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[ 14The present invention relates to an insulin conjugate having inproved in
vivo duration and stability, which is prepared by covalently Iinking
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{31 Insulin, a peptide secreted by the pancreatic beta cells, plays a central role in the
control of blood glucose levels in the body. When insulin is not properly secreted or
the secreted insulin does not work in the body, the blood glucose level is not regulated,
and thus diabetes occurs, This diabetes is called type I diabetes. Type I diabetes is
caused when the pancreas does not make enough insulin to increase the blood glucose
level.

(4] Type II diabetes is usually treated with oral hypoglycemic agents chemically syn-
thesized, and in some cases, patients are treated with insulin. Meanwhile, type I
diabetes requires insulin treatment.

[5] The insulin treatment method currently used is injection of insulin before/after meals.
However, such insulin injection should be continuously administered three times per
day, which causes pain or discomfort to the patients. There have been various attempts
to overcome the problem. One of them is-a method of delivering a peptide drug via
oral or nasal inhalation by improving its membrane permeability. Undesirably, the
method showed very low delivery efficiency, compared to the injectable formulations,
and thus there are still many difficulties in maintaining in vivo activity of the peptide
drug at the required levei.

[6] Meanwhile, there was a method of delaying drug absorption afier a subcutaneous
injection of a large amount of the drug, so as to maintain the biood level by only one
daily injection. Some of the developed drugs (Lantus®, Sanofi-aventis) were approved,
and are now used for the patients, In addition, studies have been conducied to prolong

the action, leading to development of Levemir (Novo Nordisk) prepared by modi-
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Advant ageous Effects of Invention [14] The insulin conjugate of the present
invention maintains in vivo activity of peptide at a relatively high |evel
and remai kably increases the serumhalf-life thereof, thereby greatly
“inproving drug conpliance of patients in need of insulin treatnment. [15]
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life, compared to the known inframe fusion method.

[12]
Solution to Problem

(13] It is an object of the present invention to provide an excellent insulin conjugate that
maintains in vivo activity of insulin and remarkably prolongs the serum haif—life
thereof, a long-acting formulation comprising the same, and a preparation method

- thereof.

Advantageous Effects of Invention

[14] The insulin conjugate of the present invention maintains in vivo activity of peptide at
a relatively high level and remarkably increases the serum half-life thereof, thereby

greatly improving drug compliance of patients in need of insulin treatment.

[15]
Brief Description of Drawings o

[16] FIG. 1 is the result of pharmacokinetic analysis of insulin-PEG-immunoglobulin F¢
conjugate;

[17] FIG. 2 is the result of comparing in vivo efficacies between insulin derivative-

PEG-immunogliobulin Fe conjugates; and

[18] FIG. 3 is the result of analyzing 90% or more pegylation af phenylalanine (B1F) of
the beta chain of insulin-PEG-immunoglobulin Fe conjugate using a size exclusion
colamn. _

19] FIGs. da to 4c are the result of analyzing the beta chain-specific binding of insulin-
PEG-immunoglobulin Fe conjugate.

[20]
Best Mode for Carrying out the Invention

21] In one aspéct to achieve the above objects, the present invention provides an insulin
conjugate that is prepared by linking insulin with an immunoglobulin Fc region via a
non-peptidyl polymer, in which the non-peptidyl polymer is Jinked to the amino

terminus of the beta chain of insulin.

22
[23] In the present invention, insulin is a peptide that is secreted by the pancreas in



WO 2011/ 122921PCT/ KR2011/ 002331 response to el evated glucose levels in the
bl ood to take up glucose in the liver, mnmuscle, or adi pose tissue and turn
it into glycogen, and to stop the use of fat as an energy source, and thus
functions to control the blood glucose |evel. This peptide includes

agoni sts, precursors, derivatives, fragnments, and variants thereof, and
preferably native, short-acting, or long-acting insulin. 24 Nat i ve

insulin isva2onmyre that is secreted by the pancreas tB-PEBHEEE 2§ lucose
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(e.g., al pha-petiiyiabi @Mowdl pha- hydroxyl ation), deleted (e.g. .
deanlnai%gn), or nodified (e.g., N-nethylation), and has a function of

regul ating the bl ood glucose level in the body. [34] The insulin fragnment
‘means alitlagneAdpthabiing one or nmore amno acids added or deleted at the

N-term pug or t;*ﬂ;engwta?tm @1&§C9§ F/El%fl@&ﬂ NECKOSH-LEu-TINGWILEPGRONsTasr al |y
occurring am no aci ds D-type ami no acid) can be added, and

has a functi ohYoftst H??%b he bl ood gl ucose level in the body. [35] The
i nsul i n{3gri ant neans a peptide having one or nore am no acid sequence
differe fronh gf the native insulin, and having a function of
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| at th %‘ | | evel t he body. [3 h of th
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33} The insulin derivative means a peptide having at least 80% amino acid sequence
homology with the native insulin, which may have some groups on the amino acid
residue chemically substituted (e.g., alpha-methylation, alpha-hydroxylation), deleted
(e.g., deamination), or modified (e.g., N -methylation), and has a function of regulating
the biood glucose ievel in the body.

[34] The insulin fragment means a fragmeht having one or more amino acids added or
deleted at the N-terminus or the C-terminus of the native insulin, in which non-
naturally occurring amino acids (for example, D-type amino acid) can be added, and
has a function of regulating the blood giucose level in the body.

135} The insulin variant means a peptide having one or more amino acid sequence
different from that of the native insulin, and having a function of regulating the blood
ghucose level in the body.

[36] Each of the preparation methods for the agonists, derivatives, fragments, and variants
of insulin can be used individually or in combination. For example, the present
invention includes a peptide that has one or more amino acids different from those of
native peptide and deamination of the N-terminal amino acid residue, and has a

function of regulating the blood glucose level in the body.
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in the presergafdtﬁventl on was remarkably increased to approximtely 18 hrs,
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PEG-immunoglobulin Fc conjugate by linking PEG to the N-terminus of an im-
munoglobulin Fe region, and selectively coupling the N-terminus of the beta chain of
insulin thereto. The serum half-life of the insulin-PEG-imraunoglobulin Fe conjugate
prepared in the present invention was remarkably increased to approximately 18 hrs,
and it showed a hypoglycemic effect in disease animal models. Therefore, a new long-
acting insulin formulation that maintains in vivo activity of insulin can be prepared.

[43]

[44] The immunoglobulin Fe region is safe for use as a drug carrier because it is a
biodegradable polypeptide that is in vivo metabolized. Also, the immunoglobulin Fc
region has a relatively low molecular weight, as compared to the whole 1m-
munoglobulin molecules, and thus, it is advantageous in the preparation, purification
and yield of the conjugate. The immunoglobulin Fc region does not contain a Fab
fragment, which is highly non-homogenous due to different amino acid sequences
according to the antibody subclasses, and thus it can be expected that the im-
munoglobulin Fc region may greatly increase the homogeneity of substances and be
less antigenic.

[45] The term “immunoglobulin Fc region”, as used herein, refers to a protein that
contains the heavy-chain constant region 2 {CH2) and the heavy-chain constant region
3 (CH3) of an immunoglobulin, excluding the variable regions of the heavy and light
chains, the heavy-chain constant region 1 (CHI) and the light-chain constant region 1

(CL1) of the immunoglobulin. It may further include a hinge region at the heavy-chain



according to the antibody subcl asses, and thus it can be expected that the
i munogl obulin Fc region nmay greatly increase the honbgeneity of substances
and be less antigenic. [45] The term "i mmunogl obulin Pc region", as used
herein, refers to a protein that contains the heavy-chain constant region 2
(CH2) and the heavy-chain constant regifon 3 (CH3) of an inmmunogl obulin,
excluding the variable regions of the heavy and |ight chai
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a fragment haw (ﬁlg)e&eldﬂzhﬁﬂhb ajverprateine Aabj v elay bk arfgigpent hagingaf defdiien &m no aci d
sequence of CH . b r-egk angefif he
present inve n{ei%%tﬁfe r¥a10n ]goj}%on opﬁ%fxﬁiodﬁsggﬁgﬁy@ggbg &/@16 drfrg? n’ﬁﬂlt CtHS 1 9 i n
and a CH4 dorrmunpolgf;u‘rmF@Hﬁ it ABHA PERSENTANCAEOBHEFITPTEE 142G dRSvR-R and a

CH3 domai n, 4ppa (GHRiHeeRIIdcHEn an&ﬁﬂdqamam 25) Cai 1 craimalliaanHdioroaie, or

nore domai ns and An j.mmino in h|n |on t hi nge
region), and 23 g dﬂ@ﬁ’”@ﬁ’gé‘% 1ﬂ%f"n dorﬁ andahdgﬁn&og%ﬂégg raf{%egl ons
and the |ight bmhtanmfcmnst ante dcmgxmmnd[an@pmlumglh@ﬂm g TEEAY m;gup@tiumqﬁ Fc

region of the }{grh%?c%@é ibf}V&RILd) QNith BC &S ddin 86 BB G8avd&haMAoh Wt (FRisANT )
t her eof as vve gna t1ve am no acid sequence. An ami no acid sequence

derivative hadhihe Eghaha ORI ESiffferent fromthe native anino acid
sequencedgiue t Guahdiethetranpogsbulingeredionof the pesent orvseianahniluéesorsequence -
conservative syRst 1{/% @Iﬂt&n) t%reSP%%élﬁats' APSivE RGl S%fmd%t‘: HAEe. 93[11 {RhLE @81 no acid

resi dues. For éxXx am no_acl d resi ues known to be
inportant in ﬁﬁQH@icﬁg‘ﬁﬂ‘éﬁﬁVﬁbéﬁ %?%H‘%“CQ fhet tsliBeggnt foagy theatigamigegeiy 322, or

327 to 331, uBRcUsed Agl@ichlid abdreod, amgeicof@tvanodof donadriatve sub- addi ti on,
ot her vari ous éerl vat i ve 0ssd bl a

del etl on Of a q_ tb(i p8151p516?01130 eI'FQ Ot%()ge O]'l 3‘816%19(9&(9%[&%}@& Y;gfs?ﬂﬁl\f)keng‘l
several am noamigCdFye. esinassl laﬁld@%émmmé@ b HREOTIGRT in DiTEINSy at TRsitioy 244 By an

addi tion of neiboN| WOl o8 @uertQ bheo Bt afamb@ lxi§edes aduNgé wesePeorf aodn
Furt her nore, %‘o renjg\ég(éleffector fun(étlo |n a

conpl enent - bi HeAYRE: How, plpFT garigps eav‘givﬁ%li“ﬁé’ O%&'etil% 1%%@"%{1%8% Vi
Techni ques of hpteepaddiaignsiic hegetcratle of Emriningta diedfidsf bandea etpimoy IS@)‘[ﬁﬁll n Fe
region are di g6i.096d l‘ébrhugpalgtﬁé %@%nﬁ@é‘f Mﬁu%'ﬁé?&ﬁﬁor Mdenﬁﬁl JAhefibine

exchanges in proteins an eptid V\/E ? 19 grenera I gLt ter t he
activity of mshidegiodhe Na‘?’émRWoW 1?“1"}"‘? BIAr ‘{ FattHemRY © The
Protei ns, Acafeiss P &$aionNew otonkin al:@ﬂipﬁz)nétnﬂ:bmdmgstﬁ cormord @‘Ilqab;lndlingi ng

exc hanges ar e, aé g%})&é/ g 4&%%@%9%% ameQ rs{zépsre ué%lcéi/dgi%ﬁvél Gl .

Ser/ Asn, Al a/ n, Len/ |1 e,
LeuNal , Al a/ Gnumgé@hﬁhn?p/f@“yn aipﬁlssis’ﬁw @uW@c% (%‘ﬁ% df[ﬂﬂ‘éﬁoﬂfﬁ & region, if

desir edﬁmy bﬁnﬁﬁdacﬁd @th@fygep h@ﬁr@f&@fa}éh&lphplfdiﬁs sxahé}ada ) oewmw zélter ma
gl ycosylation, et hyiaiign. farnesyl gl on, acelyliign - and the
Li ke. [49] Th‘éCt’%i]f%P mRlEYEh é) Geb ATt el {&tival |ves t ét have a
bi ol ogi cal acséadetnye PrdenNewal Orkd%watTT@fmfﬁslﬁéOIFﬂ@Oﬁlég*@ﬁﬁw exdqhangss egefis/

i nvention or ez MRS /U}k?tﬂ&/@kn A i'AIlMThJ QL £%ANP)/€al, 88RHRSTHERY, , pH,

o i Sol ot chrerhy ok oo i 1058 Loy e AR R B omer

forms isolat
ani mal s i ncl udeivgiscows, goats, swine, mce, rabbits, hansters, rats

[48] The Fc region, if desired, may be modified by phosphorylation, sulfation, acrylation,
glycosylation, methylation, farnesylation, acetylation, amidation, and the like.

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

[50] In addition, these Fc regions may be obtained from native forms isolated from



and gui nea pigs, or may be reconbi nants or derivatives thereof, obtained
fromtransfornmed aninmal cells or mcroorgani sns. Herein, they nay be
obtained froma native i munogl obulin by isolating whol e i nmunogl obul i ns
from human or ani mal organisns and treating themw th a proteolytic enzyne.
Papai n digests the native immunogl obulin into Fab and Fe regi ons, and
pepsin treatnent results in the production of pF ¢ and F ab%z frgﬂnents
These fragmeisizeey be subjected, for exanple, to sizePCEREFULIG

chromat ography to isolate Fe or pF c. [511Preferably, a human- derlved Fe
region is a reconbinant i mmunogl obulin Fe region that i s obtained froma
nlcroorganlsﬁmeﬁQ$xﬂmM@ﬁdnmm®mﬂmﬂmebPWﬁﬁﬁ@&ﬁ@@ﬁ1ﬂH“Félpgblﬁﬁ“E? THe

present | nveny, gry iRy 0% ik, H0GeAbM0k dhaviagvaahine. sugacd tbai ns,
gar °c

i ncreased su § conpared to a native for ngpr chai ns
conpared to ttﬁ’éSfﬁﬁﬁﬁ?C\f@lff’%‘rcﬁps B IR TRE ST ﬁrﬁlélg?]e gl at’ e%&?g}:r?n

i ncrease, degheasEninopRONAby ezmannewham:mgn@m@nqim% Pemduign Oéﬁlaﬁﬁk may be
achi eved by nethods ¢ SiygheBSR. @zl?ﬁjﬂcﬁgéstsrtmﬂimde iR
enzymatic netoﬁ%aﬁlsgqﬁcfngng%ﬂ ﬁﬂ%&lgﬁﬂﬁ 0tellsl Y ?hod using a pi.croprgani sm
The renpval oﬂuw@ﬁﬂh@hmﬁ@fmdcﬁhf FHOEe 4] GH“F%%F]{?S’IHI% SHarp decr ease
in binding afdi gmctdm ﬁ:glbl;;hgagﬂémsl gredRtfrag fleny rfamcibeauhjacubé@@?impipdgsﬂﬁen

anti body- depen ent cell -nme ty or conpl enent - dependent

cyt ot oxi ei ty,XEHEPREYP f“gfarﬁ’gﬂ?om&yl{ﬁ%rlg%gggar i mune regi@élﬁsgs in-vivo. In
this regatrd, afreferavimnedghobudenvadcagpbit ail‘ﬁ“&“‘ﬂ’éfﬁ‘lt YRV region

agl ycosyl at eqh;tgyg,bmlggd/ﬁg% ARicRositinlsabl e to the object of the present

i nvention as carrj er The term , gsed
her ei n, [3@kans @@d Yt P’&‘EF’P‘%E?‘?%&HB%W%OB i ﬂ%oﬁgle%éﬁ{e)ly%rﬁ%g% an be?&h i on, and
the term’ aglmmsﬂmﬁnmﬁvmch%t ingrgased bﬁ@@ﬁbﬁﬂﬁ@ meEdUe 8g2HYs 9‘%“

ungl ycosyl ated i 8‘5@ ¥ug§: QIIiaf?llfsad'o‘z‘.rR)tach t@ﬂx%fnﬁtﬁ@h‘bbfn Bor ngdlde.in bﬁégivddaylatddh tion,

t he i munogl oCb I on may "be an m | gG
| gA, |gD, |gE“omdfhenge%ﬁ A %';‘h aﬁ?bgh“%?ﬁ‘g% lﬁrﬁ ybrids -
thereof. Pr eflfere@@ﬂeysd Byt mb:ﬁo:ﬁbe.rufm ihierart, gt@hcms alcgmncvskm@hoci §11 alffﬁﬂﬁ’@tl‘t he nost
abundant protei ehah] o fé@m g5, which
is known to etﬂ?'fg %eenﬁ (I%Pgl%e? }ﬂ?%?’eﬁhg@gﬂ fnﬁB{)ﬁ% éx,n teler . %L [ 56]
The term corﬂngﬂaﬂﬁmmﬂfmma@ fipsregion &sBitHn ar?@%ﬁ@‘ﬁﬁ%? b 3 6'{}5 néltg ricodi ng

si ngl e-chai n i unagh by Huﬂl F@creagl @NGss of arttivedsasendeit gelhmadietelligyked to a

That is. & OiREYOR TR e R L R AN R iyt S

WO _or nore. nts
sel ected fr omeg&s@umecmwgtinm@s olalg® Fanunoglebpidn Fy griopdn al%%% and
| gE Fe fragmep 353& §17 lg ;r Qﬁyiﬁféﬁ WYY bémoreasittge theolen of m@memhat
sequences enco or hore i mmunoglobulin Fe regions of different
origin are prlé@ﬁpnﬁhagf%lcﬁf@}eé chain im S WD 2011/ 122921PCT/ KR2011/ 002331
munog|! og,gE)l n Fehd ©gh Ofeelicostlmnprasent haaventiop, cnariEasy {SFpae SER hybr i ds

are possi That N Yol ]!H&Q’%ﬁ@an@fth oReFd Lgion iy
domai ns sel ecrf‘%lau?s flromflﬂ?mlg%u Xﬁﬁg%ﬁngp < e and CH4 of 119G

o o P raiucin A beEgoniied SETH 2 MAETES TEioSE CHE piags regi on

[ 5?] | Onjdyhe ot hekiah@dAthe hgﬁuh@gmmiﬁndédegmt 0ay brGin, Fd g@ien thay @szieaﬁg i]gg@g

subc asses e | o e
Ié& ng\ Agléeig r}\z/} Lt fn%&e' S EREBANAE NS 19bridyy

t her eof . Pref sses, and m)s%gpref eDrr d is the
Fe region of the@4. Pef@hljiy haisidegvest Femdgy of BN TS SHORE b1 enent

dependent Cytﬁ%@?ﬁs ¢k I )human blood, and most preferably from 1gG, which is known to
enhance the half-life of ligand-binding proteins.

55

§56i The term “combination”, as used herein, means that polypeptides encoding single-
chain imm‘uﬁoglobulin Fc regions of the same origin are linked to a single-chain
polypeptide of a different origin to form a dimer or multimer. That is, a dimer or
multimer may be formed from two or more fragments selected from the group
consisting of IgG Fe, IgA Fc, IgM Fe, IgD Fe, and IgE Fc fragments.

[57] The term “hybrid”, as used herein, means that sequences encoding two or more im-

munoglobulin Fc regions of different origin are present in a single-cham im-



[59] As the drug carrier of the present invention, the nost preferable

i munogl obulin Fe region is a human |1 gG4-derived non-gl ycosyl ated Fe

regi on. The human-derived Fe region is nore preferable than a non-human
derived Fe region, which nay act as an _antigen in the human body and cause
undesi rabl e i mune responses such as tHe production of a new anti body

agai nst th %ﬁlﬁﬁﬁﬂ. [60] [61] The term "non-peptidyl malyiRiiess used
her ei n, ers to a bioconpatible polyner including two or nore repeating
units Ilnked to each other by any coval ent bond excludlng a peptide bond.

[62] The non- ggcﬁcrlgt% 1{1@9'1‘&’ Ix‘f\’ﬁfe%lﬂeﬁgﬁ%‘}%%m&?%bﬁk d?'h?&%taré nvention

may be sel ecte oup consi stjng of | yet Ien col
pol ypr opyl enepaspiplsolhat iogomyiay Bridf mat Oérf’Pé’S%‘ ?/fc%lf’ g?fg%‘%? SHEG yeol
pol yoxyet hyl at-gd mrygj sonsiaﬁhg/{vﬂ oy, @Gx ol 4ndﬁiﬂl4'sﬁtgﬂﬁr g $c, dexia, &y

pol yvi nyl d such as PLA (poly(lactic
aci d)) and PE%A&% ﬁ)}?ea mg}g nglga ?h%h&g;ifj@ mers. . chitins

hyal ur ohi&d¢ aci &p ﬂmmh@dlfmﬁi ﬁa |1&)¢1§1d?¢1é1rt‘é é*i* 1557, Su%?jﬁ%st Pﬁﬁi ene
gl ycol . The dgti )/e@éﬂtYtﬁf%nﬁ(’ﬁ]ﬁﬁl@lﬁﬁesvl@lﬂbuﬁﬂ@YWbi |h|Slb1t1c|$b€‘thaifebf anderbel anglg@sinkly

prepared wthj the f the . .art ane a | so in of the
present i nven]tg?}ér? bcfl%%ﬁ"s ﬁfg‘nﬁ‘gﬁﬁfﬂeq i Hikd B r Whie {;J[gg’ql mmcfph efvn%ne?ﬁ? ugl on
protein obtai ffmech(hnysmhwlﬁmmm@mnhﬁmn@nf ggPoRicHEr hod has drawbacks in

that it 9? easil yeld _119/ &cﬁﬁc?ercdf%Vﬁgaemuﬁenﬂf)@ttﬁ@ﬁﬁéﬁﬂ }ﬁ&f@fh&héﬁﬁlmlﬁﬂgﬁoblhﬁﬁﬁﬁ
sufficient effect o

ncreasi ng the serum hal Irug by a
carrier cannote®s obhEpHelgCAde Xij@%‘}“@%yc‘]ﬂ%}\ﬂ?{}g{: regl?l“ OHWS%BV%% gemeﬁnrg’ent i on,
t he pol ymer hayicag mesipgéfance tha 4 ive-pmetebliytd B egopnehichmayecissed to
mai ntain the s n? gn mklﬁé fluxlnéﬂ( l?od fan& 55199ﬁgcfésgﬁalgﬁﬁtﬂgneswgﬂdn%s shéh 4shad of the
carrier. Thereré any mer can be used without any
limtation, a@oﬂl&ﬁgﬁaf;amw ﬁ%ﬂb&’dﬁéga}%séi‘heﬁévg‘ﬂ’g t he af orenmenti oned function,
t hat isié(ﬁ poI yrrer havi ng resi stance to the in-vivo proteolytic enzyne. The

non- pepté& bl y"? gﬁ{l nas angl iy a%ée%kh df:'rpréflgﬁ t{)%rﬁgﬁ?ﬁ}%ﬁb}é 01%:991 kDa,

and pr et PP non- p mer o

i nventi on, Iunkle@ingm@ hempmﬂ@én&)mtsllmkﬁémreé@h 6frlief %%PYE@V Blymer or a
conbi nati on of, g r&ggdg}y&@s of poI YyImers.

SoLa! 150001 e

33 4 th
pr esent [§%hvent ﬂw%a@epagsfz@aﬁﬁ%‘] B%gg eﬁﬂﬁéh #C%Ftn"a}jlﬁg?%%g%l nene
i munogl obul maleE&d fegi ho geoug cpnmtmgmf Q@Mqhylp%giyw@qimomémgbmoiapol ynmer

has a reacti Yool R&tegggétxlp \;gﬂgﬁmwgrylrbnh%wb%sfyab}emﬁa&é@ figelsfrom t he

roup consistin ar n roup, a
gut yPaI dehydé’%ﬁ"@%acﬁ el AY S IR0 ﬁ?“&ﬁ VW@@&H?%%G%& %(%EI \g/e 'FI)'he
succi ni m de denjivat bucd aRY. Ab@olytaaicricid) dynk RhuCop (perdadeic- ghy@hg)wci) lipid
sucei nhni dyl va@ﬁﬁefcr'ﬁ%ﬂ‘ngﬁlga@%ﬁ%cw%ﬁ'%m 19&::10%1%1?&;&&”&[1@&@@% Ronate. In

parti cul ar, reactl ve "al deh gyroup at
both ends t hemksfhylene J@Obfﬁléé‘?lil‘(ﬁéw?srfhﬂﬁ?fk‘f"ﬁbl%w%@tﬂi‘? Bhi W{

physi ol ogi cald¥p.a&t i ¥an B Xpestthéat ardisanndimeino gleabote of thd grbsent ni mal
non-specific reactl ons. A final product generated by reductive alkylation
by an al dehydBYS5R% i s nuch nore stable than that |inked by an am de bond.
The al dgiyde rBagtepids kpkouphisblivesei etby fisiondrors eaingd et fneEcse! a | ow

pH, and bi nds .0, 2:l¥58i A8hdESs AWy bk iR ik & iCaMal Qﬂhvb@!&dveﬁtby&l ptogh pH,
such as pH 9. 0 66] The reacti v&é{grou&% at bot h er&{(jes 1% ha}ﬁeh@%? epti dyl
pol ymer may BEOHeereame B T Tt CEey Ob PSsTBE BRI M &S & pol ymer
may possess actied &upbde cgronpnabt wnetend, asgnpkcind. Hbdetryrde ﬂgﬁr}@m‘i@m a

pr opi onal dehyg en%ﬁ?‘{ﬁ @J} AeLHM, EQ&Q&Q%‘O %%ﬁe&wéé}ﬁ Rt bal vendd rhen a
pol yet hyl ene "gl yco h

are t|ve hydr oxy, grou oth ends thereof is
used as the rosapEghe %Pﬂlm%é’fg} Hept th‘t’* REP 8?36‘@“‘8‘ Lﬁthﬁh%fi%‘bee“"é%‘?l vated to
v?r i O:JS hr eactTheRf@e O@h@&lobgpeiﬁﬂ@mol@hﬁmﬁﬁie U’SﬁﬁWtﬂl@nmly tmitatipobybhys gne 4
gl ycol havin agglgf%gre arvg%getlhg af%\fce}heln%%{&i ﬂ?gt @19& % eﬂ%&}%ﬁ& kﬂ(/f?x'éf?esr@éﬁc@e use

so as to prepaf i'n“conj ugat e invention. [67] [68]
| n anot her aSp@mtlnﬁivqmetephégéﬁﬁymenW%lﬁquWPH?Hé)obfnéfé it 2 SRy ‘(?ﬁl 2BrBvi des

a long- acti nge jAgaibi Niof 100N kO RAIBRY dfSi BEOKIIR. TRSHN-Feptiaijpogaice obf t he

present | nver}:lgel }?resent invention, linked to the immunoglobulin Fe region, may be one polymer or

a4 combination of different types of polymers.



[69] The term "adm ni stration", as used herein, neans introduction of a
predeterm ned anmount of a substance into a patient by a certain suitable
~method. The conjugate may be administered via any of the common routes, as
long as it is able to reach a desired Lissue. A variety of nodes of

adm ni stration are contenplated, including intraperitoneally,

I nt ravenoygl ypi3Adbs@anuscul arly, subcutaneously, intral ecwslr2y1/005p8 cal |y,
intranasally, intrapulnonarily and intrarectally, but the present invention
is not limted to these exenplified nodes of adm nistration. However, since

peptide Edﬁ‘r e dTQ@@&neﬁiepﬂQﬁerWn%r g MeSirdsait ipventiag hisverebatiye edive rwtqsabtﬁf a
CONMpOSi

1on for oral }Clj ?Ej n Seo%n%ngﬁuﬁ% f“% or fornul ated for
prot ection ag‘Hlbﬁ%‘{m%ﬂ@d %H%f‘?rboﬁ H 1 he'E fably, the conjugate
‘may be g ni ST ech-paptidy gomnmthaﬂﬂ waflye grovprit h@hleﬂﬁi‘@ﬁ’h‘%ﬁ%}”ﬁ%ﬁé’ Yacting
Formul ation nay. .bA # ﬁﬁﬂh@'g?&@ rekididbRPa ?ea@@&éﬁdiéhya@@f@ﬁ}ataqﬁomﬂﬁmﬁd@f

transporting the active ingredients into a tar
| ong- acting fSPHYIAREHIE] E’foélPngmflﬁ]ém‘geoﬁoﬂ%ﬁlgg %ufcufl Inmd£ rggivgﬁ?ngRSentl on
may i ncl ude pﬁa&nm&wtld:rcxahwmayahce‘pl;:abinad}nlamplemase, hF@DXbﬁ@Pma@ﬁ‘ﬂm%% ration,

t he phar ma- um Vg/l cgljb%é(%]éélgﬁlg) gfli!,%” Céa’&/ AP Xl Iﬁﬁéﬁ]hﬁ@l L\/}i@fﬁﬁi@ﬂ@ﬁlabl €

carrier nmmy i Nc %I I nt egr at pl ent, a

sol ubi | i zer, wepdildmelanesgangeastivealdehudsi grﬁngaea,t s 85?859 Hds & %ﬁif"’ ¢ M
col oring agenﬁnkn?g”lﬁ betReu Wire o pEga;ﬁolbfipﬂkgrtzmbbeepcpy@padeamé@nsmn‘tuheg ObUhH

e e s

nic.a and a
stabi | i zer. Foraplégadabinshis muok mowsids thal e hieed &Y i |36ﬁmqef?§g§né’re
ceutically a gg é@ B GR! b8 sefé@ﬂvél;n&hm 28 N @sBinuan £heigh, end binds to a

| ubri cant, a preservi | ati on of the
present i nvenlﬁ’F]B‘?lfer%‘yeEfé Gf‘grar?gwg‘?%ao?cﬁ‘ftg%égq\%rl e{ﬁgdsoq% g”gsage forns in
combi natdepn Wi The tehaivafosigrerititioesd Obﬁiammemd}&:aw’@e’ai@éﬁéb@t HBFENCHrriers.
For exanpl e, %1%1@8{)?5 A0 §e" Bk IpeRtide 38y nh? Ry 368 ettt th@ERUl@E0ONammY be

formulated in roc elixir S rups or
waf ers. For idijdeetda®l %d‘f}:lﬂb’éf‘p%}%ﬁ |a(ﬂ‘i‘§31glawé’g}’4ﬁﬁjmé°c‘fllan tXY@%ﬁﬁa Pou e éﬁé
formul ated i rﬁ@eﬁdnagmmqj@@ejyamah@glwol hanitg dmm\@dmimxmgr(mp'ﬁh@th GB@ actl ng
formul ati on f ARsated abl et s,

: rggregﬁla gt as &40 1[;"31 ﬁgﬁ&i\/l gfyﬂaé Qhdh 41 &Ebssﬁ%n% ate

pills, capsu ali ne €a repardtio qﬂyl %% of the
~carrier, the exioipieesive eups PHENAVT E?Eﬁ?c%ﬁﬁdf‘é(ﬂ]ﬁemfao?‘) X Patd'8ies

i ncl ude | act Oas&)mrg%lfa[i?%@mld&é(iﬁ(ﬂ%%d 18Kibé frolup nnmmaiuta so ax yi prepirg the
erythritol. maltit al ginate, gelatin, calcium

bber,
phosphat e, al?fefeﬁ‘rﬁoélﬂga?ﬁféw pé%slefl %élég met hyl cel | ul ose, rnicrocrystalline
cel | ul ogg] pol yvinyl pyn-olidone, water, nethyl hydroxybenzoate,

propyl hygd Oxyb QP asp bals memgﬁ%%ﬂh&l ey Iﬁéﬁnﬁlﬁideﬂﬂibﬂ@fcﬁfﬁde@alleng I n
addltlo the or mu atlons further,incl.ude fil

ating
agents, | ubriHAg §5URY E‘Hf"gw‘%ﬁ”@fﬁﬁ ISURIEO h‘tgl‘use g’f eé’%&i ‘}]g‘%ﬁ%ﬂ
| ong- actdong f ormaHeah r‘@cﬁnmfsuaﬂm”pa:semimmwewms m@m’emn@f deredpRitnas’ by
several relat aﬁg fn??% 2 gLﬁ)SJﬁQ&I iy gﬂtl&h%y 2 ERBn walxta‘@iesiﬁ&ﬁ% The chgudatecatbed,

adm ni strati s age, g nder , %ﬂ anaglC se&émédty of
the illness, kesadmnisteza Vb%/dﬁmtﬁwgg“%’fmt“ﬁ 881905 2 8 RIS FRE 2 ponent .
Since the phacm&&@u{zmﬁ@ ofGRERE ST idn@ﬂlsm:iucmhm pmesgnited, mﬁétrﬂmg)mma@l-excel | ent
in vivo duration.and titer, it ¢ u G-Nivst ration
frequency and BGYR: B ‘f)eﬁlgp%é%th nﬁg’%‘{ﬁ? eJ &r%gg%ﬁlflgfnver}{tl on. [73]
The | ong- act i togichldy, nuttaatiady, ipfrapubpolsFisd H%tmﬁf%?f‘éﬁ%% v PRt HEETHN vo
duration and rﬁ)ttgm ideli by th@ie dxasylifidd ﬁbde@ oﬁ@chﬁmmrgﬂbd elvekyeradictetpapigdes are

effectively used for the tre nsu S 4
Cvs i n ot 11 19 aniine AEpatn T RR s L FP SRR Oy ARk baani ]

preparing an ismaithishowdmg ugatdor fommptediongraigveon pegst dferadarg] in(ty
coval ently |l£&&%e§re?&%19ecﬂé &%lgaﬁ%é&n%radﬁﬁl\ﬁbt@ﬁd% LeRgkiave fgmedp of

al dehyde, nmalerm cclni riyatives at,eac W th
an amine gr ousidiions Hie dpnegicsnp fmolaren i"ﬁﬁé%‘&f”(?&ﬁr?d RS ar‘ée%lgnags{rgt% (2)
isolating a copjmgat fadsporiing e aeachedientxttanérgiftc¢ll), in which the

con uQa{ﬁ}é;Om{‘}Ixés 1%ng tacr:]t(lafn {é‘ﬁ%{wﬂ%%noé%ﬂlpk&ng%er &F|u@Re GOURIPEAEA ndeh Bl t h t he

non- pept
include pharmaceutically acceptable carriers. For oral administration, the pharma-



WO 2011/122921PCT/ KR2011/ 002331 pol yner; and [78] (3) covalently |inking
insulin to the other end of the non-peptidyl polymer of the isolated
conjugate to produce a peptide conjugate conprising the i munoglobulin Fe
region and insulin, which are linked to each end of the non-peptidyl
polyger [rg]hPéefgrably, t he non-peptitdyl polynmer of step (1) has a
reactive al de e derivative at the end thereof, and no t hree
reactive dfﬂéﬁﬁﬂéué}oups [80] [81] In still another aggggﬁﬁﬁgﬁgg%yesent

i nvention provides a nethod for preparing an insulin conjugate conpri sing

the steps of al ent | Ki tid
al dehyde reacF‘V%&Gg ﬁ“@ﬁegﬁgﬁ”éﬁdlmﬁé?%B%dqoglﬁFBﬂ?t%?%E&%%&§ & aV|ng o
i munogl obul i axdrgemt a phbiBligy,  BflersiiR) agesoh atebhigea 2 somputizg &k éﬁ?]loﬁég

reaction m xt t
i mmunogl obul i %&eﬁt %r%gﬂ%l’rﬁuﬂég\}jgp eﬁ%ﬁb@pi@gﬂhﬁﬂg e ? %abéﬁg‘lﬂmwp table

he non eg X%I ner at
its N-term nuSiTigigay ’@9,1] d¢ BPUiEHA "éﬁ‘ﬁtt %pfeF‘ﬁW’ﬁdg?rﬁsﬂi E?“ﬁlgg% he H% of
t he non- pepti ii}éionﬁ(}igylﬁfﬁdind(}fqtiﬂﬁ]l&el Jor ateparadomn fogaipeat ainpnisduse, te gélptmaﬂe

conj ugat e <o u%a&ﬂg%&{h] H]Mﬂ&%ﬁpgt uBe EE .e&i AR A0 4105abd andthi ch are
I nked to eac € non- pept’i
preserving agent. The long-acting formalatmn ()f the present invention may be
formulated into a variety of dosage forms in combination with the aforementioned
pharmaceutically acceptable carriers. For example, for oral administration, the long-
acting formulation may be formulated into tablets, troches, capsules, elixirs, sus-
pensions, syrups or wafers. For injectable preparations, the long-acting formulation
may be formulated into single-dose ampule or multidose contairer, The jong-acting
formulation may be also formulated into solutions, suspensions, tablets, pills, capsules
and sustained release preparations.

[71] Examples of the carnier, the exupl,ent and the dﬂuent suitable for the formulations
include lactose, dextrose, sucrose, sorbitol, mannitol, xylitol, erythritol, maltitol,
starch, acacia rubber, alginate, gelatin, calcium phosphate, calcium silicate, cellulose,
methylcellulose, microcrystalline celhulose, polyvinylpyrrolidone, water, methylhy-
droxybenzoate, propythydroxybenzoate, talc, magnesium stearate and mineral oils. In
addition, the formulations may further include fillers, anti~coagulating agents, 1u-
bricants, humectants, perfumes, and antiseptics.

[72] The iong-acting formulation 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 in vivo duration and titer, it can remarkably reduce the admin-
istration frequency and dose of pharmaceutical drugs of the present invention.

173] The long-acting formulation of the present invention maintains in vivo duration and
stability of insulin at a very high level, and thus effectively used for the treatment of

: insulin-dependent diabetes.

[74]

[75] In still another aspect, the present invention provides a method for preparing an
insulin conjugate, comprising the steps of:

[76] (1) covalently linking a non-peptidyl polymer having a reactive group of aldehyde,
maleimide, or succinimide derivatives at each end thereof, with an amine group or
thiol group of the immunoglobulin Fc region;

{77] (2) isolating a conjugate from the reaction mixture of (1), in which the conjugate

comprises the immunoglobulin Fc region covalently linked with the non-peptidyl



[85] [86] in still another aspect; the present invention provides a nethod
for preparing an insulin conjugate, conprising the steps of: [87] (1)
coval ently linking a non-peptidyl polyner having a reactive group of
al dehyde, naleimde, or succininde derivatives at each end thereof, with
?Poﬁrlﬂe grouP_or t hi ol grogp(of i nsuliin; [88] (2) isolating a conjugate

e reaction mxture o 1), in which the conjuga ri i i
coval ent | W& HAKEI*Wi t h the non-peptidyl polyner; aLdg[%gf&§§?”@§%gﬁgﬂfr;ln
l'i nki ng an i mmunogi obulin Fe region to the other end of the nonpeptidyl
pol ymer of the isolated conjugate to produce a peptide conjugate conprising
t he |nnunog!oMﬂW@ﬁiF@<region and insulin, which are linked to each end of
t he nonpgpt i dyi3)pelaysiay linkid@]nsui9d] thé nthstdnklof drotchercpadipeelymet pethpr esent

invention proyvide ) d. ina. - i - o
the steps 8f:mT§§§C%ﬂ%§%%§-F%?%%F?ﬁﬁ?%kl%ugﬁk&dHﬂ%hh@jﬁQHMHgﬁ%ﬁmuﬁ@H@rISIng

_ 1)=« . a non-pepti f ol ymer havin
al dehyde r eacteive agt veginathisacre Bigd thecksrd of A “&HB%%LPCBWB%R of i nlsulgi ﬁn
E ﬁgl cf) ﬁjhug']g Z ?Latéﬂefwa@y,mdag@ dfl I’p@mn’lﬁelﬂef f@adt hone rhottvaraBiebyde(dt)iyativa awhi ch

> conprises insulin co ntly. L.l it 1e non-peptid
pol yner; and @92¥P@§T0€6?£@8ﬁ?¥§%V¥ﬁk?W%lgﬁhkﬁéﬁg%%%éﬁﬁ#$h Fe rggPon ¥o t he
ot her ergdjof the nonpeptidyl polynmer of the isolated conjugate to produce a

pept | de{Bcl? Nj UORL & GABRES a%bé&g, the present invention provides a method for preparing an
insulin conjugate, comprising the steps of:

[82] (1) covalently linking a non-peptidyl polymer having an aldehyde reactive group at
each end thereof o the N-terminus of the immunoglobulin Fc at pH 6.0;

[83] (2) isolating a conjugate from the reaction mixture of (1), in which the conjugate
comprises the immunoglobulin F¢ region covalently linked with the non-peptidyl
poiymer at its N-terminus: and

[84] (3) covalently linking insulin to the other end of the non-peptidyl polymer of the
isolated conjugate to produce a peptide conjugate comprising the immunoglobulin Fc
region and insulin, which are linked to each end of the non-peptidyl polymer.

[85]

86} In still another aspect; the present invention provides a method for preparing an
insulin conjugate, comprising the steps of: -

(871 (1) covalently linking & non-peptidyl polymer having a reactive group of aldehyde,
maleimide, or succinimide derivatives at each end thereof, with an amine group or

thiol group of insulin;

[88] (2) isolating a conjugate from the reaction mixture of (1), in which the conjugate
comprises insulin covalently linked with the non-peptidyl polymer; and
89} (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 Fc region and insulin, which are linked to each end of the non-

peptidyl polymer.

{901

{91] In still another aspect, the present invention provides a method for preparing an
insulin conjugate, comprising the steps of: _

[92] (1) covalently linking a non-peptidyl polymer having an aldehyde reactive group at
each end thereof with an amine group of insulin;

193] (2) isolating a conjugate from the reaction mixture of (1), in which the conjugate
comprises insulin covalently linked with the non-peptidyl polymer; and

1941 (3) covalently linking an immunoglobulin Fc region to the other end of the non-

peptidyl polymer of the isolated conjugate to produce 2 peptide conjugate comprising



12 WD 2011/ 122921PCT/ KR2011/ 002331 t he i mmunogl obulin Fc region and
insulin, which are |inked to each end of the nonpeptidyl polyner. [95]

[96] In still another aspect, the present invention provides a nmethod for
n-eating a subject having a insulin-deficiency disorder, the nethod

?:orrpri si ng 011: adm nistering to the subjict an effective anount of the
ong-actin ornulation. Preferably, the insulin-defici Lsor IS

di abet es. %é’?zfﬂé]'zﬁfgéd herein, a subject can be a nmammal %Eﬁﬁﬁl{q@g’ﬂ%&
human, a non-human prinmate, a horse, a sheep, a eat, a dog, a cow or a pig.
[98] Mode for the Invention [99] Hereinafter, a better understandi ng of
the present i AbeHIERLiPRYLBHES HS1 W8 LHLOYH ¥8EK PSREMEIE &FpNes  whi ch
are set forth pegidyl baisteat e, but are not to be construed as the limt of

t he pres§gfj invention. [100] [101] Exanple 1. Purification of peavlated

i mmunogl | in Fe re aion LlOZ] For pegyl ati on of the | munogl obulin Fe
at its N9Bkrni dastll gty dprcsh A SE PRES PR WM Adnadder B?aélﬁglaé‘r‘@%‘ﬁyde
gr oups,2| Ng]:I _ Jla‘fgﬁgl)l iwagn-dstdedcs d?@l"cfe@,l’t}% pegyd abmpnsihy off eadibiktagng toehe

i muno?2l obul i n_Fe .and.P : .h apf r.af i 1: 2,
wth an i rrrrunS%tfjg%ﬁfl g%fe%igeg%lﬁélgﬁf?%% ]i%rcl)% d%éfg]mnﬁ%&ﬁnf P%?Art W’sﬁ% iugr%\g?lg—t he
reacti on was pefdiecireiéorder & d@gBarV pot assi um phosphat e buffer solution at

pH 6.0, and 20 AMsQCRrENACNBER) caiShed hEEME], AY cRGAPL, MWasanaddedniiher eto. A
nmonoPEGy! at ed i.muno ified fromthe reaction solution

_ LT ‘gul%r(gbul':hnFe‘ SqPurified
using a Sour c8"T5t t CE M He &FR) Y Y163 [104] Examle 2. P
esarat | dﬁS]of. I nsulin-PEG Ino |Iobulin Fe coMiate [105] To prepare an
i nsulin-PEGI WIBHQ%PPH!} ilﬂvgﬁ'tigﬂnj ugat e havi ng 90% or nore pe-

[99] Hereinafter, 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.

[100]

{101} Example 1. Purification of pegvlated immunoglobulin Fe region
[102] For pegylation of the immunoglobulin Fc at its N-terminus, 5K PropionALD(3) PEG

(PEG having three propylaldehyde groups, NOF, Japan) was used to perform pe-
gylation by reacting the immunoglobuiin Fc and PEG at 4°C for 4.5 hrs and at a molar
ratio of 1:2, with an immunoglobulin Fe concentration of 10 mg/ml. At this time, the
reaction was performed in a 100 mM potassium phosphate buffer solution at pH 6.0,
and 20 mM SCB (NaCNBHS,) as a reducing agent was added thereto. A mono-
PEGylated immunoglobulin Fc was purified from the reaction solution using a Source
15Q (GE Healthcare) column.

[103]

1104] ‘ |

[105] To prepare an insulin-PEG-imnunoglobulin Fe conjugate having 90% or more pe-
gylation at phenylalanine (B1F) of the beta chain of insulin, the mono-PEGylated im-
munoglobulin Fc obtained in Example 1 and insulin were reacted at a molar ratio of
4:1 and at 4°C for 20 hrs, with a total protein concentration of 20 mg/mi. At this time,
the reaction was performed in a 100 mM potassium phosphate buffer solution at pH
6.0, and 20 mM SCB as a reducing agent was added thereto. After the reaction was

terminated, the reaction solution was subjected to primary purification using a Source

15Q column. Thereafter, secondary purification was performed using a Source 151SO
column to obtain an insulin-PEG-immunoglobulin Fe conjugate. A size exclusion
column was used to analvze 90% or more pegylation of B1F of the obtained insulin-
PEG-immunoglobulin Fc conjugate, and the resuits are shown in FIG. 3.



gyl ation at phenylalanine (B 1F) of the beta chain of insulin, the
nono- PEGyl at ed i mmunogl obulin Fe obtained in Exanple 1 and insulin were
reacted at a nolar ratio of 4:1 and at 4C for 20 hrs, with a total protein
concentration of 20 ng/m . At this time, the reaction was perforned in a
100 mM pot assi um phosphate buffer sol ugion at pH 6.0, and 20 nM SCB as a
reduci ng agent was added thereto. After the reaction was term nated, the
reacti on s whi/omomas subjected to primary purificati OHCWW@‘%{”%%rce 15Q
colum. Thereafter, secondary purification was perforned using a Source
151 SO col unin to obtain an insulin-PEG i mmunogl obulin Fe conjugate. A size
e>t§c| usi pregol um was used to analyze 90% or nore pegylation of BIF of the
obt gll neflg rsult RS S IPu00g wmqﬂhfﬁs a(_eg[a m;xﬂ[f%g SbEt!( bsrar eBShovvn
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Preparat i on cﬁf_ﬂgﬁml n lispm (Hunmal oak) PEG | mmunogl obu Fe trJrgatee [ 108]
lTrgp;rgnﬁyEﬁGyl ”@E&?o%dlpﬂﬁ?meﬁbmhﬁuﬁnﬁﬂaxﬂlbtf%alohed‘ieldnn Exanpké atd an@fm hut i n

re reacte [
total protein” %YSﬁ‘?fl@tr?Frag? on oa%ofgatl #}d% o f%r%@grsa%tﬂg“gtglrm&@mhf{?l{)nw\/\;g :
performed in canﬂtﬁﬁmmﬁﬁﬁ@n@@é|Ajﬁhibh’é@ﬁh%teémbﬁf‘f’@rp%ff%ﬁmqIBﬂ Qb"b 6.0, and 20
mM SCB as a r Gl R HRGSREe BiRE: RACRE at PRIBEL and 26 tdd SCBeaxs neatringngsvas

t er m nat ed, ifi f
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Exanmple 1 and,dlm_smﬁnneraghmﬂgamlée@ere react ed at a nolar ratio of 4:1 and at
4Cfortﬁ ,:u with a total protein concentration of 20 ng/m . At this

sol ut i ofi 14t eSCt s Aebabamu ok Gl b o RGBSR, POl oo
After the rea@!@@@was term nated pur| fication was perforned in the
(111} The mono-PEGylated immunoglobulin Fc obtained in Example 1 and insulin
glargine were reacted at a molar ratio of 4:1 and at 4°C for 20 hrs, with a total protein
concentration of 20 mg/ml. At this time, the reaction was performed in a 100 mM
potassium phosphate buffer solution at pH 6.0, and 20 mM SCB as a reducing agent
was added thereto. After the reaction was terminated, purification was performed in the

same manner as in Example 2.
[112]

[113] Example 5. Preparation of Insulin detemir { Levemir®)-PEG-Immunoglobulin Fe
conjugate
[114] The mono-PEGylated immunoglobulin Fc. obtained in Example 1 and insulin detemir -

were reacted at a molar ratio of 4:1 and at 4°C for 20 hrs, with a total protein con-
centration of 20 mg/mi. At this time, the reaction was performed in a 100 mM
potassium phosphate buffer solution at pH 6.0, and 20 mM SCB as a reducing agent

was added thereto. After the reaction was terminated, purification was performed in the

same manner as in Example 2.

[115]

[116] FExample 6. Measurement of in vive elimination half-life of long-acting insulin
conjugate

[117] To analyze in vivo duration of the long-acting insulin conjugate, normal male SD rats

were used to perform pharmacokinetic analysis. Normal male SD rats were subcu-
taneously 1njected with native insulin and the long-acting insulin conjugate at a dose of
100 ug/kg (based on insulin) once, and then time- -dependent changes in serum ievel
were measured using an ELISA kit, and pharmacokinetic parameters were calculated
fror the measured values using Winnolin 5.2 software. The in vivo elimination half-

life of the long-acting insulin conjugate was 17.67 hrs, which is about 30-fold longer

than the native insulin of 0.58 hrs (FIG. 1).



same manner as in Exanple 2. [112] [113] Exanple 5. Preparation of Insulin
detemr (Leve 00-PEG |unoglobulin Fe conjugate [114] The nono- PEGy| at ed

i mrunogl obulin Fe obtained in Exanple 1 and insulin detemr were reacted at
a nolar ratio of 4:1 and at 4C for 20 Ins, with a total protein
concentration of 20 ng/m . At this timeg the reaction was perforned in a
100 mM pot assi um phosphate buffer solution at pH 6.0, and 20 inM SCB as a
reduci ng ayertPiiiddd24dded thereto. After the reaction waSCT&EFRPHAE!
purification was perforned in the sanme manner as in Exanple 2. [115] [116]
Exanpl e 6. Measurenent of in vivo elimnation half-life of |ong-acting
insulin(l&Ynjuaate [ 7] To analyze in vivo duration of the |ong-acting

i nsuli n (goyy ugat@mphor, MkiviBleaSPréabs Qveueat $€thstign gelkhavdn phar macoki netic
we %etsubc t aneous| Q’ot'in!u?Ct ecgvvu th native
a

anal ysi r mal e SD rats.wer
i nsul i ns[g;\%(yot ngo, ‘ohg-acti'ng eu%fr"ﬁ%aﬁi”i RVESRITGaEEeaE" & HYSE BF V85> vifky (based

0% “of

on insulin) ofweocanddedednizbeireradependent oonalygeteir hypeiwmmicsiEliver e

][Teas u { ﬁd usi nmﬁam%dls%r&agt_ed %%6%@%@%5%&%@19%@&% SIS sk ofeddnGH| at ed
romthe neasyred val.ues using W.nn .2 S0 e. e in vivo

el inination haPFEYIcHES gpdp €1|58W§95211"£r‘ %g??ia'h"s SFHP%@H?G‘&&P St ET | n,

whi ch i s abouiwig@-thobldod gingee ld¢veber thhentnabdhed 1o MY Uhpalel h@h&Siﬁ@mﬁs (ereG. 1) .
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Test on Conjunte of || in derivativ , ,
the insulin lispro conjugate at a dose of (.5 mg/kg once, and then their hypogiycemic

effects were compared. The hypoglycemic effects of the insulin conjugate and the
insulin lispro conjugate maintained for about 4 days after injection, and 5 days after
injection, the blood glucose level increased. The insulin detemir conjugate also showed
the hypoglycemic effects, but the effects were lower than those of insulin conjugate or
insulin lispro conjugate at an equal dose (FIG. 2).
[121]
[122]

conjugate :

1123} In order to identify the binding site of insulin to 5 K PEG-immunogiobuiin Fc, Glu-C
mapping was performed. 20 1g of endoproteinase Glu-C (1 mg/ml) was added to 100
ug of insulin-3 K PEG-immunoglobulin Fe (1 mg/ml). The reaction solution was 50
mM HEPES at pH 7.5, and the mixture was reacted at 25°C for 8 hrs. Subsequently, 10
b of I N HCL was added to terminate the reaction. Mapping was performed by
reverse HPLC chromatography. The results showed the peak change in the N-terminus
of beta chain of insulin, indicating that 5 K PEG-immunogiobulin Fc binds to the N-
terminus of beta chain of insulin (FIGs. 4a-c).

[124]

[125] Column: Jupiter C18 4.6x250mm, 5 yn (Phenomenex)

[126] Mobile phase A: 20% 0.1 M NaS04 (pH 2.0), 10% CAN

[127] Mobile phase B: 20% 0.1 M NaSO4 (pH 2.0), 40% CAN

[128] Gradient 0%B in 10 min > 0-10%B in § min > 10-70%B in 60 min



[ 120] To conpare in vivo efficacy between the conjugates of insulin
derivatives, streptozotocin-induced diabetes rats were used to anal yze
their hypoglycem c effects. Normal rats were fasted for 16 hrs, and
intraperitoneally injected with streptozotocin in 10 mMcitric ﬁ i.d buffer
solution (pH 4.5) at a dose of 60 ng/kg to induce diabetes. he bl ood
gl ucose level of the rats reached to 5003ng/dL or higher, the rats were
subcut aneously injected with the insulin conjugate, the insulin detemr
conjugate, or the insulin lispro conjggaig@sat a dose of 0.5 ng/kg once, and
then their hypoglycem c effects were conpared. The hypoglycenic effects of
the insulin conjugate and the insulin lispro conjugate naintained for about
4 days after injection, and 5 days after injection, the blood glucagse |evel
i ncreased. Then inaglir mnp@teepmparectbmhmglagénsé{l%GVEW‘#% lohyphis dicyesnt ¢

effects,. but theefe |.ower than S or

i nsul i nVIR| 3 pPEPED 4 Sém%ft Seg%cw S ggesglzo? E (e@n(g% 1h£Sollf26 %&?yq%l%é]ggé%npl e 8,
| dent i ff[)(g IIO? e@é %q}rwl ngw?)btyene@; loT's Udthylerte KgBEG}I mmalmcmo;byimd i glyeel,

conj uoat e ﬂw{ I n order t0|dent|flythe bi ndj ng S|te%i Sl Ttn

PEG i mpripeptystvlated mdyols nelxvine gisiohs). welysaseharistenetexiroy RODyIBY ethyl cthek,

endopr of ei, nas dy b Bhs3hdeof

PEG i nn&l‘ﬁg%ﬁ %‘%}?F é:()igng%i%%%%d@%’h%ﬁ?%ac%a?gé%odc%?Fgélcé/\llggiﬁ HEPES at
pH 7.5, inanigch bR ndhxleptiéylwatyniedcisiddad tmmonersnmi@fb@abb@q@émsugm 10 ia
of 1 N HCL was added to ternmnate the reaction. Mapping was perforned by

r ever sey HPLC 1o 4iiih Q@hRR I -acThdingas ¢ldis 15 hduedn tHeanpdakis ahtvngmsil m, Dhe
N-term nus of beta chain of insulin, indicating that 5 %@OPEOg obuI in
Fc bi nds vargangistivetiver pf Hagmett Uaeaf thards Areppres! rl?é’ GO ADE BY a?u m [

w200 T S GO P B REIPED E”f‘ag%‘{*%?@ﬂz%"b‘?%?ﬂf%"- s,

(pH 2.0 40%, CAN di ent i N dl0- 7098
in 60 nmn prig Cﬁll—bﬂgf"r% aciordk{lrgﬂ%nélgp%? %%eﬂl at éoeérﬁ edggP%é}%geﬁd# i ng
insul i n, M},ﬁler aNidkerus agl bkt broupeor @il @Roup & tae nmmmegltobdm Fpotgiomend

sel ected fromthe group consisting of polyethylene glycol, polypropyl ene
gl ycol ,ingdpol yners of ethyl ene gl ycol and propyl ene gl ycol,

pol yoxyet hyl at ed polyols, polyvinyl alcohol, polysaccharldes dextran

pol yvi nyl et A istulierconpicad egecadiite clﬁawrmﬂﬁ@relm thei impgioghbiln Fepegioms
hyaluronlc aCI%ﬁﬁ?nd conbi nati ons thereof, in which the non-peptidyl

pol ymer SA8LYeP to the anmino terminal of beta chain of insulin. 2. The
insulin conju at.e ccordln

|
i nsulind: or APFURRCONY8HS \?ﬁf‘?@@g tBF%aFm\Q{n%ﬁfel? h}eeelgg’?&foﬁa%bu’@ Fg?é é:ftlr?ed by

any oneisng B doff o%'étﬁ trh i on@iins REedidd Bdm iﬁl@é&hp @bnsi Qg JTathi f,i TR, @3 or
conbi nat'i on ereof in amno acids of native insulin. 3. The i nsul in

conj ugael @Hédonﬁamg to claim1, wherein each end of the non-peptidyl
polymer is linked to an am ne group or thiol group of the immunoglobulin Fe
regi on @nd i ridwelihgulin conjugate according to claim 5, wherein the immunoglobulin Fc region

further comprises a hinge region.
7. The insulin conjugate according to claim 1, wherein the immunoglobulin Fe region
is an Fe region derived from IgG, IgA, IgD, IgE, or igM.

8. The insulin conjugate according to claim 7, 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.

9. The insulin conjugate according to claim 7, wherein the immunoglobulin Fe region

is a dimer or a multimer composed of single-chain immunoglobulins of the same origin.



4. The insulin conjugate according to claim11, wherein the i munogl obulin
Fe region is aglycosylated. 5. The insulin conjugate according to claim1,
wherein the inmmnoglobulin Fe region is conposed of one to foyk-gonmins
selected fromthe group consisting of CH , CH2, CH3 and CH4 donai ns.

The insulin conjugate according to claimy5, wherein the inmunogl obulin Fe
region further conprises a hinge regi on.l6 7. The insulin conj ugat e
according to claim1, wherein the inmunoglobulin Fe region is Fe region
deri vedid.r omtigGasuligAonjugie degiEdingrto ek B wipn ﬁhﬁsmm’hﬁ%ﬂ“iﬁg{gée%f%or di ng
to claim?7, wherein each domain of the inmunoglobulin Fe region is a donain
hybri d sfandedfFEé38M- origin derived from an nmunogl obulin sel ected from

t he group consisting of 1gG IgA 19D .I1gE, .and | i i:

conj ugatk ac&aﬁdﬂwlltcénléggﬁﬁ?%rd\%ﬁé‘?giaﬁn ?ﬁeW¢Wﬁ%%%%ﬁ??%@élhﬁgF%ﬁni s a
di mer or mul ti ner Mr0feosdd1gl - chai n i munogl obul i ns of the sane
origin. 18 a@fﬂ’gﬁ?ﬁg%%ﬁ%w% Fnset%ﬁ n conjugate according to claim?7, wherein
the i ogl aul.i n Fc region i nFE WiRGEANhe réhdiive BiRup RS thd mon-

conj uga 2 acc dPWéthgnﬁl%g%nmacfgﬁd tlé)%(e?én t'’he | nfrrunogl obul ?ﬁ) Fc region is a
human aglpteosyladme ligGhldkeedr éginonthe @@up Thensistisgl aorfidelsée HEWdrading to
claim1l, whérein the reactjve up of the nonpepti p Lsisgkect ed
f r om t hprogiasaldelysies BoUPng Wtyrg%{egy%eﬁwga ér%lﬂ%?m@ep% é%?’o%%c?/g‘ea u;/:(bj@1 glr%oup, a
but yr al gerh\yglge group, a maleimde group, and a succinimde derivative. 13.
The i nstift§"¢tnj ugat e according to claim 12, wherein the succi ni ni de
derivatiye is.succinindyl ' ColaiSHEE vtk didit he S@kR@MId¥etchybtivenipdr oxy
succi ni rrdyl , %rlnglﬂ]élc?oﬁli"%/%agg%&ggr naet aei. 14. Thle insulin conjugate

accor di gghcl@mfdyai Brdpdenatdier fictinirhidyhonarpextrnahyl, pdiygivey hagcaIm ¥et i%e

al dehyde group at both ends. 15. A long-acting insulin fornulation having
i mpr ovesudemimidybcaibeRs-on and stability, conprising the insulin conjugate

of any one of clains Ito 14. 16, The_l.on %;_qul t%ﬁi)ﬁl'*ﬁegﬁ}iﬁﬁ%%'%j@g

accor di g t o ThednsnlibsconiygaiecdcROrIHE PSAHMA reat ent of
di abetes. 17. A method for pr ring the insulin conjugate of claim1,
conpr i s?ﬁ@Cflﬁ%aié?@g’S e61HP albottf &S

15. A long-acting insulin formulation having improved in vivo duration and stability,

comprising the insulin conjugate of any one of claims 1 to 14.
16. The long-acting insulin formulation according to claim 15, wherein the formulation
is used for the treatment of diabetes.
17. A method for preparing the insulin conjugate of claim 1, comprising the steps of:

(1) covalently linking a non-peptidy! polymer having a reactive group of aldehyde,
maleimide, or succinimide derivatives at each end thereof, with an amine group or thiol
group of an immunoglobulin Fe region;

(2) isolating a conjugate from the reaction mixture of (1), wherein the conjugate

comprises the immunoglobulin Fe region covalently linked with the non-peptidyl polymer;
and

(3) covalently linking insulin to the other end of the non-peptidyl polymer of the
isolated conjugate to produce a peptide conjugate comprising the immunoglobulin Fe region

and insulin that are linked to each end of the non-peptidyl polymer.



(1) covalently linking a non-peptidyl polymer having a reactive group of

al dehyde, nml ei m de, or succinimde derivatives at each end thereof, with
an am ne group or thiol group of an immunogl obulin Fc region,; (2)
isolating a conjugate fromthe reaction m xture of (1), mherqw@iggﬁ
conjugate conprises the i nmunogl obulin Fc region covalently [inked with the
non- pepti dyl pol yner; and (3) covavently linking insulin to the

ot her end of the non-peptidyl polyner of the isolated conjugate to produce

a pepti conj I,SLNg. the N F 0N Lnaulin
Thatar & 1 ke s A ARk Ephe RS EHS Rh | I Sk S AT ERRe BEY

nmet hod for pregpari he J.-nsulin _conjyagate of claim conprising the steps
of : LIS bBRT Y R RE RN ERD Bsd b R Bt R Rishal &

al dehydeagteatt thvreofibabpNakrrgiaaho ndinihergafbutia FchepN-d.@r mi nus of an

i mrunogl obulin Fc at pH 6.0; (2) isolating a conjugate fromthe
reaction m xtwh)es@htideld coMfiSateiffon MK FQBHMOAL LEOHP[1)S 8hiclellf tHendBang@lcobul i n
Fc region covalently lTinked with the non-ggptldyL polymer at its

N-t er mi sagprigasdhe immunoglgiyindwvagiencpyalentiydinkgd iwiduthe Ron-pentisly! peltimer @nd of

t he nonigggﬁkgthpﬁkyner of the isolated conjugate to produce a peptide
conj ugate conprising the i munoglobulin Fe region and insulin that are

| i nked to each,end ,of  t .non- tidyl pol r..19. A met.hod f.or preparing
the §nsuli n candiurens PR RERBER" B RS HEP bhu o dpBRpS poPheP L

coval entdoyatéd dueljiGitedtotROGRE RiJeiide QMRS cdA@H NG Re ﬁxﬁﬁﬁ;hbgl@b@[rpmegfen _
al dehyde, nal ei mde, or succinimde derivatives at each end thereof, with

an am néngisulpn et akilokediooweh etd phdarparpeptidyl polymep) i sol ating a conj ugat e
fromthe reaction m xture of (1), wherein the conjugate conprises insulin
coval enttPy | i Akethod fohpteparimpthe peptin dyhjugat yhelaim dnebmprising the §8ps cfoval ent | y
I i nking an i nmunogl obulin Fc region to the other end of the nonpeptidyl

pol yner of thé)csalatigdinkan ugat-eeftalyppolduee havipg ptregbeive @gupgeit dab@dqr i si ng
t he i munogl opul i n Fc,regign,and insul&n th?t are |inked to each end of the
non- pepfaRIMIgse Oy FRrcinimide erivatives at each end thereof, with an amine group or thiol

group of insulin;

(2) isolating a conjugate from the reaction mixture of (1), wherein the conjugate

comprises insulin covalently linked with the non-peptidyl polymer; 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 Fc region and insulin that are linked to each end of the non-peptidyl

polymer.





