1 WO 20081082274PCT/KM2008/000061 Description AN
INSULINOTROPIC COMPLEX USING AN IM- MUNOGLOBULIN
FRAGMENT Technical Field [1] The present invention relates to an
insulinotropic peptide conjugate for long acting formulation of an
insulinotropic peptide. Specifically, the present invention relates to a
modified insulinotropic peptide conjugate having a remarkably improved
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insulinotropic peptide with a non-peptidyl polymer and an immunoglobulin
Fe, and a method for preparation thereqf. [2] Background Art
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difﬁcult in maintaining the in-vivo activity of the peptide drug due to the low in-vivo

transfer efficiency, as-.compared to the injection.

On the other hand, many efforts have been made to improve the blood stability of
the peptide drug, and to maintain the drug in the blood at a high level for a prolonged
period of time, thereby maximizing the pharmaceutical efficacy of the drug. The long
acting preparation of such peptide drug therefore needs to increase the stability of the
peptide drug, and to maintain the titers at sufficiently high levels without causing

immune responses in patients,

As a method for stabilizing the peptide, and inhibiting the degradation by a
proteolytic enzyme, some trials have been performed to modify a specific amino acid
sequence which is sensitive to the proteolytic enzyme. For example, GLP-1 (7-37 or



WO 2008/082274PCT/KR2008/000061 7-36 amide), which functions to
reduce the glucose concentration in blood for treating a Type 2 diabetes,
has a short half-life of the physiological activity of about 4 minutes or less
(ICreymann et al., 1987), due to loss of the titers of GLP-1 through the
cleavage between the 8th amino acigl (Ala) and the 9th amino acid (Asp)
by a dipeptidyl pepdidase IV (DPP 1V). As a result, various investigations
WRSBEEH made on a GLP- | analog having resistance tof BEERRIIEMG061

trials have been made for substitution of Alas with Gly (Deacon et al.,
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misfolding. As a result, such peptide can hardly be used.



[16] [17] In addition, a GLP-1 derivative, NN2211, is prepared by
substitution of the amino acid of GLP-1, and is bound to an acyl side chain
to form a non-covalent bond with albumin, thereby increasing its in-vivo
residence time. However, it has a half-life of 11 to 15 hours, which does
not indicate remarkable increase in the half-lives, as compared with the
exendin-4. Thus, the GLP-1 derivative still needs to be injected once a
WA (BPERAHK et al., 2004). Further, 0C-1131 is a GLP-1 deRGAIRHIOMEcE
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with the exendin-4. Thus, the GLP-1 derivative still needs to be injected once a day

(Nauck et al., 2004). Further, CJC-1131 is a GLP-1 derivative having a maleimide
reactive group for covalently binding the GLP-1 with albumin in blood, and efforts had

been tried to develop the CJC-1131 for the purpose of increasing the in-vivo half-life,
but such efforts were now stopped. A subsequently suggested substance, CJC-1134, is
an exendin-4 which covalently binds to a recombinant albumin, and did not exhibit a
rematrkable effect of increasing blood stability, with the blood half-life being about 17
hours (Rat) (Thibauoleau et. al., 20006).

[18]
Disclosure of Invention
Technical Problem
[19] Thus, the present inventors linked an immunoglobulin Fe, and a non-peptidyl

polymer, to an insulinotropic peptide site-specifically at an amino acid residue other
than the N-terminus by a covalent bond, and found that the conjugate of the present
invention exerts a remarkably increased in-vivo efficacy and half life. Especially, they
have found that, among the insulinotropic peptide conjugates, the conjugates of the



[231Fig. 1 shows the results of reverse phase HPLC for measurement of
the purity of a native exendin-4(N)-PEG-immunoglobulin Fc conjugate;
[24] Fig. 2 shows the results of reverse phase HPLC for measurement of
the purity of a native exendin-4(Lys)-PEG-immunoglobulin Fe conjugate;
[25] Fig. 3 shows the results of revegse phase HPLC for measurement of
the purity of a des-amino-histidyl exendin-4(Lys)-PEG-immunoglobulin Fe
WEAE$EIE™[26] Fig. 4 shows the results of reverse phasel{BEE2 /000061
measurement of the purity of a (2-Hydroxy-3-(11-1-imidazol-4-yl)propionyl)
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exepdihfitasssiEGsuman serum alburnin(HSA) conjugate; [31] Fig. 9
showz the re§ults of >té[gverse hase HPLC for measurement of the pur%ﬂty of
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purityliabiaopl NypREGridnimunsiothdlidee ledfjifgate; [33] Fig. 11 shows

[22] the results of reverse phase HPLC for measurement of the purity of a 5

des-amipa-histidyl. GLPz1(Lys)-PEG -immunoglobulin Fe conjugate; [34
Figé@néefrﬁﬁglﬂ%%Lﬂé‘%?@&%‘f?@%%%e IIPgLC for measurcjarr?ent oE‘ th]e
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Con.%gee%x%d%gfﬁ%&%%ﬁé—%n%u%%globuﬁn Fc conjugate;

[25] Fig. 3 shows the results of reverse phase HPLC for measurement of the purity of a
des-amino-histidyl exendin-4(Lys)-PEG-immunoglobulin Fc conjugate;

[26] Fig. 4 shows the results of reverse phase HPLC for measurement of the purity of a
(2-Hydroxy-3-(1H-imidazol-4-yl)propionyl) exendin-4(Lys)-PEG-immunoglobulin Fc
conjugate;

[27] Fig. 5 shows the results of reverse phase HPLC for measurement of the purity of a
(2-(1H-imidazol-4-yl)acetyl) exendin-4(Lys)-PEG-immunoglobulin Fc conjugate;

[28] Fig. 6 shows the results of reverse phase HPLC for measurement of the purity of a
Ser12 mutated des-amino-histidyl exendin-4(Lys)-PEG-immunoglobulin Fc conjugate;

[29] Fig. 7 shows the results of reverse phase HPLC for measurement of the purity of an
Argl2-mutated des-amino-histidyl exendin-4(Lys)-PEG-immunoglobulin Fc
conjugate;

[30] Fig. 8 shows the results of reverse phase HPLC for measurement of the purity of a

des-amino-histidyl exendin-4(Lys)-PEG-human serum albumin(HSA) conjugate;

[31] Fig. 9 shows the results of reverse phase HPLC for measurement of the purity of a
dimethyl-histidyl exendin-4(Lys)-PEG-immunoglobulin Fc conjugate;

[32] Fig. 10 shows the results of reverse phase HPLC for measurement of the purity of a
GLP-1(N)-PEG-immunoglobulin Fc conjugate;

[33] Fig. 11 shows the results of reverse phase HPLC for measurement of the purity of a



[36] Fig. 14 shows the results of measurement of the glucose
concentration reducing effect in blood of a des-amino-histidy!
exendin-4(Lys)-PEG-inununoglobulin Fe conjugate [37] Best Mode for
Carrying Out the Invention [38] In one embodiment of the present
invention, there is provided a long @cting insulinotropie peptide conjugate,
in which an insulinotropic peptide and a nonpeptidyl polymer possessing a
reactive group at both ends thereof are covalently linked to each other.
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romotes the biosynthesis and secretion of insulin, Inhibits the secretion of
é‘ﬁfv{:ggon, and promotes glucose absorption in the cells. In the small

[36]  intestirge, 14 ghovercty prasiirebneadeisaraposetened Hoss < prisIdaL ofhEadecing
gitteagon bhbR- 3 f and &slaRri2oHiéyedthexshBnl4iean® BGRain(1nd3g)obulin Fc
\%g}ﬁg isoriginally in the form having no insulinotropic function. But it is

the §rocessed and converted into one in the activated GLP-1 (7- 37)

form. The sequence of the GLP-1 (7-37) amino acid is as follows: [42]

[Bis6 MPod¢ a7 XJa4] FimeErut-the DuveBtioB GQAAK EFIAlivy LVKGR

38] © 49} 48 Thedakkent Qﬁ’rit‘i’l@tiﬁﬁ%éﬁﬁaﬂ%éh@&&tiﬂﬁfé’mcFr%%?mg’éffsaQBng acting
amino acid serz]%uen e homology of at least 80% leth that of GLP-1, m
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nmekastonadn sieform in which one or more amino acids are added or

[39] deleted at an N-terminus or a C-terminus of a native GLP-1, wherein the
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[40] non- Fﬁuléqw GECURISg SRR Acl e(lé).ré:.s,e -t%/g AMinG acP&)t? '

insulinotropic function for promoting the synthesis and the expression of insulin in a

(37}
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pancreatic beta cell. These peptides include a precursor, an agonist, a derivative, a
fragment, and a variant, and preferably GLP (glucagon like peptide)-1, exendin 3,
and exendin 4.

[41] GLP-1 is a hormone that is secreted by the small intestine, generally promotes
the biosynthesis and secretion of insulin, inhibits the secretion of glucagon, and
promotes glucose absorption in the cells. In the small intestine, a glucagon precursor
is decomposed into three peptides, that is, glucagon, GLP-1, and GLP-2. Here, the
GLP-1 means GLP-1 (1-37), which is originally in the form having no insulinotropic
function. But it is then processed and converted into one in the activated GLP-1 (7-
37) form. The sequence of the GLP-1 (7-37) amino acid is as follows:

[42]

[43] GLP-1(7-37)

[44] HAEGT FTSDV SSYLE GQAAK EFIAW LVKGR G

[45]

[46] The GLP-1 derivative means a peptide which exhibits an amino acid sequence
homology of at least 80% with that of GLP-1, may be in the chemically modified
form, and exhibits an insulinotropic function of at least equivalent or more to that of
GLP-1.

[47] The GLP-1 fragment means one in the form in which one or more amino acids

are added or deleted at an N-terminus or a C-terminus of a native GLP-1, wherein the




[48] The GLP-1 variant means a peptide possessing an insulinotrop ¢
function, which has one or more amino acid sequences different from
those of a native GLP-1. [49] The exendin 3 and the exendin 4 are
insulinotropic peptides consisting of 39 amino acids, which have a 53%
amino acid sequence homology witlg GLP-1. The amino acid sequences of
the exendin-3 and the exendin-4 are as follows: [50] [51] Exendin-3 &52
WP SDL SKQME EEAVR LHEW LICNGG PSSGAPPF@I08/000061
[531Exendin-4 [54] HGEGT FTSDL SKQIVIE EEAVR LFIEW LKNGG

PS4 RERSIREL [RElTihesxenrdinagenist peans,2 68 r@%%tiﬂ%%%ﬁﬂs

with receptors in-vivo and having equal biological activity to that of
acld., . .. . .
exendin, which is irrelevant to the structure of exendin. The exendin
[48] derivatifé e paptins ﬁ&?&?ﬂéca&q@&%gﬂ@l)% gl tERnl Serstiencrhich
hoireslagpyowitlr thenmativedsegneticgswitichem &phavessofnegiouGE Bi. the
[49] amingreisdirsittienahraycaliinsybstitisian dedgic BIpRRNRIIBHOB 39 amino
alp&?ﬂ ,X%% Q\tfleoa%ﬁg/oeﬁﬁl% Q%IIQS’E: %@1:';11%%%5‘3%;9 [{‘%%Oslggfq(ﬁlg dmino acid

N-methylation), and has an insulinotrgpic functio exendin
fraTABRERR AL S AtiRe ARG BHE SR BTN acids added or

[50] deleted at the N-terminus or the C-terminus of the native exendin, in which
[51] non-riatesathy3occurring amino acids (for example, D-type amino acid) can

[52] be addeBANERPs Ak thtipRKemG R eReR] PEsERXPPEY variant

(53] meang a peptide having at least one amino acid sequence different from
that of the native exendin, in which has an insulinorropic function. [59]

[54] Each BFHETFE SR fERMERBAY Fol HIEVEHERIFCRRM A, Ridivvative, the

[55] fragment, and the variant can be used individually or in combination. For
[56] exampie, dhadfegentsiHe o neluaasra RS WtOHoRIGRARIIRRAN NG ing
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recombination technolo y. [62] Further, the insulinotropic peptide used in

[57] the pribersRiiaSrnsmedinsnis 40 tRT ApERE AP SO RRTE AN Aridt aidrd er

7 deleted at the N-terminus or the C-terminus of the native exendin, in which non-
naturally occurring amino acids (for example, D-type amino acid) can be added, and
has an insulinotropic function.

[58] The exendin variant means a peptide having at least one amino acid sequence
different from that of the native exendin, in which has an insulinotropic function.

[59] Each of the preparation methods for the exendin agonist, derivative, the fragment,
and the variant can be used individually or in combination. For example, the present
invention includes an insulinotropic peptide having an amino acid sequence which
have at least one different amino acids from those of native insulinotropic peptide, and
having the amino acid residue at the N-terminus deaminated.

[60]

[61] In a specific embodiment, the native insulinotropic peptide used in the present
invention, and the modified insulinotropic peptide can be synthesized using a solid
phase synthesis method, and most of the native peptides including a native in-
sulinotropic peptide can be produced by a recombination technology.

[62] Further, the insulinotropic peptide used in the present invention can bind to the non-

peptidyl polymer on various sites.



Waﬁ%’fﬁ %%ctlvely binds to an N-terminus at a low pH, and’

[63]
[64]

[65]

[66]
[67]

[68]

[69]
[70]

[71]
[72]

[73]
[74]

WO 2008/082274PCT/KR2008/000061 [63] [64] The peptide conjugate
prepared according to the present invention can have an activity which
varies depending on the sites to be linked to the insulinotropic peptide.
[65] For example, it can be coupled with an N-terminus, and other
terminus other than the N-terminus,such as a C-terminus, respectively,
which indicates difference in the in vitro activity. The aldehyde reactive
EXK R0
lysine residue to form a covalent bond at a high pH, such as pH 9.0. A
pegylation reaction is aIIowed to proceed With varying pH, and then a
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In one preferable embodiment, the insulinotropic peptide conjugate of the present

invention is an insulinotropic peptide conjugate, in which an immunoglobulin Fc
region specifically binds to an amine group other than ones at the N-terminus of the in-
sulinotropic peptide.

In one specific embodiment, the present inventors induced a pegylation of a native

exendin-4 at pH 9.0, to selectively couple the PEG to the lysine residue of the in-




[75] <Chemical Formula 1> [76] Nilll 61-12 PC--Peptide 0 Des-amino-hi
sti (VI (DA)-121xendiii-.1 13 eta-hydrox:,..- nnidazopropyl IV)Exendin-4
CH? 0-Peptde 0 | midErzoaceryl (CA)-Excndi n- 4
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sulinotropic peptide. Alternatively, to pegylate at Lys residue, the pegylation of the
exendin-4 derivatives having the N-terminus deleted or protected was performed at pH
7.5. The pegylation at the N-terminus was blocked, either by deleting the alpha amine
group of the N-terminal histidine, by substituting the N-terminal amine group with
hydroxyl group, by modifying the alpha amine group of N-terminal histidine with two
methyl groups, or by deleting the alpha carbon of the first amino acid(histidine) and
the N-terminal amine group linked thereto to leave the imidazo-acetyl group, and etc.
Such derivatives were represented by the following Chemical Formulas:

[75] <Chemical Formula 1>

[76]
(al AN o A
] P
N | N
!
AN , -/\1“‘-.--'“'\1 j
H %——Peptde = eptdc
0 )
Des-amimo-tistidyl Beta-hydroxy-nuidazopropyl
(DAY-Lixendin-4 (Y )-Exendin-4
: 3 NE
(c) i N @
I \
CHp
C‘—b H)CMC\\\ “
a" ."\
X i e CFeplice
C—Peptide I
i 0
[idaze ?C!\I Dimaihyl-histidyl
azoavely . : .
‘ DAD-Exendin-1
(CA)-Ixendin-4 (RLExe
[77]
[78] Unlike the N-terminal coupling, when the PEG was coupled to the lysine residue

rather than the N-terminus, the in vitro activity was maintained at about 8.5 % (Table
1). Further, even if the Fc conjugates of des-amino-histidyl exendin-4 (hereinafter,
referred to as DA-exendin-4) prepared by deleting N-terminal amine group of exendin-
4, beta-hydroxyl-imidazol propionyl exendin-4 (hereinafter, referred to as HY-
exendin-4) prepared by substituting N-terminal amine group of exendin-4 with
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[79]
[80]

[81]
[82]

[83]

[84]
[85]

1-NC.....re - C 1l 0 (I)N1)-Exentlito--1 [77] [75]Unlike the N-terminal
coupling, when the PEG was coupled to the lysine residue rather than the
N-terminus, the in vitro activity was maintained at about 8.5 % (Table 1).
Further, even if the Fc conjugates of des-amino-histiclyi exendin-4
(hereinafter, referred to as DA-exengdin-4) prepared by deleting N-terminal
amine group of exendin- 4, beta-hydroxyl-imidazol propionyl exendin-4

(ﬁ%ﬁér referred to as HYexendin-4) prepared by sub %\%mﬂ 8/000061
N-terminal amine group of exendin-4 with WO
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[80]The immunoglobulin Pc region is safe for use as a drug carrier
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region may greatly increase the homogeneity of substances and be less antigenic.

The insulinotropic peptide used in the present invention is linked with a carrier
substance and non-peptidyl polymer.

The carrier substance which can be used in the present invention may be selected
from the group consisting of an immunoglobulin Fc region, an albumin, a transferrin,
and a PEG, and preferably an immunoglobulin Fc region.

The term "immunoglobulin Fc region" as used herein, refers to the heavy-chain
constant region 2 (CH2) and the heavy-chain constant region 3 (CH3) of an im-
munoglobulin, and not the variable regions of the heavy and light chains, the heavy-
chain constant region 1 (Cﬂl) and the light-chain constant region 1 (CLl) of the im-
munoglobulin. It may further include a hinge region at the heavy-chain constant
region. Also, the immunoglobulin Fc region of the present invention may contain a
part or all of the Fc region including the heavy-chain constant region 1 (CHI) and/or
the light-chain constant region 1 (CLl), except for the variable regions of the heavy and
light chains, as long as it has a physiological function substantially similar to or better




region may greatly increase the homogeneity of substances and be less
antigenic. [811 [821The insulinotropic peptide used in the present
invention is linked with a carrier substance and non-peptidyl polymer.
[831The carrier substance which can be used in the present invention
may be selected from the group corgisting of an immunoglobulin Fc
n, an albumin, a transferrin, and a PEG, and preferably an
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acid exchanges ifi proteins a do not Iy ater the
(901 activity of molecules are known in the art (H. Neurath R. L. Hitt, The
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Alafiihr, Ser/Asn, Ala/Val, Ser/Gly, Thy/Phe, Ala/Pro, Lys/Arg, Asp/Asn,

(92] Leu/lle, Leu/Val, Ala/Glu, and Asp/GB' in both directions.

[93] The aforementioned Fc derivatives are derivatives that have a biological activity
identical to the Fc region of the present invention or improved structural stability, for
example, against heat, pH, or the like.

[94]




[90] [91] The Fe region, if desired, may be modified by phosphorylation,
sulfation, acryiation, glycosylation, methylation, farnesylation, acetylation,
amidation, and the like. [92] [93] The aforementioned Fe derivatives are
derivatives that have a biological activity identical to the Fe region of the
present invention or improved struciyral stability, for example, against
heat, pH, or the like. [94] 11 WO 2008/082274PCT/KR2008/000061
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"aghpt ssiieineHnpaeestrit iraTaRCFespegiohifsvivo. In this regard, an im-
munoglobulin Fc region in a deglycosylated or aglycosylated form may be more
suitable to the object of the present invention as a drug carrier.

[99]

[100] As used herein, the term "deglycosylation” refers to enzymatically remove sugar
moieties from an Fc region, and the term "aglycosylation" means that an Fc region is
produced in an unglycosylated form by a prokaryote, preferably E. coli.

[101]

[102] On the other hand, the immunoglobulin Fc region may be derived from humans or
other animals including cows, goats, swine, mice, rabbits, hamsters, rats and guinea
pigs, and preferably humans. In addition, the immunoglobulin Fc region may be an Fc
region that is derived from IgG, IgA, IgD, IgE and IgM, or that is made by com-
binations thereof or hybrids thereof. Preferably, it is derived from IgG or IgM, which is
among the most abundant proteins in human blood, and most preferably from IgG,
which 1s known to enhance the half-lives of ligand-binding proteins.

[103]

[104] On the other hand, the term "combination” as used herein, means that polypeptides




produced in an unglycosylated form by a prokaryote, preferably E. cod.
[1.011 [102] On the other hand, the immunoglobulin Fe region may be
derived from humans or other animals including cows, goats, swine, mice,
rabbits, hamsters, rats and guinea pigs, and preferably humans. In
addition, the immunoglobulin Fe regign may be an FL region that is
derived from IgG, IgA, IgD, IgE and IgM, or that is made by combinations
wf?\éw&g&”ﬁybnds thereof. Preferably, it is derived from 1t BERAASRMASH
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[106 of one to four domains selected from the group consisting of C 1, C2, C3
]and C4 of 1gG Fe, IgM Fe, IgA Fe, IgE HHH Fe and IgD Fe, and may
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108] [109] That is, as the drug carrier of the present invention, the most
[109breferdbtéimsmitia é@sﬁaﬂmtﬂé fepeeseatanientien terGucsguitfetible im-

normglygosyiiter: fegise@iamuiha makriedven fectsdigadiFinasen. The

prefﬁ@%&ﬁ@@a@@%&&@%&%&ﬁs 8 'Qﬂmmmm@@m@gm

antlﬁﬁ.n LN the hﬁumanarkl)t%rx a tgl se Léogegrllr(?b e gﬂ%lénlg ﬁ-}e onses

suc the” proaLlSch1 a new antl ainat the anti f
responses such as the production of a new antlbody against the antxgen

[110]
[111] The term "non-peptidyl polymer" as used herein, refers to a biocompatible polymer

including two or more repeating units linked to each other by any covalent bond
excluding a peptide bond.

[112]

[113] The non-peptidyl polymer which can be used in the present invention may be
selected form the group consisting of polyethylene glycol, polypropylene glycol,
copolymers of ethylene glycol and propylene glycol, polyoxyethylated polyols,
polyvinyl alcohol, polysaccharides, dextran, polyvinyl ethyl ether, biodegradable
polymers such as PLA (polylactic acid) and PLGA (polylactic-glycolic acid), lipid
polymers, chitins, hyaluronic acid, and combinations thereof, and preferred is
polyethylene glycol. Also, derivatives thereof well known in the art and being easily
prepared within the skill of the art are included in the scope of the present invention.

[114]

[115] The peptide linker which is used in the fusion protein obtained by a conventional
inframe fusion method has drawbacks that it is easily in-vivo cleaved by a proteolytic
enzyme, and thus a sufficient effect of increasing the blood half-life of the active drug



[111] The term "non-peptidyl polymer" as used herein, refers to a
biocompatible polymer including two or more repeating units linked to
each other by any covalent bond excluding a peptide bond. [112] [113]
The non-peptidyl polymer which can be used in the present invention may
be selected form the group consistifig of polyethylene glycol,

olypropylene glycol, copolymers of ethylene glycol and propylene glycol,
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polyvinyl ethyl ether, biodegradable polymers such as PLA (polylactic
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any Iimlfa?lonf é)js on aYs itis polymgr ﬁavi_ng e aforemen ionga F
funaRshlerbiinding o MmerpRRABIg Feindia sedomaeha RIEH A5E8olytic
[118Jenzyme. The non-peptidyl polymer preferably has a molecular weight in
[1191the ramgieneh bdpidPGkymernst preienablyaiplai®oth) dHda whish ifheeferably
no@@&%%&%g% f&*ﬁ%&%@f@(ﬁ }Qélc%g%[&ehg)gggrgg}}hz?pmﬁionak%ehyde

inununoglobulin F

region, may he one polymer or a combination qQ
difERe LA EERLP R TR FREPROH HUSET oA ves
theSpeasERI IR HIEMCHARY 3P SHEHVENHHUP B ais BRIt He b Thdy L suc-

imreininighd buttoBmeggiborasnccthienphdteirbolrarg. i p8}iddia0 whhe the non-

no @%@?ﬁy&?ﬁamg DRaAvVERANIIRbEH AL BARNIS WGBS in linking at
pr %Eﬁ"@&és%%ﬁ%e% fromNe ArouR £ 'S“%%?OJ a 1534 V&%‘%ﬁ’o‘?ﬁ Mt
group,.a propion '%%ygg,gr up _aeb%t 'Pafi%e yde group, a maleimide
grotH R BPRTRESHAHICRS iRy Arhveel PRSl semtifd Py Estive alely e by
suckinidsielledropl dnatehyerosybieihemiminlinked binimpagide bond. The
carhaxyyaetaydios suapisiraidytigarinonaien M-paricudar aidve pHNend can bind
nonpeRtidyl RRIYReES hﬁﬁl%@aﬁw@o&ﬁ%x%@%ﬂ KERRhheYHeNgs, it is

effective in linking at both ends with a physiologically active pofypeptide
[120} . . : . = . .
and an irnmunoglobulin with minimal non-specific reactions. A final

[1211produdhg&seideed By ahathvadsiRy s AR R R Hh BRBRGS o Beidfites o
morf&iablcFthanampkn tiaked-pyp ade anijdes boad pFises aidetyde de actipat one
grospisaleative tkinds tenandbigasnitys abajkpidhardeap bindhke a

|[y1séi1 JBSIge R0, CoUBIANh HONCL LA AN PH AR5 BELD Bolt20)

eactive groups at both ends of the non-peptidyl polymer ma
b TR SIASRATSHERY 3 1T RER A R RS 5 RRAVE ey 02
possErstedrivaiations ccarbUparr &P Bh dhsisd BRracBhQr aRAYgElme
grogiycel propipnatdehydeity augieslahodifieklelnyte grapomWhensad so as o
polyethylene geebRavPgRIEAGNEIMUONY QLR AlbRtbrends thereof
[12215 use_d as the n_on-peptldyl polymer, the hydroxy group may be activated
0 various reactive groups by known chemical reactions, or a polyethylene
[123hycol HisitiyinRisrrinereRdf cauiFatk el s dired rxenlegreinFiFa)peon-
usew:sioad to-prepate i Hshdinotiapitqeppiiéidonjehaseuithéopresent
inveptieasiibédkekedin bhaninshlingkoricopeptideiganpigaieeidbm meseantel
invention e = .
P e L e
control, weight loss, increase in the beta cell sensitivity to glucose in
blood, promotion of beta cell proliferation, delayed gastric




14 WO 20081082274PCT/ICR20081000061 emptying, and glucagon
suppression, and further remarkably increases the blood half-life of the
insulinotropic peptide, and hence the in-vivo efficacy sustaining effect of
the peptide, it is useful to treat diabetes, obesity, acute coronary
syndrome, or polycystic ovary syndigme. [124] [125] In another
embodiment, the present invention provides a method for rn
Wfﬁ%‘l?ﬁ(%%?&hc peptide conjugate, comprising the steps ong @}‘32@8 000061
covalently linking a non- peptidyl polymer having a reactive group selected

frog i ﬁxgg! QYR R0z ﬂr&gﬁ%&@&hm&fdﬁﬁéﬂ%}}ﬁﬁ{e@ﬂ%&%&%%@md half-
derl¥ o%€ S at both ends t

er ith an_amine group or thiol.grou
insl %Sbélb%o@ﬁfﬁej%) I A S R e of e
msmmtskfmwé weptide Heshiahstrehrsiynisiisrecsary, SHAvREH tﬁ@olycystw
nomspeptidykgodymer is linked covalently to a site other than the
[124]N-terminus; and [128] (3) covalently linking an immunoglobulin Fc region

[125]“’ the Othe[ end of the nonzRen.tidyl pol m%E)rOJvE Ss'go' %ﬁ% n
prod apept e conjugate omprlsmgt e |mmunog uI|n g|o

andl“ﬂ"}g‘i?%?;mﬁ(ﬁﬁﬁﬁjr‘é U GIRERSIE HsRER8%each end of the
[126Inon-p@éptievdlewslyriveling 2 9prifpretidyhpoborjubgites agaasect iseresirelestedSam

an fiseropdiatsispiigpsr addnyeoraleintlyd)akingthiainad: peplidivep el WaB ends

o L S %ﬁ%%?n@%ﬁ*@r??ﬁf*@ﬂgm oL e
127 BT BB S TRE B LB R cPv¥§1 ol R

pre‘ﬁi&i‘i‘ﬁ@ o ihdnImisopie ‘H@mﬁﬂédé'é ARLGBEE ISCEpsHRINY AR Spepdtopther

[13dpitheNvatentiysliaking a non-peptidyl polymer having an aldehyde
[1zg]reactiv§) BseUBaY lnaﬁwngrmmﬁ%wﬁmh@ BEHE S RBIROEHNSS the non-pep
ins §

Pfi g;go%P elp%qggz?%%‘?]% ggé?}%%‘%ﬁqé&%% 989@;8 B0 A%é'l%g%smg the

insulinotropic peptid

noﬁ“ﬁ@b‘fﬂf%’%’iﬁ}rﬁ%@%?ﬁ%%%?@ﬁﬂ?%ﬁﬁ&ﬂ%?ﬂgwg|ﬁfﬁ dinkiehip£ag end

(3) dobaraitpehtikin gargimunoglobulin Pc region to the other end of the
[129nonpepiidyih obpies 1 theusa atedns aeffugatent i praddie: appateiny

co m&g@éﬁt@qmwﬁ ths- B@ﬁﬁ&‘yﬁ%@%}' Ofﬁptﬁ@%%hﬁ&?oﬁ‘@ OsINOLRORIE.

peplide, which.are linke u%e ch end ot ecf‘to’%ghge “d%nBO eex{onMor%d 1

preferably’ the Mon-peptidyl porynier o ysine resi ue ofthe ¥

insBiRGHpic peptide are linked at pH 7.5 or higher. [135] [136] In a
[130Further embodiment, the present invention provides a pharmaceutical

[131 composiiprfiesireatipgidiabe @s paasplisigitheioaulinotrepicdiepsidparing
Cow%ﬁi%&%@ﬁéﬁﬁﬁ é@ﬂﬁ@&i@fbomprising the steps of:

[132] (1) covalently linking a non-peptidyl polymer having an aldehyde reactive group at
both ends thereof with the lysine residue of the insulinotropic peptide;

[133] (2) isolating a conjugate comprising the insulinotropic peptide from the reaction
mixture of (1), in which the non-peptidyl polymer is linked covalently to the lysine
residue; and

[134] (3) covalently linking an immunoglobulin Fc region to the other end of the non-
peptidyl polymer of the isolated conjugate to produce a protein conjugate comprising
the immunoglobulin Fc region and the insulinotropic peptide, which are linked to each
end of the non-peptidyl polymer. More preferably, the non-peptidyl polymer of (1),
and the lysine residue of the insulinotropic peptide are linked at pH 7.5 or higher.

[135]

[136] In a further embodiment, the present invention provides a pharmaceutical
composition for treating diabetes, comprising the insulinotropic peptide conjugate of

the present invention.




15 WO 2008/082274PCT/KR2008/000061 [137] 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 solubgizcr, a dispersing agent, a stabilizer,
a suspending agent, a coloring agent, and a perfume. For injectable

WErSEPER3hs, the pharmaceutically acceptable carrier mayGHERE8400061
buffering agent, a preserving agent, an analgesic, a solubilizer, an isotonic

[1371298Nty é)in%ﬁq liz&t- 68 &r ARRLBH 1%%&@&2[: DURIRY ;égghtt{&%ennon
pharmmtlca accepta e carrier ase, an XCIpI

lubffts ﬁ&%‘i“BPé%&rP}?ﬁﬁ“ﬁ@ﬁé*HFalt%é‘g?Pé PRl TR AR SRAp “ﬁf
preRannReoBitidly AsesPBBltERISENEY intd devianiadprot HbSSHY., f@émemrator
combimatpisnivitbothieibfarantiepiicng dgphaosatitztical knaeaepipdlent, a
Car&%ﬁn@%&%@(ﬂ@ Jf?ﬁ:ﬁéai?@rqmé@@ﬁ'i@ﬁ&?@al;%gb%Q}%&%ﬂg&éﬂmauy
composiign mabe lormulated [0 ablets, igehes cansules, elbies o
suspe SIoNns, Syrups rwa ers rﬁe nbte reparafio the
phéﬂﬁéﬁgﬁttéﬁl1&@%%%%%3@@48%&%&@@%@1%35%&H’éaésagmm
singleatiosaldgdagesfonicdiyacmiitdds ageidonmy sutidas besadtidasigient, a
contaieint,JHe @bwmaﬁ%wg@at OB RRSHIQRUREY m@&m&rmmatﬁdsmo
SOlyRASo RN ARG PSCARRIGS SRAIONORR L ion with the
pre arations. ﬂ‘ﬁ[[? %u i’ﬂ&b othew'uand jzméples of the carrier, the
SRR S TR PECRBFARIE BT a8 SHRAPIGr L5t ofmin-
|nchaaelmettsg@ha@@e%%@aéme}@emﬁbberﬁstﬁh%ﬁd@rmb&ty{ﬁﬁ@ps
malisslistacikirg cagiansitb ety alginatenfgel &inijadeibinppipasploaiethe  phar-
Ca'%&@uﬁ@ﬁ%&nﬁ@é H&%%aﬁb%%)‘!ﬁ@ﬁkﬂ@%ﬁa marRensialing celuleRsage
e S U
propy ydroxybenzoate, t nesium stearate an rRineral ons. In
addiﬂ@ﬁot’r’i@‘bﬁaﬁﬁ%\&]éﬁtﬁ%ﬁl‘f@f ﬁﬂéﬂgt}ﬂ%“y?ﬂﬁitﬁ‘e?‘?ﬂ%lt?&@tﬁllé%s capsules
antpeblgatathing ag@atatidobricants, humectants, perfumes, and
[138]antiseptics [140] [141] The conjugate according to the present invention

[139]S Usefh Eﬂettﬁ?értt@t*aeé‘iénﬁf&6%@&%%&&%@{;\.{1&%”&1{&’tH@dﬁlteQP&ﬁﬁé{ﬁféCfm
ovaty ¥ndrocrgltﬁlc,g}) or 'ﬂﬂ(}fl m@ft a%%ut &:ealtr%(saemé)osmon com| rlsm% ]
the CoRjUGals Cai ne ddniinistersd at‘ft freatment of the seasés 51

[14§yhftﬁb e el QTR &%aﬁ%h?é%ﬁl%féa%%ﬁrﬁﬂ%%ﬁhﬁﬁ%bm
predaterminkckancelirost mghpsedinkeeintoceopatishinbyadldestain suitable

methng.iTsyeRnugete abihadnanemiiytRRiaRk Mha Paacrinisiesas, vir,
a”ynt%{ Hé%&&'&@é?&%&%ﬁné&t I9N9RSILIRAPIR Bhﬁ?f'ﬁ%‘eéngﬁ%%tﬁ%ﬁ‘é ‘may

of modes of admlnlstratlon are contemplated, includin
mtrgtfz?ﬁf P R BB ARl BB g, and
mtr&@l%ﬁ?ﬁfwﬁy orally, topically, intranasally, intrapulmonarily and
[140intrarectally, but the 16 WO 20081082274PCT/KR2008/000061 present
[141{nventigp k%ﬁjgglt'@!{&‘éﬁﬁn@%ﬁﬁeeﬁ%%wiﬂ%ﬁm@@%&%ﬂfé’ﬂ@l‘tﬁif?&%} obesity,

However, since pelpctldes are }r%ested U on 0£a| nISﬁA’atIPn ac}tlve

|ngre(!illtgr(tjt)smtl)'lf‘“r d cdmposition 1o gsu drmnrstration should Be toated or

forrﬁlﬁ‘%&ﬁb?%%?éﬁpt?&ﬁ%%ﬁﬁ@tgd%‘g?%aﬁ%ﬁ (At mBinsErdsPEfatably,

the freisent cOipdseders.may be administered in an injectable form. In
[142@ddition, the pharmaceutical composition of the present invention may be

[143pdminigtiered USing A SSHAI ARRA Al CARARLE RIAIRRAFNG IHE 2GS
|ngred|ent into a target cell. %144 bThe admImStrTlonfthguﬁS and dosfeth
of 1B AHACHTHRIE Z5b BB 516 HRENTHEUEH N L oEsie o the
det@FAmGITEAERYE1R be Retdinfeerst i afribethenoB saufadige Ausaid e
treaibd, tadmihistiatied tisuies) thaegpatibnt'scagé adenden tiveghtanemplated,
sevg{étﬁatgmmﬁ%@wﬁm%mﬁmeltmeﬁlgttltmydw&aa@au@%ﬂ\tg _
companent Sinc lth?oB ereatrjltl e{ mgo?tlgnn the r{teésre {1 Qé[l&g
has excellent’ dration ot ny\/lvo efticacy and titer, it ¢an remar

reduce the administration frequency and dose of pharmaceutical drugs of
the present invention. [145]




[146] A better understanding of the present 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. [147] Mode for the
Invention [148] EXAMELEitglieyylaucuisicL_Ith-41.1Q1LQUQgLimg'alLLji;
au 1149]3.4K PmpionALD(2) PEG (REG having two propionaldehyde
roups, DB inc., South Korea) and the N-terminus of the exendin-4é%P,
W%@A W&re subjected to pegylation by reacting the peptideCAftRAIES LS at
4C for 90 mm at a molar ratio of 1: 15, with a peptide concentration of 3

mo/pale iR H5RGs J;BﬁﬁﬁﬁgaiM@é&@ﬁéﬁﬁ%&@&@%ﬁ&yﬁﬁ{oﬂ! pH
4.0.at a concentratign of 10 deandZ {n SCB NaCI\%BHSQ a%ca‘t ¢
red‘&%%"’g@g‘“&ﬂ%ﬁ%&“&ﬁa‘?&& ?Pé%o‘%%"b‘e"rrf%rarn‘%“és%fe‘“‘ Clloft. RECaens ot &
ProistaRREDIAPPES adpdnipE A Bk b senrieobfamaiihignp tetien
subjgdteddtgpégidaiiothdytiaeadiifycfeapeplid erast tbePbGiat dayfor 3d-
thhqlﬂ’%ﬁmﬁ%@f?@@ﬁ f?@%ﬁ&&%.?ﬂtmaimﬁﬂﬁpﬁ%@ﬁeph a;]@%@egsa{ gmg({gh tgﬁﬂ%
IS tIme e reaction w errorm In - 0 e nu I p .
et hatie i A e SR R e

addEIHREHBES S A EY OB HE HS ARBh 2 $heib-pegylated peptide was
[144]purificbhfredmiséstiatiohtfreqreacyiondsisisstiofiba MimpnaeuirRC @ xXiKon®tie
Amgrsbaih BIQRGICNEBS JicRntlilnd be ke wella daalafactds gl RN Re fypss of
(X @%@&Q&t@ﬁ@%@iﬂ@d}h@%ﬁ%ﬁ%&{e%& &Qaﬁggt’gfl%g,ag%k, t%ight and
peqylated Nierpinus wes found earler, andthen Wopeake for 0.
peg 15ted ?ysw?e_ residues were Youhd” Pngtum. 1e Bgnatect e r]%e%‘i’ _mce
elufed PeERovErel compATEENR) P prerstappHenhstREss lHduatioyof in-
2008/0822cadP QT Mite2 20 081 00008 AbLyy stiRep elrpyhel teicl i stoartj oy ke veasy el eldse

earliephthRdeysndd-BRagyaied srRuHoRR %3S, eluted in the last portion, and
(1452 positional isomer of N-terminus and a positional isomer of Lys 12 are

completely isolated from each other. [150] [151] Column: SOURCE Q (XK

1146 6, ST ESLBRH RS PSS TSRS B RN 18 €8 Mt
A Ofollapinesaaniries whickargrivt frid pHIBSER; Mitag BoINEC)S1B4)as the
ColliminoSt¥pRemSnpétid ml, Amersham Biosciences)
[147]
Mode for the Invention

[148] EXAMPLE 1, Pegylation of exendin-4 and isolation of positional isomer

[149] 3.4K PropionALD(2) PEG (PEG having two propionaldehyde groups, IDB Inc.,
South Korea) and the N-terminus of the exendin-4 (AP, USA) were subjected to
pegylation by reacting the peptide and the PEG at 4°C for 90 min at a molar ratio of 1 :
15, with a peptide concentration of 3 mg/ml. At this time, the reaction was performed
in a NaOAc buffer at pH 4.0 at a concentration of 100 mM, and 20 mM SCB
(NaCNBH3) as a reducing agent was added thereto to perform the reaction. 3.4K
PropionALD(2) PEG and the lysine(Lys) residue of the exendin-4 were subjected to
pegylation by reacting the peptide and the PEG at 4°C for 3 hours at a molar ratio of
1:30, with a peptide concentration of 3 mg/ml. At this time, the reaction was performed
in a Na-Phosphate buffer at pH 9.0 at a concentration of 100 mM, and 20 mM SCB as
a reducing agent was added thereto to perform the reaction. A mono-pegylated peptide
was purified from each of the reaction solutions using SOURCE Q (XK 16 ml,
Amersham Biosciences), and isomers were isolated using SOURCE S (XK 16 ml,
Amersham Biosciences). It was found that a peak for pegylated N-terminus was found
earlier, and then two peaks for pegylated lysine residues were found in turn. The
pegylated regions of eluted peaks were confirmed by peptide mapping method. The




[155] Flow rate: 2.0 ml/min [156] Gradient: A 0 -> 100% 50 min B (A: 20
rnM citric acid pH 3.0, B: A + 0.5 M KG) [157] [158] EXAMPLE 2.
Preparation of Pxend in- 4(M-PEG--immunoglnh ilin Fe. conjinate [159]
Using the same method as described in EXAMPLE 1, 3.4K PropionALD(2)
PEG and the N-terminus of the exendin-4 were reacted, and only the
N-terminal isomers were purified, and then coupled with immunoglobulin
WP20HIEZd4 ction was performed at a ratio of peptide : imRGHEGRHIE NP6

of 1: 8, and a total concentration of proteins of 50 mg/En' at 4C for 17

I ojuti P.
B LR R CHe B 2 Sl
realCtiti Bbit Bﬁtﬂ%‘ 1A ﬁlﬁﬁn‘ﬁa TRV U ASHROILHAL alff?gfma Isomer
SO@R@@(@@MWXW%&%M@W&%) was used to remove a
[150)jarge amount of irnmunoglobulin Fe which had not participated in the
[151]couphaglmca@m@rg AT Plh Z-5b ARG hMNaCl with salt
[lszgradl ts the '?Bn H(lj%obulln Fe having relatively weak binding power
as elu e Esirfier hen the exendin-4-immunoglobulin Fc was eluted.

[153}rhrou§Fﬁ@Pﬁ§tﬁ?s@pbﬁ%a%ﬁﬂﬁrédédapéﬂﬂg%% gl RMERCD
[154removédiors SOURIEG R EXKuittsimctireshamBivsgtmbed)n Fe and the
Usspxendﬁme\ﬁwnyoqgjgﬁglin Fc have similar binding powers to each other in
1156{12 1OBRABENGE OMRA e CRvil nobRF SRTRIEITh sepaler ok

each other. Accordingly, secondary purification was performed using
USﬂnydrophoblcny of each of two materlals Usmg 20 mM Irls (pH7 5) 1 S5M
[158 BmmoHidANERI LS. ] 3 5 (¢ Hk Hni g

themﬁed samples were coupled and the sample was eluted Wlth

nsgpraduwn?y cing m&me&g@ma A BONENHT SWieS e BIS PrG
i

Iﬁﬂkt |mmI}L}1%no blé(lnge Qavmqew b d| &ovgler}/lvnellga iu(grengm
earlier, an e exendind-irnmunog mp Sle havm g strong

bindifts pRtisAvead @ﬁ&é@l@ﬁﬂéﬂét’fﬂmﬁ)@%m ﬁ“er?ﬂ&? Effdiinvas performed
hydrbptrtibieftyeithéy: cambeogiorelio d%ilyf deBaratetiftalmoneatiratine piipapicins
the ¢ B EXEHANEG °CAHHTIT HIOWEVRS rdICEAUFASPEERBHAIMOL B6TObHBE 100 mM
m%%'&@@%f&@mﬂa%%%&hﬁ% ﬁtqfamié@dfﬂ{é%tb G Ping

was hot obtainable usin HIC colum The pyrit asu

e SR S SERTE T N SHE S AB e EURCE Q (XK
SO L@@E@W?@T@fﬂ?%ﬁ%@?&h&?ﬂ%ﬁd@%‘@sﬁ 1[%6‘2]“?716% Pdtgarpugoglobulin
milFermi6iBh4G nat particibied>2586 G@pting Batio Ui 10isayHIZiS (BT ASyand
1 MiNa®bdl o Sa@ldmmemOMRErmbS621000R il Bc by RISHMAR weak binding
B'O%k%}‘%ﬁés’ dhgald lﬂX\f r&%& e P LR LG G5A 6#?&%@ %99« S qf’

min_B (A: 20 mM Tris, ammon fate) 167 68]
ARt %mﬁbr%ba? iEF E%ﬁ%ﬁlﬁ%ﬁy&%ﬂﬁ%@% ﬁﬁ’%ﬁ’él{?ﬁlﬂ?’ﬁ g some

configaeses but since the immunoglobulin Fc and the exendin-4-immunoglobulin Fc have
similar binding powers to each other in the ion exchange column, they could not be
completely separated from each other. Accordingly, secondary purification was
performed using hydrophobicity of each of two materials. Using 20 mM Tris (pH7.5)
1.5 M ammonium sulfate in SOURCE ISO (HR 16 ml, Amersham Biosciences), the
first purified samples were coupled, and the sample was eluted with gradually reducing
the concentration of ammonium sulfate. In the HIC Column, the immunoglobulin Fc
having weak binding power was eluted earlier, and then the exendin-
4-immunoglobulin Fe sample having strong binding power was eluted. Since they have
prominently different hydrophobicity, they can be more easily separated from each
other than in the ion exchange column. However, because excess amounts of im-
munoglobulin Fc is used due to the difference of molar ratio, high purity was not
obtainable using only HIC column. The purity measured by reverse phase HPLC was



[169] Using the same method as described in EXAMPLE 1, 3.4K
PropionALD(2) PEG and the lysine(Lys) of the exendin-4 were reacted,
and only the Lys isomers were purified, and then coupled with
immunoglobulin Fe. Among the twol8omer peaks, the last isomer peak
(positional isomer of Lys27), which has more reaction and which is easily
distirguighable)from the N-terminal isomer peaks, was used for the
[160] coupling reaction. The reaction was performed at a ratio of peptide :
ithmun IobuI| é (jeg tqtal con entration.of praoteins of 50
[161] mg/ml ?3@%3(&% ’f? Ll}r@ ‘ﬂgg OﬁrWé %‘l‘?ﬁ%‘ﬁqg§solution of 100
[162] mM KIoskee 03, md R mM SCB was added as a reducing agent. After
[163] the coupligignieaction, 16&tWorsiep purifloativnTriogeEs JBng SQURTECQ
[164]
[165]
[166]

16 ml aad ROUWRER (546 MRS IS AANGA3 1BiELANEBYLE 2. The
purity easured tﬁ/dpz erse phase HP LC was 91.7%. (Fig. 2) [170] [171]

EXAMPLE BB LT4PBR of des-amino-histidvt

exendfatadigps2 B-PEGmMiné§lohiniBre cotjugdte Trr2pid pedylatet 1.5 M
3.4isanionAlixed) PEG to the lysine(Lys) residue of the

71 desamino-histidyl exendin-4 (DA- exedln 4, AP, USA), pegylatlon was

[167) H
[168] ?oern;I.O;E%d M}Lﬂ%’l’f‘ ‘Eleqﬂu . LSS0 Jip-4( A . 1 i blclim Fe¢

m@omjuTaie reaction solution was |n a Na- Phosphaste buffer pH 7 5 at
[169] 100 mMsiagdiz0saivt Sfedthuibsaddadibslaineabeingragent. A4egitepashALD(2)

peﬁ’@@ ANRsRUTERE Y e fwigs %?&EM'E'Q%k%nrpi&%ﬁs%nd%ﬂgﬁﬁ%%%’fsomers
XK 16 Amers@bm BIOS nces).and SO (XK 16'ml

ANGTSH I EfootiEh 158) ANl G TETLBRAG DU HoTRBbfio somer
pekeipoditidndl isunsarnstkyepyyionalcldmay bl FeAbtiohigh s HReTgsTeaction
eagily distihgyishablel kongihddbttefromahisNmanisakisonas petd, fanthesed for

coyRling, [5R, Oﬂsaﬂ?&{ eaﬁ{lé)r‘ré’é{@&o‘ﬁer@@i@%@r%rﬂxé@“%’fa{’%ﬁge of peptide :

|mmunoglob in Fc of 1 : 8, at a total proteins concentration of 60 mg/ml,

at FERHIOSPRBLRS cTﬁ% redciBA filahePREsREE PPIPHARIRE B (R aeayl at 4°C
antb206rhMuS CBievascddedaaper fedueing #ﬂ@fﬁﬂtloﬁ'ﬁﬂ/@@ stpK-P (pH 6.0), and

PUSiCRUOSRsES SSINGs SOQURGE: Qgé& "Af?é?q G ISR e A%-step

after the ouplln gvas. the he puri

nd IR ST Ta e % 7 AL
Cotr: o) wém%%&ham%% 4S| w rardfig. 2)

[17012.0 ml/min [176] Gradlent A 0 20% 70 min B (A: 20 mM Trls pi-19.0, B: A

B|0$C|ence : : -

mit SULUEE 0 B: A + 1 M KCI) [180{ [181] EXAMPLE
[172]5 pre d{p&yl@fqﬁdgéxgrqmw%%pﬁ’mﬂo the lysine(Lys) residue of the des-

exemdind(lsvus7 pREGAMMDAcetebinid, RePcdifjdgate §182dd sig theformed with

sage methe dtl?esfgé%ﬁgébﬁgi I EXAMBLE 3 AR APIPEALPE) KRG XYaaSmolar

reaCted with the ne Lys) residue of the beta-hydroxy-imidazo-propiony

exERaliaN-: }&‘ﬁ CORSAFUATNBHY mml .§&%é§aﬁ83&§°{ﬁ qwas ina

|sdﬁaePlpI§@ka(fﬁ@§mﬁhalp§bﬁqénabi 0y s2vD), antieh mdd ffdbevenedded and reducing

wrugeas Qaﬁég}ﬁﬂ&%m%iﬁh&blﬁaﬁwm%ﬁ&ﬁ@%ﬁi@@@ﬁﬁ@@@éf&%@cws using

usgg Eggﬁk{% ers %ag QL. was, 5} formes At @gad gzg 16 ml,
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8, at a total proteins concentration of 60 mg/ml, at 4 ‘for 20 hours. The reaction was

performed in 100 mM K-P (pH 6.0), and 20 mM SCB was added as a reducing agent.
The two-step puritfication process using SOURCE Q 16 ml and SOURCE ISO 16 ml,
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[183] [184] EXAMPLE 6. Preparation of imidazo-acetyl
exendin-4(Lys27)-PECimmunoglobulin Fe conjugate [185] Using the
same method as described in EXAMPLE 4, 3.4K PropionALD(2) PEG was
reacted with the lysine(Lys) residue 6f the imidazo-acetyl
exendin-4(CAexedin-4, AP, USA). Among the two isomer peaks, the last
isafitrrthe akupositiormsl isomereofd JerTihodhich XA/ Hble e hbtignrtydneasured
ijplaeisegasjlyaggqtjpgqjsh@gm Fanithe bBirterminal isomer peaks, was
[173] used for the coupling reaction. The reaction was performed at a ratio of
peptide, : immun f1:8, and a total protein concentration of
170 0 b O T b L 8 BEIE I 100 mi K.P
175] (pH 6.6)oun@te02riNY/SE@B was added as a reducing agent. After the
[l 76] couplingrieration,(the ms@mmfrmtmnmmqamog BQURCH RQal8)
177yl a”dc%%g@ L%Eb%ﬁs’?kr@% SERCTRg i, % &g The purity
| y re Fig. 5
]
]
]

meas verse phase IIPLC was 95.8%. 186] [187]

[ 78] ExAmPIY 5r%é AUt of Ser12 mutated DA

[179] exendifizadisrg22) (PEGMmAdhogidb (hn HenehitigatecRDHH84), B4K + 1 M KCl)
[180] PropionALD(2) PEG and the Iysrne(Lys) residue of the Ser12 mutated DA
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DA kM -EhGipagaunoglobulin Fe conjugate [191] Using the
same tho as descrrb In EXAMPLE 7, 3 nA EG. W

[185 reacte %1!1 as?rnnee Flegrsdﬁigstc)l cd & %A u a%d DJAD H{) Broplon %“DQ)
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thePERBEYh PURTRHAGRT preiskss Ly s caliRalm ol fl afd SOVRCE protein
IS@hEenttanas theéeaﬁgeras i) Mmau%hemraycmﬁaw B¥rmed in 100

reve wa 93] EX MPLE
Prep@ra %%ﬁ mzrlrrlgqg {vllexendrn (ﬁy %}7) %’Eée 1m$nagent After the
CORPYGHRS [ff@@rtms.rr&tﬂ@%aﬁrbweﬁra&% RreserbEs Mg SRAWPEEQ 16 ml and
3. A0PRpoAND DN EGdsasibed dtel XV RhE |9 sifef lpysityasichsered thereverse
deﬁy@gérpg}msw @%gmplr(rp ,(/5? USA), and purified. The reaction was
[186 ]performed at a ratio of peptide : human blood-derived albumin (Green
Cross, South Korea as a carrrer substance of 1:7, and atotal
£ o a1 of 1Se mutated DA exendinsd(lys27)-PEG-
wamu[mgjeliuh Mu@idoo mM K-P (pH 6. O) and 20 mM SCR
was added as a reducing agent. After the coupling reaction, the two-step
purification process using 21 SOURCE Q 16 ml and SOURCE ISO 16 ml
was the same as in EXAMPLE 2. The purity measured by reverse phase
HPLC was 90.3%. (Fig. 8)




[188]

[189]
[190]

[191]

[192]

[195] [196] EXAMPLE 10. Preparation of dimethvl-histichd
exendin-4(Lvs27)-PEGimmunoglobulin Fe conjugate [197] Using
dimethyl-histidyl exendin-4 (DM exendin, AP, USA), dimethyl-histidyl
exendin-4(Lys27)-immunoglobulin Felconjugate was prepared in the same
method as described in EXAMPLE 4. The purity measured by reverse

phase E#RL Croypasnda.872.) (Figs %dlBB]yEMLE@;Ms{hBhEof thPfepiratioated DA
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91@%txnr@amyqéxy4l]exges1®@£\ﬁﬁkﬁ v3s @?@p@réﬁkﬁw Bf coniupate using
ButyrALD linker PEG [206] Using 3.4K ButyrALD(2) PEG (PEG having

[193]wo butyraldeiyde JowpepNG/eh of des amino-histidyl exendin-4(Lys27)-PEG-

[194]

albumin conjugate

Using the same method as described in EXAMPLE 4, 3.4K PropionALD(2)
PEG was reacted with the lysine(Lys) residue of the des-amino-histidyl exendin-4
(AP, USA), and purified. The reaction was performed at a ratio of peptide : human
blood-derived albumin (Green cross, South Korea) as a carrier substance of 1 : 7, and

a total concentration of proteins of 50 mg/ml at 4°C for 24 hours. The reaction was
performed in a solution of 100 mM K-P (pH 6.0), and 20 mM SCB was added as a
reducing agent. After the coupling reaction, the two-step purification process using




USA), 3.4K-exendin-4 was prepared in the same method as described in
EXAMPLE 1. It was coupled imtnunoglobulin Pc in the same method as
described in EXAMPLE 3. The purity measured by reverse phase HPLC
was 92.3%. (Fig. 12) [207] [20S]EXAMPLE 14. Measurement of in-vitro
activity of sustained release exendin- 4 [2091To measure the efficacy of

lo fi reparation of in-4 ethod for measurin 1N\
coCNT W o oy oLt 8 s T A Ol AU of: T
GRPity, iresighifshba el ssriBrse St langehdns Seeleigebarated, and er

[195] cAMP's in the cell was increased after treatment of GLP-1 was

[196] determinech{19] [24. U4 Maad dRh BIRASHIRAD & IRwdifie- 8GN - PEG-

used inthe p ?ﬁen test, RIN-m5P (ATCC ) cells, which-are known as Rat
mmunoglobulin Fe ¢

INStHAOE-CensS, wete-us 4 ese cells have GLP-1 receptors, and thus
[197] they afésitteditsdey Irhifédvetneadingt MAMstirmgithe’ iR URrd)adiraeihiy-histidyl
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sqf?ali molecules in the cells, by the test materials, was measured, and

hendd EC50 values, and compared to each other. The result was shown

[198]in Table 1. 12121Table | Test materials Blood half-life(hours) In

[199] vitrotit@AMPLE 11. Preparation of GLP-1 (N)-PEG-immunoglobulin Fe
conjugate

[200] 3.4K ButyrALD(2) PEG (PEG having two butyraldehyde groups, Nektar, USA)
and the N-terminus of the GLP-1 (AP, USA) were subjected to pegylation by

‘reacting the peptide and the PEG at 4°C for 90 min at a molar ratio of 1 : 5, with a

peptide concentration of 3 mg/ml. At this time, the reaction was performed in a
solution of 100 mM K-P (pH 6.0), and 20 mM SCB (NaCNBHj3) as a reducing agent
was added thereto. Then, the reaction was performed at a molar ratio of peptide :
immunoglobulin F¢ of 1 : 10, and a total concentration of proteins of 50 mg/ml at
4°C for 16 hours. The reaction was performed in a solution of 100 mM K-P (pH 6.0),
and 20 mM SCB was added as a reducing agent. After the coupling reaction, the two-
step purification process using SOURCE Q 16 ml and SOURCE ISO 16 ml was the
same as in EXAMPLE 2. The purity measured by reverse phase HPLC was 91%.

(Fig. 10)

[201]

[202] EXAMPLE 12. Preparation of des-amino-histidyl-GLP-1(Lys27)-PEG-
immunoglobulin Fc conjugate

[203] 3.4K PropionALD(2) PEG and the lysine(Lys) residue of the des-amino-histidyl

GLP-1(AP., USA) were subjected to pegylation by reacting the peptide and the 3.4K
PropionALD(2) at 4°C for 4 hours at a molar ratio of 1:30, with a peptide
concentration of 3 mg/ml. At this time, the reaction was performed in a Na-
Phosphaste buffer at pH 7.5 at a concentration of 100 mM, and 20 mM SCB as a
reducing agent was added thereto to perform the reaction. The purification process of
a mono-pegylated peptide using SOURCE Q (XK 16 ml, Amersham Biosciences)
was performed. The reaction was performed at a ratio of peptide : immunoglobulin
Fcof 1 : 6, and a total concentration of proteins of 60 mg/ml at 4°C for 16 hours. The
reaction was performed in




Exendin-4 0.7 100 Exendin-4(N)-PEG-Fc 62 <0.2
Exendin-4(Lys27).-PEG-Fc 61 13.2 DM exendin-4(Eys27)-PEG-Fc 69 2.6
23 DA exendin-4(Lys27)-PEG-Fc 54 13.2
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[204]
[205]
[206]

[207]
[208]

[209]

[210]
[211]

[212]

a solution of 100 mM K-P (pH 6.0), and 20 mM SCB was added as a reducing agent.
After the coupling reaction, the two-step purification process using SOURCE Q 16 ml
and SOURCE ISO 16 ml was the same as in EXAMPLE 2. However, the resolution in
SOURCE ISO 16ml was declined because the difference of hydrophobicity between
GLP-1 immunoglobulin Fc conjugate and immunoglobulin Fc is less than that between
exendin-4 immunoglobulin Fc and immunoglobulin Fc. Accordingly, the purifying
process using SOURCE ISO 16ml column was performed further to the above pu-
rification process. The purity measured by reverse phase HPLC was 91.9%. (Fig. 11)

EXAMPLE 13, Preparation of conjugate using ButyrALD linker PEG

Using 3.4K ButyrALD(2) PEG (PEG having two butyraldehyde groups, Nektar,
USA), 3.4K-exendin-4 was prepared in the same method as described in EXAMPLE 1.
It was coupled immunoglobulin Fc in the same method as described in EXAMPLE 3.
The purity measured by reverse phase HPLC was 92.3%. (Fig. 12)

ease exendin-

i

To measure the efficacy of long acting preparation of exendin-4, a method for
measuring the in-vitro cell activity was used. Typically, in order to measure the in-
vitro activity of GLP-1, insulinoma cells or islet of Langerhans were separated, and
whether cAMP's in the cell was increased after treatment of GLP-1 was determined.

For the method for measuring the in-vitro activity used in the present test, RIN-mS5F
(ATCC.) cells, which are known as Rat insulinoma cells, were used. These cells have
GLP-1 receptors, and thus they are often used in the methods for measuring the in-
vitro activity in the GLP-1 family. RIN-mSF was treated with GLP-1, exendin-4, and
test materials at varying concentrations. The occurrence of cAMP's, which are
signaling molecules in the cells, by the test materials, was measured, and hence EC50
values, and compared to each other. The result was shown in Table 1.

Table 1

Test materials Blood half-life(hours) |In vitrotiter(%
‘ )

Exendin-4 0.7 100

Exendin-4(N)-PEG-Fc 62 <0.2

Exendin-4(Lys27)-PEG-Fc 61 13.2

DM exendin-4(Lys27)-PEG-Fc 69 2.6




BY exendin-4(Lys27)-PEG-Fc 52 7.6 A exendin-4(Lys27)-PEG-Fc 52 8.5
Serl2 DA exendin4(Lys27)-PEG-Fe N.D.2.6 DA
exendin-4(Lys27)-PEG-albumin 2.0 DA GLP-1(Lys20,28)-PEG-Fe /7 2.0
[213] - DM exendin-4: Dimethyl-histi@dyl exendin-4 [214] - DA exendin-4:
Des-amino-histidyl exendin-4 [215] - HY exendin-4:

DA eRelamydroxyriapHazpcpropionyl exendigu4 13.2

HY exendin-4(Lys27)-PEG-Fc 52 7.6

CA exendin-4(Lys27)-PEG-Fc 52 8.5

Ser12 DA exendin-4(Lys27)-PEG-Fc IN.D. 2.6

DA exendin-4(Lys27)-PEG-albumin 2.0

DA GLP-1(Lys20,28)-PEG-Fc 27 2.0

[213] - DM exendin-4: Dimethyl-histidyl exendin-4

[214] - DA exendin-4: Des-amino-histidy] exendin-4

[215] - HY exendin-4: Beta-hydroxy-imidazo-propionyl exendin-4

[216] - CA exendin-4: imidazo-acetyl exendin-4

[217] - Ser12 DA exendin-4: DA exendin-4 wherein the 12th lysine residue of the
exendin-4 is substituted with Serine ‘

[218] - DA GLP-1: des-amino-histidyl-GLP-1

[219] - Exendin-4(N)-PEG-Fc: Conjugate in which the N-terminus of the exendin-4
and the Fc region were linked to PEG

[220] - Exendin-4(Lys27)-PEG-Fc: Conjugate in which the 27th lysine residue of the
exendin-4 and the Fc region were linked to PEG.

[221] - DM exendin-4(Lys27)-PEG-Fc: Conjugate in which the 27th lysine residue of
the dimethyl histidyl exendin-4 and the Fc region were linked to PEG.

[222] - DA exendin-4(Lys27)-PEG-Fc: Conjugate in which the 27th lysine residue of
the des-amino-histidyl exendin-4 and the Fc region were linked to PEG.

[223] - HY exendin-4(Lys)-PEG-Fc: Conjugate in which the 27th lysine residue of the
beta-hydroxy-imidazo-propionyl exendin-4 and the Fc region were linked to PEG.

[224] - CA exendin-4(Lys)-PEG-Fc: Conjugate in which the 27th lysine residue of the
imidazo-acetyl exendin-4 and the Fc region were linked to PEG.

[225] - Ser12 DA exendin-4(Lys27)-PEG-Fc: Conjugate in which the 27th lysine
residue of the Ser12 des-amino-histidyl exendin-4 wherein the 12th lysine residue of
the exendin-4 is substituted for Serine and the Fc region were linked to PEG.

[226] - DA exendin-4(Lys27)-PEG-Albumin: Conjugate in which the 27th lysine
residue of the des-amino-histidyl exendin-4 and albumin were linked to PEG.

[227] - DA GLP-1(Lys20, 28);PEG-Fc: Conjugate in which the lysine residue of the
des-amino-histidyl GLP-1 and the Fc region were linked to PEG.

[228]

[229] EXAMPLE 15. Test of in-vivo efficacy of the long acting exendin-4

[230] To measure the in-vivo efficacy of long acting preparation the exendin-4, a

method for measuring the effect of reducing the glucose concentration in blood for
db/db mice |




[216] - CA exendin-4: imidazo-acetyl exendin-4 [217] - Serl2 DA
exendin-4: DA exendin-4 wherein the 12th lysine residue of the exendin-4
is substituted with Serine [218] - DA GLP-1: des-amino-histidyl-GLP-1
[219] - Exendin-4(N)-PEG-Fc: Conjugate in which the N-terminus of the
exendin-4 and the Fe region were lipked to PEG [220] -
Exendin-4(Lys27)-PEG-Fe: Conjugate in which the 27th lysine residue of
Whaa8aHh-4 and the Fe region were linked to PEG. [22FfTfip008/000061
exendin-4(Lys27)-PEG-Fc: Conjugate in which the 27th lysine residue of
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exe Aéngsﬂ) PEG-Albumin: Conjugate in which the 27th lysine

reS| Ue of the des-amino- histidyl exendin-4 and albumin were linked to
[231pEg, [227] - DA GLP-1(Lys20, 28)-PEG-Fe: Conjugate in which the lysine

resithdustiizd Agphrsibdibystidyl GLP-1 and the Fe region were linked to
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[233]




WO 2008/082274PCT/KR2008/000061 as diabetic models was used.

100meg/kg of long acting exendin-4 preparation was administered once

during a 2 week period, and 100mcg/kg of native exendin-4 was

administered per day, to about 6-7-week-old diabetic model mice, WithO\LétLl o

limiting the food supply. After admin'b':stering the test materials, blood Wi L

collected daily, and the change of blood glucose level was measured.

Especially, in case of the native exendin4, the blood glucose

concentration was measured aftdelaHB8r of the administration (Fig. 14).
1 T'lencﬁ’)”{}f%%%?& ?c]f tg]ee ng?%%inb%ﬂ vgri\ég;[]invensgir]rl];aiglga;ngﬁhrlegr%ctiié)n c? ;t}c 8 and an

" blood giucose dondentration for days 5 Io'niger evan when® =~ P ’

immuraghoinistefed-arice, wihite the lglkcdbe loweripegpadtivity pithe conjugates of

the native exendin-4 disappeared after 8 days. [231] Industrial

Applicelsilitye] 282] Nt insulinotidpics peplide dorjuyatasodinet prelsetsd from the
S tion 1€ IN-Yive activity which is. maintaj elatively high, .and. o
e e et R L B e e erowe
of excrdiptbydthihydredéstopnentehibngtastiing foernratioddpivedidrisg N-terminal
amine gg%ﬁ Stdcw&l%l@’% %]/ulMﬁT?clthﬁ é?’o%ﬂ?ﬁﬂ%xendiﬁm'H@I‘i‘!’&@\%oﬂgpaﬁ%tlgf deleting

onjugate, comprisin - an insulinotropic peptide and an immunoglobulin Fe

a-carbifgPIhMRiehEdinked By ainPn-RRPULYNREMMEN, amindMRSIRIM#Red thereto, an
insulinotropic peptide is a derivative of exendin-4 selected from the group

exendigonsistingtkam €xepdinyd Wekivaltive Nrepagedidy &ibDSILitiey N-terenidiald with
.__unine group of exendin-4 with. hydroxyl group, an exenéjin-4,derivaH]v§ )
serine. AR BB FHBIIAG RUTRIBISIIRG GFBUH B skdntind® iRndimetyire) of
exendi@raupiian-exensin-4 derivative prepared by deleting a-carbon of the first
histidine of exendin-4 and the N-terminal amine group linked thereto, an

exehdifird deriviativeqprepared hyneubstitetiogtd? Mramirtbeagich (fysinapiefing of

endin-4 wjth serinc, and an exendin-4 derivative prepared b
polyet 5 2B SRRTRS SR By it OPENAR o SR A g el and propylene
glycolwhergir tbgyiardpaptigylspgiymeinid sdledield fsolysteehgralep, consistingpofyvinyl

e RN SR PRGBS o copobs o I Sl v

combipafysactbaxfes,dextran, polyvinyl ethyl ether, biodegradable polymers,
lipid polymers, chitin.s, hyaluronie acid, and co.mbinations thereof, and
wivdraici ronecemd of the monpeeptdybploiyeres istkekdad o amiaminadaciddue other

than HERIUERMEAL IS RESHEMMR Sf dae insulinotropic peptide.

2. The insulinotropic peptide conjugate according to claim 1, in which the derivative of
exendin-4 is prepared by substituting N-terminal amine group of exendin-4 with hydroxyl

group.

3. The insulinotropic peptide conjugate according to claim 1, in which the derivative of
exendin-4 is prepared by deleting alpha carbon of the first histidine of exendin-4 and the N-

terminal amine group linked thereto.

4. The insulinotropic peptide conjugate according to claim 1, wherein the insulinotropic




2. The insulinotrop ¢ peptide conjugate according to claim 1, in which the
derivative of exendin-4 is prepared by substituting N-terminal amine group
of exendin-4 with hydroxyl group. 3. The insulinotropie peptide conjugate
according to claimhieh the derivative of exendin-4 is prepared by deleting
alpha carbon of the -first histidine of gxendin-4 and the N-terminal amipg;gLLF
group linked thereto. 2651. peptide conjugate is represented by the
following Chemical Formula : R1-X-Y-Z-1{2 <Formula 1> wherein, R1 is
peptidgsraptsdfr dmaprs it ohsisaheranm CdismsAL NiBAYBUD, beta- hydroxy
imidazopropy! group and 4-imidazoacetyl group; 1{2 is selected from the
grBup‘corsilang 8N 120H and -Lys: X is selected from the group
consisting of . . . et e o
GG thishiet fogehagmiR seu kA vidne v dRiE Ay beta-
hydroa-Aatakeprdie gkdepQhd Fririeu-RitA 8 mGhy-G
ly-ProSer-Ser-Gly-Ala-Pro-Pro-Pro-Ser, Gly-Glu-Cly;
IhiRPbescl brelefids phk etloGe kb Gdtinly ef-BlH-GIOICilnd AL fal;
ArgLeu-Phe-Tle-Glit:Frp-1,eu-R4-Asn-Gly-Gly, and
Seéx-AsplGlied firoRPhe:T pre8predispstieg-SetHR 3-Girsi etiGI D& lioI er-Alsp-Leu-
. al-Ar e e , . .
Ser R e o G Al A s L B B R A B G o
Ser-Sa-Ser: A3 Be#ected-fam the group consisting of Lys, Ser and Arg; R4 is
selected from he group consisting of Lys, Sec and Arm Y is

pdlylethillefdsgijlool hso ipropyia e giycdér dbpolymdes ol ethiidnbighyedial-Arg-

ou-PROG RERYIEDEQlYSOL. PYlvexyethylatgd polyols, polyvinyl alcohol,
Leu Pﬁglqi}ga%g%aﬁdes, §§xtr5n', rjjé)l/y\;%i ethyl ether, biodegradable polymers,

lipigd palymers.ghitng. fiyaluronic,acid. andk cempinglions- thereal-And aiSarg-
an immunoglobulin Fe region. o _
Leu-Phe-Ile-Glu-Trp-Leu-R4-Asn-Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser;

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

Y is polyethylene glycol, polypropylene glycol, copolymers of ethylene glycol and
propylene glycol, polyoxyethylated polyols, polyvinyl alcohol, polysaccharides, dextran,
polyvinyl ethyl ether, biodegradable polymers, lipid polymers, chitins, hyaluronic acid, and

combinations thereof; and

7 is an immunoglobulin Fe region.

5. The insulinotropic peptide conjugate according to claim 1, wherein the non-peptidyl
polymer has both ends, each binding to an amine group or a thiol group of the

immunoglobulin Fc region, and the insulinotropic peptide.

6. The insulinotropic peptide conjugate according to claim 1, wherein the

immunoglobulin Fc region is deglycosylated.




5. The insulinotropic peptide conjugate according to claim I, wherein the
non-peptidyl polymer has both ends, each binding to an amine group or a
thiol group of the immunoglobulm Fe region, and the insulinotropic

peptide. 6. The insulinotropie peptide conjugate according to claim 1, MCSLLP
wherein the immunoglohalin re regigp is deglycosylated. MOULT 27 7.

The insulinotropie peptide conjugate according to claim 1, wherein the
immunoglobulin Fe region is composed of one to four domains selected.

7. frohe thagrousTenHsisH 6f CRP S GRS AHEC 194 HBtains. é&?ﬁ%ﬁ the
immuﬂ@@%%ﬂg%e&ﬁgﬁdﬁ coMYeate accarding fa.claimdnwhekeirdhgdmnthe group
_ nOgIO‘bl‘,ﬂ in Ee region further includes a hinge region. 9,The insulinotropic

consistirpiticidosjugaterhetdrtiy & ims 1, wherein the immunoglobulin Fe

region is an Fe region derived from an immunoglobulin selected from the

grou%consisting of IgCi, gtk. 1gD, IgE, and IglYt. 1.0.The insulinotropie

peptide conjugate according to claim 9, wherein each domain of th .

S A GTBLRAR roBTHE BN Ry 1 cioral g ossefn the

immurfsemrRmTOregiobuirSeldated drbimethe group consisting of I9G, EgA,
1gD,IgE, and IRM. 11. The insulinmropic peptide conjugate according to
claim 9, wherein the immunoglobulin Fe region is a dimer or a multimer
composed or single-chain liiiinunoglobul ins of the same origin. 12. The

9. indlknciregiogeptide partjdgateoapusidingetyicliien 90 whlsiglh the Wherein  the

immu%%&%&%%l %Q%Ié% <|):1$ 1@91'% %%QBA%%%E&‘ ﬁ%ﬂl%uﬁuﬁhguﬂ%m@&% from the

ude conju te according to claim 12, wherein the immunoglobulin Fe
group k&g@mma)mg@amdeggléoh;ﬂatéd ig)d4 Fe region. 14. The insulinotropic
peptide conjugate according to claim 1, wherein the reactive group or the

non-NO(1yt polymer is selected from the group consisting of an aldehyde
group, 1\4031.LP . . S
10. The insulinotropic peptide conjugate according to claim 9, wherein each domain of

the immunoglobulin Fc region is a domain hybrid of a different origin derived from an

immunoglobulin selected from the group consisting of IgG, IgA, IgD, IgE, and IgM.

11. The insulinotropic peptide conjugate according to claim 9, wherein the
immunoglobulin F¢ region is a dimer or a multimer composed of single-chain

immunoglobulins of the same origin.

12. The insulinotropic peptide conjugate according to claim 9, wherein the

immunoglobulin Fe region is an IgG4 Fe region.

13. The insulinotropic peptide conjugate according to claim 12, wherein the

immunoglobulin Fc region is a human deglycosylated 1gG4 Fe region.

14. The insulinotropic peptide conjugate according to claim 1, wherein the reactive

group of the non-peptidyl polymer is selected from the group consisting of an aldehyde group,




28 a propionaldehyde group, a butyraldehyde group, a maleirnide group,
and it succinimide derivative. 15. The insulinotropic peptide conjugate
according to claim 14, wherein the suceinirnide derivative is selected from
the group consisting of suceinimidyl propionate, suceinimidyl MCSLLP
carboxymethyl, hydroxy suceinimidy], or succinimidyl carbonate. 16. The
insalinotropie peptide conjugate according to claim 14 wherein he not
peptidyl polymer has a reactive aldehyde group at both ends. 17. The . . .
a propinsalibtrdpiepeptideoriigahy dcesti o alsimi 46 Sifttefitha succinimide
derivafd@n-peptidyl polymer is polyethylene glycol. 18. A method For preparing
the insulinoiropic peptide conjugate of claim 1, comprising the steps of:
(1) covalently linking a noi -peptidyl polymer having a reactive group
selected from the group consisting of aldehyde, maleimide, and
15.  sugginimidedeivativesat hothendsdhedsof, withuan aiinkeoeithibé groujpimide
_of the insulinotropic peptide; Z%.isol ting a conjugate comprising.the_ .
e TG SRR P R FERTE R T i e micy

carboR-MERtidy-pelysesiisdinkadcavatenily dglanrdmine.acid other than the
amino acid at the N-terminus; and (3) covalently linking an
immunoglobulin Fe region to the other end of the nonpeptidyl polymer of
the isolated conjugate to produce a peptide Conjugate comprising the '
16.  infuneglbbotinpic regida andugrddnsuindpisic lsaptide wWhkieh égé npkagptidyl
to each end.of the non-pepti ol wherein the insulinotropic peptide
lﬂf)()lyml%l aaaezlrf\?élcll\}ge()‘? %(% n%%@ﬁ%é%%%%]% the group consisting of an
exendin-4 derivative prepared by substituting N-terminal amine group of
exendin-4 with hydroxyl group, an exendin-4 derivative prepared by
madifying N-termi ine g N4 withhdigiethyhgraue ndR-peptidy!
17. eﬁ%ﬁ%ﬁ@i@%@@ﬁ%ﬁ%ﬁ ﬁé%é?gyt?hbgtgggrlbon of the first histidi}%ep '
polymef éxenidirihylane gheN-terminal amine group linked thereto, an exendin-4

derivative prepared by substituting 12th amino acid(lysine) of excadin-4

with. serine, mid an exendin-4 derivative prepared by substituting 12th

amino acid(lysine) of exendin-4 with arginine, 19.The method according to . .
18, claninethauHereFFIRE MRetHoth SO iSRS %%’%%Sp%’awgﬂ‘e “’ﬁ ~%‘<5‘6a%|e‘ﬁ%§1”‘smg
the Sté'&ggk@frg a non-peptidyl polymer having an aldehyde reactive group at both

ends thereof with a lysine residue of the insulinotropic peptide at pH of 7.5

or MPEBialentl {2)isnlatingea-gepjiatsobpmprisingherinstiingroppcselected from

peptide from the reaction mixture of (1), in which,the non-peptidyl polym ¢
e R O 00 e A QU i 0 SOUEN o et
with dmaiuReglomidingre;pegion:tmihkrothesiepepafithe nonpeptidyl polymer of

the isolated conjugate to produce a protein conjugate comprising the

immyreglabyfmlicaggiencanchihssingulinoiropicipeptite parhidh drentirkedeaction
mixtufr% %?? ,Cgldw {15 1%?@01?6&—%%%%&%8'(}{)%%& is linked covalently to an amino acid other

than the amino acid at the N-terminus; and

(3) covalently linking an immunoglobulin Fc region to the other end of the non-
peptidyl polymer of the isolated conjugate to produce a peptide conjugate comprising the
immunoglobulin Fe region and the insulinotropic peptide, which are linked to each end of the
non-peptide polymer, wherein the insulinotropic peptide is a derivative of exendin-4 selected
from the group consisting of an exendin-4 derivative prepared by substituting N-terminal
amine group of exendin-4 with hydroxyl group, an exendin-4 derivative prepared by

modifying N-terminal amine group of exendin-4 with dimethyl group, an exendin-4




20.The method according to claim 18 or 19, wherein the derivative of
exendin-4 is an exendin-4 derivative where the N-terminal amine group of
exendin-4 is substituted with hydroxyl group. 21.The method according to
claim 18 or [9, wherein the derivative of exendin-4 is an exendin-4  yicgLLp
derivative where the alpha carbon of the first histidinc of exendin-4 and
the N-terminal amine group linked th&reto are deleted. 22.The method
according to claim 18 or 19, wherein the non-peptidyl polymer is
derivaPRiyRtpiens glyea:ise o3y hopbamagaytical desosition canmpisiog\the minal
insulinotropic .peptide conjugate of claim | for use in treating diabetes,
amine QRESHVBQIalcoanay Syeaiome dofipaliyey ptigpendrbgyndromein®42th amino

... 1,.1se ofinsulinotropic peptide co juggte%)‘{.cl im 1.in the prepargtion ofa.. .
acid1yS i SGILAT 4o DLSHEI 18Pt ARy MAbars Pl dets darsHayLitine
12th agynélromgy sihpodyeysidiavaryisyngiome. 25. The method according to

claim 18 or 19, wherein the derivative of cxendin-4 is an exendin-4
derivative where the N-terminal amine group of exendin-4 is modified with
dimethyl group. 26. The insulinotropic peptide conjugate according to
19.  cldim héthwhickdtbrgekvative f, exendin hdsstbpdedipy veodieyirags of:
N-terminal amine group of exendin-4 with dimethyl group.
(1) covalently linking a non-peptidyl polymer having an aldehyde reactive group at

both ends thereof with a lysine residue of the insulinotropic peptide at pH of 7.5 or more;

(2) isolating a conjugate comprising the insulinotropic peptide from the reaction
mixture of (1), in which the non-peptidyl polymer is linked covalently to the lysine residue;

and

(3) covalently linking an immunoglobulin Fc region to the other end of the non-
peptidyl polymer of the isolated conjugate to produce a protein conjugate comprising the
immunoglobulin Fc region and the insulinotropic peptide, which are linked to each end of the

non-peptidyl polymer.

20. The method according to claim 18 or 19, wherein the derivative of exendin-4 is an

exendin-4 derivative where the N-terminal amine group of exendin-4 is substituted with

hydroxyl group.
21. The method according to claim 18 or 19, wherein the derivative of exendin-4 is an

exendin-4 derivative where the alpha carbon of the first histidine of exendin-4 and the N-

terminal amine group linked thereto are deleted.

22. The method according to claim 18 or 19, wherein the non-peptidyl polymer is

polyethylene glycol.




27. The insulinotropic peptide conjugate according to claim 4, wherein
P.m is selected from the group consisting of N-dimethyl-histidyl group,
beta-hydroxy imidazopropyl group and 4-imidazoacetyl group; and X is_
eilu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-GIn-Met-Glu-Gl or,cu-Lyéjlﬁfi\@h!‘“'Fiy
-G ly-G y-Pro-Ser-Ser-ti Iy-AM-Pro-PBO-Pro-Ser ly-Glu-Gly-Thr-Phe-
fhr-Ser-Asp-Ifeu-Ser-Lys-GIn-Met-G?u-GIu-CiI u-Ala-V a
[-ArgLeu-Pu-Lys-Asn-Gly-ely.
23. A pharmaceutical composition comprising the insulinotropic peptide conjugate of
claim 1 for use in treating diabetes, obesity, acute coronary syndrome, or polycystic ovary

syndrome.

24, Use of the insulinotropic peptide conjugate of claim 1 in the preparation of a
pharmaceutical composition for treating diabetes, obesity, acute coronary syndrome, or

polycystic ovary syndrome.

25. The method according to claim 18 or 19, wherein the derivative of exendin-4 is an
exendin-4 derivative where the N-terminal amine group of exendin-4 is modified with

dimethyl group.

26. The insulinotropic peptide conjugate according to claim 1, in which the derivative of
exendin-4 is prepared by modifying N-terminal amine group of exendin-4 with dimethyl

group.

217. The insulinotropic peptide conjugate according to claim 4, wherein Ry is selected
from the group consisting of N-dimethyl-histidyl group, beta-hydroxy imidazopropyl group

and 4-imidazoacetyl group; and

X is Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-Gln-Met-Glu-Glu-Glu-Ala-
Val-Arg-Leu»Phe~llewGlu-T'rp~I..,eu««Lys~Asn~G1y—Gly~Pr0—Ser—Ser-Gly-Ala»’Pro—Pro-Pro-Se'r
or G Iy—Glu—(}ly—Thr—Phe—Thx‘-Ser~Asp-Leu—Ser-Lys—Gln—Met-C}lu—(}lu-Glu-AIa—Val-Arg—
Leu-Phe-Ile-Glu-Trp-Leu-Lys-Asn-Gly-Gly.




