WO 02/ 074344 PCT/ EP02/ 01837 PEG conjugates of HG- NK4 This invention
relates to conjugates of the N-termnal four kringle-containing fragnent
of hepat owgtoe/ogent h factor (NK4) with pol yet hyl ene gl ycolPCTRE®/01837

phar maceuti cal conpositions thereof, nethods for the production and net hods
for wuse. 5 Background of the Invention Hepatocyte growh factor (HGF SF)
is a polypeptide identified and purified by Nakanura, T., et al., Biochem
Bi ophys. Res. Commun. 22 (1984) 1450-1459. It was further found that

hepat ocyte growmh factor is identical to scatter factor (SF), Widner,
KM, et al., Proc. Natl. Acad C S 7001-7005. HGF is a 10
gl ycoprot ein with a nol ecul ar %légﬁpjug?égggﬁg%%g%hkm i nvol ved in the

devel opnent of a nunber of cellul ar phenotypes including proliferation
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al ., Biochem Biophys. Res. Comm 163 (1989) 967-973; Nakamura, T., et

al ., Nature %%2 (1989) 440-443; Seki, T., et al., Biochem and Bi ophys.

Res. Comm 172 (1990) 321-327; Tashiro, K, et al., Proc. Natl. Acad. Sci.

USA 87£§1990ha32uun%%}ﬁ£: ¢hdiom, A, et al., Eur. J. Biochem 193 (1990)
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route. U.S. Raﬂemfomm ﬂsat%ezaaﬂ)wtedgwm lfﬁﬁoPEGdﬁﬁmaﬁltedsch-ﬂ? faSo€ 1(SE),
PEG modi {1 ey ihr b 8 I GHERE0EE dR OB RS, 32
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m' nutes 1o 78eviioPhitdt 8f U HRnBerMdtUt8Riar PRPERPpNCidcluding proliferation,
mitogenesis, formation of branching tubules and, in the case of tumor cells,
invasion and metastasis. For a status review, see Stuart, K.A., et al., International
Journal of Experimental Pathology 81 (2000) 17-30. Both rat HGF and human HGF

15 have been sequenced and cloned (Miyazawa, K. et al., Biochem. Biophys. Res.
Comm. 163 (1989) 967-973; Nakamura, T., et al., Nature 342 (1989) 440-443; Seki,
T,, et al., Biochem. and Biophys. Res. Comm. 172 (1990) 321-327; Tashiro, K., et
al,, Proc. Natl. Acad. Sci. USA 87 (1990) 3200-3204; Okajima, A., et al., Eur. J.
Biochem. 193 (1990) 375-381). The pharmacokinetics and pharmacological effects

20 of an HGF lacking the first five N-terminal amino acids ({HGF) were investigated
by Uematsu, Y., et al., ]. Pharm. Sciences 88 (1999) 131-135. It was found that the
serum concentration of dHGF decreased rapidly and therefore infusion would be
preferred against bolus injection as administration route.

U.S. Patent No. 5,977,310 describes PEG-modified HGF. Such PEG-modified HGF
25 has a prolonged clearance in vivo and has the same physiological activity as HGF.
However, according to U.S. Patent No. 5,977,310, it is only possible to prolong the
half life of HGF from 59.2 minutes to 76.7 minutes or 95.6 minutes, respectively
(see Example 5 of U.S. Patent No. 5,977,310). It is further suggested in this patent
that the molar amount of the PEG reagent may be selected from the range of from 5
30 to 100 times of the molar weight of HGF. In the case of modifying an amino group
of lysine or the N-terminus of protein, a preferred molar range of the PEG reagent



(see Exanple 5 of U S. Patent No. 5,977,310). It is further suggested in
this patent that the nolar anount of the PEG reagent nmaybe selected from
t he rangewofo2from 5 30 to 100 tines of the nolar wei ght ofPCHEP02/01831 he case
of nodifying an amino group of lysine or the N-term nus of protein, a
preferred nolar range of the PEG reagent2 WO 02/ 074344 PCT/ EP02/01837 -2 is
of from1l0 to 25 tines of the nolar weight of HG-. The nol ecul ar wei ght of
the attached PEG chain was about 10 kDa. Methods for the synthesis of

conj ugat es isofifiost iy 24 tifECofihed npahyweighi offdGEUThe mslekiiRr wrightdfthe

descri bed i ta.Wl%cP %égc?lﬁén w-gp ﬁ&ltcﬂpkﬂg aﬂ/fe%h efoJ: ﬂ%g&ﬁ&g%%ﬁb@ﬁs

pr edefi ned p05| ti1ons ran om conj ugat1 on eads ccording t
aut hors, to ¢omeisiing rofd FEG amdofpol )’W@Pg}%rﬁ‘éﬁ hoiseHi arat dselodesriedofint he

mol ecul e t hajyaredil 842, thesd benjaprelt healihhed wgedieag@qﬁ&deﬁ@ka Yoot aR! e
acti vi gl es. Consequently, the rml ecul.es mm agﬁlt:l}grs % ol on ed.hal f-life
> r'ed

in vivd and, ™ OItnhéo’HHg Bx 163ds> e36P O it oAb $dni ci ty,
but at the epgignsgc afoieties igoi dontrind oﬂ)ﬂhe&ﬂ@ﬂﬁtﬂé ¢hdt analiaé thdﬁ&ec@suﬂi@diylo

bi ol ogi cal t {

(150} 310-Gra h et AfseaBle Yt i Rapdiyty, Hhe Boteculel I8 o8 o 61988)
17-22). PEGypratcmgedl Fidlfalife snows;q anflpin éhtamrp‘ieepf bnﬂeyoldgebuefprptﬁmsmc

conpared to j ch%@ﬁ ﬁeﬂ% Oun (:1%%' Jran é:rﬁ%canfb%&ﬂhléﬂ:%% o‘?@@é’&esh%d( 2001)

195-202) . It was at an terne
consi $0i ng dpiological activitges ﬁsner&,lKlﬁaam&r@»K &bﬁa.@ﬁna%R%Sh%l £1598) 4a10rfgre

domai ns of Hed ShitaB.K. pé’taeﬂ”&ﬁtohomaﬁéér SuppRey (1%8) tihaw). aPK;ﬁI@t@@'IBNe&y
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netastasis (WD 93/23541; Parr, C, et al., Int. J. Cancer 85 20 (2000)

563-570; Kuba, K., et al., Cancer Res. 60 (2000) 6737-6743; Date, K., et
al . FEBS Litwasr furtheo fursh iyt pngHGBA: fragmente tteraned N&4c cefesining Pf(the89)
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SRELEES fromhKu 7 1 ailtg 10 ertles Bt ave c5§sleteqk&4§ergr9t frc?er?)tZlos 74f3 HGF?SPam el
pharmacological prop p
and is an antagonist to the influence of HGF/SF on the motility and the invasion of
colon cancer cells, and is, in addition, an angiogenesis inhibitor that suppresses
tumor growth and metastasis (WO 93/23541; Parr, C., et al., Int. J. Cancer 85

20 (2000) 563-570; Kuba, K., et al., Cancer Res. 60 (2000) 6737-6743; Date, K., et al.,

FEBS Letters 420 (1997) 1-6; Date, K., et al.; Oncogene 17 (1989) 3045-3054;
Tomioka, D., et al., Cancer Res. 61 (2001) 7518-7524).

As emerges from Kuba, K., et al., Cancer Res. 60 (2000) 6737-6743, in animal
experiments, for detecting an effect of NK4 on lung metastases, NK4 had to be
25 infused continuously over a period of two weeks.

It is known that the attachment of polymers to certain polypeptides may increase
the serum half life of such polypeptides. This was found, for example, for
PEGylated Interleukin-6 (EP 0 442 724) or Interleukin-2 (WO 90/07938) and
erythropoietin (WO 01/02017). However, the attachment of polyethylene glycol
30 and other polymers did not necessarily lead to prolongation of their serum half
lives. It is known, for example, that the conjugation of different polyethylene glycols
to Interleukin-8, G-CSF and other interleukins results in the production of
molecules with impaired properties (Mehvar, R., J. Pharm. Pharm. Sci. 3 (1) (2000)
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( : lysine amino groups of IL-6 were coupled with PEG with a molecular weight of

5kDa per PEG group. Tsutsumi et al,, in Proc. Natl. Acad. Sci. USA 97 (2000)
8548-8553, describe the chemical modification of an immunotoxin by PEG. As
random PEGylation was accompanied by a significant loss of specific cytotoxic

20 activity, Tsutsumi performs a site-specific PEGylation by using an immunotoxin
mutant with one or two additional cysteins which are used for PEG coupling.
Heinzerling, L., et al., Dermatol. 201 (2000) 154-157 describes the coupling of PEG
to Interferon-o. with a molecular weight of 5 kDa. Tsutsumi, Y., et al, in J.
Pharmacol. Exp. Ther. 278 (1996) 1006-1011, describe the PEG modification of

25 TNF-o, whereby the molecular weight of the PEG groups used is again 5 kDa. As
the PEGylated TNF-o. applied has a molecular weight of at least 84kDa (by a
molecular weight of 17 kDa of TNF-q.) there are at least 13 5-kDa PEG groups
attached to TNF-ot.

PEGylation of proteins and its pharmacological effects are also reviewed by Reddy,

30 K.R., Ann. Pharmacotherapy 34 (2000) 915-923. Again it is stated that PEGylation
of therapeutic proteins must be carefully evaluated. Each protein is, according to
Reddy et al., different, requires different optimization chemistry and therefore the
influence of PEGylation cannot be predicted.
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The invention further comprises a method for the production of monoPEGylated
15 NK4 according to the invention.

The invention further comprises pharmaceutical compositions containing
monoPEGylated NK4.

The invention further comprises methods for the production of pharmaceutical
compositions containing monoPEGylated NK4.

20 The invention further comprises methods for the treatment of human cancer (e.g.
breast, lung, prostate, pancreas or colon cancer) characterized in that a
pharmaceutically effective amount of monoPEGylated NK4 is administered in one

to seven bolus applications per week to the patient in need thereof.

It was surprisingly found that the entire amount of randomly PEGylated NK4

25 according to the invention to be applied during treatment is considerably lower
compared to applying unPEGylated NK4. Therefore, the amount of PEGylated
NK4 used in pharmaceutical treatment is about 50% or lower, preferably about
20% or lower, and most preferably about 10% or lower of the required amount of
unPEGylated NK4.



NK4 according to the invention has superior properties in regard to the
therapeutic applicability in regard to NK4 or otherw se PEGyl ated NK4. The
i nvent i orwbuwenhesus conpri ses a nmethod for the producti on offCrEroPEHSyT at ed
15 NK4 according to the invention. The invention further conprises

phar maceutical conpositions containing_smnNoPEGy| ated NK4. The invention
further conprises nethods for the production of pharmaceuti cal

conposi tions containing nonoPEGyl ated NK4. 20 The invention further
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The kringle dommi n .consi sts, of . .am na acids 21]-288, tpe kringle.3 domain
consi sts of %{maﬁglogg}lasa%qygt_legbg)w Vtaﬁgtlons are describéd, for example, in

WO 93/23541. Also the length of NK4 can vary within a few amino acids as long as
15 its biological properties are not affected.

NK4 is composed of the N-terminal 447 amino acids of the HGF/SFo.-chain, which
includes the above-mentioned hairpin domain and the four kringle domains. It can
be produced recombinantly, either by the production of recombinant human
HGEF/SF and digestion with elastase (Date, K., FEBS Letters 420 (1997) 1-6) or by
20 recombinant expression of an NK4 encoding nucleic acid in appropriate host cells,
as described below. NK4 glycoprotein has a molecular weight of about 57 kDa (52
kDa for the polypeptide part alone) and has the in vivo biological activity of causing

inhibition of tumor growth, angiogenesis and/or metastasis.

"MonoPEGylated NK4" as used herein therefore means that NK4 has attached
25 covalently one polyethylene glycol group with a molecular weight of 20 to 40 kDa.
The group can be attached, preferably randomly, at different sites of the NK4
molecule, preferably, however, at the most reactive sites, e.g., the lysine side chains
and the N-terminal amino group. The monoPEGylated NK4 (which therefore
preferably is a mixture of monoPEGylated NK4 molecules, PEGylated at different
30 sites which are the e-amino groups of NK4 lysine and the N-terminal amino group)
is at least 90% of the preparation, and most preferably, the monoPEGylated NK4 is
92%, or more, of the preparation. The monoPEGylated NK4 preparations
according to the invention are therefore substantially homogeneous enough to



10 kringle 4 domain consists of am no acids 391-469 of the a-chain,
approximately. There exist variations of these sequences, essentially not
af f ect i ngwolwe/obi3ad ogi cal properties of NK4 (especially neCTafPbypetsshg its
activities antagonistic to HGF and its antiangiogenic activities), which
vari ations are described, for exanple, -bn WO 93/23541. Also the length of
NK4 can vary within a few amno acids as long as 15 its biol ogi cal
properties are not affected. NK4 is conposed of the N-ternminal 447 anm no
aci ds of thelisabyy eadvpripges oftd BAMOgERIOUE PEChaFRioR) 6\8e - ifeh Phameaserigal pi n
domai n and tihgliéien. kri ngle domains. It can be produced reconbinantly,
either by the production of reconbi nant human HG-/ SF and di gestion with
el astase (Date, K, FEBS Letters 420 (1997) 1-6) or by 20 reconbi nant

expr essi on dSumﬂuﬁydmmmgengomUcdsehsedahhﬂ:m nnea}nprmptithé eoﬂdpsREceMKzs, as

descri bed beI My i 7 kDa
(52 IkDa for ?ﬁéa{y%dg&ﬂ%%gég%%gt (gﬁ gCJ eﬁ{hi%% |vo geélmgp cal
activi®y of a@admdn@he pwpalbtlon maycmntau,munregcrtgd«vflte,, lmgﬁ‘éﬁn gxiup) armitior
metastasi s. AMNORRAMIH ﬁtl&‘g%aggﬁlﬁléﬁg% Perfhd sé B%Qrcﬁler&%‘ﬁ et NK4 has

attached 25 covalently onhe pol ylene g oup | ecu

vei ght of 2@reydesgok the preparaliosy Wivshdsat leset %C{Y’@ HROKE Kﬁépabwelaaﬁabm y, at
di fferent snh@giz(%uhmc&u{ﬁmteml ecul e, preferably, however, at the nost
reactive sites, e.g., the lysine side chains and the N—terrri nal am no
group. The rmnoPEGyI ated NK4 (which therefore preferably is a m xture of
nonoPEGy| at theNREG rpolenerl mslecHECykat edtontinglitd ftke émten80n diaves mblectilanr e t he

e-am gro f d I east
009 of ot e AR of s 263638 145 W%Qﬁngﬁﬁg”lﬁ?%e Tul s 200 of 4853 4 * 5206
or nore, of atfﬁ@rqfﬂéqsbﬂm m@iecutﬁfewméhbpﬁcss ke isrtepee sndessieod dbeor di ng
to the i nVe%ééiﬁ”m%Ie%ul&P%%ﬁ@b?tE@PEGaﬂ{e' @hhy aB&@%?dl@ﬂé&Stlﬁﬂ%J%dtPEd/\o

02/ 074344 PCT/ EP02/ 01837 E"g]i e}']aa vant ges o btg eneou
preparation Pr%PaéaUOanS%{nﬁH&?lﬁﬂé%% Areig mﬂrﬁ e lesp OB HBF At
honbgeneous"malscul@&ackigiey.ei n means that the only PEG NK4

15 "PEG or PEG group" according to the invention means a residue containing
poly(ethylene glycol) as an essential part. Such a PEG can contain further chemical
groups which are necessary for binding reactions; which results from the chemical
synthesis of the molecule; or which is a spacer for optimal distance of parts of the
molecule. In addition, such a PEG can consist of one or more PEG side-chains

20 which are linked together. PEGs with more than one PEG chain are called
multiarmed or branched PEGs. Branched PEGs can be prepared, for example, by
the addition of polyethylene oxide to various polyols, including glycerol,
pentaerythriol, and sorbitol. For example, a four-armed branched PEG can be
prepared from pentaerythriol and ethylene oxide. Branched PEG are described in,

25 for example, EP-A 0 473 084 and US Patent No. 5,932,462. Especially preferred are
PEGs with two PEG side-chains (PEG2) linked via the primary amino groups of a
lysine (Monfardini, C., et al., Bioconjugate Chem. 6 (1995) 62-69). As PEG
polymers with a molecular weight of 20-30 kDa linear PEG molecules are preferred
and as PEG polymers with a molecular weight of more than 30 kDa, especially with

30 40 kDa, branched PEGs are preferred. As PEG 40 kDa a two-armed PEG (PEG2) is
particularly preferred.
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pol ynmer nol ecul es used according to the invention have a nol ecular 10

wei ght of about 20 to 40 kDa, whereby PEG pol yners with about 20, 30 or 40

kDg are gr Q‘fhc@decEﬂg (tb)/thenﬁiveﬁtlldrﬁra weitlgdd 'is h gsrovided foerthetﬂiled&ctlcm 06 de
under st ood t ecul ar we E

i ndi cat es tﬁ'&&t?l?fmg]ﬁl ﬂgrﬁﬁ%?neﬁ?s @%? F‘gﬁgte T\ﬁ@ %Frd@? (s Oﬁlﬁﬁgm. gR nor e
and sone | eq&rfoimad ttverding tethe mﬂhedmbfethe setegifithe art.For pEGME bPrecdenup”
according QiR %1&&@3&1@@@ BcilvRR OGS CARpALR! SHarvRifl Colly bsne

gl ycol ) as an ‘essen PEG can ntain further chem cal
gr oups> whi chVWéhWé’@meC@@) bi r?d?fﬁ{jfeﬁleactpﬁghs IFRSERS r estft s f$8m t he

ghe{ﬂ cal fSN-th ?&ttuﬁﬁf‘d | r@@l@hete? qugw;sm) io% Buﬁﬂ@étéslr:) (Iém -SBph) i ol o
i stance of pa ol ecu addi a can copsist o
one or nore th§fid§ }B’E\é‘?’%‘mﬁ’é‘ S RUGT &5 IW%@%N@%Z&?& S vﬁcE % nor e

t hanbone PECBl@&tﬁi]?lga&{ €heal 66{@995m|2t69a5m%d nmthdhi’saaﬂﬂllerlﬂl RENK4 Brigrephdd PEGs
can be prepare or i eto
vari ous poIO lﬁ ﬁ@‘ﬁﬂ?ﬂ?‘%y&g%lr iy S%gﬁtlsé?&%[g fgﬁ I\Yﬂ E’ysor |{t':H(§I1QL
exanplle, a ftenmmal rmdn@rgnuheNOPE@d YoeN- tpmlpaHEcPHGYéﬂWCbéﬁK‘heqa?t h?l oI and

et hyl ene oxi R ribed in, 25 for exanple, EP-A 0 473
084 and US §%%gd%gg&§g§ g@gfﬁldéggfe:c' ally preferred are PEGs with two

PEG si de-chains (PE&) linked via the primary_ am no groups .o | ysi ne
(Monf ar di ni ,In@ pre&rres) embalimeninpluda iaveatiam sapl N ):o‘@ien@g)lmkgg tppRe

pol ymers wi ?’b&ﬂe@%%%%f?b%dug%ﬂgfog&uﬁo kDa |inear PEG nol ecules are

preferred a th a nol ecul ar wei ght of nore than 30 kDa,
especially wwth 30 40 kDa, branched PEGs are preferred. As PEG 40 kDa a

two-arnmed PEG (PEQR) is particol@ny, RoererEH,—O0 02/ 074344
PCT/ EPO2/ 01837

15 with the —~CO (i.e. carbonyl) of the poly(ethylene glycol) group forming an amide
bond with one of the amino groups of NK4; R being lower alkyl; x being 2 or 3; m
being from about 450 to about 950; and n and m being chosen so that the
molecular weight of the conjugate minus the NK4 protein is from about 20 to
40 kDa. As amino group of NK4 the €-amino group of NK4 lysine is the available

20 (free) amino group.



-7 According to the invention a nethod is provided for the production of a
substanti ally honbgeneous nonoPEGyl ated NK4. PEGyl ati on of NK4 can be

per f or redwaameor4gitng to the net hods of the state of the arPCTiEPO2/€83TPI € by
reaction of NK4 with electrophilically actived PEGs (supplier: Shearwater
Corp., USA, 5 ww. shearwatercorp.com. -Breferred PEG reagents are, e.g.,

N- hydr oxysucci ni m dyl propi onates (PEG SPA) or butanoates (PEG SBA) or
branched N-hydroxysucci ni m des such as nPE&-NHS (Monfardini, C, et al.,
Bi oconj ugat earespecificallyobs pbaz-eojugatssislay hetdpsessnied biylformua f NK4

pol ypeptide which is randomy PEGyl ated at an e-am no group of an NK4

| ysine or the N 10 ter mpngly@yi eyl oeH reypdom y, N-tegpmnally
PEGyl at ed NK4 can be produced (acczgxrg?ngzg)kgg)ﬂo 94/ 01451. Iﬁ)a preferred

enbodi nent of the invention, said NK4 is covalently linked to one

pol y(et hyl enghgdiy aols) the rgw@g Qf ahNeKE YrdtdlrPas §ehibdd herelrOCHE Gthout &R 15
with the -CO (i.e. carbonyl) of the poly(ethylene glycol) group formng an
am de  bond ARG SB5AEP OF AHHBO LHOWRS Uhl@héér%fanmmededué@g%wﬂb%rcamw © X

being 2 or 3hoih iR &rAthl{ (I9ArARMeift Fis IRy RN x990 0r 8N 18 fRRCaHHLPEEM Y _
chosen so that_ the nolecul ar weight of the conjugate mnus the NK4 protein

i s from aboup abeut 350 angd ixehesemso that Hs melscpaoreigikofithecyugidingsdhe of Nk4
lysine is t ﬁ@l@?gr%t}ei%% Eron? Abédir R MMM AN REP hetd, ARE QAR 4nRCHE ERO2/ 01837

-8 More specifi , the above conjugates nmaybe_represented (Kl,for mula (1)
P- NHCO- ( CH2)merelpdrpenn) erientitiong) mgpipgi Rheranges ple gr atspdaerminedui 2p¥ ot ei n
as descri be%a?&?éﬁdEhacﬁl%b?-thé"hfo@lﬂar%%-‘t@f’"ﬂn@PEQrgQ&Lﬁ)p.m am no groups which

forman am de I'I nkage h t he carbon 5 showt in fornmula (1); and
wherein Ris lower alkyl; x is 2 or 3; mis fromabout 450 to about 950 and

i's chggen sant@kthehpreft&CethBEdiMRhIBE the finfenBof 09I IBKUSs B Ut Hidked
to one poly(ethylene glycol) group of the formula

(CH,)yNHCO(OCH,CH,)nOR

\U/<NHCO(OCH20H2)pOR
0

wherein y is 1 to 4, preferably 4, n and p together are chosen such that the
molecular weight of the conjugate minus the NK4 protein is from about 20 to
15 40 kDa, preferably 40 kDa, and n and p differ by not more than 25%, preferably by

not more than 10%, and most preferably are identical, and R is lower alkyl.

As used herein, "lower alkyl" means a linear or branched alkyl group having from

one to six carbon atoms (C;-Cg) alkyl). Examples of lower alkyl groups include

methyl, ethyl and isopropyl. In accordance with this invention, R is any lower alkyl.
20 Conjugates in which R is methyl are preferred.

The symbol "m" represents the number of ethylene oxide groups (OCH,CH,) in the
poly(ethylene oxide) group. A single PEG subunit of ethylene oxide has a
molecular weight of about 44 daltons. Thus, the molecular weight of the conjugate
(excluding the molecular weight of the NK4) depends on the number "m". In the
25 conjugates of this invention "m" is from about 450 to about 950 (corresponding to
a molecular weight of about 20 kDa to about 40 kDa). The number m is selected



NK4 protein is fromabout 20 to 40 kDa. As used herein, the given ranges of
"mM" nmerely have an orientational neaning. The ranges of "ni' are determ ned
in any cae®/0ads exactly, by the nol ecul ar wei ght of thePPEEGPgz/aaspz 10 I n
a further preferred enbodi nent of the invention, said NK4 is covalently

| inked to one poly(ethylene glycol) group of the fornula

1( CH2) yNHCO( OCH2CH2) nOR 0 NHCO( OCH2CH2) pOR wherein y is 1 to 4, preferably
4, n and p together are chosen such that the nolecular weight of the

conj ugate m fwh tHae tK4espitbigetohjigatd bbThBbiauéntidd ha a Ithy4ioldgloal am\@ﬁyer abI y

Chan 006 an b RBS Bl ta dsPlgdte e R e Bkl BORLS e Yo o PORL e e

herein, "| owdranabkylftacheantthe dormesmdang etqtmm hédnmoﬂ;ﬂed@ﬁmm tnmlqzqm@rf r om
one to six Cg«% %Hf‘ oPt'a%ﬁt"(aCéex&ﬁQ n )rﬁl hea@‘ﬂﬂ?'ng@ vifhid Q%e{soﬁéﬁw
i ncl ude y t hyl "and 1 sopr.opy I'n accordance wt entlon R

is any IowertlbﬁltWImbeYZ‘@ defsriningdt s Conyepporah aRaID’BC%QCIthUﬁ?eT@ﬁé?@le‘éd The
synbol "nt' rapres@Mcidt dethat RemoRtulat Wig@l@%f@éé}ﬁﬁolg(f & hﬁl n the
oxXl1 ae

pol y(et hyl ene o ingle P buni eth as a
ol Seul o woreienoy tnfistio e Mg Shamibanad kb Pé%e#%}t%‘)@m of the
conjugate (excluding the nolecular weight of the NK4) depends on the
nunber "nt. Thetd@mpfbﬁndmﬂ fwﬂnﬁles (0f calnhbe preyeeed,i R cxatnples fforem &howh 450 to
about 950 (corres ongmg 1rmlecular wei ght of about 20 kDa to about 40
kDa). The nufff&ft }CéE%tsfdaV\o 02/ 074344 PCT/ EP02/ 01837 -9 such t hat
the resulting conjugate of this invention has a physiological activity
conparabl e to unnodi fied NK4, which activity nay represent the sane as,
nore than, or a fraction of the correspongi ng activity of unnodified NK4.
A nol ecul ar  wei ght ofg a«ge E%PdN nber neans that it is wthin a
reasonabl e range of 5 f%at nu rmpned by conventional analytica
techni ques. The number "m' is select that the nmol ecul aflhwei ght of

each H%Iy(ethylene gl ycol) group

in which R and m are as described above, by condensing the compound of Formula
IT with the NK4 protein. Compounds of formula (II) in which x is 3 are alpha-lower
alkoxybutyric acid succinimidyl esters of poly(ethylene glycol) (lower alkoxy-PEG-
SBA). Compounds of formula (II) in which x is 2 are alpha-lower alkoxypropionic
15 acid succinimidyl esters of poly(ethylene glycol) (lower alkoxy-PEG-SPA). Any
conventional method of reacting an activated ester with an amine to form an amide
can be utilized. In the reaction described above, the exemplified succinimidyl ester
is a leaving group causing the amide formation. The use of succinimidyl esters such
as the compounds of formula II to produce conjugates with proteins are disclosed
20 in U.S. Patent No. 5,672,662, issued September 30, 1997 (Harris, et al.).

Human NK4 contains 30 free €-amino groups of 30 lysine residues. When the
PEGylation reagent was combined with a SBA compound of Formula II, it has been
found that at a protein concentration of about 5 to 10 mg/ml, at a pH of about 7.0
to 8.0, a protein:PEG ratio of about 1:3 and a reaction temperature of from 20-
25 25°C, a mixture of mono-, di-, and trace amounts of the tri-PEGylated species were
produced. When the protein:PEG ratio was about 1:1 or 1:2 (for example,
preferably about 1:2 for 30 kDa PEG-SBA and about 1:5 for 40 kDa PEG2-NHS),
primarily the monoPEGylated species is produced. By manipulating the reaction



covalently linked to the NK4 protein is fromabout 20 kDa to about 40 kDa.
The conpound of formula (1) can be prepared, for exanple, froma known

acti vat edwpokgmeii c material: O RQ CH2CH20O), ,, ( CH2) x COONPCT(EHPD}/0183D i n
which R and m are as descri bed above, by condensing the conpound of Formula
Il with the NK4 protein. Conmpounds of f®®rula (I1) in which xis 3 are

al pha-1ower al koxybutyric acid succinimdyl esters of poly(ethylene
glycol) (I ower al koxy-PEG SBA). ounds of fornmula (I11) in which xis 2
are al pha- | oesditiersdrgp ralin ofieagerss, rr& dereprIaiune mreigin ecsicentsatiph, time of

pol y(et hyl enf‘eagﬂldﬁ:&l:)) lfhle(}%ﬁv@f!lrﬁgﬁﬁ%s BEF AR rent MbnoPRA %@QHISBS@AS dRtRod of

react|ng an actiyvated este an.amne_ to forman a
utilized. | nOPth@EF@aFEYﬁ’lEﬂ% E‘é"s@?‘i Hiting, soaditions aus, abiti & F‘édzﬂgz@il m’dyl
ester is a Oeaﬂlp&agﬁﬁﬂppmysatagpﬂhs amccteréaaﬁ@mtmﬁa ofT m useledf such

yl . f
el S e R T TR T
i ssued Sept emoapPBCGylattdNK4.Harris, et al.). Human NK4 contains 30 free

E-ami no groups of 30 |ysine residues. Wen the PEGylation reagent was

conbined with a SBA con&ound of Formula II, it _has been found that at a
protein concMemepegyiriedNKdimsntal® hegpredueed/acrording @ theimegthedsdsscribed int o 8. 0,

a protein: PEGF® 9&;0@4511‘ W@)@a/olm aBdriBes’ £aRtthon fo?rﬂiafa@ﬁmgr;?r%n{lﬁ@iﬁtzo 25
25C, amxtur the tri-

d
speci es wer eP° W%@géﬂm W\Qﬁlﬁezréerﬁ?%gé%ﬁgggu raiﬂl}aoc%‘%? ‘é?ﬁ%‘fe (tﬁ’ €1:2
(k Eg r p?gzim :_Ieste wfehefn@tﬂqd iabelus foln%lg e r&@nﬁﬁharﬁ@@lﬁsﬁummﬁwtnﬁg i for 40
r| mar il no specles .
mani pul at | ng "I ReTeedtorion PR BTE PR PGS o e M ACHER 1¥ns
(e.g., ratioamineraslg@ritsninpHylphengperaylifée pohpepiide condentbeaticsd WIthrre of
react i on et CeplemitlGflhy UgeAIRY RLIScREl! Morélt fERtRrtidrnnaRERYaL adaspeci es

can be
thereby prevent side chain groups from being modified. The polypeptide is then

15 cleaved with a cleavage reagent specific for the biological protecting group to form
an unprotected terminal amino acid alpha-carbon reactive group. The unprotected
terminal amino acid alpha-carbon reactive group is modified with a chemical
modifying agent. The side chain protected terminally modified single copy
polypeptide is then deprotected at the side chain groups to form a terminally

20 modified recombinant single copy polypeptide. The number and sequence of steps
in the method can be varied to achieve selective modification at the N- and/or C-

terminal amino acid of the polypeptide.

Further preferred conjugates according to the invention consist of NK4 protein
being covalently linked to a lower-alkoxy poly(ethylene glycol) group via a linker of

25 the formula —~C(0)-X-S-Y- with the C(O) of the linker forming an amide bond with
an amino group of NK4 (as mentioned above, the e-amino group of lysine residues
is available), X is—(CH, )i~ or ~-CH,(O-CH,-CH,)y-, kis from 1 to 10, Y is



optim zed. Typical, but not limting, conditions are about 8 to 12 ng/m
NK4, 0.3 M potassi um phosphate, pH 8, 25C, reaction tinme of 1 h. Under
such 5 cowadiokioosg4 usi ng 30 kDa PEG SBA (1:2, protein: PEG pCriEpoyisBd i s
about 38% nonoPEGyl ated NK4. Mbnopegyl ated NK4 can al so be produced
according to the nethods described in -WD-94/01451. WD 94/01451 descri bes a
nmet hod for preparing a reconbinant polypeptide with a nodified term nal

am no acid al pha-carbon reactive group. The 10 steps of the nethod invol ve
form ng the reconbi nant pol ypeptide an ecting it wth one or nore

bi ol ogi cal | y added protject pbng 1gr ou N-term nauNI al pha- am ne and
C-term nal al pha- carb I s{@e po i can rpacted with
chemi cal protecting ag t'sot 0 lsél et ot ect r®acti side chain

groups and thereby prevent side chaith groups from being nodified. The

pol ypeptide is then 15 cleaved with a cl eavage reagent specific for the

bi ol ogical protecting group tg fgym an unprotected term nal am no acid

al pha- carbon reactive group. unpr ot gcte termnal am no acid

al pha-carbon reactive grdup i g% i a chemcal nodifying agent.
The side chain protected ter |y nmodi fied single copy polypeptide is
then deprotected at the side a?n groups te forma termnally 20 nodified
reconbi nant single copy pol ypeptide. The nunber and sequence of steps in
t he met hod can be varied to achieve selective nodification at the N and/or
C term nal ] [ tes
accordi ng toﬁgagﬁ?ﬁgéﬁ?¥%ﬁ&2§% Hixpﬁgihﬂg@dwﬁ'fgyuﬂLﬁﬁg ggg£§ﬁt#§ﬂ||nked
to a | ower - aPREXe pabyteAORPesrd e mplerulgy waishy phthe qopiiigate isfronpabute

formula - C(Op2 KD&T%Ebw(lttél matq Q)ol&ﬁlglr mlghrt ik 82 kbarfm NK 4860 ?;fé})ﬁﬁe kgnd with
an am ro 1 on ove, u ne
r esi dug)o o %Ilp %11647@)@3( ? acf’rt q 5;‘(6% %T-léﬁg%k'5 ED? Sox; &E‘h 1to

10, Yis V\D Bftcﬁﬁfé&ﬁzl PCT/ EPO2/ 01837 -11- O H

This NK4 species may also be represented by formula (III)

P-NH-CO-X-S8-Y-(OCH,CH,)»,-OR (I1I)

wherein R may be any lower alkyl, by which is meant a linear or branched alkyl

10 group having from one to six carbon atoms such as methyl, ethyl, isopropyl, etc. A
preferred alkyl is methyl. X may be —(CH,)y~ or -CH»(O-CH,-CH,)y-, wherein k is
from 1 to about 10. Preferably, k is from 1 to about 4, more preferably, k is 1 or 2.
Most preferably, X is -(CHa,).

SNBSS
. R ae:

In formula I11, Y is

=0 :O



SNN O O4 O Oor H NN O Othe average nol ecul ar wei ght of the

pol y(ethyl ene glycol) noiety is fromabout 20 kDa to about 40 kDa and the
nol ecul arwaergh34of the conjugate is fromabout 72 kDa t@cCatrrpor/0827 kDa at
a nol ecul ar wei ght of 52 kDa for NK4 pol ypeptide, or 5 fromabout 77 kDa to
about 97 kDa at a nol ecul ar wei ght of 5T2kDa for NK4 glycoprotein. This
NK4 species nay al so be represented by fornmula (I11)

P—NH-COX—S—Y—% 2CHZ)mCR (1) wherein R may be any | ower al kyl, by
which is mealt@%Y near or branched al kyl 10 group having from one to six

carbon atons such as nethyl, ethyl, isopropyl, etc. A preferred alkyl is
methyl. X may be -(CH2) k- or -CH2(O CH2-CH2) k-, wherein k is from1l to
about 10. Preteralfly, is fromd to about 4, re preferably, kis 1 or 2.
Most preferablys; |s-(CHZ) I n f rruIaIII is OH NON OO4Nor H
_ Nv ~0o 15 N

5 more preferably

]

In formula (III), the number m is selected such that the resulting conjugate of
formula (III) has a physiological activity comparable to unmodified NK4, which
activity may represent the same as, more than, or a fraction of the corresponding

10 activity of unmodified NK4. m represents the number of ethylene oxide chains in
the PEG unit. A single PEG subunit of —(OCH,CH,)- has a molecular weight of
about 44 daltons. Thus, the molecular weight of the conjugate (excluding the
molecular weight of the NK4) depends on the number m. A molecular weight of
"about" a certain number means that it is within a reasonable range of that number

15 as determined by conventional analytical techniques. m is therefore an integer
ranging from about 450 to about 950 (corresponding to a molecular weight of from
about 20 to 40 kDA).

Preferred NK4 proteins of formula (III) are represented by the formulae:

o
_HYX\S /qN\/\[\o/\*mOR and
0

0
H
P_HYX\SJ:‘((N\/\‘O( Nv\[\OMEOR
0 o)



WO 02/ 074344 PCT/ EP02/ 01837 -12- preferably 0O 4ANH or °~ N o OO 5 nore
preferably rO H N ~ /N O OlIn formula (Ill), the nunber mis sel ected
such t hatwotwe/orssal ting conjugate of formula (111) has apphyEPoodsgi cal
activity conparable to unnodified NK4, which activity may represent the
sanme as, nore than, or a fraction of thé3eorresponding 10 activity of
unnodi fied NK4. mrepresents the nunber of ethylene oxide chains in the
PEG unit. A single PEG subunit of -(OCH2CH2)- has a nol ecul ar wei ght of
about 44 dal Messprefergd Nihprotein predusis anerepitsewied brigheclorpulgat e (excl udi ng
the nolecular weight of the NK4) depends on the nunber m A nol ecul ar

wei ght of "about" a certain nunber neans that it is wthin a reasonable
range of that nunber 15 as determ ned by conventional analytical
techniques. mis therefore an intege rangi ng from about 450 to about 950
(corresponding to a nnlecuhgr wei g of fro about 20 {0 kDA)

Preferred NK4 proteins ofFF rm a re re tedlhy the fornul ae:
P-NIX. N~ LSOOR and OO O N‘ N\~~ ~X~S _Om

These NK4 proteins may be prepared by

(a) covalently reacting a free amino group, preferably an e-amino group of a lysine
5 amino acid of an NK4 protein or the N-terminal amino group represented by the

formula, P-NH,, with a bi-functional reagent represented by the formula, Z-CO-X-

S-Q, to form an intermediate with an amide linkage represented by the formula:

P-NH-CO-X-5-Q

wherein P is an NK4 protein less the amino group which forms an amide linkage; Z

10 is a reactive group, e.g. a carboxylic-NHS ester; X is —(CHy)i- or -CH»(O-CH,-
CH,)y-, wherein k is from 1 to about 10; and Q is a protecting group, like alkanoyl,
e.g. acetyl.

(b) covalently reacting the intermediate with an amide linkage from step (a) with
an activated polyethylene glycol derivative represented by the formula, W-
15 [OCH,CH,]m-OR, to form an NK4 protein product represented by the formula:

H

P—N\n/x\ S,Y\[\ O/\%nOR
o)

wherein W is a sulfhydryl reactive form of Y; m is an integer ranging from about
450 to about 950; R is lower alkyl; and Y is as defined above.

In this embodiment, the bi-functional reagent is preferably N-succinimidyl-S-
20 acetylthiopropionate or N-succinimidyl-S-acetylthioacetate, Z is preferably N-



O 0 0 WD 02/074344 PCT/ EP02/ 01837 -13 Most preferred NK4 protein products
are represented by the formula: O N~ ~[ e~ ]FORP- NN ~X'S OO These
NK4 pr ot ewp2eds4be prepared by (a) coval ently reacting aPCTEPOAMSAD gr oup,
preferably an 6-amno group of a lysine 5 amno acid of an NK4 protein or
the N-termnal amno group represented-lpy-the fornula, P-NH2, with a

bi -functional reagent represented by the formula, Z-COX- S-Q to forman
intermediate with an am de |inkage represented by the fornul a:

P- NH- CO- X- S-igdruhesieicinifides @nl NK4 petdtacidn podpeshiidne giyicob dprivaiveriweh f or ms

' “lcro) k. TCRGH o dRgS bRl LG S hEulup BRI oo HEEVED o1 J
a prot ect i ngmgthowpPEG, keetlad sy sy vinylsglfgne, anémethoxyiEGowddimidd. y reacti ng

the internediate with an am de linkage fromstep (a) with an activated
pol yet hyl ene. gl ycol, derivative represented bé& he fgr mul a,

[ ocH2CH?] |, , , Incporg detrdly theaNK&protsinst o iormbalilly) epPe Pespresd %?SY?éenftor mul a:
H P NX-S. Yning6R: hol Gothab afke Whirwvation dntybiyling SRckitend el Y; m
s an | nteger panging fromapout., 490 £ocabout 950 Ri'g lover @lkyli and v
preparation of monoPEGylated NK4 according to the present invention comprises
covalent linking of a thiol group via NH,-groups of NK4. This activation of NK4 is
performed with bi-functional reagents which carry a protected thiol group and an
10 additional reactive group, such as active esters (e.g., a succinimidylester),
anhydrides, esters of sulphonic acids, halogenides of carboxylic acids and sulphonic
acids, respectively. The thiol group is protected by groups known in the art, e.g.,
acetyl groups. These bi-functional reagents are able to react with the amino groups

by forming an amide linkage.

15 In a preferred embodiment the activation of the amino groups is performed by
reaction with bi-functional reagents having a succinimidyl moiety. The bi-
functional reagents may carry different spacer species, e.g. —(CHy)i- or -CH,-(O-
CH,-CH,-)x- moieties, wherein k is from 1 to about 10, preferably from 1 to about
4, and more preferably 1 or 2, and most preferably 1. Examples of these reagents

20 are  N-succinimidyl-S-acetylthiopropionate (SATP) and N-succinimidyl-S-
acetylthioacetate (SATA)



In this enbodinent, the bi-functional reagent is preferably

N-succi ni mdyl -S- 20 acetyl t hi opropi onate or

N- succi niwDdgl784acet yl t hi oacetate, Z is preferably N WO @RTEPIB4837
PCT/ EPO2/ 01837 -14 hydroxy-succinimde, and the activated pol yet hyl ene

gl ycol derivative W [OCH2CH?],,,-OR isispreferably selected fromthe group
consi sting of iodo-acetyl- nethoxy-PEG nethoxy-PEG vinyl sul fone, and

met hoxy- PEG mal eimi de. In m)re de ail, the NK4 proteins of formula (I111)
may be prepared by valent klng of a thiol group to NK4
("activation") and Itlng activated NK4 with a

pol y(et hyl ene gl yco\l) (PE vatl vae The first step for the preparation

of nmonoPEGyl at ed NK4 atgor |ng to the present invention conprises covalent
| i nking of a thiol group via NH2-groups of NK4. This activation of NK4 is
performed wi th bi - f unchlogiaEagsRisniLeR karry a protected thiol group
and an 10 additional reactive group, such as active esters (e.g., a

succi nim dyl ester), anhydrides, esters of sul phonic acids, halogenldes of
carboxylic acids and)sul phonic acids, resp tively TheOt hi ol group is

protected by groups nOM@ in_the, ar e.g., 0 o These
bi - functi onal reagedt sNareyab eﬁ &eactorw h %rﬁ) gr ps by form ng
an am de |inkage. 1 a preferr enbodi e heOactl vation of the am no

groups is performed by Oeaction with bi-functional reagents having a

succi nimdyl noiety. Thgrgi- functional reagents gy carry different spacer
species, e.g. -(CH2)k- or -CH2-(O CH2-CH2-)k- noieties, wherein k is from
1 to about 10, preferably from1l to about 4, and nore preferably 1 or 2,
and nost preferably §. Exanples of these reagents 20 are

N- succi ni mi dyl - S-ac Pﬁbﬁf%ggggngges S&EHP) and N-succi ni midyl -S-
acetyl thi oacetate (SAT 74344 / EP02/ 01837 -15- OO N p\~k S CH3
2-(Acetylthio)-(ethoxy),~acetic-acid-NHS-ester

with k as defined above.

The preparation of the bi-functional reagents is known in the art. Precursors of 2-
(acetylthio)-(ethoxy)i-acetic-acid-NHS-esters are described in DE-3924705, while

5 the derivatization to the acetylthio compound is described by Mazrch, J., Advanced
Organic Chemistry (1977) 375-376. SATA is commercially available (Molecular
Probes, Eugene, OR, USA and Pierce, Rockford, IL).

The addition of only one thiol group to an NK4 molecule can be selected by
adjusting the reaction parameters, i.e., the protein (NK4) concentration and the

10 protein/bi-functional reagent ratio.

The reaction is carried out, for example, in an aqueous buffer solution, pH 6.5-8.0,
e.g., in 10 or 100 mM potassium phosphate, with or without 300 mM NaCl, pH 7.3.
The bi-functional reagent may be added in DMSO. After completion of the
reaction, preferably after 30 minutes, the reaction is stopped by addition of lysine.
15 Excess bifunctional reagent may be separated by methods known in the art, e.g., by
dialysis or column filtration. The average number of thiol groups added to NK4



O O Acetylthioal kyl -carboxylic-NHS-ester, like O ONO-/SyCH3 or N O ~S
CH3 Opp OO SATP SATA O NCO p-cSyOH3 O O p 2-(Acetylthio)-(ethoxy)k
aceti c-acwo-okleiBest er wth k as defined above. The preparariEpa2/of$31 he

bi -functional reagents is known in the art. Precursors of 2-

(acetyl thio)-(ethoxy)k-acetic-acid-NHS-ésters are described in DE-3924705,
while 5 the derivatization to the acetylthio conpound is described by
March, J., Advanced Organic Chem stry (1977) 375-376. SATA is comrercially
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chain and branched chain PEG species are suitable for the preparation of the
compounds of Formula 1. Examples of reactive PEG reagents are iodo-acetyl-

10 methoxy-PEG and methoxy-PEG-vinylsulfone:
N OR ﬁ
l/\ﬂ/ o or ﬁ—/\{\ o~}-OR
o) o)

The use of these iodo-activated substances is known in the art and described e.g. by
Hermanson, G.T., in Bioconjugate Techniques, Academic Press, San Diego (1996)
'p. 147-148.

15 Most preferably, the PEG species are activated by maleimide using (alkoxy-PEG-

maleimide), such as methoxy-PEG-maleimide (MW 20,000 to 40,000; Shearwater
Polymers, Inc.). The structure of alkoxy-PEG-maleimide is as follows:

O
St -
O



DR . and Murray, J.F. in J. Appl. Biochem Biotechnol. 119 (1967) 41-49.
The above reaction is followed by coval ent coupling of an activated

pol yet hylwoe2/ogi3ycol (PEG derivative. Suitable PEG deri va&CIEPe2/ensa7
activated PEG nolecules with 5 an average nol ecul ar wei ght of from about
20 to about 40 kDa. Activated PEG derivatives are known in the art and are
described in, for exanple, -Mrpurgo, M, et al. J. Bioconj. Chem 7 (1996)
363 if for PEG vinylsulfone. Linear chain and branched chain PEG species
are suit abl ewitbR andenprepatefinedabont, préferablyjonrpounds of Fornula 1. Exanpl es
of reactive PEG reagents are iodo-acetyl- 10 net hoxy-PEG and

met hoxy- PEG vinylsulfone: | NS L, O ~-mORor S ' ~ O~ " 1-OR O The
use of these iodo-activated sulpstancesQis known in the art and descri bed

e.g. by Hermanson, G T., in Bijocomu e_JLecha Academi ¢ Press, San
Di ego (1996) p. 147-148. 15 MjstN preferﬁmrm%peci es are activated

by mal ei m de using (al koxy- PEG | ei m de), such as net hoxy- PEG nal ei m de
(MW 20, 000 to 40,000; Shearwater Polymers, Inc.). The structure of
al koxy-PEG mal eimde is as follows: ON' ~O~"" .1 ORor \' m O N v N

~O--"J nOR H O WO 02/074344 PCT/ EP02/01837 -17 with R and mare as
defi ned above, preferably OO

The coupling reaction with alkoxy-PEG-maleimide takes place after in situ cleavage
of the thiol protecting group in an aqueous buffer solution, e.g. 10 mM potassium
5 phosphate, 300 mM NaCl, 2 mM EDTA, pH 6.2. The cleavage of the protecting
group may be performed, for example, with hydroxylamine in DMSO at 25°C, pH
6.2 for about 90 minutes. For the PEG modification the molar ratio of activated
NK4/alkoxy-PEG-maleimide should be from about 1:1 to about 1:6. The reaction
may be stopped by addition of cysteine and reaction of the remaining thiol (-SH)
10 groups with N-methylmaleimide or other appropriate compounds capable of
forming disulfide bonds. Because of the reaction of any remaining active thiol
groups with a protecting group such as N-methylmaleimide or other suitable
protecting group, the NK4 proteins in the conjugates of this invention may contain
such protecting groups. Generally the procedure described herein will produce a
15 mixture of molecules having varying numbers of thiols protected by different
numbers of the protecting group, depending on the number of activated thiol

groups on the protein that were not conjugated to PEG-maleimide.

Whereas N-methylmaleimide forms the same type of covalent bond when used to

block the remaining thiol-groups on the PEGylated protein, disulfide compounds
20 will lead in an intermolecular sulfide/disulfide exchange reaction to a disulfide

bridged coupling of the blocking reagent. Preferred blocking reagents for that type

of blocking reaction are oxidized glutathione (GSSG), cysteine and cystamine.

Whereas with cysteine no additional net charge is introduced into the PEGylated

protein, the use of the blocking reagents GSSG or cystamine results in an additional
25 negative or positive charge.

The further purification of the compounds of formula (III), including the
separation of mono- from di-, tri- and multi-PEGylated NK4 species, may be done
by methods known in the art, e.g., column chromatography. The percentage of
mono-PEG conjugates can be controlled by pooling broader fractions around the
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20 will lead in an internol ecul ar sul fide/disulfide exchange reaction to a

di sul fide bridged coupling of the blocking reagent. Preferred bl ocking

Egg%g\t S fo[ Thhacbmp%m&is (ﬁ”fth@bﬁ@&itﬁvﬁvdhﬁaﬁtch@be adrmﬂmiecﬂhz&ddlgggé aidthae t
CysS an C ne. reas._w addlhtl on ne
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(rery, |ncIu separalon nono- from
mul ti - PEGyI an@fnﬁKﬂmfrﬁ iaeeeptablgy cyaicr obich asgentallp qaEriqen om desrribad fort |
e.g., col umMeghineBid HeamAYonShPhPeRLeM@DSRinces, 18" edition, 1990, Mack
15 Publishing Company, edited by Oslo et al. (e.g. pp. 1435-1712). Typical
compositions contain an effective amount of the substance according to the
invention, for example from about 0.1 to 100 mg/ml, together with a suitable

amount of a carrier. The compositions may be administered parenterally.

This invention further provides pharmaceutical compositions containing
20 conjugates described herein in which the percentage of mono-PEG conjugates is
preferably at least ninety percent, more preferably at least ninety-two percent.

The pharmaceutical formulations according to the invention can be prepared
according to known methods in the art. Usually, solutions of monoPEGylated NK4
are dialyzed against the buffer intended to be used in the pharmaceutical
25 composition and the desired final protein concentration is adjusted by

concentration or dilution.

Such pharmaceutical compositions may be used for administration for injection
and contain an effective amount of the monoPEGylated NK4 together with
pharmaceutically acceptable diluents, preservatives, solubilizers, emulsifiers,
30 adjuvants and/or carriers. Such compositions include diluents of various buffer

contents (e.g. arginine, acetate, phosphate), pH and ionic strength, additives such as



nono- PEG conj ugates can be controll ed by pooling broader fractions around
the WO 02/ 074344 PCT/ EP02/ 01837 -18 elution peak to decrease the

per cent agwoak/omsmo- PEG or narrower fractions to increasePChEPPBOBENt age of
nono- PEG i n the conposition. About ninety percent nono-PEG conjugates is a
good bal ance of yield and activity. Compgsitions in which, for exanple, at
| east ninety-two percent or at |east ninety-six percent of the 5 conjugates
are nono- PEG species may be desired. In an enbodi nent of this invention
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and the desi Fedriina concentration' rs adjus CORcEntTati on
or dil uti on. formulation containing 0.1 to 100 mg monoPEGylated NK4 per ml. This treatment

can be combined with any standard (e.g. chemotherapeutic) treatment, by applying
15 monoPEGylated NK4 before, during or after the standard treatment. This results in

an improved outcome compared to standard treatment alone.

In any case the overall amount of administered PEGylated NK4 according to the
invention is considerably lower than the amount of NK4 for the same treatment.

The following examples, references and the sequence listing are provided to aid the

20 understanding of the present invention, the true scope of which is set forth in the
appended claims. It is understood that modifications can be made in the
procedures set forth without departing from the spirit of the invention.

Description of the Sequences

SEQIDNO:1  shows the DNA and polypeptide sequence of NK4.
25 SEQIDNO:2  shows the polypeptide sequence of NK4.



Such pharmaceuti cal conpositions may be used for admi nistration for
injection and contain an effective anount of the nonoPEGyl at ed NK4

t oget her wibto/o743mer maceuti cal |y acceptabl e diluents, presecraroyvers3?
solubilizers, emulsifiers, 30 adjuvants and/or carriers. Such conpositions
i nclude diluents of various buffer con2ents (e.g. arginine, acetate,
phosphate), pH and ionic strength, additives such as WO 02/ 074344

PCT/ EP02/ 01837 -19 detergents and solubilizing agents (e.g. Tween
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be made in the roocedur es set th without departing fromthe spirit of
econpbinant pro uCtISOIl of NK4 P 9 P

the inventi o
NK4 for therapeutic uses may be produced by recombinant means using bacterial
or eukaryotic expression systems. Suitable eukaryotic expression systems are for

15 example engineered HeLa, BHK or preferably CHO cells. Cells engineered for NK4
production are cultivated in a suitable medium. Typically, a 1 to 5 liter cell culture
is used as inoculum for a 10 liter fermenter. After 3 to 5 days, the culture in the 10
liter fermenter can be used as inoculum for the 100 liter fermenter. After additional
3 to 5 days of fermentation, this culture can be used as inoculum for the 1000 liter

20 production fermenter. After 3 to 4 days cells are removed by filtration or
centrifugation and discarded. The NK4 containing supernatant is filtered, collected
and processed during purification. The purification process is described in the
following example.

Example 2
25 Purification

Heparin-Sepharose consists of Separose beads to the surface of which heparin is
covalently bound. Since NK4 shows a high affinity to heparin it is retained on this
column and can be eluted with high salt concentrations, whereas protein



Description of the Sequences SEQ ID NO 1 shows the DNA and pol ypeptide
sequence of NK4. 25 SEQ ID NO 2 shows the pol ypepti de sequence of NK4. WO
02/ 074344WB@2HERB®L/ 01837 -20- Description of the Fi guresPETEP2/018BT bition
of HG--i nduced HWEC proliferation by NK4, 20 kDa-nono- PEG NK4 and 30

kDa- nono- PEG- NK4. Fig. 2 Inhibition of-#G=-induced HUVEC proliferation by
NK4 and 5 40 kDa-nono-PEG NK4. Fig. 3 Inhibition of bFG--induced HUVEC
proliferation by NK4, 30 kDa-nono- PEG NK4 and 40 kDa-nono- PEG NK4. Fig. 4
Ti me- concent ¢omtdrinanisr arel othdxkidnp@diek Rithan doPEG- N, or 4Dutk B- lewnoSHEG NK4
in plasma after 1. V. (FK : . Fi.g: ) ¥ R Gty le 1
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CHO cell's.. Cel I's engi neered for NK4.product.i.on. are
cultivated i#equ T%%HYgeﬁéﬁicﬂmanﬂ‘?ﬂ}l‘%aﬂrp?}nsaar@o‘fa&'\{? riher Péléllﬁ?‘?éﬁ Sture is
used as i nocgbbiarolcthramitdgkdpher fermenter. After 3 to 5 days, the culture
inthe 10 liter fernenter can be used as inoculumfor the 100 liter
fermenter. After additional 3 to 5 days of fernmentation, this culture can
be used as iExample®h for the 1000 liter 20 production fermenter. After 3 to

4 days cell SPx%@ﬁcﬁWﬁQnWEéﬂ{dﬁfeﬂﬁI}tfn or centrifugation and di scarded.

The NK4 contalning supernata I'S tered, collected and processed during
purification. The purification process is described in the follow ng

exanpl e. ExaNRuSified in accordance with the above mentioned procedure was used for
10 PEGylation reactions. Three of the above-mentioned suitable methods are
exemplarily described.

a) PEGylation of NK4 with mPEG-SBA

Aliquots of NK4 were reacted with methoxy-PEG-SBA (5 kDa for comparison, 20
kDa and 30 kDa, respectively; Shearwater Polymers, Inc., Huntsville Alabama).

15 Reaction was carried out at a protein to reagent ratio between 1:1 and 1:5 for about
2 h at room temperature (a ratio of 1:2 is preferred when using 20 and 30 kDa
PEG). The reaction was stopped by the addition of 10 mM Tris-buffer or arginine
HCl, pH 8, and samples were analyzed by SDS-PAGE or size exclusion
chromatography on a Superose 6 column (Pharmacia) using as buffer solution

20 500 mmol/l potassium phosphate, pH 6.8, for equilibration and elution. The
reaction was optimized by varying protein to reagent ratio, pH, time and
temperature, in order to obtain predominantly monoPEGylated NK4.

Such conditions are, for example:

Concentration NK4: 8-12 mg/ml

25 Buffer system/pH: 0.3 M potassium phosphate, pH 8
Temperature: 25°C
Reaction time: lh

Molar ratios (protein:reagent): 1:2



25 Purification Heparin-Sepharose consists of Separose beads to the surface
of which heparin is covalently bound. Since NK4 shows a high affinity to
hepari n iwoi/orsaai ned on this colum and can be el uted WCTIEPa2/gis3Bal t
concentrations, whereas protein WO 02/ 074344 PCT/ EP02/01837 -21

contam nants and other inpurities either2do not bind or elute at |ower salt
concentrations. NK4 containing fractions, eluting at about 0.7 to 1.1 M
NaCl in 50 mM Hepes pH 7.5 are collected and | oaded onto a hydroxyapatite
col um. NKk4 Yeldites with about 0.4 to 0.7 M potassium phosphate, pH 7.5.

The resul ti ngidd@eEVRAS WKAr € subst agfopal |y free of contam nating proteins
and can be further?i E;rifi ed by S sepharose chromat ography. Exanple 3

Production oP1 Ikdt ed NK4 NK4 B3Pified in accordance with the above
menti oned proe@dGyRtedaskatsed for  104996Gy| ation reactions. Three of the
above-nentioned suitable nethods are exenplarily described. a) PEGyl ation
of NK4with nPEG SBA Aliquots of NK4 were reacted wi th nethoxy-PEG SBA (5
kDa for conphjyi soREGZatiok BENEKAWiBOmPB&-SPAeSpecti vel y; Shearwat er Pol yners,
Inc., Huntsville Alabama). 15 Reaction was carried out at a protein to
reagent ratio between 1:1 and 1:5 for about 2 h at roomtenperature (a
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condi ti ons areq sfopleewenpingtyzed by SDS-PAGE, reversed phase HPLC or size exclusion
chromatography on a Superose 6 column (Pharmacia) using as buffer solution
500 mmol/l potassium phosphate, pH 6.8, for equilibration and elution. The
15 reaction was optimized by varying protein to reagent ratio, pH, time and
temperature, in order to obtain predominantly monoPEGylated NK4, compared to
di-and tri-PEGylated NK4.

c) PEGylation of NK4 with mPEG2-NHS

This PEGylation was performed as described in Example 3¢ with the exception that
20 instead of PEG-SPA mPEG2-NHS (40 kDa PEG, branched via a lysine linker) was
used at a molar ratio of 1:5 (protein:PEG reagent).

Example 4
Isolation of monoPEGylated NK4

MonoPEGylated NK4 can be separated from unPEGylated, di- and tri-PEGylated
25 NK4 by running a preparative size exclusion chromatography (e.g. Superose 6 or
Superdex 200; Pharmacia) using as buffer solution 500 mmol/l K-phosphate pH
6.8, for equilibration and elution, or by ion exchange chromatography. The purified
protein contains predominantly the monoPEGylated species. Fractions were
collected and analyzed by SDS-PAGE and reversed phase chromatography.



Concentration NK4: 8-12 ng/m 25 Buffer system pH: 0.3 M potassium
phosphate, pH 8 Tenperature: 25C Reaction tine: 1 h Mlar ratios

(protei nnweagem3y4 1:2 WO 02/ 074344 PCT/ EP02/ 01837 -22- YCaimbn2/01837
MonoPEGy| at ed NK4: 38% Di PEGyl ated NK4: 17% UnPEGyl ated NK4: 45% 5 b)
PEGyl ati on of NK4 with nPEG SPA Aliquotgzof NK4 (protein concentration 8 to
12 nmg/m in 0.3 M potassium phosphate, pH 8) were reacted with

nmet hoxy- PEG SPA (5 kDa for conparison and 20 kDa, respectively; Shearwater
Pol ymers, | nExamplast sville Al abama). Reaction was 10 carried out at a
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and elution. The 15 reaction was optim zed by varying protein to reagent

ratio, pH tTHE n@PECYRRA petieLeluted c@flielin kRe @RUGISH @h@(ﬂm&gr%%& Ye.g.
noNoPEGY| at ed NK4, é‘fo ar e%}%g g; -and .tri- PE%%a%gd &(4. %)) /Eél on of
NK4 wi th mPECRSRIS oAt SUPEES A0 Sirafimecipersng sl saition; ¥ MOVE anpl e 3c

with the excpipisphatetifa6.s, 20 dquilfbeatibroinPEGISRAREGRNHE: (HOukDadFEG
branched oal. %‘ﬁisr}%l&ééggﬁg%cer@%% hYESdyHmR FRESS thkloPechle. 1 ©

Vi
(protein: PEG réagent

b) SDS-PAGE

In SDS-PAGE proteins are separated according to their molecular weight. Due to

10 an increase in molecular weight by PEGylation, the monoPEGylated NK4 shows a
shorter migration distance as compared to the unmodified NK4. The migration
distance is inversely correlated with the chain length of the PEG moiety and the
number of PEG groups attached per NK4 molecule.

c) Peptide mapping

15 Digestion of monoPEGylated NK4 with sequence-specific endo-proteinases (e.g.
LysC or trypsin) results in a characteristic peptide map. The resulting peptides can
be separated by reversed phase chromatography and analyzed by mass
spectrometry and/or N-terminal sequencing. This allows for a determination of the
PEG-modified groups within the NK4 molecule.

20 d) Reversed phase chromatography
MonoPEGylated NK4 can also be characterized by reversed phase chromatography.

PEGylation of NK4 results in a change in retention time as compared to
unmodified NK4.



| sol ati on of nonoPEGyl at ed NK4 MonoPEGyl at ed NK4 can be separated from
unPEGyl ated, di- and tri-PEGylated 25 NK4 by running a preparative size
excl usi onwohmomstogr aphy (e.g. Superose 6 or Superdex 20@CTHiPaz/ms6T a)
using as buffer solution 500 nol /| K-phosphate pH 6.8, for equilibration
and elution, or by ion exchange chromatpgraphy. The purified protein
contains predom nantly the nonoPEGy| at ed species. Fractions were collected
and anal yzed by SDS- PAGE and reversed phase chromatography. WO 02/ 074344
PCT/ EP02/ 01&3@mpl&8- Exanple 5 Nblecular characterization of nonoPEGy| at ed
NK4 a) Siz Q JORAR, s elutes
earlier in ?%S%@%hu@f%@c (%g?g%ﬁgﬁ ‘&rﬁ@(fsf"ﬁ@g%tgg %r Super dex
200; Pharnaci a; using as buffer sol ution 500 nmol / 1 K— phosphate pH 6. 8,

for equilibrgtthQRyah 1eelhﬁm?, e ANKAONE@ 86N SFECite AR IEG BRDa, fEREDR0 Thl sis

SDS- PACE pr ”e%iecap@@@pﬁﬁéa T 551 5 E@vﬁw&"w%kﬁ@u?%@vﬁé’é T Due to

10 an pncr easere thabhe€PBGahaing wghd uday. PEGyI ation, the nmonoPEGyI at ed NK4
shows a shorter mgration distance as conpared to the unnodified NK4. The
mgration distance is inversely correlated with the chain I ength of the
PEG noi ety and t (Ssattewaskegr of PEG groups attached per NK4 nol ecule. c)
Peptide mapping 15 Digestion of nonoPEGyl ated NK4 with sequence-specific
endo- prot ei nases (e.g LysC or trypsin) results in a characteri sthi
peptide map . MPK&K ﬁ@bd’i’ﬁtrﬁ ﬁ@cﬁéﬁlﬂqmgf@‘dﬁ in figsuseqyiir et latenyCelevers Bgathase
chr omat ogr aRk_Ir‘Eg]ih Bk fl@eﬁ @%rwg{m@m&nﬁf@WH@ ﬁﬂ/hd HKIE:!)/E %’th&kete];ﬁpéﬁlﬁélhts
sequenci ng a_deter of . t i,fi ups
ot thi ot he e ik dedited colsc Ry TR BRbIRALE thh FHEB T Agnye 100-d
10 molar excess of NK4, showing the functional activity of PEGylated NK4. It was

found that the in vitro activity of monoPEGylated 5 kDa-PEG-NK4, 20 kDa-PEG-

NK4, 30 kDa-PEG-NK4, and 40 kDa-PEG-NK4 is similar to unPEGylated NK4. It

was also found that the addition of more than one PEG chain (20 to 40 kDa) results

in a significant loss of in vitro activity (Table 1).




MonoPEGy| at ed NK4 can al so be characterized by reversed phase

chromat ography. PEGylation of NK4 results in a change in retention tine as
conpar ed wo o2om3ndi fi ed NK4. WO 02/ 074344 PCT/ EP02/ 01837 PCTIAPOEHUBADl € 6
Conpari son of nonoPEGyl at ed, unPEGyl ated and nulti-PEGyl ated NK4 In this
exanpl e, unPEGy| ated NK4, NK4 nmonoPEGylgsed with PEG 5 kDa, PEG 20 kDa,
PEG 30 kDa, PEG 40 kDa and nulti PEGyl ated NK4 (NK4 PEGyl ated with 5 nore

t han one PEG chain ) were used. a) Scatter assay MDCK cells were
subconfluently grown in tissue culturd‘ableailes Cells were treated with HGF
(10 nglmM) or with conbinati hese experinments the
HG-- i nduced cell scattering \%&ére? Fimm tegﬂ%wﬁﬁﬁedsga dition of a 10 to
1000-fold 10 nol ar excess of NK4, show ng the functional activity of

PEGyl ated NK4. It was found that the in vitro activity of nonoPEGyl ated 5
kDa- PEG NK4, 20 kDa-PEG:. NK4, 30 kDa-PEG NKF and 40 kDa-PEG NK4 is simlar
to UNPEGyl ated NK4. It NKds al ¥ PakBE R4t [10kB2REGNDn of nore than one
PEG chain (20 to 40 kDa)congsml tjs in a significant loss of in vitro
activity (Table - _WOOZI 4733474 TTEPPZI U837 | -Zo| Tabl E. I Jcores of the
MDCK scatter assay Wi [A6¥DAEBEEongKY D30k Ba- PEeRoNK® ( cBht PP NK4 NK4 NK4

Mono- Di- Tri- Mnggmbil Trji - Hemcar PK@] i | PEG [PEG PRGIPE@Eand and PEG
Tri- Tetra PEG PEG .

Tri- | Tetra-

PEG | PEG

500 b4+ ]+ 4+ |+ | -] ] ]+ -

1.67 ++ | |+t + - ++ + +/- -
0.56 F+ |+ | H- - ++ + - -
0.19 + + + - - + +/- - -
0.06 +/-| +/-] +I- - - +/- - - -
0.02 -l - - - - - - . -

20kDa- 5kDa-PEG-NK4
PEG-NK4
NK4 | Mono- | Di- | Tri- |Mono-] Di- | Tri- | Tetra- |PentaP| Hexa- | Hepta-
(pg/ml})] PEG |PEG|PEG| PEG | PEG | PEG | PEG | EG | PEG | PEG

5.00 i e T B B e e - -

1.67 ++ + |+ | | A ] |+ - -
0.56 ++ + | H-| | ]+ + +/- - -
0.19 + +-| - + + + | +/- - - -
0.06 | +/- N R AN S - - n .
0.02 - - - - - - - - - -

The relative potency of various PEGylated forms of NK4 in the inhibition of HGF
5 (10 ng/ml)-induced scattering of MDCK cells was assayed. ++ means complete
inhibition, + means inhibition, +/- means weak inhibition and — means no

inhibition.



5.00 ++ ++ ++ + +/- ++ ++ + - 1.67 ++ ++ ++ + - ++ + +/- - 0.56 ++ ++ ++
+/- - ++ + - - 0.19++ + - - ++4/- - - 0.06 0.02 - - - - - - - - 20kDa-
5kDa- PEGWR2BEG4NKA NK4 Mono- Di- Tri- Mno- Di- Tri- TePCﬂ“EE—POPQ]SB'aP Hexa-
Hepta- (pg/m ) PEG PEG PEG PEG PEG PEG PEG EG PEG PEG 5. 00 ++ ++ + ++ ++ ++
++ + - - 1.67 ++ + + ++ ++ ++ ++ + - --Qﬁ56++++/- ++ ++ + + +/- - - 0.19
+ +/- - +++ +- - - -0.06+- -+ +---002- - - - - - - - The
rel ative potency of various PEGyl ated fornms of NK4 in the |nh| bition of HGF
5 (10 ng/ M )b) nduB&VES¢ Brdliferatign efsapDCK cel | s was assayed. ++ neans
conplete inhibition, + neans inhibition, +/- nmeans weak inhibition and -
means no inhibition. WO 02/ 074344 PCT/EP02/01837 -26- b) HUVEC

Prol i ferati ofnhibision qfithe Biitagemic eetivityef FGT BNk Wes dajrayjnest DHEFAHYINEK4 was

ﬂg{(er m HEdpr(rom&@Mﬂ NUHUNEDs lih Eklairk &deéribddESrukhuéd) Tt Wk 8., 2%t@@3ani bed in
amur a

, T. l ., ure 342 1989 In these experinments the
KA o (5D Dot Hasaosite, Heh Bguio Rt TS
1000-fdl d nDﬂnhfbl&ﬂdﬁ’SBle@ﬂdM@L ofsh 00k g0athld inoiat éxaeslof K4, \whbyingf the
nmonoPEGyI at eg‘PS K4 t%tyqu'rrg d On}’la}edtlﬁlr(&]%ll V?la}ﬁdz he HUVEC Proliferation

assay was per

Alternatively, the HUVEC Proliferation assay was performed by inhibition of the
mitogenic activity of bFGF (basic fibroblastic growth factor) by NK4. Inhibition
was determined by measuring proliferation of HUVECs in culture as described in
10 Kuba, K., et al., Cancer Res. 60 (2000) 6737-6743. In these experiments the FGF-
induced cell proliferation was inhibited by the addition of a 10 to 1000-fold molar
excess of NK4, showing the functional activity of monoPEGylated NK4 (Fig. 3).

c) Invasion assay

In this assay the invasive potential of tumor cells is analyzed. The assay was done
15 essentially as decribed in Albini, A., et al. (1987) using HT115 cells. Again, HGF-

induced (10 ng/ml) cell invasion could be inhibited by a 10 to1000-fold molar

excess of PEGylated NK4, showing the functional activity of monoPEGylated NK4.

Example 7
Activity in vivo
20 Model: Panc Tul human pancreatic cancer orthotopic SCID mouse model

(Alves, F., et al., Pancreas 23 (2001) 227-235)

Treatment:  After 8 days, one application daily of monoPEGylated NK4 over a
period of 21 days.
25
Doses: 16 mg/kg/day
4 mg/kg/day
1 mg/kg/day
Placebo
30



m togenic activity of bFG- (basic fibroblastic growth factor) by NK4.

I nhibition was determ ned by neasuring proliferation of HUVECs in culture
as descriwed2iom3id Kuba, K, et al., Cancer Res. 60 (2000pC@/EP#2/684B. | n

t hese experinments the FG-- induced cell proliferation was inhibited by the
addition of a 10 to 1000-fold nolar exekss of NK4, show ng the functional
activity of nonoPEGyl ated NK4 (Fig. 3). c¢) Invasion assay In this assay the
i nvasive potential of tumor cells is analyzed. The assay was done 15
essential | y Besulfecr i beBrepmmastbivith, menoPBEylated NKdgshowsiangoserdependess| | s.

Agai n, HGF- induced (%pggésﬁbﬁ df rkmé-lr:zl"tﬁﬁi-o?%r&@ﬂf ShdSndriNpdsh! thdehyng 10 to
1000-fol d nolar excess_of, PEGy| at ed NK4, qshovm ng the functional activity
of nonoPEGYI at ed NKk4. cffeghisseed i placehafreaied groypy o 20 Model : Panc Tul human

pancreatic cancer orthotopic SCID nouse nodel (Alves, F., et al., Pancreas
23 (20Q1) 225- 2322}_§Tr eatnent: After 8 days, one application daily of

nonoPEGy| at ver a period of 21 days. 25 Doses: 16 ny/kg/day 4

mg/ kg/ day 1Phayhiagéudiopl cddhpasitiion 30 WO 02/ 074344 PCT/ EP02/ 01837 - 27
Result: Treatnent wi th nonoPEGyl at ed NK4 shows a dose- dependent

suppression of primary tunmor growmh and netastasis, whereas no effect is
seen in pl acewirblepuradcayitisdseomposideangedoBemratemceut i cal conposition

1 to 30 mg/ml monoPEGylated NK4
150 mM NaCl
10 10 mM sodium phosphate, pH 7.2

1 to 30 mg/ml monoPEGylated NK4

150 mM NaCl

0.01% Tween 80 or Tween 20 or pluronic F68
15 10 mM sodium phosphate, pH 7.2

1 to 30 mg/ml monoPEGylated NK4
50 mM NaCl
3% mannitol

20 10 mM sodium phosphate, pH 7.2

1 to 30 mg/ml monoPEGylated NK4
50 mM NaCl
3% mannitol
25 0.01% Tween 80 or Tween 20 or pluronic F68
10 mM sodium phosphate, pH 7.2

The compositions are prepared in that monoPEGylated NK4 is dialyzed against the
above mentioned buffer solution (with or without mannitol). The protein

30 concentration is adjusted by concentration or dilution with the buffer solution.
Detergent and NaCl are added out of a 10% stock solution.



Sui t abl e pharmaceutical conpositions are, for exanple: 1 to 30 ng/m
nonoPEGyl ated NK4 150 mM NaCl 10 10 nM sodi um phosphate, pH 7.2 1 to 30
ng/ M noneBEGYrated NK4 150 mM NaCl 0. 01% Tween 80 or Tweem/EP02/0r83pl ur oni c
F68 15 10 nmM sodi um phosphate, pH 7.2 1 to 30 ng/ M nonoPEGyl ated NK4 50
mM NaC 3% mannitol 20 10 nmM sodi um phoggphate, pH 7.2 1 to 30 ng/m
nonoPEGyl ated NK4 50 mM NaCl 3% nmannitol 25 0.01% Tween 80 or Tween 20 or
pluronic F68 10 mM sodi um phosphate, pH 7.2 The conpositions are prepared
in that nonoBk@yplabed NK4 is dial yzed agai nst the above nentioned buffer
solution (w {5\“ Nict } Bkp ration is
adj usted by %@ar]rg{éaﬁ ra%?%%na%%o‘%fllﬂﬁ’gg%gtrﬁgﬁighgulﬁggraﬁ g%ﬁ%ﬁ orﬁ&lgDetergent
and NaCl ar ePEdd¥i4out of a 10% stock sol ution. WO 02/ 074344 PCT/ EP02/ 01837
-28- Exanple 9 Pharnmacokinetic anal ysis of NK4, 30 kDa-nono- PEG NK4 and 40
kDa- nono- PEG NK4 Adult mce (4 per group) received single_ i.v. Qr_s.c.
bol us i nj ect MRS ige (drer sxpuipR Brestved Hpals 1 PEo sakRoly H%Uf?@&@%ﬁéﬁ_ﬂﬁ@wm (4
ng/ kg isn 0. 2fmofb-FRG-84 @R 40/ WDEBbno FEERBIRU (£ vg/kAt irS @V @l {rijévBionoi Nt s
bl ood sanpl ew?ol&%re)e, %e%ll)(eec%vg}}rfl.d At several time points blood samples were taken and
analyzed for NK4, 30 kDa-mono-PEG-NK4 or 40 kDa-mono-PEG-NK4 content by
ELISA. The time-concentration curves were calculated and are shown in Figure 4.
These data show that 30 kDa-mono-PEG-NK4 and 40 kDa-mono-PEG-NK4 ‘have
10 significantly improved stability in vivo, resulting in significantly increased plasma

half-lives compared to unmodified NK4.



anal yzed for NK4, 30 kDa-nono- PEG NK4 or 40 kDa-nono- PEG NK4 content by
ELI SA. The tinme-concentration curves were cal culated and are shown in

Fi gure 4.woDhess4dat a show t hat 30 kDa- nono- PEG NK4 and 4@CEBeerorsse? PEG NK4
have 10 significantly inproved stability in vivo, resulting in
significantly increased plasma hal f-li.wes conpared to unnodified NK4. WO
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(HGF/ SF) consisting of the hairpin domain and the four kringle regions of
the a-chain and one pol yet hyl ene gl ycol group having a nol ecul ar wei ght of
5 from abwoto2@38o 40 kDa. 2. A conjugate according to cl ZCEWEP)2/01837
characterized in that said polyethylene glycol group has the fornula - CO
- (CH2) X- (OCH2CH2) T* OR and said -CO gspoup forns an am de bond with one of
the am no groups of 10 said N-term nal fragnent of hepatocyte growh
factor, wherein Xis2or3; mis fromabout 450 to about 950; R is

(C -C6)al kyl. 3. A conjugate accor dPatgnt@aizheai m 1, characterized in that

sai d pol yethylene 15 glycol group has the formla 1(CH2)yN HCO( OCH2CH2) nOR
0 NHCQ( OCH2CH2) pOR and said - CO group forms an am de bond with one of the
am no groupsl.of A senjuiga® cempiisiag af Nageraeal dragmeat oldrReEYe SIYWBWRHOF act or
wherein 20y IS(IHGF/QF)lEbnsﬂuﬁg@fBléHgﬁglﬂ%ron?aﬁ@aﬁa@15@ fhe Urird ﬁaore PnfoP. and
Ris (C -0C6)alky ch ate ccor n(ﬂto Cw F&’ﬁc\}kﬁ?{ %%terlzed
in that the pol y@?ﬁ??}@ﬁéa ane;PolreihyigRe 50U Yol % from
about 80 to 40 kilem a¥W&ui0D/10243%H4. PCT/ EP02/ 01837 -32 5. A conj ugate
according to clainms 1 to 4, characterized in that said polyet hyI ene gl ycol
group(s) is/are (a) rmnorret hoxy pol yethyl ene glycol group(s).

phar maceut i cal chrpopigticocadiny teschgnal, cbajagtpaized of thataﬂaxds le)’tﬁh}’Bnand a

phar maceuti cal | yo160¢ ent30Leeasihash
— CO - (CH,)x — (OCH,CH,),OR

and said —CO group forms an amide bond with one of the amino groups of
10 said N-terminal fragment of hepatocyte growth factor, wherein

Xis2or3;

m is from about 450 to about 950;

R is (C-Cg)alkyl.

3. A conjugate according to claim 1, characterized in that said polyethylene
15 glycol group has the formula

(CH,)yNHCO(OCH,CH,)nOR

NHCO(OCH,CH,)pOR

and said -CO group forms an amide bond with one of the amino groups of
said N-terminal fragment of the hepatocyte growth factor,
wherein
20 yis1to 10;
n and p together are from about 450 to 950; and
Ris (Cy-Cg)alkyl.

4. A conjugate according to claims 1 to 3, characterized in that the polyethylene
25 glycol group has a molecular weight of from about 30 to 40 kDa.



5 7. A process for preparing a pharmaceutical conposition according to
claim6. 8. Use of a conjugate according to clains 1 to 5 for the
pr epar at iwo 00fo74344 medi canent useful in the treatnment of caararo2/@183Met hod
for the treatnment of cancer di seases, conprising the steps of
adm nistering to a patient in need ther@&df a pharnmaceutical conposition 10
according to claim®6.

5. A conjugate according to claims 1 to 4, characterized in that said polyethylene

glycol group(s) is/are (a) monomethoxy polyethylene glycol group(s).

6. A pharmaceutical composition comprising a conjugate of claims 1 to 5 and a
pharmaceutically acceptable carrier.

5 7. A process for preparing a pharmaceutical composition according to claim 6.

8.  Use of a conjugate according to claims 1 to 5 for the preparation of a
medicament useful in the treatment of cancer.

9.  Method for the treatment of cancer diseases, comprising the steps of
administering to a patient in need thereof a pharmaceutical composition
10 according to claim 6.



