR,GidQaturation
performa test for denaturati on dependi ng on exposure
time. In the present experinment, to analyze the
depanplieg beiﬁgpexposedime-plasna, the plasnma m xed
sanpl es were deproteinised, and then anal yzed.

5 In the present experiment, to analyze the samples being
exposed to plasma, the plasma mixed samples were deproteinised,

and then analyzed.

The native exendin-4, desamino-histidyl-exendin-4
(DA-Exendin-4), beta~hydroxy imidazopropionyl-exendin-4
10 (HY-exendin-4), beta-carboxy imidazopropionyl-exendin-4

(CA-exendin-4), dimethyl-histidyl-exendin-4 (DM-exendin-4),
and imidazoacetyl-exendin-4 (CA-exendin-4) were prepared at a
concentration of 1 mg/ml, respectively. 200 W of each exendin-4
derivative sample was mixed with 200 gl of rat serum, and the
15 reaction was performed at 37 Cand at each sampling time. 100
W of each sample was taken at each time point of 0 hr, 1 hr,
2 hr, 4 hr, 6 hr, 8 hr, 18 hr, and 24 hr. 400 i of iée—cold
methanol was added to 100 ¢ of the sample toterminate the reaction,
followed by vortexing for 20 sec. Each mixture was centrifuged

20 at 15,000 rpm for 30 min, and the supernatant was taken for
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The native exendi n-4, desam no-histidyl -exendi n-4

(DA- Exendi n-4) , beta-hydroxy
woRedarapr opi onyl - exendi n-4 (HY-exendi n-4 ), PCT/KR2008/004170

bet a- car boxy i m dazopr opi onyl - exendi n-4 ( CA-exendi n-4

), dinethyl-histidyl-exendin-4 (DM exendin-4) , and

i m dazoacet yl - exendi n-4 ( CA-exendi n-4) were prepared

at a concentration of 1 ng/m, respectively. 200 mJt

of each exendi n-4 derivative sanple was m xed with 200
anfBily@fisrat serum and the reaction was perforned at 37

Cand at each sanpling tinme. 100 mll of each sanple was

taken at each time point of O hr, 1 hr, 2 hr, 4 hr, 6

hr, AgrRversgdnphaafdHpEChIas 0BT FPERefces tBg danBtfdhdht of

mas added to 100 bt of the sanple to terminate the

eact ol | e 2

T s e BTy 5 1B I0 B0 P B 5 360RE A" an

t he supernatant was taken foranalysis . A reversed

phaSaeHPEE€ulas pertocakdullstad aArgmadi eatiof (¥FAcEna major

ACN as a nobil e phase and using a C18 colum. The

results mere calculated froma ra

tat

Peg&arraPeq  of ¥ERENAT A- 40t BO aPeﬁEaﬁré?eaanﬁnaﬁ?héesult of
result of

eachderivative at a time point of 0 hr was takenas 100%, resulting
in a graph plotting a pattern that the ratio of a major peak
area decreases, as exposure time increases.

Up to the time point of 24 hr, whereas the purity of native
exendin-4 decreased by about 70%, the purity of three derivatives
(D, H, C form) decreased by about 77%, 78%, 77%, respectively

(FIG. 1).

Example 2. Measurement of in vitro activity of exendin-4
derivative

To measure the efficacy of exendin-4 derivatives including
desamino-histidyl-exendin-4, their in-vitro cell activity was
examined. The native exendin-4 and exendin-4 derivatives were
synthesized by American Peptide Corporation. Insulinoma cells

or islets of Langerhans, which are generally used for measurement
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each derivative at a tinme point of O hr was taken as
100% resulting in a graph plotting a pattern that the
woreion1s@d a naj or peak area decreases, as expBETKR200(8/084170
increases. Up to the tine point of 24 hr, whereas the
purity of native exendi n-4 decreased by about 70% the
purity of three derivatives (D, H, C form decreased
by about 77% 78% 77% respectively (FIG 1)
Exanple 2 . Measurenent of in vitro activity of
ofexendinré detivatiyverToLreasuwerthesefiftedacyanti changes in
exendi n-4 derivatives including
desam no- hi stidyl-exendin-4 , their in-vitro cel
Chgc £AMFL PrREYCEX QR WEFS thelxgerveraRefbfilataRgtment.
exendi n-4 derivatives were synthesized by Anerican
Pept:i.d r ion. Walelpy:! | s ,0ksket fo 4
Langgrﬁgﬁg,Ba%?%ﬁeaﬁgﬂﬁiﬁﬁﬁﬁTy-ﬁgéd§Po?lEggsf§§%§ﬁa% nas
in-vitro activity of GP-1, were isolated, and changes
mebgutrkd cAVRgpROVumbFOoNAREEeCBhaly268) upghiGhPis known as a
treatnent. In the present experinent, the in-vitro

5 | ra%}i%%iuﬁ'nﬁmg uz%enqj lflsaisnga Fg%—r[PFrééAgp orC,RLEl%eergbB "being
generally used for measurement of in-vitro activity of GLP-1.
RIN-m5F cells were treated with GLP-1, native exendin-4, and
exendin-4 derivatives including
N-terminal-o-desamino-histidyl-Exendin-4 at varying

10 concentrations, and then cAMP productiondue tothe testmaterials

was examined to determine ECsy values.

[Table 1]
test materials ECs¢ (nM) ratio Vs
Exendin4

Exendin-4 1.21 100
Desamino-histidyl (DA) -Exendin-4 0.95 127.4
Dimethyl—histidyl(DM)—Exendin—4 1.31 92.4
imidazoacetyl (CA) —exendin-4 1.2 100
beta-hydroxypropionyl (HY)-exendin-4 | 1.3 92.4
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rat insulinoma cell and has a GLP-1 receptor, thereby

bei ng generally used for neasurenent of in-vitro
woaewinisy of GLP-1. RIN-nbF cells were treat edCWKIR2008/004170

G.P-1, native exendin-4, and exendin-4 derivatives

including N-term nal - a-desamni no-histidyl - Exendi n-4 at

varyi ng concentrations, and then cAMP production due

to the test materials was exam ned to determ ne EC50

values [Table | ]Exanple 3 . Measurenent: of insulino

t r OBkamplii \3 { yMehsaxemndht- bflcinsalinet¥bepic activity of

i nsulinotropic activities of exendin-4 derivatives

were conmpared in RINmBF cells. RINmF cells were
exeRdkRg: IRYI¥BLEYPtured at | east once, foll owed by

i noculation into 96-well|l plates at a density of 1 Xx

105 ﬁ%”ﬁgﬁMﬂﬂoﬁMdﬂld%%ﬁin%ﬂ@gb§é%@%&%dmﬁﬁbfﬁﬁétlveswere
(G bco #11082) Then, the cells were cultured in a

5% CX2 incubator at 37 Cfor 48 hrs . The culture nedia
comppaedeplac @I NStEh €eesh. netiNngontceailhsngv@re 5%EBSd, and

and then i ncubated for 1 hr. Each of CA-exendi n-4 and
sugégﬂgureé.§9¥%%% ’oé@glifyllowedknzinoculation into 96-well
plates at a density of 1 x 10° cells/well with culture media
containing FBS (Gibco, #11082). Then, the cells were cultured
in a 5% CO, incubator at 37 Cfor 48 hrs. The culture media were
replacedwith freshmedia containing 0.5% FBS, and then incubated
for 1 hr. Each of CA-exendin-4 and exendin-4 (byetta, Amylin)
was diluted with culture media containing 0.5% FBS and glucose
to yield concentrations from 10 nM to 0.001 nM. Except for the
exendin samples, diluted solutions were prepared, and used as
a;ontrolgroup. The culture media of RINm5SF cells were removed,
and-the prepared samples were added thereto, followedbyculturing
ina 5% CO, incubator at 37 Cfor 1 hr. Then, themedia were recovered
from each well. A rat insulin ELISA kit (Mercodia) was used to

determine the insulin concentrations of the recovered media,

and the results are shown in FIG. 2 and Table 2.
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was diluted with culture nmedia containing 0.5% FBS and
gl ucose to yield concentrations from10 nMto 0.001
wondo/oExaept for the exendin sanples, diluted BOTKR2008804170

were prepared, and used as a control group. The

culture nedia of RINnbF cells were renoved, and the
prepared sanples were added thereto, followedby

culturing in a 5% CQ2 i ncubator at 37 Cfor 1 hr . Then,
the nedia were recovered fromeach well. Arat insulin
[EABA kKjt (Mercodia) was used to determne the insulin
concentrations of the recovered nedia, and the results

are shown in FIG 2 and Table 2 .[Table 2] A s shown _
SaPRlEIG 2 and Table 2 , it waBafétndlthaf bhelbsn secretion

exendi n-4 derivatives, CA exendi n-4 exhi bited about

2-fold higher insulinotropic|agti¥jty ihﬁg?gative
a e 3.

exendi n-4 at the sane concenfration.

conmparison of in vivo efficacy of exendi n-4 derivative
caTexerashure in vivo efficacy pg3egendi n-4 derivatives,
their blood glucose |owering effect was neasured in

di abeti ¢ ani mal
Exendin-4 43,3%

As shown in FIG. 2 and Table 2, it was found that one of
exendin-4derivatives, CAexendin-4 exhibitedabout 2-foldhigher
5 insulinotropic activity than native exendin-4 at the same

concentration.

Example 3. Comparison of in vivo efficacy of exendin-4
derivative

10 To measure in vivo efficacy of exendin-4 derivatives, their

blood glucose lowering effect was measured in diabetic animal

model, as comparedwith native exendin-4. The db/dbmice (Jackson

Lab, 10-12 week-0ld) were fasted for 2 hrs, and then administered

with exendin-4 and CA exedin-4 at an amount of 0.01 - 1000 mcg.kg,

15 respectively. After1hr, blood samples were collected fromtail

blood vessel to measure blood glucose levels using a glucometer.
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nodel , as conpared wth native exendin-4 . The db/db

m ce (Jackson Lab, 10-12 week-old) were fasted for 2
wohow/o1emd t hen admi ni stered with exendi n-4 andCOKR2008/004170

exedi n-4 at an anount of 0.01 - 1000 neg . kg,

respectively. A fter 1 hr, blood sanples were

collected fromtail blood vessel to neasure bl ood

gl ucose level s using a gluconeter. Exendin-4, CA

exendi n-4, and vehicle were adm nistered via
Ex8HBEHt aneous dxi@En-and dehangriolebheed gldiciosestsred via

the vehicle was cal cul ated at each concentration. At

each concentration, the ED50 fo the bl ood gl ucose
subgWeRNAGUEFFUETS MASOcaFkanae &f BiPRE PLECHT Privyamm vehicle

(FIG 3, Table 3 [Table 3 ] A s showmn in FIG 3 and

a S n nd h

1 DOLECE P 5P P oRer bl o6do ol Gasea  onar | ng. oFTact Fhan on

native exendi n- 4 in the diabetic ani mal node
th&iEﬂusﬁbkathéppﬂbodbgﬂutyﬁeThewEn$ugiﬂﬁfeopiwaﬁe@alcmﬂated

derivatives according to the present invention

maximze the intrinsic sulin tFS?IC activity of
5 usiRgnHFhHSmi REPIFEM éFFﬁer pelitPteeftect on type 2
di abet es,
[Table 3]
Sample EDsq (mcg/kg) R?
CA exendin-4 2.30 0.99
Exendin-4 9.92 0.98

As shown in FIG. 3 and Table 3, it was found that CA exendin-4
10  exhibited about 5-fold higher blood glucose lowering effect than

native exendin-4 in the diabetic animal model.

[Industrial Applicability]
The insulinotropic peptide derivatives according to the
15 present inventionmaximize the intrinsicinsulinotropicactivity
of exendin, that is, a therapeutic effect on type 2 diabetes,

and induce reduction of food intake, delay in gastric emptying
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and induce reduction of food intake, delay in gastric
enptyingor the |like, being superior to native and
woaoddn1insul i notropi ¢ peptide anal ogs. Ther ef BE®KR2008/004170
i nsul i notropic peptide derivatives and the
phar maceuti cal conposition conprising the sane
according to the present invention can be effectively
provi ded for the treatnent of the diseases. [ CLAI M5
[aiml| ] An insulinotropic peptide derivative,
orwhigs el 1kd\ terimognalipbirsbirdt aenaesiduamdbthbe insulinotropic
i nsulinotropic peptide is substituted by a materi al
sel ected froma group consisting of,desanino-histidgl, _
PeRtdPRet BPRIROSEi dyineasdCrehydridis | Hi izt bRy |  Peptide
4-im dazoacetyl and beta-carboxyi m dazopropi onyl .
- ] . : i neDLi fivat i '
Ao A TvER a1 P e PR et e pen g °he
is selected fromexendin-3, exendin-4 and the -
sader iavatoirdasiot hey edfe pCkaent3ihvention can be effectively

provided for the treatment of the diseases.
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The insulinotropic peptide derivetive as set forth
claim2 , wherein the insulinotropic peptide is
woesmrdiz44 or its derivative. [Caim4 ] The PCI/KR2008/004170
i nsulinotropic peptide derivative as set forth claiml
or 2 , wherein the insulinotropic peptide derivative
consists of an amno acid of the following Fornmula 1
R1-X-R2 <Formula 1> wherein R is selected fromthe
group consi sting of desam no-histidyl,
(ﬁtﬁ hyl - hi stidyl, beta-hydroxy i m dazopropionyl,
-1 m dazoacetyl and beta-carboxyi m dazopropi onyl; R2
is selected fromthe group consisting of -NH2 or -OH,
[asnsk] ected fromthe group consisting of
G y-d u-d y-Thr-Phe-Thr - Ser - Asp- Leu- Ser - Y-G n- Met - d u-

o A VA R TR R e TR 2 RR S N 5
ro-Se r-Ser-dy-Al a-Pro-Pro-Pro- Ser,
hié!cﬁ?lgle-ﬁsyi&m -fheh&hi nSel : Asprdele Serptl-dd dsMetb& ituted

5 by a material selected from a group consisting of
desamino-histidyl, N-dimethyl-histidyl, beta-hydroxy
imidazopropionyl, 4-imidazoacetyl and
beta-carboxyimidazopropionyl.

[claim 2]

10 The insulinotropic peptide derivative as set forth claim
1, whereinthe insulinotropicpeptide is selected fromexendin-3,
exendin-4 and the derivatives thereof.

[claim 3]
The insulinotropic peptide derivetive as set forth claim

15 2, wherein the insulinotropic peptide is exendin-4 or its
derivative.

[Claim 4]
The insulinotropic peptide derivative as set forth claim

1 or 2, wherein the insulinotropic peptide derivative consists

20 of an amino acid of the following Formula 1:
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| u- Al a-Vval - Arg-Leu-Phe-11le-d u-Trp-Leu-Z-Asn-Ay-Ady
and
WO 3aAAsP4 G y- Thr - Phe- Thr - Ser - Asp- Leu- Ser - Y- G REMER2GH8(004170
G u-G
| u- Al a- val - Arg- Leu-Phe-11e-Q3 u-Trp-Leu-Z-Asn-dy-Ady-P
ro-Se r-Ser-@y-Ala-Pro-Pro-Pro-Ser; Y is selected
fromthe group consisting of Lys, Ser, and Arg; and Z
is selected fromthe group consisting of Lys, Ser, and
Ar gr1fg-apnxBolfiheai nsul i notropi ¢ peptide derivative
as set forth claim4 , wherein R is
desam no-histidyl, Y.is Lys or Ser, Zis Lys, and R2
i s WRepelin) @laj AfbiSerReiassub FABt ds cIpRpPi gensisting of

derivative as set forth claim4 , wherein R is

i et astidyl, Y_i L ; IS Lys
i it T G T S
derivative as set forth claim

imidazopropionyl, 4-imidazoacetyl and
beta-carboxyimidazopropionyl;

R2 is selected from the group consisting of -NH; or -OH;
X is selected from the group consisting of
Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Y-Gln-Met-Glu-Glu-G
lu-Ala-Val-Arg-Leu-Phe-Ile-Glu-Trp-Leu-Z-Asn-Gly-Gly-Pro-Se
r-Ser-Gly-Ala-Pro-Pro-Pro-Ser,
Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Y-Gln-Met-Glu-Glu-G
lu-Ala-Val-Arg-Leu-Phe-Ile-Glu-Trp-Leu-Z-Asn-Gly-Gly and
Ser-Asp-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Y-Gln-Met-Glu-Glu-G
lu—Ala—Val—Arg—Leu—Phe—Ile—Glu—Tfp—Leu—Z—Asn—Gly—Gly—Pro—Se
r-Ser-Gly-Ala-Pro-Pro-Pro-Ser;

Y is selected from the group consisting of Lys, Ser, and
Arg; and

Z is selected from the group consisting of Lys, Ser, and
Arg.

[claim 5]
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4 , wherein R is 4-imdazoacetyl, Y is Lys or Ser, Z
is Lys, and RR is -NH2 . [Caim8 ] The insulinotropic
wopaptoithe4 deri vati ve as set forth claim4 , wheCEKR20U8/004170
i s beta-hydroxy-im dazopropionyl, Y is Lys or Ser, Z
is Lys, and R is -NH2 . [Caim9 ] The insulinotropic
peptide derivative as set forth claim4 , wherein R
i s beta-carboxy-im dazopropionyl, Y is Lys or Ser, Z
is Lys, and R2 is -NH2 . [C aim 10] A pharnmaceuti cal
conphpsi thonlinsttbeitreattend ofridishetess senprfosthgclaim
the insulinotropic peptide derivative of claim1l .
4, wherein R1 is desamino-histidyl, Y is Lys or Ser, Z is Lys,
and R2 is -NH,.
[Claim 6]
The insulinotropic peptide derivative as set forth claim
4, wherein R1 is N-dimethyl-histidyl, Y is Lys or Ser, Z is Lys,
and R2 1is -NH,.
[Claim 7]
The insulinotropic peptide derivative as set forth claim
4, wherein R1 is 4-imidazoacetyl, Y is Lys or Ser, Z is Lys,
and R2 is =-NH,.
[Claim 8]
The insulinotropic peptide derivative as set forth claim
4, wherein R1 is beta-hydroxy-imidazopropionyl, Y is Lys or Ser,
Z is Lys, and R2 is =-NH;.
[claim 9]
The insulinotropic peptide derivative as set forth claim
4, wherein R1 is beta-carboxy-imidazopropionyl, Y is Lys or Ser,

Z i1s Lys, and R2 is =NH,.

[claim 10]
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WO 2009/011544 PCT/KR2008/004170

Apharmaceutical composition for the treatment of diabetes,

comprising the insulinotropic peptide derivative of claim 1.
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