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HASyl at ed pol ypepti des, especially HASyl ated
weegoloepoi etin 5 The present invention rel at eBCT/BP2003/008858
pol ypepti des, especially erythropoietin conjugated to
hydr oxyal kyl starch (HAS), especially to
hydr oxyet hyl starch. The appl1kat|on of pol ypepti des,
especially enzymes or cytokines, to the circula- tory
systemin order to obtain a particular physiol ogi ca
effect is a well-known 10 tool in nmodem medi ci W8171PC
Erythropoietin (EPO is a glycoprotein hornone
necessary for the maturation of erythroid progenitor
cells into erythrocytes. In human adults, it is
produced in the kidney. EPOis essential in
regul ating the level of red blood cells in the circula
15 ssue
oS uted BBfrpbbAAS, AREAEly RASLIME ERhRorttettl 250
mhlch in turn stinulates erythrop0|e3|s A Ioss of
func- tion s it see n _chronic.rena

s § fﬂ%?résenf Giveniciisiies 1 pahpaTIds < BadHa S Arfihippoetin squiugpted
$831kS 1504 HEROA ) EspRcis IR AT dkARe (bl RBHER.i 0N i n T ed

oo cel'l's’ 20 Erythropoietin i's an acid glycoprotein
hor nmone of apprOX| mately 34,000 Da. Hu- man

h
o Ah0ORBRIARY oot SAARD e KBRS, LB g
82tory 5§ﬂcrﬁ58‘brdéi|:to lobbai® @SpaRZcul g diblogicdl efegt. is Bhwell-known
identification, c¢loning and expression of genes

10 en&?b}moéﬁf?m?ﬁ%- etin are described, e.g., in US.
Patent 4,703,008. The purification of reconbinant 25
erythropoietin fromcell culture nmediumthat supported
t hErghropoietio { ER@jnxed 'ghmopro&iﬂ borownt aieedssayy rfex thebmatamntion of

o é’t f}yégﬁéﬁsééﬂteg ?Q%jgﬁo o ét%( gg%gl’fniaaulqse 3 prod(tjlcedq in the
Pcﬂdﬁgﬁcﬁ% D8BSfial i rdgulatifig ARNRVA! d¥red BldoAVRHs il tHerBu%ula-

technical field that the biological activity of EPO in
15 vi tion.rfeandlitiond aprskersbyolowt lgeelglefiissve oxygshairooka@hdecreased bio-

bounqmms oI%P]‘f%(S Seﬁxcﬁ‘ {9 turmy stuﬁ I%tes erythropoiesis. A loss of kidney func-

tion as it is seen in chronic renal failure, for example, typically results in de-

creased biosynthesis of EPO and a concomitant reduction in red blood cells.

20  Erythropoietin is an acid glycoprotein hormone of approximately 34,000 Da. Hu-
man erythropoietin is a 166 amino acid polypeptide that exists naturally as a
monomer (Lin et al., 1985, PNAS 82, 7580-7584, EP 148 605 B2, EP 411 678
B2). The identification, cloning and expression of genes encoding erythropoietin
are described, e.g., in U.S. Patent 4,703,008. The purification of recombinant

25  erythropoietin from cell culture medium that supported the growth of mammalian
cells containing recombinant erythropoietin plasmids, for example, is described in
U.S. Patent 4,667,016.



267 Bl). Theoretically, 14 nolecules of sialic acid
can be bound to one npolecule EPO at the term nal ends

wobkotloes76ar bohydrate side chains |inked to N RPOTIEB2063/008858

gl ycosylation sites. Hi ghly sophisticated purification
steps are necessary to obtain highly sialylated EPO
preparations. For further det2ailed information on
erythropoietin see Krantz, Erythropoietin, 1991,

Bl ood, 77(3):419-34 (Review) and Ceram , Beyond
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protel is often exhibit an unsatisfactory stability.

EHREE atatHeyternaingt bandspofli theicarboh§diatesside chaing linkéd) tasNorand O-
pl asma .hal f .] i ve. i vak .and. Hogan 1989, Bl ood 7 .
O s R A sitep- iehiy Bt ke hRaon 3i2gs are AP T gbtain
t haghly BalRRaUEPO pRépasdi@nb.ev- els are rapidly |ost and
repeated i ntravenous adm ni strations nust be carried

out. Furthernore, in certain circunstances an inmune

ko SALRE, AR, S SBrioP Y Ky Eoplrhgien

c ar99b EBloap) P84 89134 t(Reviewanid € etasip Menchg@ﬂnepoléhes&)vel
fe t|d s is reduced when onpe tides are
ccﬁpa @&0% Wﬁ@mr@nhbv@w‘f@gﬂ%egm% Aein dlepaael,

pgyg_ i ly ac- tive pol ypepti des nodi fi ed
V\/I!’%p et h&ﬁh gl ycol (PEG exhibit reduced inmu 25
nogenl city and ant-igenicity and circulate in the
t.r eam consi der n_ungonj ugat ed
RS HeoNT DR, Wi the rpliEione of B Che GG el g is hat

P&&s@ peSke S ifteA %&Eﬁnt%hﬁ:&hﬁsiﬁ&&@r MbiKiyS E%é@ﬁﬂl?g@@thropmetm

e.g. they do not exhibit a natural structure

cdms berelaé&dg ishow dlasinachatinkye Spovaki and\ilegans clHi8s BB@d 73, 90;
fly]l LA ARLMIEY §90 ng&?‘}@rﬁlsi"p [id me&nos%ﬁ’ﬁﬁ“ g%fé%ﬁés%% lev-

conj ugat és ol yImer at es

predsiate deld@( Iptiendl repoatedl intrevdhods adbinidtiadions mast B arried out.
2004/ 024761 PCT/ EP2003/008858 . -3
Furthermore, in certain circumstances an immune response against the peptides is

observed.

It is generally accepted that the stability of polypeptides can be improved and the
immune response against these polypeptides is reduced when the polypeptides are
coupled to polymeric molecules. WO 94/28024 discloses that physiologically ac-
tive polypeptides modified with polyethyleneglycol (PEG) exhibit reduced immu-
nogenicity and antigenicity and circulate in the bloodstream considerably longer

than unconjugated proteins, i.e. have a longer clearance rate.

However, PEG-drug conjugates exhibit several disadvantages, e.g. they do not
exhibit a natural structure which can be recognized by elements of in vivo degra-
dation pathways. Therefore, apart from PEG-conjugates, other conjugates and

protein polymerates have been produced. A plurality of methods for the cross-



l'i nking of different proteins and macronol ecul es such
as pol ynerase have been described in the literature

w@ s@a/oes7gt Wong, Chemi stry of protein conjugat POIYERZUE3/008858
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cross-linking, 1993, CRCS, Inc.). 5 Hydroxyethylstarch
(HES) is a derivative of naturally occurring

anyl opektine and is degraded3by a-Anylase in the

body. The preparation of HES-protein- conjugates is
described in the state of the art (see, e.g.,

HEakisgrof different peatsine gad esadromblecilés %h(h%ﬁ:o@fm@&s&l@avéﬁaeen
854). .10 DE 2& 46 854 di scloses pethods for the .
cofiseebad Brihe fitsasisenF$- YPneeShemistryafqueteeftidigation and
H t unperi odate, which results in
tEéolésflé e ltg?%\r?%@f}ﬁ&i?dehydes which are Iinked to
henogl obin. In contrast to this, DE 26 16 086

gg@%brgfs(ﬁ )flgtgg:ﬁgﬁgsg at | evati %fr??gtfrﬁlf?l gcctélmng amylopektine and
cr@ssegbraddﬂl g a0ahylaée i ther Bme,cyme) ré@:ﬁ%ﬂ@ftHEsi%&tem-
and subse- quent |y henogl obin is I|nked to

i n@@BR@EﬁSatSediﬁeabnﬁcﬂn thestate of dgbatt | (Geg g délESHa@moglobm—

Of §lSeaRRTP B 7 GraiiRt giay] opektne. which i

n corn starc concentration of up to 95
% per weight. HES exhibits advantageous bi ol ogi cal

DBk #6 58 sl Hniationt #6406 RBHARY oPrbiLgQeldiag da HES. In

g 6 BT, AR B

Fotlem: hﬁahgl{damtg:s Reagch, ard linkedth- Heaidygloblumih &pmkast ttethls DE 26 16

g RN AT U T D R —
tT E&h&%ﬁnﬁﬁt QGro‘éé—hﬁ&n?aéexﬁ'(QkMﬁlbgj’&e Rdand ECHES A Gubse-
e physical -chem cal properties of this nolecule are

madwAnily hemeglebindellinksd tortke njqmedinteqirgdusti di ¢ bonds.
Due to the nicked a-1, 4-glycosidic bond, helical
structures with about six glucose-nononers per turn

ar HESrio d sabsiitutedderhatipd v tiradartuhediarajol giervihylopektinbewhich
bi ochem cal pr opert ies of the palymer_ can be . nodified
vi i RIEASBY POt Brch %“P‘]ﬁ’?’ﬂ%\&’@tqfé‘ﬁ 1oP5 Zo Wd’l’%&‘&‘eﬁ%l“ﬁbﬁs

gr Qd’x&nﬁgéblﬁ iR RAOHoPEiEE In8 G LR A0 3B PHume Feplacement
agent and in hemodilution therapy in the clinics (Sommermeyer et al., 1987,
Krankenhauspharmazie, 8(8), 271-278; and Weidler et al., 1991, Arzneim.-
Forschung/Drug Res., 41, 494-498).

Amylopektine consists of glucose moieties, wherein in the main chain a-14-
glycosidic bonds are present and at the branching sites a-1,6-glycosidic bonds are
found. The physical-chemical properties of this molecule are niainly determined
by the type of glycosidic bonds. Due to the nicked a-1,4-glycosidic bond, helical

structures with about six glucose-monomers per turn are produced.

The physical-chemical as well as the biochemical properties of the polymer can be

modified via substitution. The introduction of a hydroxyethyl group can be



achi eved via al kali ne hydroxyet hyl ati on. By adapting
the reaction conditions it is possible to exploit the

waolpdoiteeent reactivity of the respective hydr oXpCDEPR20P3/008858
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in the wunsubstituted glucose nononer with respect to

a hydroxyethylation. OMng to this fact, the skilled
person is able to influence the substitution pattern
toalimted 5 extent. Consequently, HES is mainly
characterized by the nol ecul ar wei ght distribution
anathicved dgalkdinefhydrdxytihylatiooBy teptiag alieereaviion conditions it is
possibilities.of describing.the substi- tutiqn degree:

D opopsiblelo' st he HG M ety QL b Bspeb gy BPoup S the
r ehdlibstRutb® ks Hdrlofer it Higddt 1o R0 detPion, Owing to
nmononers Wi th respect to all glucose noieties (DS). 2.
Thibissfaets thetskilled petseg ieeble tminfuentedhe substitution patterti krod lmited
sub%t ptution” (MS), 15 wherein the nunber of

hy‘a?%[ﬁyet hyl groups per glucose noiety are de- v
scribed. HES solutions are present as pol ydi sperse
conpositions, wherein each nolecule differs fromthe

ot Genseqranglyy H§§eiétmqi@1Ytqhéra§t9riy%Py e moleculagreight disaibution
o iRfthe BPttec BEARRALALR, HlerPAB R0 pAMBLAESOLErl the substi-

conpnondelgresy t h di fferent nol ecul ar wei ght.

Consequently, a particular HES solution is determ ned
by average nol ecul ar weight with the hel p of

st ft i stigadybsHRAGR dedrde LA Be GORLBE reldVel © tﬁé‘g%'oﬂto?gubsti-
d nunper of

as the arithmetic nean depending on the

mol ecul eted ghidose manpmetsywyitiaspechto alleglgnse memeties (DS).
represents a unit which 25 depends on the mass of the
HES. The HES-drug conjugates disclosed in the art

supfer THOsIbkMALS dechi@pdrigeddsbabed d3tfe I'BoRPbubstitution” (MS),
conjugated site-specifically to the drug.

Consequwhereip the aimbenjofi adraxpethyl gigups pemglacessrmoiety are de-
heteroq&g&g? product havi ng many conponents that my

be i nac ive due to the destruction of the

3-di mensional structure during the conjugation step.

VDH%%OSA(f)/lu%%‘rllZ %rle Erce:-sre/n%zg %9) y/dgs%grssg 8compositions, wherein each molecule
differs from the other with respect to the polymerisation degree, the number and
pattern.of branching sites and the substitution pattern. HES is therefore a mixture
of compounds with different molecular weight. Consequently, a particular HES
solution is determined by average molecular weight with the help of statistical
means. In this context, My is calculated as the arithmetic mean depending on the
number of molecules. Alternatively, M,,, the weight mean, represents a unit which

depends on the mass of the HES.

The HES-drug conjugates disclosed in the art suffer from the disadvantage that
HES is not conjugated site-specifically to the drug. Consequently, the conjugation
results in a very heterogenous product having many components that may be inac-
tive due to the destruction of the 3-dimensional structure during the conjugation

step.



-5 1In summary, there is still a need for further
i nproved pol ypeptides with inproved stability and/or

who@maor476ity. This applies especially to erythpOpEPBD3/00885S
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where iso- forms with a high degree of sialic acids
and therefore high actvity have to be puri 5 fled from
isoforms with a | ow degree ofSsialic acids (see EP 428
267 Bl). There- fore, it would be highly advant ageous

i f production nethods were avail able which provide

hi ghly active polypeptides wi t hout requiring extensive

D e 1 g e IB6 fisnfvo B b e g improved
lisfdbiity Gltfor IRERAVAE THE DANARRPLISRS PERURLEGR Uhere jso-

produced in a properly f ative confirmation
arfdrmsagith pmghedeggd:wfcsm}ilcamds and thereferguegit dotyity haviego hmpuri-

e opRpsoletrs R & o PRy B AL B ER LA, Pere-

h ety wduld BhhizhB! AFhsageods i produttibh me¥iods wikkd £/2il8818 which
be eaS|I roduced and at reduced costs. Furthernore,

i tpr\ddexhighty agiverralynspfidest wishout ﬁ@qq@m% extensiys, pyrifiestion. dJn-
pr t.

q é?x?ﬂ\llxgselg E{ﬂ)%ﬁtfl(g{ oftegbgp%g)@&jelﬁ g&ﬁ%?% % Plgec¥ ? 3@ 1’5 gﬁen diffi-
proatipisdcaussi thé pblypbptides ateogftenalot @f:tiduv,d:d ha btopbﬂy folded, native
furt&%{a&%{l étl of the |nvent|on to prow de

pIFaR ack ueRss & ¥PBH&I%Bonpri si ng pol ypept i de
derivatives with high biological activity. 20

According to one aspect of the present invention, the
pl@Ibis@meh&y,sit) is/ad objgctenfithe presont yiavenyibs t@podvide polypeptide de-

CoNHTS: Free ae <BrhRedEtlehRb e fvdat s Birtrirhesaastivity in

HASvd ShicBriaH BRteasily prodiedERD a¥ kdiiudd eos@@mahé&@l{o% 8t isa fur-
moiety; or 25 b) a thioether. The HAS-EPO of the

i riberrabient dfathe tpmesealdinaprtiggetot pravideta aetiodi fos thgproduction of

t n._Go ed t
PRIt BB iR O L AL bl i
extilbgitsl aatibitgiets ebﬂuﬁhétgjtfj@k oftht iinwiehdlon toagrosida pHahtceutical
BRP EPQ.. This is 30 nuai nlﬂ&due to the fact that

HASMPPFIPES GRSl RA)EIFPHER dervabiyes withhigh biclegieal activity.
noval systens of the |iver and kidney and therefore

persists in the circulatory WO 2004/ 024761
PQUcEr 2D BY QB88PH8et of the present invention, the problem is solved by a hy-

droxyalkylstarch (HAS)-erythropoietin (EPO)-conjugate (HAS-EPO) comprising

one or more HAS molecules, wherein each HAS is conjugated to the EPO via

a) a carbohydrate moiety; or
b) a thioether.

The HAS-EPO of the invention has the advantage that it exhibits an improvéd
biological stability when compared to the erythropoietin before conjugation. Fur-
thermore, it exhibits a higher biological activity than standard BRP EPO. This is
mainly due to the fact that HAS-EPO is less or even not recognized by the re-

moval systems of the liver and kidney and therefore persists in the circulatory



-6 systemfor a |onger period of tinme. Furthernore,
since the HAS is attached site- specifically, the risk

wobodesi7epyi ng the in vivo biological activityroOf/EEIGB/008858

by con- jugation of HAS to EPOis mnim zed. 5 The
HAS- EPO of the invention has mainly two conponents,

-nanmely the erythro- poietinA&PO) -pol ypeptide and the
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were

hydr oxyal kyl starch (HAS) |inked thereto. The EPO can
be of any human (see e.g. |noue, Wada, Takeuchi, 1994,

Argybtein flor @ueskeipehodl of timel RertiRtiotd, Gake et HiA Shig tAched site-
erythropoietin with high in vivo ac- 10 tivity from

t heeifirally. Hre rigkerfi desisaing Hiesin Vigye piopgigahaeliyity. of{EFRQ py- con-
1805.4: sser, 1977, Purification of
hﬁ%%§03¥¥¥ﬁ§§%ble ?H??ﬂﬁﬂ%?bl Chem, 252(15),

5558- 64) or another manmmal i an source and can be

oht ai purifica-, tion frgmnaturally occurri
sgﬁwﬁgrﬁiﬁé OhhedAvadtian ps MY {0 CRIACRARIT: ARREY theprythro-
arioidin, (EPb?fpgfy%@%ﬁ’derﬁi’ﬁKﬁ‘é’h)l’dr@i_ Wylﬁ#&l&%@[&gpﬁﬁqedttﬂ&eto.

expression “erythropoi 15 ‘etin" or enconpasses
al so an EPO vari ant wherein one or nore amno ac- ids

( . to 25, preferably 1 to,10, r.e pr.efer.r {0,
STIRJERO e P8, oT ot PR Ated 5o Ll WPHOR FARYEES £504 Ar”im-
anb R médibd Sorahié gudfichtiohiof Mufih iepithdpeietih WidNkER i Givo ac-
activity (see e.g. EP 640 619 BI z . The measur enment of
ertiMityrfspnitea mdng of angmig ppdenty &k Phase Byl 11762)al 80-¢5 Miyake,

DR Bl A8 VBl gl o i finfopolddl, Phjol chem,
J.252¢19), F98e64) ot dfipth&ABardddliarf soureeeasl-can ibe wbtiinedf bygiidfica-
activ%'rt in vlvo see _Ph. Eur, 001, . 911-917; Ph. Eur. .

20t qréf’etuwé X RHHER sourass like hymag Yepbryenic human liver
783 anhH410 maﬁi?% PRgh&. m&%&%&&otﬂé:ex@eeaaﬁa&gtha9p0i-

Phar macopoei a, 1996, Erythropoietin concentrated sol
t i atim” oPHEPOH encapyasses &)soFnIERY ¥arifHitwherdie onent inoye amino ac-

Payl f tl.meissl., 25.1995

b e L5, Bie b B B mioke BRAGTTEIL (o RN preferred 1 or 2)
erhaive RBR keRéHalg&d E%%@&eﬁ amirdMadiiind IviGel kghibfé eBghropoietic
85(5), 1229- 36, %g]o and nodi fied EPO forns were

i recEERe (5oF steo Bhepdl 61N\RR). Thedreasment afeyiirepdistic activity is
18 R TIPSl e oS, EBTRo01
m Bledd,) 77, FR03 fie Kiaturd etadl] DIBY, Wh€e¢le Phwstisiof B23t334; for meas-
T T HP S hethie 18 Shvo see phEur. 2001, 911-917; Ph. Fur. 2000, 1316
Erythropoietini solutio concentrata, 780- 785; European Pharmacopoeia
(1996/2000); European Pharmacopoeia, 1996, Erythropoietin concentrated solu-
tion, Pharmaeuropa., 8, 371-377; Fibi, Hermentin, Pauly, Lauffer, Zettlmeissl.,
1995, N- and O-glycosylation muteins of recombinant human erythropoietin se- |
creted from BHK-21 cells, Blood, 85(5), 1229-36; (EPO and modified EPO forms
were injected into female NMRI mice (equal amounts of protein 50 ng/mouse) at
day 1, 2 and 3 blood samples were taken at day 4 and reticulocytes were deter-
mined)). Further publications where tests for the measurement of the activity of
EPO are Barbone, Aparicio, Anderson, Natarajan, Ritchie, 1994, Reticulocytes

measurements as a bioassay for erythropoietin, J. Pharm. Biomed. Anal., 12(4),



30 EPO are Barbone, Aparicio, Anderson, Natarajan,

Ritchie, 1994, Reticul ocytes neasurenents as a
whe@assayl f or erythropoietin, J. Pharm Bi omedPCERER1003/008858

12(4), WD 2004/024761 PCT/ EP2003/ 008858 -7 515-22;

Bowen, Culligan, Beguin, Kendall, Villis, 1994,

Estimati on of effective andTetal erythropoiesis in

nmyel odyspl asia using serumtransferrin receptor and

erythropoietin concentrations, wth autonated

r e315:20; Bowwen, (Callipan) Beguin icerdalti Villi§( 1994, EStimatjon of effective

Del or e, Lorenzjni, Gffi Martin, Jacobsen, Boone

El aqdotota ergYIPOKSIRN énﬁbf&spleagwsmg. SFIB frappigrTin Feceptor and

S tﬂ,néon@é 9)8h§ iR altbialed ree‘lc&&&éﬂfs&meﬁg eukemi,
Bi 0 stry, 31(41 9871-6; Hi guchi,
Ku${db1| M - 5; Toetomesh) Loﬁtnzmmﬁrfﬁn,aMa@omJacobm Brohe, Bifiott, 1992,

5 SU03 SR Sylaoh s B ShaRShomC el 5 RS Eobgpropoiein,
26fs’{olaﬂémls&y 0131&1) YogrgyC Higudk aiOh-edsaViaibosWa, ‘Pedlanoh, Shi-

Masuda, Sasak i, 1991 ffects ‘of site-directed renoval

of mpnaka, Gchic 6292 Rele of sugar ekainpintherexpressioniaf élpﬁ)blehgwabww-

r t
0y D SRRt o, B R 15 855 rorBlly, v
Kuki@ivanishi\\&idda, Mbdudh,zSasakiod801, kot sﬂme,-dlil'e&twsnhioval of N-
Kobat a, 1989, Rel ationshjp be-. tween, suga ain

10 st glueqsula@oaﬁaew&uﬁen@mh@@mevppy ifsfproducHom %Evlmamp-

%&In'éé Og%&gf '(aaaﬁ 096’67@ '22453}‘ bngﬁﬁ&ﬂﬁg%‘(ﬂzeo;@{ﬁé and, 2K2ubota

KuWazia, Bhinsiralt Hostﬁ,SK,ozwsmay TekntukilsKoblata, 1989, Relationship be-
Ne 11-4 (

SR S i roCharse ik gl st Of fRpthbinant human

ur éﬂﬂrﬂfrbf diéeit deaaéydeinl Ghﬁxesec%ﬁé’ﬂ b@@ly @@mse PQJ)@SNatIirchad Sci.
SI|ICIC acid, Exp. Henat ol -7; Krystal,

15 1981§A BA(R0).c 881924 Koirig) Egkaédﬂ, 18&& gmme mieshads §o exythropoietin,

o, A LSNPSR 49528 195! b human

ermtl Q@j”(ﬂfdpﬂletlﬁ')@l cdrl@xlm&@-bore d1aés1and §iBeidlacid, Exp. Hematol.,
Preferably Qi s_reconbi nantlyagrcoduced Thi s

i nw@be%”t?we‘('aﬁféh d@??»o%hxswal gk Biojesigal charagiprizatipy o jegythro-
Ha§t’ en%ﬁ& ﬂ% of (EE ]]'af%rhctlhg%%ﬂmgé( ERimuBAGE & defilm dis-

S or ny ot I'sS conveni ent
20 f otin¢tHronn exyﬂn‘bpcnant, EplpoHemutlobnl]ZB) ®8-3EPO.  Furt her nor e,
the EPO may be expressed in transgenic animals (e.g.
in
Preferably, the EPO is recombinantly produced. This includes the production in
eukaryotic or prokaryotic cells, preferably mammalian, insect, yeast, bacterial
cells or in any other cell type which is convenient for the recombinant production
25  of EPO. Furthermore, the EPO may be expressed in transgenic animals (e.g. in
‘body fluids like milk, blood, etc.), in eggs of transgenic birds, especially poultry,

preferred chicken, or in transgenic plants.

The recombinant production of a polypeptide is known in the art. In general, this
30  includes the transfection of host cells with an appropriate expression vector, the

cultivation of the host cells under conditions which enable the production of the



body fluids Iike mlk, blood, etc.), in eggs of

transgenic birds, especially poultry, preferred
wa@beoaloesigli or in transgenic plants. The reconbi PETVEP2003/008858

production of a polypeptide is known in the art. In

general, this 30 includes the transfection of host

cells with an appropriate expBession vector, the

cultivation of the host cells under conditions which

enabl e the production of the WO 2004/ 024761

PGIelinpfid3 /280 8BS Burifichtionlof php polypemivd frdra the hodti cels.i Kon de-

- of t .pol ypeptide fromth ost cells, For de- . .
C SRRSO v S8, Bantenigeiber Baidy 1S, Purifcation of
Faphigin esfRiopoiedd &8 hdargﬁgefléi?}?tbgsi‘ rifid meg{/ é)_r%%ecel%re, Blood,

erythropoietin to honogeneit y a rapid fiv ]
pr 6@ uile?; GraledCaslake, Burkert -Wojcltmeski el 98@a blighkleyel expression
Bur kert | chawski 989,. High-1evel .expressigqn 5 an

5 ouPHS PUGEBR OF SCre SRR e Rl TR G d e Bacu-
Pr RAGSFedtst) Bbod, PAR) 652-9VEP 630689 BArand BiPosys, 351412) .
652-7; EP 640 619 B 1 and EP 668 351 B 1. In a

preferred enbodi nent, the EPO has the ami no acid

Segue gl%?erpefd B ER One (Ei’%?hgptﬁu]! %ﬁ]ir?oogcic? ggque#)e kR BPO
may conprise one of hore carbohydrate Sideé*chains

( p(seé EPABB03B2). preferably 4) attached to the EPO

via N and/ or Olinked glycosylation, i.e. the EPO

10js glycosylated. Usually, when EPO is produced in
eu ' . . PR ' ' . . )
oSt Fas Il rondri 5 R APPSR, i chais (prefmbly 14
c apiefingtdy #) atticheditol¢hec hBO n3a MayanaereOdednd giycasyiaobnt de. the

th PO durin i hesj s | mamral.- i.an, especi al

hoFRRTS, dlitasy st TRUAD) Sk, EP QTR R e AR SGL Tetd the

r dotide i9f i It a X j

D e e Len Ry (RIS Syrate
15 B1sidrghains mayhayve B aftachask joythe RFGL Awring oiasanthegist in anammal-

1995, - j et Lefi .

calBer s ARL RURAE Ifsee S kst teyf e BBkl brgpertiss of lyco-
20sHated BPO lsvedeen exitOklvelySitudied i ¢8 agt(@ed BPERS Q6AB1; EP 640
rolLes_of the sugar. chains of hu- n erythrog

oi etins
a §EOBLoRuy Detlys Smitgadenyy, RagersRghderiiatia A dylicpheteroge-
g' f‘;&ﬁﬁéﬁ’ el CarbOhydbte SRR the; ARLE ER&AL I6Y&)Y 14498 Ta-
20  keuchi, Kobata, 1991, Structures and functional roles of the sugar chains of hu-
man erythropoietins, Glycobiology, 1(4), 337-46 (Review).

The HAS may be directly conjugated to the EPO or, alternatively, via a linker

molecule. The nature of the linker molecule depends on the way how the HAS is
25 linked to the EPO. Possible functional groups of linkers are described in Table 1

and below. Several linkers are commercially available (e.g. from Pierce, available

from Perbio Science Deutschland GmbH, Bonn, Germany)). Some suitable linkers

are described in Table 2. The nature of the linker and its purpose are described in

detail below in the section concerning the method for the production of HES-
30 EPO.
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the way how the HAS is 25 linked to the EPO. Possible
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and bel ow. Several linkers are commercially avail able
(e.g. fromPierce, available from Perbio Science

Deut schl and GrbH, Bonn, Gerrfiry)). Sone suitable

linkers are described in Table 2. The nature of the
l'inker and its purpose are described in detail bel ow

| Mdch@inget ?fbf@r@éd? enbbdigenthe the HhaS-HPQr cofjegate of the inven-
production of HES- 30 EPO_ WD 2004/ 024761 .

P&Pnethe bl iscanmgated & the EBQHTIA 8 caholy fatemairtyy

enbodi nent of the HAS-EPO conjugate of the inven-

tion, the HAS is conjugated to the EPO via a

c dh hiehghtext of nhx pteyent imventien, dlonteemt “catbohydratsrragietyl’ refers to

i nvention,. the term"carbohydrate moiety".ref.ers.to. 5
SRy e RO et ShaCgbenlse} magticiion thefeot
Chesi i Lhief3b kAN ThichR BRlag JrsBRrtROARany, 9™ edition 1990,
C:wtgérﬂlgﬁgg(%g%@e%né Ver | ag gtgutt_gart', Ge?nr?any,e 191toﬁ.
edValion 91 paEs 228b1208% and thedierstupe giledthgmininHurtheamore, it also

|r IétFé?Sgttotj %&éﬁe\% g,tflt h@iﬁfgp cﬁ‘é’?’%g %Irffcglh%h?e mofetfh fie glucose, ga-

occuring
CarhefRY Hanidie NRAIRS A ahd e IiKeUThS RrmGdso inslutiesehemically oxi-
mannose, sialic acid and the |ike. The term al so
i rdizedeaiuiglie Acewning cesbphydatameigtissatfiergm (heoHpg Strygfure has
carh rate noieties wherein the ring structure has
bggggg%%ﬁgd. The carbohydrate noiety may be |inked
directly to the EPO pol ypepti de back- bone.

Preferably, the carbohydrat jety is of .a .
cathsotRyAtiydeate mpdety s oe hkediBirgiy o € EPq Bplyfptide back
C L @hy nRffe E@?&f‘&f@@&r\&@l@ﬂ itBQide chain, T
cgio%g%rgfﬁbzyﬁf g?f%‘%i ch tﬁA is |linked arr1d tlhg CE?Z% §
pothispess, ifigthe gatbobydrate vhoietigsmedycheaprepsing between the carbohydrate

bohydr at. iety. js,t t i nal i t
c e it GRS Yl indint BEB] BvoelBetackBnd Rhore prefea-
enf1pdhéeatbohyidige hitTeti; $s 16O firtphat £didtpofithg dhdbohydigte side chain.

resi due of 20 the carbohydrate side chains, preferably
the term nal gal actose residue of the car- bohydrate .

1 R PP S 3 RS SR P st
si thkicarbahydiste sfdel dhainsdproferably thetteraminglgatactysk ogsjdue of the car-
bohydrate side chain. This galactose residue can be made available for conjuga-

tion by removal of terminal sialic acids, followed by oxidation (see below).

In a further more preferred embodiment, the HAS is conjugated to a sialic acid
residue of the carbohydrate side chains, preferably the terminal sialic acid residue

of the carbohydrate side chain.

Furthermore, the HAS may be conjugated to the EPO via a thioether. As ex-
plained in detail below, the S atom can be derived from any SH group attached to

the EPO, both naturally or non naturally occurring.
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conjugated to a sialic acid 25 residue of the
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sialic acid residue of the carbohydrate side chain.

Furt hernore, the HAS may be conjugated to the EPO via

a thioether. As ex- plained-ilt-detail below, the S

atom can be derived fromany SH group attached to 30
the EPO both naturally or non naturally occurring. WO
2004 prafeied dbbdiAR0Be A8mMEmay 10 defivad fioef € SHegroup which

oo Rt osigRL i SRR PHPORNABIE WPIEDK O BESo Rl bl an
”Qb&(‘hi’e V\;w ﬁﬁ&ira@é ﬁ'fo?eﬁf"]@hl’(chaig ngfg f‘cjj) &?&hﬁgﬁ@gﬁg LRLif of EPO

noi et IS part © hydr at e ain of
EF(@:et(ekBe) below). 5 Preferably, the S atomin the
thioether is derived froma naturally-occurring cys-
teine or froman added cysteine. Mre preferably, the

ERQeRasbl{, HRe 85N iR @ictthiceBE BNWRivell fivaBhafaPlydnduirh cys-
natural I'y occurring cysteines are cysteine 29 and/ or

33¢cing prdramrag gdeed eysteie.dprsdprefasebly,Hhs ERO bew }hﬁgmlmd acid

! OHTHELPR S BRY b R B Rd: GRRLASER Qlieine 29 anw

gadre3$. In acmdiecprdferidd enitbdiiciteHAS ggcdnﬁlgraeﬂl taaseteli¢ 29 and
anot her amino acid. In_the context of the present
. rRYSIEGH, 1S i5placsd by anathenaming acid Meﬁ@élvelm HAS mayhe conju-

edtBe aeiwgg gﬁ%\gﬁﬁﬁn@ﬁs@%%ﬁ%eé bgagothgpgmmo%gga

tel ne resi resent
MA|d type polypeptide. In the context of this aspect

S st Bk RS 15 R Ly oL SR mean
20thnt e TyPeptedes ! ?«Sfeamiy EPeY, ToSipRiSe wste&%ereia&feﬂwﬁ@ﬁqg not

by replaci'ng a naturall occuring anino acid
cy@ﬁ@ﬂh@thsmldameepmqp@d@ are known in the art (see
above). Preferably, in the context of this aspect of
the invention, the EPO is hu--man EPO and the repl aced

aninnie achtext EfSthitusped ofahd fivedt®h, the cysteine may be an additional
amino acid added at the N- or C-terminal end of EPO.

Furthérmore, the added cysteine may have been added by replacing a naturally
occuring amino acid by a cysteine. Suvitable methods are known in the art (see
above). Preferably, in the context of this aspect of the invention, the EPO is hu-

man EPO and the replaced amino acid residue is serine 126.
The second component of the HAS-EPO is hydroxyalkylstarch (HAS).

In the context of the present invention, the term "hydroxyalkylstarch” is used to
 indicate starch derivatives which have been substituted by hydroxyalkylgroups. In
this context, the alkyl group may be substituted. Preferably, the hydroxyalkyl con-
tains 2-10 carbon atoms, more preferably 2-4 carbon atoms. "Hydroxyalkylstarch"

therefore preferably comprises hydroxyethylstarch, hydroxypropylstarch and hy-



25 The second conponent of the HAS-EPO is
hydr oxyal kyl starch (HAS). In the context of the

w@e@gani7ei nventi on, the term "hydroxyal kyl st ar ett/EP®03/008858
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used to indicate starch derivatives which have been
substituted by hydroxyal kyl groups. In this context,

the al kyl group may be subst-iltlut ed. Preferably, the

hydr oxyal kyl con 30 tains 2-10 carbon atons, nore
preferably 2-4 carbon atons. "Hydroxyal kyl starch"”

t hdroeyhanystarchf evhadelry hedropydtisd stafeyt candXlyyelrdwybsipgistanch are pre-
hydr oxypropyl starch and hy WO 2004/ 024761

PCFIE®2003/ 008858 - 11 dr oxybut yl starch, wherein

hydr oxyet hyl st arch and hydr oxypropyl starch are pre-
ferred. The hydroxyal kyl group(s) of HAS contain at

| st hyshnexyGHkydgrounts) of3HAS eomszipras kwstayme OH-group.
"hydroxyal kyl starch" al so includes derivatives wherein
the al kyl group is nono-. or polysubstituted. In this
CoThE&tpredsion hyBfoR{AkySErdhh also! MludéKkddrivaBiddPhdréin the alkyl
substituted with an hal ogen, especially flourine, or

wi gieupiis sopb- gr polysubspiugeg. de dhisirantexhdt jgameleandithey the alkyl

wat er . F r . ' .

o g 37 Sikifined i MR g, LR Mo, o ity 3 grove
| npradidied itleid thd Ha Sarkinytins gvatersoluble. tHugthermore, the terminal hydroxy
L b B e o G5 Jo s o
su j | i groups may be

usgif’zlt?lé %w}ﬁ%ﬁﬁgﬁﬁw%ﬁc gr((l)—%éjk&:ﬂgd most preferred

for all enbodinments of the present invention. In the

e e BIEAR EA1csb B eek oX PR U UHRd ey pgured
1- AREhekIBupsHhisy B ked. Mean nol ecul ar wei ght of  5-100

kDa is nore preferred. Hydroxyethylstarch can further

exhibit a nolar de- gree of substitution of 0.1 to 0.8

iy AR 5 o RUAAEAE e P B

invention.

In the context of the present invention, hydroxyethylstarch may have a mean mo-
lecular weight (weight mean) of 1-300 kDa, wherein a mean molecular weight of
5-100 kDa is more preferred. Hydroxyethylstarch can further exhibit a molar de-
gree of substitution of 0.1 to 0.8 and a ratio between CZ:Cs-substitution in the
range of 2-20, with respect to the ‘hydroxyethylgroups. | |

| The HAS-EPO may comprise 1-12, preferably 1-9, 1-6 or 1-3, most preferred 1-4
HAS molecules per EPO molecule. The number of HAS-molecules per EPO
molecule can be determined by quanatitative carbohydrate compositional analysis
using GC-MS after hydrolysis of fhe product and derivatisation of the resulting
monosaccharides (see Chaplin and Kennedy (eds.), 1986, Carbohydrate Analysis:
a practical approach, IRL Press Practical épproach series'(ISBN 0-947946-44-3),



25 The HAS-EPO may conprise 1-12, preferably 1-9, 1-6

or 1-3, nost preferred 1-4 HAS nol ecul es per EPO
woredogoed7el The number of HAS-nol ecul es per EPCPCT/EP2003/008858

nol ecul e can be determ ned by quanatitative

car bohydrate conpositional analysis wusing GC-M after

hydrol ysis of the product amrd2derivatisation of the

resulting nonosaccharides (see Chaplin and Kennedy

(eds.), 1986, Carbohydrate Analysis: 30 a practical

apRpeitly, ChipterPY, 8denddachbtiidas] pagept-86r Khamen 250ligBBNharides,

0- 947946- 44 3), WO 200 %@HPCT/ EP §) 2@008858 -12

ed3ge P 4By @%?ft%lNef“ I‘\%P%éf@‘é gr% pase 1{-) e 1-36;

Chapter 2, digosaccharides, page 37-53, Chapter 3,

Neut r al PoI ysaccharides, page 55-96). The HAS- EPO

cdl’hwﬁAlSeEB(D donpigatevadnthe omvemynelx&ﬁ b?ihlblégwmlalbl the seme in-
5 na\fl}rgl gl%calga:chgé) {ag lée%gﬂl% g.ettti)v'lf; ,i%lg e t%g -v1 ﬁ}nﬁxologlcal

Orﬂcﬁvﬁ JRMS ﬁl%aﬁké%dblﬁ&ng\fafﬁlﬁtyt 1 the BE® ré&fRplok. eMeﬂiodi for deter-

Met hods for deter- mning the in- V|tro bi ol ogbcal

acnining the ap-gitkonkiolegical ackity pre knewa in the st (see above).

Furt hernore, the HAS-EPO exibits a greater in vivo

activity than the EPO used as 10 a starting materi al

f OFurtieihorgathie A $-BPODEN ibigsed gﬁatEP’ﬁ) vivavaethitgshdnothe EPO used as

determning .the in, vivo 0|cal iV ar.e known
0§ stn@narmate@féefoawu@atwﬁm E?’@ ey P Rine
- d t RS, Mrth¥mrs, as-
gle{}/lgn in lgﬂ)g% géshvgt&\gged%ltg”ﬂ 5115&_'?%@ S— EPO’ conj ug atre ®

mesaye £dri the detannunatmn oftinatvol andtip vitto ERO aCOVLBO&C%qunrleEXam-

bl o0 400 % or 110 %to 300 % preferably 110
%1?18 é@@‘?% nore pre- ferred 110 %to 180 %or 110 to

150 % nost preferred 110 %to 140 % if the in vivo

activity of the unconjugated EPOis set as 100 %

15 CoﬁbtaHécS-EBOt ¢oajugiatehngy exhbiy jan i yivoreotizity Afd & t é@% "/Emref-
428 67, tohe o % f 0 .

b Blaopehr ol EI0P hobbRrEA00 LYo o BRRE pre

f efelh%d 130 % @@$80 B0 10rto 450 P& arést phefefredat 10 %ast14m£%1 ifthe in
at | east 200 % or at 300 %.af the in vivo
acViveiaeyvipf ok th@umoglmgyteg Qisgetas | %@ °if the in vivo
activity of highly sialyl ated EPO is set as 100 %
Most preferred, it exhibits at |east 95 % of

20 Compared to the highly sialylated EPO of Amgen (see EP 428 267 B1), the HAS-

EPO exibits preferably at least 50%, more preferred at least 70 %, even more pre-
ferred at least 85 % or at least 95 %, at least 150 %, at least 200 % or at least 300
% 6f the in vivo activity of the highly sialylated EPO, if the in vivo activity of
highly sialylated EPO is set as 100 %. Most preferred, it exhibits at least 95 % of '
25  the in vivo activity of the highly sialyléted EPO.

The high in vivo biological activity of the HAS-EPO conjugate of the invention
mainly results from the fact that the HAS-EPO conjugate remains longer in the
circulation than the unconjug'ated EPO, because it is less recognized by the re-
30  moval systems of the liver and because renal clearance is reduced due to the

higher molecular weight. Methods for the determination of the in vivo half life



25 the in vivo activity of the highly sialylated EPO

The high in vivo biological activity of the HAS-EPO
weomogase of the invention nmainly results frpOT/EPE03/008858

fact that the HAS-EPO conjugate remains |longer in the

circulation than the unconjugated EPO, because it is

| ess recogni zed by the re 301kpval systens of the

liver and because renal clearance is reduced due to

the higher nol ecular weight. Methods for the

datrge 6f BRO antef citdidation aré kaowalif the faet (BHKDOBKT, TahASDavis,

PCT/ EP2003/ 008858 - 13 ti of . EPQ..in the cirﬁﬁiation

T depi S kman 4998, (g qeaheeRoietin fimersiph narked!y’ enhanced

F -§ ﬁq@p, 9 It r t@tin diners

mﬁb%ﬂﬁgyEg%ﬁy eﬁﬁgﬁkggmiﬁﬁﬂsgvgggg??5??;9'Proc. Nat | .

Acad. Sci. USA, 95(3), 1184-8). 5 Consequently, it is

S S B P B
f {}f‘rgf’iﬁéﬁ kiyat tHAD bk hRinkRGleRIde RS ‘Hegﬁkﬁﬁly hafmBé AP IpYeparations
avali

able at present. Wil e standard EPO preparations
hasoemeycigly azaitabld st pressit.aWVhile stendamd| ERO ggparatione have to be

HAS- EPO conj.yga f. the, | puent [ 4 < .
e T oL 1 3 et FAREEEORohmeBlo B inliiBhibn s prer-
10er4blk a@iihiRerdtERlice £ivec, anec pleérably vhida wedpect of the
net hod of the invention to produce a HAS- EPO

10 concerning properties of EPO or HAS apply also to the

w‘glr] %Ex@oﬁﬁ%n!s?@igaﬁgé‘d BelSv I\’\Hﬁl:lggﬂ Riof ﬂn?_method of the invention to

oxya arch 1s an ether "derivative of starch
Bepiodee ®HASHERCetowermiay praperties \d SEPQ| s HAShapply also ¢ the
derivqguges,can be used j.n the context of the present
i nt18n-ERQ ganivgale obths fyegtionte i vat i ves are useful which
conprise esterified hydroxy groups. These derivatives
_ may be e.g. derivatives of unsubstituted nono- or di- |,
15 caHydooyyalkylsteictisis whtethep dervatixe 19 stazeho Bssides of said ether deriva-

titut deri ti. h f. . 0] '
S BT RSP e
Wi {ibn. 2F& efadiflondéaivabifes atpasdfal Wwhichf canpiiec esterified hydroxy

this context, acetylstarch, butylstarch or, . - .
pr ei9yPs t hest deri vatixpemay hece-g. derivatives of unsubstituted mono- or di-

carboxylic acids with 2-12 carbon atoms or of substituted derivatives thereof. Es-
20 pécially useful are derivatives of unsubstituted monocarboxylic acids with 2-6
carbon atoms, especially of acetic acid, In this context, acetylstarch, butylstarch or

propylstarch are preferred.

Furthermore, derivatives of unsubstituted dicarboxylic acids with 2-6 carbon at-

25  oms are preferred.

In the case of derivatives of dicarboxylic acids, it is useful that the second carbbxy
group of the dicarboxylic acid is also esterified. Furthermore, derivatives of
monoalkyl esters of dicarboxylic acids are also suitable in the context of the pre-

30  sentinvention.



Furt hernore, derivatives of unsubstituted dicarboxylic
acids wth 2-6 carbon at- 25 ons are preferred. In the
wa@asa/oef7eteri vati ves of di carboxylic acids, itPCEHEP2003/008858
useful that the second carboxy group of the
di carboxylic acid is also esterified. Furthernore,
derivatives of nonoal kyl estldrs of dicarboxylic acids
are also suitable in the context of the pre- 30 sent
i nvention. WO 2004/ 024761 PCT/ EP2003/ 008858 -14 For :
t hBorsthb siubstisiited nianoe -or adicatbexaylib cacidsi cheasitdtitutd lgeoups may be
substityte groups may b preferably t ang  as
wepr@fe&?ibathsﬁw% ag memgwgtaibf)m OF Suftsi te@%ﬁdﬁ%@e&
Techniques for the esterification of starch are known

in the art (see e.g. KlenmD. 5 et al, Conprehensive
CeTtahhinwes {0h dheiesterifichtain ofXtardlo@8 kngWwh lirethe i@Hsee e.g. Klemm D.

s SRS P RS R E05h e gy Wriheim,

a Newtik, 3peedly, chhp@r PUeEasifidativs of Celulbs) ASBN 3-§27229489-
nmet hod for the production of 10 a hydroxyal kyl starch

(HAS) - er yt hr opoi eti n (EPO) - conj ugate (HAS-EPO), com
prising the steps of. a) providing EPO being capable

of reacting with nodified HAS, b) providing nodified

HAR Dirther ssppathe pedsenitciacértiog retatel td BeneBdQ fof tiet @pductibn of

a), .and c) reacti&gAthe EP-Oof,stelp a) witht %S of

10 st agveoxyglkgstarsh dfASesythrerestin (FioameatsnINgiEE), com-
ong.: § nol ecul es, wherein each HAS is
coﬁ?ﬂ%%{ﬁgéépg&?he EPO via i) a carbohydrate noiety; or
20 ii) a thioether. The method of the invention has

the advantage t HAS- EPO conj ugate i s, pros d
whf . exPBRITe EF,bERE SReble afokad oty modied HAR, ©°
Fupj her e GididghBodiBed ‘PHAS’BeihEgtgdb[bV@fﬂ%ﬁ&iﬂghﬂ% tHREEPO of step

advant age that an effective derivative can be
15 pr oduceda)aand

c) reacting the EPO of step a) with the HAS of step b), whereby an HAS-
EPO is producéd comprising one or more HAS molecules, wherein each
HAS is conjugated to the EPO via
i) acarbohydrate moiety; or

20 il) a thioether.

The method of the invention has the advantage that a HAS-EPO conjugate is pro-
duced which exhibits a high biological activity. Furthermore, the method of the
invention has the advantage that an effective. EPQ derivative can be produced at
25  reduced costs since the method does not comprise extensive and time consuming
purification steps resulting in low final yield, e.g. it is not necessary to purify
away undersialylated EPO forms which are known to exhibit low or no in-vivo
biological activity. Especially Example 20 demonstrates that a HES-EPO pro-
duced with few modifications steps exhibits a 3-fold activity over standard BRP
30 EPO. |
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to purify away undersialylated EPO forns which are
known to exhibit Iow or no in-vivo biologica

activity. Especially Exanpl €l20 denonstrates that. a

HES- EPO pro- duced with few nodifications steps

exhibits a 3-fold activity over standard BRP 30 EPO

WA Bl Axt Glle REST 5P 20 G/ HIOBBS Bf thelinvéitionf ah BBOYis pravided
the first ep of the &1 c?glp\t he invention, an EPO

i Whighoigic Qﬁﬁeé‘}’i‘ngémgg’ﬁﬁ 1ed BAS-eacting with

nodi fi ed HAS. As used in the present invention, the

term"providing" has to be interpreted in the 5 way
t Hat usad irethetpheseneispaniony the s¢rep“providing bheto banintrprpted n the

c st bt s Hhaneetle bt molefie L Sk SRR GG BT D) with

ptﬂﬁé&ésﬁé&ng&ee@fes%%@aﬂmm natural sources as well as
t he reconbi nant production in host cells or organisns,

and, if necessary, 10 the nodification of the EPO so
i ned, Wth -EPC [ ar ki

o3h ¢ okl FREBEhk Pt g FERCA 2R R ShAd s o

aSNelezis thb Qe&inﬁlﬁk{rw peidRkiion hEhdsg cgldy dr @paribias, HAG: Feressary,

conjugate of the _inventiQn. In this context, the

prths mpdidicationeidheERPsombiirdsed above apply also 15

for the nethod of the invention. Consequently, in a

preferred enbodi nent, the EPO has the am no acid

s Witk mespectath thel RO Eey tR0stdRting eratdylay of theeprEfR@t invention, the

reconmbi antl oduced Th| i ncl udes roducti on

| e aRAN gp el b CRTERageR pun Bt 8f GF AR pfueatt b the
”ﬁHV@%ltlbﬁnIn thﬁS&ﬁﬁext Mﬁ@%ﬁeferﬁ@cérﬁtﬁddﬂhentg' AiscRos&d abdve apyly also
ot her cell type I's convenient for the

r fonthinmesimd ﬂbdun@nmnn of EPO Furthernore, the EPO

may be expressed in transgenic animals (e.g. in body
fluids like mlk, blood, etc.), in eggs of transgenic

biCélseqratgGhal ?&fe@i@dk&ﬂbﬁdm&lﬁ the EPE) hadthe htkeacid @équence

in trans%enl C p ants
of human

Preferably, the EPO is recombinantly produce_d. This vinclude}s the production in
eukaryotic or prokaryotic cells, preferably mammalian, insect, yeast, bacterial
cells or in any other cell tybe which is convenient for the recombinant production
of EPO. Furthermore, the EPO may be expressed in transgehic animals (e.g. in
body fluids like milk, blood, etc.), in eggs of transgenic birds, especially poultry,

preferred chicken, or in transgenic plants.

The recombinant prbduction ofa i)olypeptide is known in the art. In general, this
includes the transfection of host cells with an appropriate ‘expressioh vector, the
cultivation of the host cells under conditions which enable the production of the
polypeptide and the purification of the polypeptide from the host cells (Krystal,
Pankratz, Farber, Smart, 1986, Purification of human erythropoietin to homogene-



The reconbi nant production of a polypeptide is known
inthe art. In general, this includes the

woeensteei i on of host cells with an appropri at BCT/EP2003/008858
expression vector, the cultivation of the host cells
under conditions which enable the production of the 30
pol ypepti de and the purificatlben of the pol ypeptide
fromthe host cells (Krystal, Pankratz, Farber,
Smart, 1986, Purification of human erythropoietin to
hoip B 8 @api@ f2R04EH BrbeedurEBlotR 201 By, 7088 Kﬁuelle,lﬁaélﬂge, Buirkert,
a rapid five-step procedure, . Bl ood

QJWOJC@ow@gs 198%, HIBBTIT(‘@I texprewﬂncm\gwt] icatign g} a recombinant hu-
rr% S1ib S Broauod &b PuAduldvias 'v@&onBlaod 74(2), 652-7; EP
r eco Thant Ru- 3 a

man eryt it opol eti n proddced usi
b a4 619i B luandVIER 668 3SBBd>)Jd, 74(2), 652-7; EP 640 619
Bl and EP 668 351 Bl). 5 The EPO nay conpri se one or
> nore carbohydrate side chains attached to the EPO via
N- TROEPO Pda o&ﬁ&!ﬂ%@@n& bb’ﬁn@ﬁ%aﬁidhg atd side cHalt® daRedSo the EPO
gl ycosyl at éd nsu EPO i s produced in
eu%arl‘}*oand?,‘ qre@Hmked méyq@eylytpmptuedéhq EPO is glycosylated Unsually,

DSk D55 by PSR e SRR b g

t hgy&)‘gﬂaﬁﬂdr Cofsdyuentlis Ttlhe%hrlbdhy&ﬁtﬁmﬂé cininmpe havel Begn attached
hunman, insect or yeast _cells, which may be cel]ls of a

10 t rignibg FRQ dgringrarodustien ipapeyalian eppecially hymap.inpgeb ey yeast
th f [
si GURCHEPh ol B8 dels of B ot offhal (UEE L IR HRLR}ES from
rmdﬂeani]xfalbt aﬂlafﬁmeanﬁﬂué. expression in the appropriate.
cells, e.g. by renoving or adding one or nore
carbohydrate noieties (see e.g. D ttmar, Conradt,
HayR&e caﬂﬁ@ﬁﬁfrate%'x& chgﬁ@ @@dy%we %%heﬁ%ﬁﬂ? & %niy'ihatlcally modi-
Protei n deslgn; Bl oecker, lins, Schm dt,
15 Scfiedrbfterghe d@spresaBrinvba @gpmph@te cmns 3 _by?_m@ovmgrqr adding one
Publ i shers 0
Ee' BRFCEECOR RS THEEHSHCET Sh M aBrc PG §oegy Hafer Lin-

andéiiraidePPOEPMAMY &icBY in PRGteidl dd¥RIE B’fééi:kﬁfﬂ @@mhgssaﬁﬁcne and
the HAS Is conjugated to the EPO via
Schomburg eds., GBF-Monographs, 12, 231-246, VCH Pubhshers Weinheim,

New York, Cambridge)

20 v :
_ It is the object of the method of the invention to provide an HAS-EPO comprising
one or more HAS molecules where the HAS is conjugated to the EPO via a car-
bohydrate moiety (i) or via a thioether (ii). Consequently, the EPO providéd in

step a) should have the properties that a conjugation via a carbohydrate mqiety

25 and/ or via a thioether is possible. Therefore the EPO after step a) may preferably _

contain either

(1) at least one reactive group linked, either directly or via a linker molecule, to
sulfide groups or carbohydrate moieties, which is capable to react with HES or
30 modified HES, |



bohydrate noiety (i) or via a thioether (ii).
Consequently, the EPO provided in step a) should have

wWo be4pegperti es that a conjugation via a car bohgDER2083/008858
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noi ety 25 and/ or via a thioether is possible.
Therefore the EPO after step a) nmay preferably
contain either (1) at |east-one reactive group |inked,
either directly or via a linker nolecule, to sulfide
groups or carbohydrate noieties, which is capable to

r g:lgfﬁt 1¥Adk RnéleabBhydra mEielyftoathitiEmodied284/ A8 bebnjugated,
PCT/ EP2003/ 008858 -17 (2) at |east one carbohydrate
moi etnd/aro whi ch nodi fi ed HAS can be conj ugat ed,

a or at._least one free SH group. 5 Wth respect
t g%gtggal(sg?)?ﬁ: %“f/e ﬁ}grgﬂp@ve, the EPO of step a) is

pref erably obtainable by conjugating an appropriate

i nker nolecule to the SH groegé)lgs) or car.bohydrate
moVith irespeetito poesibibiy €l #hpYce theokPQ @€ §ter aidyprefablypbyaingble

pr Véogﬁgag%agﬁygb@ﬁ% Hrél?e[r Tholdduld 1 theBRLIBRE(SS & ER5OH Brate

t hat i nker. nol ecul e does” no

danvigestdfERPGN taneplefor sutti s modifled RO tsprovidedar Example 4,

bbbl oo B ensi® i ofc HERRSS o Bk Bhlebiihbp no

CQRIGRHRERE. Hid\eeveR@hié iPhkid it RIRH e skillealif the artl e
carbohydrate noiety may be |inked directly to the EPO
pol ypepti de back- 15 bone. Preferably, the ’

C hydr at e noi gty | rt of a rbohydrat e si e
PR PRt (o pes ity C) B B o BBt P E 8 grocified
MR AR 6 GUrRisRrdd tb @i ERO videcabotyafaydinaicey. noi ety to

which HAS is |inked and the EPO pol ypepti de backbone.
More prefera- bly, the carbohydrate noiety is the

t efy | t ey d | 16 ERBtypefide pack-
LTIR3GO s 1 g s o
HA®Bnie sPraferabifiatie ¢arbahydratk inniety ioparnof a carbehysizhtowjdetahain. In
; ?ti)gg:g » ? %&1}1@5 %h %ngidrl t:enr%g%igsomell\}l; beagr%éen? Ii)etgx;een the carbohydréte
. moiety to which HAS is linked and the EPO polypeptide backbone. More prefera-

bly, the carbohydrate moiefy is the terminal moiety of the carbohydrate side chain.

Consequently, in a preferred embodiment, the modified HAS is attached (via a
linker or not, see below) to carbohydrate chains linked to N--and/ or O-
- glycosylation sites of EPO.

However, it is also included within the present invention that the EPO contains (a)
further carbohydrate moiet(y)ies to which the modified HAS is conjugated. Tech-
niques for attaching carbohydrate moieties to polypeptides, either enzymatically
or by genetic engineering, followed by expression in appropriate cells, are known
in the art (Berger, Greber, Mosbach, 1986, Galactosyltransferaée-dependent sialy-
lation of complex and endo-N-acetylglucosaminidase H-treated core N-glycans in
vitro, FEBS Lett., 203(1), 64-8; Dittmar, Conradt, Hauser, Hofer, Lindenmaier,
1989, Advances in Protein design; Bloecker, Collins, Schmidt, and Schorhburg



However, it is also included within the present
i nvention that the EPO contains (a) 25 further

wa@a0bobyrdr at e noi et (y)ies to which the nodi fi eBCHARWF 008858
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conj ugated. Tech- niques for attaching carbohydrate

noi eties to pol ypeptides, either enzymatically or by
genetic engi neering, followed8by expression in
appropriate cells, are knowmn in the art (Berger,

Greber, Mdsbach, 1986, Gal actosyltransferase-dependent
siedby GBR:Moaogaphs; depl28x-246d VCH Publishers, Weinheim, New York,
endo- N;acetylglucosan1n|dase Htreated core N-glycans

i -ampridgel o, FEBS Lett., 203(1), 64-8; Dittnar,

Conr adt, Hauser, beer, Li ndennai er, 1989, Advances -

in Protein de3|gn Bl oecker, Collins, Schm dt, and
Sdh@rmufegemmmmmemg M«»cE@!ztrhe \@o8@E ghe carbohydeate moi-

E- Mo 23 VCH, Publ
Ny AR gy St LV HBNEA B P Thion
t R@nHBpBASRId cithér dheMedally O endygatieallypohydr at e noi -
ety is oxidized in order to be able to react with the

m)dl fied HAS. Thi s oxi dation can be performed either

CINELER fof 15 RRBATRAIALA e cABLIRRE hRfcHD S AGL les are
Knawaniin thewet afdtmandie ihe ateathgerit hetht;fegaﬁare((thmdm etal., 1992, ].
perj odat e ((Chanpw et ? ., 1992, J. 10 Biol. Chem,
2eiol. {ihgmeg 26390591 6-1892Dneni cal Iy oxidizing, it is
pr|n0|pally possi bl e to oxidize any carbohydrate

noi ety, being termnally positioned or not. However,

byBy kebersically wkidizingritlis ponsipalylpossbbetd oxidize, angy (@rlpqinydrate

contras to harsh con dat.e

TP bR ST By R opRe 5P g shap g Jrd Sonditions
omldmm ERGIatS MO o640 RY dhirah RondTBOSE M0 MY perSddatel Th at
aci-d-or gal actose, of a car bohydrate side chain.

Al toemnigmipershye), ithie pessitie rﬁg refereblyoaxidige fheytempinalsaghohydrate

' LiLy h ‘
BB el s G ER koo ARER Al T

e.g. 20 in the case of galactose the enzyne is
gal act ose oxj dase. IS |ntended to oxi di ze

t epHsmativela|the eaaé@iyﬁﬁqt%m%%ty may R pxidized gzymaligplfy, Enzymes
NEfeft Hie (f)@ﬁéf ohQf ﬂ%’mﬁ@ld Oéﬁﬁﬁ@lydﬁa't@}nbfetl%érg %n&ﬁfﬁ G4 fRlakty e.g.

or conple as “been
in the case of galactose the enzyme is galactose oxidase.

If it is intended to oxidize termihall galactose moieties, it will be eventually neces-
sary to remove terminal sialic'acidé (partially or completely) if the EPO has been
préduced in cells capable of attaching sialic acids to carbohydrate chains, e.g. in
mammalian cells or in cells which have been genetically modified to be capable of
attaching sialic acids to carbohydrate chains. Chemical or enzymatic methods for
the removal of sialic acids are known in the art (Chaplin and Kennedy (eds.),
1996, Carbohydrate Analysis: a practical approach, especially Chapter 5 Mon-
treuill, Glycoproteins, pages 175-177; IRL Press Practical approach series (ISBN
0-947946-44-3)). ' | -



produced in cells capable of attaching sialic acids to
carbohydrate chains, e.g. in 25 manmalian cells or in

waed®24mii ch have been genetically nodified toPOREP2003/008858

capable of attaching sialic acids to carbohydrate
chains. Chem cal or enzymatic nethods for the renoval
of sialic acids are known ini9he art (Chaplin and
Kennedy (eds.), 1996, Carbohydrate Analysis: a

_ practical approach, especially Chapter 5 Mon- treuill
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GrsReptieisdso PrdeRd Withia 4ke ptdskntAhessiokrihgt the aiarbohydrate
approach series (I SBN_ 30 0-947946-44-3

2@1®m¢ma Pichrly nedifed 3148 dstoebe at@ghqddﬁézﬁ@hed fq the £PE) wishin
aﬂ gm th tcl%e 1tt1E1 %eﬁ{e%stg%ahﬁ‘ #ﬁlg&!ﬁg% itlﬁJP 2%“ }_)Ig\%cllugvetdoby the

nol et
ben@hs aﬁ gmgbmglmmlese.drheonethedsaﬁﬂmwmunhe m@m@r Greber,

h d al
bebRFiby LBty GARE OGS GRFHERb S AL (o SRR and
T%ﬁggﬁ;g&%%l?@s Wel O-thddGed@Edre (ﬁ%iﬂ:%.ﬁs ngﬁﬁ’@rFEﬁS Lett.,

l'act osyl t ransf er ase-"dependent
si2aByll)aé4-8n of conpl ex and
endo- N- acet'yl gl ucosam ni.dase Htreated core N-glycans

in vitro, FEBS Lett. 203(1), 64-8). In a nost
PrigfEmbathrerhed Iemssalmdnn iftsep B)thé BPOERGhodfieD By bkidiking at
by oxidi zing at 0 | east one terninal saccharide

u rlcast ong mwbisayclgvanda@nasnrefe@ably B@a@ﬁ@, @f thewing o Hopycarbo-

t F’;‘? S@ oﬁgl%é fe’%)tz I; ?efgrpg’y %Leg/ Porch YC&I}‘EﬁC (enzymatic

I edaXoa lchéthichlh eem@ralmmh t&irdhdl giatic held, if hedessaesGae ybdvepe
above). Consequently, preferably the nodified HAS is
conJ ugated to the oxidized term nal 15 saccharide

Fu - (%rﬁgn{luetnn§ ﬂ}@fﬁg‘ﬁ%ﬁé ?{o% dﬁms i Efg{% Sl (¥ ﬂ%)@&tz&fﬁrmmal

nor e HAS nay preferably
c arapchgaitie dnit of the tcenbohythhteshaibj prefeaatilylgaladtoseh i s
preferably oxidized in step a) of the nmethod of the
invention. 20 In a further preferred enbodi ment (see

PO hefRdre 4R V0 di fidd B ABREAE BEBrek S8ly bnjulR@Blo HR@minaBgalic
SH-group. According to a preferred enbodiment, this SH

grasih whish isgrafenaklydxidized iprstepe af theinyetlnd afithemvention.
carbohydrate noiety, e.g. by using a hydroxyl am ne .
derivative, e.g.

In a further preferred embod1ment (see point (3) above) the EPO comprises at
least one free SH-group.

According té a preferred embodiment, this SH group may be linked to a prefera-
bly oxidized carbohydrate moiety, e.g. by using a hydroxylamine derivative, e.g.
2-(amin§oxy)ethylmercaptan hydrochloride (Bauer L. et al., 1965, J. Org. Chem.,
30, 949) or By using a hydrazide derivative, e.g. thioglycolic acid hydrazide
- (Whitesides et al., 1977, J. Org. Chem., 42, 332.) The methods for conjugating
these molecules to the oxidized carbohydrate moiety of EPO may be analogous to

those described in Example Protocols 8 and 9.



25 2-(am nooxy) et hyl mer capt an hydrochl ori de (Bauer L
et al., 1965, J. Og. Chem, 30, 949) or by using a

whyanazi’de derivative, e.g. thioglycolic acid PgOERD0SIESSSS
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(Wiitesides et al., 1977, J. Og. Chem, 42, 332.) The
nmet hods for conjugating these nolecules to the

oxi di zed car bohydrate noi et y20f EPO may be anal ogous
to those described in Exanple Protocols 8 and 9. 30
WD 2004/ 024761 PCT/ EP2003/ 008858 -20 According to a

f uKdchbRlingoef Rithefpeisrdi sifdtimdniahé ree SBFb@GLP iPpdreof a natu-
part of a natu- _rally-occurring cysteine or of an

adaldytoeapsing Fysteingonedap aAdedmystes- sever al cystei nes
whi ch normal [y formdisul fide bonds. 5 However, by
repl acing at | east one of the cysteines by another
aVimamatiard EP© Has Byveralecotdnes anhichremnally iform slisulfide bonds.
passi bl e to qbt.ain an EPO re at |east one qf

P iV by yerlecinn At kestope obihe S¥SIEIBRHPY gRaiher ampiae 208 e by
She&fut¥iRant MREAYIR id ﬁHssx'btbeio oBRIPGEERO tvheftf at%ﬁsf‘@n@&f‘ | thSnatu-
are known in the art l1ott, Lorenzini,
Baraliy deopyrigedystemss coqus d\zﬁmﬂhﬁ@r@tp Mwhcutstfon/@e séplerement

ooy aSSSTRLAARt \RTRT, LA NEAROL Ehihin® R8s B ES{ Bltorme,

Er bOr DREpBEIIT the lAdfive bk of frééﬂﬁibhrﬁlﬁt heinaﬁ le@ﬁﬁhipﬁﬁtm Blood,
Mit ant proteins that test a nodel of tertiary

st3ABt 4502, Basssl. Lege Rresnell Sohan, Btaregé%%gﬁrythmpowtm struc-
P
P SRl rc BT, Ml R ¥ 36 R SE R gructue,

ar EBioy€ha@hn26®21 pnd983:93)33. Accordingly, in a

preferred enbodi nent, cysteine 33 is replaced by
another am no acid and i n step c¢) the nodified HAS is

¢ g@kg%ﬁf ¢hd BPOYak ﬁierh?m%@ acid Qec;dan@e SHUDE! ERD §h& teSfturally

| MENt, cysteine I's replaced by another am no
acd»qsturrmgetystmnsiapcggtemhé9rao¢l'|dr|3éd HAS i s conjugated to
cysteine 33. In the context of t he present invention,
by the term "added cysteines" it is neant that the

POAYRARAEINEH a RERHRE BRILYIIRRR, cy&EINP BB $LreplacdEbEhrtther amino
resi due which is not 25 present in the wild type

po?!%@}ﬁltlnd@P crthesmedified HAgTi cenjagated, togyaiets 2%. g. by

In a further preferred embodiment, ‘cyste‘ine 29 is replaced by another amino acid

and in step ¢) the modified HAS is conjugated to cysteine 33.

In the context of the present invention, by the term “added cysteines” it is meant
that the polypeptides, preferably EPO, comprise a cysteine residue which is not
present in the wild type polypeptide. This can be achieved by adding (e.g. by re-
combinant means) a cysteihe residue either at the N- or at the C-terminus of the
polypeptide or by replacing (e.g. by recombinant means) a naturally-occurriné |
amino acid by cysteine. The respective methods are known to the pereon skilled in

the art (see above).



conmbi nant neans) a cysteine residue either at the N
or at the Ctermnus of the polypeptide or by

wo ep4aei’eg (e.g. by reconbi nant neans) a PCT/EP2003/008858

10

15

20

25

30

natural |l y-occurring amno acid by cysteine. The
respective nethods are known to the person skilled in
the art (see above). 30 WO 2004/ 024761

PCT/ EP2003/ 008858 -21 Preferably, the added cysteine
has been added by replacing a naturally occuring

arpr&RraByi thePydded & Z&"eﬁﬂe s bbéh aded eyekpRcing RMaE becuring
the EPO Is human EPO and the replaced amno acid 5

r agligecid By 8 6y§teige.126. Preferably, the nodified HAS is
conjugated in step ¢c) to the added cysteine. In step
b) of the nmethod of the invention, nodified HAS is
prin\d [efdrrvd etboditnena-thd BPPab hemah BPEnaid thg replhdedt dmino acid
EPO.of step a). In this context, the HAS nay be
pﬁ%$@deF?“ﬁﬂ&ﬁfled at its redu0|ng end. This has the
advant age that the chenical reaction can be controll ed
easily and that the skilled person can be sure which
grRyeforably, thaSnodified HIAS is donjugdterhintstep q) éatheiadded Qﬁt@len ce
only one group is introduced into the HAS,
crosslinking between different EPO nolecul es by

htstei)lw@r HRNALthbUSf AR inceHtion, modified PEXS & sevidedehichns ca-
can prevented. Accordingly, the nodified HAS may - -

b@abbwémaetxmwptbahqliﬂ@oéﬂene} with 20 (1) at |east
one group linked, either directly or via a |linker
nol ecul e, to sulfide groups or carbohydrate noieties

of InEROcorteyt, thie HASSﬁayd‘fbepreﬁfdethdlﬁhd abvizh eédﬁcmgﬁ&hd HTHis has
pref erably OX|d|zed lor. (3) at | east . one fre

SHihg adyagtage fhey the “rb@ﬁb {reacyop Gaht e(%ntrgﬁscb gasth@d that the
n%ﬁe'd%fs'oﬂ Raffoe i Which ngm% is Bfodified during the reaction.

Since only one group is introduced into the HAS, crosslinking between different
EPO molecules by multifunctional HAS molecules and other side reactions can be

prévented.
Accordingly, the modified HAS may be capable of reacting either with

(1) at least one group linked, either directly or via a linker molecule, to sulfide
| groups or carbohydrate moieties of EPO, '
(2) at least one carbohydrate moiety, which is preferably oxidized, and /or

(3) at least one free SH-group.

With respect to point (1) ébove, the modification of HAS will depend on the
group linked to EPO. The underlying mechanism are known in the art. An exam-

ple is given in Example 4, 2.1.

With respect to points (2) and (3) above, several methods are known in the art t‘oA |
modify HAS. The basic principle underlying these methods is that either a reac-



group linked to EPO The underlying nechani sm are

known in the art. An exam ple is given in Exanple 4,
WQ2m4/0306Wth respect to points (2) and (3) abPUEEP2003/008858

several nethods are known in the art to nodify HAS

The basic principle underlying these nethods is that

ei ther a reac WD 2004/ 024761 22CT/ EP2003/ 008858 - 22

tive group of HAS is nodified in order to be capable

of reacting with the carbo- hydrate noiety or SH group

Or tive brolfs &F HAS eCbéified it Ortiet! 62b& Capablet#iFeNdiing Fvith the carbo-

contains a reactive group being capabl e of reactin

wi hydrath aneigiybemSHrexeep ﬁbiaétﬂ}ier grolesplegis pmjugated rfOclﬂgﬁ which

reacgl%ﬁ% \%\ngachVé E‘% HE‘%Q cﬁgat{;@ﬁf 5@3&%@9%' g?eb Jﬁl?cﬁfydrate moiety

pref $apdyp.a term nal sacchari de residue, nore

preferably galactose, or a termnal sialic acid. 10
5Severa| ways are known to nodify HAS such that it is

capablse oP ofnf tth@Qn&ilﬁctH BAS M%) 8k eathbldPbEbadt gl\%th oxidized

ter m nal acc tide residue. As nentioned abov
noclarbolfmdwd: monietieayproferdbly p dchoind saedptde resitueymoye pmferably
the .r ducm end f the ES-chain. In this case, in a
flgilf‘ %ﬁeeﬁr tefama Y &-group is oxidized to a -

| act one. The nodi - f| cations include, but are not

limted to the addition of hydrazide, am no (also hy
10 15Seieenl w@marﬁokno“@ém%@ﬁa‘mé sugly thathit ésl capairle of esastingowith an
§%1d1 e Efegib'i}e Etmihalla gXﬁa%d? re% %&k %é Jnen rﬂ%ﬁgd a veh%)]ls modi-

tecnqu’s ar e expl al ne

2- ficatfourmhdebe mmﬂ@cedtrh@omhaaysmﬂaeneducsmg a’fdeoﬂ'tl‘i@HESl-dhaln '
the art (see e DE 196 28 705 Al,; .Hpoe et

al
19!;1th15c%@%dh9cﬁr§&%em8§ aldehyde gepups %@é&@eé tQ:¢ lagfone. The modi-
19ﬁgatlo‘i|19 lrﬁc'i‘lgle Blflt_ e notqhﬁfteraaﬂo tHE gdc}D 8 t Hl&a Iamuho (also hy-

Chem stry, Frie, 1998, d
15 hodhs(ylauhmo)t—laahma@ade)or thivk fumtlmtsetopﬂe§e ntthqr rdiesatly «m ,v1a a

1 Gafire rhgeg fesPpicies ik e pieineg 4 SRty AU AL ERmpleS 4. Futher-
Coﬁﬂ#&tthé‘ﬁlet:ﬁkﬁnsfn%érlse%r@fm&i’@m th)e a@@‘ (se& Bg. mpt mﬂzs)fms Al;

the present ,invention at a 5, it 1s ensured
t h&kpoe p@algdafif,.@@bohydrate Res., 1 39 FlSSCle et al., 1960, Journal of Me-
dicinal and Pharmaceutical Chemlstry, 2 47 Frie, 1998, dlploma thesis, Fach-

20  hochschule Hamburg, DE).

Within the present invention, the addition of a hydrazide or hydrokylamino func-
tion is preferred. In.this case, by preferably cbnducting the reaction of step c) of
the rhethod of the present invention at a pH of 5.5, it is ensured that the médiﬁéd
25  HAS reacts selectively with the oxidized carbohydrate moiety of EPO without
inter- or intramolecular EPO crdss-linkiﬁg by imine formation of lysin side chains

with the oxidized saccharide residue.

In the case of point (3), also several ways are known to modify HAS such that it is
30 capable of reacting with a free SH-group. Preferentially, this modification is in-

troduced regioselectively at the reducing end of the HES-chain. The méthods in-



25 HAS reacts selectively with the oxidized
carbohydrate noiety of EPO without inter- or
wo ndrapdbecul ar EPO cross-1inking by i m ne forpel/ERPI008008858
| ysin side chains wth the oxidized saccharide
residue. In the case of point (3), also several ways
are known to nodify HAS such23hat it is 30 capable of
reacting with a free SH group. Preferentially, this
nodi fication is in- troduced regi osel ectively at the
r ecludd, nigntesiel mok linnedHieSitehadditionloé madtindds disuliM® or halogen

2004/ 02 PCT/ E 3/008858 .-23 el ud
P 9<agt0% Gimign sl IASo DG BRMUAFE dee Cupigiaed pBirtiet detal in

hag es Aget ami de functions to HAS. These techni ques
are plalned in further detail in Exanples 2-4. 5
Further detail s about these techniques can be obt a| ned

5 TEpEr pes Shodfdhege eiiaus cag trcotugined Fyp Cafpov a3k o0,

Grﬁem‘oll eltlef!, 7, 150 R0ThdeN @Elal RaSLAT Ebir. 15@10&@99 15\450 63;
well as fromthe literature cited in Exa

1 0Gragnfipldret gbs $9%), £ancadiaserrsh,atle 660 ag avell r@s ‘fﬁ)@p @he]_hterature
?Yédqb a%;E %stlesmatl c overview over possible |inker

nolecu ’hérnore, the nechani sns per se are -
known in the art. Several Ilnker mol ecul es whi ch are
useful in t,&e cont ext of sent inyvention 15 are.

10 k nEther possille furctigps ags i“a 40Je JyBrov i sYstegnatic Qygfview

grg'ﬁﬁ ‘?)gsﬁyl@l @b Sokk g:&l@g AR roGhe HebhddfitsSteh E@Qx@ known in

onn, Cer many Exanples are given in Ta-
| nttetaetp c) of the nethod of the present |nvent|on, the
EPO of step a) with the HAS 20 of step b) is reacted,
‘whereby an HAS-EPO i s produced conprising one or nore

HASevBRpAIE Gk £ fuol SMIRE SYHIcH 418 ub¥iRl irSthe @dhiedsRlle ipeeskManvention

EPO via a carbohydrate noiety or via a thioether. In
15 pr Rredineva intthe arfear siomaepreialy evailablsviers fromnRierqen avaiiable from

rmgl_ | ngl:g%‘%’l ﬁéquﬁ%gl&%anﬁ r’q?ci%gmh&g a%gb lé‘éf g}é 1ven in Ta-

ble 2.

In step c) of the method of the present invention, the EPO of step a) with the HAS
20  of step b) is reacted, whereby an HAS-EPO is produced comprising one or more
HAS molecules, wherein the HAS is conjugated to the EPO via a carbohydrate

moiety or via a thioether.

In principle, the detailed methods how to react the EPO with the modified HAS

25  depend on the individual modiﬁcation of the EPO and /or the HAS and are known
in the art (see e.g. Rose, 1994, J. Am. Chem. Soc., 116, 30, O’Shannessay and

' Wichek, 1990, Analytical Biochemistry, 191, 1; Thorpe et al., 1984, Eur. J. Bio-
chem., 140, 63; Chamov et al., 1992, J. Biol. Chem. 267, 15916).

30  For the methods exemplified in the present invention, the details are given in Ex-

amples 2-4, especially 4.



in the art (see e.g. Rose, 1994, J. Am Chem Soc.,
116, 30, O Shannessay and W chek, 1990, Anal yti cal

w@e@alopttsstry, 191, 1; Thorpe et al., 1984, EuPCT/#P2003/008858

10

i srvierempyethsse pRlyents afigrethe pep

15

120

25

30

Bi o- chem, 140, 63; Chanov et al., 1992, J. Biol.
Chem 267, 15916). 30 For the nethods exenplified in
the present invention, the (#t-ails are given in Ex-
anpl es 2-4, especially 4. WD 2004/ 024761 .
PCT/ EP2003/ 008858 -24 Step c) may be perforned in a
reaction nmedi um conprising at |east 10 % per wei ght
H20 5 The reaction nmediumin this preferred enbodi Bre t
1 1"8 per

- oBtept® max hedefprmerdbin Avedrtiop AmediyhHomyEIsing; at| lgast ¢

% pe ight water, preferred at |least 50 % nore
p?’@f%ﬂﬁ% at least 80 % e.g. 90 %or up to 100 %
The degree of organic solvents is calcu- |ated

RBSSeLr RSBl ese S Bl
V‘ﬁg%ﬁgréseégt ?ﬁ?{ 1R, 35 3R watdd Srefoipie@ Gk TR 500%6, hid@e preferred

e invention is, that it is not necessary

't at lese 800%] egl YyVicar wpytockQ®t Yoc Zhe dedroent ergamid splygnts is calcu-

therefore it, is, not neces: sary to.r ve .t hese

S REHRRStlsr oSyl dbs Sfeior JaeE S ih, Micfauequs phase
avpi drdflifed e oA ThétBim @widet.n the sol vent.

Furthernore, it is not necessary to perform addi 15
tional quality controls with respect to. residual o
toxi cql ogi cald y. criti is : <t
e Gt Mgy SE G RRod bf e noBiGh & Lot
S QlkyR&ire td idectoxieblvgivally oritiqal oplyéren ahd that therefdxradt is@ot neces-
advant age of the method_of the CJ’é}g\zenti on is tha

t .
_ | | HOR PIRCESS Bharigel ayoid the
avghashaidh SRaPhe sHRUHC EdrtRdmRF3s ot AbAEHIP to HEITsHRr addi-

quently, polypeptides obtained according to the nethod.
oftionklequatitsectntrofs with retipect tb acsidital toxienlogietly gitisphsadepnts. It
in organi c solvents such.as Q. . Furtherpor.e, it h oo
s ATt 16 Pisgf, ORa P cplg el Bl arfe] S iRdike
t QthaRSl SHpSSyIédpI@dl.aqueous sol ution mnimzes or

avoi ds side reactions. Consequently, ;

Another advantage of the method of the invention is that irreversible or reversible
structural changes are avoided which are induced by organic solvents. Conse-
quently, polypeptides obtained according to the method of the invention are dif-

ferent from those prepared in organic solvents such as DMSO.

Furthermore, it has been surprisingly observed that the conjugation of HAS to
drugs in an aqueous solution minimizes or avoids side reactions. Conséquently,
this embodiment of the method of the invention leads to improved products with

great purity.

In the context of the present invention, the term "hydroxyalkylstarch" is used to
indicate starch derivatives which have been substituted by hydroxyalkylgroups. In
this context, the aikyl group may be substituted. Preferably, the hydroxyalkyl con-



this enbodi nrent of the nmethod of the invention |eads
to inproved products with great purity. In the
w@oniex476pf the present invention, the term  PCI/EP2003/008858
“hydroxyal kyl starch” is used to 30 indicate starch
derivatives which have been substituted by
- hydroxyal kyl groups. In this26entext, the al kyl group
may be substituted. Preferably, the hydroxyal kyl con
WD 2004/ 024761 PCT/ EP2003/ 008858 -25 tains 2-10.

Cagalien- 1a)t@rﬁan dlsths; nére pesferably 224 darbas bomsatidydroxyalkylstarch”
r—%droxyal | starch", therefore preferably conprises
hy ﬁ@fe}%p ¢rably comprisgs hlroRyedplstarchy @ﬁlr%mrwlstarch and hy-

ngﬁ F?\Aopy ﬁg?rgﬁpﬁi(ﬁb&e@yﬂ él?%f %ﬁﬂﬁ%ﬁ%p@ﬁ%ah are pre-

hyfdrredz.yal kyl group(s) of HAS contain at |east one
OH group. Hydroxyethylstarch (HES) is nost preferred
for all enbodinents of the present invention. 10 The

exm&%r&@aikmgq(s@(%fM§ E&rtsah at Rh§t@nt OH-BRRD.

derivativés wherein the al . group is nono- or :
poI ysubstltuted In this: context |t s preferred t hat

coulioRum HBHTHED SERRY] bisteftatol i Grlfesls of g ggesen

th@tzeﬁd@ﬁ HAS remai ns wat er sol ubI e Furt hernore, the
term nal hydroxy 15 group of hydroxyal kyl may be-
10 esterified or etherified. In addition, the alkyl group

PSR AR b B R e g

sugrstp isutredo-oor polysudstiiutadt éni thialckyteetdt groefesreddalat ke alkyl
used. 20 I.n.the coptext of the esent. i nventj on,

hy SFOBR e StRFHEIe Wth i alngine csPacialy TRIrineeRf WD Sponighgroup,

(Weiogiabd 'f!ﬁ@ﬂ')e HI\S]ICI%QQ)S kb dRer S\Mh%fee Fﬂrtﬁer%?@ tfx@ie%%ﬂaﬁﬁydroxy
wel ght of - kDa is nore preferred
15 wghoop(yéhmbsxaam mayebe dsterifiedior ethbiified. Imadditian, the alkyl group

of the hydroxyalkylstarch may be linear or branched.

Furthermore, instead qu alkyl, also linear or branched substituted or unsubstituted
alkylene groups may be used. | |
20 | "
In the context of the present invention, hydroxyéthylstarch rnay have a mean mo-
lecular weight (weight mean) of 1-300 kDa, wherein a mean molecular weight of
5-100 kDa is more preferred. Hydroxyethylstarch may further exhibit a molar
degree of substitution of 0.1 to 0.8 and a. ratio between C2:C6-subsritution in the
25 range of 2-20, with respect to the hydroxyethylgroups.

The HAS-EPO produced by the method of the invention can be purified and char-

acterized as follows:

30 Isolatiorx of the HAS-EPO can be performed by using known procedures for the

purification of natural and recombinant EPO (e.g.size exclusion chromatography,



degree. of substitution of 0.1 to 0.8 and a ratio

bet ween C2: C6-substitution in the 25 range of 2-20,
wowak/oegspect to the hydroxyet hyl groups. The HASFHEPD03/008858

produced by the nethod of the invention can be

purified and char- acterized as follows: 30 Isolation

of the HAS-EPO can be perfor+®d by usi ng known

procedures for the purification of natural and

reconbi nant EPO (e. g.size exclusion chronmatography, WO

20{0. dxehAfae Mhﬁ&gﬁp@ ORB3 58 C,- RRrd3apLie Rhfgeatography, hy-

chr omat ography, RP-HPLC, h droxyapatlte

c hdlophetig interagtiomchromatesrphy cthe presedereidsperibed in Example 20.8

ch procedure described in Exanple

20 5 &R@@&%ongﬁﬁg%? ns thereof ). 5 The coval ent

attachnent of HAS to the EPO pol ypeti de can be

verjfied by carbo- i on anal ysj ’
5 af €45 CoRplsb AgRhEept HlaSiabe FEG Paiyw%ﬁ?%caer%a Yegifiee by carbo-

hyﬂ%}&éﬁé% ogiltlUﬁQSa%a@Qig e ﬁ%&%ly@fse(ﬁ‘iﬁé nJAifidep Itoh:'ir? fratio of

ycosylation sites of 1o Denonstratlon of
l—IA_&'dmmljra‘tlh)dgluc@n aatl rharnosk pdsscntlcglotbadbﬂwaﬁ\il-gb@os»flat@ﬂcsltes of
ca 93 acconpl i shed by renoval of the HAS nodified
EP ans and observation of the predicted shift to
hi gher nobility in SDS-PAGE +1- Western Blotting
anal ysis. _ HAS nodi fication of EPO at cysteine

10 r eDemgasiratign b d1Af modificatior gt Nylinked ofigpsacharides ¢foEPO can be

d .
L e e
- of ptddirctedAhiforchifhee dngbiligtie SDS(PAGE ¢t Wattem BlB&Bxg analy51s.

Application of capillary el ectrophoresis, liquid
chromat ogra- phy, electrospray-mass spectronetry and

F—%&?(mﬁﬁﬁic%cﬁ{jof* A5G LHSRMIRE rebiiB8Y dal Ve ZRinoRfrated b}nﬁxe Fhilure

- mass spectrongtry to the characteri zati on of .
15 r et@Odctmtblﬁmncoﬂmpmdlw ypmt@yl»mcetﬂiyﬁ-p@mdct irop RErBELE, and

M@H@% %}4_3 b’lr oy g{ﬁiﬁsq }lgt?(‘:j :ﬁégglﬂlta nOfgﬁ'l rﬁgscmodﬁ'l e& prgduct

W%zmdétfdled99§%;ﬂr¢am;ﬁ§f E&RlIArP Teldetr6 gt draMs, ilRuid étiomatogra-
fraction of the correspondi ng peptide by con-

vedhy.onglectpspry-massd epeyosieliyonand arastyisiagsisted  laserdesorp-
tion/ionization - time of flight - mass spectrometry to the characterization of re-

20 combinant human erythropoietiri. Electrophoresis, 19(13), 2348-55). The isolation
of the HAS—chtaining fraction after proteolytic digestion of the Cys-modified
EPO enables the verification in this fraction of the corresponding peptide by coh—_

ventional amino acid compositional analysis.

25 All embodiments disclosed above with fespect of the HAS-EPO of the invention
concerning properties of EPO or HAS apply also to the method of the invention
for preparing a HAS-EPO. '

The invention further relates to a HAS-EPO, obtamable by the method of thc in-
30  vention. Preferably, this HAS- EPO has the features as defined for the above HAS- -
EPO of the invention.



25 Al enbodi ments discl osed above with respect of the
HAS- EPO of the invention concerning properties of EPO
woerobSi7appl y al so to the net hod of the i nvent PGIEP{008/008858
preparing a HAS-EPO. The invention further relates to

a HAS- EPO, obtai nable by the nethod of the in- 30
vention. Preferably, this HAREPO has the features as
defined for the above HAS- EPO of the invention. WO
2004/ 024761 PCT/ EP2003/ 008858 -27 The invention
further relates to a HAS-EPO according to the

i nyention fo se jn a t for treatnent of. the .
h urVFEF\ IyEnUeH WEhefgHies g a&ﬁﬁ‘?‘%gﬂ%%{dlft%f@ th Wyehtton for use in a

| MRAHITD; e AbADIIR Rkl BRI 0ER! conposition com
prising the HAS-EPO of the invention. In a preferred

enbodi nent, the pharma- ceutical conposition conprises

further at |east one pharmaceut| cal acceptable ..

5 i FURTROigs R e L PR ROR B AFLIo QI BATACFfiea corposition com-
er ytfih® R BAISTEPOSITaRY invkRtid) gn RhaefoRes Wbodlment, the pharma-
conposition is preferably used for the treatnent of

aneeiitical enmpasiianscasiprisesitrtisoiakblaast enesphanmaseytically acceptable
di rs,. dj . {%ﬁr . ' R

" t-ﬁg{wg%ea?f&a%ﬁ 4’“31? 02? %E'S’E ?%/egﬁlggrg n 'os(tggﬁ%@gaa erein

refers to that anount which provides therapeutic

effgct for a given condition and adm nistration - .
10 ¢ o dhppharmaqeutical; compesifian psaprelsrabdy ussd, for the Grealiment of anemic

is Qfs_gff'd_rerfs 3r§1eﬂlraﬁ%)‘3feﬁp Idyﬁ.?fﬁtggrﬂ}(g‘v’r?gr di @ssrelaygﬁhéreto.

specific route chosen epend upon the condition
- being treated. The adm ni- stration of erythropoietin

forms is. preferably done a t of formul ati on .
coft perngulighlly efiedliyg famouaF 45 abd beetn sedorh 4t daoyy which
al Ptlmdés tierspeutia RiEctdbd 418Ven cotfiloRnd AdrRiMist@fi8regimen. The
saline solution, and/or a suitable adjuvant. The

15 1 egdiinisiration af erxthiopoign 2@ fomsaspueferablyuby pareataral rontes. The

raise.4h e OC [k f t s and.-will. var
copm B eTRRaT il oBtenBTRgR e pARRA bring Bt T aamin-
t r ewdtidg, oftehRhropbiead isofora@Iis pictdrakily done as);i@domfénhmgtion con-
i ke. The object of the treatnent with the : '

phifRiAg @ Shitably CarEiy SHehias SHmgR serHe albuyaing  spitableylijuent, such as
Pr &fah LM dRa ' O} e,
L arl}a%é?%'dm %Ld?'%nO%f ﬁxgi/&f a §1ﬁﬁpf}eia}1QJath e Yauited %sa@? Wfll be
20 in amounts sufficient to raise the hematocrit of patients and will vary depending
upon the severity of the condition being treated, the method of administration

used and the like.

The object of the treatment with the i)harmaceutical composition of the invention

25 s preferably an increase of the.hemoglobin value of more than 6.8 mmol/l in the'
blood. For this, the pharmaceutical composition may be administered ina way
that the hemoglobin value increases between 0.6 mmol/l and 1.6 mmol/l per week.
If the hemoglobin value exceeds 8.7 mmol/l, the therapy shouldvbe preferably
interrupted until the hemoglobin value is below 8.1 mmol/L. |

- 30



bl ood. For this, the pharmaceutical conposition may be
admnistered in a way that the henogl obin val ue
w0 paneases between 0.6 mol /1 and 1.6 mol /1 peCT/MRBK3/008858
I f the henogl obin val ue exceeds 8.7 mol /1, the
therapy should be preferably interrupted until the
henogl obin value is below 8-28smoIl /. 30 WO
2004/ 024761 PCT/ EP2003/ 008858 -28 The conposition of
the invention is preferably used in a fornul ation

S UrHeaddhpokifion oFWRE itvamanlis pedferablyna¥é i d FoMulation suitable for
parenteral injection. For this, suitable excipient

arybewianepey or Hiteaveneys oS gurantreli IniFarYy dier phiss pHiable, xcipients
di sadi : L mechi:
oSSR BHORRRl ey prp RSB phospce

caopingi chiortd) potysotbatealiyi HE A and edhitdrhfoe énjedtioas The werapgsition
preferably two tinmes.a week, nore ef - erabl nce a

5 DBhy b Ere rR e 5 vede AR e Eness Vedh gt
the @ﬁé@%@é@ﬂ,ﬁﬁ&nﬁ@ﬂﬂi’@ﬁf&bif& hetvaigbdisst ered in an
armellm of 0.01- 10 pg/’kg body \ﬁlefyisght' of St he patient, -
nore preferably 0,1 to 5jig/kg, 0,1 to 1 10 pg/kg,"

o 025 0. / ka, most, preferably 0.3-0 7, pa/k den
e e 2 B s BRG RBoRBR ik Bl Rt Gl goor-
pref gg/REIhsdPateisknoflthe Raitiantd mdeO preferabifyed, ertaldl Mo/kg, 0,1 to 1
bet ween 15 and 100 ptg- are adm ni stered per dosis.
10 1 5ugfke of ﬂ@e‘hg iHgfke moshireferablind.d4). 1 se/kaeanggmosypreferred 0.4-0.6

- L:be invention for the - preparation of a
;Qgg/gﬁn%ecﬁ{wélgﬁt't he treatnent of anenic disorders or
hemat opoi - etic dysfunction disorders or diseases _
rel ated hereto, 20 According. further aspect of
e gPus RSTPIRblsn b e %ﬁeggpigpgmgf Bredgpblycbemyeen 15 ne and
hy oyt Kahali&6@h pbi#bals pol ypept i de- conj ugat e
(HAS-pol ypeptide) cConprising -one or nore HAS

15 nol ecul es, wherein each HAS is conjugated to the.

PORYPEREIDS ¥ At 1 PrEsE QP UHTREEBE o7 e irdEntion for the
preparation of a medicament for the treatment of anemic disorders or hematopoi-

etic dysfunction disorders or diseases related hereto.

20 According to a further aspect of the present invention, the problem is solved by a
hydroxyalkylstarch (HAS)-polypeptide-conjugate (HAS-polypeptide) comprising
one or more HAS molecules, wherein each HAS is conjugated to the polypeptide

via

25 a) a carbohydrate moiety; or

b) a thioether.

The HAS-polypeptide of the invention has the advantage that it exhibits an im-
proved biological stability when compared to the polypeptide before conjugation.
30 This is mainly due to the fact that HAS-polypeptide is less or not recognized by

the removal systems of the liver and kidney and therefore persists in the circula-



b) a thioether. The HAS-pol ypepti de of the invention
has the advantage that it exhibits an im proved

wora4ogi7enl stability when conpared to the pol pOERP20d2008858

10

before conjugation. 30 This is mainly due to the fact

t hat HAS- pol ypeptide is | ess or not recogni zed by the
renmoval systens of the liver2and kidney and therefore
persists in the circula WO 2004/ 024761

PCT/ EP2003/ 008858 -29 tory systemfor a | onger period
Oftodyl §yBtemMok aNBhZER TRriod o Githel FErthdAors shickaRNEIAS is attached
site-specifically, the risk of destroylng the i-n vivo

busdb@gt?ca:féqallacthp \nSkyof destrayinggbe yn viyegrelggicahactivity of the poly-
he Aol d. 5
TR B B b e HAS P YRARA Sobindld T 7 P0

corrponent s namel y the poI ypeptide and t he
hydro al kyl starch (HAS) |inked thereto.
p@% peRtdeef lavfgntlﬁu e it &ﬁwaeﬂorrwa?% nap¢ly; the

i D

especi. al I y eryt hr opoi etin, an antithrombin (AT) such

Ry tpebfidnet A Sobiae SRAR R I G mbodi- |

'tﬂﬁérﬁ,ﬁﬁé‘bbl?pé}ﬂidb@@@hﬁﬁnan%@ut@@cor ding to a preferred

nbodi nment; the pol ypeptide is an antithronmbin (AT),

preferably AT III (Levy JH, Weisinger A Zionek CA,
PSRl B, Ao A D g AN S oo

ThiadTyleesh 45 AD I HenmasRekis, %ﬁemeﬂly(lﬂﬂ:@l@lklﬁ% 1PN Beta, IFN-alpha,
Edmunds T, Van Patten SM Poll ock J, Hanson E, ’

Bdrriade 6F> iRterlapligi randtherapgysio antbpdies. zi onek C. Meade

20 H. MPherson J, Cole ES, Transgenically Produced

15

Human Antithronbin: Struc- tural and Functi onal
Cofprardispto & gréfaned ebadimentalid palgpide tis ao mhiithroridbia A T),

TRFLN [T N e i T

Wt)tﬁ%mbﬁf' PRI aRE GBI iR a0k AR ar al'jisbltdéf o88h#ars in

roves survival and attenuates |nflanmmatory

r e"ﬂpglggqags anyd Pgmostasis 27, 4 (2001) 405-416; Edmunds T, Van Patten SM,

20

25

Pollock J, Hanson E, Bernasconi R, Higgiﬁs E, Manavalan P, Ziome_k C, Meade
H, McP'h_erson‘ J, Cole ES, Transgenically Produced Human Antith.rombin.: Struc;
tural and Functional Comparison to Human Plésmé—Derived Antithrombin, Blood

91,12 (1998) 4661-4671; Minnema MC, Chang ACK, Jansen PM, Lubbers YTP,
Pratt BM, Whittaker BG; Taylor FB, Hack CE, Friedman B, Recombinant hulﬁan
antithrombin III improves survival and attenuates inflammatory responses in ba-
boons lethally challenged with Escherichia coli, Blood 95, 4 (2000) 1117-1123;
Van Patten SM, Hanson EH, Bernasconi R, Zhang K, Manavaln P, Cole ES,
McPherson JM, Edmunds T, Oxidation of Methionine Re51dues in Antithrombin,
J. Biol. Chemlstry 274, 15 (1999) 10268- 10276)



25 boons lethally challenged with Escherichia coli

Bl ood 95, 4 (2000) 1117-1123; Van Patten SM Hanson
wERho4Bateasconi R, Zhang K, Manaval n P, Col e BSCT/EP2003/008858
- McPherson JM Ednunds T, Oxidation of Methionine

Residues in Antithronbin, J. Biol. Chem stry 274, 15
(1999) 10268-10276). WD 20043024761 PCT/ EP2003/ 008858

-30 According to another preferred enbodi ment, the

pol ypeptide is human | FN-beta, 1in particular |IFNbeta

| aA¢idindvv® aﬁmhasr)preﬂaEBdl etbddinsemt thé-pblypemide s hiathan [FN-beta,

et i T B o

SegETgngOm%pata et al., The chronosonal gene
structure two nRNAs - for human granul ocyte

" colony-stinmulating factor, EMBO J. 5: 575-581, 1986;

5 SN P BASPRARE bR S, AP ORI e polapysimutting
| efakor Sedleed. ONshatedtlas, TRELIGOABscIRA geRd SB)cnid 2R tw@ﬁiRNAs

Herman et to al ., Characterlzatlon f ornul ati on,

lt@b.hlumro\;l grenuleclio gelopy stimpiatige Agetrr) EMBO 8- 5céﬁ%§&bn1t986 |

u I \
P00 8 L hOGHISER e LA B PERnghE pen crece
pr&i érmall antghaukﬁﬂdnﬁyelﬂdaellmmw 232 (19866 MéSygand Herman et
~eds., Plenum Press, New Yor 303- 328

10 e§p &harwnéawh rfe,twlgtqnn 0 bR RO o2 i, a re-
| %ﬁ%l nant | y prod Z‘e CO, %’S’f ﬁlm%ﬁﬁl(% ft&&%r @&'Bb?ﬁmdh% dh%rac-

I"s i ncl udes tHe produc- tion
| nteszakmny end stability loﬁ lpeotsiotdrogs; Rddsey Beaimarabid/ Y. John Wang,

T S S E loh %oe

reconb|nant produc 20 tion of the pol ypepti de.
- Furthernore, the polypeptide may be expressed in
15 t r With-respeat t eaythienpistip.caliembadinerty dnsclasqgisabpw@lswmmy here.
bl'ood, etc.), in eggs of transgenlc birds, especially
.poultry preferred chickén, or in transgenic plants.

Therefeestdpthe potyppstaidue tr¢o©mb®:ianﬂy pedduped tThiteintmdksitherproduc-

in.the art. In general, th 5 i ncludes, the
1 r BorsInSukaAtis P PEkEry et ¢ Swrﬁ% gﬁ&f@%@%ﬂ@d yeast, bacte-
5152 AS BNin'dnG o i H 162bhieAt fdriike L0Ghbinght produc-
.un ﬁe:rac condllntal?lgng{e\g\hci& cﬁ'pe’r?ﬂﬁ e1 t he p#oduc?ll%on Cgél %ll p?o ue
20  tion of the polypeptide. Furthermore, the polypeptide may be expressed in trans-
genic animals (e.g. in body"ﬂuids like milk, blood, etc.), in eggs of transgeﬁic

birds, especially poultry, preferred chicken, or in transgenic plants.

The recombinant production of a polypeptide is known in the art. In general, this

25 includes the transfection of host cells with an appropriate expreséiqn vector,'the
_ cuitivation of the host cells under conditions which enable the production of the v

polypeptide and the purification 6f the polypeptide from the host cells. For de-

tailled information see e.g. Krystal, Pankratz, Farber, Smart, 1986, Purification of

human erythropoietin to homogeneity by a rapid five-step procedure, Blood,

30 67(1), 71-9; Quelle, Caslake, Burkert, WojchowSki, 1989, High-level expression



pol ypeptide and the purification of the polypeptide
fromthe host cells. For de- tailled information see
we2@4/0k79st al , Pankratz, Farber, Smart, 1986, PCT/EP2003/008858

Purification of human erythropoietin to honogeneity

by a rapid five-step procedure, Blood, 30 67(1), 71-9;
Quel | e, Casl ake, Burkert, Wspthowski,. 1989, Hi gh-Ievel
expressi on WO 2004/ 024761 PCT/ EP2003/ 008858 - 31 = and
purification of a reconbi nant human erythropoietin '

pravdusiedictsomof 8 réceibindn® hufrds evﬁhio@meuﬁlpa@@bced’ 4kidg,a bacu-
652-7; EP 640 619 Bl and_EP 668 351 BI,

pdPYiSEHYECE BIR9d. by 0357 JRR 64 61BE %EBM&? LB si de

chains attached to 5 the polyppetide via N and/ or
O linked glycosylation, i.e. the polypeptide is gly-
c oHyd pulmhpnds umlyl opmpx\ﬂse oN& op niquoeq:rbohyelrats side etaiog dttached to

5 o8 pbRhestide i X e bl e BB asiBei s bt pglvPeptide is ely-
cado@yaabéqr Bt ebﬁen & hRlypeptiteyis pRodchE fledat Ao @411, Ghe poly-

t he pol ypeptlde luri ng blosynthe3|s in manmmal - i an,
espeptidaly posigansiationallye glycosylajeds fonsequently,1the Tatbohpdate side

AnepR A B Do SRkt gt Rty sin gt

. tiae, dsﬁ Iylﬁﬁiz&r@iﬂs&tdﬁp@ﬁdéell@n the way how the HAS
is linked to the polypeptide. Several |inkers are
10 commercially available (e.g. fromPierce, see above).

hﬁlegﬁAl’Sr Sra fbet Fec *%ﬁ‘ﬁx 04 u% nBMgﬁegﬁﬂe e ealféﬁéa%kfgreqra a

det a| sec er ni
rreﬂn’d(ed n’fdbercuiehéhpmadme bf dre hxfkeHEféleqndﬂ gqpends dlethesway how the

HeBRS3F kst B piaile oSl okess AreRmmBAe Al avalale e

| sireApisigaté ab@vet) ML PR %mnedm& ﬁndirtQ ?H%EB’QE QeScribed in
noi e Z0 Preferably, this applies if

15 pofﬂe)tfpg belovein theasection torvennng the metodrfabthe ppdigtion ofnHES-
the con f th present invention, the term :

' c%?l%%?)}g?gt &NBEC ty" refers to hydroxyal dehydes or

~hydroxyketones as well as to chem cal nodifications
t hereof. (see Ronpp Chemi el exi kon, 1990, Thiene Verl a
St Acqosding o acprafempd eqbediaentjofhe biASspolypeptidp ronjugaig of the

v!eﬂtfo r ﬁg:ultlﬁscl'stcggjukytgﬁ € Me p(ﬁ%é‘pﬁge VR & carb'bh%rﬁt% moiety.
20 Preferably, this applies if the polypeptide is an antithrombin, preferably AT IIL.

In the context of the present invention, the term ‘carbohydrate moiety” refers to
hydroxyaldehydes or hydroxyketones as well as to chemical modifications thereof
(see Roémpp Chemlelexﬂ(on, 1990, Thieme Verlag Stuttgart, Germany, 9" edition,
25  9,2281-2285 and the literature cited therein). Furthermore, it also refers to derivé-_
tives of naturally occuring carbohydrate moieties like glucose, galactose, man-
nose, sialic acid, and the like. The term also includes chemically oxidized natu-

rally occuring carbohydrate moieties wherein the ring structure has been opened.

30  The carbohydrate moiety may be linked directly to the polypeptide backbone.
Preferably, the carbohydrate moiety is part of a carbohydrate side chain. In this



tives of naturally occuring carbohydrate noieties |ike

gl ucose, gal actose, man- nose, sialic acid, and the

wo éoa/0246e t erm al so i ncl udes chem cal |l y oxi di P€DVERZD8/008858

- rally occuring carbohydrate noieties wherein the ring
structure has been opened. 30 The carbohydrate noiety
may be linked directly to thé2pol ypepti de backbone.
Preferably, the carbohydrate noiety is part of a
carbohydrate side chain. In this WD 2004/ 024761

- PQIsERZRRSY 0488 rate 3doRB&S mal Wik E@Eelﬁ dsdpweanditat €arbohydrate

e

noi et| es may be present between t car bohydrat e

rmin@W togvhigh dFABASlinked anditbe palyaertide baskbonepMare preferably,
bagkbapshyd E R seﬁlg*eét inal Ha QHBQ YD aré%ra%tcrla

the termna e car drate side chain.
In a nore preferred enbodi nent, the HAS is conj ugat ed
to a gal ac ue of ar bo ate sjd

5 G TR E A B pOL Y PRHLY: SEANENEL D § edidiges ppidue of
t e %érbohﬁﬁrrx @r&t&aﬁrs d}?refépeﬁil)r‘the-lfﬁ‘xﬁnﬁaéa%¥d§§ %esr&eldiuﬁe car- .

can be rrade aval | or conj uga- t1on y removal of
: t ebotiydmte s;dalchmna"ﬁhld galakiob¢ tanslie byn bg inokalei aynilgtde éor conjuga-

gy eyl ooy s PP B T SRR G et ™

car bohydr ate sr de chains, prefer abI y the term nal

sialic acid residue of the car bohydrate side chain.
10 Fuly h8rrther aore peefemel pmpodimento theulatelg coaiugated to a sialic acid

po i oot
 BoUBRPULAE P08 B, B8ty SEALAURYAR oot
gr ofithe edrbélgidede side chaie. pol ypepti de, both naturally or. -
.non naturally occurring. In a preferred enbodi nent,

the S atom nmay be derived froma SH group which has

beFﬁl‘tHeH{l&QdﬂféeﬂASr}nQ}n bO%bitlgh £AMBYIKPeBlid R Clhlocter. As

S, preferably 20 .oxI'di zed car bohydrate noiety
15 vvhe)qﬂnlmesl lpaietalldjel@w,cthc Boitgrd can be dentieddian anp SH greup attached

P PlegBE R ospuE IRy Bestiy of B SEEALY podelfnd 1 ng cysr
te| ne or from an added cystel ne. 25 In the context of

t he present invention, g the term "added cystei nes”
i tlg gpw@q;md embodlment the atom may be derived from a SH group Wthh

has been introduced in an OdelZCd carbohydrate moiety of HES, preferably an
20  oxidized carbohydrate m01ety Wthh is part of a carbohydrate side chain of the
polypeptide (see below)

Préferably, the S atom in the thioether is derived from a haturaﬂy—occuning cys;
teine or from an added cysteine.

25 , .
In the context‘of the present invention, by the term “added cystei'nes” it is meant

that the polypeptides comprise a cysteine residue which is not present in the wild-

type polypeptide.

30 In the context of this aspect of the invention, the cysteine may be an additional

.amino acid added at the N- or C-terminal end of the polypeptide.



that the pol ypeptides conprise a cysteine residue
which is not present in the wild- type pol ypeptide. 30
wo pootlops76DNnt ext of this aspect of the inventi oPCT/ERE03/008858
cysteine may be an additional .amno acid added at
“the N or Gtermnal end of the polypeptide. WO
2004/ 024761 PCT/ EP2003/ 008858 - - 33 Furthernore, the
added cystei ne may have been added by replacing a
naturally occuring amno acid by a cysteine. 5 The
second conponent of the HAS—ponpeptide iIs HAS. In the.
context of the present inve t|on

term i
' rfwa‘h%f%%%k‘?ﬁ Seded pYStGiae e dape begrh hatideds by taplacing a naturally

Mﬂ% o Wk Qg ‘Ridaeen substituted by
r oX z%@ ?grou é%zrf this context, the alkyl group
rmy be substituted. Preferably, the hydr oxyal kyl con

1Q_.tains .2-10 carb [ ably 2-4 carbon
3 at “m“ﬁfSFﬁ?QgﬁﬁgH@ﬁ%&gﬁmbpﬂﬁg?g?g¢§§pre¥erab|y

conpri ses hydroxyet hyl starch, hydroxypropyl starch and
hy- droxybutyl starch, wherein hydroxyethylstarch and .
h}dr@wﬁwﬁwfs&h@pwemrl@vepflen the fered hydxyplkylstarch” is used to

‘hy.d | Kk [ t

Bl D Sbay SR B Bl B g, 1
| nhiskemsx el gt igy&p m&;ebeesubsﬁth&dal’ﬂefdrablgrtha Bydrexyabkyd con-
or polysubstltuted In this context, it is preferred

10 ¢ Hains 218 carhepiatorgs.gugre peclerably 2r4 earben P ch%zfyaawtarch"
es’tﬁgrg%)gé 3 b%’eﬁérgﬂy oﬂﬁmg@sr hr )ﬁreﬁf}ls@{r% }g{()ifﬁﬁpg.ﬁ)gdstarch gmd hy-

provi remal wat er’
FLttrbmbnmbstaph,t Whertteir hydratyethyitasly and rhydpxgpropylstarch are pre-
hﬁg yal kyl may be esterified or etherified. In ' '
on the al kyl . .group of the hydroxyal kyl starch
may be Ilnear or branched. Furthernore, instead of
al kyl, also l'inear or branched substituted or
15 uriBhetydraxyaksylgrom(s) ofEHS eontaipst leasf obe Ok gwup.
Hydr oxyet hyl starch (HES) is nost preferred for al
enbodi nents of the present invention. 30 In the

C OTHeEKprédbioh My MoRGARYIstarehe Alsb ditcludesepix Miies Wigdrelh ale alkyl
rmgyroﬂpa\1/sem(?)ncr>r-E grnpoly;ubstltuted In this context, it is preferred that the alkyl |

group is substituted with an halogen, especially flourine, or with an aryl group,

20 provided that the HAS remains water soluble. Furthermore, the termmal hydroxyv

group of hydroxyalkyl may be esterified or etherified. In addition, the alkyl group

of the hydroxyalkylstarch may be linear or branched.

,Furihermore, instead of alkyl, also linear or branched substituted or unsubstituted

25  alkene groups may be used.

Hydroxyethylstarch (HES) is most preferred for all embodiments of the present

invention.

30  In the context of the present invention, hydroxyethylstarch may have a mean mo-

lecular weight (weight mean) of 1-300 kDa, wherein a mean molecular weight of



| ecul ar wei ght (weight nean) of 1-300 kDa, wherein a
mean nol ecul ar wei ght of WD 2004/ 024761

wOeoABP26003/ 008858 -34 5-100 kDa is nore prefBCT/EP2003/008858

Hydr oxyet hyl-starch can further exhibit a nolar de-

gree of substitution of 0.1 to 0.8 and a ratio between
C2: C6-substitution in the rafhge of 2-20, with respect
to the hydroxyet hyl groups. 5 The HAS- pol ypepti de may
conprise 1-12, preferably 1-9, 1-6 or 1-3, nobst pre-

f -1 @kDa ds HAS ]mfee!@dl Hsdmyetb)ollstj&pélman(faﬁhmleeibmtea mylae de-

| B%ba&g%{wsﬁﬁﬁﬁosyo ofhte B o U By SBi6 T e

ﬂl-ﬁlﬁ%ﬂﬁ:‘é%eﬁﬁﬂo&h@ﬁ&d’f@x@l oager hydrol ysis of
the product and derivatisation o e resulting

monosacchari des (Chaplin and Kennedy 1986, 10

CaTRORAR A oepias f3k Sohfiie i1 AREBELCRY, BRPGOAS most pre-

2 fe@edl aos EHABafrioIée&les e eodypeplde (H%iatukf Bhe Iidﬁuibeﬁlof HAS-
Pol ysacchari des; 55-96; I RL Pr es Pract ggl apg@oach
sapplegules NP AlyrRtida Blepulogan bedetprmig ive carbohy-

- di §64:0% ogﬁ‘ OQXY Ha JE r%gcpg'fs Lier ARk B@gs Qff th&@Product and

15

20

25

i nventio peptide concerning
prdm'wati:i;aﬁsn aff thherepﬂtuyg) epiriosescharidds S Ghppliplapd a{{@medy; 1986,

h S- tid th t | |
s eltte TSk GAol SBagucal APPoRtL bt Chen e ppptcha-
orn(ﬁéep&%ep-gl?at'h%}elt heapbsatbhdifies 8la @7 339 (ﬂﬁ@fe‘r e Neutral

in general or to S apply also tot HAS-(go@%i §)t|de
of Paljsacthmrides; S3606; |IR)Iq Pregp dirastical mnr@qchrserhe& SRN (ey47&h6- 44-

derd vati ve of starch. Besides of said ether deriva-
tives, also other starch derivatives can be used in

the context of the present inven- tion. For exarrple

derivatives are useful , which conprise

e e STyl e

s e A R it o
deplly\a’Hd toethe HYS-poliypefisle gfiabé advieytiars eﬁutthera'roee all embodiments
TR St e P T .
C Ofyt ﬁeﬁldesalﬁeée)/léﬁt &' tGrHAQ ldbi:ﬂ'ysa'ls%r t@rih@ HAS-ponpeptlde of the inven- |

tion.

Hydroxyalkylstarch is an ether derivative of starch. Besides of said ether deriva-
tives, also other starch derivatives can be used in the context of the present inven-
tion. For example, derivatives are useful which comprise esterified hydroxy
groups. These derivatives may be é.gk. derivatives of unsubstituted mono-' or di-
carbdxylic acids with 2-12 carbon atoms or of substituted derivatives thereof. Es-
pecially useful are derivatives of unsubstituted monocarboxylic acids with 2-6
carbon atoms, especially of acetic acid, In this context, acetylstarch, butylstarch or

propylstarch are preferred.

30



propyl starch are preferred. 30 WO 2004/ 024761
PCT/ EP2003/ 008858 -35 Furthernore, derivatives of

waoipeulsi7st ut ed di carboxylic acids with 2-6 car POIYER1003/008858

5

ons are preferred. In the case of derivatives of

di carboxylic acids, it is useful that the second

carboxy 5 group of the dicasdbexylic acid is also
esterified. Furthernore, derivatives of nonoal kyl

esters of dicarboxylic acids are also suitable in the
cdhirtheimere, ddrbrafives ofS@itubitinvied di@boxiE atids with 2-6 carbon at-
subst i t ut ed no- or dicarboxylic acids, the
sd%%%??ﬁ@%aﬁggups may be 10 preferably the same as

nmenti oned above for substituted al kyl residues.
Techniques for the esterification of starch are known

i intthecase bf darbatieespf didaeboxylic acids, iak usdGohpatthe Betioné carboxy

Cel | ul Ch Vol 1998,
V\ﬁrﬂ‘lllj%?i]e N@Gﬁr%‘r}% %gjpé% alsp| oSt fg}%%t i:lurtherglore derlvatxves of
E%&Edaﬁdy@ RtbiRrbf A calldix HJ: a8i8s ale R SiaBIE iR Qﬁ'ﬁs&ntéé og)the pre-

In a further aspect, he present i nvention rel ates

'- a septiheentionr t he production of - a hydroxyal kyl st arch K

10
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(HAS) - pol ypept i de- conj ugat e (HAS- pol ypepti de),
conpris- ing the steps of: 20 a) providing a

pcor nn@tsummhed AEHroa R i Qaredxylie akidsN theVsibatitiRd Flfdugg may be
HAS, provi di ng nodi fi ed HAS bei ng capable o

r spa%fief by the s3me pempionsd sbevedfor mbsgmqé adyyl repidues)
reacting the polypeptide of step a) with the HAS of

step b), whereby an 25 HAS-pol ypeptide is produced :
c digohnigesgonthe esterificationtdfStandl #re khesn in thbaftgbdr & HKIEAR D.

i's c ated to t ti e V|a i) .a carbohydrate
{?3{0 ehepgye geﬁlﬁp%eé%gplgtry 19952 Whiley-VCH, Weinheim,
New York, especially chapter 4.4, Esterification of Cellulose (ISBN 3-527-29489-
9).

In a further aspect, the présenf invention relates to a method for the production of
a hydroxyalkylstarch (HAS)—polypeptlde -conjugate (HAS-polypeptide), compris-
ing the steps of: ‘

a) prov1d1ng a polypeptlde being capable of reactmg with modlﬁed HAS,
b) - providing modlﬁed HAS belng capable of reactmg with the polypeptide
 of step a), and
©) reacting the polypeptide vof step a) with the HAS of step b), whereby an
' HAS-polypepﬁde is produced comprising one or more HAS molecules,

wherein the HAS is conjugated to the polypeptide via
i) a c.arbohydrate moiety; or
ii)  a thioether.

The method of the invention has the advantage that a HAS-polypeptide conjugate
is produced which exhibits a high biological activity. Furthermore, the method of



30 The method of the invention has the advantage that
a HAS- pol ypeptide conjugate is produced which
we@zbwbe47s1 a hi gh bi ol ogi cal activity. Further nBCEEP1008008858
met hod of WD 2004/ 024761 PCT/ EP2003/008858 -36 the '
i nvention has the advantage that an effective
pol ypeti de derivative can be Jo-0- duced at reduced
cost since the method does not conprise extensive and
time con- sumng purification steps resulting in low .
fi fadinyen€ibal hadSthdadodmageghyt, ani effettivge polystids Hepvaive ichiebe pro-
nmet hod of the invention, a polypeptide is pro- vided
wh AB¢sdjakreduepdiost since the sethag daes ROLFERIDIiS gXIEpSiye angd time con-
us 0t L Ayenti higrm " provi di ng"
nag R phAfe R SERD £ TN BRI i "o Fer t he
respective step a nolecule (in step a) a pol ypepti de,
in step. b) .10 HAS) with the desired properties is., .
5 aw AR, e st asdhothe Braiodor o WPEN R b aabseRide s pro-
 PUKidell GRIdhAB capableltT rERkiNP QR ARiifiéPagat ural - sources
as well as the reconbi nant production in host cells or
~organism and, if necessary, the nodification of the .
pol d tained. 15 Wth respect to.the . :
PortSSRt indBe BRsA PIsR080. 07 1ok R EBRE e S g e
| NveR thdt ia@Br thespeatie apph ingsleciite (iQ fstebfa? a polypeptide, in step b)
- erythropoietin being part of _the HAS-pol ypeptide
10 c o AR ¥ith the desired preperigsanavailableni s context, the
preferred enbodi ments di scl osed above apply al so for
the nethod of the invention. 20 Preferably, the o
pollythe pasedsf step a),abisnihéindestthe pyrifadtior df thélpoky peptidelfikas natural

the produc- fion in eukaryotic¢ ar prokaryqgtic cells, )
pr &F ?eﬁkﬁsy”ﬂtlh%rﬁlei rgﬁczml?mfécar?g%age{l ?'B%{c‘%23 S Of jorganysgy, jaad, if

O nbdsARY 1igd 6difieRhdn éﬂ‘:ﬁ@p&lﬁpé})ﬁdé% eoaedl ent for the
reconbi nant produc- tion of "the pol ypeptide. .

I5Furthernore, the polypeptide nay be expressed in trans

25 nic ani.mal s (e.a,... n bo flyids lik Lk, . '
bor SR G0 e fardrige BeREle atiot mripti STl pesepigren-

potibh Il sqicipplieeds dritkkefthrepoidtih BelirtSGLoH thie PLASSlypeptide
" The reconbi nant production of a pol ypepti de i s known ,

i ncPHugalg pf theﬂnmyé}nalr’l thif,pentext, the preferred embodiments disclosed

above apply also for the method of the invention.
20 o e
 Preferably, the polypeptide is récombinantly pfoduced.» Thls includes the produc-
tion in eukaryotic or prokaryotic cells, preferably mammalian, insect, yeast, bacte-
rial cells of in any other cell type which is convenient for the recombinant produc-
tion of the polypeptide. Furthermore, the polypeptide may be expl"essed in trans-
- 25 genick animals (e.g. in body fluids like milk, blood, etc.), in eggs of transgenic

birds, especially poultry, preférred chicken, or in transgenic plants.

The recombinant production of a polypeptide is known in the art. In general, this
includes the transfection of host cells with an appropriate expression vector, the
30  cultivation of the host cells under conditions which enable the production of the

polypeptide and the purification of the polypeptide from the host cells (Krystal,



i ncludes the transfection of host cells with an
appropri ate expression vector, the 30 cultivation of

wo b@4lestl cel | s under conditions which enabl e POEEP2003/008858
production of the polypeptide and the purification of
the pol ypeptide fromthe host cells (Krystal, WO
2004/ 024761 PCT/ EP2003/ 0088587 - 37 Pankratz, Farber,
Smart, 1986, Purification of human erythropoietin to
honogene- ity by a rapid five-step procedure, Bl ood,

67 PdnkratZ,IF Fber Brdhtt £1986aBhrafkcitioBof l&ﬁﬁin erympﬂi@i&ﬁtb thomogene-

1989, Hi gh Ievel expressi on and icatio

T odlo i v Stenpretegeies BiRoB 10N pHot outiey Crrigken Burkert,
ba%‘%gﬁ’ :::aéﬂg éggg,ﬁfg& 5@L8%%greéé§x§%xﬁedp?éx§f c7a’t105 f a regégblg:]n? hu-

onma@rerﬁhxroporean Wedmang ad;aaddsmmsszeatot azibedzl, ’14@2) 65&97 EP

poI y a or Olinked glycosylation, :
8?{2%3 B&gﬁc’l’él )gl y- cosylated. Unsually, when

the polypeptlde is produced in eukaryotic cells, the

10 polypeptide is posttranslationally glycosylated. '
Cor”f&xe (pukype}btyle mzne cmapxtmfm&rcutmore sanbehy)dvraﬁe rssdenchpinsatteched to .

E#Faff‘%tltac & QQ@ ﬁk?y g?r %‘F‘g yE ducfprlrg}lde is gly- |

\Ah%@ndﬂed hﬂhsﬁ@l'l)l' svvnayﬂiegp & & pR dhée’ﬂnﬁxgaﬂia?ro%ldéﬂb the
or plant (see above ese car oh drate si

10chaplhysentidly 18 aosttraslationsdlyi glugasylasd. %zwmtlyanhg/ carbehydrate
f ! %%ea(rhaﬁlr 11115)? h%%@ rb%%x‘? ‘&Qcﬂeﬁnttoht?le n%&g{lcar ﬁg Cﬁr «%uctxon in

_rmln&trmﬁﬁlahﬁ espeelagy lDIﬂdh[TﬁﬂscctQﬁmyadﬁ celldauderein tiaf edlls may be
Lin- depraier, 1989, Advances in Prote| n design;
Bl sk ef a trepsepnis aninegl o plant (segapove) chonbur g eds.
GBF- Monogr aphs, 12, 231- 246 VCH Publ i shers, V\él nhei m .
20 New York, Canbridge) . is the object of the | -
15 net"Iﬂwsj: cad:fohydmta sad@chaurrsnna)ohap'c bwm@leancallm& poimmpalil}dmodl-
one or. . HAS no. ecu V\lg)ere n g@g

Sﬁ E:’g é’ép'EeBSI?'iﬁé“ ﬁﬁoﬂpyﬁ’é’b‘? ec?S %ne Y&&F‘S&Wo‘}f Ing one
rmloeworé ichriRhydthe Roldied eleBas g (Dittinar, COBGEAY eTuket, HoR®, Lin-
25 pol ypeptide provided in step a) shoul d have the

pr digemaire sl MBRat dyaressjin gipten design; Blogekiepofglingt 8chmidt, and.

TGP SR ol BRI FS, 53R05SICH PubTORAE B,

20 New York Cambridge)

It is the object of the method of the invention to.provide an HAS-polypeptide
comprising one or more ﬁAS molecules wherein fhe HAS is conjugated to the
polypeptide via a carbohydrate ﬁloiety (1) of via a thioether (u) Consequently, the
25 polypeptide'provided in step a) should have the properties that a conjugation via a
carbohydrate moiety and/ or via a thioether is possible. Therefore the polypeptide

- after step a) may preferably contain either

(1) at least one reactive group linked, either directly or via a linker molecule, to .
30 * sulfide groups or carbohydrate moieties, which is capable to react with HES or
modified HES,



after step a) may preferably contain either (1) at
| east one reactive group linked, either directly or

wor@4m47onker nol ecule, to 30 sulfide groups PCT/EP2003/008858

tot

10

car bohydrate noieties, which is capable to react with
HES or nodified HES, WO 2004/ 024761 PCT/ EP2003/ 008858
-38 (2) at |east one carbohyd8ate noiety to which '
nodi fi ed HAS can be conjugated, - and/or (3) at |east
one free SH-group. 5 Wth respect to possibility (1)
aliRy &, ledsh@np ahihpbyairatd enaitty b ephial) nicsliiiﬁdeHASaiah)beabnjugated,
t ai n%gil/e by conjugating an appropriate |inker nolecule
9DH group(s) or car- bohydrate noieties of the
pqu&qp&skgﬁefr@é’lsﬁ e for such a nodified pol ypep-
de i's provided in Exanple 4, 2.1. It is inportant to
ensure that the addition of the | i nker nol ecul e does

TR TEBRE &GRSR R b B Sviet At ek B AR ob-

p%ﬁuhe |b5ftc HAKu%)ltlrﬁgbéilV@prcbﬂha& pilet eiolemleniad snemup(tsm car-
S'is conjugated to the Earlypeptlde via-

cahobm&wrra@@n%@fethy pol_’nfeepltﬁ@ Anrexampler 19t sushs @Pg‘lfwéwb@ep-

| n(#: g%)"\/fd%ﬁtlﬁéx&ﬁ 3@ drfiit &%%B@rﬂ%tt e addltlon of the
eca rate ety Is part

cam@hmtaue ddesl ﬁocdl‘eanage therpolypeptideaHewetary thhaers known to the

car bohydrate noi eties may be present between the

cepwRvkilsddn thedrtet y to which HAS is |inked and the

- pol ypepti de backbone. Mrre preferably, the

carbohydrate nmoiety is the termnal noiety of the

: CaWhrhhystreat (3] posjénlcthe(ﬁh ab@@ @onsmqugndleynbodml@t the modlﬁed

15 wi

p rred.e nt nDdf d.HAS s ajtached
(AS T Sompieis g e sty edfiad Var %jeb%hzdf@s B at o
chai ns |inked to N- and/ or O-. gI ycosyl ation sites

of th;ﬂgol ypepti de. 25 However, is also jncluded -
dnate Jueietyi mox e lirked wbteqlh do g pplypentisle Raghkbone.

' t vﬁlbere?%%?%,i tielgr E&éﬂ}'cgr@t% gﬁ%é}r@tﬁn”&* £ Ee{r_xgﬁﬁaté QdYUn&. In this

case, further carbohydrate moieties may be present between the carbohydrate
moiety to which HAS is linked and the polypeptide backbone. More preferably,

the carbohydrate moiety is the terminal moiety of the carbohydrate side chain.

20 .

25

30

C‘ons’e_quently, in a preferred embodiment, the modified HAS is attached (via a
linker or not, see below) to carbohydrate chains linked to N- and/ or Of _
glycosylation sites of the polypeptide. '

However, it is also included within the present invention that the polypeptide con-
tains (a) further carboﬁydrate moiet(y)ies to which the modified HAS is conju- |
gated. Techniques for attaching carbohydrete moieties to polypeptides, either en-
zymatically or by genetic engineéring, followed by expression in appropriate
cells, are known in the art (Berger, Greber, Mosbach, 1986, Galactosyltransferase-
dependent sialylation of complex and endo-N- acetylglucosamlmdase H-treated

core N-glycans in vitro, FEBS Lett., 203(1), 64-8; Dittmar, Conradt, Hauser,



gated. Techni ques for attachi ng carbohydrate noieties
to polypeptides, either en- zymatically or by genetic

WeEn@Hnessi ng, fol I owed by expression in appr opPCEER2003/008858
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cells, are known in the art (Berger, G eber, Msbach,
1986, Gal actosyltransferase 30 dependent si aI yl ation

of conpl ex and endo- N-acetyl'éPucosam ni dase Htreated
core N-glycans in vitro, FEBS Lett., 203(1); 64-8;
Dittmar, Conradt, Hauser, WO 2004/024761 o
Pd”tqifzt?z@tr@ﬁmmsisssl%%%émcs} ini Repdsinadesign; 1B@gcker, Collins,

Advang Br ot.ej S s n Bl |4,nS

Sg%c%mdﬁe gclg)rp]buﬁ% S?SS ggﬁ'ﬁ%ﬁg@% %,Cgl 14% EH Publishers,

23W-e%6im,\1‘¢3w Roky, Caheridge). Vi nhei m  New Yor K,

Canmbridge). 5 In a preferred embodi nent of the met hod

of the invention, the carbohydrate noi- ety is _
o PR abEod B A lh bt gt moi

c rmmscmhth;zecbm ederytodieiabld toyreadvistithatis nfadnﬁddHéAS hEhik oaidation

. oxid t|o ‘ﬁgrbo dra e noieties of pol ypeptides are

PR e e ey SheaTicpI, At caungtralY r bt mont w t h

perj odat e (Chanow et aI , 1992, J. Biol. Chem, 267,
15916- 15922 By chemcally oxidizing, it is

prMethods Farythe clessiibleoxidation jodicadbohydrate an@gthﬂ,scnfaméypepﬂdes are

e R e e R e

C Bl CHel. 597, { 91Barsgh2condi tions: 10 nmM peri odat e 1h
at roomtenperature), it is possible to preferably

oxi di ze the termnal carbohydrate noiety; e.g. sialic

SER8 AL L 5RO s 3 RSN, g

e noyieat, |bemlgltgrmtﬁrlzrypmﬁroné’cﬂorf not. HhWevrex; MHoomg hlltd"c&'mdltions
ual dr ate nmoi e t he

(3 M pexipdatc ar caatr%%tt%ilérstz N g %135. e A b at

oxl‘ogﬁlsf‘emphf'auirE) itSis! ﬂ&%s%l@ QQ ptr&'eﬁolydoﬁ@ize e MeRRinal carbohydrate |

gal act ose moi et es, - be eventual |y neces- sary

{ ompietybee. sielieriqidbr gladtcpsc, afca cisbhydraté sidé ghaan.
conpletely) if the pol ypeptide 25 has been produced in
cel s capable of attaching sialic acids to

caphelxiively,ahe babaiydrate nfbiety mdyBHITBLidRRd €RLynsatiehlly. rEnzymes

.cells which have. been dgenetl cally nodified to be

for the oxidation of the individual carbohydrate moieties are known in the art, e.g.

in the case of galactose the enzyme is galactose oxidase.

If it is intended to oxidize terminal galactose moieties, it will be eventually neces-
sary to remove terminal sialic acids (partially or completely) if the polypeptide
has been produced in cells capable.of attaching sialic acids to carbohydrate chains,
e.g. in mammalian cells or in cells which have been genetically modified to be -
capable of attaching sialic acids to carbohydrate chains. Chemical or enzymatic ‘
methods for the removal of sialic acids are known in the art (Chaplin and Ken-
nedy (eds.), 1996, Carbohydrate Analysis: a practical approach, especially Chap-

terS Montremll Glycoprotems pages 175-177; IRL Press Practical approach se-
ries (ISBN 0- 947946 44-3)).



capabl e of attaching sialic acids to carbohydrate
chains. Chem cal or enzymatic nethods for the renoval

wobtomioad7st aci ds are known in the art (Chapli nPerndri(eseossss

nedy (eds.), 1996, Carbohydrate Analysis: a practical
approach, especially Chap 30 ter 5 Montreuill,
d ycoproteins, pages 175-177404 RL Press Practi cal
approach se- ries (ISBN 0-947946-44-3)). WO
2004/ 024761 PCT/ EP2003/ 008858 -40 However, it is also
included within the present invention that the
carbohydrate noiety ich the nodified HAS i o]
bdlowavak fdgalsg lfzfﬂ‘%@éw\ég‘lmetpﬁeée’ﬁ}dp‘ﬁ’é‘ﬁfl i thegaphgmidrate
dIHAS % 8 btsdhell & MabRédto the polypeptid
e{ﬁa t?)é%ghﬁththtpgm%gﬁﬁbe acfrﬂ eved bye %‘fa rreaﬁ effo ypeptide
gavithin step a}. Imthefceseis &. deShed toatthddgal antese kthiswanibe atliieved by

B ., Geb Mo h, . 1986, -
& fl%%@%%%?%ﬁlaﬁ@f%v%éerwiﬁﬁ%eﬁ@% P Jpawn ihths A BRIER
ar@ree&dpro%aeﬁ ergebgbule@te déBErEd%ﬁi S8ly @08 of complex
N-gl ycans in vitro, FEB ett 64-8). 10 I'n

| g aandsndqueﬁcetyig%dcqsmmdaﬁe Fi-treatad eore - elyéacnhen vitro, FEBS Lett,,
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é‘!' e is nodified by oxidiz- ing at |east one:
accharide unit, preferably gal actose, of the

one or nmore carbohydrate side chains of the

pol ypeptide, preferably after partial or conp

( dnZyment PecterFre) erapodiment; Baisp »dhopelypestide ﬁ%nroerfwﬂrbwomdlz-

SC’:Iolﬁ 'gﬁlg%'t ﬂg{ ter%‘rrlrfb?er T B d’e 1%\"3@ ﬁgeé&?ﬂg?a}_ﬁ%ge of the one or more

canfhohpdratt dide thednsoad ﬂhez;re:diypepmdu, pedferablycdteapadal oncémplete
of the carb ate chain er ahl J act In a,
T UERREI PR i LA GO RIaN BT Ped BN e 35 Ay oy (ee

. thﬁ,opé;[ypeptl de com 20 prises at |east one free

SH-group. According to a preferred enbodi nent, the
free SHgroup is part of a naturally- occurring

cysteine or of.a d t S t
[ e ?rgg%lﬁgﬁ}r paefergﬁlyatgr odr Sdaliég sncoov\iu%'e\{ﬁ dq?? g-r %rzecpt%rmmal
( Hakdhatifle unit-of the aaﬂbbhyc&ha QBain Gaéfetdbly galddtdser nre
1997, Mappi ng of the active site of recom
In a further preferred embodiment (see point (3) above), the polypeptlde com-

prlses at least one free SH-group.

Accordmg to a preferred embodrment the free SH- -group i is part of a naturally-

occurrrng cysteine or of an added cysteine.

Methods for the replacement of amino acids are known in the art (Elliott, -
Lorenzini, Chang, Barzilay, Delorme, 1997,Mapping of the active site of recom-
binant human erythropoietin, Blood, 89(2), 493-502; Boissel,v Lee, Presnell,
Cohen, Bunn, 1993, E_rythropoietin structure-function relationships; Mutant pro-
 teins that test a model of tertiary structure, J Biol Chem., 268(21), 15983-93)).



bi nant human erythropoietin, Blood, 89(2), 493-502,
Boi ssel, Lee, Presnell, Cohen, Bunn, 1993,
waErgothe4pni et i n structure-function rel ati onshi PST/EP2003/008858

Mut ant pro- teins that test a nodel of tertiary

structure, J Biol Chem, 268(21), 15983-93)). 30 WO

2004/ 024761 PCT/ EP2003/ 008858t1 ~41 In the context of

the present invention, by the term"added cysteines"”

it is meant that the pol ypeptides conprise a cystei ne

r e$n theecomtektbf ths presenpinearioh, by tHeI’termvi“hdﬂedtcystemes” it is meant
pti Thi s can, be achj eved, by addin
er%?ﬂpeﬁ%%wnépme JSyErng f?séiéﬁe%@d‘é 1% lﬁbérpr%%@mtlﬂ dhe wild

N-

ol ;yge r@iy(pg&gd&ﬂ%r %Qélgﬁése}cﬁgﬁ%&‘ néﬁ@(‘hﬁ@?@ﬁ B rbmB¥hahEmeans) a

natysteihe sesislue @it m@ therNnor atcﬂhd Cbgmnyms of tte. poljfieptide or by re-

respective net hod er.son_skill in . =

51 hETEPE (¢ Sol epB0Ban BEBOL Mgl PrETH AR a L Ay L e,

hagn ee@,ﬁeo@de Bt ePldnNE tide F}ﬁﬂdﬂfsﬁilleﬂ if €eltrd (3€k above).

am no acid by a cysteine. 10 eferably, the rmdlfle

HAS is conjugated in step c) ‘to the added cysteine.

8 g RO B U o S
polayieycidiey otysséing a). 15 In this context, the HAS

may be preferably nodified at its reducing end. This
Whas the advantage that the chenmical reaction can be

C o'i’tréf%fﬂ?dth% ?r?ddlﬁec? SN J\E%geld if %fgbgg% e %aﬁeg &RRinke

sure group o SIS fle ring t _
reaction. Since only one group is |ntroduced into the

roitb 6k BE0L e BhEE Bl onuti b B ARl aen s co-

si 1&6@&5&9{@1@&&;&&@ QILoTsR-a) Accor di ngl y, the
gﬁfl ed HAS may be capabl e of&%eglcti ng either with 25

15(1) at |east one group linked, either directly or via

2. i Lo S b 3y O B B uF RBTAY B i o

noieties o _
~ the advantage that the chemical reaction can be controiled easily and that the o

skilled person can be sure which group of HAS is modlﬁed durmg the reaction.
Since only one group is introduced into the HAS, crosslinking between different
20 polypeptide molecules by multifunctional HAS molecules and other side reactions

can be prevented.
' Accordingly, the modified HAS may be capable of reacting either with

25 (D) at least one group linked, either direétly or via. a linker molecule, to sulfide
groups or carbohydrate moieties of the polypeptide;
(2) at least one carbohydrate moiety, which is preferably oxidized, and /or

(3) at least one free SH-group.



(2) at |east one carbohydrate noiety, which is
preferably oxidized, and /or (3) at |east one free

wekbogoourpt WO 2004/ 024761 PCT/ EP2003/ 008858 - BCT/¥¥10003/008858
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respect to point (1) above, the nodification of. HAS

wi |l depend on the group |inked to the pol ypepti de.

The underlying mechani smare4nrown in the art. An
exanple is given in Exanple 4, 2.1. 5 Wth respect to
points (2) and (3) above, several nethods are known in
t hidr fespeet tonpdirty(1)1a6ove] e hadiffcafion R IAS willdéspeyd 0g the

these nmethods is that either a reac- tive group of HAS

i sereBR finkedito; the pplyasptids. bae uadeslying Bechagisey 37a fnqyve fn the art.
th SH-group or a linker

&%%Bleéy%g%’?llng%t eclﬁ%g %[AS which contains a -
reactive group being capable of reacting with the

‘hohyd 0 | f poi
(WA habeb e (astial Sasd . hyabt megtods kgl i P art o
O BHIFE PIA S AFHROBKRT SR pI® uﬁaér@%gb%% RieABLY istthh€éithel @lreac-

sacchari de residue, nore preféra al act ose, or
vv| tive groupofitHsS ismadified atcprdier msbeseamb ofwag@marveﬂkthownrbo-

{8k oo STk b R b bl RRPANE Lo BRRH LA Thien

Aswmﬁﬁs @m@dtxa@gm bbﬁigSc & of tdaceiid Aith TRy cd¥Bohydrate moiety
i ntroduced regi ose ective at the reducing end of the

HES-S-F9HP: I n this case, |n a first step, the
al dehyde group is oxidized to a |actone. The nodi 20
fications include, but are.not limted to the addition

- of Inheadle af paiat (Bnihe anddifiebHAYS- mdy bz yhpablenar) r,eactmg with oxidized

15

sem ¢ zide. or thi unctiqQns to HA
di Fa8be g"ad? mpyiejies, Prefe ﬁ%bi){ a temyuaal S@@@ﬁﬁﬁa lgf‘églugr more preferably

eXQzllEdt@s%doﬂ\inx%lrtérl?ﬁﬁalgﬁhé‘h&d' n Exanpl es 2-4. Further-
nofe, the mechani sns per se are known in the art (see

e.g. DE 196 28 705 Al; Hpoe et al., 1981,

| ﬁ%gg Ut T eSS SR s P BBk i an
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oﬁExze&Wr@ferabW&rmﬂland@B@ddE e&didue. PAGHentidA6d 86dVe] @iis modi-
l_lafr'lgallllrc)n may l))e mtroduced regioselectively at the reducing end of the HES- chain.
In this .case, in a first step, the aldehyde group is oxidized to a lactone. The modl-
fications include, but are not limited to the addition of hYdrazide, amino (also hy? |
droxylamino) semicarbazide or thiol functions to HAS either directly or via a
linker. These techmques are explained in further detail in Examples 2-4. Further-
more, “the mechamsms per se are known in the art (see e.g. DE 196 28 705 Al
Hpoe et al., 1981, Carbohydrate Res., 91, 39; Fissekis et al., 1960, Journal of Me- |
dicinal and Pharmaceutical Chemistry, 2, 47; Ffie, 1998, diploma thesis, Fach-.
hochschule Hamburg, DE). ' ' -

Within the present invention, the addition of a hydrazide or hydroxylamino func-
tion is preferred. In this case, by preferably conducting the reaction of step c) of
the method of the present invention at a pH of 5.5, it is ensured that the modified

HAS reacts selectively with the oxidized carbohydrate moiety of the polypeptide



Wthin the present invention, the addition of a
hydr azi de or hydroxylam no func- tion is preferred. In

wo biog/ozase, by preferably conducting the reactPONERP{003/008858
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15

step c) of 30 the. method of the present invention at

a pHof 5.5 it is ensured that the nodified HAS

reacts selectively with t he-dRi~di zed car bohydr at e

noi ety of the pol ypepti de WO 2004/ 024761 :

PCT/ EP2003/ 008858 -43 without inter- or

i NWitaws et | of rinfeasha] payiar pedypeptide crosstkinkigg by iminen gormation of
h th the oxidized

sa% Eﬁﬁ%\%’iﬁg(Ceﬁrl%ss%%{h%eqﬁﬁl?%e%c:%{gg%gv%sbd;ufnt (3), also:

sever al vvays are known to nodify HAS such that it is,

5 capabl e reacting with a fre

prigtas ease o Pqnyt (9 1ilso sqwerak Wavsare q%n Orinoihfibﬁéc,se%wh that it is
I t

RGNl HOE S EONBL Bl O SR

acdkoducedh rergiosnhbMem gkethe dedwhfg aiel ditht dlESgenin. dhetmetholis in-

fuci ues are explained in
i UG St ey 3o GBiaR b maleimiges kiuTlads af helogen
ab&@tanﬁ&@ﬁ@;chmlmssm@e t@&mﬁ’cﬁk@'afée&ﬁiaﬁﬁéﬂ DY Sétau in
al ., 1992, "J. Biol. Chem, 267, 15916; Thorpe et al
198vemmtes2-4). Bi ochem, 140, 63; Geenfield et al.,
1990, Cancer Research, 50, 6600 as well as fr om the
literature cited in Exanplez 1.3. 15 Further

pOBiHet dethilsBiud Hestehhigsdsadnibe cbehed fom WHAMiOYi emgl 41992,
systenatic overview over possi bI e |inker nplecule

Ful-t Bigk nohamn., 284 RURarinoms plpl 984k @Wnévﬁlqohemtshb‘m 63;
ar(t}reegﬁelé;%\’ &l a{ 9d0I Bifler TREGEH], 89, ¥EULL @El?ﬁ%ﬁ%ftylihre] lpﬁrgture

he cont ext of present tnvention are
ar¢1tednnE@amplec2| ;11]3[ y available (e.g. fromPierce,
avai |l abl e from Perbio Science Deutschland GrbH, Bonn,
Germany). In step c) of the nmethod of the present

| N@fHek PBssitle eurRBbYPERYIsHA iATTableeP p’i‘c}vﬂﬂ Frh sy3Rnidie view
of step b) is reacted, whereby an HAS-polypeptide is

- prodn pessible hpk¢rgnolecules Furthermore the mechanisms per se are known in
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the art.

Several lin'ker‘vmolecule's which are useful in the context of the present invention

- are known in the art or §ommefciaily available (e.g. from Pierce, available from

Perbio Science Deutschland GmbH, Bonn, Germany).

In step c) of the method of the present invention, the polypeptide of step a) with
the HAS of step b) is reacted, whereby an HAS-polypeptide is produced compris-
ing one or more HAS molecules wherein the HAS is conjugated to the polypep-

tide via a carbohydrate moiety or via a thioether.

In principle, the detailed methods how to react the polypeptide with the modified
HAS depend on the individual modification of the polypeptide and /or the HAS
and are known in the art (see e.g. Rose, 1994, J. Am. Chem. Soc., 116, 30;



ing one or nore HAS nol ecul es wherein the HAS is
conjugated to the pol ypep- tide via a carbohydrate

woioahys76r via a thioether. In principle, the pet/arioesioossss

nmet hods how to react the pol ypeptide with the nodified
30 HAS depend on the individual nodification of the

pol ypeptide and /or the HAS44and are known in the art
(see e.g. Rose, 1994, J. Am Chem Soc., 116, 30; WO
2004/ 024761 PCT/ EP2003/ 008858 -44 O Shannessay and
V\O:Bhﬂmesls@ﬁ@nd Wrieheki 1920, ABiabtticalBiothemisttg 11911 1; Thasppet al.,

98, o 17 Bicpet. 180, Cigipy eydor D 4 RET G, 267,

gbgﬁe exenpllfled in the present i nvention, the
tall's are given in Ex- anples 2-4, especially 4.
Step ¢) may be perforned in a reaction nmedi um

c isi ‘at lea 0 % )
- AP St oo ied o s e B b P el A in e
2Qtehnemmgwent|on conprises at |east 10 % per
wei ght water, preferred at |least 50 % nore preferred
at | east 80 % e.g. 90 %or up to 100 % The degree of
§%néauen lb%%%% rtngd ‘fff‘lacﬂéact ﬂtrﬁgdlﬁrfxs&‘?rﬁ;ds ¥t least 10 % per

e reaction takes ace 1 n an aqueous :

- phasgght H,0.5 The preferred reaction mediumis water. -One.
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advantage of this enbodi ment of the nethod of the
invention is, that it is not necessary to use

t Ofﬂe%ﬂcﬂgh ﬁﬁhlu‘a‘n & ihtd efere@ bi8odimeANE thé alettidarstahmeention

I's not neces- sary to renove these solvents after
t h:enmnwruant ﬂaaehl(bl’/opeseelghtnvai«rrdenefqr@d@r tagt e, pepre preferred

COGT AL, 2D 9h%hot 5 15 5 e aEuEL BELIRAS sobensSi cateu-

W'lht'éd "r@;@@&%lﬁ Cdmiequtay, ﬁl@&é&ﬁb@@&l&élﬂl?yzeqm dri ageous phase.
solvents. It is preferred to use as organic solvents

t ckicatfomed renrtjorpediym is W@ sol vents |ike ethanol or
propyl engl ycol . 25 Anot her advantage of the nethod of
the invention is that irreversible or reversible

One advantage of this embodiment of the method of the invention is, that it is not

necessary to use toxieologically critical solvents arld that therefore it is not neces-
sary to remove these solvents after the production.process in order to avoid the
~ contamination with the solvent. Furthermore 1t is not necessary to perform addi-
tional quality controls with respect to re51dual toxxcologlcally critical solvents. It
is preferred to use as orgamc solvents toxicologically not critical solvents like

ethanol or propylenglycol.

Another advantage of the method of the invention is that irreversible or reversible
structural changes are avoided which are induced by organie solvents. Conse-
quently, polypeptides obtained according to the method of the invention aredif-

ferent from those prepared in organic solvents such as DMSO.



structural changes are avoi ded which are induced by
organi ¢ sol vents. Conse- quently, polypeptides

wobdoaionzdl accordi ng to the nmet hod of the i nvent¢DEPENE008858

dif- ferent fromthose prepared in organic solvents

such as DMSO WD 2004/ 024761 PCT/ EP2003/008858 -45
Furthernore, it has been sur$¥isingly observed that

the conjugation of HAS to drugs in an aqueous

solution avoids side reactions. Consequently, this
efwedlermor® it has betre sﬂphhiﬁgilyocfbstdved ithat ehe iconjugaianmoft HAS to
i nproved products wi.th r urlt 5CInthe Iext

0 gt AncaqISPUs sRlutien ayp H%ns onsequently, is embodi-

" Il 8@ lnlféff\)\?:tfl ﬁtﬁﬁ 1nv'e§tldf§l€§astt6’ imprYES ﬁﬂo@u&& Witﬁtgreat purity.

derivatives ave been substituted
hydr oxyal kyl groups. In- thi's context, the al kyl ‘gr.oup

bstitited Preferably. the, hud
AT R
atlﬁ&'i‘éate stabefir dexiy afivey i Kdve beérhﬁib@ﬁ@lfﬁ W1 18fdesaalkylgroups. In

ri ses hydroxyet hyl starch, dr oxypr.opyl starch an

| hyhmomwxghsmlwlgrmay bm%&béﬁltﬁéﬁyﬁﬁe gy e Bydrpxyallgh gon-
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hydr o r S " "
PP B e Bl B o T, gyt
Qﬂl%ﬂb&prefé&awwommﬁédﬂhicﬁb)@redﬂldtﬂﬂﬁ) hyldSoxplpsdpylstarch and hy-
preferred for all errb‘éqd present _
i rﬂ?@%ﬁb%’rlﬁtar?h’ewé%ﬁ%g rgpyet i%sqr ngxapmylsz?r%are pre-
|qghg?es derivatives wherein the aIkyI group is nono-

or polysubstituted. In this context, it is preferred
that the alkyl 20 group is substituted with an

hal.ogen, especi al | I Wit h | group,
el o A A R St e Bl
Furthernore, the term nal hydroxy group of
hydroxyal kyl may be esterified or etherified. In
addydroxyethylsterchi(kRRS) g st prsferie don gl eanbpdiments p‘éﬂ@wresent )
&%J i near or branched. 25 Furthernore, instead of
I%&? % so linear or branched substituted or
unsubstituted al kyl ene groups nay be used. In the

context of the present inyen [oxyet hyl starc
R ﬂpd%/sv\gqr@lﬁpv%g\gmrelaftﬂe alkyl

1- 380 rondN6F Bb&s&sﬂﬁm. 'fl?ltlﬁg WbAfextV&l BNireRfred that the alkyl
group is substituted with an halogen, especially flourine, or with an afyl group,
provided that the HAS remains water soluble Furthermore the terminal hydroxy
group of hydroxyalkyl may be esterlﬁed or etherified. In addltlon the alkyl group
of the hydroxyalkylstarch may be linear or branched.

Furthermore, instead of alkyl, aiso linear or branched sﬁbstitutedl or unsubstituted

alkylene groups may be used.

In the context of the present invention, hydroxyethylstarch may have a mean mo-
lecular weight (weight mean) of 1-300 kDa, wherein a mean molecular weight of

5- 100 kDa is more preferred. Hydroxyethylstarch may further exhibit a molar



30 5-100 kDa is nore preferred. Hydroxyethylstarch may
further exhibit a nolar WO 2004/ 024761

weasBRZe03/ 008858 -46 degree of substituti onPOf/EB2003/008858
to 0.8 and a rati o between C2: C6-substitution in the
range of 2-20, with respect to the hydroxyethyl groups.
The HAS- pol ypepeti de producedtby the nethod of the
i nvention can be purified 5 and characterized as
follows: Isolation of the HAS-pol ypepti de can be
pedégreerafisubgtitution gf Rriown).praad adutie detween (,1&-substitution in the

purific nat ur al reconpi nant pol ypepti des
(era&geg?ég8 {‘EI?P‘?FN @ﬁ&‘aﬁﬁl’%&‘gﬁlﬁ 'PSi on- exchange
chromat ography, RP-HPLC, hydroxyapatite 1o _

chr omat ogr aphy, hydrophobic interaction
C h’tfbﬁ&iﬁc)%p@lpmpetldh produeesebiy the miethod of itheeinvémioBxanbieepurified

20.-8 nat i,ons. thereof ). The coval ent.
3 at ?Iédcﬂ}?é%f P £§ln°i”8 the pol ypetide can be verified

by carbohydrate conpositional anal ysis after
hydrol ysis of _the nodifjied protein. 15 Denonstration

of Isplationwdithe BaxS-eypaptise cam be degformaess b ebing M@smafrocedures
h b
| DR 7 R PSSR oo

pr eldogiatgraphy f tloh&xhlnajjlger chrinidtogryphiyn RPHPLCE l'k)]droxyapatite
: West ern Bl of - g n ysis. .20 HAS nodification of

10 | RO ABEDEY o BT RS Uniteicrias RS- BaHPRG e procedure de-
- degmsl it en ¥20t8tb‘?cf>ﬁb{ﬂéﬁ§nsttﬂet‘égff0t t he

correspondi ng proteolytic Cys-peptide in RP-HPLC and
MALDUTOF-MS i n the proteol ytic fragments of the

of TRARTEHF w%ﬁa%#f%mg thePopsbtitecaeanal By b oo g"ﬁydmte

ph&omﬁésﬁﬁrﬁp Vs-dfRP By &BRGisof ﬂﬁtlﬁ&dlﬁ&ljprotem
matri X-assi ste | aserdesorp- tion/ionization - tine of

1_5fI|ght - mass spectrometry to the characterization of

oG T TR AR —

f r eidé¢ cambeﬁiﬁdcemptiﬁl&ﬁ&gl t¢irlo@aldd faRS HABmolifled &N-glycans and obser-

S di
q/vatﬂ}?l ofr the predlcted shift to higher moblhty in SDS-PAGE +/- Western Blot-

ting analy31s
20 | . . _ .
* HAS modification of the polypeptide at cysteine residues can be demonstrated by
the failure to détect the conesponding proteolytic Cys-peptide in RP-HPLC and
: MALDI/TOF-MS in .tvhve protéolytic ﬁ‘égments of th‘eb HAS-modified product
(Zhou et al., 1998, Application of capillary electrophoresis, liquid chromatogra-
25  phy, electrospray-mass spectrometry and matrix-assisted laserdeSorp-
tion/ionization - time of flight - mass spectrometry to the characterization of re-
combinant human erythropoietin, Electrophorésis, 19(13), 2348-55). The isolation
of the HAS-containing fraction after proteolytic digestion of the Cys—rhodiﬁed
polypeptide enables the verification in this fraction of the corresponding peptide

30 by conventional amino acid compositional analysis. _



pol ypepti de enables the verification in this fraction
of the correspondi ng peptide 30 by conventional am no

wa@céood/oeaaposi ti onal anal ysis. WO 2004/ 024761 PCT/EP2003/008858

PCT/ EP2003/ 008858 -47 Al enbodi nents di scl osed above
with respect of the HAS-pol ypeptide of the in- vention

- concerning properties of the4dcl ypeptide or HAS apply

10

also to the nethod of the invention for the
producti on of a HAS-pol ypepti de conjugate.

Fuatihedbsdirents distlodboveraithesPesicdfabe Bl A pylgpaptidd of the in-
respect to HAS-EPO or the preparation_5 thereof whic

r eveatnentcen%pvg peogertigs gkths rpgiypsmlciecpr#nh@s ApPIV\R1se| 1 dhey Iaethod
|

| BRI for Wb BRI P LS pbBRIAYEIEAR, Prfmore,

r ehlhteaﬂ;odmeatsl—l&i&lmﬂyqimpe ivdéh respeaito &I[)AS—EBO oh ehenptelpamltion

ha e{eﬁg“ﬁlhg; 1§ Iggtrc])é)gpé el{)[%glll °rttHMiB& the method of
HAGe R REPdr I ﬁf)dﬁdﬁ%n'o@ Y EIAS-BBlypéfifae rc@hﬁl@at% 0 a

preferred enbodinent of the present invention, the HAS
used has thefollovvlngforrrula(l) ORI H BHAS O (1)
20 H R3

O B (ot eS8 RS p e il by s mitod of
- dr teMdbdaibn. refebly] ks HRASYholhyebtias Yad thy Ifedtlras @fhdeﬁh‘éd for the

used in_the present invention is not limted to-
cofpa kS -Relypeptide of theripyeptionc ar bohydrat e moiety

- conprises hydroxyal kyl groups Rl, R2, and/or R3 as

15

20

25

depicted, for the sake of brevity, in for- nmula (1),
buAcedrdmg nteherafetral enbpdimensofi the phesedt 1ﬂ¢enhea,sthe 1S used has

"V ‘%XP{O\%BS UGG

o

. wherein R;, R; and R; are independently hydrogen or a linear nor‘ branched hy- "
 droxyalkyl | gfoup. The term "hydroxyalkyl starch” as used in the present invention
.is not limited to compounds where the terminal carbohydrate moiety bomprises
‘.hydroxyalkyl gréups Ry, Ry, and/or Rj as depicted, for the sake of brevity, in for-
mula (I); but also refers to compounds in which at least one hydroxy group pre; |
sent anywhere, either in the terminal carbohydrate moiety and/or‘ in thé remaining
part of the starch molecule, HAS', is substxtuted by a hydroxyalkyl group R, Rz, |
or R;. In this context, the alkyl group may be a linear or branched alkyl group |
which may be suitably substituted. Preferably, the hydroxyalkyl group contains 1
to 10 carbon atoms, more preferably from 1 to 6 carbon atoms, more preferably
from 1 to 4 carbon atoms, and even more preferably 2-4 carbon atoms. "Hy-

droxyalkyl starch" therefore preferably comprises hydroxyéthy] starch, hy-



sent anywhere, either in the term nal carbohydrate

noi ety and/or in the remaining 20 part of the.starch
wodgopd7er HAS , is substituted by a hydroxyal RgT/EBro0s/pssss

R, R2, or R3. In this context, the al kyl group may

be a linear or branched al kyl group which may be

sui tably substituted. PreferdBl-y, the hydroxyal kyl

group contains I to 10 carbon atons, nore preferably

froml to 6 carbon atons, nore preferably froml to 4

c adiboyprapyin&arch nghdekgioxybuey] praette reldryinZaylireafethyh starch and

atons. " 25 droxyal kyl starc efor ref rably
' CoW‘?’@’@EOHY)I/é@é‘i@é&efﬂfﬁl“é’ﬂa&}ycﬂ{egﬁﬁé\%ydz@@’g being espe-

qg&gﬁ%g Q08858 48 droxypropyl starch and
butyl starch, wherein hydroxyethyl starch and
hydr oxypr.opyl starch are particularly preferred,

hy th be| e cihall ferred. 5

s LS A teel << 2t % grasy g compound which
Cr Ra&s wiiﬁ RY.SC ‘?)B&}EMBS' MBS Cinhd theel emdehsdalﬁ%s the polypeptides
preferably HES, and fhe polypeptl e such as th
podieserahediabeve. descri bed above. The reaction betmeen
HAS and the crosslinking conpound. may take place at
the 10 reducing end of HAS or at the oxidised

r eThCieagicnbtaberNAS drldethe basdinkiSonpyind enayaaled slace at the
havi.ng a structure according to fornula

- 10 O redpqung epd of /o5 at th%O)ﬁlQ@@ reducipg gnd | o& d}%%d"fhegefore HAS
ol P§93acéaqlqcﬁkg%gstﬁ,&ufeogcwd&g(tb k@r}nulm) AHH O HAS

Q)

(IIa) ‘

and/or according to formula (IIb)



R OR3 OH and/or according to formula (l11b) WO

2004/ 024761 PCT/ EP2003/008858 -49 HORI HAS HIOH O
W@ bdob)p247€@ 1 COOH H OR3 H If HAS accordi ng to POT/RP1083/008858

(1) is reacted with a crosslinking conpound, the re-

action preferably takes place.in an aqueous nedium |f

HAS according to formula (F#2y and/or (Ilb) is

reacted with a crosslinking conmpound, the reaction.

preferably 5 .takes place in a non-aqueous nedi um such

as in a polar aprotic solve or solvent mxture such -

as DMSO and/or in DVF.ylf t IHAS- pol ypepti de

conjugate of the preseft igvention is produced via

reac- tion OE'EA?:%‘DFQS detfi vatN veHc rising HAS and a

crosslinking ungk” \ ~I0 oxi di sed

car bohydrat e rmi-et)pof»t e ppl ypeptide, the o (IIb)

crosslinki ng compoudgGi e lg‘zlb@,qrrpound SO

H2NNAN-NH2 H2N, NANNH2  H2IN- 12 obykl Hor 'HH or HN

NH2 H2N NH2 OH OH H2N. 'OH 3 :

If HAS according to formula D is réacted with a crosslinking compound, the re- _

action preferably takes place in an aqueous medium. If HAS according to formula

(I1a) and/or (iIb) is reacted w1th a ciosslinking c.omplound, the reaction preferablyl
5 . takes place in a noh-aqueo_us medium such as in a polar aprotic solvent or solvent

mixture such as DMSO 'and/oAr in DMF.

If the HAS-polypeptide conjugate of the present invention is pioduced via reac-
tion of a HAS derivative, comprising HAS and a crossliiiking compound, with the
10  oxidised carbohydrate moiety of the polypeptide, the crosslinking compound is

preferably a compound

s o
e L NH, .
' N N ' N N
CHN=NH, - H H - oor H H
. or . | ' . .
HZN/\K\'NHZ HzN\/\/\NH
OH | | ]
| - | HN_ 0 |
OH N—«(‘OH
HZNO\/k/NHz - H
- "~ NH,
OH ‘ OH

2

| /\)\/NHZ /\/K/NHZ"
HN" H,NO™ 7



N4~ OH H2NO ,/NH2 HNH2 OH OH HNH2 HNH2 2 2 W
2004/ 024761 PCT/ EP2003/008858 -50 HZNW OOH NN H
WO bH2/060OH H H H2N, NYlV S S NH2 N N H H BCTEP20034108858
111 NH HZN-NO S 11 NH2 -010 0 H H2ZN, N N, NH2
H2N-0-"/~O-'"-,-NH2 H O -
‘ -50 -

If the HAS-polypeptide conjugate of the present invention is produced via reac-
tion of a HAS derivative, cbmprising HAS énd at least ohe crosslinking com-
pound, with the thio grouf» of the polypeptide, it is.préferr_ed to react HAS at its
5  optionally oxidized reducing end with a first crosslinking compound which is

preferably a compound

S ' o @)
N TN
: N N N N
H,N—NH, or H H or . H H
or _ : : |
H N\/\/\
, Hs/\/NH2 _ | 2 NH

H N/\/C.OOH | | HzNAK\NHz
2 : oL .



NN~ ~N~/~ ~~~N HHOOOIf the HAS-pol ypepti de
conjugate of the present invention is produced via

w0 e@sA24760n of a HAS derivative, conprising HASCHRP2083/008858
| east one crosslinking com pound, with the thio group
of the polypeptide, it is preferred to react HAS at
its 5 optionally oxidized reducing end with a first
crosslinking compound which is preferably a conpound
O H2N, lam NH2 H2N NH2 H2N-NH2 or HH or HH or HS
H2N HS NH2 N_~000H H2N'NH2 2 OH WD 2004/ 761

PCT/ EP2004/Nj088 B OH H2N-"~rOH OH OH Nq;iH
/ QO0H H2NO H NOJPH ---~~ 2 CH OH  H .
~_COOH - QM
BNo . HNO™ |
 OH A OH
/\)\/NHZ . /\)\/NHZ
H,N H,NO
| OH .~ OH
H,NO OH H2NO\/k/NH2
o) o) HN_ o)
N—%_\
| H
H,N—N OH N HN oH
HN O HN. O
'N
H | HA/Sﬁ
HO OH AcHN OH
H,N_ o) o H,N_ 0
N—<_(-0H N OH
H / | H
- OH : NH,
L ONH
H,N_ 0 0. H
N N,
H ~ 'NH,
HO OH ‘
H H



OH OH H2ZNO-/OH H2NO I LNH2 O H2NM H H2N-N OH H2N OH

HZNN 2NN ON N HHO OH AcHN OH HN HZNN N OH H OH H

woeebie24760ONH2 HS /ONH2 HS/ ~/~ HZN\ O O H H NeCNEP200510d8858

’ OHHHHNNYNS S~ NNNH2 HHW 2004/024761

-52 OO0 ~NS S--N H2N 01 101 ~NH2
-52- :

PCT/ EP2003/ 008858

) | | o

H N N o 0

N7 SNH, HNT 07 NN,
H I 7 | |

.\./0\/\ /\/o\ - .}H o H '
N o) N _N N.

and react the resulting HAS derivative with a second crosslinking éQmpound
which is capable of reacﬁng with the .HAS derivative and the thio group of the
“polypeptide. If, e.g., the HAS derivative comprises, as fuhctional groﬁp whichis
reacted with the second crosslinking compound, the struéture -NH-, as described
5 ébqve in detail, the following‘_types of second crosslinking compounds with func-

tional groups F1 and F2 are, among others, preferred:

Type of compound (L) |F1 F2

C lodoalkyl N-succinimide ester
D ' | Bromoalkyt N-succinimide ester
E Maleimido N-succinimide ester
F Pydridyldithio . ‘| N-succinimide ester
G Vinylsulfone N-succinimide ester |

Especially preferred examples of the first érosslinking compound are

O

' H N N
HN_ ‘ N H,N S
2 N/UV\/\”/ NH, 2N \[S]/

/M\N,NHz

H H

O N
H H
0 -
L0~ NO\ HzN\N/u\N,NHz
H,N 0 NH, H H

the compounds




0 2N, N' -' O~ ~0O~i0~-NH2 H NH2 H2ZN O N ~. O~/ ~O~, ~ON
NN HHO O and react the resulting HAS derivative
wowdon/oa7rsecond crosslinki ng compound whi ch | SPCEBRI0E008858
of reacting with the HAS derivative and the thin group
of the polypeptide. If, e.g., the HAS derivative
conprises, as functional gr Gl5|3 -which is reacted with
‘the second crosslinking conmpound, the structure -NH,
as described S above in detail, the follow ng types of
second crosslinking conmpounds W|th func- tional Qgroups
F1 and F2 are, anong others, preferred: Hzgg of
corrpoundo L) F1 E}\M{Qdoal kyI N- succi ni r /WZ
Brorma Ky suoCin eNtgfer E Maleinmido H
N-succi ni mde ester F Pydr| dyl di o N-succinim de
eSbé&ig p&éﬂl&w ﬁfé'fér%&ear{‘d' thé @alowlﬁ@ 62 0f8 ERkslinkRiRRoholidds
preferred exanpl es of the irst crosslinking compound -
are OHH " _~Y H2N1~ N N, HN@ISZ HOS)aNN
~NH2 HHO O@HZNANHZ

are preferred, the c_ompound

- O,
o g -
N_O/U\/'N
| 0

being espec_ially preferred.

5 Depending on the respectiv_e' reaction conditions, the solvent or solvent mixture
used and/or the residues R' and/or R" of a compouhd R'-NH-R" the HAS is re- |
acted with in an aqueous medium, it is poésible that the hydroxyalkyl starch deri-
vate obtainable by the method or methods descﬁbed above may have the follow-

ing constitutions (IIla):

(ma')

10



H2N 0-~~ NH2 and N H the conpounds WO 2004/ 024761
PCT/ EP2003/ 008858 -53 0 01% H2N~NNNH2 O H2N O NH2

wa@npab4i4461 bei ng particularly preferred, and theCT/EP2003/008858

followi ng second crosslinking compounds OO0 0 0 NO
NNO NOOan O d are preferred, the conpound O 0
O 4N-O0. N O being especial kydpreferred. 5 Dependi ng
on the respective reaction conditions, the solvent or

. solvent mixture used and/or the residues R .. and/or

5

10

15

R'ThekeforeC hepadsast iffverion RisotrbiatekieSa h Zd&ﬁyalﬁﬂtﬂcw\ﬂérhaﬁ?e as
an aqueous medi-um it is possible that th

hydesgibed iaRgye hayvmearagstitution aecerding i fagmula (Bla)t ne
met hod or net hods descri bed above may have the foll ow
i ng constitutions (Illa) R
It is also possible that, e.g. in the case where R’ is hydrogen that the hydroxyalkyl

starch denyate obtainable by the method or methods described above may have
the following constitutions (IIIa) or (IIIb) where (I1l1a) and (11Ib) may be both pre-

sentin the reactiqri mixture having a certain equilibrium distribution:

 (llla)

(I1b)

. Therefore, the present invention also relates to a hydroxyalkyl starch derivative as

described above having a constitution acéording to formula (IIIb).

Moreover, the present invention also relates to a hydroxyalkyl starch derivative as
described above being present in a mixture of constitutions according to formulae
(111a) and (IIIb).

Depending on the reaction conditions and/or the chemical nature of the compound
R'-NH-R" used for the reaction, the compounds according to formula (Illa) may
be present with the N atom in equatorial or axial position where also a mixture of

both forms may be present having a certain equilibrium distribution.



HHAS HOO R (ilia) itp, NHORSR Hio W
2004/ 024761 PCT/ EP2003/ 008858 -54 Therefore, the

w@e@depizei nvention al so relates to a hydr oxyal Rg1/EP2003/008858

starch derivative as described above having a
constitution according to formula (lIlla). It is also
possible that, e.g. in the €adse where R is
hydrogen”that the hydroxyal kyl 5 starch derivate
obt ai nabl e by the method or methods described above
may have the follow ng constitutions (I'r1a) or (IIIb)

ere (lIlla), and (Il1lb bot h pr.e- sent ,
mﬂ%ﬁ?ﬂ‘é}ﬁg RP)E@W%“W&\H%%‘“QH %F the ehfimiral WP’%P% Compound R*-

ST o B s S g

5

10

15
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- present with the C-N double bond in E or Z conformation where also a mixture of

both forms may be present having‘a certain equilibrium distribution.

In some cases it may be desirable to stabilize the compound accordmg to formula

_ (lla). This is espemally the case where the compound according to formula (IIIa)
s produced and/or used in an aqueous solution, As stablhzlng method acylatlon

of the compound accordmg to formula (Illa) is particularly preferred, especially in

the case where R' is hydrogen. As acylatlon reagent, all suitable reagents may be

used which result in the dcsired hydroxyalkyl starch derivative according to for-
~ mula (IVa) | | '

(IVa) ‘

Accotding to especially preferred embodiments of the present invention, the resi-
~due Ra being part of the acylation reagent is methyl. As acylation reagents, car-
boxyhc acid anhydrides, carboxylic ac1d halides and carboxyhc ac1d activated

esters are preferably used.

Therefore, the present invention also relates to a hydroxyalkyl starch derivate ob-
tainable by a method as described above wherein said derivative has a constitution

according to formula (IVa).

The acylation is carried at a temperature in the tange of from 0 to 30 °C, prefera-
bly in the range of from 2 to 20 °C and especially preferably in the range of from
41010°C. | |



H Therefore, the present invention also relates to a
hydr oxyal kyl starch derivative as 10, descri bed above

whasngt7al constitution according to formula (1PeDEP2003/008858

Mor eover, the present invention also relates to a
hydr oxyal kyl starch derivative as described above
bei ng present in a m xture oefSéconstitutions according
to fornulae (111a) and (111b). 15 Dependi ng on the
reaction conditions and/or the chem cal nature of the

-conpound R -NHR' used for the reaction, the

10

15

20

(lIlla) is particularl

for- mula (I'va) ORI 'H HAS"

ounds according, to fornula. be present

(11la) may
nhot'@qﬁecawsat B ibs dsgjiable o) siabilize t‘és‘( FAMPYHY acresdingHa dgmula
I r
o (IR THIsSS hechilly (LA MAERRN SRRl E2 iy forhiiA )
Pdﬁlm%ﬂﬂﬁ%md in58.aqDeque saliufign.oks sthkilivinganéthod, reduction

e Bl R By o B gy
t Othfa Qam@eré R {0y d8genbAs rwu@ﬁ&meagex{t hait E\ﬁtaQreNeaigé%' rﬁasy be

bond .in or Zconforrmtlon where.al so a m xture of

bo‘ﬂi’f‘?d wﬁn%rmly i thepdlasired hy draxyabigy | stacely derivativea¢dording tenfor-
al( |on In some cases it may be desirable to

sta |I|zg t he .compound accordlng to formula - (I1l11a).

This is especially the case wheORthe conmpound

accordrng to fornul a (IH
i n-an aqueous sol ution.
acyl ation 10 of HAS'conpqg

produced and/ or used
iliging method,
Ht 0 forml a
speci.ally in the
case where R s hydrog§2 on reagent, all (IVb)
sui tabl e reagents may be* us It in the.
desi red hydroxyal kyl starch der?&atlma_a cording to

- NHR"
According to eépecially_ preférred embodiments of the present invention, as reduc-

tion reagents boro hydrides such as NaCNBH; or NaBH, are used.

Therefore, the present invention also relates to a hydroxyalkyl starch derivate ob-
tainable by a method as descrlbed above wherein said derivative has a constitution

accordmg to formula (IVb)

The reduction is carried at a temperature in the range‘of from 4 to 100 °C, pref-
" erably in the range of from 10 to 90 °C and espec1ally preferably in the range of
from 25 to 80 °C.

The present invention further relates to mixtures of compounds (IIIa) and (1ITb),

~ (IVa) and (IVb), (llla) and (IVa), (Illa) and (IVb), (IIIb) and (IVa), (IIIb) and
(IVb), (Illa) and (1IIb) and (IVé), .(IIIa) and (11Ib) and (IVb), (IVa) and (IVb) and |
(111a), and (IVa) and (IVDb) and (IIIb) wherein (HIa) and/or (IVé) may be inde-

pendently present in a conformation where the N atom in equatorial or axial posi-



R20 H OR3 N\R11 H According to especially preferred
enbodi nents of the present invention, the resi- 15 due

w®Ra00dep47g1 part of the acyl ation reagent is netbhgi/EP2A®3/008858

5

10

15

acyl ati on reagents, car- boxylic acid anhydrides,
carboxylic acid halides and carboxylic acid activated
esters are preferably used. Therefore, the present
invention also relates to a hydroxyal kyl starch

derivate ob- 20 tainable by a nmethod as descri bed

abdive andier wheres(flidb)toay bapicvant hith the Cavmdoubleboudhin E or Z con-
ac%ordLn to fornula (IVa). The acylation is carried

at gmfgﬂgErature in the range of fromO to 30 C

prefera- bly-in the range of from2 to 20 C and
especially preferably in the range of from 25 4 to 10
C. Theipgoliomiurthen rebtqy reHAS miaBptde agerding t Herinvention for
cases: it ' t L e compound
aczlg‘?lgi anlél&%d fogrtxdﬁgﬁggn??f?’ﬁgﬁ%aﬁﬁ?é&@gé écially the

case where the conmpound according to forrmula (111Db)
iséprﬁduCed and/ or ysed .in an aqueous -solution. As_ .

st ANFthemogey thpresent Invsatien feiptessiad PhaaceH{salipranposition com-

ac b e tpa §.9| el hSerR@ht kYl 1 g, |
SRR IS BTLAAILE ) g VAR i, e
r e ghhatmageuticehganpgsitain caupriseb figthee ag deassommphdrmacesieslly ac-

whi-ch .resylt in.the desired. hydraxyal kyl starch '
o PRIBIF Do ATl eier oA T VEHTopREn feriR: 20
H-OHR (Vo) HORBH o
The invention further relates to the use of a HAS-polypeptide of the invention for -
the preparation of a medicament for the treatment of anemic disorders or hemato-

poietic dysfunction disorders or diseases related hereto.

The invention is further illustrated by the folldwing ﬁgures, tables and exaxnﬁles,

which are in no way intended to restrict the .scope of the present invention.



NHR' According to especially preferred enbodi nents of
the present invention, as reduc- 10 tion reagents born
waoyganiodes: such as NaCNBH3 or NaBl are used. ThepCEERIZ0B3/008858

the present invention also relates to a hydroxyal kyl
starch derivate ob- tainable by a nethod as descri bed
above wherein said derivative$ras a constitution
according to formula (IVb). 15 The reduction is ,
carried at a tenperature in the range of from4 to 100
C, Shoxfdesaiptiingofi the Figuresange of from 10 to 90 C and
especially preferably in the range of from25 to 80
C. 20 The present invention further relates to
m Fisurey of conmpounds (11la) and (111b), (IVa) and
v(IVb (I'l'lta) and (lVva), (llla) and (1Vb), (111b) and
(111b) and (I1Vvb), (Illa) and (II1lb) and (I Va),

S R S

and/or (|va) may be inde- pendently present in a
conformati on ere the N atomin equatorial or-axial
»po§}WV\D 2004 761 PCT/ EP2003/ 008858 -57 tion and/or 4
4 (111 BESIEO BRdBb&B&Rbrdtid o ddifpfe ;B\lodeHpkeEmnéjcon-
or Z con- for tion. The |nvent|og furt her
' reI ates to. pghtadtoplydyamdt-HES 2EIdEding to the

inyention fo n net hod for treatnent, of e

10 18 S ani HES- Y frodRedt bl o SxpbfugBAt! &' EPO%: con-
i nvention r mgﬁgtgﬁy@o@mﬁmm 1ZRID ®gonposi t| on com
prising the ol ypepti-de_of the inventjon.

pr&erred enbentt onjugated BREW;the ekner band f@mi’ EP@rdlmer .
conprises further at |east one pharmaceutically ac- 10
cept abl e diluent, adjuvant and/or carrier useful in

- er Wigrepoi etin therapy. The invention further relates

‘to the use of a HAS-pol ypeptide of the invention for

‘ J5the preparation of a medicament for the treatnent of -

di
e ?;% e ; Scﬁ:g{oggtlﬁ'azcésggmggﬁxr ]2% ésg@o ﬁéa?edd%saf Ucﬂﬁoﬁygfhte moiety of a
carbohydrate side cham by showing a dlgestlon of HAS modified EPO forms with

' polyppetlde N-glyc051dase

20 Lanel: HES-EPO produced accordlng to example protocol 8 after dlges- :
. tion with N- glycosxdase " |
Lane 2: - HES-EPO produced accordlng to example protocol 9 after dlges-
) tion with N-glycosidase
Lane 3: BRP EPO standard
25 Lane 4: BRP EPO standard after digestion with N-glycosidase
mw: marker (Bio-Rad SDS-PAGE Standards Low range Catalog No

161-0305, Bio-Rad Laboratories, Hercules, CA, USA)



15 The invention is further illustrated by the
follow ng figures, tables and exanples, which are in

wooomMay47ont ended to restrict the scope of the PCEERIN3/008858

i nvention. WO 2004/ 024761 PCT/ EP2003/ 008858 -58-

Short description of the Figures Figure 1 5 Figure 1
shows an SDS page anal ysi s of>%wo HES- EPO conj ugat es

mv.  mar ker Lane 1: HES- EPO produced according to

exanpl e protocol 8 EPOis con- jugated to

hyHigare 8o- HES 12KD L 10 Lane 2: HES- EPO produced
according to exanple protocol 9,: EPOis con- jugated
to hydroxylami no HES 12 KD K C. control (unconjugated
EPE)giret Highowppen SDENphge epalysie vfsh&ERBSIEP® confuigate! froduded ac-
Figure 2 denbnstrates that the HES is conjugated to a -
catBemgde sxampigilédy of a carbohydrate side chain by
showi ng a digestion of HAS nodified EPO forns with _
pol yppeti de N-glycosidase 20 Lane 1: HES- EPO produced

‘ackanedAng Pmteérxalmka Roti®Mark BRESTAINEDg(e?&rl RotnGuibHR-Co,

- N-gl ycosi an ES- EPO, ccording to '
exanpl e p?@?@%’bﬁl g) afnp u]&fg’@ {j Bm%ﬁhe protem marker from

10

15

20

25

30

N- gl ycosi d@geo bain345BRR, 59%@@@@4 dpdj7Lane 4: BRP
EPO standard after digestion wth N glycosi dase nw.

rmLk@rB {( Bi ©ruda preiDst HRCEOGugAivandenrding o examyde Catal og

|o Rad L borat ories, Hercules, CA USA).
W 8‘%/ Og'?l}?%f aﬁ‘@ﬂ/’%ﬁ*ﬁﬂ 3/ 008858

- F;gure_4

Figuré 4 shbwé an SDS page analysis of the HES-EPO conjugate, produced

according to example 17.3.

‘L'clme A: Crude product after conj ugation according to example 17.3.

‘Lane B:  EPO starting material. |

Lane C: . Protein marker Roti®-Mark PRESTAINED (Carl Roth GmbH+Co,
Karlsruhe, D); molecular weights (in kD) of the protein marker from-
top to bottom: 245, 123, 77, 42, 30, 25,4, and 17.

~ Figure S -

Figure 5 shows an SDS pége ahalysis of the HES-EPO conjugate, produced
according to example 17.4 and 17.5. |

Lane A Protein marker Roti®-Mark PRESTAINED (Carl Roth GmbH+Co,
Karlsruhe, D); molecular weights (in kD) of the prdtein marker from
top to bottom: 245, 123, 77, 42,30, 25.4, and 17.

Lane B:  Crude product after conjugation according to example ll 74.



-59- Figure 3 Figure 3 shows an SDS page anal ysis of
t he HES- EPO conj ugate, produced ac- cording to exanple

wazedo2geilane A1 Protein marker Roti (r)-Mark PRESTRIONEDSSSS

5

10

15

20

25

30

(Carl Roth GvbH+Co, Karlsruhe, D); nol ecul ar weights
(in kD) of the protein marker from top to bottom
245, 123, 77, 42, 30, 25.4, af@-17. Lane B: Crude
product after conjugation according to exanple 17.1.
10 Lane C EPO starting material. Figure 4 Figure 4
shdvase &n SOSugapgredactaltysionjugatiohaccbidth de@xampleliyad. e,

praoduced ccording to exanple 17.3. Lane A: Crude
pr gd"ﬂﬁi)‘af #@ﬁ@@'ﬁﬁng ?r&ﬁ?r according to exanple 17.3.
Lane B: EPO starting material. Lane C. Protein marker
Roti (r)-Mark PRESTAINED (Carl Roth GrbH+Co, 20
KarFigeneife, D); nol ecul ar weights (in kD) of the

protein marker from top to bottom 245, 123, 77, 42,
30, 25.4, and 17. Figure 5 25 Figure 5 shows an SDS

pagtgad @l shoing aBfSDI padditalyblo of M1EHBROconpigads,GR8duced accord-
according to exanple 17.4 and 17.5. Lane A. Protein
nariRgio e8mples) Onpnd PRESTAI NED (Carl Roth GrbH+Co,
Kar | sruhe, D); nolecular weights (in kD) of the

protein marker from 30 top to bottom 245, 123, 77, -
42,1430 A: 25 Pdotemnthaikér Rati® Miirk CREST AANGDI ¢CardfRe2l GmbH+Co,

conj ugatio ccording to exanpl 7.4 2004/ 024761
PCT/ EP2003/ @g’g’ bg’G‘@OIIEQ‘ﬁ%r @nggﬁs %}H’ekla} \é\g@@tpr%tﬂnemarker from
conj ugat | 0@0&&%@%943912@5%&?30}}5@; and 17.

Lane B:  Crude product after co’nj ugation according to example 19.4.

Lane C:  Crude product after conjugation according to example 19.1,

Lane D:  EPO starting material.
Figure 7

Figure 7 shows an SDS page analysis of HES-EPO conjugates, producéd accord-
ing to examples 19.2, 19.3, 19.5, and 19.6. |

Lane A: Protein marker Roti®-Mark PRESTAINED (Carl Roth GmbH+Co,
| Karlsru_he, D); molecular weights (in kD) of the protein niarker from

top to bottom: 245,123,717, 42, 30,254, and 17.

Lane B:  Crude product after conjugation according to example 19.6, based on
example 13.3 b) A

Lane C:  Crude product after conjugation according to example 19.5, based on
example 13.1 b).

Lane D:  Crude product after conjugation according to example 19.6, based on
example 13.3 a).

Lane E:  Crude product after conjugation according to ekample 19.5, based on

example 13.1 a).



Lan

e DD EPO starting material. Figure 6 5 Figure 6

shows an SDS page anal ysis of HES- EPO conj ugat es,
w@e@diozEgel accord- ing to exanples 19.1 and 19. BCT/ER2063/008858

A

Protein marker Roti(r)-Mark PRESTAINED (Carl Roth

GrbH+Co, 10 Karl sruhe, D); nol ecul ar weights (in kD)

of
77,
con

the protein marker from tép-to bottom 245, 123,
42, 30, 25.4, and 17. Lane B: Crude product after
jugation according to exanple 19.4. Lane C. Crude

pr oblaretF: af t@mude prgdugatiico orjugation acgrding exeapipte 192.1.

Lan

shot®esy s 8@‘:’5"12!%% £ Q) ygatipgracqe

D. . EPQ.starti terial . 15 Fip%la”e 7 Figure 7

g EnFRagpie 3.

pr opufeqd acemE drartidddmaterigxanpl es 19.2, 19.3, 19.5, and

19.

6. 20 Lane A: Protein marker Roti(r)-Mark

PRESTAI NED (Carl Roth GrbH+Co, Karlsruhe, D);-
gt'mlﬁcul wei ghts (in kD) of the protein marker from
op

Lan

Cru
19.
af t

B8 0¥t tom 245, 123, 77, 42, 30, 25.4, and 17.
e B: Crude product after conjugation according to

exanple 19.6, based on 25 exaggle 13.3 b) Lane

cC
Higuisréoshests anra® pagmnalyats o) %%Espmqm@iaatﬁ;emﬂmgé accord-
g ol 11l ~ Crude product
e DBSEERIAM0 OB 18 10,10 dbu AR, D0

| u accéor ex .6, based on

exanple 13.3 a). 30 Lane E: Crude product after

con

a3, Profy TAEING GTe-E R A0 I o0l GmbH+Co,

15

20

25

30

Karlsi'uhe, D); molecular weights (in kD) of the protein marker from
top to bottom: 245, 123, 77, 42,30,25.4,and 17.

LaneB:  Crude product after conjugation according to example 19.11.

Lane C:  Crude product after conjugation according to example 19.10.

Lane D:  Crude product after conjugation according to example 19.7.

Lane E:  Crude product after conjugation accbrding to example 19.8.

Lane F:  Crude product after conjugation according to éxample 19.12.

Lane G:  EPO starting material.

Lane K:  Crude product after conjugation according to eXample 19.9.
Figure 9

SDS-PAGE analyses of EPO-GT-1 subjected to mild acid treatment for 5 min. =
lane 2; 10 min. = lane 3; 60 min. = lane 4 and untreated EPO = lane 1; the mobil-

ity shift of EPO after removal of N-glycans is shown (+PNGASE).
Figure 10

HPAEC-PAD pattern of oligosaccharides isolated from untreated EPO and from
EPO incubated for 5 min., 10 min. and 60 min. under mild acid hydrolysis condi-
tions. Roman numbers I-V indicate the elution position of I = desialylated

diantennary structure, Il = trisialylated triantennary structures (two isomers), [II =



-61 Lane F: Crude product after conjugation according
to exanple 19.2. Lane G Crude product after

w@omagesi on according to exanple 19.3. Lane KCT/EPI003/008858
starting material. 5 Figure 8 Figure 8 shows an SDS
page anal ysis of HES-EPO conjugates, produced accord-
ing to exanples 19.7, 19.8, 41629, 19.10, 19.11, and
19.12. 10 Lane A Protein marker Roti(r)-Mark
PRESTAI NED (Carl Roth GrbH+Co, .Karlsruhe, D);.
rmltermaf)asmmirghlls (trisialyRtedofriabieangy Gt turesa(t e riscfnli@m o =
top to. bottom 245, 123, 77, 4 and
| gt EtBARIRRNAEY Sirycbire ¢ oﬁ}\b@cﬂxléwoaae@a? 6‘?1%‘?@51{}’ tet-
eX55151atkd tétra]antenlaéf? trlretuler -Iuij?\l Q(Fe@ﬁlé%fosﬁflfn@ epeat V = tetrasia-
conj ugation according to exanple
Cr Uyleted teschantenadry structemjtugithoud iN- mﬁladiongnme r@cahﬁlhe elution

5 e BT Rosps i st s 'wilohE v U4 Bl A6 s dnicaed by

af pdckeé@nj ugati on according to exanple 19.12.  Lane G

EPO starting material. Lane K Crude product after

conj ugation according to exanple 19.9. 20 Figure 9

S anal yses of EPO GI-1 subjected to mld acid

t%g@ﬁ for 5 mn. lane 2; 10 min. = lane 3; 60
= lane 4 and untreated EPO = | ane 1; the nobil -

shift of EPO after renpval _of N-gil ycans is ‘
wsh&mﬁz@ UEAGEN-TTpkegdufligoseschiice afiargsialy Afion: ghe clution posi-

I t
o RSASSISCINERuAL Q6 I 0 6 LB Y e
' m tdnadistintiard rodigysicehacidexi1-= tiaateanarRo2rentriantainenrs (3-MNisomer),

TS A5 b U
St EUg ué $ %RES 7-= trlahterindtP pRQAOA{DE4S: 681“ tetraantennary

PCT. / EP2003/
15 plus 2 repeats and 9 = tetraantennary plus 3 repeats.

Figure 12

SDS-PAGE analysis ‘of mild treated and untreated EPO which were subjected to

20 - periodate oxidation of sialic acid residues. ‘1 = periodétc oxidized without acid

| treatment; 2 = periodate oxidized 5 min. acid treatment; 3 = periodate oxidized
and acid treatment 10 min.; 4 = periodate oxidized without acid treatment; S =

BRP EPO standard without periodate and without acid treatment.
25  Figure 13

HPAEC-PAD pattern of native oligosaccharides isolated from untreated EPO and
from EPO incubated for 5 min and 10 min under mild acid hydrolysis conditions
and subsequent periodate treatment. The elution area of oligosaccharides struc-

30 tures without and with 1-4 sialic acid is indicated by brackets 1-5.



-62 tennary structure, Il = trisialylated triantennary
structures (two isoners), IlIl = tetrasialylated

W@ edonaztoeNnary structure + 2 N-acetyl | act osanPCBEEP2003/008858
repeats, IV = tet- rasialylated tetraantennary
structure + 1 N-acetyl | actosam né repeat; V =
tetrasia- lylated tetraantennd3y structure + without
N-acetyl | act osani ne repeat. The elution 5 area of
ol i gosaccharides structures without, with 1-4 sialic
aci Higuse lédi cated by brackets. Figure 11 10 HPAEC- PAD
of N-linked oligosaccharides after desialylation; the
el ution posi- tion of N-acetylneuramnic acid is

shogns-PAGRahayds Qf!h@@hiéaéoﬁrsfehﬁ}lfﬂs‘-‘ﬁxbefﬁc&ﬁﬁﬂ ofEl"@fG”P 1-A: 20

standard ol i goSacchari d = di antennary;
tri H@tadianets o (IQPQ GIdnvér\)vere r;aeteql Mltslnhyﬁdmaylgm(m-lﬁodlﬁ_ed HES .

4 SOFE r\)atlée: X_fO{ g@ I aar% 3. rlﬁ l-bo'%Bs; Ltirelr g n&%%g&io%%in}e; land 2

repea

t ri antieunaga¢tigh tiﬁle,Zlaﬁ@B%&i ﬁouxg réactiéh tlﬂ@nhﬁ@ﬂa V7 hdils reaction
pl us 2 repeats and 9 = tetraantennary Ius 3 repeats.

Fi gtime: lppegps l%é?liﬂaéy‘gm&o%fflﬁﬁ medificetiors definfiure shows the
unt § At£thd5 PO-08LE ASURL ﬁ&ga‘gln%QnCL?ogn@r?gﬁn[%qrﬂh% presence

oXi at| on oﬁ%' |c aci d resi Sues

oxi of tedwith tiydtokylamitk-mbdigiat MRS devaa‘ﬁvI@Qﬂdexﬁiee 1 ml-min™") X:
oxXi d| zed 5 mn. acid treatnent; 3 = periodate oxidized

10analans b=t 30emimneastionglimeiiane 3 =2 bevis geastion sintcslilaned = 4 hours
Wi t gglgsonaﬁrhg @@‘—"Pﬁﬁom?r act@ﬁp @ng’ %—“,E_?{)E’G’T-{l-g w1th HES

periodate an’ W t hout "aciad’ tr I gure

HPAE@diPiAthﬂﬂt'Eherﬁglmé on ahé vighobliogpasaabRiréfas siselsahpRs after
'H unt reated. Elﬂ?g‘a from EPO i ncubated for 5 mn
andt £ tepimenh wit yaosidaset hydr ol ysi s conditions and

subsequent periodate treatnent. The el ution area of
ol i gosacchari des struc- 30 tures without and with 1-4
15i aFiguretdd is indicated by brackets 1-5. WD
2004/ 024761 PCT/ EP2003/ 008858 -63- Figure 14
SDS-PAGE analysis of Q-Sepharose fractions of HES-EPO conjugates. Each 1%
of the flow-through and 1% of the fraction eluting at high salt concentrations were
concentrated in a Speed Vac concentrator and were loaded onto the gels in sample
20  buffer. EPO protein was stained by Coomassie Blue. A = sample I; B = sample II;
C = sample III; K = control EPO-GT-l; Al, B1, C1 and K1 indicated the flow-
through fraction; A2, B2, C2 and K2 indicates the fraction eluted w_ith high salt

concentration.
25  Figure 16a

SDS-PAGE analysis of HES-modified EPO sample A2 (see Fig. 15), control EPO
sarhple K2 and EPO-GT-1-A EPO preparation were digested in the presence of
N-glycosidase in order to remove N-linked oligosaccharides. All EPO samples
30  showed the mobility shift towards low molecular wei ght forms lacking or contain-

ing O-glycan. A lower ratio of the O-glycosylated and nonglycosylated protein



SDS- PACE anal ysis of the tine course of

HES- nodi fi cati on of EPO GTI-1-A: 20 ,ug aliquots of
WERO4QI+78t A were reacted with hydroxyl am ne- noPCT/ERIH03/008858

HES 5 derivative X for 30 mn, 2, 4 and 17 hours.

Lane 1 = 30 min reaction tinme; land 2 = 2 hour

reaction tinme; land 3 =.4 housk- reaction tine; |ane 4

= 17 hours reaction tine; lane 5 = EPO GI-1-A w t hout

HES- nodi fication. Left figure shows the shift in

nmolahd twasofobEdedsTHot - theWHEB-inodifeds ERQ isaﬁlphﬁtAD naftejr nde-NV-

inihe resence fthe V\Athhdrxlgmne nodi f

HESIYges mavé adiffpsg profew: band yas getgcty %oun@wema mresumably

F’g ﬁégr%eiﬁ?ﬂEg%Bﬂlﬁgandnaﬂth stalia %19"&50 rgg}%ﬁ{gl r&@d&e' & arrow

ours reaction tine,
r eatrkedrbytanmesterislne 5 = EPO- GI-1-A with HES
nodi fication. The figure on the right shows anal ysis
Sof the sane sanples after their treatnment with
N- gigireqgase. 15 Figure 15 SDS- PAGE anal ysis of
Q Sepharose fractions of HES-EPO conjugates. Each 1%
of the rovv-through and 1% of the fraction el uting at

S RA RO SR R S GBS AREEPD PR e
samy. 459 Coatblf EPO déﬂ@ldOKQteﬁxdeM”Bllé\l Wﬁiéhhyer@mm& 6r di-
Bl ue. A =. sanp B=samle ll; C=sanple Ill; K

10= é@ﬁ%qr’é'lthEP@S@FﬁPf Nxglycesidasein aidar feremoys Halesdahigosaccha-
C
it 08 Y R ) e A AT e
Fi @(nggcdlsﬁhsﬁfﬂé‘atﬁhéﬁE(sam blragkets with addSvitbaali ﬁmed) Eﬁﬁ})peared upon
J.e A2 (se 5 co EPO ' s e and
EP '@;“F‘eft%enép% g‘i g?ﬁgl %é}? &Pél? gfauda m%\*\cb( Jas run for com-
Pr $a68R%&v&mot &\lsegs d(&ﬂ%'n%ﬁ&ldi Refthodfy tO remove N-linked

ol i gosacchari O sanpl es 30 showed t he
I5mobi ity shift tomards Iom1nDIecuIar wei ght forns
Iaaglng gr contain- ing Oglycan. A lower ratio of the
gylated and nongl ycosyl at ed protein WO :
2004/ 024761 PCT/ EP2003/ 008858 -64 band was observed

for_the HES-nodified EPO sanple A2 after de-N-
HPAEC-PAD analysis of N-linked oligosaccharide material liberated from HES-

modified sample A, from EPO-GT-1-A and from a control EPO sample incubated
20  with unmodified HES (K). Romén numbers I-V indicate the elution position of I
= disialylated diantennary structure, II = trisialylated trlantennary structures (two
isomers), III = tetra51alylated tetraantennary structure + 2 N- acetyllactosamme
repeats, IV = tetrasialylated tetraantennary structure + 1 N-acetyllactosamine re-
péat, V= tetrasiaiylated tetraantennary structure + without N-acetyllactosamine
25  repeat; brackets indicate the elution area of di-, tri- and tetrasialylated N-glycans

as reported in the legends of Figs. 10 and 13.
Figure 18

- 30 HPAEC-PAD analysis of N-linked oligosaccharide material liberated from HES-
modified sample A, from EPO-GT-1A and from a control EPO sample (K) incu-



gl ycosyl ation and a diffuse protein band was detected
around 30 KDa, presumably representing

woR®4mpdibii cation at the sialic acid of O gl ycROT/EP2003/008858
resi due (see arrow marked by an asterisk). 5 Figure
16b SDS- PAGE anal ysis after mld hydrol ysis of
HES- nodi fi ed EPO sanple A2 (s&e Fig. 15), control EPO
sanpl e K2 and EPO GT- 1A which were untreated or di- 10
gested in the presence of N-glycosidase in order to
r ervated WitH umkedified i Iﬁﬁsd&ﬁhaeﬁtlcﬂﬁﬁmé§eﬁi‘a higtwreeofl Gadard oligo-

Bot h hi gh nol ecul ar weight form bef ore. and )
af tSéWE“Npeﬁllﬁ/W’d Aymbersdat wéieﬁate(fge s%%&e@pgn &F ttRndarttoligo-

it {
a0 Rape s SRR b T

pammrmn), werstetraantenajyg (5t=ethant¢nmry pladi miptate@Enetrdantefifary plus -
ure 17, HPAEC- PAD
Sol (et ch R ADER P e Rsr T A PRI s Rapeateind O =

s a@t@ntenndry pasBR 55{5.1 A and froma control EPO
sanpl e incubated 20 with unnodified HES (K). Roman

nunbers IN indicate the elution position of I

di I d,di antennary structure, Il = trisialylated
trfﬂa{ﬁ‘f%ﬁ%?@ﬂgtructur es (two isoners), Il = _

tetrasialylated tet raantennary structure + 2
N-acetyl | actosanmne repeats, IV = tetrasialylated

10t etfirlaaeﬁ b%%?a?-@r@wssett MALDUHORmasesnerira of %mwmam@lly liber-

TSI 07 DL AL ARLARAR B oty BERUELAGa £r0
[ nd:onMIeEE(D@rqianzttlm Bfaga signaldi at, merig09.ana174. 8 2539.9, 2905.0
gl ycans, as reported in the |leg ends

f)f taﬁiﬁéé% iéﬁ\é a]hsscormsgendemﬁg tséetmm@w@oglﬁgqu% elycan
hl dsl 1?&31@5 %{hgﬂ)s e IB? WK é@fyﬂﬁét@%m&h@?@@%@ %édélg{ﬂﬂggl%y weak

Il ed sanmpl @ A  from EPO°GI- 1A and from a
1SEPGigalsplue t¢ Kss iofi CurosOop gt G 4v6dh AE€TUERR @Cid/hyORBHES condi-

) 65tions emplbyed for the desialylation of samples for MS analysis.
Figure 19
20 MALDI/TOF spectrum: desialylated oligosaccharides of HES-modified EPO A2.
- Figure 20
MALDIJ/TOF spectrum: desialylated oligosaccharides of EPO GT-1-A.
25 ' |
Figure 21

MALDI/TOF spectrum: desialylated oligosaccharides of EPO K2.

30  Figure 22



bated with unnodi fied HES. The retention tinmes of a
m xture of standard oligo- saccharides is shown:

wWovbeee61l- 9 i ndicate the el ution position of BCHRPZNE008858

5

15

ol i go- saccharides: 1 = diantennary; 2 = triantennary
(2-4 isonmer); 3 =triantennary (2-6 isoner); 4 =
tetraantennary; 5 = triantennéby plus 1 repeat; 6 =
tetraantennary plus 5 1 repeat; 7 = triantennary plus
2 repeats; 8 = tetraantennary plus 2 repeats and 9 =
t etMAAMIArQAspecrimsdSialdpted biigodat charides EPOBGAS1.10
Figures 19 to 25 represent MALDI / TOF mass spectra of
the enzymatically liber- ated and chem cally
desighyd 24 ed N-glycans isolated from HES nodified EPO
and “control EPO preparations. Major signals at mz
1809.7, 2174.8, 2539.9, 2905.0 and 3270.1 ([ MtNa]+)

N VSRR B, Sedify hPRCO TORE By PO-48 subjecta 10

N- aeil yydrél9§i9saS M. r epeat s acconpani ed by weak 15
signals due to |l oss of fucose or gal actose which are

due to acid hydrolysis condi- tions enployed for the
desligg;l}?(%i on of sanples for Ms analysis. Figure 19 20
VAL spectrum desial yl ated oligosacchari des of
HES- nodi fi ed EPO A2. Figure 20 MALDI/ TOF spectrum

B RS D TN ol T O S

ol i&gﬁ%ma?gigﬁgsmqgingpo K2. 30 Figure 22 WO -
2004/ 024761  PCT/ EP2003/ 008858 -66 MALDI/ TOF spectrum

desi al yl at ed ol i gosacchari des of EPO GI-1. Figure 23
5 LDI /ZTg spectrum desial yl ated ol i gosacchari des of
18H“%Subj ected to acid hydrolysis for 5 min.’

MALDI/TOF spectrum: desialylated oligosa_ccharides of EPO-GT-1 subjected to
acid hydrolysis for 60 min.



Figure 24 10 MALDI/ TOF spectrum desi al yl ated
ol i gosacchari des of EPO GI-1 subjected to acid

whyanoterei s for 10 mn. Figure 25 15 MALDI / TOFPCT/EP2003/008858
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30

spectrum desial yl ated ol i gosaccharides of EPO GI-1
subjected to acid hydrolysis for 60 mn. WO

2004/ 024761 PCT/ EP2003/ 00885867 - 67- Exanpl es Exanple 1 .
5 Production of reconbi nant EPO A) Production in
manmal i an cel I s Reconbi nant EPO was produced in CHO
celExangsles ol | ows 10 A plasmi d harbouring the human

EPO cDNA was cloned into the eukaryotic ex- pression
vector (pCR3 and naned afterwards pCREPO . Site

di reGhssle fUt agene- sis was performed using standard

pr oteaures as descri bed (G abenhorst, Nintz, Costa et
al ., 1998, In vivo specificity of human al pha o

1, 3/ 4-fucosyl transfer 615III-VII in the

bi mm&m@%nd sialyl Lewis(x) notifs on
conpl ex- type N-glycans -Coexpression studies from
BHK-21 cells together with human -beta-trace protein,
J. /8i Brodugtivarin marmelipn)cellg0985- 30994) . CHO cel |'s
stably expressing human EPO or amino acid variants
(e.g. Cys- 20 29-+Ser/Ala, or Cys-33--*Ser/Ala,
SeRetambinAhttERO Gva) pidiat&bin OO elieasoRéws W th the
cal ci um phosphate precipitation nmethod and sel ected
with 418-sulfate as described (G abenhorst et al.).

cur PSPy g hE B 86 Er R DI PRE ke e Hiarpns ex
angrdssiongettiot ¢WCR3add naneéd aft@waitls pCREPO). Site directed mutagene-

sis was performed using standard procedures as described (Grabenhorst, Nimtz,

Costa et al., 1998, In vivoA specificity of human alpha 1,3/4-fucosyltransferases
III-VII in the biosynthesis of Lewis(x) and sialyl Lewis(x) motifs on éomplex-
type N-glycans -Coexpression studies from BHK-21 cells together with human
beta-trace protein, J. Biol. Chem., 273(47), 3098_5-3.0994).

‘CHO cells stably expressing human EPO or amino acid variants (e.g. Cys-
29— Ser/Ala, or Cys-33—>Ser/Ala , Ser-126—Ala etc.) thereof were generatéd
with the calcium phosphate precipitation method and selected with G418-sulfate
as described (Grabenhorst et al.). Three days after transfection, the cells were sub-
cultivated 1:5 and selected in DMEM containing 10% FBS and 1.5 g/liter G418

sulfate.

Using this selection procedure, usually 100-500 clones survived and where propa-
gated in selection medium for a further time period of 2-3 weeks. Cell culture su-
pernatants of confluently growing monolayers were then analyzed for EPO ex-

pression levels by Western blot analysfs and by IEF/Western Blot analysis.



Using this selection procedure, usually 100-500 cl ones
survived and where propa- gated in selection nmedium
wo evo4@m247ar t her tine period of 2-3 weeks. Cell PBOI/ER2083/008858

su- pernatants of confluently grow ng nonol ayers were
then anal yzed for EPO ex- pression |evels by Western

bl ot anal ysis and by | EF/ West&&n Bl ot anal ysis. 30 WD
2004/ 024761 PCT/ EP2003/ 008858 -68 EPO was produced

from stabl e subclones in spinner flasks or in 21

PeEP@SWapro@@sed fiod StablPishb@s@B tin ghmee@ffmk‘@soreﬁ ZEISKBfuM'oh Reac-
different anounts of NeuAc (e.g - 10, 8-

Netote Diterant elycotams of 50wl daf&@r%toﬁm@mfswfﬁﬂw’r%@ead 2-8, 4-
Pr qhog: cfb%\lé‘lﬁ&cn mdﬁgﬁt\lv tlé 51[§d \égtfo'[(ﬁHg t§ {HJBH&I%@ QJ"r@tBle? using

pr ocedures as g%scr
G gbmbinatisis, vations ﬂﬂbmatb@&@hm‘ﬂn@:edyﬂesm desotileed below.
transmenbrane, and stemregions of
Sglycosyl transferases specify their in vivo functional
sulhtg&ﬂj%zatl on and stabil lo ity inthe Golgi., J Biol

5 '4(51), 36107-16; G abenhorst, Schlenke, Pohl,
N| ntz, Conr adt 1999 Geneti c engi neering of

ant s and t he cosyl ati on '

pat 5\%& ‘E cyigplagmi d‘gﬂ%‘&%’h rang, a“iéte?} regions
819 bty cMWransfe@éses §I9é3if§ Sy infNi0é Functiod] 3dblocdt2HS& and stabil-

1999, Recorrbl nant coprotein g)roduct ~quality in

10 br otyi inte 430l gin-IcBivl @ene,ommm 198+ 165 Greheohosh fshispye, Pohl,

bi. o n 5
o it SR 008 el fintbrngd & Fefoifhipi H fafForgipgand the
C hégﬂﬁ@iﬁﬁtiohqialtlﬁﬁhﬁﬁ nsdradhiyant Hos& 16,0619 Go BT 216(2)5 181 -97; Muel-
w th human- tgl;r% sialyla- tion characteristic,

Cytlers etenkieo Hmizs @oyraglj Hauperp 4 99%)Repprbinant glycopgotein product

fr ?)1rr1“;ﬁtl\‘/1(sI k(ﬁlfe%ﬁ lﬁ nemﬁgﬁ an-g lﬂﬁﬁ%? %megyioér#ec mgineer-

150f mgI%@)MZ%SB@mmarmrabaﬂmksnvam Qem'adxr 1999, Construction
cont ai t he hu EPO er c nt r of the .
polapf éﬂqr? e ﬁapga tagly fﬂﬁes Lgf?- 1g¢0lS Wifhdhugan-type sialyla-
tion characteristic, Cytotechnology, 30(1-3), 17-25.

B) Production in insect cells

- 20

Recombinant human EPO was produced from insect cell lines SF9 and SF 21 af-
ter infection of cells with recombinant baculovirus vector containing the human
EPQO c¢DNA under control of the polyhedrin promoter as described in the litera-
ture.

25

Cells grown in serum-free culture medium were infected at cell density of 2x108
or X107 cells per mL and EPO titers were determined every day in the cell culture
supernatants. EPO was purified by Blue sepharose chromatography, ion-exchange
chromatography on Q-Sepharose and finally RP-HPLC on Cs-Phase.

30



ture. 25 Cells grown in serumfree culture nediumwere
infected at cell density of 2x106 or X107 cells per

waorkooands7EPO titers were determ ned every day i PCT/EB2003/008858

cell culture supernatants. EPO was purified by Blue
sephar ose chromat ography, ion-exchange chromatography
on Q Sepharose and finally RP6OHPLC on C4- Phase. 30 WO
2004/ 024761 PCT/ EP2003/ 008858 -69 Purity of the

product was checked by SDS-PAGE and N-term nal

secpginc bfithe pRetiwdt! W:ﬁdchéakddow SDSLRA GE randt Nt étmifd) %bq&ah&ng
(N-_and 0-glycosyl ation) was per-_ fornmed accordin

putiPstailedy carbishdrateestructirl apalysis) (- and @edhyrgsylation WaS per-
bef@ﬁnedlﬂc%x?mg %af)hshg&’ gfq% rest993, Biosynthesis and

secretion n int kih 2 gl ycoprotein
variants from bacul ovi rus- |nfected Sf21 cel |l s.

Char.acteri zati on of pol ypepti des and posttransl ati onal
Smgflgag

15

- 20

f&'%Fi ons, Eur J Bio 10 chem, 215(1), 189-97;
Quel | e, Casl ake Bur kert V) chowski , 1989, High-1evel
expression a rifi t| on, of a reconbi nant  hunan
er ﬁlﬁ?%ﬁawsétﬁ#eg 2elpetrs onpgt, a19§§ Blosyithesds grebpegretion of
Bl q@than Afifedbuki® @Zg[lzfccéﬁot@ﬁa% Sisréif rUi@ﬁlei?usofcnféc%cngY %ells

HES deri vati ves H-reactive HES 20 1.1 Reacti on of
EMCFhaygictenizayan ofESlyikptides dndrpnsﬁtdnsletamtai weodiikatiakd EuB JHBio-

H o’fllem HE?S(II)_l 89%71 Que ’%IS 8as?a_f<e Burkert, Wojchowski, 1989, High-level
~expression and purification of a recombinant human erythropoietin produced us-

ing a baculovirus vector, Blood, 74(2), 652-7

Example 2

Formation of reactive HES derivatives

1. SH-reactive HES

1.1 Reaction of EMCH with Oxo-HES12KD to form SH-reactive HES12KD

B
. b OH wes. M OH
o) B 0 i OH
SN . H N
H O H OHp



HOHOHOHON B 0 WD 2004/ 024761 PCT/ EP2003/ 008858
-70 0.144 g (0.012 nmmol ) of Oxo-HES 12KD ( Freseni us
w@oomed7Pat ent DE 196 28 705 Al) were di ssol vEdI/EP2003/@)8858
nmL absol ute di nethyl sul foxide (DVSO and were added
dropwi se under nitrogen to a mxture of 34 ng (0. 15
nmmol) EMCH (Perbi o Science,-7Deut schl and GrbH, Bonn,
Germany) in 1.5 nL 5 DMSO. After stirring for 19 h at
60C the reaction mxture was added to 16 nL of a 1:1

m I><|t lﬂ)fleM? (B0 Imfmol pEtIOAcSIES 1K DN (Fresehis | irtnah @atwas DE 196
collecte

by centrifugation, redissolyved in ]
and aXOé i/)et"ﬁfﬁ diggobteda Qa%mls abyobig dimefly! Suffoide (SMSO)

SH r te¥e m%@sg\@ﬁ B3R 0 WmERRE oF BY Gl {(PFS mmol)
and r -ing I n vaccuo jugation reacti on Wt
Thi o- EH’CHI Petlisis cSdidred, Dauﬁxtﬂmmi ﬂmb:l{ eBénn, G@many) in 15 mL

act i cross-1linke

Al t t In t
5 be. odaSOnptien susmept 15555 hC tardiencifos ks PSR 16
f unCtrh]I? Bf aslepﬂﬁﬂhl%%fté‘fhefi\olsmtong UTKé?Ec@%zﬁé‘Wa@%oIﬁ&[ed by

mol ecul es of 15 that. group, avail rom Perb
Sci erertrififratios.credisselve@hiid 3 Bdn®MBLr andragam magcapitpsngs de-

a1 oup OB TR SLE R sRES TPt vk iR BY i BN Ednd ey

di sulihg gevdcons tThe reomugitﬁmewuoa vvmi ThiERGIR (fe'striibled)ﬁh Exam-
coul d al so be used

' 10 Hal ogd®dce?-ani de- deri vatives of HES gl ycosyl amines a)
G ycosylam ne-formation 1 A 1 ng sanple of HES12KD was -
dissolved in 3 nL of saturated ammo- 25 ni um

bi carAlesadtives:Addi tional solid ammoni um bi car bonat e was

then added to mmintain saturation of tion
duri g thifseastion.@H cress-linkers gag be ugse, whrpfa ﬁ ydgezide- and a

rlégg_rg‘al\é\@rﬁdg AL Qe i¥atdd b§ Glsphot? PRirthe? &anflesAbr MdRcules of

15 that group, available from Perbio Science, Deutschland GmbH, Bonn, Ger-
many, are shown in table 2; marked with an "A" Furthermore, another group

of cross-linkers exhibiting an activated dlsulﬁde functlon 1nstead of a maleim-

ide funcion could also be used.

20 1.2 Halogenacetamide-derivatives of HES glycosylamines

a) Glycosylamine-formation !

A 1 mg sample of HES12KD was dissolved in 3 mL of saturated ammo-
25 * nium bicarbonate. Additional solid ammonium bicarbonate was then added
to maintain saturation of the solution during incubation for 120 h at 30°C.
The Amino-HES12KD C was desalted by direct lyophilization of the reac-

tion mixture.

1Manger, Wong, Rademacher, Dwek, 1992, Biochemistry, 31, 10733-10740; Manger,



tion m xture. 1Manger, Wong, Rademacher, Dwek, 1992,

Bi ochem stry, 31, 10733-10740; Manger, WO 2004/024761
wWEOABRZEO03/ 008858 -71 b) Acylation of the  PCI/EP2003/008858

gl ycosylanmine C with chloroacetic acid anhydride A1

ng sanpl e of Am no-HES 12KD C was dissolved in 1 nL of

| M so- dium bicarbonate and-ébeled on ice. To this

was added a crystal of solid 5 chloroacetic acid

anhydride (-5 ng), and the reaction m xture was

al | oned Agylatmnroftie glpmsybheee€ atitlr dhlorddnetip btidashydride

nmoni tored and additional base was added if the pH

dropped below 7.0. After two hours at roomtenpera-

ture a %@‘I%@séhplg UPIAnﬁﬁo-PH;%QZKWC%W!sb%d 13282 nﬁﬁgfi‘ﬁM so-

After six hours the, product Chl oroacetam de-HES D

(X = d )dlmsblmlmlatemdtgmbdsma@e by dhis wag added %(érdstbls@f solid

s | AL PRSI Uk e vas v

anhydri dg ZvaﬁhQUﬁa&ﬁttérﬁpéiﬁthbéd Mhe ?H/\ﬁfﬁs Poaaeedndadditional base
descri bed by Thonas | e of am no- HES

12KD C Wegs adrlgcétﬂt%@ﬁdﬁomeg%ﬁlp%? Ogpifersior howes at gopn éampera-
on ice "‘H}l% (Pz{l%a%@&@asg aﬁ%@é&iﬁeﬁwﬁ%%}%@%@ﬂer ST)P ﬁours the

reaction
t enper atpm@a&ﬂll’ildrd%&e&ﬁhdﬁ HB8 PhgX =sCl)rwasdiebaited dylpasshBeover

reacti on njxt s added to 1 m. of 1:1 m xture of
10gt hanol aam&eégé&? %ewt@ NB-3(H)XOHypen WE%‘}%F?%‘%SG: was

col lected by cen 20 trifugation, redissolved in 0.1 n
DMF and again precipitated as de- scribed. The

- Br onoar eAaylatiter diife @¥cqs)lamiy \)wth/bsomxtatetmmﬂiydhyde
centrifu- gation and drying in vaccuo. The conj ugati on
reaction with Thio-EPOis described in Exanple 3,

1. 2. RadgRBASHc ASHndel W82 %re?h&@hﬁme‘s‘éﬁbéd b¥1Thomas? A 1 mg
10724-10732 2Bl ack;, Kiss, hers

151993, Carssoipledef armeag HESZEKD Cowas Qrsmivmlsln QoA of dry DMF and
IQ,/EC%-? ggg?ﬁ?@e@y I8 ané %‘ mgabromoace 1€ anhy rlci% was added. The reaction
mixture was brought slowly to room temperature and the solution was
stirred for 3 h. The reaction mixture was added to 1 mL of a 1:1 mixture of |
ethanol and acetone with —20 °C. The precipitate was collected by cen-
20 trifugation, redissolved in 0.1 mL DMF and again precipitated as de-
scribed. The Bromoacetamide-HES D2 (X = Br) was obtained by centrifu- |
gation and drying in vaccuo. The conjugation reaction with Thio-EPO is

described in Example 3, 1.2.

Rademacher, Dwek, 1992, Biochemistry, 31, 10724-10732
Black Kiss, Tull, Withers, 1993,Carbohydr. Res., 250, 195
Thomas 1977, Methodes Enzymol., 46, 362 '



-72 d) The corresponding | odo-derivative D3 (X = 1)

was synt hesi sed as de- scribed for D2. I|Instead
whe@awaret i ¢ anhydri de N-succini m dyl i odoacetBCEFEP2483008858

used and all steps were perfornmed in the dark. CH OH H

™H HES- HESS HHESS HH-- H~ WOH~HHCHH o x CD

Al ternatives: For acyl ation ©72am no groups, other

activated fornms of hal ogen acidic acids can be used,

e.g. - -bromdes or -chlorides 10 - esters, e.g.

N- hydr oxysucci ni m de ester, esters with substituted

phenol es (p-nitrophenol pent af | uqr ophenol e,

e .

tri chorbhseosssronding) Iadgrderizptingr B3 @ = br ¥as synthgsised as de-
havi ng -y e [ . : ( : t:

famct P ostiBd BPDDERGILY brodi ARl &P ARERinRE] Fdoncatate
exanpl e wasasabdndi adl steds wesBArofined imthk detk. e and ot hers

are avail able from Perbi o Sci ence Deutsch | and GrbH,

Bonn, GerngnyCHThey are mank in table gEsvvithl ‘D
For tHEE~ r ossHE# R the_ligatt o]
anmi no- HE {4 EPO W | ati on N%/\
hal ogenacet g derivati wes &ke remarks in l'éxaf?aﬂeo X
3, 1.2. . 20 1.3 Hal ogenacet ang de- deri vati ves of D
Am no-HES E i a) Reaction of 1,4-diam nobutane with
Oxo- HES12KD t o am no- HES12KD E4 4S. Fri e,
SDi pl omar bei t, Fachhochschul e Hanburg, 1998 WO -
2004/ RR464,RCT/ EP2003/ 008858 -73 1.44 g (0.12 nmol)
of Ox0- HESIZKD were dissolved in 3 nL dry di-

.For acylation of amino groups, other activated forms of halogen acidic acids

can be used, e.g.
- -bromides or -chlorides
10 - esters, e.g. N-hydroxysuccinimide ester, esters with substituted phenoles

(p-nitrophenole, pentafluorophenole, trichlofophenole etc)

Furthermore, all cross-linkers having an amino reactive group and a halogen
acetyl fuhétion, separated by a spacer, cOuld be used. An exarhple thereof is
15 SBAP. This molecule and others are available from Perbié Science Deutsch-
land GmbH,‘ Bonn, Germany. They are marked .in table 2 with an "D". For the
use as cross-linkers for the ligation of amino-HES with thio-EPO without iso-

lation of the halogenacetamid-HES derivatives see remarks in example 3, 1.2,
20 1.3 Halogenacetamide-derivatives of Amino-HES E !

a) Reaction of 1,4-diaminobutane with Oxo-HES12KD to amino-HES12KD
g

4S. Ftie, Diplomarbeit, Fachhochschule Hamburg, 1998



nmet hyl sul foxi de (DMSO) and were added dropw se under
nitrogen to a mxture of 1.51 nL (15 mmol)

wa 2e4a€m61 nobut ane in 15 nh DMSO. After  stirrPOOEPDIN3/008858
19 h at 40C the reaction m xture was added to 160 niL
of a 1:1 5 m xture of ethanol and acetone. The
preci pi tate Am no-HES12KD E wHs- col | ected by
centrifugation, redissolved in 40 nL of water an
di al ysed for 4 days agai nst water (SnakeSkin dialysis
t ubi ng, 1345¢ I(<(D12mhm0|l)qu (Peo-HES 1 2KDi were adielved chl amd. dry di-

eSS O k] PRk (BRI XSA e 53 sioRiReRpitRER o

OHO Hﬁ% & 1. N INTs Imiol) B, 4FdiarhthoBhitane in 15 mL DMSO. After
Chl or oacet am de- HES 12KD F1 was prepared as descri bed

for Chl etinimgdor 19ahtratj@ CES kadnmixiure wagaddede 16@ ml of a 1: 1
Br onbacet.am des KD, F2 (X = Br) was epar

Sdeacr; bBLRRE OF SBRSH G A4 e PIEET B[S 125D E was
above. Ibwec&qmw&@tmmgatfoaafédns@aved/\m 40 i 6F-kte? arbdialysed for
described in Exa The correspondi ng

| odo- der dax against3vqise eSmyesm bishiors GBing: 33 BBt Greoff Perbio
d
Ecanp o S5 tptdDdi i il RGP Bcl i) abPufpfEbleed | 0

CHO Reactive HES 25 2.1 Hydrazi de- HES WD 2004/ 024761
- PCT/ EP2003/ 008858

B ﬁg ﬁL; ‘xiLr
N
OH S0 M

N“kx

10
- b) Chloroacetamide-HES12KD F1 was prepared as described for Chloroacet-
amide-HES12KD D1 in 1.3 above.

c) Bromoacetamide-HES 12KD F2 (X = Br) was prepared as described for -
15 Bromoacetamide-HES12KD D2 in 1.3 above. The conjugation reaction
with Thio-EPO is described in Example 3,1.2.

d) The corresponding Iodo-derivative F3 (X = I) was not isolated before its

reaction with Thio-EPO. The experiment is described in Example 3, 1.1.

20
Altématives:
See 1.2 above
2. CHO-Reactive HES
25 |

2.1 Hydrazide-HES



-74 a) Reaction of hydrazine with Oxo-HES12KD H OH H
OH HESS OHESS OH OHOH4 HHOH H NH H OH O H OHO

WORE4/034761L, 44 g (0.12 nmol) of Oxo- HES12KD wer BCT/EP2003/008858

di ssolved in 3 nL absolute di- nethyl sulfoxide (DMVSO
and were added dropwi se under nitrogen to a mix- ture
of 0.47 nL (15 mmol) hydrazing4in 15 nL DVMSO. After

~stirring for 19 h 5 at 40C the reaction m xture was

10

15

added to 160 nL of a 1:1 m xture of ethanol and

aced) oReactibhef hydrazind tvith @kopHBSIZKDJ was col | ected by
centrifugation, redis- solved in.40 nL of water and
di al ysed for Zdﬁys against a 0.5 % (v/v)
tr l I'n wat er SOIUHE’E nd f &t

hyl anfin (ayys agai nst
vvalfig\(\ paly- sis t

IS OoHf f,
Per bi 0 qe cel,fButsschl and_GnhYH, Bo HH) m:\ny'zl
and | yophii conj ugation re ' H

oxi di sed G ygo- EFOH s~Odescribed in Exanpl e ©HZ 2. “NM,
Reaction of adipic dihydrazide with Oxo-HES 12KD" OH
HESS HOHO HES HOH HOHH HOHHNH O OH OH CHO NH
HLNH ONH 15 1.74 g (15 mml) adepic di hydr azi de
were dissolved in 20 nL absolute di nethyl sulfoxide

( DVBO)44itg @512 mmbl) p1@xg-HER 12K Dhmete) dissol @danHESH2 &i3plute di-

SL}ZZ?L%&]S'} %)ng)s 1&}?\@81 it ereMSan\e/f {lreop%‘gs%eu%dgrrr% r\gﬁgesneto a mix-
ture of 0.47 mL (15 mmol) hydrazine in 15 mL DMSO. After stirring for 19 h
at 40°C the reaction nﬁxture was added to 160 mL of a 1:1 ﬂlixmre of ethanol
and acetone. The precipitated product J was collected by centrifugation, redis-
solved in 40 mL of water and dialysed for 2 déys against a 0.5 % (v/v)
triethylamine in water solution and for 2 days against water (SnakeSkin dialy-
sis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn‘, Ger-
many) and lyophilized. The conjugatioh reactioﬁ with oxidised Glyco-EPQ is

described in Example 4, 2.2.

b) Reaction of adipic dihydrazide with Oxo-HES12KD

OH
nes. o MES.__ OH
HO\ H - HOQUH N |
[ O o H OHo NHK/\/Y
NH
, - - L , : NH,
o

1.74 g (15 mmol) adepic dihydrazide were dissolved in 20 mL absolute di-
methyl sulfoxide (DMSO) at 65°C and 1,44 g (0,12 mmol) of Oxb-HESlZKD,
dissolved in 3 mL absolute DMSO were added dropwise under nitrogen. After
stirring for 68 h at 60°C the reaction mixture was added to 200 mL of water

The solution containing L. was dialysed for 2 days against a 0.5 % (v/v)



stirring for 68 h at 60C the reaction m xture was
added to 200 nL of water The solution containing L

wore4deeabysed for 2 days against a 0.5 % (v/ V) P&ODEP2003/008858

10

15

20

2004/ 024761 PCT/ EP2003/ 008858 -75 triethylam ne in

wat er solution and for 2 days agai nst water (SnakeSkin
dialy- sis tubing, 3.5 KD cut/5eff, Perbio Science

Deut schl and GnbH, Bonn, Ger- many) and |yophili zed.

The conjugation reaction with oxidised dyco-EPOis

desc Eﬂiélﬁﬂammegn avaKr8oMitioR ad fc’g Adye ggﬁtvmqth%er (SnakeSkin dialy-
Furt hernpre, derivatives can be used, erei

hydr &%i #bgRo33sKEy @it Sdb diegia Seigpge ng%laei Ffméé) Bonn, Ger-
Furt r i - i i . I . qe B .
oty Tl B PR e SR SR o Gpoo-BPO i
di ssdesiribgd n Examplsdyhle of each hal ogeneacetam de in
0.1 nL of saturated ammoni um carbonate. Additi onal

solid amoni um car bonate was then added to maintain

sat urgtdfived: the solution 15 during incubation of 120

h at 30C "The reaction mxture was added to 1 nL of a

1: 1 ugthemerefdedvitivgs Farbriussd.evimeind hyldrazibgroupsiare separated
pr eci?gi tate was collected by - centrifugation,

redi S¢SNVEFH 0.05 nl water and again precipitated as
descri bed. The product ami noHES H or | was obtai ned

by centrifugation and dr(%i ng in vac- quo. The

codyj Jyathes AminacHESRZKDrderyrtivesdeanddy co- EPO i s
described in Exanple 20 4,4.1. HO4d H O4d HESS O HESS

O HOHNHNHOHOHHNHHOHHIXHOHH~NHZ DH

H Bbhnlbrotysis of D or F was performed separately by dissolving a 1 mg sample of

each halogeneacetamide in 0.1 mL of saturated ammonium carbonate. Additional
solid ammonium carbonate was then added to maintain satufation of the solution
during incubation of 120 h at 30°C. The reaction mixture was added to 1 mL of a
1:1 mixture of ethanol and acetone with —20 °C. The precipitate was collected by
centrifugation, redissolved in 0.05 mL water and again precipitated as described..
The product aminoHES H or I was obtained by centrifugation and drying in vac-
cuo. The conjugétion reactioh with oxidised Glyco-EPO is described in Example
4,41,

OH
H H
HES. 0 s o |
HON\ _H NH ————  HO\H NH
L OH[ lz/\x : b oHy Z)]/\NHz
D

W OH 4 OH
HES\O OH HES\O OH
HO\ H " NH - HON\ H NH
: Q
VIR S e NS VIR e N
. NH X A NH NH,

4. Hydroxylamine-modified HES12KD K



HES~O OH HESI _ O OH HO H NH HO H NH H OHO NHkX H CH
NHNHZ F 4. Hydroxyl am ne-nodi fied HES12KD K WO

wQOm0p2di7r61 PCT/ EP2003/ 008858 -76 H OH H OH P¢HEBR003/008858

HESS OH OHHHOHHANHOHO HOHO O,\iO0O ONHR K

O [ 2- (2- am nooxy- et hoxy) - et hyl ] - hydr oxyl am ne was

synt hesi zed as descri bed by -7eturyn et al in 2 steps
fromcomercially available nmaterials.' 1,44 g (0.12
mol ) of Oxo-HES 12KD were dissolved in 3 nL absol ute
di met hyl sulfoxide 5 (DVMSO) and were added dropw se
under nitr geoH o a m xture of 2. 08Hg (15 mol)
0[2156 nQoxys et hoxy) Hesnyl dr lamine in 15 nL

%@ Fying for 489 n he reaction
mxture .0 160 nL of NH ure of

~ ethanol and racet®Bhe O The preci pi rat e@"'m od ¥t

10

15

20

col l ected by centrifu- gation, redissolved in 40 MB—NHZ
wat er and di al ysed for 4 days agai nst water 10

(SnakeSkin dialysis tubing, 3.5 KD cut ofKk, Perbio

Sci ence Deut schl and G nbH, Bonn, Gerrmny) and

| yophi | | zed. The conjugation reactl on WI t h oxi di sed

d yco- EPQis described in Exanp

A QPn@rmiagoxy- %omrettlpﬁékhxflfexylﬁemiem&%@e%& 9§ dgeribed by
US%%tur %l th tzh&e% oHNQJrHﬁ%cﬁm/%aﬁmy RfatedIE® 1,44 g (0.12

separa by an
mmol) of Oxo-HES12KD were dissolved in 3 mL absolute dimethyl sulfoxide
(DMSO) and were added dropwise under nitrogen to a mixture of 2.04 g (15
mmol) OQ[2-(2-aminooxy-ethoxy)-ethyl]-hydroXylamine in 15 mL DMSO. After
stirring for 48 h at 65°C the reaction mixture was added to 160 mL of a 1:1 mix-
ture of ethanol and acetone. The precipitated product K was collected by centrifu-
gation, redissolved in 40 mL of water and dialysed for 4 days against water
(SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH,
Bonn, Germany) and lyophilized. The conjugation reactioh with oxidised Glyco-

EPO is described in Example 4, 3.1.

Alternatives:

Furthermore, derivatives could be used, wherein the two hydroxylamine groups
.are separated by any spacer. |

5. Thio-HES12KD

5.1 Addition to Oxo-HES12KD

SBoturyn, Boudali, Constant, Defrancq, Lhomme, 1997, Tetrahedron, 53, 5485



5. Thi o-HES12KD 20 5.1 Addition to Oxo- HES12KD
5Bot uryn, Boudali, Constant, Defrancqg, Lhomme, 1997,

wdetmabedr on, 53, 5485 WO 2004/ 024761 PCT/ EP20PGT/88385808858

5

10

15

20

-77 HOHHOMH HESSOOHESS OOHHOHHHOHHNH H

OHHOHO SH M1,44 g (0.12 mmol ) of - Oxo- HES12KD wer e

di ssolved in 3 nL absol ute di77fet hyl sul foxide (DMSO

and were added to a m xture of 1.16 g (15 mol)

cysteam ne in 15 nL DVMSO under nitrogen dropw se.

After stirrrjlng Obr 24 h at 40C the teacOHon m xture

vvangsgd tfio 160 of a 1:1ngextur et hgg@l 5 and

acet one. Byf ted by

cent ri f uda®i

di al ysed for agghnst a 0.5 % (vlv

triethylanindlin water Solution and fdi 2 (%@/Q angH

wat er (SnakeSkin dialy- sis tubing, 3.5 KD cut off,

Per bi o Sci ence Deutschl and GrbH, Bonn, Ger- many) and

| yophil'ized. The conjugation reaction wth oxidiged

A yco-EPOis 10 described in Exanple 4, 2.1.

Al ter ives:, Derjvativ be used, wherein th .

am novar & 2 aralb O PR FERR D e ER5diainct B wypofue ai-

any spR@9! sulfoxid\@MBOF and heredddde 1@ h iRtird of 196 g (15 mmol)

derivatives 15 could be replaced by a hydrazine, a

hy dr agystagyneainhlmbxPMR Aeder TiHeogen ideppwism dtfieo tiing| for 24 h

be prgtge ' e tormof e.q. isulfide or . a

ri by Rt e eeddiem BT B ot sl vibiob s 18 il af etancl

depr osreicicetone s TP pregiitaied ppsdREOMIBAs belldted byt Bitrifugation, re-

conj ugation, which would rel ease a conponent Dbei ng _

anal og@%quolwo mL of water and dialysed for 2 days against a 0.5 % (viv)
triethylamine in water solution and for 2 days against water (SnakeSkin dialy-
sis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn, Ger-

many) and lyophiliied. The conjugation reaction with oxidised Glyco-EPO is

described in Example 4, 2.1.

Alternatives: .

Derivatives could be used, wherein the amino group and the thio-function are
separated by any spacer, Furthermore, the amino group in the derivatives
could be replaced by a hydrazine, a hydrazid or a hydroxylamine. The thio-
function could be protected in the fofm of e.g. a disulfide or a trityl-derivative.
However, in this case, a further deprotection step must be preformed before

‘the conjugation, which would release a component being analogous to M.
5.2 Modifikation of Amino-HES12KD E, H or 1

a) Modification with SATA/SATP



20 5.2 Modi fikation of Am no-HES12KD E, Hor | a)
Modi fication with SATA/ SATP WO 2004/ 024761

wea4BRZE03/ 008858 -78 1,44 g (0.12 mmol ) of POI/RP2003/008858

0-HES12KD E, Hor | were dissolved in 3 nL absolute

di met hyl sul foxi de (DMSO) and were added to a m xture

of 139 ng (0.6 nmol) SATA i r78-nlL DMSO under nitrogen
dropwi se. After stir- ring for 24 h at room

tenperature the reaction m xture was added to 160 5 nL

of a 1. 1,4 x{uremaibl)aifanivb-HRS1 BB B BEor IMi&e dissolved in 3 mL
preci pit ?d pr.od ct%% %s col |l ected by

centrif @g%ﬁ hts slimeptay) sdiox dQM,SQbaqﬁ_wgqe adedeto pwxture of 139
di al - TSy

di al ysi ﬁu%?%&lg@%ﬁﬁgg?uﬁﬁ Dy@b%géﬁpg%ﬁkdr WISC After stir-
Deut schlrmgcfocaibﬂi at Boom te@aerawg/)heamttﬂoyommulre wasi add«d to 160

The dep din a 50
phosphat“gé 85 le‘&‘aﬁPéFﬁPﬁr@ 254 W%Tﬂvlaﬁﬁ‘”@“@ﬁﬁ product N
hydr Oxylv%‘déﬁectéﬁ"gy 5eﬁtﬂfug3t1819 %§1sﬂvedrﬁ’lom e BERALMLR dial-

and the product 0 was .purified by dialysis against a
0.1 M yerfl fom2Zadays ag@nsiuﬁﬁm(spake@km diglysis ambmg;g3 3 Kibveut off,

o at 10 Berisr s Aol G i Ba i Rane Gophfiaad.

1S descrlbedln Exanple 4, 2.1. HOHd HESS OH HO H NH

H OHO E_NHz. SATA SPDP H OH HESS O OH OH HO H H HES

1004 KH @hﬁ dgprqtection was performed in a 50 mM sodium phosphate buffer,

15

containing 25 mM EDTA and 0.5M hydroxylamine, pH7.5 for 2 hours at
room temperature and the product O was purified by dialysis against a O.l
M sodium acetate buffer pH 5.5, containing 1 mM EDTA. The deprotec-
tion reaction was performed immedia{ely before the conjugation reaction

which is described in» Example 4’,2' 1.

HES\ l E
2
SATA SPDP
l H

HES N

OHO\ ) | HES 1 E
H olm{\/\/\ jz/o\\r (/NK/\/\ lk/\

S

o

/ NN

Deprotection
Deprotection =



OH\ OHOrNO HoHH OHO NH N N SAS Deprotection P |

Deprotection OHii HES\ OHHOH OH H HES OH

woiaB4e446r N H HO NH H O O NH SH H OHO Q NH~ SHPGNDEP2003/008858
2004/ 024761 PCT/ EP2003/ 008858 -79- b) Modification

with SPDP 1,44 g (0.12 mml) of Am no-HES12KD E, H or

I were dlssolved in 3 nL 5 afB%ol ute di nethyl

sul foxi de (DVSO and were dropwi se added to a m x-

ture of 187 ng (0.6 mml) SPDP in 5 nL DVBO under
nitrogen. After stirring for 24 h at roomtenperature

the r
m Xt u
pr oduct
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P p OB ESEBE St one.  The precipitated |

P was collected by centrifugation,

redi ssolved in 40 nL of water and dial 10 ysed for

days agdi-#sg (Qubd mmol)fzkmsierREY| 2H1) &, 8 @ILIb\Wrg dlssolseckm 3mL

cut off

Ger nany)absgg{elbc%}%ﬁﬁﬂ ?t[z@ &@ﬁg@k} P%‘? et (?ﬁp V\ES hdded to a mix-
per f or madrei 6f E87S@k Y0 i6afimef) SPDPgn dirhhimNVBOeirddet nitrogen. After

stirring for 24 h at room temperature the reaction mixture was added to
160 mL of a 1:1 mixtﬁre of ethanol and acetone. The precipitated product
P was collected by centrifugation, redissolved iﬂ 40 mL of water and dial-
ysed for 2 days agaihst water (SnakeSkin dialysis tubing, 3.5 KD.cut fo,
Perbio Science Deutschland GmbH, Bonn, Gefrnany) and lyophilized.

The deprotection was performed in a solution of 12 mg dithiothreitol
(DTT) per 0.5 mL 100 mM sodiumacetate buffer, containing 100 mM so-
diuni chlor_ide at pH 4.5 for 30 min at room temperature and the product Q
was purified by dialysis against a 0.1 M sodium acetate buffer pH 5.5, con-
taining 1 mM EDTA. The deprotection reaction was performed immedi-

ately before the conjugation reaction which is described in EXamp]e 4,2.1.

Alternatives: | _

For the conversion of amino- to thiol-groups, either in free form or pro-

tected, several reagants are available. After the modification, the products

could be isolated. Alternatively, as accepted for the use of cfoss-linkers,

they could be directly used for thé conjugation reactioﬁ, preferably after a.
purification step. For the isolation and storage of thio-HES derivatives, the -
synthesis of thio-HES derivatives in a protected form may be useful. For

this, all derivatives being analogous to SATA could be used, which have

an active ester-function and a thioester-function, separated by any spacer.

SATP, being a further member of this group, is found in table 2, marked

with an "H". The derivatives being analogous_to SPDP could have an

acitve ester-function and a disulfide-function, separated by any spacer.



(DTT) per 0.5 nL 100 nM sodi unmacet ate buffer,

containing 100 MM so- 15 diumchloride at pH 4.5 for
wQ@0omiosd7at room t enperature and t he product Q REFEP2003/008858

purified by dialysis against a 0.1 M sodium acetate

buffer pH 5.5, con- taining 1 nM EDTA. The

deprotection reaction was per§orned i medi - ately

bef ore the conjugation reaction which is described in

Exanple 4, 2.1. 20 Alternatives: For the conversion

of am NPurthé rhéthBdrs 6f GfSgroapstaddefound if @k T, ahdrked wik an "F".

tected, several reagants are avail able. After the .

modi f i c&ufthar, analpeops demivatives egid dape an gstivg ggfer-function and a

Al t er natyi: . : e, ;

cross. | HiStuberidi pAEERA £ (81 gRBIIP Sefiratsd py any ppacer.

conjugation reaction, preferably after a, 25

purification step. For the isolation and storage of

5t hi 0o- HES derivatives, the synthesis of thio-HES

derﬂ,&ﬂiglygs in a protected formmy be useful. For

t hi derivatives bei ng anal ogous to SATA coul d be
-used, which have an active ester-function and a

thigQester:function, .separa by any spacer. ' SATP,
bei@#ﬂ@ﬁﬁwﬁmﬁﬁﬁi group, is found in
table 2, marked 30 with an "H'. The derivatives being
anal ogous to SPDP could have an acitve ester-function |
10and. aReactions pf o dtQ owith s halogenaretymidaymedified rSHapgactive
2004/ ﬁ%?Gl PCT/'EP2003/ 008858 -80 Further nenbers of
these groups are found in table 2, marked with an "F".
Furt her anal ogous derivatives could have an active
ester-function and a thiol-function, protected as a
t riklExgmplekrotesdl 1separ at ed by any spacer. 5 Exanpl e
3 Conjugation reactions wth Thio-EPO 10 1. Reaction
of Thi o-EPO with a hal ogenacet am de- nodi fi ed
15SH- r e BonjugaionHET hio AP GxaAplino-BHEST 26DI (E1 H or I) with a Cross-linker

. containing a NHS-active-ester and an iodoacetamide group, e.g. SIA.

Materials

20 A. Borate buffer. Composition was 50 mM sodiﬁm borate, pH 8.3, 5 mM. |
EDTA. | S
B. PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCl;
pH74. _
C. AminoHES12KD E, H or 1. Prepared at 1 mg/mL in borate buffer.

25 D. Crosslinker stock solution: 14 mg SIA were dissolved in 1 mL DMSO

E. D-Salt™ Dextran Desalting Columns, 2 x 5 mL bed volume (Perbio
Science Deutschland GmbH, Bonn, Germany)
F. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH,

Bonn, Germany)

6Cumber, Forrester, Foxwell, Ross, Thorpe, 1985, Methods Enzymol., 112,207



15 Conjugation of Thi oEPO to Am no-HES 12KD (E, H or
I) with a Cross-linker containing a NHS-active-ester

wa@pasamrondoacet am de group, e.g. SIA 6 Mat er PEI/BPR03/008858

.10

15

20

25

A. Borate buffer. Conposition was 50 nM sodi um bor at e,
pH 8.3, 5 mM EDTA. B. PBS, phosphate buffered

sal i ne: 10 nM sodi um phosphat-8! -150 mM NaCl, pH 7. 4.

C. AminoHES 12KD E, Hor |. Prepared at 1 ng/nL in
borate buffer. 25 D. Crosslinker stock solution: 14 ng
Sl A vErehicEREG sblveian:i Sm/niifl o DIVBEEKD) 16a SaxlateTthﬁext ran

[s)gisglﬁtél i %@g%%zyﬁﬁch%gﬁﬁg volu 9/; relér)mbH Eschborn,

Coongssi {,}) Pr ote| n Assay Reagent (Per bi o Sci ence

Deut sc Bonn, Germany) 6Cunber, Forrester,
Foxwel |, Ross, Thor pe, 1985, Methods Enzyrml ., 112,

207 \ﬁsﬁP 4/ 024761 PCT/ EP2003/ 008858 -81 G Thi oEPO

3 sol ut 5 mg/ . of ThioEPO 1 in borate buffer. H

M croconcentrator: Mcrocon YM3 (ami con, MIlipore

GrbH, Eschbom Gernany) 5 Method 100 L SIA solution
was dd@ad. SA smiotiun (ms addsdamﬁ% HESf thx@nmosiSi2KBnE solution
and \éﬁxﬁl al 8ng1 %ea ﬂz]l h ¥4 ta riaﬂ)r'i)%th Iét?gox% t?ngpe?elﬂm% The

SS Cross

r eﬂDVe&desi@)br@s@hﬁl{drfwwueﬂomebﬁ aoptifagii thd 0AApDe a9 16600 )1@ for
60 minutes using a mcroconcentrator. After

cent rG ggmﬁgs pw@gs%l@pr@cqmgntr%q)ro[@ﬁtﬁr quﬁtrgfggqngsthe sample was
or i g'ﬁ}gv{l%hg q{putr(’)reng BnB@Bl%cglg fnfx %E)ra?@g a%}l qo{}l?fgx%ées‘ﬁ%s_re-

re- pea he resi n was
addedpeared twtimat tihsoHRGreswlodlsblution avad atided] toelamLi afiThioEPO

m xture was i ncubated for 16 hour at roomtenpera
Ut o Sofuarng thS reagtiqnymIiye 48 McybRISE ok haur fioom tempera-
quenciigd Rahetivg SHle @kedshfodoacetamide was quenched at the end of the

incubation period' by the addition of cysteine to a final concentration of 10

- mM. The reaction mixture was applied to a desalting column equilibrated with
PBS buffer and the protein content of the fractions were monitored with a
Coomassie protein assay reagent. All fractions containing the protein cbnju-
gate were pooled and the the conjugate was obtained by lyophylisation after

dialys‘is against water over night.

Alternatives: .

In this reaction, all cross-linkers could be used, which have a succinimide- or
a sulfosuccinimide function and a iodoacetamide function separated by a
spacer. Further examples are found in table 2. They are marked with a "C" a.nd

are avialable from Perbio Science Deutschland GmbH, Bonn, Germany

1.2 Example Protocol 2



15 incubation period by the addition of cysteine to a

final concentration of 10 mM The reaction mxture
woa@4appbi ed to a desalting col utm equil i br at ePICTMEP1D03/008858

PBS buffer and the protein content of the fractions

were nonitored with a Coonassie protein assay

reagent. Al fractions contarB2ng the protein conju-

gate were pool ed and the the conjugate was obtai ned by .

| yophylisation after 20 dialysis against water over

ni ght Cofjugatianadfi ThasEPO |InotSH searaedtiSiaK Dablomoacetamide D2, F2

cross-linkers c&#bg1be used, which have a succini m de-

or aogﬁa?%§ﬁ@% M de function and a i odoacet ani de

function separated by a 25 spacer. Further exanples

are found in table 2. They are marked with a "C' and

are aMateridlse from Perbi o Sci ence Deutschl and GrbH,

5Bonn, Germany. 1.2 Exanple Protocol 2 WD 2004/024761

PCT/ EP2003/ 008858 -82 Conjugation of ThioEPO 1 to SH

r eact jav ehbsphiiéHafter. @m@sssitdrivie 109, m¥soddim phosphate, pH 6.1, 5
i odoacetam de D3. 7 Materials 5 A PhosphaFe guffe%.

ConpoBIM EBH Avas 100 mM sodi um phosphate, pH 6.1, 5 nM

ohoonBaPES: HingPHE RURS S Sl e S hieled Pl i,
12KD pHdnbacetanide.DQf Prepa}ed at 10 ng/ L in
D-Sal t TM Dextran Desaltin

10?:2?3ﬁﬁzfs‘i&%%%@g@é{%brma@m%@ 2. Lrepried at 10 mg/mL in
Prot ol Reas PR sont. (Per bi o Sbi ence. Dot schi and

GrbH, D. IsS8dMn DeGeamidegilting Columns, 2 x 5 mL bed volume (Perbio

| Science Deutschland GmbH, Bonn, Germany) - |

E. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH,

15 Bonn, Germany) ' '

F. ThioEPO solution: 5 mg/mL of ThioEPO 1 in phosphate .buffer.
Method

20 | 1 mL SH reactiveHES12KD bromoacetamide D2 solution and 1 mL of Thio-
EPO solution were combined and the reaction mixture was incubated for 48
hours at room temperature. Reactivity of the excess bromoacetamide was‘
quenched at the end of the incubation period by the addition of cysteine to a
final concentration of 10 mM. The reaction mixture was abplied to a desalting

25 éolumn, equilibrated with PBS buffer. The prdtein content of the fractions

were monitored with a Coomassie protein assay reagent, all fractions contain-

ing the protein conjugate were pooled and the the conjugate was obtained by

lyophylisation after dialysis against water over night.

7de Valasco, Merkus, Anderton, Verheul, Lizzio, Van der Zee, van Eden, Hoffmann, Verhoef,



F. Thi oEPO solution: 5 ng/nL of Thi oEPO 1 in phosphate
buffer. Method 20 1 nL SH reacti veHES 12KD

whe@aoaoet am de D2 solution and 1 nL of Thi o- EPEP2003/008858
sol ution were conbined and the reaction m xture was
i ncubated for 48 hours at room tenperature.
Reactivity of the excess brom8acetam de was quenched
at the end of the incubation period by the addition of
cysteine to a final concentration of 10 mM The
reactm@fhamag ure was applied to a desalting 25 col um,
equilitbrated with PBS huffer. The protein cgntent of

the firsteedi efnthe \ﬁ%‘@@oﬁrﬂg ithe Sdh regciike AIPRES Toénoﬂf’?f?@idn])z
assa}im'irfoaﬁﬁghl(ﬁ alﬁpﬁee ﬁfﬂﬂe‘d%ﬂl a cRYs-Tikeer Rf’izp_i SicBinim-

conj ugat e were or eél conj ugat e was
obt aiideedndy brd>rym¢h1;ahn¢ ﬁmcnm ea‘et: drl abiose)y §B$Pag aimember of this
wat er over .

ght kus o0,
5 Ver h@tUP QLR émk%ﬁnfbgaj gt 2 eiked B
Ver hoef, WD 2004/ 024761 PCT/ EP2003/ 008858 - 837
Alternatives: Instead of the isolation of the SH
r e2ctRenetipEsf ThIEEBOowish aanaleinidpmodified AH-regelivieltBS
(E, H 1) could be linked with a cross-linker via a
succinim ide- and a bronpacetam d function (see 1.1

abovelxa Profocal 3renber of this 5 group of
cross-linkers and is found in table 2, narked with a

0"D'. 2. Reaction of Thio-EPO with a nmal ei m de-nodifi ed

St SRR o AT RIP\IRCL el G HARERLD by

of Thi a cross-li1nker containin
hy- dirazidelendanmhaleimiak dunkitidaalfgolt, egns,Cgiloup, e.g..
M2C2H. Materials 15 A. M2C2H stock: 10 ny/ rTLMZCZH in
DMSO, prepared fresh B. HES12KD: 10 rTg/m_ in O. 1

sodi uppapgepate buffer, pH 5.5

15 n
A. M,C,H stock: 10 .mg/mLM2C2H_in DMSO, prepared fresh -
B. HES12KD: 10 mg/mL in 0.1 M sodium acetate bufer, pH 5.5
C. ThioEPO solution: 5 mg/mL of ThioEPO in phosphate/NaCl-buffer
D. Phosphate/NaCI: 0.1 M sodium phosphate, 50 mM NaCl, pH 7.0

20 - E. Microconcentrator: Microcon YM-3 (amicon, Milipore GmbH, Eschborn,
Germany)
F. Gel filtration column: for example, Sephadex® G-200 (1.5 x 45 cm)
G. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH,
Bonn, Germany) '

25 H. PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCl,
pH 7.4.

Method

Snippe, 1995, Infect. Immun., 63, 961



C. Thi oEPO sol ution: 5 ng/nL of Thi oEPO in
phosphat e/ NaCl - buffer D. Phosphate/NaCl: 0.1 M sodi um

w@begphase, 50 MM NaCl, pH 7.0 20 E. M cr oconcCRCIt/ER1003/008858

5

10

M crocon YM 3 (am con, MIlipore GrbH, Eschborn,
Germany) F. Gel filtration colum: for exanple,
Sephadex(r) G200 (1.5 x 45 <8d- G Coonmssi e(r)
Protein Assay Reagent (Perbio Science Deutschland
GmbH, Bonn, Gernmany) 25 H PBS, phosphate buffered

sal i Q\ﬂzczmsdﬂ(i&%slﬂddélilMWEof th® @IEﬂWMolunomHoZ fthal con-
Met hod Sni ppe, 1995, Infect. Immun., 63, 961 WD

2004/cenaaten b Iidaswseiignsd to reaef Withoagifagen firiZdpua room
ggg_eqe&lﬁe{ré&? - It o%f:efg R syﬁgk%“ra ‘%ﬁg s b)? gerfrtea irdg tﬂéh ample

agi t aft 119007 pig Br O wiisutas uginy mmxenqsmeanratme Affehn ceemmﬁgsfg the
cross-linker enoved by centrifuging the e

at 1460016Wgs %’ng OURh il @5eira ﬁ@lu'aled{loo?ﬁsﬁfgﬁ@@ﬁ@‘e‘éﬁr and
Af t erthfs%%JeF; W R %eét&?tw"‘_b SOFPifRes VTS the RUENH- nﬂﬁhﬁ&i HES12KD

origi nal" volune 1 h phosphate/NaCl buffer and this
pr oc &5 miaef ThpdR e doltition s eddednmxl thg geadtion mlxture was incu-

f|e HES, 12KD, 0.5 Thi.0oEPQ sol ut |
s eRAEEOR AR o ZGHEY PPl REagiAS b Sstis Fices
2 hou»(/a?s cfHenéHé@rﬁ HRMRe A iBeubR8ae périddiby @t addifoR¥ESERiIne to
mal ei m des was quenched at the end of the incubation

peri o final tdeacentrdtion oof (b@ l@%t &he ere@célogom@ctﬂnen ajas applied to

appl 1 e S0 8,505 B o BRI PRI | mi. frac-

equi | idnsateze coMdctedPBie btd)fteﬁﬂ? coment ol”thﬁ_frﬁdftla;ﬁs weteOmenitszedwith
coll ected. The protein content of the fractions were

noni t%Ee@rnmewrowrwsmse@g@tpﬂtf@icﬂor&sfé)&w%&g?@rﬁrotem qonju-

" fract %@@@g&o#:goq‘%d; EnPulnEe E{)@{lgﬂé‘ v&grUann atb’elyWBﬁﬁxsatlon after

- 15

20

25

pool € e conj uga talne
I yoph@thllysahgalmtafataroveﬂxﬁgldl al ysi s agai nst water over
ni ght .

Procedural Notes
The hydrazone adduct is slightly less stable at extremes of pH. For applica-
tions that may involve treatment at low pH, we reduced the hydrazone by
treatment with 30 mM sodium cyanoborohydride in PBS buffer to a hydrazine.
For most applicatidns, this extra step is unnecessary.

2.2 Example Protocol 4

Conjligation of ThioEPO to Maleimido-HES12KD B.

Materials

30 A. Maleimido-HES12KD B: 10 mg/mL in 0.1 M sodium acetate buffef, pH

5.5



Procedural Notes The hydrazone adduct is slightly |ess

stable at extrenmes of pH For applica- 20 tions that
woreop4iomwrel ve treatnent at | ow pH, we reduced tPEI/EP2003/008858

hydrazone by treatnment with 30 mM sodi um

cyanobor ohydride in PBS buffer to a hydrazine. For ,

nost applications, this extr&5step is unnecessary. 2.2

Exanpl e Protocol 4 25 Conjugation of Thi oEPO to

Mal ei mi do- HES 12KD B. Materials 30 A '

Mal eiBlThoHIESEAKELE:S M@mIuéfThibEPO i phdspleé/NaChbeffat e
buffer, pH 5.5 W 2004/ 024761 PCT/ EP2003/ 008888, -85
B. THi-dhprephatsyNe¢hA:1 M sedium phospbag, gRpedlilaCL pH 7.0

ho - g 15 ' ' '
Phos phaiecitBon S forsaB R 2000 5 Th68) L
col uin Cobarassie®ihbein SegalyRimgént)(PGOROScigdcesDrutddhland) GmbH,

E. Cqoonmssie(r) Protein Assay Reagent (Perbio Science
5 Deut SOANEATTE@H, 5 Bonn, Germany) F. PBS, phosphate

buf f gr pRss ?m Rate ubideaadiitm hog RBELS M 150 GhM NaCl,
pH 7.4. Metho 10 1 nL SHreactive-HES 12KD B
sol uppHoh4and 1 nmL of Thi oEPO 1 solution were conbi ned
and the reaction mxture was incubated for 2 hours at -
room tenperature. Reactivity of the excess mal ei m des
was quemeped at the end of the incubation period by
the addition of cysteine to a final concentration of
1010 15 nM The reaction m xture was applied to

oot 1.0r T P SRR s PSR 1 hon, AR 1, e 8 TfhoR T SBon
were combined and the reaction mixture was incubated for 2 hours at room
temperature. Reactivity of the excess maleimides was quenched at the end of
the incubation périod by the addition.of cysteine to a final concentration of 10
15 mM. The reaction mixture was ai)plied to Sephadex® .G-200 (1.5 x 45 ¢cm)
| equilibrated with PBS buffer énd 1 mL fractions were collected. The protein
content of the fractions were monitored with a Coomassie protein assay re-
agent. All fractions containing the protein conjugate were pooled and the the

conjugate was obtained by lyophylisation after dialysis against water over

20 night.
2.3 Example Protocol 12

Conjugation of ThioEPO to aminoHES12KD (E, H, I) with a Cross-linker

25 containing a NHS-active-ester and a maleimide group, e.g. SMCC
Materials
A: Microconcentrator: Microcon YM-10 (amicon, Milipore GmbH, Eéchbom,

30 Germany).
B. PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCl,



content of the fractions were nonitored with a
Coonassi e protein assay re- agent. Al fractions

W@ omva41ong t he protein conjugate were pool ed BCHEP1963/008858

5

the conjugate was obtai ned by |yophylisation after

di al ysi s agai nst water over 20 night. 2.3 Exanple
Protocol 12 Conjugation of THh§&EPO to am noHES12KD ( E,
H 1) with a Cross-linker 25 containing a

NHS- acti ve-ester and a nal ei m de group, e.g. SMCC

Mat erpial7zg. A© M croconcentrator: M crocon YM 10

(am con, MIlipore GrbH Eschborn, 30 Gernman

PBS, Ghéminedtls IBKD By Hpr d aPrepased a0l me/addin? buffer

o) EooBs oRtull RgsMER SRR W DMIB ¢ 1

or |.E. PDGSwF@CDattraﬂ;ODHS}ﬂtrdg ColudiBSs, ukf &rmL Bed SMufie (Perbio
sol uti on: Wﬁre di ssol ved in 50 L DVSO E.
v

Dsmscmc‘a@ftlﬁsdﬂarde% Hy Bgnsdreimasy) 2 x 5 nl bed
VO' urrﬁ (§d°§{ag%09% nlgg‘??"e r@@g@&g&&@dﬁemd SEHhE: DRARBhland GmbH,

el n- Assay Reagent (Perbi

.SC| eermnDGatxminand GrrbH Bonn, Germany) G Thi oEPO 1 '

10

15
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25

30

Vet ndt RO S L RaR At R BEOGE s Biffrores

12KD E sol ution was added and the reaction. mxture

was allowed to react with agitation for 80 min at

roomMethodr at ure. and for 10 min at 46C. The excess
crosslinker was re 15 noved by centrifugation of the
reaction m xture through a mcro concentrator at

14000T 50 HI0ISMIOC Fblutioh OV EL WTethwasni A HESTBK IV (E ts6luésd was
L with PBS buffer and the process was repeated two
nor e addeghand the regctiom mixtyes wasshowed tg seact with agitation for 80 min

at room temperature and for 10 min at 46°C. The excess crosslinker was re-
~ moved by centrifugation of the reaction mixture through a microconcentrator
at 14000 x g for 60 min. The volume was brought up to 450 uL with PBS
buffer and the process was repeated two more times. After the last centrifuga- |
tion, the residual solution was brought up to 450 uL with PBS and was added
to 1 mL of ThioEPO solution and the reaction mixture was incubated for 16
hours at room temperature. Reactivity of the excess maleimide was q'uenched'
at the end of the incubation period by the addition of cysteine to a final _Con-
centration of 10 mM. The reaction mixture was applied to a desalting column
equilibrated with PBS buffer. The protein content of the fractions were moni-
“tored with a Coomassie protein assay reagent, all fractions containing thé pro-
tein conjugate were pooled and the conjugate was obtained by lyophylisation

after dialysis against water over night.

Alternatives:
In this reaction, all cross-linkers could be used which have a succinimide- or a
sulfosuccinimide function and a maleimide-function, separated by a spacer.

Further examples for this group of molecules, available from Perbio Science



tion, the residual solution was brought up to 450 L
with PBS and was added to 1 nL of Thi oEPO sol ution

wa@r@4iobvger eacti on m xture was i ncubated for 16PCDEPZNOS/G08858

w

10

15

20

25

30

at roomtenperature. Reactivity of the excess

mal ei m de was quenched at the end of the incubation
period by the addition of cys®ffeine to a final con-
centration of 10 mM The reaction m xture was applied
to a desalting columm equilibrated with PBS buffer.

The pegisehlind ORiEN BN, thembfiy Giré SmdWarteblep2y matked edth an
with a Coonmassie protein assay reagen all fractjons

cont aEhiThgraine fiprtler 2Eoynsofirrossrijnigrat W high haveinsteadiobs maleim-
t he N fuﬂgtﬁ) V%%w?t?h Qﬁﬁ?@debﬁ(metﬁo%p H‘ﬁ{%esc%ésqﬁlkeéfcjoﬁfd also be
dlaIyS|s ns over ternatives

this ulsalaﬁdrl thEl coﬁjdgat&dmslie\kev&lgeme disuifide bendio€dhevkomihgate is
have a succi nj m de- | f osucgi.ni m de functke(?mta_

and &leaabls wadse rqduﬁfm Wdlt@éﬁd\%ﬁpéﬁs B this g9up afe mar

Fur t hes ( | .
avai | g{ﬁ i omppeé (ki;flhl(.)CI gf&g%%q%%/%gﬁl%%%ad of a maleimide
PCT/ M@B/@@%Bﬁlfon Sindientas ch Sihtag@ivgHroBpnA, member of this

Ger many, f.ound i c,ked with an "E".
Ther @r‘%{? 3”%&%‘@?‘%556%%%@ Wﬁ%? |'i nkers, which have
instead of a maleim ide function an activated
di sul fide function. These cross-linkers could also be
used for the conjugation. However, the disulfide bond
of .the copjugate is 5 cleavabl e under reductive
cordi . Menbers of this group are marked in ta-
ble 2 with a "F'. Athird group of cross-linkers uses
[ nst ead of a mal eimde function a vinylsulfon

gatign raactigns ) dized BB A nenber of this
group "SVSB" IS rrarked intable 2 with a "G'. 10
Exanpl e 4 Conjugation reactions with oxidized EPO 15
1. 10OxOdidation oDGlyeoyEPOEPO 1. 1 Oxi dation of d yco- EPO
wi th sodi um net a- peri odate: Exanple Protocol

1.1 Oxidation of Glyco-EPO with sodium meta-periodate: Example Protocol
5 : ,

Materials

A. Glyco-EPO solution: 10 mg/mL of Glyco-EPO in acetate buffer

B. Sodium meta-periodate solution: 10 mM or 100 mM sodium periodate in
acetate buffer, prepared fresh. Keep in dark. Using these solutiens, the final
concentration of sodium periodate in the oxidation mixture is 1 mM or 10
mM, respectively.

C. acetate buffer: 0.1 M sodium acetate buffer, pH 5.5

D. Glycerol

E. Microconcentrator: Microcon YM-3 (am1con Milipore GmbH, Eschborn,

Germany)



5 20 Materials A dyco-EPO solution: 10 ng/nmL of
A yco-EPO in acetate buffer B. Sodi um net a-peri odate

wa@ oot 10 mM or 100 nmM sodi um peri odat e | NPCHEPR10a3/6)8858

5

10

buffer, prepared fresh. Keep in dark. Using these
solutions, the final 25 concentration of sodium
periodate in the oxidation m8&ure is 1 mMor 10 nmM
respectively. C acetate buffer: 0.1 M sodium acetate
buffer, pH5.5 D. dycerol E. Mcroconcentrator:

M cr ogethodVt 3 (am con, M Iipore GwbH, Eschbom 30
Ger many) WD 2004/ 024761 PCT/ EP2003/ 008858 -88- Met hod
Al'l steps were performed in the dark. 5 To 1 nL of
col d of cold sodi um

net a- %h)é&gdate pc‘e?ir%ltn C?Hlotﬁeé/aer?e added and the the

oxi dati on reaction was aI | owed to proceed for 1 hour

in the dark. |f theGI PO to be oxi djzed. cont ai hed
Sl 1 o 3ant otiseld ChiseBre om0 ! 355 G PRy M gGodate

 were HMnS\Q%Jg léﬁ?i&?éﬂdQﬁﬂh% oxffatiofkdABlion WasRlowdd tB¥roceed for

sodi um peri odate at roomtenperature was used. To StO

t he 1Dh0m1 idahe da:rkglfyb@f}mcoﬂ@ wdateakidigedicdnitaingd sialic acid resi-
conce ra i O ncub It

el didiome A oA skl Pl G s

cent vasli‘g'l@gnqu sddnﬁn RS afooktt Rberatlrel Wis 8Rd. To stop the
m nutes using a mcroconcen- trator. After

cent r oXidagiongglyesaotpias added torafiagh congsniratian of 1§rmiyh and) incubated

ot ep. o minies A Ik st Pt B oy Bl Beleimove by

was fr @d@lﬁ@ﬁag gtomhéproduéti arB80001x g feanely Miviites Wwidgdainia@econcen-
of G yco-EPO Exanple Protocol 6 The enzymatic

oxi daltaten @&ersp@rnfegleessempl@e\MaSehr@&m #pdo (teREgRg lume in the
al .

;;;D

' buffer used in the next modlﬁcatlon step, €.g. in the acetate buffer ThlS proc-

15 ess was repeated two more tlmes
1.2 Enzyrhatic oxidation of Gly.co_-EPO: Example Protocel 6
The enzymatic oxidation of EPO is descnbed elsewhere (Chamow et al,,
20 1992, J. Biol. Chem., 267 15916-15922).
2. Conjugatioh with Hydrazine/Hydrazide—Derivatives
2.1 Example Protocol 7
25

Conjugation of oxidised Glyco-EPO to Thio-HES12KD M, O or Q with a
Cross-linker containing a hydrazide and a maleimide functional group,

e.g.M,C,H (Perbio Science, Deutschland GmbH, Bonn, Germany).

30 Materials



20 1992, J. Biol. Chem, 267, 15916-15922). 2.

Conjugation wth Hydrazi ne/ Hydrazi de-Derivatives 2.1
wazempbea6Pr ot ocol 7 25 Conjugati on of oxi di sedPCT/EP2003/008858

G yco-EPO to Thio-HES 12KD M 0 or Qwith a

Cross-1linker containing a hydrazide and a nmal ei m de

functional group, e.g.MC2H §%Perbi o Sci ence,

Deut schl and GrbH, Bonn, Germany). 30 Materials WO

2004/ 024761 PCT/ EP2003/ 008858 -89 A. M2C2H stock: 10

g/ mLA MIGRSH ki clPMBGng/Bi1eRBCEY if DRSO, Brefdddisd

G yco- EPO solution from6,1.1: 5 /mL of d yco-EPO in

ace- Basidiier KycEEPGriobitiaEdiom ko) M5 BebpL of UltronghiGyin ace-

in phtggepgh e?/ NaCl buffer 5 D. Acetate buffer: 0.1 M

sodi um acetate buffer, pH 5.5 E. Phosphate/NaCl: 0.1

sodi up PhiogiFsi2K D M), Orbt Qa0 mghhil 1n @hésphate/NaCl buffer

b WAL S S 1
for eE.W(sﬁf)lates’ﬁQbﬁq}?P(M dodStird BRospRate, 30 AR KAYL, 81 1o

Coonmassi e Protein Assay Reagent (Perbio Science

Deut sEhMaerdcddebirratorBdMierocGe i my janticorRBéilipoteoeptbét, éischborn,

buffered saline: 10 mM sodi um phosphate, 150 nM NaC ,

pH 7. 4%t hod M2C2H stock sol uti on was added to 1

L of G azéldilgatbiIdEan:EB R dathple, Sepialdex®@amoenmt Ir 8k s Ry f

1 mMand was allowed to react with agitation for 2
10hour sH.a€oomessie® Brasein isgre Reageat BerbigsSdense Neutsrbland,GanbH,

renmovied b i fuging the 20 sanple at 14000 x g for

0 mlﬁ%&nég}eﬁrgi%ﬁé a mcroconcentrator. ‘After centrifug-

L. PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCl,

pH 7.4

M

15 Method

M,C,H stock solution was added to 1 mL of oxidized Glyco—EPO to a .ﬁnal_
concentration of 1 mM and was allowed to react with agitation for 2 hours at
room temperaturé. The excess crosslinker was removed by centrifuging the
20 sample at 14000 x g for 60 minutes using a microconcentrator. After centrifug-
ing the sample was brought up to its original volume in phosphate/NaCl buffer
and this process was repeated two more times. To the M,C;H-modified Glyco- :
EPO 1 mL of Thio-HES12KD M, O or Q solution was added and the reaction
mixture was incubated for 16 hours at room temperature.. Reactivity of the ex-
25 cess maleimides was quenched at the end of the incubation period by the addi-
tion of cysteine. The reaction mixture was applied to Sephadex® G-200 (1.5 x
45 cm) equilibrated with PBS and 1 mL fractions were collected. The protein
content of the fractions were monitored with a Coomassie protéin assay re-
agent, all fractions containing the protein conjugate were pooled and the con-

30 jugate was obtained by lyophylisation after dialysis against water over night.



ing the sanple was brought up to its original volune
i n phosphate/ NaCl buffer and this process was

WO eeme4dl two nore tines. To the M2C2H- nodi f i ePICTZEDI03/008858
EPO 1 nL of Thio-HES 12KD M 0 or Q solution was added
and the reaction mxture was incubated for 16 hours
at roomtenperature. Reactivi®y-of the ex 25 cess
mal ei m des was quenched at the end of the incubation
period by the addi- tion of cysteine. The reaction
m Xt P cedsrabNptésed t o Sephadex(r) G 200 (1.5 x 45
cnm) equilibrated with PBS and 1 nlL fractions were
coll ected. The protein content of the fractions were
moni t- Lk ddiohe ' { .
al | f?gcft?yl ons gc %g(tﬁ{%? %%%éﬂﬁﬁ%&r %%tg? %§ ggﬁ‘}“ﬁﬁa‘%@gﬁgﬁ“ applica
pool etibrantatt may dovolBOtrpatgehe awkey pHt avensdudad the hydrazone by

S YOPNL L2281 B ol VoL B Bl MR B2 e

Pr ocegridst &mﬁﬁu&ﬁemm&m%&aev@%%&tesgaﬁy slightly Iess

stable at extremes of pH For applica- tions that may
|nvoI ve treatnent at |ow pH, we reduced the hydrazone
trea h 30 nM sodi um cyanobor ohydride in
§€E}F?'§P 5"9\% razine. For nost applications,
. thls extra step was unnecessary. 2.2 Exarrpl e Prot ocol
8 10 Direct conjugation of oxidised Gyco-E
10Hy dr aPirget-cammgatpaviioxitised GlyparERP; taIHryd}!@ZlQQxHESé@@ID LorJ.
G yco- EPO solution from6.1.1: 5. ng/nL of dyco-EPO in
ace- 15 tate buffer B. Hydrazido-HES 12KD L or J: 10
ng/ mLMdtedalgt at e buffer . C. Acetate buffer: 0.1 M
sodi um acetate buffer, pH 5.5 D. Gel filtration
- colum: for exanple, Sephadex(r) G200 (1.5 x 45 cm
A5t N
Deut o oh A Cr g 258 BIATSAHoIAAEY pethl r GLrs) EpO ac
15buf f etatelwg®dri ne: 10 nM sodi um phosphate, 150 nM Nad ,

B. Hydrazido-HES12KD L or J: 10 mg/mL in acetate buffer

C. Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5

D. Gel filtration column: for example, Sephadex® G-200 (1.5 x 45 cm)

E. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH,

20 Bonn, Germany)
F. PBS phosphate buffered saline:10 mM sodlum phosphate 150 mM NaCl
pH 74
Method

25
| I mL of Hydrazido-HES12KD L or J solution and 1 mL of oxidized Glyco-
EPO solution were éofnbined and the reaction mixture was allowed to reéct
with agitation for 16 hours at room temperature. The reaction mixture was ap-
plied to Sephadex® G-200 (1.5 x 45 cm) equilibrated with PBS and 1 mL frac-
30 tions were collected. The pfotein conteht of the fractions were monitored with

a Coomassie protein assay reagent, all fractions containing the protein conju-



pH 7.4 Method 25 1 nL of Hydrazi do-HES12KD L or J
solution and 1 nlL of oxidized dyco- EPO solution were
w@oobiozsell and t he reaction m xture was al | owedP€DEP®A 008858
with agitation for 16 hours at roomtenperature. The
reaction m xture was ap- plied to Sephadex(r) G 200
(1.5 x 45 cm) equilibrated wi%lh PBS and 1 nL frac 30
tions were collected. The protein content of the

- fractions were nonitored with a Coomassie protein
assapatetR&@ Pooled! dnd fthétiid WhguLeNival Ghiaied g 1psstiytisation after
conj u_WD 2004/ 024761 PCT/ EP2003/ 008858 91 gate were
pool el magm@sttw%erdaﬁf aéght-eThea gesulb o jthe gonjyeation is shown in
| YOPIh:23h! AR @liSla %ie@h%?Etﬁﬂ%@%bﬂ&faté@qﬁﬁrth@é/&fugatlon was
ni ght'. & resultor the conj ugation s own in” .

Fi gursaccedsfull e ehee rysnlts Ifmhﬁt(ha Ihaiercfghmfc)t ofHEBNEign@t2Ssiemon-
that the conjugati on was, successful. The spear .
St eoulsties g iRg: FRAV eI W‘&%Yﬁﬁ@ mpjegyplc? SBbeREF side

5 strghgs that HES is conjugated to a carbohydrate

noi ety of a carbohydrate side chain. Procedural Notes
to The hydrazone adduct is slightly less stable at
extr sdo PIF' For applica- tions that nmay involve

t r eat FRFEIWRI NOES pH, we reduced the hydrazone by
treatnment with 30 nmM sodi um cyanobor ohydride in PBS
buffer to a hydrazine. For nost applications, this

10extr aTlstleqsiramee addvst éssdighily lass s@blmxﬁ@mw@nﬁ ‘Dh. tHor applica-

d
coni ik B B TRl s ol Bl ey Ry dgng by
12KD tieatredht Mathes0i xﬁMSsodi‘hm SdndbsiOHydddy 6® PEI@uﬂ@i‘ totd l@ﬁlrazme

from6.1.1: 5 ng/nL of G yco-EPO In ace-:
. For most applications, this extra step was unnecessary.

15 3. Conjugation with Hydroyuqnflamine—Derivatives‘8
3.1 Example Protocol 9

Conjugation of oxidized Glyco-EPO to Hydroxylamino-HES12KD K

20 _
Matei‘ials
A. Oxidised Glyco EPO solution from 6.1.1: 5 mg/mL of Glyco-EPO in ace-
tate buffer

25 B. Hydroxylamino-HES12KD K: 10 mg/mL in acetate buffer

C. Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5
D. Gel filtration column: for example, Sephadex® G-200 (1.5 x 45 cm)
E. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH,

Bonn, Germany)

8Rose, 1994, Am. Chem. Soc., 116, 30



tate buffer 25 B. Hydroxyl am no- HES 12KD K: 10 ng/ nL

in acetate buffer C. Acetate buffer: 0.1 M sodium
waeetaregebuffer, pH 5.5 D. Gel filtration col ureI/EP2903/008858

exanpl e, Sephadex(r) G200 (1.5 x 45 cn) E

Coomassi e(r) Protein Assay Reagent (Perbio Science

Deut schl and GrbH, Bonn, Cersgny) 8Rose, 1994, Am

Chem Soc., 116, 30 WD 2004/ 024761 PCT/ EP2003/ 008858

-92 F. PBS, phosphate buffered saline: 10 mM sodi um

phosFh@Bs, pASphal hidifeted saltht: 70 MNMVBbHIG pldsphdid; 180 mM NaCl,

Hydr oxyl am no- HES 12KD K sol ution and 1 niL of oxidized

d yc®H EAPO sol uti on were combined and the reaction

m xture was allowed to react wth agitation for 16

hours at roomtenperature. The reaction m xture was

ap- Pethddt o Sephadex(r) G 200 (1.5 x 45 cm
~equilibrated with PBS and 1 nL frac 10 tions were

Scol l ected. The protein content of the fractions were

moni 40, e thVird ddoxAakRRBES] KD KOLFLIASRRY n{1S8060 e blyco-
ep re .

fractions containing t rotein conju- gate we

pool éPhralutitre veon caghined wad thebteadtivadmbyure was allowed to react
| yophyl.i sati.on_.after dialy- sis against water over a
o ghovit bR ot edfordt & o eert g Tee Sstipn fiure ves ap
Fi gupBied #fSephi@ex@®&r200ed. PL £6H) @fuilfthibd with PEN$hd2 mL frac-
denonstrates that the conjugation 15 was successful.

10The divpaivereenllecteds Flamproten pruttent of thei fractions wEs metilgradevith
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Exanghe werbpasiad bad ileadonfugatefwag abadied s 19opHIdisfion after dialy-
treated EPO N-glycans Reconbi nant EPO or. partially
desi disyagatnstweloooves wight( dhmsssult of theyconjygatiew isnshown in Figure

24. The observed molecular shift in lane 2 demonstrates that the conjugation’
15 was successful. The smear results from the heterogenity of HES. Figure 25
| demonstrates that HES is conjugated to a carbohydrate moiety of a carbohy-

drate side chain.

20 Example$

Characterisation of galactose oxidase treated EPO N-glycans

Recombinant EPO or pértially desialylated EPO forms (generated by limited mild
25  acid hydroysis) were incubated with galactose oxidase in the presence of catalase
at 37°C from 30 min - 4 hours at 37°C in 0.05 M Na—phosphate buffer pH 7.0.
Progress of the reaction was monitored by removal of 50 pg aliquots of the EPO

and subsequent treatment of the protein with polypeptide N-glycanase.

30  Liberated N-linked oligosaccharides (monitored by SDS-PAGE detection of the
de-N-glycosylated polypeptide) were subjected to HPAEC-PAD mapping as de-



25 acid hydroysis) were incubated with gal actose
oxi dase in the presence of catalase at 37C from 30
worRe4/0246hours at 37C in 0. 05 M Na- phosphat e bedT/EP20p3H008858
7.0. Progress of the reaction was nonitored by
renoval of 50 pg aliquots of the EPO and subsequent
treatnment of the protein wthopel ypepti de N gl ycanase.
30 Liberated N-1inked oligosaccharides (nonitored by
SDS- PAGE detection of the de-N-glycosylated
pol ¥ABRE ( AfbeHRSret et dh) BOYENihE dd%ﬁ@@ﬂ@wmtdm 36a1g2999)
WO 2004/ 024761 PCT/ EP2003/ 008858 - 93 scri bed
G disarngpd tafier removal ebsialic pgids. Quantitation @%@A%@%lactose resi-
Sch e. f
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d u ea‘ér\leﬂ ih HEAEC®PAD &ROwal agosedfibdby MALMQ‘QEFeMSo«sﬁnhd oligo-
the t pi cal shift ob- served i'n HPAEC- PAD and was
aI syceharifle maxturss. MALDI / TOF MS of the ol igo- 5
saccharide m xtures. Exanple 6 10 Characterisation of
. HAS nodi fi ed EPO Separation of HAS nodified EPO forns
from nonr eact ed EPO and HAS- precursor nol ecul es was
2! evedl gy gel filtration using e.g. Utrogel AcA 44
€2 mlar gel filtration nedia. Alternatively,
nonreact ed HAS was renoved by 15 inmuno affinity
i sol ation of EPO on a 4 ML colum containing a
apte : pled I Affigel (BioRad) and
t subsequent separatl on of unnodified EPO by gel
~filtration (e.g. using a matrix enabling the
sepseépatation &f HAD btdafiedd EPO f&hi3s ﬁ’émantﬁrﬁba’%tddVEPO and HAS-
nol ecul ar mass between 20 kDa and 200 kDa ).
no dPesusepr megeculgsyasi agbigyed hyegel Bijiratpg usingre. eﬁatr%ql 5‘\CA 44/54
us o) I I
g xnﬁm?té% ?el ﬁm?'aﬁc{f} g@e&df% rAa}gg?a?v?E ﬁémEMé(}t‘?ﬂAsd%ﬁém&%d by
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Brillant Bl ue. e l.ar- wei ght of S

rocTiPedy el %twééggq?dge&ego & 28 gebsreaw't %@Ha&tloeyo unmodified
W -
ant ERO by AL FUAABLYE byt SRMBLEGAMLD hedeplbld &%‘W pro

teins of a relative molecular mass between 20 kDa and 200 kDa )

Ul

20  HAS modified EPOs were tdcntiﬁed by SDS-PAGE analysis (using 12.5 or 10%
acrylamide gels) through detection of their higher molecular weight compared to
unmodified EPO upon staining of gels with Coomassie Brillant Blue. The higher
molecular weight of HAS modified EPO polypeptides was also identified by

- Western Btot analysis of samples using a polyclonal antibody raised against re-

25  combinant human EPO.

- N-glycan modification of EPO fortns was demonstrated by their successful re-

~ moval from the EPO protein with polypeptide N-glycanase (recombinant'N-
glycosidase from Roehe, Germany employing 25 units / mg EPO protein at ‘37°C

30 for 16 hours); analysis by SDS-PAGE resulted in a typical shift of the EPO pro-



N-gl ycan nodification of EPO fornms was denonstrated by

their successful re- noval fromthe EPO protein with
w@oiogpepsi de N-gl ycanase (reconbi nant N gl ycoRCTHEB®03/008858

from Roche, Gernmany enploying 25 units / ng EPO :

protein at 37C 30 for 16 hours); analysis by SDS-PAGE

resulted in a typical shift 0§41he EPO pro WO

2004/ 024761 PCT/ EP2003/ 008858 -94 tein to a migration

position of the N-'glycosidase treated unnodified EPO

of 1aR10 RMWEtABh oymaﬁ) oBg NMgidsidas ir@edlinrhdtfisd EBDQ)f ap-

desi al yl at ed and gl acat ose oxi dase treated EPO O-

gl yeamimatelyS$¥YKD26 was denonstrated by SDS-PAGE

m gration of the de-N glycosyl ated product by

detection of its mgration position conpared to nonr e-

actaedifletiin Wryee sitlghs aekidiiaed! fand %ﬁw:lafosd oxitasy fresed EPO O-
was fractionated by RP- HPLC on a C8-phase, before

5SD$1)F°A@Elta$FH: 126 was idgmopstgatod Dy %@1%@%@1&?%% ofcthe de-N-
(S0 Ab R EE 1Y B LB BB YA ke

V‘éfﬁb&ﬁ e —@I}&;%sﬁa'\téthﬁOpm ryqlhmdainodllﬁefi Mﬁywasafr&&nbnated by RP-
aalnt reco I nant n_EP a 5 . .
QJJiRIfQ R p&r8-plaseprio é@ﬁ%% stgl% mgdifjgation of
| -
Phigﬁ)r q%gg%%faa&lg%% I}JMuHﬁﬁﬁHﬁ effgjl i gﬁ,}%ajgﬁlﬁfﬁétp&%n of the de

ropoi etini uti'o concentrata,

1013 1B-gly¢ 864 at&b foranal EROa Méaitern bidteudimg @ pokycloga emtxbn:w raised
BRP ref erence EPO sta g rd. Alternatively, EPO
corfEaMBtTSEqTR P‘é‘a’ag @erm ned by a RP-HPLC assay

~using a RP-C4-colum and absorption at 254 nm
enpl oyi ng 20, 40, 80 and 120 g of the BRP standard EPO
reference preparation for calibration. 25 Exanple 8

In-vitr i ol ogical actvity of HES-nodified
rec%m[ﬂ%-gt human EPO
15
Quantitation of EPO and modified EPO forms

EPO forms where quantitated by UV measurements as described in Ph.Eur (2000,
Erythropoietini solutio concentrata, 1316, 780-785) and compared to the interna-
20 tional BRP reference EPO Standard. Alternatively, EPO concentrations were de-
termined by a RP-HPLC assay using a RP-C4-column and absorption at 254 nm
employihg 20, 40 , 80 and 120 pg of the BRP standard EPO reference preparation |

for calibration.

.25

Example 8

In-vitro biological actvity of HES-modified recombinant human EPO:

30 ' Purified HES-modified EPO was tested for activity using the erythropoietin bioac-
tivity assay as described by Krystal [Krystal, 1984, Exp. Heamatol., 11, 649-660].



30 Purified HES-nodified EPO was tested for activity
using the erythropoietin bioac- tivity assay as

waele®en4gged by Krystal [Krystal, 1984, Exp. Hear@&l/BP2003/008858
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11, 649-660]. WO 2004/ 024761 PCT/ EP2003/ 008858 -95
Anem a was induced in NVRI mce by treatnment with
phenyl hydr azi ne hydro- chl or.igge and spleen cells were

col l ected and used as described in [Fibi et al., 1991,
Bl ood, 77, 1203 ff.]. Dilutions of EPO were incubated
with 3x105 cells/well in 96 5 well mcrotiter plates.

After 24 hours at 37 Cin a hunmfied atnosphere (5%
COAnemize Was indeiced imbMRlethideoby treatment withtthenyllydrazine hydro-

3H-1 hymi di pe. per 1. lpcorporate adi.oact i-v

e ehiot bR ol e spRERI PSR e JRFIRGSh gt & P01,
| ni6gaYT.0neb ff]. Bhlefiencs HEROweieansdattd VRRPS0a0elBvbll in 96-
was used for conparison. 10 Alternativel

EPO
bi veedltrnigratijermiasesmAdisuehousy alaly °ithing hwr@iﬁé% gtaosphgra e CO2)
th PO- iti i = '

| DSl b b 3 oA il on Bcomorue

celrhdoateny was hieebrinired of liguidwchtillaiéro courting. Tae énternational
incubated_in the presence of serigl. dilutions of the o
EPeriersacs BPQ sapdard (RBirstandpidy ot Biedfpispmparison: cel | s

was assessed by using the MIT reduction assay as

descri bed by Mosnmann 15 [ Mosnman, 1983, J. | nmrunol .
MetAleeostively, EBO-t6&ictivilk sap lnea@ir@Dby an Ui viro assaywising the EPO-

EETT N R S N T e -

NoR{MG g&&b@ﬁg Eelll We MWashBBSee of dro@thl Aol BAGE itubated in the
reticulfocytes after 4 days after animals received the

f orpeeserse ofdresiel ditutioROOH thenBRIP ffprtireOAS bowes. Prdidergtion of the

wer e..perfornmed,usi ng the D .25 ) wWhi

oot S ahe 130 ihehe B E g ign b BEEnley By ptSnann
cytveRinGan,M8S £1. Befaol. MERoss 6P 35s63jer e diluted in
phosphate buffered saline containing 1 ng/m of

bovi ne serum al bumn (Sigm). 0.5 m of the EPO test
solution in Dul becco's buffered saline (correspondi ng

to an 30 EPO protein equival ent of a 100, 80, 40 or

20 Exdmple9f the BRP standard EPO) were infected

subcut aneously per aninmal. Bl ood sanples were taken

after 4 days ' :

In-vivo activity determinatioh of EPO and HAS-modified EPO forms:

In vivo activity determinations were performed in normocythemic mice by meas-
uring the increase of reticulocytes after 4 days after animals received the foreseen
dose of EPO or modified EPO forms. Assays were performed using the BRP EPO
standard which was calibrated against the WHO EPO standard in the poly-
cythemic mouse assay. EPO samples were diluted in phbsphate buffered saline

containing 1 mg/ml of bovine serum albumin (Sigma).

0.5 ml lof the EPO test solution in Dulbecco's buffered saline (corresponding to an

30  EPO protein equivalent of a 100, 80, 40 or 20 IU/ml of the BRP standard EPO)

were infected subcutaneously per animal. Blood samples were taken after 4 days



WD 2004/ 024761 PCT/ EP2003/ 008858 -96 after injection
and reticul ocytes were stained with acridine orange;
wa@e@ab247at i on of reticul ocytes was perforned BYI/EP2003/008858

flowcytonetry by counting a total of 30,000 blood
cells within 5 hours after the bl ood sanple was taken
(see Ph. Eur, 2000, Erythropwgi-etini solutio
concentrata, 1316, pages 780-785) and European Phar na-

5 copoeia (1996/2000, attachnment 2002). Exanple 10 10

| NaftérMBjebdi andi reBcUPedy@dsTdia bthidbs wihhistidine Wein@e;i qhiagithifuth of
i ntravenously with specified amounts of unnodified or

HAStisnlocTtee warpefgraeddy fRvoedomaliy br sounting adpiakbef 3009

speci f,i e | ' :
or e sE: ARy an G A ERA! Ben (B M Eur 2000,
15 EaphRypoietiniyohéid dohitkmes il $ 165 pagesT80-984) arfd EviSépean Pharma-
Exanmple 11 20 In vivo pharnmakokinetics In mce: Each

5 anicpideia @ 82/, aterhmgnERY2.g subcut aneously. Seven
days after the post-treatnent hematocrit of each

ani mal was determ ned. A substantial in- crease in
‘hematocrit was observed 9in all animals treated with
nodj fie O, an 25, expected result in view o the
relfa‘-ﬂ!ﬁﬂiiﬁshort half-life of untreated EPO. The mean
change in hematocrit of the nodified EPOtreated group
was significantly differ- ent fromthat of the

1ountinedtoekhlERfe Betormingtgns hat of the control group. In
rabbits: Rabbits were treated with a single dose of
unnodi fied or HAS 30 nodified EPO corresponding to 200

" O RiBbitPwERGnjBEteH ehtRREousE Wil spedifie@ amduntd of udiodiBéd or
and 48 hours bl ood sanpl es were anal yzed by usin

o
corbiv$-sodifiediey OZ\orapoB @Q@a@nlepwe@m/@eméf@dqm, and

specgific j A . o .
b AEbh] bRt e PSR Rl Bminc o i i

15detagsafrion b9l an BPO-kpecHicadoageeréial ELISIA. hal f -1 i ves
(a- phase) and '

Example 11

20 Invivo pharmilgokinefics

In fnice: Each animal received 300 IU EPO/kg subcutaneously. Seven days after
the post-freatment hematocrit of each animal was determined. A substanﬁal in-
crease in hematocrit was observed 9in all animals treated with modified EPO, an
25 expected result in view o the relatively short half-life of untreated EPO. The mean
change in hématocrit of the modified EPO-treated group was significantly differ-

ent from that of the untreated EPO group and that of the control group.

~ Inrabbits: Rabbits were treated with a single dose of unmodified or HAS- _
30  modified EPO corresponding to 200 or up to 800 ng/kg body weight. After 2, 6,

16, 24 and 48 hours blood samples were analyzed by using a commercial EPO-



the termnal half-lives (0-phase) were cal cul ated from
the ELI SA values as de- scribed: (Zettlmssl et al.,
wa2@9/024¥61 Bi ol . Chem , 264, 21153-21159). 5 LiPET/AP2008008858

Syt kowski, Lunn, Risinger, and Davis, 1999, An
Eryt hropoi etin Fusion Protein Conprised of |dentical
Repeati ng Domai ns Exhi bitis HByanced Bi ol ogi cal Prop-
erites, J. Biol. Chem, 274, 24773-24778. 10 Exanple
12 Assessnent of the in vitro biological activity of
HESpavatll B1LIRA foR @edhithdafién of flashis@dRcdriratiohd) Mdah @dasinbzpo
vvas recovered by gelfiltration on U trogel AcA 5

Al icqueenisatiss gvsire detersmineandgh¢ avesagednitigbhali- be‘ér(iltpéase) and

filtrated L L2 t

ndhe E TR GRaPRRL VG BRI IR AR A1 B8

Ferspribe@N(Zeatidissiret bh, 1989, 11 78, Chenh.n264) 011153-22059).

2027-2032]. Activity was related to the international
Sref- erence |IL2 standard preparation. WO 2004/ 024761

PCY/ERa03/ 008858 -98 Exanple 13: Formation of

hydr oxyethyl starch derivatives by reductive

amSytakk)mhx bint, Rdsinger; and Dads d 99% ArcEryghrepoletiix BugidreProtein

Reac dr oxye
T oamanrnn BeRyenl Kepeaihe YRR HIRI Eiaeed BiplogicaProp-
soleawso;wm& éﬁé}nﬂgﬂﬂmfmimmml star ch (HESlS/o 4 (MW
= 000 D, DS= in5mM water, 0.83 mmol
101, 3 d| am no- 2- hydroxy propane. and 50 ng sodi um
cyanoborohydrate NaCNBH3 wer e added.” The resul ting
m xture 10 was incubated at 80 C for 17 h. The

I e3Giahiile M2 Xt ure was added to 160 m

Assessment of the in vitro biological activity of HES-modified recombinant

15  human IL-2

Modified IL2 was recovered by gelfiltration on Ultrogel AcA 54. Aliquots of cor-
responding‘ fraction were sterile filtrated and IL2 bioactivity was determined by
using the IL2 dependent murine CTLL-2 cell line [Gillis, Ferm, On, and Smith,
20 1978, J.Immunol., 120, 2027-2032]. Activity was related to the international ref-

erence L2 standérd preparation.



of a cold 1:1 m xture of acetone and ethanol (v/v).

The precipitate was col- lected by centrifugation and
waelr@upsedl f or 4 d agai nst water (SnakeSkin di -PEI/EB1083/008858

tubing, 3.5 KD cut off, Perbio Science Deutschl and

GroH, Bonn, D), and |lyophilized. 15 b) I ncubation of

the m xture resulting from adégng 0. 83 mol

1, 3-di am no- 2- hydroxy propane and 50 ng sodi um

cyanobor ohydrate NaCNBH3 to the so- lution of 200 ng .
hydg oxiplens!  SREmitive of HydRoDREHy 1Nt SrcANderfatives By aélluctive

at 25 for 3 d. 20 Exanple 13.2 Reaction of -

hydr oxyet hyl staminstien efthe nenuixidigedosedugingendo

propane H2ZN~OH OH a) To a solution of 200 ny

hydr oxyet hyl starch (HES 18/0.4 (MN= 18,000 D, 25

DS=x#hapleilB.15 MReactideof hpddRyethpl starch with 1,3-diamino-2-hydroxy

1, 2- di hydr oxy- 3-ami no propane and 50 ng sodi um '
Scyanobor ohydr atP¥OPRHENBH3 wer e added. The resulting

m xture WO 2004/ 024761 PCT/ EP2003/008858 -99 was

incubated at 80 C for 17 h. THENFPeacCtT onNHxture was

added to 160 m of a cold 1:1 m xt of acetone and

et hanol (v/v). The precipitate was col'- |ected by

centrifugation and dialysed for 4 d agai nst water

(SnakeSkin di- alysis tubing, 3.5 KD cut off, Perbio

Sci gnceTPewslaadt afzio@R HydBamthylBtarch G1ESIB/0.4 (MW = 18,000 D,

| yophilized. The reaction of 1,2-dihydroxy-3-am no

pr opaneD$ird-H) MES mlaater 9f83 rael 1i3rfhﬁm@@t3'§;)’459xy propane and 50

quanti f | i: ' ' f :

ot dat 6 AP e SERET NEONTER ek bl TRElek¥ing mixiure
1pr oduct wiyinpsbatedda 8 °@sfod €3 tir Theckactidh mixtie wasiagdel] to 160 ml

Anal . Bioch 134 (1 449- 504
2 (I)foacco%n 1:1 r%ixtlgre %?%%etonegan%oethanol (v/v). The precipitate was col-

lected by centrifugation and dialysed for 4 d against water (SnakeSkinvdi-
alysis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn, D),
and lyophilized. |
15 | S _
b)  Incubation of the mixture resulting from adding 0.83 ‘mmol 1,3-diarr1ino—2-
N hydroxy propane and 50 mg sodium cyanoborohydrate NaCNBHj to the so-
lution of 206 mg hydroxyethyl starch was also possible and carried out at 25
°Cfor3d.
20

Example 13.2  Reaction of hydroxyethyl starch with 1,2-dihydroxy-3-amino

HNT Y on

OH

propane

a) To a solution of 200 mg hydrbxyethyl starch (HES18/0.4 (MW = 18,000 D,
25 DS=0.4)) in 5 ml water, 0.83 mmol 1,2-dihydroxy-3-amino propane and 50

mg sodium cyanoborohydrate NaCNBH; were added. The resulting mixture



b) Incubation of the m xture resulting from addi ng
0.83 mmol 1, 2-di hydroxy 3-am no propane and 50 ng
wa@ 0@z 76y anobor ohydrat e NaCNBH3 to the sol ut POTYEP$003/008858

200 ng hydroxyet hyl starch was al so possible and

carried out at .15 25Cfor3d. Exanple 13.3 Reaction of
hydr oxyet hyl starch with 1, 4-ggi.am no butane NH2 HZN

a) To a solution of 200 ng hydroxyethyl starch (HES
18/0.4 (MNV= 18,000 D, 20 DS=0.4)) in 5 m water,

0. 83 nygl intubacd AW RIFIENE TABFeaeBoiEhiRA WHB added to 160 ml
cyanobor ohydrate NaCNBH3 were added. The resulting

m xt ur ef aweldi Inb mixtbeet efthcatongandCetharol (7/vh . Theipseqipitaée wascol-

acet onllA et RAENAD O it e d: Gredpd ' ChkeSkin i

col | echigsis mbm 88 K Df i@ 8ff] RetbidrBtighc@Deasehliml GahbH, Bonn, D),
agai nst "wat er ( SnakeSki n di al ysis tubing, 25 3.5 KD

5cut of and eplylieedsci ence Deut schl and GrbH, Bonn, D),
and |yophi- lized. b) Incubation of the m xture
resulting fromadding 0.83 mol 1, 4-diam no butane
and 50Thyg remton Bf d\2adibkdoipemsne piNgahiBMAth HEShwas confirmed
solution_ of WD 2004/ 024761 PCT/IlE 003/ OO 858 &9 200.
my hydisiegebnby eeniiiostion of fomp @ﬁx HF%‘%‘H%d fe‘é‘r éyidative

out at cl%?ﬁ%I ef#th1 Chlol'éxlﬂrfﬂé Radthorprogaa tty rlgﬁate as described -

hydr oxye starc 1-nmercap to 2- am et hane
10 HSNH2  ba)G. Rovigads Ahalt mehcxfx mqlﬁ&ﬁ)ﬁg%ﬁﬁyet hyI starch

(HES 18/0.4 (MW= 18,000 D, DS=0.4)) in 5 mM water,

0. 83 mmol 1-nercapto-2-am no ethane and 50 ng sodium

cyd 0bﬁ{c%hytﬂfxﬁ&ﬁhé\%%k@re@ﬁhﬁ%%ﬂ%mg;e 8B @ﬁﬁblt 1,0Qihydroxy-

m xture 10 was I ncubated at 8

react i drammix tpoeranoasd Sddmg SOdluI!@@ymoborohydrate NaCNBH3 to the
solution of 200 mg hydroxyethy! starch was also possible and carried out at

15 25°Cfor3d.

Example 13.3  Reaction of hydroxyethyl starch with 1,4-_diamino butane
' /\/\/NHz |
H,N : _

a) Tb a solution of 200 mg hydroxyethyl stafch (HES18/0.4 (MW = 18,000 D,

20 DS=O.4)) in 5 ml water, 0.83 mmol 1,4-diamino butane and 50 mg sodium
cyanoborohydrate NaCNBH; were added. The resulting mixture was incu-

bated at 80 °C for 17 h. The reaction mixture was added to 160 ml of a cold

1:1 mixture of acetone and ethaﬁol (v/v). The precipitate. was collected by
centrifugation and dialysed for 4 d against water (SﬁakeSkin dialysis tubing,

25 | 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn, D), and lyophi-

lized.

b)  Incubation of the mixture'resultizig from adding 0.83 mmol 1,4-diamino

‘butane and 50 mg sodium cyanoborohydrate NaCNBHj; to the solution of



of a cold 1:1 m xture of acetone and ethanol (v/v).
The precipitate was col- lected by centrifugation and

waelr@upsedl f or 4 d agai nst water (SnakeSkin di -PEI/EB1083/008858

tubing, 3.5 KD cut off, Perbio Science Deutschl and

- GrbH, Bonn, D), and |lyophilized. 15 b) Incubation of

~tubing, 3.

i

the m xture resulting from addiong 0. 83 mmol

1- mercapto-2- amino ethane and 50 ng sodi um

cyanobor ohydrate NaCNBH3 to the solu- tion of 200 ng

hydr ox @b fiyd hysdras rchl W& dRRSsEbR AQLasRE W

at 25 Cflg?%ﬁ Zoﬁg]xyg@nﬁl e 14: Formati oaﬁl g?ﬁ WP YL for 3
hydrox;?let hyl starch derivatives by conjuga- tion with

t he non-oxi di sed reduci ng end Exanple 14.1: Reaction

of hydroxyethyl starch with carbohydrazide O H2N-A ,
NN 2niplé13.35 Weadléit o0 2y dedxyefhyi B SWiASEafkrcaptéld-amino
0.96 g of HES18/0.4 (MN = 18,000 D,  DS=0.4) were

5di ssol ved i n 8¢tham§queous 0.1 M sodi um acetate

buffer, pH 5.2, and 8 mmol carw g (Sigma

Al drich, Taufkirchen, D) were dedh ter stirring
for 18 h at 25 C, the reaction m xture was added to
160 m of ‘a cold 1:1 mi xture of acetone and et hanol

Co ) Aoguiiten o2 ofinE brdabefh Sorah il 0 (il 2000 b,
di al ysméog)%(ﬁl Sl nA0ALES 0.898h kI |- %{Q-ﬁnﬁﬁ@lﬁtﬁﬁxgﬁ:&gﬁd 50 mg

; D cut off, Perbio Science Deutsc
GhbH, Bedinm €yanoberghydratehNaCNBH; vexrargslded.18he resulting mixture

O(F;ie ﬁ;tﬂlr gv%s OfecuBth:crl AES t’@ﬂ)r £/ ﬁ.rﬁxrt]a 'r\émacttgnan(lji?(%rg was added to 160 ml

of a cold 1:1 mixture of acetone and ethanol (v/v). The precipitate was col- _

lected by centrifugation and dialysed for 4 d against water (SnakeSkin di-
alysis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn, D),

and lyophilized.
15 ,
b) Incubation of the mixture resulting from adding 0.83 mmol 1-mercapto-2-
' amino.ethane ‘an'd 50 mg sodium cyanoborohydréte NaCNBHj; to the solu-
tion of 200 mg hydroxyethyl starch was also possible and carried out at 25
°C for 3 d. |
20 '

Example 14: Formation of hydroXyethyl starch derivatives by conjuga-

tion with the non-oxidised reducing end

Example 14.1: Reaction of hydroxyethyl starch with carbohydrazide
o .
HZN\N_/U\'N/NH2

H H

25



0O HH2NNNNH 0 10 0.96 g of HES18/0.4 (MW=

18,000 D, DS=0.4) were dissolved in 8 mM aqueous 0.1
woLr®aed24tm acetate buffer, pH 5.2, and 8 nmpl aRPEPER2003/008858

di hydrazi de (Lancaster Synthesis, Frankfurt/Miin, D)

were added. After stirring for 18 h at 25 C, the

reaction m xture was added t-d0160 ml of a cold 1:1

m xture of acetone and ethanol 15 (v/v). The

preci pitated product was collected by centrifugation,

r e-gess of Ve 18/0. 4 M Wi 1820001D, PSHD.4) atygshsbofved 188 anl aqueous
agai nst water (SnakeSkin dialysis tubing, 3.5 KD cut, .
of 0.1 Meyagdium geqtatn butier pHsThiaadd r@ﬁﬁl—sarlsgwﬁfaz@f,(sw Aldrich,

y N . _ | 2 . ¢ / .

Y PN OB e ERAGBELS oy B SRt i
H Hvas2kided\bN 69 151 b d coltd 1: NhiZxtuld dff fetdfie gndéthbdisS {8V The pre-

S osehvet s AR R, S S SR
L 45 ey 1y ROTRR298 K HREBSR, Porbi

- NEOEIT e ) SR N RLR IR IS KOUPHA, Perbio

Fr efuidnoe Devachdandpmbét, Boan,d@)l anddybphilizet i rring for 18

h at 25 C,. 8 Ml water was added to the reaction

m xture, and the suspension was centrifugated for 15

M NE@imple 249: T ﬂ(@acﬁ&fcﬁhﬁﬁbxﬂtﬁfr@ﬁ%ﬂmitm i€@maoiaile

and subsequent|y added to 160 of a cold 1.1 mxture
of acetone and 5 ethanol (v/v)Q The preci pi-tﬁt ed
N

product was collected by gentrffug tion, re-pndissol ved
in 40 M water, and cent i at fo 5 TN aNH%, 500
“rpm The clear . H . ‘
10 ‘ _ _
0.96 g of HES18/0.4 (MW = 18,000 D, DS=0.4) were dissolved in 8 ml aqueous
0.1 M sodjum acetate buffer, pH 5.2, and 8 mmol adepic dihydrazide (Lancastef
Synthesis, Frankfurt/Main, D) were added. After stirring for 18 h at 25 °C, the
reaction mixture was added to 160 ml of a cold 1:1 mixture of acetone and ethanol
15 (v/v). The precipitated product was Vcollected by centrifugation, re-dissolved in 40

ml water, and dialysed for 3 d against water (SnakeSkin dialysis tubing, 3.5 KD
cut off, Perbio Science Deutschland GmbH, Bonn, D), and lyophilized.

Example 14.3: Reaction of hydroxyethyl starch with 1,4-phenylene-bis-3-
20 ‘ thiosemicarbazide

H H
N

N
HZN/ \Ir \@L S -
S . 4 N/U\N/NH2

H H

0.96 g of HES18/0.4 (MW = 18,000 D, DS=0.4) were dissolved in 8 ml aqueous
0.1 M sodium acetate buffer, pH 5.2, and 8 mmol 1,4-phenylene-bis-3-



supernat ant was di al ysed for 3 d agai nst water

(SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio
w®eiognzgeDeut schl and GrbH, Bonn, D), and | yophPd¢T/ERIH03/008858

10 Exanple 14.4: Reaction of hydroxyethyl starch with

O [ 2- (2- am nooxy- et hoxy)-ethyl]-hydroxyl am ne

H2NNH2 O- [ 2- ( 2- am nooxy- et hoxpyp--et hyl ] - hydr oxyl am ne

was synt hesi zed as described in Boturyn et al. .

Tetrahedron 53 (1997) p. 5485-5492 in 2 steps from

Cconfigys€hithibyizidd 1 ancasiba By £hoHs, eFrhdlfart/NaiR 6Dy vodre Hﬁ&ed After
18/0.4 (MN= 18,000 D, DS=0.4) were di ssolved in 8

aquibiieg fay. 18 htslSdiGurd md sater avas aidled to fhpireastion nmﬁtaresand the
mmgusgggl%g(vga ‘%g}xtﬁ d%p ?ﬁgm aﬁ%@ﬁb ]gquyg{ Cgi&{: ﬁﬁ@rﬁ]ﬁant was

ter |rr|n
r eadncamm ad mbséqmeetly/\ada:leddd dd0tngl of@Ccotd 1afmxtwrelofl adetdne and

f d h /
sor ke oyé,gceg,gg@e;}g%g ot bgllectl by ssgifuapion, re-

re- cﬁbs%ﬁ%h ﬁ‘dto' r? | 48 el andVRhel @&Pfd}“ 3l paed 4 g@o gmﬁi The clear

agal nst wat er éskin dralysis t |ng
of fsupélmaﬂahbw&:dlelmmd fmeﬁldsanghﬂnsarWatﬁfﬁhlakeBknmm@xs tuabmg 3.5KD

B o R R OB Bl

redu0| ng end Exanpl e 15.1 Reaction of hydroxyet hyl

starch with carbohydrazi de WD.2004/024761
1pCTEEmple JAd) s action 0 tydraxiethyk skavel with HOB[2t@2- _smipoxy-
Oxo- HES 10/0. 4 gh Ol] 00 rD lDS-.O 4, prepared

according to D Qfé'g R?"j a\ﬂé‘fl‘é d| ssolved in 3 m

absol ute di et hyI sul f oxi de f adazd dropvvl se
under nitrogen to a mi xt 8 of\lp)\ M ,
car bohydrazide (Sigma 5 Al drich, Taufkirchen, D) in 15
m, DVMSO After stirring for 88 h at 65 C, t he

O-[2-(2-aminooxy-ethoxy)-ethyl}-hydroxyl amine was synthesized as described in
Boturyn et al. Tetrahedron 53 (1997) p. 5485-5492 in 2 steps from commercially

15  available materials.

0.96 g of HES18/0.4 (MW = 18,000 D, DS=0.4) were dissolved in 8 ml -aqueous
0.1 M sodium acetate buffer, pH 5.2, and 8 mmol.O-[2-(2-aminboxy-ethoxy)-
ethyl]-hydroxﬂ amine were added. After stirringvfor 18 h at 25 °C, the reaction
20  mixture was added to 160 ml of a cold 1:1 mixture of acetone and ethanol (v/v).
The précipitated product was collected by centrifugation, re-dissolved in 40 ml
wéter, and dialysed for 3 d against water (SnakeSkin dialysisvtubing, 3.5 KD cut
off, Perbio Science Deutschland GmbH, Bonn, D), and lyophilized. |

25
Example 15 Formation of hydroxyethyl starch derivatives by reaction

with the oxidised reducing end

Example 15.1  Reaction of hydroxyethyl starch with carbohydrazide



reaction m xture was added to 160 m of a cold 1:1
m xture of acetone and ethanol (v/v). The precipitate
wa®4odbect ed by centrifugation and was di al yBEUEPIIN3/408858
d against water (SnakeSkin dialysis tubing, 3.5 KD
cut off, Perbio Science Deutsch- |and GybH, Bonn, D)
and | yophl lized. 10 Exanpl e -11932 Reacti on of.
hydr oxyet hyl starch with 1, 4-phenyl ene-bi s- 3-
thi osem carbazide HH H2N."NyN S S| K J~ .NH2 N N
HHO.12 mol Oxo-HES 10/0.4 (MV= 1, 000 D, DS=0.4,
prepared according to DE 15 196 28 |[/05 wer e
di ssolved in 3 m absolute di h}(ll #0xl2de ( DMBO)
and added dropw se under nitrogep to g m xture of 15
mol of 1, 4-phenyl ene-bi s-3- thi osem carbazi de
(Lancaster Synthesis, Frankfurt/l\/hi n, D in 15 mM
DVMSO, Af- ter stlrrln h at 65 C, the react|
m A e Sades 1473 Sl T8000B, 5504 prepived aeoedias to DE
[ d |
N LA %sséfﬂ.e %f 3 FISHRE ALY GRid; (MSO) and
d agldeddiopwideamd¢rSritaégeBko a nulkairy/sf 1S5 ool n@qar&h&dralﬁ@e,(Sigma

t, off h H, ., D
5y B bearhT 5 15 29 BRALL Hferi PRt A 6S °C, e
st %&J%lownhtatdﬂé/%@gdd%& tcV\QSOZIQPéf Q&ﬂ& 611 ﬁ&TArEB?&Q%:@Qﬁ@&ﬁanol |
- 104 H2N-NH2 1,44 g (0.12 nmol) of Oxo- HES 10/

( Mv&v) 1@h©o®cmlta@sx@ dql eptcédafr eantrafygatioor aidngas dlaDEech_Q:@ 4d

e et Bk R RS s ndal? KPE3TPtE FrfloRieh Dewisen-

ni tlﬁ@(ﬂ@ﬁ‘lb‘fp%nﬁ]mdﬂde@ﬁhjﬁ)zeﬂ7 m (15 5 nmol) hydrazi ne
in 15 mM DMSO. After Stll‘l‘lng for 19 h at 40C the

10r eacti on
Example 15.2 Reaction of hydroxyethyl starch with 1,4-phenylene-bis-3-

thiosemicarbazide -
wOLLL

s " _NH

N~ N7 2

H H

0.12 mmol Oxo-HES 10/0.4 (MW = 10,000 D, DS=0.4, prepared according to DE
15 196 28 705 Al) were dissolved in 3 ml absolute dimethyl sulfoxide (DMSO) and
' added dropwise under nitrogén to a mixture of 15 mmol of 1,4-phenylene-bis-3-
thiosemicarbazide (Lancaster Synthesis, Frankfurt/Main, D) in 15 ml DMSO. Af-
ter stirring' for 88 h at 65 °C, the reaction mixture was added to 160 ml of a cold
1:1 mixture of acetone and ethanol (v/v). The precipitate was collected by cen-
20 trifugation and was dialysed for 4 d against water (SnakeSkin dialysis tubing, 3.5
KD cut off, Perbio Science Deutschlaﬁd GmbH, Bonn, D) and lyophilized.

Example 15.3  Reaction of hydi‘oxyethyl starch with hydrazine



m xture was added to 160 ml of a 1:1 m xture of

et hanol and acetone (v/v). The precipitated product
woer®4opi7bect ed by centrifugation, redi ssol ved PCT/EP2003/008858

of wa- ter and dialysed for 2 days against.a 0.5 %

(v/iv) triethylamne in water solution and for 2 days

agai nst wat er (SnakeSkin dialjpgi.s tubing, 3.5 KD cut

of f, Perbio 10 Science Deutschland GrbH, Bonn,

GErnany) and | yophi l'i zed. Exanple 15.4 Reaction of

hydr oxyet hyI starch wth hydroxyll_p\ml_qu

H2N'O' " ~O *" ~O~" NH2

O [ 2- (2- ami nooxy- et hoxy) - et hyl ] - hydr oxyl am ne was

synt hesi zed as described by 15 Boturyn et al in 2

st dp$t § (@2 conol} ot OxioHYES /014G Fal0N00D sDEEbE uprgpared ac-

ToraIooRE 156 20gR8R ErG o 3 ARy i ety poride
10/ @M OMMUF Wb 8RRd Rrop¥isd uflderMibgened Aenixy of 0971t (15
DE 196 28 705 Al) were dissolved in 3 m absolute

sdi mewhl| hydezinexindts mOYBOEGfteastiring for dddeat 49%6piesiaction
.“”der e i o%gg%f% fqgg%(@;)fj §. 1° ’&?1’% &ulahBl WPdcktons (v/vy. The

d¥ oxyt ani ne- 1 n

Dl\/ﬁ%mﬁidtai pro&ﬁdtrvvdsrwllé@éd Hﬁcdmt@ﬁlgﬁtﬁﬁ td%l@ssbhfa@ in mnmL of wa-
m xture was added to

et Hehand @ﬁb'sglc&r@n@ay@\p/ggl)ﬁst arﬂé ﬁr(é‘é") nggtgylégnrﬁzr @dﬁ@?r solution
Wasan?lq%} 9% ng&éxas‘i ;%re@hwﬁ% (glgl gfsggﬂglﬁ g% g\;ﬂg% 'é:ﬁt éff\, Perbio

10( Srediendk D&udclﬂln)@GmbHJ Bong, GEmanKinddyopdilizedPer bi o
Sci ence Deut schland GrbH, Bonn, Gernmany) and
| yophi li zed. Exanple 15.5 Reaction of hydroxyet hyl

P il 15 50388 QA ATRIR AN et amine
(15 mol ) adepic di hydrazi dewéwkﬁkﬁo o 9

absol ute di net hyl

O-[2-(2-aniinodxy-ethoxy);ethyl] -hydroxylamine was synthesized as described by
15 Boturyn et al in 2 steps from commercially available materials (Boturyn, Boudali,
Constant, Defrancq, Lhomme, 1997, Tetrahedron, 53, 5485).

1.44 g (0.12 mmol) of Oxo-HES 10/0.4 (MW = 10,000 D, DS=0.4, prepared ac-
cording to DE 196 28 705 A1) were dissolved in 3 ml absolute dimethyl sulfoxide
20 (DMSO) and were added dropwise under nitrogen to a mixture of 2.04 g (15
mmol) O-[2-(2-aminooxy-ethoxy)-ethyl}-hydroxylamine in 15 ml DMSO. After
stirring for 48 h at 65°C the reaction mixture was added to 160 ml of a 1:1 mix-
ture of ethanol and acetone (v/v). The precipitated product was collected by cen-
trifugation, redissolved in 40 ml of water and dialysed for 4 days against water
25  (SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH,
Bonn, Germany) and lyophilized. | -

Example 15.5 Reaction of hydroxyethyl starch with adepic dihydrazide



sul foxide (DMSO at 65C and 1.44 g (0,12 nmol) of
Oxo-HES 10/0.4 (MW= 10,000 D, DS=0.4, prepared

w@ewenzi7og to DE 196 28 705 Al), dissol ved i n BCTHEPH03/008858

15

absol ute DMSO were added dropw se under nitrogen.
After stirring for 68 h at 60C the reaction m xture
was added to 200 ml of watekr10fhe sol uti on contai ni ng
the reaction product was dialysed for 2 days against a
0.5 % (v/v) triethylamne in water solution and for 2
days agai nst water (SnakeSkingdialysis tubing, 3.5 KD.
cut off, Perbio Science Deuts¢hland GrbH, B ,
Germany) and | yophili zeld,N4 . j,on of
hydr oxyet hyl starch with 1,4-di am no but afpe 2 H2N
1.44 g (0.12 mol ) of Oxo-HES 10/0.4 (MWN© 10, 000 D,
DS=0. 4, prepared ac- cording to DE 196 28 705 Al) were
di 'ssol ved in 3 m dry dinet hyl sulfoxi de 15 (DWVSO

ng ?I(Sa dde ] ep&):maflsle i %3’6{?{ gve 1&%0 rﬁxfnﬁ%tg 3 dan thyl
Af tsﬁffoxsi&é (mMrsg) fa@ %54@ ahd at444§@ tmundl)eafc Ok6/HER X00MeMW =
was added to On a 1 m xture of ethanol and

acd0de D 5%, pregsrest epinm AIPAGHES ACARPOva in 3 ml
§o? ?lgM%g %Xrgl 5'dgéig&§§é g&lé:r nﬁrogah Sgﬁlerv &ﬂrlhg f31068 h at

yse ays al nst wat
( SreBke Bk eaction2Bix@hry Sias ddodd ngOOBmBOiK@ateuTheﬁcﬁlutuﬁecdn'tecining

Sci ence Deut schi and GrbH, Bonn n nd . .
| ydbwemtw@oproc@@a s diaisedfar a4 ﬁgaélﬂstgm b &é‘g@t%?th}ﬁlamme in
[
VR ABILRAESE, PRAEANA PSR ity oy 55
20 cutﬁsff d%lrlﬁib&fénceebyﬁtba‘lﬂmxdl @mbH, B&ROGETmAany) aad lyophilized.

descrl bed in Exanple 20.11(c) was used (EPO- GI-1
Owi t hout acid hydroylsis, treated with mld periodate

0X'l§‘)@4ﬂiﬂ@i5.65 Reaction of hydroxyethyl starch with 1,4-diamino butane
Ao~ NH,
H,N

1.44 g (0.12 mmol) of Oxo-HES 10/0.4 (MW = 10,000' D, DS=0.4, prepared ac-
cordin_g to DE 196 28 705 Al) were dissolved in 3 ml dry dimethyl sulfoxide
(DMSO) él_nd were added dropwise under nitrogen to a inixture of 1.51 ml (15
mmol) 1,4-diaminobutane in 15 ml DMSO. After stirring for 19 h at 40°C the
reaction mixture was added to 160 ml of a 1:1 mixture of éthanol and acetone
(v/v). The precipitate Amino-HES10KD/0.4 was collected by centrifugation, re-
dissolved in 40 m! of water and dialysed for 4 days against water (SnakeSkin di-

20  alysis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn, Ger-

many) and lyophilized.

Example 16 Oxidation of erythropoietin

25



Exanpl e 17: Conjugati on of hydroxyethyl starch
derivatives with oxi- dized erythropoietin of exanple
wd2@ianpbe 17. 1 Reaction of oxidi zed eryt hr opoPEL/EP2003/008858
with the reaction prod- 10 net of exanple 14.1
Oxi di zed EPO (1.055 pg/pl) in 20 mM PBS buffer was
adjusted to pH 5.3 wwth 5 Migédi um acetate buffer, pH
5.2. To 19 | of the EPO solution, 18 | of a solution
. of the HES derivate as produced according to exanple

14 OxidibdY dStHebpoidtth Wad pradhbed 43 &sén%dsl@l@xﬂﬁ;ﬁ@ 20.2A€ oxidized
buffer, pH 5.2) was added, and the m xture

| n@wﬁbnoe@lemrE @-GhI-4tA 25 described én Exgoplei 0. lsliﬂf)l e uaeﬁe(EPO-

v .
085 it QHRBHE AR BB it RPN

CA, USA) as described in the instructions given by
InV|trogen The gel is stained with Roti-Blue

5Coonmmssi e staining reagent (Roth, Karlsruhe, D) over-

20 .he t ' ' el .
a Sadifhe 17,1° EERFLFER & wERSaVE sl UGl e with ox
m gration of tdizepreotthropdictindoftexamplder nol ecul ar

wei ghts. The increased bandwidth is due to the

nol ecul ar wei ght distribution of the HES derivatives

use}ﬁanﬂﬁe gng t R%a&iﬂi’p@lr oﬂfhzﬂ?@rﬂﬁ%ly thn/ Iﬁrgthl ih&%gct‘(ﬁ prod-

t he protein. e 17.2 React’ on

10er yt hr opoi et i nuWQMXamtpleh%htl on pr od uct of exanpl e
14.3 30 Oxidized EPO (1.055g/gl) in 20 nM PBS buffer
was adjusted to pH 5.3 with 5 M sodium acetate

bufdgdicedEPS.-(2.053 %ﬁﬁﬂ ) in 2 mMPBEBGIEOWES Adjasted B ﬂH 8f3 «mh 5
sol uti on WO 2004/ 024761 PCT/ EP2003/ 008858 107 the

HEM gedippepcetateduicn Pt . Be b%nmfﬁge EBOéQbm@nel&ml Qf a(swintion
18 ki 7
19 310 s ot Byl P RO, 1 Gy gy 10

1sh qig/ja5n@.1 Mtsﬁdhuinywéfatd betedrj pH, 5.2 Racididd, Ot ahixt@s was
anal yzed ge wi.th NUPAGE 10% Bis-Tris
GellBgupeied fmér lénat %5 nQ1 Afterglypphilisatips,- the cridg preguct wepgnalyzed

as flesss-ph&dwd iR NulPAGH $HIUS 'ﬂﬁ%&émsbﬁuﬂfé}"(kﬁxﬁ&%%ﬂ Carls-
bad, CA, USA) as described in the instructions given by Invitrogen. The gel is

stained with Roti-Blue Coomassie staining reagent (Roth, Karlsruhe, D) over-

20 night.

The experimental result is shown in Fig. 3. A successful conjugation is indicated
by the migration of the protein band to higher molecular weights. The increased
" - bandwidth is due to the molecular Weight distribution of the HES derivatives used

25 and the number of HES derivatives linked to the protein.

Example 17.2 ° Reaction of oxidized erythropoietin with the reaction prod-

uct of example 14.3

30  Oxidized EPO (1.055 pg/ul) in 20 mM PBS buffer was adjusted to pH 5.3 with 5
M sodium acetate buffer, pH 5.2. To 19 ul of the EPO solution, 18 pl of a solution



Exanpl e 17.3 Reaction of oxidized erythropoietin with
the reaction prod- uct of exanple 14.4 to Oxidi zed EPO
W@ 2000534761 1) in 20 nM PBS buffer was adj usted POI/pPR2083/@)8858
with 5 Msodiumacetate buffer, pH5.2. To 19 | of
the EPO solution, 18 | of a solution of the HES
derivate as produced accordi-ng7to exanple 14.4 (MNV 18 .
kD, 18.7 g/1 in 0.1 Msodium acetate buffer, pH 5.2)
was added, and the m xture was incubated for 16 hat
25 oE thAHIES! ddrivaRhis! prodided racc&raﬁlé%mm?[eomm MWSI8 kD; 18.7
anal yzed 15 by SDS-'Page wth NuPAGE 10% Bi s-Tris = -
GelLg/ INGRD. bM Sediu seeiate bufést, pldar-2swapadiledGrd theapixgue was
described . n the Lnstr I QNS .gi.ven [ nyi
gort B a0 G824 7 R PRl B bkl e s difrzca
r eageIIHS-PRES With KAPIAGRINGY Bls-Tai46Gels/MOPY biiffer{thvIthegen, Carls-
experinmental result is showm in Fig. 4. A successful
5compddadi URA) as daserikedtin the ipgtrycHensgiyemby Bivitergennhe
protein band to higher nol ecul ar wei ghts. The
i ncreased . bandwi dth is due to the nol ecul ar wei ght .
di Exaniple1D8 oRehttionHHSoxidized @iy thespaistie withnthet sfe@ction prod-
nunber of HES deriyativ s;Li nked to the protein. 25
Exanpl e 17. 4 RusCefieyAmple bt di zed eryt hropoietin with
the reaction prod- uct of exanple 15.1 Oxidi zed EPO
. (1.055.g/l) in 20 nM PBS buffer was adjusted to pH 5.3
10w tOxiBized/ERO( O aghtihine2bunM 8BS iEfes was adjustadtd pldh.3 with 5

t he EP | ut 18 f. ' 30, of t ;
dorvsatuicastigldi pha dor 4 phbgecution; Rl itA sgution
kDiofiBe TIFY derivatOaslpiisqdi atobaah! at exabipld €4.4 (MWOIRKD; 18.7
was added, and the m xture was 2004/ 024761

PCHAH2003]1 ddsedism acetge bulderoatledi2Y vies added, ard fig muixture was

Af t.er .| il HoB dyct ‘

o BRI B3 2p0c AN MR HACHEL RSB Yoo
15( 1 rigi SDSPae WEANUPAGR 0% Bis- W5 BelaMARS buffrednvitiogengCarls-

instructions given by Invitrogen.. The ge] is,k staiped .

wi t1RdREe W Adeascirspriled;ia the am%%quﬁ'gome%l&hby Idepgen. The gel is

Kard Shdth Gith R ot BRle CoASY staining reagent (Roth, Karlsruhe, D) over-
" night. ‘ ' ' |

20  The experimental result is shown in Fig. 4. A successful cdnjugation is indicated
by the migration of the protein band to higher molecular weights. The increased
" bandwidth is due to the molecular weight distribution of the HES derivatives used

and the number of HES derivatives linked to the protein.

25 . Example 174 Reaction of oxidized erythropoietin with the reaction prod-

uct of example 15.1

Oxidized EPO (1.055 pg/ul) in 20 mM PBS buffer Was adjusted to pH 5.3 with 5
M sodium acetate buffer, pH 5.2. To 19 ul of the EPO solution, 18 pul of a solution
- 30 of the HES derivate as produced according to example 15.1 (MW 10 kD; 18.7
pug/ul in 0.1 M sodium acetate buffer, pH 5.2) was added, and the mixture was



The experinental result is shown in Fig. 5. A

successful conjugation is indicated by the mgration
w@pootlops7pr ot ei n band to hi gher nol ecul ar wei ghPGT/ER1063/008858

i ncreased bandwi dth is due to the nol ecul ar wei ght

di stribution of the HES derivatives used 10 and the

nunber of HES derivatives |iLnggd to the protein.

Exanpl e 17.5 Reaction of oxidized erythropoietin with

the reaction prod- uct of exanple 15.2 15 Oxidi zed EPO

(1; r&ﬁﬁat&{ for 1'6rh 2091, F’mrh%gﬁigaﬁ@@ tﬁé’bﬂﬁ& 960ctuet wk& fafyzed

M sodi um acet ate buffer,
t hby SPS-Bageuvitlo NuPAGH 1@&» Bis-Job LﬁqlsuSMOPc& buff@ (mgrogen Carls-

IS O3B HSEAS SR B SR PR

Wa§taﬁ1@d agith RHH-Bhe Odorhaskie Mﬁnghﬁéééhﬁ(ﬁ&hf ®larldfuhé) BY over-
C. After lyophilisation, the crude product was

5anaig}1ted 20 by SDS- Page with NUPAGE 10% Bis-Tris
Gel s/ MOPS buffer (Invitrogen, Carls- bad, CA USA) as
described in the instructions given by Invitrogen. The

gelThe expé&imdntgtdesilt i shown iBFiges Célcsnmesifel cxinﬁnixgmitmg is indicated
reagent (Roth, Karl sruhe,

exbé heyavigration af metprp@ms??@a% %fg f é“ol g:u a M@%f e increased
or Wﬁt 8{1? E,d ﬁ).lg' (ﬂéc%?ar %1 t{t B%trmugi'b to'f?rfé: F?ES tdB&vatives used

. nol ecul ar wel g
101 nan@ﬂﬁenhmblaamﬂﬂEtdhrwmvdmhnked td)liemoﬂeenul ar WGI ght
di stribution of the HES derivatives used and the

nunber of HES derivatives linked to the protein. 30

1 $7.50" fRhétiih 6f oxillized & Jdi6h GidhOtheOfeacti d-
er Wh@ o?7et| n WO 2004/ %24761 E}%’%péoog/ 00885e8 cac 110619pro
241.5 g eryt hr opoifexampled2 GT- 1, see Exanple 20) in

500 | of a 0.1 Mso- dium borate buffer, 5 nM EDTA, 10
nmM DTT -(Lancaster, Mrcanbe, UK), pH 8.3, were

15l nmi@lk&plEPgr(l Dbs5b p@uIPih 2 mMPBEbIffeRGas @d]ﬁét@cﬁtdlp‘H 53with 5
centrifugal filtra gltlon with a VIVASPIN 0.5

c o M sodinmtasetatetpitien tANGD Tovi Vnsed thnERO sopﬁwﬁolﬁgpl ofgysolution
at PO PR BRvaRURSHAHER ARSI T blPRS 13 RV KD; 18.7

pg/pl in 0.1 M sodium acetate buffer, pH 5.2) was added, and the mixture was
incubaited for 16 h at 25 °C. After lyophilisation, the crude product was analyzed

20 by SDS-Page with NuPAGE 10% Bis-Tris Gels/MOPS buffer (Invitrogen, Carls—
~ bad, CA, USA) as described in the instructions given by Invitrogen. The gel is
stainéd with Roti-Blue Coomassie staining reagent (Roth, Karlsruhe, D) over-

night.

25  The experimental result is shown in Fig. 5. successful conjugation is indicated by
the migration of the protein band to higher molecular weights. The increased
bandwidth is due to the molecular weight distribution of the HES derivatives used

and the number of HES derivatives linked to the protein.

30
. Example 18 - Formation of Thio-EPO by reduction of erythropoietin



and twice with a phosphate buffer (0.1 M 9.15 M Nad

50 mM EDTA, pH 7.2). 10 Exanple 19: Conjugation of
whyanoxyret hyl starch derivatives with thio- PCT/EP2003/008858

erythropoi ctin using a crosslinking conpound In each

of the follow ng exanples, N (al pha-malei m doacetoxy)

succinimde ester (AVAS) O - QN-0)-1~N O 15 was

used as crosslinking conmpound. Exanple 19.1 Reaction

of thio-erythropoietin with the reaction product of

exanple 14.1 and the crosslinking conpound 20 To 50

nnol HES derivate as Broduced accordi ng to exanple

14. 241ah e dirgbopeistini(FPO2GD- 1, sef Evargple 20) sod0Qml of a 0.1 M so-

oo 81, S 0 e U, i

Al d8 BoRere Tacibted Cfblehh ab}7 °C nTM@I‘WsQeﬁh@d&ﬂ a-éiﬁnﬁlgal filtra-
clear solution was i ncubated for 80 nm n at 25y

50 Romodih 21 CASRRN 5 i ponssmeseiase 19 G WW G (VIVASCIENCE,

cen ly£f 4 [

* SontairbbeRofd: 15 B0 0, MR Ral Fetl Sl duih leyorasg puter
13, &0wigenyitinaphosphaté btiffere®.1av1d9.30 MiNaCli SOMMEDTA, pH 7.2).
phosphate buffer. WO 2004/ 024761 PCT/ EP2003/ 008858

110 To the residual solution, 15 gg of Thi oEPO as
produced according to exanpl e 18 (1 Vg/ VI in

phosphate buffer) were added, and.the m xture was
1q ncExampls 190r Gonjugation2 6f @ydﬁdxwethyl ystqrioh | desviatioes wiithethio-

crude product was,anal. sed wi th 5 NuPAGE

10% Bi s-Tris GSTXHppa %f‘f'@é afrwrggﬂﬁéﬁmp@&Fﬁsbad

USA) as de- scribed in the instructions given by

Invitrogen. The gel is stained with Roti-Blue

Coolressehi ef e dolinwine exangeles, N-Rinha; matgintideachioxy Djuccinimide ester

oveAM g The experinental result is shown in Fig. 6.
ccessf ul conj ugation is indi cat ed

N OJOQ

15  wasused as crosslinking compound.

Example 19.1 - Reaction of thio-erythropoietin with the reaction prodﬁcf of

example 14.1 and the crosslinking compound

20 To 50 nmol HES derivate as produced according to example 14.1 and dissolved in
200plofa 0.1 M sodiuni phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA,
pH 7.2), 10 pl of a solution of 2.5 umol AMAS (Sigma Aldrich, Taufkirchen, D)
in DMSO were édded. The clear solution was incubated for 80 min at 25 °C and
20 min at 40 °C. Remaining AMAS was removed by centrifugal filtration with a
- 25 VIVASPIN 0.5 ml concentrator, 5 KD MWCO (VIVASCIENCE, Hannover, D)
' at 13,000 rpm, washing 4 times and 30 miﬁ with the phosphate buffer.



1o by the mgration of the protein band to higher

nmol ecul ar wei ghts. The increased bandwidth is due to
wo b@4/0e0becul ar wei ght distribution of the HESPCT/EP2003/008858

derivatives used and the nunmber of HES derivatives

linked to the protein. Exanple 19.2 Reaction of

thio-erythropoietin with their@acti on product of 15

exanpl e 14.2 and the crosslinking conpound To 50 nnol

HES derivate as produced according to exanple 14.2 and

di ssolved in 200 gl of a 0.1 M sodi um phosphate

buffer (0.1 M 9.15 MNadl, 50 mM EDTA, pH 7.2), 10

gI Toftharesistualt Sobriont 12 ng oéffbioERms frefluped agqogding fio example 18

KL ygﬁ %os%%ggﬁfga wfere a 8‘319{3 %%Jr%%ve&l g&fb%d for 16 h

at aft9s ec. Rﬁﬁﬂlyapmgsa‘%im&h%&ﬁeqﬂmmd“hy ammdlbfytsias Page w1th
[tration with a VIVASPI'N O. concentrator,

fi
5 meAﬁE/AQw BiscEis [@FYORS, btrﬁ)‘er (Btwti@eeoﬁalflw USA) as de-

52 WA i thd FREuAT AR M Be T HRQP R e Wl Roti-Blue
IOr @Bnbﬁﬁdsla@tamh@ Bggeno(Rotha drBrub8, DI dvegxggm in

phosphate buffer) were added, and the m xture was .
incubated for 16 h at 25 C. After lyophilisation, the

Ljfi.g ﬂH&{tz&e"i?&/lﬁﬁ%hé(ﬁﬁ?n . §D§ a8 édh&aéﬂﬁgﬁfﬁndlcated

rIS InV|trogen r | sbad
10 USAo)y ths migr-atxsm of Bedproteint handi tnshugh;c majersilag |WﬁeghtbyThe increased

n, tain t.h Rot
éﬁﬁ(i\g]i%gl isidy xp(ggﬁ.éq{tvbe(légtdvﬁntn%pp é)lf g}?ﬁﬁ%)(ienvatlves used
oveng k@ﬁmﬁé@o?ﬁﬁé/&ﬁ%ﬁ%s REI/RBRR076R08858 - 111
The experinental result is showmn in Fig 7. A
successful conjugation is indicated by the mgration

iyl 3. FRton PLAHER PRSPl R POl iop HiBauct of

15d| stribution ofxiipletd2 ﬂhﬁltneatrbssﬂﬁkingedmpanddt he
nunber of HES derivatives linked to the protein. 5
Exanpl e 19.3 Reaction of ‘thio-erythropoietin with the
reagt d :
Conbbuf Aot AE8 GhriShe pESAIRR alcbrdnB R LR Shi Biteed in.
t 0 200auipif @ 01¥Msaalitn gphesphhte daffem(0.1 M, 9.15 M NaCl, 50 mM EDTA,

pH 7.2), 10 ul of a solution of 2.5 umol AMAS (Sigma Aldrich, Taufkirchen, D)
20  in DMSO were added. The clear solution was incubated for 80 min at 25 °C and

20 min at 40 °C. Remaining AMAS was removed by centrifugal filtration with a |
VIVASPIN 0.5 ml concentrator, 5 KD MWCO (VIVASCIENCE, Hannover, D)
at 13,000 rpm, washing 4 times and 30 min with the phosphate buffer.

25  To the residual solution, 15 p;g of ThioEPO as produced according to example 18
(1 pg/ul in phosphate buffer) were added, and the mixture was incubated for 16 h
at 25 °C. After lyoi)hilisation, the crude product was analysed by SDS-Page with
NuPAGE 10% Bis-Tris Gels/MOPS buffer (Invitrogén, Carlsbad, USA) as de-
scribed in the instructions given by In'vitrogen'. The gel is stained with Roti-Blue

- 30 Coomassie staining reagent (Roth, Karlsruhe, D) overnight.



10 200 | of a 0.1 M sodi um phosphate buffer (0.1 M

9.15 M Nadl, 50 nM EDTA, pH 7.2), 10 pl of a solution
w@R002/0547601 AMAS (Si gma Al drich, Taufkirchen, BE)T/EP2903/008858

DMSO wer e added. The clear solution was incubated for

80 mn at 25 Cand 20 mn at 40 C. Renai ni ng AMAS was

renmoved by centrifugal filtrdilen with a VIVASPIN 0.5

m concentrator, 5 KD MACO (VI VASCI ENCE, Hannover, D)

15 at 13,000 rpm washing 4 tines and 30 nin with the

PhaspRap&inktidlaesulihe shévon e Figdnah s&éﬂesﬁfulodbnj\igﬁtlgl of mdlcated

Thi oEPO as produced according to exanple 18 g
ph&s ghtamégration ef he\pspteinalrad 4O highgr mpdeciiar mpigh %@e increased

i n %g‘?a%ﬁ% i (a il mo"lle%cu?a? a&&l@%@b&g)ﬂﬂ RPiHel I?]%% H%Fa}'tol\(c/%eused

crude 'pro uc was anal yse
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over nﬁﬁq@l@#a' ReRidnSHAHT- eWJS)méfﬁHvﬁﬁ Yhe rea@mn pm(%l.lct of

experinental “res I's showmn in Fig
A successful c exqmp}atlﬂdmn@thle rdessbnlddg compbynd he
mgration of the protein band to higher nolecul ar
wei ghts. The increased bandw dth is due to the

Mo 1ecsy ﬁﬁoM@EQ HErnGli'teSésrﬂrB&ﬁdeQ Rc@hrdihf @ Eamplter4.Y ahd digsolved in
used and the number of HES derivatives |linked to the

10 pr @08iihof E0dnM i el a0 b 180 ot e EDTA,

e et TR s RulRR e B S BB Aldich, 1B

- 138 DMSO0véreRldédEFhelelety sdlgti@sway pdulnesd fac 80minng256C and |
exanple 14.4 and dissolved in 200 | of a 0,1 Msodium
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15C| emn3,900 wir (Was\hﬁg 4I memmem thinrwisitheiphosphat2 butfeand 5
20 mn at 40 C. Remai ni ng AMAS was renoved by
centrifugal filtration with a VIVASPIN 0.5 m

co h lYWﬁ? denEeh ENGfod é@%@&ﬁfn tPexadple 18
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Thi OEPQCa %f{%r yopﬁ%satl Son. redclrg e produé wrgg analysed by SDS-Page with
20 NuPAGE 10% Bis-Tris Gels/MOPS buﬂ'cr (Invitrogen, Carlsbad, USA) as de-
scribed in the instructions giveh by Invitrogen. The gel is stained with Roti-Blue

Coomassie staining reagent (Roth, Karlsruhe, D) overnight.

The experimental result is shown in Fig. 7. A successful conjugation is indicated
25 by the migration of the protein band to highef molecular weights. The increased
bandwidth is due to the molecular weight distribution of the HES derivatives used

and the number of HES derivatives linked to the protein.

Example 19.4  Reaction of thio-erythropoietin with the reaction product of

30 example 14.4 and the crosslinking compound



10 (1 gg/gl in phosphate buffer) were added, and the
m xture was incubated for 16 h at 25 C. After

wo yaploe47ssat i on, the crude product was anal ysePCD¥EP2003/008858
SDS- Page with NuPAGE 10% Bis-Tris CGel s/ MOPS buffer
(I'nvitrogen, Carlsbad, USA) as de- scribed in the
instructions given by Invitedgyen. The gel is stained
with Roti-Blue Coonassie staining reagent (Roth,
Karl sruhe, D) overnight. 15 The experinmental result is
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EDTA, pH 7.2), 10 gl of a solution of 2.5 mol  AMAS
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cont 55 Se9Rel b RBU IR e it B e Bl by ¥ -Pagg with

13 NUPA G MOvNVBINTHY GelyMOPS Bufter 30nvit ag Uarlhlhﬁ USA) as de-
phosphat e buffer. WD 2004/ 024761 PCT/ EP2003/.008858

- 15gribed infle mskmetinns givn i lawitrogen. of h@fge*rrﬁ Bipgd wih Roti-Blue
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bandw1dth is due to the molecular weight distribution of the HES derivatives used
and the number of HES derivatives linked to the protein.
S 20 , _ _ o
Example 19.5 Reaction of thio-erythropoietin with the reaction product of

~ example 13.1 and the crosslipking compound

To 50 nmol HES derivate as produced according to example 13.1, at incubation

25  conditions of 80 °C and 17 h as well as of 25 °C and 3 d, and dissolvgd in 200 pl
of a 0.1 M sodium phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH
7.2), 10 ul of a solution of 2.5 umol AMAS (Sigma Aldrich, Taufkirchen, D) in
DMSO were added. The clear solution was incubated for 80 min at 25 °C and 20
‘min at 40 °C. Remaining AMAS was removed by 'cehtrifugal filtration with a

30 VIVASPIN 0.5 ml concentrator, 5 KD MWCO (VIVASCIENCE, Hannover, D)
at 13,000 rpm, washing 4 times and 30 min with the phosphate buffer.



Coonassi e staining reagent (Roth, Karlsruhe, D)

overni ght. The experinental result is shown in Fig. 7.
woezeMozessf ul conjugation is indicated 10 by PEEEP2003/008858

m gration of the protein band to higher nol ecul ar

wei ghts. The increased bandw dth is due to the

nol ecul ar wei ght distributionlldf- the HES derivatives

used and the nunber of HES derivatives linked to the

protein. Exanple 19.6 Reaction of thio-erythropoietin -

with the reaction product of 15 exanple 13.3 and the
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R e deskb B e 13 Hised i s o brodicad i example 18
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fi | Cocmassin stairting magmtm@m KardsréhenD) eweroight.r at or, 5 KD
MACO (VI VASCI ENCE, Hannover, D) at 13,000 rpm
washing 4 tinmes and 30 mn with the phosphat e buffer.

25 T dxperihestalieadlt $0shdvindA Fid 3. @ @EcéEBquE&QJ ion is indicated
produced accordi ng to exanple 18 i n pho ﬁ?ate
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Cel| aldEPurhbi o€ HES derivhiiveg éinkedlanhsprattin, USA) as de 30

scribed in the instructions given by Invitrogen. The
gel is stained with Roti-Blue Coomassie staining
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1shown in Fig 7.exdmplcted shadithexrossligkingmonippunddi cat ed
by the migration of the protein band to higher
nmol ecul ar wei ghts. The increased bandwidth is due to

t hergah aedb) Q—IES’\ﬁérgxme g ﬁ&ﬂﬁ&ﬁta'c@cﬂdﬁﬁ tb Qﬁarhﬁ% 13.3, at incubation

derivatives used and the nunb HES derivatives
| i nmdltlpos phHh&0 ffﬁ? @nédﬂ h as well as of 25 °C and 3 d, and dissolved in 200 pl
of a 0.1 M sodium phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH
20  7.2), 10 pl of a solution of 2.5 pmol AMAS (Sigma Aldrich, Taufkirchen, D) in
 DMSO were added. The clear solution was _incubéted for 80 min at 25 °C and 20
min at 40 °C. Remaining AMAS was removed by centrifugal filtration with a
VIVASPIN 0.5 ml ‘conc.entrator, 5 KD MWCO (VIVASCIENCE, Hannover, D)

~ at 13,000 rpm, washing 4 times and 30 min with the phosphate buffer.

25 | | |
To the residual solution, 15 pg of ThioEPO as produced according to example 18
(1 pg/pl in phosphate buffer) were added, and the mixture was incubated for 16 h
at 25 °C. After lyophilisation, the crude product was analysed by SDS-Page with |
NuPAGE 10% Bis-Tris Gels/MOPS buffer (Invitrogen, Carlsbad, USA) as de-
30  scribed ih the instructions given by Invitrogen. The gel is stained with Roti-Blue

~ Coomassie staining reagent (Roth, Karlsruhe, D) overnight.



Exanpl e 19.7 Reaction of thio-erythropoietin with the
reacti on product of exanple 15.1 and the crosslinking
w@ormoestdi t o To 50 nnmol HES derivate, producedPCT/EP2003/008858

according to Exanple 15.1 and dissolved in 200 |

phosphate buffer (0.1 M 9.15 M Nad, 50 mM EDTA, pH

7.2), 101 of a solution of-1445 nol AMAS (Si gha

Al drich, Taufkirchen, D) in DMSO was added, and the

clear solution was incubated for 80 mn at 25 C and 20

mn at 40 C The AVAS was renoved by centri fugal
~filtration with a VIVASPIN Q.5 m 15, concentrator, . 5.

KD Tscaspenynentaaeapics, shosmisJde 7. detusesssil eqnjugstiop s indicated
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516 e mirpes st S gefistivey SpkRa o mRn 1 o or ude
product was anal ysed by SDS-Page w th NuPAGE 10 %
Bis-Tris Gels/MOPS buffer (Invitrogen, Carlsbad, CA,

- USAjxaample 483 cr Reactiomof thioenghropi¢timwithithe meapgion product of

I nvitrogen. The, gel .S, stajned w.th Roti- Bl uye

Coomassi e stai fil pireelgg]eﬁ?ﬂlﬁo‘irﬁ%l\slhkgﬂ“g§Pﬁ‘t‘i’8}m%)

overni ght. .25, The experinental result is shown in Fig
successful conjugation is indicated b

- 8.°A h |
- 100 gFugQ srobHESIfleriypls: Bioguesdrageardingi tg rapmatst ﬁ%tpgﬁ dissolved in
ol S0 pho PRt HEFEPRE M, RMSEY, T nfE RO WE 7 2) dO wl of s

- usedlutivAdoft ne msibAMAS (BigmadAtdrichl Tuekirthenk @) inoDMBO was
protein. 30 anpl e 19. 8 Reacti of . o ) :
thi a&.dscﬂ;apg Fh?&g?aétsf’lhmﬁ]‘ t"Yilstl?Fé‘%?tE‘gg‘iri 89rmigra ddcC apd 20 min at 40
ex e g e LoviA sk Fe'i&?ov‘é? %gséehﬁifhgb@ fHFA Ut YR TVASPIN 0.5 ml
2004/ 024761 PCT/ EP2003/008858 =115 To 50 nnmol HES '

15d e rdonegngxatop,r & d<Io el VACOo(\diViA P GIENEE Hineods, Seamahy) at 13,000

di lved in. 200 Rl hate buffer (0.1.M 9.15 M .
NP 58 bhieaf A oD SBF TR e Do SEhat By on of 2. 5
Rmol AMAS (Sigma Aldrich, Taufkirchen, D) in DVSO was .

5 added, and the clear solution was incubated for 80
ni- nl@athe 26sidvahsmdutdan, i mgakhiaBPO@s producadingondieg tocxempls 18 (1

by p(t:g%]ltiglipﬁfxgg)%latteft;ulf%e;)aitver% r;idyi\édt, anil th\éI n\/&%’é l\>Iva9 in5<:ug(jited for 16 h at |
20 25 °C. After lyophilisation, the crude product was analysed by SDS-Page with
NuPAGE 10 % Bis-Tris Gels/MOPS buffer (Invitrogen, Carlsbad, CA, USA) as
described in the instructions given by Invitrogen. The gel is stained with Roti-

Blue Coomassie staining reagent (Roth, Karlsruhe, D) overnight.

25 The experimental result is shown in Fig 8. A sﬁccessful conjugation is indicated
| by the migration of the protein band to higher molecular weights. The increased
bandwidth is due to the molecular weight distribution of the HES derivatives used

and the number of HES derivatives linked to the protein.

30 Example19.8 Reaction of thio-erythropoietin with the reaction product of

example 15.2 and the crosslinking compound



concentrator, 5 KD MACO (VI VASCI ENCE, Hannover,

Cermany) at 13,000 rpmand washing 4 tines for 30 mn
wowaoh/oe41e1 phosphat e buffer. 10 To the resi dual PCT/EP2003/008858

solution, 15 Vg Thi o- EPO as produced according to

exanple 18 (1 Rg/R in phosphate buffer) were added,

and the m xture was incubatedlber 16 h at 25 C. After

| yophilisation, the crude product was anal ysed by

SDS- Page with NuPAGE 10 % Bis-Tris Gel s/ MOPS buffer

(I'nvitrogen, Carlsbad, CA, USA) as descri bed in the

instructions-%lven by I nvitrogen. gel is staln
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- M Nad, 50 mM EDTA, ?H72 10 Rd of a solution of
102 & ot Fesisviaksolgiagih Ag&mq:EPOmwmdurc@dw@wordD)g forexpnse 18 (1
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15 ThiBlu&CGomssspr stalning deapentaRaithny i arlsrubxddpdvernight( 1 g/ 1
i n phosphate buffer) were added, and the m xture was
incubated for 16 h at 25 C. After lyophilisation, the

crugde &b%@ﬁta%l?ﬁaéh%%qn@ 8Dx- furalsti E&j%ﬂk&gﬁdwated
10 % Bi s- TrlsGes/I\/[PSbufer (I'nvitroge rl sbad
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20  and the number of HES derlvatlves linked to the protein.

Example 19.9 Redction of thio-erythropoietin with the reaction product of

‘ exampie 15.3 and the crosslinking compound

25 To 50 nmol HES derivate, produced according to Example 15.3 and dissolved in
200 pl phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH 7.2), 10 pl of a
solution of 2.5 pmol AMAS (Sigma Aldrich, Taufkirchen, D) in DMSO was
added, and the clear solution was incubated for 80 min at 25 °C and 20 min at 40
°C. The AMAS was removed by centrifugal filtration with a VIVASPIN 0.5 ml

30  concentrator, 5 KD MWCO (VIVASCIENCE, Hannover, Germany) at 13,000
rpm and washing 4 times for 30 min with the phosphate buffer.



Bl ue Coomassi e staining reagent (Roth, Karlsruhe, D)

overnight. The experinental result is shown in Fig 8.
woewozEessf ul conjugation is indicated 10 by PEEEP2003/008858

m gration of the protein band to higher nol ecul ar

wei ghts. The increased bandw dth is due to the

nol ecul ar wei ght distributionlléf- the HES derivatives

used and the nunber of HES derivatives linked to the

protein. Exanple 19.10 Reaction of thio-erythropoietin

with the reaction product of 15 exanple 15.4 and the

crossllnkL g, conpound Tqo_. 50 _nnol HES deri vate,
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concentrator, Hannover,
GerBiBﬁQ))OlaﬁSSEBSmgmg rcw@(ﬂ@tm&aﬂsn@e@l dvepsglitor 30 min
with the phosphate buffer. 25 To the residual

solution, 15 g Thi o- EPO as produced according to

exargel &x éﬁméﬂ{al bt is shopAAs @ 8e AbsicEdkhul w&’g@ga’&@ﬁ §¢lindicated

andthe m xture was incubated for 16 h at 5 C After

101 y dprihe imigkation of threproteiri bansk iodtiekeripeleeiian yeigls plhe increased

X Pﬁ)valﬁ glé%qﬁtdﬁ yﬂfe@(ai%l &gﬂ%%dﬁthﬁmgﬁlscr@ES%BY‘?{WCS used

| nsint died imitser of VS deyivhtines linkgEn.thdpetgel s stained
with Roti- 30 Blue Coomassie staining reagent (Roth,
Karl sruhe, D) overnight. WO 2004/024761

8
R RIS S ARTSATRTI SE o o
15by the mi grati examplet et midthei arosslinlingaohipyload

nol ecul ar wei ghts. The increased bandwidth-is due' to
t he nol ecul ar wei ght distribution of the HES

derfy 86 h¥ep H‘l‘?be&nvﬁfédpfohﬁceﬂ%@xﬁl fto & 1Y abhy Qﬁsolved in
linked to the protein. 5 Exanple 19.11 Reaction of

t hi 200aH phbspbetsi effen (G M % HeMr NaGk 56 mM T4 pkb7.2), 10 pl of a
solution of 2.5 pmol AMAS (Sigma Aldrich, Taufkirchen, D) in DMSO was
20  added, and the clear solution was incubated for 80 min at 25 °C and 20 min at 40
°C. The AMAS was rémoved by}centrifugal filtration with a VIVASPIN 0.5 ml
concentrator, 5 KD MWCO (VIVASCIENCE, Hannover, Germany) at 13,000

rpm and washing 4 times for 30 min with the phosphate buffef. |

25 To the residual solution, 15 pg Thio-EPO as produced according to example 18 (1
- ug/ul in phosphate buffer) were added, and the mixture was incubated for 16 h at

25 °C. After lyophilisation, the crude product was analysed by SDS-Page with
NuPAGE 10 % Bis-Tris Gels/MOPS buffer (Invitrogen, Carlsbad, CA, USA) as
described in the instructiqns given by Invitrogen. The gel is stained with Roti-

30  Blue Coomassie staining reagent (Roth, Karlsruhe, D) overnight.



exanpl e 15.5 and the crosslinking compound To 50 nnol
HES derivate, produced according to Exanple 15.5 and

woeegobkazed in 10 200 gl phosphate buffer (0. 1POM/EP2005008858
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M NaCl, 50 nM EDTA, pH 7.2), 10 | of a solution of
2.5 gnmol AMAS (Sigma Aldrich, Taufkirchen, D) in DVSO
was added, and the clear solli7ion was i ncubated for
80 minat 25 Cand 20 min at 40 C. The AVAS was
renmoved by centrifugal filtration with a VIVASPIN 0.5
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with Roti- Bl uex{dopkdsSsy m(kﬂlalcmsslgnkmggempo(xﬁtbt h,. ‘
Kar | sruhe, D) overnight. The experinental result is

shown in Fig 8. A successful conjugation is indicated
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nol ecul ar wei ght i ncreased bandwidth is
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added, and the cl ear soI uti on was incubat ed for 80 mn
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centrifugal filtrati 3 8 Thie-E00 OB deBrdiify ORI 15 (1
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Ge%%y )Aﬁler lyophlﬁsatlon the crude product was analysed by SDS-Page with
NuPAGE 10 % Bis-Tris Gels/MOPS buffer (Invitrogen, Carlsbad, CA, USA) as |

described in the 'instru'ctions giVen by Invitrogen. The gel is stained with Roti-

Blue Coomassie staining reagent (Roth, Karlsruhe, D) overnight.

The experimental result is shown in Fig 8. A successful conjugation is indicated
by the migration of the protein band to higher molecular weights. The increased
bandwidth is due to the molecular weight distribution of the HES derivatives used

and the number of HES derivatives linked to the protein.

Example >19.12 Reaction of thio-erythropoietin with the reaction product of

30 | example 15.6 and the crosslinking compound
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of 0.4) to the partially (mld periodate) oxidized

si afd the 36sidhal {IHEVETS5 P8 THEEPD &%@&ﬁ@@ﬁéc@ﬁ‘dlﬁé‘ﬁi ékﬁmgfe 18 (1

reconbi nant human EPO’ Based on car bohydr

105t rgditlin dhosphateyhsiffer)t were eddéd iandi theomipiure svas mqubdad: €t 16 h at

n stryctural integrit f t.he .
oI | g5 ogc’gﬁ S’égﬁln caﬁmlnh #H@eepf\ﬂréﬂffﬁl XW%'SSQ q}yhgﬁﬁ"]%a%f: with
aci NiuI!A(GEH@d% HEIS-TrRdGElsALIOBS %ﬁﬁsﬁ(lmrag)é}ﬂlcaaéﬂaal CA, USA) as
PCT/ EP2003/ 008858 119 reveal ed 1 ntact neutral

N- atesqriped 4 tthgs gﬁfrﬁgﬁqrgsrﬂvqghby Agw“hge@h Thereel is stained with Roti-
dified
po B RO AR el (LR R AR o Ll Ty ot

15I east 3 nodified HES—reS| dues are attached per EPO

h f the EP whj ch
ST Bar e oYl Scston i gﬁa"{ﬁfs’%&aﬁ cOugaton Is ndeated

by the migration of the protein band to higher molecular weights. The increased
bandwidth is due to the molecular weight distribution of the HES derivatives used
and the number of HES derivatives linked to the protein.

20 |

Example 20 Preparative production of HES-EPO conjugates

Summary
25
HES-EPO conjugates wére synthesized by coupling of HES derivatives (average
mw of 18,000 Dalton; hydroxyethyl substitution degree of 0.4) to the partially
(mild periodate) oxidized sialic acid residues on the oligdsaccharide chains of
recombinant human EPO. Based on carbohydrate structural analysis the modifica-
30  tions introduced did not affect the structural integrity of the core oligosaccharide

chains since MALDI/TOF-MS of the mild acid treated HES-modified glycans



5 partial sialic acid renoval. An EPO variant | acking

about 50% of the sialic acid residues of the forner
w@e@ie4t6showed a sim |l ar apparent hi gh nol ecuP@r/EP2003/008858

wei ght nobility in SDS-PAGE (60-110 KDa vs 40 KDa for

the BRP EPO standard). The HES nodified EPOis stable

under standard ion-exchange -di®cmat ogr aphy condi -

tions at roomtenperature at pH 3-10. 10 The

EPO bi oassay in the nornocyt haem ¢ nobuse system

I ndéewaleddntattatcutrileN JdEéByllamEbhﬁm&dty ChdidswEich v&r@mﬂtsltldgulsh-
hlg er specific actjvity méhﬁln t hi s _assay
kr%%mttbossr@sqrmde%w%ﬁ?d Epdydt. e?feerr@ﬁéts obtatned indi-

St dardapg J?"l‘éa%FB Wi ﬁEQ- gﬁg%%g%ghg%gmema Qn&@ﬁllé% the

absorption value tromt copel a
15 case &PthELRD pRPamtion evhichd stae sobjected eonmodifteation without prior

SEapieh s6e SeRPYal SndiD e dekot ool bOBchiahe i acid
of ré\hdmee Kﬁdh@kdra@fs prRdIRsheWwsd Q%nﬂﬂleﬂ%?b@ﬂt Wi 'Pnd}%cular weight

gl ycosi dase Sanpl es were incubated h 25 Unit
(acmimldﬁyng SDS-PAGE(6e110 &DasvspeKDriforthe BRP EP@cshmdard) The .

ni 3%’0 Idgs‘féﬁ% Sl%%%ﬁ"é"te@g%ﬁ‘g%ﬂ?‘?‘Qﬁ“’%%ger@ﬁw%?%a%condl-

t hejonpeGiobnaemPaibtutd at pph3fip. of the protein in
SDS- PAGE. The rel eased N-glycans were separated from

10t he pol ypeptide by ad- dition of 3 volunes of col d »

L0805 00 A 05 P i o e s
pr eh&lified\BBOrRSQ\5€310 iyld dixther Epectflogativion (Uang)lia thisrsdagswhen

-at 4C at 13000 _rpm  The R\R/: | et was then subi)ect ed to
30 SORPAEEd P ﬁh%kmm%wﬁleg ERD sefgregre gfandagd bass pnmyofcin de-

et q@xﬂﬁhaﬁo—mﬁn‘%e goRAG tlohehiud Mo ke Eﬂl%#)?ﬂl a(lgacoggla and

- supernatants re dried in a vacuum centr

15 VaandiiheiPh. O/EP QQoeté i 2l ThthifaGdon ERZI&QBdaﬁB&%&gammme BRP EPO
trator,, Savant,Instrunments.Inc., USA). The glycan
sarﬁﬁ“@%rd\ﬁé‘?@r 0851 ted using Hypercarb cartridges (25
ng or 100 ng of Hype_rCarb) as follows prior to use:
t he :

Example 20.1 Materials and methods

20 (a) Liberation of N-linked oligosaccharides by digestion with N-

glycosidase

Samples were incubated with 25 units (according to manufacturer’s speciﬁcaﬁon,
Roche Diagnostics, Cermany) of recombinant PNGase F over night at 37°C.
25  Complete digestion was monitored by the specific mbbility shift of the protein in
SDS-PAGE. The released N-glycans were separated from the pdlypeptide by ad-
dition of 3 voiumes of cold 100% ethanol and incubation at -20°C for at least 2
hours (Schroeter S et al., 1999). The precipitated protein was removed by cen-
trifugation for 10 minutes at 4°C at 13000 rpm. The pellet was then subjected to
30 two additional washes with 500 ul of ice-cold 75% ethanol. The oligosaccharides

in the pooled supernatants were dried in a vacuum centrifuge (Speed Vac concen-



colums were washed with 3 x 500, ul of 80%

acetonitrile (v/v) in 0.1% TFA fol - | owed by washes
wownen/0347%1 500 pl of water. The sanpl es were di POT/82003/008858
with water to 5 a final volune of 300 pl - 600 ul

before | oading onto the cartridge which then was

ri gorously washed with wat er-.120-i gosacchari des were
eluted with 1.2 m (25 ng cartridges; 1.8 m in the
case of 100 ny cartridges) 25% acetonitrile in water

c orttagirn Bagand Idsdtutrreinfs Inoy; d).ES)de)t The Eg,(tj'din(saﬁl‘p)es Jé“re desalie® @sing
oI| osac harl%g%égre ne tralized wth OH and

Pﬁf‘i 088 OF RyperCarb) a ﬁolmﬁdarm to use: the
Ca%‘%ﬁmﬂﬁsﬁé& ehedl whh 9'xy5b@ %g;{or Eég&ﬁ%ﬁfk (v/v) in 0,1% TEA fol-

ol i gosacchari des was perf orne sor
di dewed bynwashes with ¥ x 600 gloofphater. Thd Snples wéretdduatki with water to

Snch 0 Sefinie,or 38TE il lcheio o 2SRk eqrdinae i hen

de?v@e[smgo%ﬂsly Q@éhéé"mﬁrf’wﬁtblo OlldoSRcRSridek ivid eluted with 1.2 m] (25
mass-spectronetry (MALDI/ TOF/ TOF- MS) A Bruker

UL TrRFar i ges:nle8 ol in thegtase ofrtHY rn@re)artndgetsb aﬁ%mcemgnle in water

oSyl ISR SR IBFERIE HGREtis v

UV-tailisad With® WENELOB ardwérbirie@Sh i SfRed@ VadRbhcehfratoR In some
the negative ion node using 20 the reflectron in both

10¢ g sa%es despltingsofis %\msgﬁé&re?e@&qdeﬂtg@aacsbar&w wag perforsed by ad-
Su@ogﬂﬂ%ﬁto‘?qhé agkﬁﬁ)%rmimg G gérﬁpc’lgsc d(? %g/gt’ko@l (ggfg%)grotem

sultin nent 10Ns sepa-
TCOenst Hg)emg[Hyiﬁ&'x)caxbfcahhdgesnst r urrent Sarrpl e sol utions
of 1 al and an. approxi mate concentration of 1-10
prml' pl-1 were m xed with equal anounts of the

ct —
L IPF L gl B R 8 SRR b3S, BBy i
15t enper dionrtembof-flight amves specromotayVIA LTI/ POFYEQRMS) on
and characterization of reconbi nant human EPO
(EPO-GT-1) 30 EPO was expressed from reconbi nant CHO

celA Brager dASSTRAPEEX( felok ighP R TOF/ BOF) insth@Béht VAR M8H: native

AJ et al., 1984) and the preparations were :
chalesielyiated ebigasaesbatidasgvare av@y%@bwmamhydroxybenzow acid as

Eﬁ}é\’%—%&%ﬁn&%ﬁ?ﬁd %%ge o%‘?%%"%&%g‘?ﬁ scr | t?ugfggzﬂwe 10n mode using |
20 the reflectron in both cases. For MS-MS analyses, selected parent ions were sub-
jected to laser induced dissociatioh (LID) and the resulting fragment ibné sepa-
rated by the second TOF stage (LIFT) of the instrument. Sample solutions of 1 ul

and an approximate concentration of 1-10 pmol-ul” were mixed with equal
amounts of the respective matrix. This mixture was spotted onto a stainless steel

25  target and dried at room temperature before analysis.

Example 20.2  Preparation and characterization of recombinant human EPO
(EPO-GT-1)

30 EPO was expressed from recombinant CHO cells as deécribed (Mueller PP et al,,

1999, Dorner AJ et al., 1984) and the preparations were characterized according to



Eryt hropoi etin concentrated sol ution). The final

product had a sialic acid content of 12 nMl (+/- 1.5
wok)2476r nMol of protein. The structures of RPET/ERNSBI008858

ol i go- sacchari des were determ ned by HPAEC- PAD and by

MALDUTOF- M5 as de 5 scribed (Nintz et al., 1999,

Grabenhorst, 1999). The EPO-g2é&parations that were

obt ai ned contained di-, tri- and tetrasialyl ated

ol i gosacchari des (2-12% 15-28% and 60-80%

r esmbttdsv@lsmbeduhpﬁﬁt Eat. Phdr. (@ht Tai.ak yMehegrapha(3002:1316:

f(e%@r esent in rmunts The overal |

WPé?f%”&rF"Eﬁ%W%‘E fqn&sﬂwfﬁ@beoﬁpeﬁ@ﬁaa figligsacid content
Wero? 13 Wi 34/-11%5 hRR ISEfr o o ?Fo‘?&ﬁ afllleoﬁﬁic R ofﬁ&’ aned oligo-

standard preparat-i o 10 The isoelectric ocu3|
patsagharidss wire detm:mmndrmnHPEPD MAD aminiga MALBI/T @FtMStas de-

spr e (CGRE Rly 180 FooutieEL S350 die g CBrgmtons shggvre

of olbtaaleER@neﬁ&uadln thaeh@@et&sﬁlym&ﬁml%ashéahaﬁ&es%@rﬂz% 1328%
t he é})e tide chain. 15 Exanpl e Preparati on of

paratld &pr uergsmpyvdy,ewlmdf oWdnpenERElBIted chrios avere present in

d it hate .. '
b e Bty RER byl PnfieeBl® HoBEq pfratons
perwete mml@f tot tha Jtike B@drhatiods BRIOBPOI shfid Rt prephritds.
continued for 5 min, 10 mn and 60 mn, respectively,

0yi el d ing EPO preparations of di fferent degree of

Si ?I S legf}lc Qggﬁé\%g%@?;&f ‘ﬁ{e g&dngl? ﬁﬁﬁl : ber a :%g:?]lpg\{:aﬁllg to that

I C acl orme
oI |o;§ cﬂmntahmtnodaisBRWRdﬁermdeﬁf&Dktﬁﬁl@rN}y&pﬂmgﬁh gﬁﬁﬁng gk corre-
i so at'.on.o erforne )
oSBT RSOt $AheaEs BPLopprinEsc] BsiHepsiien ok Serns of
Hy RISy tlg@@r{arﬁp 25 Hypersil - Keystone, UK). EPO
preparations were neutralized by addition of 1 N NaOH

15and were frozen in Ilqwd N2 and were stored at -20C

UNtEamfp §.31€ Pr Hiia or ngﬁ%léﬁ]'lggis alggité(?ﬁﬁ)efog gdation

of sialylated untreated or
mld acid treated EPO dlssolved in 3.5 mM of 20 mM Na-

¢ ?gféb%]é i (2 E'?f IR 8&3‘“‘%@@45‘3@4%% vk Wi-phosphate
PCH;EBQ;Q@SV()%%&E&] 100 pl of 1 N H,SO4 was added per 1 ml of the EPO solu-
20 | tion; incubation was continued for 5 min, 10 min and 60 min; respectively, yield-
ing EPO preparations of different degree of sialylation. Quantitation of oligosac- |
charides with 0-4 sialic acids was performed after liberation of oligosaccharides

with polypeptide N-glycosidase and isolation of N-linked chains was performed

by desalting using Hypercarb caftridges (25 mg HyperSep Hypercarb; Thermo-

25  Hypersil-Keystone, UK). EPO preparations were neutralized by addition of 1 N

NaOH and were frozen in liquid N, and were stored at -20°C until further use.’
Example 20.4 Periodate oxidation of sialylated EPO forms

30  To 10 mg of untreated or mild acid treated EPO dissolved in 3.5 ml of 20 mM Na-
phosphate buffer pH 7.0 was added 1.5 ml of 0.1 M Na-acetate buffer pH 5.5 and



-122 the m xture was cooled to OCin an ice-bath; 500
ul of 10 nmM Na- peri odate was added and the reaction

wooegevas kept in the dark for 60 min at 0CQCTERIWOI/MSSSS

pl of glycerol was added and incubation was continued
for further 10 min in the dark. The partially

oxi di zed EPO forns were separBXed from reagents by
desalting 5 using VIVASPIN concentrators (10, 000,

MACO, PES Vivasci ence AG Han- nover, Germany)

acahe diigtgre! Was W6 t0ICHH ‘af léeemlmm)o%tdfqo i ﬁ@@&xddﬁ@was
in.a Iaborator¥ centrifuge eq UIB ped with a fixed
9

angiddeq ndhe rerction mixture, Wardephin the dary forngQ mag@rOThEhen 10 p1
EP%%%%?@%%SO 8&&9’8%1'%. 1‘?1%9[{ gg% f saconhH@etd ¥ ?lfHHi?erolél méra in the

ial 'y oxi
EPQapk. diha pattiatin o\MﬂiRdSHRI]) ﬁﬁﬁﬁdvdr@sd}dara&d}@m reb@Emlis by desalting

sy peiEay by RSP cobergatons (4680 MEBEO, S Goliaeiars ag Han

Ve i vehe T ehin ta%@oxja Bnﬂol HaR$Acturk s € A RMend WOEO 1pm in a

anal yzéd by AEC- PAD and their retention tines
coriplaratdryt centriffugs eqaipperdi pvith rt ﬁx:edsaughﬂmtdr After freezmg in liquid

75 A6 REERATRAB8E Nelnored I brrame Pl 20

vvlth di thioerythreitol 5 nmg of EPO- GI-1 was i ncubated
in5mM of 0.1 MTris/HCL buffer pH 8.1 in the 20

-~ 0pr e@@rﬂ&a@iuomomhedlaﬂiﬁlb@wimcw?@l premrajorawers AGbjeoted to N-

15

20

25

60 1 T.was_ achi ey d y Usi a

Vi %erc]l?i%e’otﬁ% i %mcp ohgos}cceamies nygﬁe 1§o ate blﬁfl}geﬂgpercarb car-
ex ahidggeas dléhmlfeldn dligbetuERideERerd ﬁmylateu%gr Mg dcldo#ediment
in liquid nitrogen and stored at -20C.in

Na-Bdev et enyyradehy BHAEGs PA%H&@ﬁ@f@W@IBt@mm@mwed to

or oo A YA B e YR AH e T AR gl 1990 and

2801998).according to the ‘Eur. Phar. (European
Phar macopei a 4, Mno- graphy 01/2002: 1316:
eryt hropoi eti n concentrated solution) in a cuvette

o, Bl oo AL O, ST

RP-C4 column (VWdac Protein C4, Cat.# 214TP5410 “&ace

Vdear%g O%POY\QTZIOQV% Pn%ﬁgz?t%d ﬁlq{n’%gggq%olor%?ﬁgl buffer pH 8.1 in the
presence of 30 mM dithioerythreitol (DTT) at 37°C for 60 minutes; removal of
DTT was achieved by using a Vivaspin concentrator at 4 °C, 4 cycles of buffer
exchangé. The final reduced EPO preparation _Was frbzen in liquid nitrogen and

sto;ed at -20°C in 50 mM Na-acetate buffer pH 5.5.
Example 20.6 EPO protein determination
Quantitative determination of EPO protein was performed by measuring UV ab-

sorption at 280 nm according to the Eur. Phar. (European Pharmacopeia 4, Mono-

graphy 01/2002: 1316: erythropoietin concentrated solution) in a cuvette with 1

30  cm path length. In addition, EPO was quantitated by applying a RP-HPLC method

using a RP-C4 column (Vydac Protein C4, Cat.# 214TP5410, Grace Vydac, Ca,



-123 US); the HPLC nethod was calibrated using the

erythropoietin BRP 1 reference standard (European
wobannoroopei a, Conseil de |' Europe B.P. 907- FEFORBP2003/008858

Stras- bourg Cedex 1). 5 Exanple 20.7 Oxidation of

desi al yl ated EPO wi t h gal act ose oxi dase 4.485 ng of

conpl etely desial yl ated EPO w8 4 ncubated in 20 nmM

Na- phosphate buffer pH 6.8 in the presence of 16 pl

catal ase (6214 units/200 m) and 80 ul of gal actose

oxi d3)s ¢hq HPEQ methbd;ﬂmk chlitvateDasing|thel erydleopuieird BRP 1 reference

7 AR Fat g Rharmsope Comel 0e QEsoneB.r PRES0708, Stras

ommggecm 1q_dded after 4 hours and after 8 hours
after.starting of the incuba- tion. Exanple 20.8
Preparation of EPO sarrpl es for bioassays 15 -

Purgficati Q rlodaté

ol b 20 o uitation o Aesfivlafan 533 aith Giassiediiiane
wi th activated HES Pur| f| catl on of EPO sanpl es

(renmpval of unreacted HES derivatives) was carried 20

out4 485 mé@ﬁﬁﬁ@ﬁb&liaﬂﬁiaéylafﬁﬁéi@m insubated w2 O0niaM Negbosphate

(AORRERS S 5 e oETO RN A S s o

aCIgilz{cN@S‘dxﬁM]rl](ZIi’fO olRit3/inl Cfﬁﬁﬁ D&Hd/lﬁmﬂ)deﬁwdzdlé@T(Slgma-Aldrlch
10 héf a col containin Q Sepharose HP
(P

@ma Cegmanioincubaiion #iy3 ¢ W%pvqxdughtzéomayo pl of galac-

I f
UL AR e R AP B L v
wasthomd with 6-8 CV of buffer A (flowrate 0.8 m/mn)

and el ution was performed by using buffer B (20 mM
nor pholine ethane sulfonic acid [ MES/NaOH], 0.5 M

Nathdlﬂbl'é@@Sb' dﬁz;ramih Bt E)’G']&a ikd ﬂ)\‘vhl6£§§'t30f 0.5

EPO was ect ed sor pti1on 280 nm
15and eI ut ed in about 6 m. The col um was regenerat ed

b 3 CV f nM , 30 VES,
y by I@] %&joﬁs?f 35 %3 e%’"gj‘ %{ff’d’sv\@fspfgo e pr tgazlfcggewtdase-
USld)@dlﬂé?l ERY p@&tehlﬁrﬁﬁfraﬁoﬁsfvbﬁﬂvaétﬁhfedﬂﬁs7 m/min).

L

Purification of EPO samples (removal of unreacted HES derivatives) was carried

20 ‘out at room temperature. The EPO incubation mixtures (approximately 5 mg of

.’ EPO protein) were .diluted 1:10 with buffer A (20 mM N-morpholine propane

sulfonic acid [MOPS/NaOH] in H,O bidest, pH 8.0) and were applied to a column

containing 3 ml Q-Sepharose HP (Pharmacia Code no. 17-1014-03,. Lot no.

22021.1) equﬂibrated with 10 column volumes (CV) of buffer A by using a flow

25  rate of 0.5 ml/min. The column was washed with 6-8 CV of buffer A (flow rate =

0.8 ml/min) and elution was performed by using buffer B (20 mM morpholine

. ethane sulfonic acid [MES/NaOH], 0.5 M NaCl in H,0 bidest, pH 6.5) at a flow

‘rate of 0.5 ml/min. EPO was detected by UV absorption at 280 nm and eluted in

about 6 ml. The column was regenerated by using 3 CV of buffer C (20 mM

30 MES, 1.5 M NaCl in H,0 adjusted to pH 6.5) and was re-equilibrated by using 10
CV of buffer A (flow rate = 0.7 ml/min). |



WD 2004/ 024761 PCT/ EP2003/ 008858 -124 Buffer exchange

of EPO el uates obtai ned fromthe Q Sepharose step was
w@eeo4/024sned usi ng Vivaspin concentrators and pODEPivat/enssss

buffered saline (PBS) with each 3 centrifugation

cycl es per sanple; sanples were adjusted to 2 m with

PBS 5 and were stored at -2024-Only <25% of the

partially desialylated and subsequently m | d periodate

oxi dized EPO fornms that were subjected to

HES- nodi ficati on were obtained fromthe Q Sepharose

el yate since ur%g the conditions enpl oyed the basic
EPé‘ff FEchpnge %%’cQ ehiateg obtasdntipmsibe LrFephareser srmuas per-
in f 3 : i - . .
dortP i VHE NESHRORRNES o SURELRUEERPDS) ith
chreadal ogmtefilpation tyrlgsupes sanplo; sapgplesnmdre iadjusied @ L inglnwith PBS

(HPAEC- PAD) 15 Rurified native and desial yl ated
Sol ia@‘g§"§&%ﬁé‘i"%%'§%\/\¢re anal yzed by hi gh-pH an-

I on- exchange (HPAE) chromat.ography using a D onex
Bi oLC system (Di onex, USA) equi pped with a CarboPac
PAIOWp <ébte qfGheipartially desjalylated end subaecquentiyintild periogate sridized

tric detect A Schr.ater et al., .1999; -
N TS B, a8 o b Kb pa Bfam: e bpaigecoiiom the Q-
pulSephadbdecadlin @B Sinkcd Jundey e cgﬁditid‘&oed%foyﬁ the6Qic"BPO f&éss did
+500 nVv, T2: 120 ms; E3: -500 nV, T3:" 60 ns, and the
10 oyt PindRerephgiase Foowesdlourdain theelaw-thyouglc tigathedwith nonre-

wer, I@ays ' d onto the CarboPac PAl colum which
vvasagtggw |%ér}l£’t%ggﬁ%\'/vith 100% sol vent A. For desial yl ated

- . oligosac- charides elution (flowrate: 1 m-mn-1) was

performed_by applying a linear gradi 25 ent (0-20% of
solE?‘@ﬂtnlSB2Q:§er g'paﬂg aniopfexelange chromatgsaphy with pwsed am-

I ncrease fro%mﬁ&%gﬁkﬁgm%g@g@\)m n. Solvent A

was 0.2 M NaOH I n ent B
15consisted of 0.6 M NaQAc in solvent A For native

BT I S G
ZLg?ﬂ-%bgﬁgéfﬁ%%ﬁéh&ﬁﬁg%ﬁy Ihinges DRGHk AB0EE Q¥tem (Dionex,
UglA) equipped with a CarboPac PA1 column (0.4 x 25 cm) in combination with a
pulsed amperometric detector (PAD) (Schrter et al., 1999; Nimtz et al., 1999).

20 Detector potentials (E) and pulse durations (T) were: E1: +50 mV, T1: 480 ms;
E2: +500 mV, T2: 120 ms; E3: -500 mV, T3: 60 ms, and the output range was
500-1500 nA. The oligosaécharides were then injected onto the CarboPac PA1
column which was equilibfated with 100% solvent A. For desialylated oligosac- ’
charides elution (flow rate: 1 ml-min™) was performed by appl‘ying a linear gradi-

25 ent (0-20%) of solvent B over a period of 40 min followed by a linear increase
- from 20-100% solvent B over 5 min. Solvent A was 0.2 M NaOH in bidistilled
H,0, solvent B consisted of 0.6 M NaQAc in solvent A. For native oligosaccha-

rides the column was equi]ibrated with 100% solvent C (0.1 M NaOH in bidis-

tilled H,0) and elution (flow rate: 1 ml-min™') was performed by applying a linear

30 gradient (0-35%) of solvent D over a period of 48 min followed by a linear in-



30 gradient (0-35% of solvent D over a period of 48
mn followed by a linear in WD 2004/ 024761
weFanABPZEe03/ 008858 - 125 crease from 35- 100% sPCT/EP1005008858
over 10 mn. Solvent D consisted of 0.6 M NaAc in
sol vent C. Exanpl e 20.10 Monosacchari de conpositional
anal ysis of N-glycans, HES- H26edified N-glycans and
EPO protein by GC-MS Mnosaccharides were analyzed as
the correspondi ng net hyl gl ycosides after

metdiaBse el 35-100% sakeityld atéor miid SbiveRED kvhsidted 680.6 MNaAc
by GO M [Chaplin, MF. (1982) A rapid and sensitive
netin8dVeWC.t he anal ysis of carbohydrate. Anal. Bio 10
chem 123, 336-341]. The anal yses were perforned on a
Finnigan GCQ ion trap mass spectroneter (Finnigan MAT
corixampa20.10s &l oA cahanide ngnipositioaabasalysiy of N-glycdds, HES-

node equi pped with_.a 30 mDB5 capillary, col unm,
STenperature pr Stdifigd Zgl)‘r‘iaﬁ‘siagétﬁpﬂ)éﬂ ‘"B'E)Cf%cr»@n 10
degrees mn-1 to 300C. 15 Monosacchari des were

identified by their retention time and characteristic
f r dgonaseerhatidesnwpret amalyred Tisethe mooesmatlong metyl glycosides after

quant PR SifeardvBESE ehd RimiEb s R b /M Kherbind P
pegiosyen tapid an® B&sitive trivetRetHfop thd hﬁl)&'ise&ﬁﬁ%hggragedgnal. Bio-

furanoid and pyranoid fornms were quantified i ng

10a| |chemj 643, 386164 1].0IT® anglyses were Herfornedbpn adinnigadGEeS iam trap

i ntern rek. . I 0,11 Results ..
iy arerdtotid) @ artan R LP. st 3 Cal o3 Wi ogiive
. aciion EI entdedqipped with at 30adnl IB 3l espikkdry lcalugdh. Tempei@urd program:
EPO GI- 1 %r eparations subjected tio mld acid treatnent :
f or? min iggthefm gBUrCnthendp deergesanip; de 38Y°(SDS- PAGE bef or e
and after |iberation of N-linked oligosaccharides by
i ncubation with N gl ycosidase as shown in Figure 9.
15N- | Mpkosdcablbrigesswerchidentifed 130theie retestidy] 8otk enid toharacteristic frag-

HPAEC- PAD ol j gosacchari de ing {Figure 10)..The un-

¢ dREA OBeeTE 1 Hoeaireis IOt R oAk inegrarton ere

ol '1&9@‘3&0Hﬁ'ﬁ[ﬂtﬂﬁi‘%&iﬂﬂ.tMOﬁ’bSQc‘fchﬂTi@és@iblﬁihg more than one peak due to
anomericity and/or the presence of furanoid and pyranoid forms were quantified
by adding all major peaks. 0.5 xg of myo-inositol was used as an internal standard

20 compound.
Example 20.11 Results

_ Example 20.11(a) Characterization of N-glycans of mild acid treated (par-
25 | _ tially desialylated) EPO-GT-1

EPO-GT-1 preparations subj ecfed to.mild acid treatment for 5, 10 or 60 min. were
analyzed by SDS-PAGE before and after liberation of N-linked oligosaccharides
by incubation with N-glycosidase as shown in Figure 9. N-linked oligosaccharides
30 were subjected to HPAEC-PAD oligosaccharidé mapping (Figure 10). The un-
treated EPO-GT-1 contained >90% of N-linked oligosaccharides with 3 or 4 sialic
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whereas after 5 mn. O incubation in the presence of
worRdod/oarsd  <40% of car bohydrate chai ns had 3 PCT/BP2003/008858

sialic acid residues. HPAEC- PAD of the desialylated

N-glycans reveal ed that the ratio of neutral

ol i gosacchari des that were dBéected for the untreated

EPO-GT-1 and remained stable in the preparations sub 5

jected to acid treatnent for 5, 10 or 60 mn.

MALDId Tk vdferdal eafide Si mhlyloft madubagbxy danke pessemkeed mild acid

i 1 e e gy P AT P . SRUF RSB cHBOEG AR of the

Chade@ﬁl 5tb(¥ﬂt%l9éhn§frevféﬁfed mw r'éﬁ@ of fhuEr Gk aclaharié%s that were
SDS- P periodate treated EPO forns

t ha‘iEtQﬁ;éqdefopﬂ@\nn@@%tW EP%Gerlcmnioremnad Stahledn1ite pricpara@ons sub-

t & {:tgﬁ?g ac\i‘\@re 211acl gf 2 98 Hot. EW&(?# gﬁpghe%slg‘lylated

OX| glagane revhledi thhti €986 |o<ﬂ3hed ptd)xuﬁat fubh8NUS preSenDBRelPMHE acid
pattern of EPO preparations (conpare Fig. 9). Oxida 15

t i ofcagneryohtheralginds resulted in a shift of
ol i gosacchari des in HPAEC- PAD analysis to earlier
elution tinmes (conpare Figure 10 and 13). Exanple

20. BdqmpleChad @9t Cliaraéterivatiin éfferivadid tresteERPO-GT-1
derivatives 20 (aa) Tinme course of HES nodification of
I0EpO- GT- 1- A wi t h hydroxyl ami ne- nodi fi ed HES derivati ve

X, SHOPUGHH nﬁ%ﬂﬁg G 'Hlld 2|ES WPlrEard s £F >fe)9m¥ Qhag Jyere previously

. hydr oxyl am ne-nodi fi ed erivative
- 20 SuuQJeofed teRC &id 10 Anigute ltebaient ot z&lcbom werezarbt fle@ded acd com-
or tomld 25 e. oxi dat.i on)

e B 0 395 T Rincond wpRLior Br el Sliono! sialic anbs did
r eagdt |cH£hg6Q§e SDSGB@GE Palt&h of QiP@ B»epgmtx&ls (@&ggérz PP Y) Soxida-

respectively, by freezing sanples in
15| tm@g@frﬁlahsablslé q@s@h@d in @;slnﬁmé ghgasaechsndnseu HRAEQ®AD analysis

unt Si S. | e buffer was
dtle& a‘r?fjgltuﬁ‘gn? { gWS&Pé’&df@ 90C and 30
appl ied onto SDS—geI S. As shown in Figure 14,
i ncreas i ncubation tines re- sulted in an increased
N

shiExam dd(q)i Jharaetsrizztionef HESgnedified ERO derixagivas
After , ' _
20 (aa) Time course of HES modification of EPO-GT-1-A with hydroxylamine-

modified HES derivative X, produced according to Example 14.4

400 ug of hydroxylamine-modiﬁed HES derivative X was added to 20 ug of -
EPO-GT-1-A (mild periodate oxidized EPO, not acid hydrolyzed prior to mild
25  periodate oxidation) in 20 uL of 0.5 M NaOAc buffer pH 5.5 and the reaction was
stopped after 30 min,> 2, 4, and 17 hours, respectively, by freezing samples in lig- -

uid nitrogen. Subsequently samples were stored at -20°C until further analysis.

SDS-PAGE sample buffer was added and the samples were heated to 90°C and

30 applied onto SDS-gels. As shown in Figure 14, increasing incubation times re-

sulted in an increased shift towards higher molecular weight of the protein. After
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whyanoxbamn ne-nodi fied HES de- rivative X a dp¢T/EB®03/008858
Coomassi e stained protein band was detected migrating
in an area between 60 and 11 KDa, based on the
position of nolecul ar wei ght13tandards (see left part
of Fig. 14). Upon treatnent with N-glycosi dase nost of
the protein 5 was shifted towards the position of.
det Nhehry @FSydubhish PQe (B&endd 6f théhydfox@inigenodifRdrgRs de-
A indjicates mgration posjtion of Nglycosidase, arrow
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Ep . o Vi si . .
pet s ARe SO AR PRDEEL £ B bR B bIG e et Qs
st @ae fafdparpo£Bignid)l Vpon epatesan withBREfcosidase whost lof dieeprotein

5 rovatiged sy by oo thelafiebnyed BeR) ofs Qs 14 b et

Wea b QR A Hidfcalds MtdtbR pokifish |0E N-Bitosidhst, 3ffow B indi(cj:ates migra-

"HES-npdi fication occurs at the périodate oxidize

si tn positor of dedN-glyessybtedgEPOatts diffust pra&i0 hand tvasible in the
(bb). Characteri QN 0 - EPQ canj ugat es 5
kiR R ha R X vl pERTA PR TP b PR bR prpmably
M ephraaits BHOL DX WHR atd MBdifled By HEDMEROTAlydosHlatioh kite of
(resultin fromEPOGT-l_supJectyedto_S mn- "acid E
© 10 hytheanglgeude. dnaview o6l theespeeidigit o6 N-glae¢sidase wel qonclude from this
(r ' f > .sub- jected to mnp.acid. . _
hy et ol dn AR -l o 5 8 it Bl A St acia
syresidasd afaglycals afsthel EPCr proth. bef ore. A control
i ncubation (K) was included containing unnodified
EPO GT-1 under the sane buffer conditions to which an
eqgui zam%d wpa fied HES was added. The
[ ntﬂl}ﬁg*tslﬁg{}acm X ﬁ?g@f\}/\{&%ﬁgﬁb{o‘gﬁ%ﬁgﬁ to further :
15 purification for subsequent biochem cal anal ysis of

t oRESERCeohingts D ieramiting o b G Te et emild qeriodate oxida-
I ngyatd FnKEPRGE-1SHB) ﬁ%@s@ltgx% ﬁ‘o&Q lﬁ%’-laﬁr-?%ﬁFjected &o 5 min
d i bed “under an :

purification step as desc “Materia
Meadid tigdrolyBissang Insld2er®ylate wxalatien), {1 (resultiug fiolre ERQe@E4 sub-

O 350, AR T ¢ SRR e Hhte

20 as described before. A control incubation (K) was included containing unmodified

EPO-GT-1 under the same buffer conditions to which an equivalent amount of
unmodified HES was added. The incubation mixtures were subjécted to further

purification for subsequent biochemical analysis of the HES-EPO derivatives.

25  Incubations HES-EPO conjugates I, IT and III as well as the control incubation K

| were subjected toa Q-Sepharose purification step as described under "Material
and Methods" (Example 20.8) in order to femove the excess of nonreacted HES-
reagent which was expected in flow through of the ion-exchange column. Due to

the high amounts of basic EPO forms contained in previously acid treated samples

30 ITand II we expected considerable amounts of modified EP_O. product from these

incubations in the flow through. As is shown in Figure 15, almost all of the EPO
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previously acid treated sanples 30 Il and Il we
we@x@enteel consi derabl e anmounts of nodi fi ed EPCPET/BP2003/008858

fromthese incubations in the flow through. As is

shown in Figure 15, alnost all of the EPO WO

2004/ 024761 PCT/ EP2003/ 00885828 - 128 material from

sanples | was retai ned by Q Sepharose col um whereas

only ap- proximtely 20-30% of the sanples Il and |

wasmateezb firenesampled hevak ratainedby @Sephiangse Woldmmnmbreasibily ap-
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char.act.eri in nore detail the HES-npdifj P

5 c oot 57 el dPBREn g g5V e BRSPS H AR when com-
pephRddd he@¥h@bizeEh. form EPO- GT-1-A. The 10 sanples
were subjected to N-glycosidase treatnent and as is

depicted in Figures 16a and 16b the rel ease of

paftSRE % KRR bl il e SRupitnpd Tafiple A ana
No ek \igs¥| 1) agerERGmpared®o ?feribﬁbﬂe osidtdfofin BERD-GT-1-A. The

preparation. |In the case of sanple A a further band

10 i §Rraples ek subpretedig IVl vsasidase tiigatnpemt rish asns dapigtedaingFigures

A TG Pt B i
E' (é géﬂc(saa) (@@g)ﬁioﬁ?fﬁe@@cb@?ﬁnﬁh@nwﬁgﬁftof}&?ﬁ% E%O forms of the
- i igh.mv faormo cosyl at e .. see
Fi a@n@%?? _ pafgHgn. dn ﬁ‘é;’fﬁ%‘a‘?fé&‘%g % é_rayfgﬁb‘ffé@{‘,ii mjeties at the
¢ nEoNEon RS KD SR W AkcleR suBecsf AESRAL G bddon o
15 petheodglycan of this EBRO siriati (cf. Fxample20.til(ean)). This band (and also

ey O H St imp e BB 6 05 S ustG R OB et i 166
enahd 166) difpeBP hibCsubREBY; {he%é@ie@h& CniRChHBOI &S iw?&lﬁsis in

(and also the sialic acid Tinked HES derivative) from
ol pgrsemerthwith dbs viear that HiSumodificatien wvas achieved at-the (regedate

wer,e: 918 %A S0H RS 20, Pery TBdieriy PET Car b col ums for
r esa I nNg. e .

t hei
20

Aliquots of the N-glycosidase incubation mixtures were hydrolyzéd using condi-
tions enabling the complete removal of sialic acids residues (and also the sialic
acid linked HES derivative) from oligosaccharides; after neutralization, the mix-
tures were then absorbed onto small Hypercérb columns for their desalting. The
25  columns were washed rigorously with water followed by elufioﬁ of bound neutral
oligosaccharides with 40% acetonitrile in H,O containing 0.1% of trifuloacetic
acid. The resulting oligosaccharides were subjected to MALDI/TOF-MS. The
spéctra of the desialylated oligosaccharide fractions from sample A, EPO-GT-1-A
and sample K showed identical masses for corhplex type oligosaccharides at m/z
30 = 1810 Da (diantennary), 2175 = triantennary, 2540 = tetraantennary, 2906 =

tetraantennary plus 1 N-acetyllactosamine repeat and 3271 = tetraantennary plus 2
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by elution of bound neutral oligosaccharides with 40%
waeaton7eril e in H2O contai ning 0. 1% of triful PEIEP1003/008858

acid. The resulting oligosaccharides were subjected to

MALDI / TOF- M5. The spectra of the desialylated

ol i gosaccharide fractions fed28 sanple A, EPO GI-1-A
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ol i gosaccharides at mz 30 = 1810 Da (di antennary),
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si gna espon Ing to fucos
andnc@]l)act ose (mnus 162) were detected which are
attributable to the acid hy- drolysis conditions

applied for sialic acid renoval (see MALDI-Fi gures 19,

2071y @BQaﬁél)expérlh@nﬁh@ﬂtgﬁcﬁslda&xﬁgédtﬁﬁ Mhixtup€ was absorbed onto 1
N- gl ycosi dase digestion im xture was absorbed onto 1
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t hefese emmldnsoma RETR pifesih iR teirplately re@ifeiedngd Yhe RP-material
retai ned onto the RP- material to and oli gosacchan des

10 vve ped pligesaerharides wein varhied offuliomyibe rolswamawith e aestpritrile in
or SRR ToR S e TR eI ARR S %

;:oﬂ()%i miengntﬁlel%TB@ cditeinigi @d)%ad“i?hal’lﬂxéeolig(ﬁmhm fractions
r mthe RP-C 18 st of N-glycos das sanpl
A, TrepchesRPICHS sigg of Eﬁelymsaéiaﬁs &@t@ %% EHGApkA and sam-
5 (feﬁtﬁ&gegugg?ﬂhtdnﬁ QubRERdd Y ftﬁ@r\ﬂn‘fs‘gaﬂ&% rgﬁﬁ%aﬁﬁdges as

escr | The 1sol ated ol'i go arid
15 wedescsibéy befoexl The lblﬂmﬁd:-oﬂigﬁlcacdmpdemgzemefubjwte(dsteé{PAEC -PAD

res 17). and ter r nt under .
Aiiopmg, hetordy SesrFighies 12y e Gt mAG 6" |under conditions
S' %Jﬂléh Sabid qﬁ&xﬁ{fhﬁ}»‘e%&%@al o$ ﬁ%ﬁ&&g ﬁ&n]gl@cans (EB@Fx ures 18).
HPAEC- PAD profile for the native material” obtai neg

fromthe HES-nodified 20 sanpl e A showed only
g.?_%JhS HAEE PN BT Finldi90RARHARbb AR WRS! GEHEE odified

20 sample A showed only neglectable signals for oligosaccharides whereas EPO GT-

“1-A-derived oligosaccharides exhibited the same glycan profile as the one shown
in Fig; 13 (sample named EPO-GT-1 after mild periodate treatment). The elution
profile of oligosaccharides obtained from the control EPO samble (K) yielded the
expected pattern (compére prdﬁle in Figure 10). For comparison, the native oligo-

25  saccharide profile of the international BRP-EPO standard is included for compari-

son and as reference standard.

After mild acid hydrolysis, all oligosaccharide preparations showed an identical
elution profile of neutral oligosaccharide structures (see Figures 18) with the ex-
30  pected qualitative and quantitative compositon of di-, tri- and tetraantennary com-

plex-type carbohydrate chains as described in the methods section for the EPO
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HES der is detached fromthe EPO protein
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- conditions known tqg desjalylate carhbohydrates
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© above. "As shown i n Table 3, glucose and hydroxyet
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20.11(d) In-vivo assay of the biol ogical activity of .
HEExaawl¢ 2041 (dEpin-vivo assay of the blologlcal activity of HES-modified

EPO
20 o
The.EPO-bioassay in the normocythaemic mouse system indicates was performed
according to ihe procedures described in the European Pharmacopeia; the labora-
tory that carried out the EPO assay was usihg the International BRP EPO refer-
ence standard preparation. For the HES-modified EPO A2 preparation a mean
25 value for the specific activity of 294,600 units per mg EPO of protein was de-

termined indicating an approximately 3-fold higher specific activity when com-

pared to the International BRP EPO reference standard preparation that was in-

cluded in the samples sent for activity assays.

30  The results of the study are summarized in Table 4.
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2004/ 024761 PCT/ EP2003/ 008858 -139- Table 3

wokmwesaehar i de conposi tional anal ysis of gl ycROEEP2005008858

HES- nodi fied EPO and control sanples I. 1. 111, III.
IV. V. VI. **Mmno- dycans dycans dycans d ycans

A ycans dycans Cystein saet¥uride fromfromfrom
fromfromEPO fromnodified A2 EPO GT- K2 A2 GT-1A K2
EPO pro- 1A tein* fucose 1,935 3,924 2,602 2, 246
4,461 2,601 2 181 mannose FaHle8 11, 020 9, 198 6, 379
11 668 6 117 260 l%al act ose 8,886 19,935 14,427

10, Mveosmclylﬂiq@% ippabaralysis efotlecans froge HES-modified EPO
21,193 trace trace 33, 82, grw 39 21, 310 14, 440
11.360 15,953 10,503 10,468 583 --- ---
5{926 --- --114,857m G ¢Heid 1, B8Ok --) --1v. 1,352 w--| i
- |- *?M(ZIZ-S Glycans | Glycans | Glycans | Glycans | Glycans | Glycans | Cystein
accharid from from from from from EPO- from modified
saechari@e A2 | EPOGT- | K2 A2 GT-1A K2 | EPOpro-
1A tein*
fucose 1,935 3,924 2,602 2,246 4,461 2,601 2,181
mannose | 6,028 11,020 9,198 6,379 11,668 6,117 6,260
galactose - 8,886 19,935 14,427 10,570 16,911 11,555 10,386
glucose 17,968 - - 21,193 trace trace 33,021
GlcNAc 7,839 21,310 14,440 11,360 15,953 10,503 10,498
GlcHel 5,583 .- - 5,926 .- --- 14,857
GlcHe2 1,380 - - 1,552 - - 3,775
NeuNAc 5,461 822 4,504 3,895 4,871 13,562 13,003
inositol . 1,230 2,310 | 1,620 2,050 1,320 1,134 1,087
* the equivalent of Cys-HES-modified EPO protein was subjected to compositional analysis; the EPO
protein was isolated from the HES-incubation mixture by chromatography on a Q-Sepharose column as
described above and was desalted by centrifugation using a Vivaspin 5 separation device.
%% Monosaccharide determinations were performed from single GC runs of the pertrimethylsilylated
methylglycosides; the electronical integration values of peaks are given without correction for losses
during the derivatisation procedure and recoveries of each compound.

Table 4
Calculated specific actmty of EPO
Sample No. Sample description _ zl?:;gc:eon A280 nm
and RP-HPLC determination)
850247 1. HES-modified EPO A2 344,000 U/mg
850248 2. EPO-GT-1-A ' ' 82,268 U/mg
1 850249 3. Control EPO K2 ' 121,410 U/mg
850250 4. BRP EPO standard 86,702 U/mg
850251 1. diluted with 4 volume of PBS 309,129 U/mg
850252 2. diluted with 4 volume of PBS -~ 94,500 U/mg
850253 3. diluted with 4 volume of PBS 114,100 U/mg
850254 4. diluted with 4 volume of PBS 81,200 U/mg
850255 1. diluted with 4 volume of PBS 230,720 U/mg




NeuNAc 5,461 822 4,504 3,895 4,871 13,562 13, 003
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weouwiwaizent of Cys- HES- nodi fi ed EPO prot ei n WaBCT/EP2003/008858

10

15

20

25

30

subj ected to conpositional analysis; the EPO protein
was i solated fromthe HES-incubation m xture by

chr omat ogr aphy on a Q Sephat b&e- col um as descri bed
above and was desalted by centrifugation using a

Vi vaspin 5 separation device. Mnosaccharide

determ nations were perfornmed fromsingle GC runs of
the pertrinmethylsilylated nethylglycosides; the

el ectronical integration values of peaks are given

wi t hout correction for |os «during the
derivatisation procedure a@l‘%ﬁoveri es of each
conpound. 5 Table 4 Cal cul ated specific activity of
EPO Sanple No. Sanple description sanple (based on
A280 nm and RP-HPLC determ nation) 850247 1.

HES- moalifydeskyBROs2cH & i @i

82 268 Uy RS hect AT b ebie 1%2&%8%§‘Eﬁ0)’
850250comprisRiE EROrynendiid ndgecndd, whengin &b IHAS is conjugated
di | ut i 4.vol une of. PBS 309, 129 U ng 850252 2.

G 1ot o i BPodid o) e oF Pas 94,500 Uy 850253 3.
diluted with 4 volune of PBS 114,100 U ng 850254 4.
diluted with 4 volune of PBS 81,200 U ng 850255 1.

di | ut et wia $prbphydratamsoisty; pBS 230, 720 U nmg WO

2004/ QR47 P2003/ 008858 - 140 Claims 5 1. A
hydr oi@a %/ﬁhgotggfregh (HAS) - eryt hropoi etin

(EPO) - conj ugate (HAS-FPO), conprising one or nore HAS

mjicec u{”t?eSHA\g’tﬁ[& IoP clgl%(l: t11’ N geilns’[hec E}Qb%%? ttheedamino acid sequence of

human EPO.

3. The HAS-EPO of any of claims 1 or 2, wherein the EPO comprises one or
more carbohydrate side chains attached to the EPO via N- and/ or O-linked
glycosylation. |

4. The HAS-EPO of claim 3, wherein the carbohydrate side chains have been
attached to the EPO during production in mammalian, especially human, in-

sect or yeast cells.

5. The HAS-EPO of any of claims 1 to 4, wherein HAS is conjugated to the

EPO via a linker molecule.

6. The HAS-EPO of any of claims 3 to 5, wherein HAS is conjugated to the
EPO via a carbohydrate moiety which is part of the carbohydrate side chains

and which is preferably oxidized.



to the EPO via 10 a) a carbohydrate noiety; or b) a

thi oether. 2. The HAS-EPO of claim1, wherein the EPO
whas4iobegenm no aci d sequence of human EPO.  15prGI/EFt0®3/008858

HAS- EPO of any of clains 1 or 2, wherein the EPO
conprises one or nore carbohydrate side chains

attached to the EPO via N angy -or O-1inked

gl ycosylation. 20 4. The HAS-EPO of claim 3, wherein

t he carbohydrate side chains have been attached to

t he7 EPQHWASEND oflblain 6 'whéreierInBlis e&jL;%WE@ BbdiXctose or si-

human, in- sect or yeast cells. 5. The S- EPO of any

of cl aiakg agidiresidue offibs earbphydetq sdeediinsgat ed to the 25

EPO via a |linker nolecule. 6. The HAS- EPO of any of
clainms 3 to 5 wherein HAS is conjugated to the EPO

vi 88.a CErIOASHPD of am)i eff olaimisi Icto 71, svhradin thefS tfoen in the thioether
car bohydrate side chains and which is refergbl&l/ )
Soxi di zddderssd\gnpa ganEdly ASEUTPES LE9IDD 87 Bomdggdded oypteine.

The HAS-EPO of claim6, wherein HAS is conjugated to a
gal actose or si- alic acid residue of the carbohydrate

si d& cHdiedsASEPOrbEcMaS] BAGrafn thenfPQfhag theiamend atid séuence of

wherein_the tomin the thioether .5 is deri.ved from

A nat urap EREHRT b Jateply aoh R Shcic SRS and? o133,
cysteine. 9. The HAS-EPO of claim8, wherein the EPO

has the anmi no acid sequence of human EPO and the

lnat Uk al Thy BASHRQ 0f clam e wheteim HAT {sstasiugateddo giysteing 29 and
33, 10,10 Tas. HAREPR, glodlakmdicgherein HAS i s

conj ugate o cystelne % %nd cystei'ne 33 is replaced

by anot her am no aci d.

11. The HAS-EPO of claim 9, wherein HAS is conjugated to cysteine 33 and

cysteine 29 is replaced by another amino acid.

15
12. The HAS-EPO of any of claims 8 to 11, wherein the added cysteine has
been added by replacing a naturally occuring amino acid by a cysteine.
13. The HAS-EPO of claim 12, wherein the EPO is human EPQO and the re-
20 placed amino acid residue is serine 126.

14, The HAS-EPO of any of claims 1 to 13, comprising 1-12, preferably 1-6 or
1-3, most preferred 1-4 HAS molecules per EPO molecule.

25 15. The HAS-EPO of any of claims 1 to 14, wherein the HAS is selected from
the group cohsisting of hydroxyethylstarch, hydroxypropylstarch and hy-
droxybutylstarch.

16. The HAS-EPO of claim 15, wherein the HAS is hydroxyethylstarch (HES).
30



11. The HAS-EPO of claim9, wherein HAS is conjugated
to cysteine 33 and cysteine 29 is replaced by anot her

w@eono24e6i d. 15 12. The HAS- EPO of any of cl ai PET/8P1003/008858
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11, wherein the added cystei ne has been added by
replacing a naturally occuring amno acid by a
cysteine. 13. The HAS-EPO of 142aim 12, wherein the EPO
is human EPO and the re- 20 placed am no acid residue
is serine 126. 14. The HAS-EPO of any of clainms 1 to

1317c0TRé HASPBP B0 21aiR 6] Rhébinythd HESMas a nodecul@Sieight of 1 to
preferred 1-4 HAS nol ecul es per EPO nol ecule. 25 15.

The HASOERs, prefarsplyot tocl0RikRe. 1 t o 14, wherein the HAS

is selected from the group consisting of

hydr oxyet hyl st arch, hydroxypropyl starch and hy-

dr @8y bThy HNSSERO.of by off hleink%aﬁ d(c_rFlO, ;wxemirﬂihmfﬂﬂﬂ exMitsitsei molar
the HAS i s hydroxyethy| starc HES). . 30 WO o
2004/ 03T TR ERSALA) Db EBIA ahd S1atio hetveruCrssetugen in
claim 4, &fol ight of 1

to 30%’%%%&,& 230 Wi |r5§§°tpg%}ie§’d RiGey ol 91 Lo

of any of clains 16 or 17, wherein the HES exhibits a
nol.gr ,5 d e of supstitution of Q.1 to nd.a . .
"ai76 Aopibeh e SeatibBtn o4 RiSivtoduiln SnBsSaeiopoienn
2-20, yERO)-doRpRRcd (HAS-ERE) odhaxg taydtgis@gps. 19. A

nmet hodmf o@ th'g%gr o(ducti on)ofgig hygr oxygjlyskyl starch

(HAS) - eryt hropoi etin (EPO) -conjugate (HAS-EPO),

i S| . st £ i di ng EPQ.bei
capapl 3 POl £8S 1o Ao BRI miTSET AR,
modi fi 8 HASvidigtoddied HAS Geingeapiblo @f Wedcting MathHRO BPO of

step a), and c¢) reacting the EPO of step a) with the
HAS of st efich3); ather eby an HAS-

c) reacting the EPO of step a) with the HAS of step b), whereby an HAS-
EPO is produced comprising one or more HAS molecules, wherein
each HAS is conjugated to the EPO via

i) a carbohydrate moiety; or

ii) a thioether.

20. The method of claim 19, wherein the EPO has the amino acid sequence of
human EPO.

21. The method of any of claims 19 or 20, wherein the EPO is recombinantly

produced.

22. The method of any of claims 19 to 21, wherein the EPO comprises one or
more carbohydrate side chains attached to the EPO via N- and/ or O-linked
glycosylation.



15 EPO i s produced conprising one or nore HAS
nol ecul es, wherein each HAS is conjugated to the EPO
WO 2@4/024761 car bohydrate noiety; or ii) a thi oePdIFEP2029008858
20. The nethod of claim19, wherein the EPO has the
am no acid sequence of human EPO. 21. The net hod of
any of clains 19 or 20, wher®4h-the EPOis
reconbi nantly produced. 25 22. The nethod of any of
claims 19 to 21, wherein the EPO conprises one or
nmo2%d cEhdatesiebdadfecl sind22, chlsireia the cabbledirste stdeechiz® have been

N and/_or Oljn - gl ycosyl ation. WO 2004/ 02476 .
T EP28bsbl9be PO ol SEdbefin Ropmmitragim. crage iy puman, n-
wher ei g.ct heyagrdepliydrate side chains have been

attached to the EPO during production in mamali an,
especially human, in- sect or yeast cells. 5 24. The

met hod..of _a of. cl ai pB Qr. 423 rej '

5 coffughiemeba e sk 28 Wbt BasdS bl g e
i s par EpOf viahg camohpiindrmbietysintitch hpirnof RS .carboRydrate side
nmet hod of claim 24, wherein in step a) the EPOis
nodi i eRIMy oxi diz- 10 ing at | east one carbohydrate
noi ety, preferably at |east one term nal sac- charide
unit, nore preferably gal actose, of the one or nore
carboh¥te atethodsifdinimi2d] whewin inhstepEBGhe EBO i heodifddtmdoxidiz-
of claim 25, whereip the term nal saccharide unit is

10 oxi di 218 at1geshOpe FareliFale TRetoRSTEERY GbIFASieRs Ermifal sac-

or chegjgfl)udie %Y@:pré?éraﬁlgegﬂf&@e; ofle eddr moRCtHbohydrate
27. The nethod of clains 25 or 26, wherein in step c)

t he nodidt ckaind-p3h¢ EPQon-

26. The method of claim 25, wherein the terminal saccharide unit is oxidized
15 after partial or complete (enzymatic and/ or chemical) removal of the termi-

nal sialic acid.

27. The method of claims 25 or 26, wherein in step c) the modified HAS is con-

jugated to the oxidized terminal saccharide unit.

20
28. The method of any of claims 19 to 27, wherein the EPO comprises at least
one free SH-group.
29. The method of claim 28, wherein the free SH-group is part of a naturally-
25 occurring cysteine or of an added cysteine.

30. The method of claim 29, wherein the EPO has the amino acid sequence of

human EPO and the naturally occurring cysteines are cysteine 29 and/ or 33.

30 31. The method of claim 30, wherein cysteine 33 is replaced by another amino

acid and in step c) the modified HAS is conjugated to cysteine 29.



jugated to the oxidized term nal saccharide unit. 20
28. The nethod of any of clains 19 to 27, wherein the

WERO40247pr | Ses at | east one free SH-group. 29PCI/RR2003/008858

10

15

20

25

30

met hod of claim 28, wherein the free SHgroup is part
of a naturally- 25 occurring cysteine or of an added
cysteine. 30. The nethod of-#ai m 29, wherein the EPO
has the ami no acid sequence of human EPO and the
natural ly occurring cysteines are cysteine 29 and/ or
33. 30 31. The nethod of claim 30, wherein cysteine

(1 bR mEGORABCIa OB D ool Srec Sy et amine
2004/ 0gdy %‘éi 1%\%}? E:E%Qf%cﬁﬁ&ﬁﬁ&s i3 caiﬁﬂgaté’tﬂto c@@@m@BB hod

of cIa|n1 in cysteine 29 is replaced
another amno acid and in step c) the rmdlfled HAS is

ug?éﬁggﬁéloé%m q ffgfllﬁg’st?ﬁs éédgl €re, ngﬁél ﬁgecﬁé/ h?xg been

added Red %9|r%ﬂhd‘1% Andiadally al:duhngthﬁﬁﬁd 29d Byraegsteine. d by
a cysteine The nmet hod of claim 33, wherein the

EPO i s human EPO and the replaced am no acid residue

2285 iy g e BRSO

conj ugahf® detdl febiduaddeatheci26t ei ne. 36. The nret hod of
any of clainms 19 to 35, wherein the HAS is nodified
such 15 that it conprises a free hydrazi de,

hy%g oxxh A fifod Jfgh? bf @ m?seﬁ GeA40 dAeftn mfét%gﬁé)'tﬁé"mbﬁiﬁ%@ BIAS

I s conjugate e oxi di zéd car bohydrate
noi et i mcoﬁpg&tedftasﬂxeadd&deuyaiede di sul fi de or hal ogen
acetami de function if the HAS is to be conjugated to
the SH group. 20 37. The nethod of any of clainms 19 to

36 36WNEHE IS Sy dfSIRRNT10MGES, iwheftin BRAGABGE nivditiedsuch
conprising at |east 10 %(ﬁer wei ght H20.
that it comprises a free hydrazide, hydroxylamine, thiol or semicarbazide
function if the HAS is conjugated to the oxidized carbohydrate moieties or a
free maleimide, disulfide or halogen acetamide function if the HAS is to be

conjugated to the SH-group.

37. The method of any of claims 19 to 36, wherein step c) is performed in a

~ reaction medium comprising at least 10 % per weight H0.

38. The method of any of claims 19 to 37, wherein the HAS is conjugated to the

EPO via a linker molecule.

39. The method of any of claims 19 to 38, wherein the HAS is, hydroxyethyl-
starch, hydroxypropylstarch or hydroxybutylstarch, preferably hy-
droxyethylstarch (HES).

40. The method of claim 39, wherein the HES has the properties as defined in

any of claims 17 or 18.



38. The nethod of any of clains 19 to 37, wherein the
HAS is conjugated to the EPO via a |inker nolecule.
wWQ@20030247¢he met hod of any of clains 19 to 38, MMIPEPR1003/008858
the HAS is, hydroxyethyl- starch, hydroxypropyl starch
or hydroxybutyl starch, preferably hy- droxyethylstarch
(HES). 30 40. The nethod of -t4%i m 39, wherein the HES
has the properties as defined in any of clainms 17 or
18. WD 2004/ 024761 PCT/ EP2003/008858 - 145 41. A
HAS- EPO, obt ai nabl e by the nethod of any of clains 19
to 40. 42. The HAS-EPO of claim41l, having the
f e4l.ur AJIAS-ERQ,iohtainable i srethad of gay of claimsg 918 4043, A
HAS- EPO according to any of clainms 1 to 18, 41 or 42
for use in a nethod for treatnment of the human or
anidprl ThoHAS-EPO4A clahn gh dliavingehe feanirescasndefined inany of claims 1
conprising the HAS-EPO according to any of clainms 1
Sto 18, k8- or 42. 45. The phar maceuti cal conposition of
claim44, further conprising at |east one ,
phar maceutically acceptable carrier. 15 46. Use of a
HAS3 EP® HASSEBOnagcomdingnto afy ef alaites 1 tpol8184l ar14ddogpse in a

for the r.eparatio f nedi canent,for the treatnent

of anem‘*&‘%&&gbffwglﬂé’? th; -ant°5§85néaﬁ ng}aysf uncti on

di sorders. 20 47. A hydroxyal kyl starch

(HAS) - pol ypept i de- conj ugat e ( HAS- pol ypept.i de&, .
10codfr i & pproaecugcalrpomwopition sempasing the HASHERQ ageprding sesany

car bongHrars his B S8 B2 JE°5) 2% i Gt her.
45. The pharmaceutical composition of claim 44, further comprising at least one
pharmaceutically acceptable carrier.
15 ,
46. Use of a HAS-EPO according to any of claims 1 to 18, 41 or 42 for the
preparation of a medicament for the treatment of anemic disorders or hema-

topoietic dysfunction disorders.

20 47. A hydroxyalkylstarch (HAS)-polypeptide-conjugate (HAS-polypeptide),
comprising one or more HAS molecules, wherein each HAS is conjugated

to the polypeptide via

¢) acarbohydrate moiety; or
25 d) athioether.

48. The HAS-polypeptide of claim 47, wherein the polypeptide is of human

origin.

30 49. The HAS-polypeptide of any of claims 47 or 48, wherein the polypeptide is

selected from the group comprising erythropoietin, interleukins, especially



48. The HAS- pol ypeptide of claim47, wherein the

pol ypeptide is of human origin. 30 49. The
woi2@4poi7ypept i de of any of clains 47 or 48, WhRCEHEP20031@8858

pol ypeptide is selected fromthe group conprising

erythropoietin, interleukins, especially W

2004/ 024761 PCT/ EP2003/ 00885846~ 146 interl eukin-2,

| FN-13, I FN-al pha, CSF, interleukin 6 and therapeutic

anti bod- ies. 50. The HAS-pol ypepti de of any of clains

47 to Asterlewkan-@j IFN-Aellpbilphes §iSFdmterukinpandstbsrapagicantibod-

nore carbohydrate side chains attached to the

polypeé?%de via N and/ or O Ilinked glycosylation.

51. The HAS- pol ypepti de of claim50, wherein the

car bohydrate side chains have been attached to the _
pol $fbediiedéAgmolypgpiideoeiiaryi efclpimsnbhirafty.avhereig-the golypeptide

iall i I .
s polcpEHPRGue S bt st chdins Buondd s e poppeprise
HAS i s vioN} and/@aOelinked glyresyiationpept i de via a |inker

nol ecul e. 15 53. The HAS- pol ypepti de of any of clains
49 to 52, wherein the HAS is conju- gated to the

pol gjpe ﬁtﬂedﬁAég@)éfpeﬁﬁﬁ@ gh )éﬁ[rﬁ‘tﬁ, Wg?év\% itfé\ﬂ icf&?o%@é {sgdglo{lllains

9]

the car- boh e sl de chalns an

oxi di zédwyve been aftachddAS-thopolpesptidel dundg ptoductidnin munemalian, es-
10t he HAS is Cﬁﬁljlnglgat edtto a gau 20 | actose residue of

the caP§8RYY JPSFEL YREPHECS55. The HAS- pol ypepti de

of any of clains 47 to 54, wherein the S atomin the

thioether is derived froma naturally-occurring

cysiZi rfdiedtAS pehipaptidedefady of glsined #kto II5 vB@reimthe HAS is conju-
HAS- pol hwde of cl.ai m 55 ., wherein the added
cyst ei r%Peﬁgé Iﬂk?é’eoq eghﬁce\élagim}s%rﬁpcgggﬂa a naturally
occuring amno acid by a cysteine. 57. The
HAS- pol ypeptide of any of clajns 47 to 56, conprising .
151 152’5’[.) fI-El}‘g-_polypeptlde of any of claims 49 to 52, wherein the HAS is conju-
gated to the polypeptide via a carbohydrate moiety which is part of the car-

bohydrate side chains and which is preferably oxidized.

54. The HAS-polypeptide of claim 53, wherein the HAS is conjugated to a ga-

20 lactose residue of the carbohydrate side chains.

55. The HAS-polypeptide of any of claims 47 to 54, wherein the S atom in the
thioether is derived from a naturally-occurring cysteine or from an added
cysteine.

25
56. The HAS-polypeptide of claim 55, wherein the added cysteine has been

added by replacing a naturally occuring amino acid by a cysteine.

57. The HAS-polypeptide of any of claims 47 to 56, comprising 1-12, prefera-
30 bly 1-6 or 1-3, most preferred 1-4 HAS molecules per polypeptide molecule.



30 bly 1-6 or 1-3, nost preferred 1-4 HAS nol ecul es
per pol ypeptide nol ecul e. WO 2004/ 024761

WODMMEPZE03/ 008858 - 147 58. The HAS- pol ypepPCTEPIIN3/00885S
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any of clains 47 to 57, wherein the HAS is se- |ected
fromthe group consisting of hydroxyethylstarch,

hydr oxypropyl - starch and hyd4dxybutyl starch. 5 59.
The HAS- pol ypepti de of claim58, wherein the HAS is
hydroxyethyl starch (HES). 60. The HAS-pol ypeptide of

cl a8gm PHe HX®p6lipeptide by RdslAmEE7 a6 W7awhessighiic HAS id se-
to 300 kDa, preferably 5 to, 100 kDa. 1

HAS- polegisdpfipmetheferangy copsigting o h 5@o§yet}®85taxgme$¥qiqqum%pyl-
HES exg&hﬁh @gdrEP;( yl?t ee of substitution of 0.1 to

0.8 an - substitution in the
range of 2-20, with respect to t he hydroxyet hyl gr oups.

15 62. for th

v dbox i A SpavesiceRts BB Fpupeiciace A eﬁg’éxdé*’xye‘hﬂ“mh
( HAS- meQﬁptl de), conprl SI ng the steps of:

provi ding a pol ypepti de bei ng capabl e of reactl ng wth
m)di fied HAS, e) providing nodified HAS bei ng capabl e

o7 LTI RO B LAES: R RS SheF pBloq@Ppion
step bpf1'h800EkYa, ptAerabglypapOkda. i s produced

conprising one or nore HAS nole- cul es, wherein each
HAS is conjugated to the polypeptide viai) a

C ar 0 hﬂ% %f.tfsapa é)ﬁd\e/:\ﬁg ?rglztﬁf dlz#ns 39500 G\L&Sém t@HF-Srtéﬁhibits a

e polypeptide is
hurran afdlagi degréd of Bhbstitmionodf 6fl &ny.Hhandlarate 6&ween C;:Cq-

63, wherein the pol ypept.i is selecte 3Q fro he
gr oup é‘bl?fﬂf‘}t@i’h'bﬂ‘élr 3&60 Pith resprgtde aewgffgﬁye@y}gmup&
especially inter- | eukl n-2, IFN-13, | FNal pha, CSF,

interleukin 6 and therapeutic antibodies
62. A method for the production of a hydroxyalkylstarch (HAS)-polypeptide-

conjugate (HAS-polypeptide), comprising the steps of:

d) providing a polypeptide being capable of reacting with modified HAS,
e) providing modified HAS being capable of reacting with the polypep-
tide of step a), and
f)  reacting the polypeptide of step a) with the HAS of step b), whereby
HAS-polypeptide is produced comprising one or more HAS mole-
cules, wherein each HAS is conjugated to the polypeptide via
i) a carbohydrate moiety; or

ii) a thioether.
63. The method of claim 62, wherein the polypeptide is of human origin.
64. The method of any of claims 62 or 63, wherein the polypeptide is selected

from the group comprising erythropoietin, interleukins, especially inter-
leukin-2, IFN-B, IFN-alpha, CSF, interleukin 6 and therapeutic antibodies



WD 2004/ 024761 PCT/ EP2003/ 008858 - 148 65. The
nmet hod of any of clains 62 to 64, wherein the

w@odogpepsi de is recombi- nantly produced. 5 66PCTEPR2003/008858
nmet hod of any of clainms 62 to 65, wherein the
pol ypepti de conprises one or nore carbohydrate side
chains attached to the pol ypépside via N and! or
O linked glycosylation. 67. The nethod of cl ai m 66,
wherei n the carbohydrate side chains have been 10
attached to the pol ypeptide during production in
manmal i an, especially u i nsect or_ yeast cells.

human, : .
68 65 Th&heenethed offany 9§ cleims O tn&4, ehessin ghe palynsplifls, 1srrgombi-
HAS i s ' to the polypeptide via a
carboh?%%gbgg%%ggty which is part of the carbohydrate
side 15 chains. 69. The nmethod of claim®68, wherein

in step a) the pol ypepti.de j.s di fied xi dj.zin .
5at 6Pea e SRS GRS 5 10165, "DieGHTe (oo Peph ipprises
one teghl NAlyors GHBAYIHR HdY EhaifiPhttacREL tELTRYypeptide via N-
gal act ose, é? the one or nore carbohydrate 20 side

chai ns and/ dari@elipkedygheesylateon. 70. The net hod of cl ai m 69,
wherein the term nal saccharide unit is oxidized

after partial or conplete (enzymatic and/ or chem cal)

r ey alrnefméthed bEERIm 68alvhered ihe catiotydrdfe side cHai®s have been
nmet hod of clainms 69 or 70, wherein in step c) the

10rodi f i etiaghad tosthe elypentder daring, pradection & megmalian; gepecially
saccharide unit. 72 The method of any of clainms 62 to
71, whéreRh W]egt %ro’f f}%é’gﬁ%'de conprises at 30 | east one
free SH group. WD 2004/ 024761 PCT/ EP2003/ 008858 - 149

73. The nethod of claim 72, wherein 1;hefl frese_ SH- rou(P
is 6§ar tThgmnethqsaf any of 91a1ms 66 or 67, wherein the HAS is conjugated to the

polypeptide via a carbohydrate moiety which is part of the carbohydrate side

15 chains.

69. The method of claim 68, wherein in step a) the polypeptide is modified by
oxidizing at least one carbohydrate moiety, preferably at least one terminal
saccharide unit, more preferably galactose, of the one or more carbohydrate

20 side chains of the polypeptide.

70. The method of claim 69, wherein the terminal saccharide unit is oxidized
after partial or complete (enzymatic and/ or chemical) removal of the termi-
nal sialic acid.

25
71. The method of claims 69 or 70, wherein in step c) the modified HAS is con-

jugated to the oxidized terminal saccharide unit.

72. The method of any of claims 62 to 71, wherein the polypeptide comprises at
30 least one free SH-group.



occurring cysteine or of an added cysteine. 74. The
nmet hod of any of clains 62 to 73, wherein the added

waeyaume41el has been 5 added by repl aci ng a nat B€HEP3003/008858
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occuring amno acid by a cysteine. 75. The nethod of

any of clainms 73 or 74, wherein in step c) the

nodi fied HAS is conjugated- 149+ he added cysteine. 10
76. The nethod of any of clains 62 to 75, wherein the
HAS is nodified such that it conprises a free
hy?3.azTlgemethpd rodxjdimrm2n esheteli the fove Slmpragr bamitdef a naturally-
function if the HAS | co '(lilgated to the oxidized

car boh%ﬂ'é}r’écd‘étieﬂeloég cd PYSLANGy| ei ni de, disul fide

or hal ogen acetami de function if the HAS is to be
conjugated to the SH group. 15 77. The nethod of any

of 7&| aThesméthot of Zﬁy ofiainsi 62 tot73 pwbyremsthp eddask aystginerhasbeen

reactio di u r| SI east 10

oo rlied s R prtaialy offuriog Ao & b B ENer e n
the HAS is conj ugated to the 20 polypeptide via a

l'i nker nol ecule. 79. The nethod of any of clainms 62 to
7875 .whEheinathod of pmsof daimsdiBoxy/édt whereinsin gtepre) the modified HAS

hydr oxypr.opyl.st arch ybutyl starch, preferably
hy- dr%iﬁgﬁéil/tf‘ifbatﬁgﬁ&){eﬁ%%ﬁé‘s 80. The nethod of claim
79, wherein the HAS has the properties as defined in

of clains 60 or 61, .81. A HAS- oypp
Ob%@'l nEb‘F é‘eB}P t‘}fé‘nbf@tf kM, 62 4,y 50‘?" %ﬁ&‘som%‘ﬁed such

30 WO E’%Te/eﬁ%%p%ﬁ gg&lﬁ la n?eStholBgr seiBarbazide

HAS- po ypeptl C I ng t e features as
defi neﬂmk:nomrfyheoﬂASob comegated tb thedxidig&d catbohydrate moieties or a

l;f Sg)fo% g]gaalﬁl%ﬁgé 219 haloge%n%et%}tmge ﬁlnctlondﬁ‘ tltle HR% is to be

conJugated to the SH-group.

77. The method of any of claims 62 to 76, wherein step c) is performed in a

reaction medium comprising at least 10 % per weight H;0.

78. The method of any of claims 62 to 78, wherein the HAS is conjugated to the

polypeptide via a linker molecule.
79. The method of any of claims 62 to 78, wherein the HAS is hydroxyethyl-
starch, hydroxypropylstarch or hydroxybutylstarch, preferably hy-

droxyethylstarch (HES).

80. The method of claim 79, wherein the HAS has the properties as defined in

any of claims 60 or 61.

81. A HAS-polypeptide, obtainable by the method of any of claims 62 to 80.



5 a nethod for treatnent of the human or ani mal body.

84. A pharmaceutical conposition conprising the
wo2®4poi7ypept i de according to any of clains 4FCT/BPRA3/008858

81 or 82. 10 85. The pharnmaceutical conposition of

claim 84, further conprising at |east one

phar maceuti cal | y accept abl e -dafri er.

82. The HAS-polypeptide of claim 41, having the features as defined in any of
claims 47 to 61.

83. A HAS-polypeptide according to any of claims 47 to 61, 81 or 82 for use in

5 a method for treatment of the human or animal body.

84. A pharmaceutical composition comprising the HAS-polypeptide according

to any of claims 47 to 61, 81 or 82.

10 85. The pharmaceutical composition of claim 84, further comprising at least one

pharmaceutically acceptable carrier.



