WO 2009/053064PCT/EP2008/008960 SDF-1-based glycosaminoglycan antagonists and methods of
using same The present invention relates to novel mutants of human stromal cell-derived factor-1, i.e.
SDF-la or SDF-1B or SDF-lgamma or any variants thereof which exhibit (i) increased
glycosamino§§GaHERB) binding affinity and (ii) inhibited or down-requl &€t BRI ity compared
to wild type SDF-1, and to their use for therapeutic treatment of cancer. Chemokines are small (8-11
kD) soluble chemoattractnt_ y_tgkine hey consist of four families, depending on the relative position
of their cysteine residue$~he-actie e ROfFCORSErvaHvE-aRHNO acid, separating the
first two cysteine residues (CXC-mag PEPEAS tis pih] GAEE have their first two cysteines
adjacent to each other (CC-motif). Fractalkine is the only representative of a chemokine family with
fhreehn?@r{@rt@flsé\éﬁiy@ amié&@%@ﬁf, §%P%r@%igggeeﬁts§etqu9xsgﬁip§ r@@%ﬁa(t&&?&zmtif)dindél
ymphotac on ember of a.family wi otal of on cysteines, (C-motif), compared to
cysteinegelar?%ﬁé? 8ﬁ11e¥r@|tﬂre%f:a{rﬁﬁé% (Bag e'bli%?élt”gﬁ Kév.pll%%ﬁggol%# "1*35 €(‘%55’4)§)E8tromal
cell-deriéy fa‘fﬁd’ﬁ%ﬁﬁ?’ﬁ%@éﬂ?}ﬁgmﬁ@g%@Jtﬁe stehemekin@gfthdbyRIER Mo typical
representative bf this clE$sG Theigetuencefidentitytoather(humahn@XEi amd ©E-cliemekines is only
27% and-24%:. sespedciively. Despite-this-efualbedistinctrelatianship tmboth, lasge chemokine families,
mature SRE;1.shaws yery pmggrg@{i{igs@%\ggggndgff%@né spegies. With approx. 99% sequence
identity between human and murine and 100% amino acid sequence identity between human and
feline SDF-1, it is the most conserved cytokine known so far (Shirozu et al., Genomics, 28, 495-500
(1995)). GrisiEaHES have attdally béert foufie) insagretha, Heemost plmithavertebrate branch.
Another chatacteristitef,SPbn i is its genécmhCYBAR] whieh isilesatett ar chrompsomel 2@, -whereas all

other CXG ghgmokines.and mest;cCoherakines ate glustereslen ghrompseme 4 apd-ghromosome
17. SCYB12 contains foggsgégns. SDF:la thaecrlngst commaon sl[?lic iseof%rn%,si,s erived from exon 1-3,
I

. Qo Non=-cons Ve amind Separa the . . .
while SDF-1P also contains ad%jltlonari‘sequence from exon 4 result ng in‘four a ditional amino

CONFIRMATORECOHPY: Wer2(106/083064P c TIEB3668/008666 - SHEHE 1 thé T ferminus. The
three dinigasionalstrictore of PR 1 showsla core of threeaanti-patatiel f3-Straveds &hd a C-terminal
a-helix (Erunp£tialn EMBO:ds 16, 69964007907} +a contrastigthererraryproperties, the

quaterngry siruciure hags, always heen.qonirayersial. £ equflict of stalements yas eyident between a
monomeric formslgeNMR-Sé%%lggéa dé §§Ej%gn% n fr}gsrgzéll%%%g ic measurerrl]jtents ar a supposed

C e. r . tact the T
monomer-dimet equllﬁbrlum according to sedimentation velo u ?ra‘é‘entjrﬁuga forr and dynamic light

scatterifgETRwas fourfd datiater, ThA'SBFHAGR fattierdstsiin a MoRbRietedimer dtiilidrium and that
dimer associaiords strohghy depéndention bbth thienpresehce«f Staliilizing cobuteriansiand the

solution gH. 4t was Aurtherrfamnekthat ghyepsaminaglycans (GAGS) premete SDR-ladimecfprmation

(VeMKa@Qé%6¥“ng¥%%§g{:16Xégz%gqgéﬁ%99§»uatﬁmza—chemokines although
it is no typical representative of this class. The seguence
identity to other human CXC- and CC-chemokines is only 27% and
21%, respectively. Despite this equally distinct relationship to
both large chemckine families, mature SDF-1 shows very high sim-
ilarities between different species. With approx. 99% seguence
identity between human and murine and 100% amino acid sequence
identity between human and feline SDF-1, it is the most con-
served cytokine known s¢ far (Shirozu et al., Genomics, 28,
495-500 (1985)). Orthologues have actually been found in ag-
natha, the most primitive vertebrate branch. Another character-
istic of SDF-1 is its gene SCYB12, which 1s located on chromo-
some 10, whereas all other CXC chemokines and most CC chemckines

are clustered on chromosome 4 and chromoscome 17.

SCYB1Z contains four exons. S5DF-la, the most common splice iso-
form, is derived from exon 1-3, while SDF-1B azlsc contains addi-

tional sequence from exon 4 resulting in four additional amino

CONFIRMATION COPY



GAGs are linear polysaccharides comprising repeating disaccharide units that vary in linkage,
composition, as well as N- and O-sulfation patterns (Capila & Linhardt, Angew. Chem. Int. Ed. Engl.,
41, 391-412 (2002)). Most of them are connected with a protein core thereby forming the so called
proteoglycaft? Y81 of GAGs are heparan sulfate (HS), heparin, keftiH &% BNndroitin
sulfate, dermatan sulfate and hyaluronic acid. Becduse of the presence of sulfate and carboxylate
groups GAG are hl?t?l%/ atively charged. This drlve . the binding, of the positively charged
chemokin&s solu ?er8%8§amm‘ogl§ aS W Hs &G iﬁﬁbp &4 bh c?e%l surfaces or
extra-ceffiar %aftﬁﬁ’.“ﬁeﬁaﬁa?ff@ulfaﬁetﬁﬁﬁl%r%@ﬁépﬁﬁﬁ%lﬁ?ésé’)cﬁér@@d?% éonsideredtighdamental
to the bielbgical aetivily af gliemekines. Kis pratteediby miast cetl 3gpad and several core proteins
carry HS-chains. For instance syndecan and glypican at the cell surface and agrin and perlecan in the
extracellylar ma%llx Itis wor%r}]notC g:that SDE-la binds to s ndecan 4 but not to sl_yndgcan 1,
syndecannz (?B ﬁ ortbe%a- can. Ttwas %h%wnp t%a% tys24 Lyszqf“lang 0 aﬁé’sser d]egree Arg4l and
Lys43 a&aés%ﬂ%Yﬁark%ﬁ@fbﬁdmﬁﬁ‘sﬁﬁllatb HE @RffridtcH. 3IBRECRER 15761 388-8296
(2001)). Fhederfasie=arERo agidscarerdecatedinansmal Nipeniig detweer thi Regtiandseogfithe SDF-la
dimer (LoHatJaeek et abrRoc: Naitk AcaekSoht 8903229-42394200200 S AGsi Ipad to the

retentlonegwl%g%msaoaﬂcg%%ga%%s @%@iF{‘n"ery‘?i%r&'gﬁres?éfo@?é203'1%885@{’9@5c_?é -

chemokines, in spite of shear forces cause ow. If not for this interaction chemokines would
D o B A AT Rt b B S CFErRetie briant T8 (46 bF Stent s to follow
GAG bintfilig i*a pre-fagiiskE ¥6itin Vivo acifif CHerfbRines st itatiors MG AD Binding sites are
not able éamecrudcallsia vive: Steucturab chagges ot chiemokineoleading for exampledo of

0"90mer§s3;3419ﬂ§r§1g@/%9}ﬁ@¥1q6§§0 5AGsnBinding to B gﬁhe@@rig,ggn fretect SDF-1 also from

proteoly cleav tld JRept IV ( )/CD26| o e only kno nreceptor for
SDFlls gcr%egmokm recea}%or g)y(é IP%DE\{ ﬁoﬁ‘o tgg%;mn C?%%Jnro J:Imanluchl D.R.

Littman, Netlre! %@?%@SPS%(EQS)) “ﬁé’&ﬁ?ﬂbaﬁﬂjJSDFll‘il's th%—"c}nﬁ ?(%th@ﬁ(?ddenous ligand for
CXCR4 (M.K. Schwarz, T.N. Wells, Curr. Opin. Chem. Biol., 3, 407-417 (1999)). CXCR4 belongs to
the pertussisstaxin: sensitive @@Igte&bcwmedarecepmi@z@'?)x@lham%zea by seven-
ransmegpgang fomains.AJuo;sten bindingguodeldp 4{3§9ﬁ Land CXGR4 was,preposed (MK,
S(:hwarzO T. Nl\IN Illsé Curr. Cg FCEE BI]% 407 199 %oleg lar dy amlc imulation
further confirmed iwgasfep Jf)lndl Anism OI%W 110 ﬁ?—" 1 |s a hlg Iy potent
chemokif@%ind aﬁr]avcts,3 %ﬁﬁ@cyi@@%@nﬂ motf6&ytes fad RN S ReRRASGiIERE stERtand progenitor
cells (K. pattari, B. ddeissigh & dashiro r i Honig; M sPatendletdaly; Bloed g97,:3354-3860 (2001)). In
view of thggolesof.3DErL in shemeking-atirastion and lymphocyte . andmonecyde atftraction and the
constantnged for new drugs far Gancer beatmentiis.ap.bled o dbe Jveniion g proyide novel

proteins for, modﬂ‘% chemaqkine receptor |nterac£t|o é%Jmma The disclosure is based on

engineeflig @ hif é?f‘e Bindiftg dAME M himar fictt BaR oS TWE 1 HiSA Br SDF-1 or
S1W-1 deiftmaddicamy variantissfefedfeand Simdkateosh kneERkingoutt? dovilidgulating the GPCR
activity specifisally the £XCR4a 4gattivityob tie ehemokine. tEhis isatcarhplisfiadtby antroducing basic

amino aﬁJ%é@@;ﬂ@&@%Mﬁ@i&@ site oh SDF-1dn order toringcraase;GAG binding affinity, and by
modlfylng ? I\l -terminus .of thﬁ chemoklne % Er%kgy trunc?tlon of S%amlno aC| S or

replacmg/%le eting theaflrgtlﬁ/vo anminG acids. DE-T | mutants exhidit a m|n|mum f%\//e fold improved

Kd for sERABRFBAGS (FEFEHTBF REp AP eNfREF And Th&Y &nbwra Padiced AémbiddicHctivity in a
standard-hrsreytie Boyenichamibei Bicpkysioal snd-edl L biologicakprdof forehese chatacteristics is

provided: Sihieetsmaterof the-present disetosuie is tninhibil CXCR4-p0%3 glypican at
the cell surface and agrin and perlecan in the extracellular
matrix. It is worth noting that SDF-la binds to syndecan-4, but
not to syndecan-1, syndecan-2, CD44 or beta-glycan. It was shown
that Lys2d, Lys27 and tc a lesser degree Argél and Lysd3 are es-
sential for the binding of SDF-1 te HS (Sadir et al. J. Biol.
Chem., 276, 8288-8296 {(2001}). These basic amino acids are loc-
ated in a small opening between the f-strands of the SDF-lo di-
mer {Lortat-Jacob et al., Procc. Natl. Acad. Sci., 9%, 1229-1234
(2002} .



itive cell migration, More specifically stem cells and metastatic cells, by antagonising the GAG
interaction with an SDF-1- based mutant in the context of tumour growth and spreading processes.
Anti-tumorogenic characteristics are shown in a mugine xenotransplant model using human breast
cancer cells. 4a In a first aspect, there is provided a SDF-1 mutant protein with increased GAG
oinding afiplly. and feduced SPCR aclivibycampared.fo widvee SBE4! proteln chatagterized in that
the SDF-1"proteinis mgalfle% ina struc%ure-conservmg way By Insertion of at least twqg basic and/or
electron dB%ﬁﬁﬁé%ﬁin%&%%‘? rEPRcERTEHt FTRTERSTRO HBA-BEsiC BItRG Htids by*at least two
basic andfwelectedn doratngraRd acidssthdothae hefshst brie amingaeidf st tHelfirst 1%to 10 amino
acids of the=Naterrhinal regiorkobthe wild ly¥peSDEdIprotemady nodifieduldadditions deletion and/or
replacement<H af leashene aminoaeidiilera seeend aspeet theresis provideskaiSDE-L putant protein

characterizgd in that the,amino acid sequence ofithe-mogified; SDF-I dnglecule is, described by the

general fo

ula:, . . . . e .
(V). XM BV ES Y REPR RS RIAR RVRAL K RENEAL i R
VCIDPKLKSFEE VL ERIENR (6 RREEK VERKERTGKKKRORIE RKAKORIRKNG WhetefiRe is a K or R
residue, wHeFeirRPHd 8 B or G 1eSTHBE iketeM RI T defeetat BY the- 5oty cbRsiSHRG of Y or A
residues, prefdialyy itis#s whetetpXdiis selectedosfahe ¢ibHpiconsisting o SpR¥EHyNIor Q
residues, prefakably itdg K3 answheyeingeandaiss and/opprand/ey oman bhe eitherd.or 1 and wherein
at least two of positions Xl, X2, X3 or X4 are modified. In a third aspect, there is provided a SDF-1

mutant profein comprising, ihe anine acidseauenoe of SEQUDNG 8 Ina foudhyasned, there is

provided an isolated polynucleic acid mo ecule, characterized in that it codes for a praotein as defined

above. In aFHFadpect; therd 8 provided S VERBF chatactsHzadin that ftEom r%%és Bi'isolated DNA
molecule &< BERABd NI FSurts 23peef S4R 9 a'dikitPadpe&tetateqs providedts fecsmbhifant cell,
characterized in ¥ratwhissraosfestatbwithaandctbpas@éiitedin. the fitheaspact. Tn¥-seventh aspect,
there is prayitied,a pharmacguticaleempostition, characterized in thatdtcomprisera protein as defined
above or & plyaugleotide a3 defingddn the fourth aspectar a uestnras defingdda the filh-aspect and
apha”na%%ggauéﬁEﬁ?Pu%ﬁgféggg%ized by geven transmembrane domains. R

two-step binding model for SDF-1 and CXCR4 was proposed (M.K.

gchwaryz, T.N. Wells, Curr. Cpin. Chem. Biol., 3, 407-417

(1999) ).

Molecular dynamics simulation further confirmed the two-step
binding mechanigm of 8DF-1 to CXCR4. SDF-1 is a highly potent
chemokine and attracts lymphocoytes and monocytes, as well ag he-
matopoietic stem and progenitor cells (X. Hattori, B. Heissidq,
K. Tashiro, T. Honio, M. Tateno et al., Blood, 97, 3354-3360
(20013 ) .

In view of the role of SDF-1 in chemokine attraction and lympho-
cyte and monocyte attraction and the constant need for new drugs
for cancer ¢reatment it is an object of the invention to provide
novel proteins for modifying chemokine receptor interaction.
Summary

The disclosure is based on engineering a higher GAG binding af-
finity into human SDF-1, which can be SDF-1 alpha or SDF-1f or
SDF-1 gamma or any variants therecof, and simultaneously knocking
out or down regulating the GPCR activity specifically the CXCR4



In an eight aspect, there is provided the use of SDF-1 mutant protein as defined above or a
polynucleotide as defined in the fourth aspect or a vector as defined in the fifth aspect in a method for
preparing a medicament for the treatment of cancer. Figures: Figure 1: Sequence of SDF-1 mutants,
{atior S HSOF L and Mot R LABL 29ROk Bidne o 11o. Figira S Npnoeye QAL
chemotis-indated By if F-illﬁlﬁef F}%\lﬁ andﬂet%%Fi%éL?glKvsrgK. Figure 4; Inhibition of
human ioveastecem ceheel MGHTDIT itd 1ivEY by Wist- SOF A%E D0rAF3 SR FdESIGTABEHE "Mutant”) as
determined-ina rwEne xenotenspiantnodebit has been shownahan ncredstdl GAG Biriding affinity
can be irgroﬁdu?%bevligg@?gsi@géh% relative amawnt of basic aminoacids irrthe GAG: hingling region
(WO 057 Ezgéé‘ , incorporated _ig total h %inﬁ.b referegcgg O|e%dingS a g%oﬁqgfi%ergtqige@at acts as
competﬁé?%htnaal‘uf& %%iﬁ&i‘rflegmﬁﬁ) &ins. This was p'articucigrjy s%own for interleukin-8. The
specificiocation oh&as Bindikg Faghs™art e mediRéation 5y Seféttivafintrédicifg basic amino
acids wasot diselasedfos SDE-CXE12Y picteBoAtteougtnyD01/8B 196 distioses EXCR4
antagonists,and their nos; sibledsse fostreatment of hematopeietic eells. shereds ngsa: WO
2009/053064PCT/EP2008/008960 - 5 - dication to improve GAG binding affinity of an SDF-1 molecule.

WO 01/85196 disclosed SDF-1 derjved peptides wherej hereof can be covalently joined by a
linker set At CTBRRREREY gvﬁugg‘% §§%£%§&fu®§§{{ﬁf§soes domains of SDF-1 binding to GAGs
which thereby shelltl in¢rezseithe, antayonisieifetrofthy pepttess i this pabReitoh idthing is said
about increasing the GAG bindipg affinily of 8DFxt by apy raeansrl ike withsthesihet examples of

GAG binding proteins stated jn this, publicatins reference i, made by thissmeans 19, the general
principIéDSFgfgté“l‘ﬁfGﬂﬁG t%fﬁdfi%a%gnot to the sgecificﬂe, %nololgé/ of introducing higher GAG-binding
aﬁmnyiﬁ@ﬁg@ﬁ;LAnt1~tumorogenlc characteristics =z shown 1in mMurlneg

xenotransplant model using human breast cancer cells.



The present invention now provides a SDF-1 mutant protein with increased GAG binding affinity and
reduced GPCR activity compared to wild type SDF-1 protein characterized in that the SDF-1 protein
modified in a structure-conserving way by insertioraof at least two basic and/or electron donating
amino acids, of replacemeloliat Ieast g pophasia N0 g5ids PIRIELAA IID he GAG binding
site or in the structural vicinity of a native GAG binding site by at least two dsic and/or €lectron
donating ammGaeffs SAT tRAPALRAsEbAE EMING BRI BERERrSFATR FO BifinEYacias®EiRE N-terminal
region of the wilttyperSPE-1qmmtain isrwosified dy-additer: deletiomangiarreplasement of at least
one amin id, .The term =vicinity” as defined according_to the .invention comprises amino acid
residues \%I%%E%r[je %%:art%])él \i{/vfitjh?r%l the cgn?grﬁ%gﬁaelmﬁé%ﬁ%ﬁﬁhn&dq %Ytr?é’ Glﬁéetﬁﬁ%i?n% gif[eé but not
positionecPdiretfi§fh the"SAG BiidinPsiteSIConiimatonaldwsighbosrhepdcan beidefined as either
amino acigepsichiaewhidr are locaied adjacentioGAG binding aming.asid residues with xespect to
the amino. aacsiti‘jcsegyggw&e %flaeg{_:%tgén,c?rnamino acids which are located adjacent to GAG binding
amino acid Tesidues 4S & Con- seguenca of e threa Himahsichal Struttire @F fdia78F i Brotein. To
be able to3&Ker® thisiit Biofdgicahuntiiont plotéins I61d amtbronez of droref spéeificispatialiceiformations,
called dorpainssvhigh isrdrivienBy & pumber-ofnoncoualent juteracliops. WQy aadition,

2009(053 6§PC.T/EP2%O /008960 - 6 - such as hydrogen bonding, ionic interactions, Van der Waals'
forces and AyarophoBRBEkifGETRFSE itheRbidal StrturdEcal b détetfhined by known methods
like X-ray crystallography or NMR spectroscopy. Identification of native GAG binding sites can be
accomplished, for example, by mutagenesis experiments. GAG binding sites of proteins are
characteriz®d by ng%nr;gsrﬁﬁﬁi%ca@&?ﬁﬁinﬁ/sat e eurfate 8f tRBTroteis At teBE RHether these
regions defirer acGAG bhdding: sitd1ahesebasioarinaatitl resiguss-eandfe niagenized ofodr example
by replacespeni by Alanine residuets), and-decrease ofﬂg;eparjﬂlgindi%g@g@@jiy canhe,measured. This
can be per, by, ini Wﬁ% s known In the art. Rationally designed
mutageneé%%{gy%%lg%(r%%gg%%ﬁ%%%o asic or e egﬁgﬁ(&gggﬁ]& %Irﬁ%xé%i S%%Nr}q]b%%erformed to
introduce Torergh diHora CRSARRE SAGRRT CHHRBREEBRE DrEdiNgFSi#ias which can result in an
increasedvéize ©fth& GAG kindingssite ard intaa ineteaseief GAGLbingding affinity rEbe &LAG binding
site or the,yiginity-of gaid site camalsohe determined by ysing a mathpd as described in detail in US
61/07565, Whi(ip has to be_ incaorporated herein by reference, comprising: (a) providing a complex
comprising tRa MoteinFaia e SAG Hig-2hd mdl &ﬂ%}]ﬁolxélxa?rﬁpféeﬁ@ﬁ% QaIFARE (ISP HReparin,
keratin suffafe idemdroiin stlfate, dermatai’s@fate angiydleronicasitbets hound tosalt protein; (b)
contacting:saidveempiex witha cleavagmegagent likesaqroleass, a.g. Hypsisy capable of gleaving the

protein, wherein,said, GAG ligapd malecule blocks praotein gleayage in.g region of the, protein where the
GAG ligand molécule is bound, and thgre%)y sal Sprgt%éirr}(l% ’c?ge?vgg ir%%egl%%sw{ﬁ%;fg%ee (rgl)'ot blocked by

said bound GAG ligand molecule; and _ _
In a third aspect, there is provided a S8DF-1 mutant protein

comprising the amino acid sequence of SEQ ID NO: 6.

In a fourth aspect, there is provided an isclated polynucleic
acid molecule, characterized in that it codes for a protein as

defined above.

In a fifth aspect, there is provided a vector, characterized in
that it comprises an isolated DNA molecule as defined in the

fourth aspect.



* (c) separating and detecting the cleaved peptides, wherein the absence of cleavage events in a region
of the protein indicates WO 2009/053064PCT/ER2§08/008960 - 7 - that said GAG ligand molecule is

bound to that regiop; Datection can be for.example by L C-M3snagoHELCMS/MS or Mass

Spectrometric Methods. A protocol for introducing or improving a GAG binding site is for example
partially dESGTFST 7T WEF08/54385 arfd ¢an BerRSTSIRS IehiifRa YegisiT ofthelsioteRrfwhich is
involved in s AGebifitling: Resign:a new GAG binding site by introducing (replacement or insertion)
basic or electron donating amino acids, preferably Arg, Lys, His, Asp and GIn residues at any position
or by deleting amino acids which interfere with GAG binding Check the conformational stability of the
resulting miitant prRt&iEit Silicd SERfffe the"Witdtypel prot&icDRAN alternaivelyrasirehasaithe cDNA)
Use this asdepiplate for, PGR-assisted imstagenesis: tx intreduseripe ahqve meptisned.changes into
the amino acid sequence Submont—g)the mutant gene, into, a suita le e?#es on system %)rokaryotlc or

n Catione) - EXpTESSion,

. g = %3: Ia <] e 2 e i1
eukaryotic’dependent upon bio og?caﬁk}érequwe post-fransiational modi
purificatioR’ard Ch&fettefzatiet ohtve riutane pféteiimvipect and a pharmaceutically

acceptable carrier.

In an eight aspect, there is provided the use of SDF-1 mutant
protein as defined above or a polynucleotide as defined in the
fourth aspect or a wvector as defined in the fifth aspect in a
method for preparing a medicament for the treatment of cancer.
Figures: ' '

Figure 1: Seguence of SDF-1 mutants, mutations with respect to
the wild type chemokine are underlined '
Figure 2Z: Isothermal fluorescence titration of wiSDF-1 and Met-~
SDF-1A8L29KV3SK binding to HS.

Figure 3: Monpcyte (Thp-1) chemotaxis induced by wt3DF-1, Met-
SDr-1, and Met-SDEF-1A8L2ZSKV3SK.

Figure '4: Inhibition of human breast cancer cell migration into
liver by Met-SDF-1ABLZ8KV3SK (designated as “Mutant”) as determ-
ined in 2 murine xencotransplant model

It has been shown that increased GAG binding affinity can be in-
troduced by increasing the relative amount cof basic amino acids
in the GAG binding region (WO 05/054285, incorporated in total
herein by reference) leading to a modified protein that acts as
competitor with natural GAG binding proteins. This was particu-
larly shown for interleukin-8. The specific location of GAG
binding regions and their modification by selectively introdu-
cing basic amino acids was not disclosed for SDF-1 (CXCL12) pro-

tein.

Although WO 01/85196 discloses CXCR4 antagonists and their pos-

sible use for treatment of hematopoietic cells, there is no in-



Criterion for an increased GAG binding affinity: Kr(mutant) < 10uM. check for structural conservation
by far-UV CD spectroscopy or 1-0 NMR spectroscopy. A deviation of the modified structure as
measured by far-UV CD spectroscopy from wild type structure of less than 30%, preferably less than
20% is defin®d a4'8ftiidtdre conserving modification according to the invertibBrBsswemsdonating
amino acids are those amino acids which donate électrons or hydrogen atoms (Droenstedt definition).
Preferably these amino acids can be Asn or GIn. Basic amino acids can be selected from the group
conssﬂﬁé&aﬁr‘gori_yg CorifiRE W S669/b386RP T EP2HoS/608gED SBL1-tRCASHRHE-&mino acids
replaced"®y 8aitB5dsié ol efedtroredoRating andno. aeitloaethiasic antino@tidyalé substitting amino
acids preferably ase moreshasic aynine acids a@irﬁroﬁmraerﬁ%%gﬁa%estwtwaiﬂ@éMEMmto the
native p@%'gn%ww@ Spuctuia) fexithy acaydna g s, Dvgetign s defingd bydhe glearee of

accommod ah induced fit as a consequence of ligand binding. Accor g 0 a specific

embodi ent of thaSAvERTITIE AR EminGs 58‘Bl§erebihece Bag‘l%:%atrfd?o?él%%ﬁ?m%natmg amino
acids aré h@nrsasié 8f fessibadib Binibgakids: Werordingtorthie ipresentingbaticn e $BF1 mutant
protein camocarnprise@ modiication fif arstructore curserving way wierain, theideviatiom of the

modified: HEIGiuERas @&%ﬁ%ﬂ@g bysfagAly %é@%@tf Wﬁﬁg%\fvg@weﬁ%}étwwe is less
than 300/ 1 e erably Iesgt an 20% pref tlélesg an 10%. Accor dln%to an alternatlve

embodlment e sfructure conservm modEf ion1s no elocatea within the N:térmiRGs 'of the SDF-1

protein. ?ﬁleﬁvé:iﬁlo‘?FS&?érg zféBFbi%}t’éﬁt proteitPwith InéredséaSAGIna R affikRtg and reduced
GPCR aefivity: hiardeterize chincthat tHerGol-Sdictrak fegion of then SO LHrotein is modified by
insertion or replacement of at least two basic amino acids and N-terminal region of said SDF-1 protein

is modifigg sithex by fruncasian.of 8 amino aeiss.ar.hy terlaging/deleting the first fwo,arpipo acids.

increased GAG binding affinity and reduced GPCR activity com-
pared to wild type SDF-1 protein characterized in that the SDF~1
protein modified in a structure-conserving way by insertion of
at least two basic and/or electron donating amino acids or re-
placement of at least two non-basic amino acids preferably with-
in the GAG binding site or in the structural wvicinity of a nat-
ive GAG binding site by at least two basic and/or slectron
donating amino acids and that at least one amine acid of the
first 1 to 10 amino acids of the N-terminal region of the wild
type SDF-1 protein is modified by addition, deletion and/or re-

placement of at least one aminc acid.

The term “wvicinity” as defined accerding to the invention com-
prises aminc acid residues which are located within the conform-
ational neighbourhoocd of the GAG binding site but not positioned
directly in the GAG binding sites. Conformational neighbourhood
can be defined as either aminco acld residues which are located
adjacent to GAG binding amino acid residues with respect to the
amino acid sequence of a protein, or amino acids which are loc-
ated adjacent to GAG binding amino acid residues as a con-
sequence of the three dimensicnal structure (cr fold) of the
protein.

Tc be able to exert their biclogical function, proteins fold
intc one, or meore, specific spatial conformations, called

domains, which i1s driven by a number of noncovalent interactions



According to a specific embodiment, the N-terminal amino acids can be selected from the group
consisting of Lysine, Arginine, Proline or Glycine. Further, at least one amino acid at position 29 or 39
can be modified in the SDF-1 mutant protein of the invention. Alternatively, amino acid deletions,
substitutions¥d¥ R8PS can WO 2009/053064PCT/EP2008/008960 - FCHER ¢8/8ft8asRino acid
positions 24, 25, 26, 27 and/or 41, 42, 43. Alternatively, the amino acid sequence of the inventive

SDF-1 muytant 8"501'%5'9 Qﬁ %&989%& byitggﬂ.erﬁetﬁgggyyk%ns Van der Waals'
(M)n(X1),(X2)pVSLSYRCPCRFFESH ARANVKHLKI(X3)NTPNCALQI(X4)ARLKNNNRQVCIDPKLKW

|QEY LERAL NK{ GIRIR EERAGRREK) G KR DKk RIK&O KRG Wpefdin T I KEERA@3Idue,

wherein X2 iga: Bk iGasidyexnhereintd isiselected githe group consisting.0finX, apd/an residues,
preferably it is A, wherein X4 is selected of the group consisting of S, R, K, H, N and/or Q residues,
preferabfiPt K &fdWherein n and/or m and/or p and/or o can be either 0 or 1 and wherein at least
two of pdsittons. Xi,o62, 1263 os Kbareimoddfetl. binding sites can be accomplished,

for example, by mutagenesis experiments. GAG binding sites of
proteins are characterized by basic residues leocated mainly at
the surface of the proteins. To test whether these regions
define a GAG binding site, these basic amino acid residues can
be mutagenized, for example by replacement by Alanine
residue(s), and decrease of heparin binding affinity can be
measured. This can be performed by any affinity measurement
techniques as known in the art.

Rationally designed mutagsnesis by insertion or substitution of
basic or electron-denating amino acids can be performed to in-
troduce foreign amino acids in the vicinity of the native GAG
binding sites which can result in an increased size of the GAG

binding site and in an increase of GAG binding affinity.

The GAG binding site or the vicinity of said site can alsc be
determined by using a method as described in detail in US
61/07565, which has to be incorporated herein by reference, com-
prising:

(aj providing a complex comprising the protein and the GAG lig-
and molecule, for example heparan sulfate (HS}, heparin, keratin
sulfate, chondroitin sulfate, dermatan sulfate and hyaluronic
acid etc. bound to said protein;

(b} contacting said complex with a cleavage reagent like a pro-
tease, e.g. trypsin, capable of cleaving the protein, wherein
said GAG ligand molecule blocks protein cleavage in a region of
the protein where the GAG ligand molecule is bound, and whereby
said protein is cleavad in regions that are not blocked by said
bound GAG ligand molecule; and

{c) separating and detecting the cleaved peptides, wherein the

absence of cleavage evenis Iin a region of the protein indicates



According to an alternative embodiment of the invention the SDF-1 mutant protein can contain an
N-terminal Met. A further aspect of the present invention is an isolated poly-nucleic acid molecule
which codes for the inventive protein as described above. The polynucleic acid may be DNA or RNA.
Thereby thebHIfEHEP which lead to the inventive SDF-1 mutant prot&RTAFEZeaHiut on DNA or
RNA level. This inventive isolated polynucleic acid molecule is suitable for diagnostic methods as well
as gene therapyand tiesproduction.of inventive SDB-L, mutant protein.on.a largerscale. Still preferred,
the isolated polynucleic acid molecule hybridises to the above defined inventive polynucleic acid
molecul €BRdBF strifgeRt RBRARICRE. BeplRdingBIPte-RyBidi¥stic cHadifioRBReRTIBRentary
duplexes-farmubetvwern the two DNA or RNA molecules, either by perfectly matching or also
comprising mismatched bases (see Sambrook et al., Molecular Cloning: A laboratory manual, 2nd ed.,
Cold Spring Harbor, N.Y. 1989). Probes longer than about 50 nucleotides may accomplish up to 25 to
30% mismatched dsiseso Bnialterqpiobes wilbaccampbsti feyver misiatchesndhe teadency of a target
and prohesto foraduplexes coptaininggnismajehed hags Rairsis controlled bysthestriggency WO
20091(1%(3}9@%5C_‘I’/EP201181008960 - 10 - of the hybridisation conditions which itself is a function of
factors, such as ?he concentrations of salt or formamide in the hybridisation buffer, the temperature of
the hybridis&tiontand tife pPBSLAYLIdsEGh RAShTohditibhs? BySapplyimgiHell kRo®M principles that
occur in theformation of hybrid duplexes conditions having the desired stringency can be achieved by
one skilled ir $heyartby.selecting froma ampng & yanety: ef-ridisation butfers: terpperatures and

wash conitions Thyscanditions g@e@%@!e%tsqat@%ﬁ%iia%e deteetion of either perfectly
matchln%or partially matchln% hygrl d(éj}tjlexes. The melting temperature (T?g? of a dup%x is useful for
nditi

selecting afpropriate hybridls |onnc% foris® Stigentthybridistoh conditics BF gofyriicleotide
moleculéSBvérm200 nticliedtides if terigth typitamy myvblveRybridisingiat a temperature 15-25C below
the meltingdemperaturewfrtiie expettetbduplextidriaiganuctectide=probesraver:30:ntcleotides which
form lessg, stahle duplexesithan longer probes, stringent hybridisation usually is achieved by hybridising

at5to 10&13%@@/ tpg Tm. Tge TnD1 of a nlécleic a%g,‘%? lex can bg .calqlulated usigg a formula based on
- e = e I (@ N H T
the percentb G+C contained in t‘ﬁé nuéleic acids and t éptata &s chain lengths mto ac%gunf?esuch as the

formula €I:'H]l\%‘;‘l\l).5-16.6(Iog[NA*1)+ 0.41 (% G+C) - (600/N), where N - chain length. A further aspect
relates to d\rctoh é6mptishiran ddclateel D RAFRMaistLtE adcording t He prasent irverdioncas defined
above. The:vecior eomptisesraibreghiatonselements necessary for efficienfiteansfection as well as

efficient exprassion,of praseins. Suchygetors arg welk known jn the art.and any syitable vector can be

selected {fog (t)q(ig lpu(g;gg%e.oé flérér}l{%rra%)&cé oéfghe gr @setnt t|lnvennti3:(§)norﬁcljatgg t(ff reggrqlbin%rét cell which
is transfegted Witl‘\f'an inventive vectgr as descﬁl%e a%ove??rans]fec |ogn ofa ce Vs and cuﬁlvation of

recombiRZFECAIREE BE EHornisas wedi kiR in the art. Such a recombinant cell as well as any
therefrom destenganttell comiprisesttheveetar. Therstnta celldineds prévided whithexpresses the
SDF-la mutard protein eithee continuously or upon activation depending on the vector. WO

2009/053064BCIIEP2008/008960 o 250 GRG binding affinity: K5 (mutant)
< 10uM.
- check for structural conservation by far-UV CD spectroscopy or

1-D NMR spectroscopy.

A deviation of the modified structure as measured by far-uv CD
spectroscopy from wild type structure of less than 30%, prefer-
ably less than 20% is defined as structure conserving moedifica-

tion according to the invention.

Electron donating amino acids are those amino acids which donate
electrons or hydrogen atoms (Droenstedt definition). Preferably
these amino acids can be Asn or Gln. Basic amino acids can be

selected from the group consisting of Arg, Lys or His.



- 11 - A further aspect of the invention relates to a pharmaceutical composition comprising a SDF-la
mutant protein, a polynucleic acid or a vector according to the present invention as defined above and
a pharmaceutically acceptable carrier. Of course, the pharmaceutical composition may further
comprise ad¥itidAEYEIMtances which are usually present in pharmaceutféal/EBMBI#RSAs, such as

- salts, buffers, emulgators, colouring agents, etc:- Afurther aspect of the present invention relates to the

use of the:SDE1 protein, apolynuglei acidona veataraccarding La the present ipvention as defined

above in a method for inhibiting or suppressing the biological activity of the respective wild-type
protein. AAREARGNEF ADBVE CtHESSBFS1 ARRtaft roteih GThe SnvéntforswRBadtEsta Bpecific
antagonist whereby dke sicereffectswhieh aggueWih dnovamieconbinast protemnsyrwitl et occur with
the inventive SDF-; mutant£rotein. yi cre?ggn the GAG bin%ing aﬁinitﬁ/ the modified SDF-1 protein
will act &EFedific aRtionist nd Wil cdmpatewith the Wit type GRE Bihdiny Brotéih for GAG
binding. 4n thisnase .this will be particularly the biological activity involved in cancer development.
Thereforg, &, {uthet use of e, SO} mrolelp. & PobyuiGlsic acid, o aetarageording fo, (e present
invention as defined above Is in a method for producing a medicament for the treatment of cancer. In
particuldfR Vil AEL&s AhtAFEHSFWRRGUESIdE effeBtslaRE RRIF pafticuldry2be QuRaBIESfoE the treatment
of cances diggase: fiherefose na further aspect of the present invention is also a method for the
treatment of cancer diseases, wherein the SDF-1 mutant protein according to the invention, the
isolated polynucleic acid molecule or vector according to the present invention or a pharmaceutical
preparatigir accdraing to thesinventian isadmiristered 4@ atpatientvEhe presentdanventioreis further
illustrate he_followin mples,.hgwever, wit being restrict reto, W

2009/05%8%& car'?égioé%%ﬁogs%%%e%’i’z%%%%npﬁé‘g:(? E%Ea%\b?ecfg %?n%rgigég?nlé%ea’ﬁ?n“d?ng affinity The
engineefsd Merédse " GAG biriding affhfiscofthe ISDFEMATMuUtaRisiWith respect to wtiSDF-la was
determined by isothermal fluorescence titrations (see Figure 2). Steady state fluorescence
measurements were performed on a Perkin Elmer (Baconsfield, UK) LS50B fluorimeter. The emission
of a 180 1M Pre-tlilistatetFsOIEREADBF SHRFL WHatyps Br hitant PR (3 752 425°/M NaCl)
upon excitettior: a&282 nur Was eecardedover the rarige ef 300<890vimyg Biading lisotherms were
obtained: by ceupling the cuvette, bolles 1o athermostat.and by the-additien of angaliquet of heparan
sulfate allowing for an.equilibation period of 2pin, The,Slit width was setat 1.2 nm ferboth excitation

and emission and the spectra were r%gprdeg with 200 nm/min. A 290 nm, cut-off was inserted to avoid
stray light' Thetfftbréscéiice SPE&r& Were Batk§roting’corrédted dHY the“respective areas were

integrated between 300 and 390 nm. The normalised mean changes in fluorescence intensity (-4F/FO0)
resultingsfrom:-thiee independent experinents wese pletted against the:ligand: concentratiory The
resultingrBingding-isothermsswete fitted bynonlineas regressipn-usingthe pregranamerrigin (Microcal
Inc., North%r,[p ton, USA) to the following equation describing a bimolecular association reaction as
publishepdrprewou'sly (Falsone et al. (2001) Biochem Biophys Res Commun 285, 1180-5). A clear
improvement in HS affinity by a factor of ca. 10 of the MetSDF-1 48 L29K V39K mutant with respect to
WtSDF-l3hwas biseivedn Exanple 22 KHotkldowit eh GRCRtAcvitylth increased GAG

binding affinity and reduced GPCR activity characterized in that
the non-structural region of the SDF-1 protein is modified by
insertion or replacement of at least two basic aminc acids and
N~terminal region of said SDPF-1 protein is modified either by
truncation of 8 amino acids or by replacing/deleting the first

two amino acids.

According to a specific embodiment, the N-terminal amino acids
can be selected from the group consisting of Lysine, Arginine,

Preline or Glycine.

Further, at least cne amino acid at position 2% or 39 can be
modified 1n the SDFPF-1 mutant protein of the invention. Alternat-

ively, aminoc acid deletions, substitutions or insertions can



SDF-la wild type and mutant directed cell migration was investigated using a-48-well Boyden chamber
system (Neuroprobe) equipped with 5pm PVP-coated polycarbonate membranes. Wt SDF-al and
mutant dilutions ranging from 5 nM to 20 nM in RPMI 1640 containing 20 mM HEPES pH 7.3 and
Img/m1 BSAW#eIHREeed in the lower wells of the chamber in triplicates, inclucingsmelsswith buffer
alone. 50 pl of THP-1 cell suspension (Europear callection of cell cultures) in the same medium at 2 x
106 cells/ml was placed in the upper wells. After a 2 h incubation period at 37C and 5% CO2 the upper
surface GfAB ffer WaWaBRed fit Btk Wers06d/053864BET/EP2608/0089641 -423 - balanced

salt solufién. The migrated cells were fixed in methanol and stained with HemacoloriO (Merck). The
migratechcelis-akftie-40Q x magnifisations pes wellynere-cored andithesnean of dhyeejindependently

conducted experiments, was backgroynd ggﬁrgg@o%) nd plotted against.the chemokine concentration
(see Figure 3 LS it ShF T 40 25K DaaK %T%é? K1t St L a8 T IRTA0K mutant exhibited a

clearly reduced chemotaxis in vitro. Example 3: Inhibition of breast cancer metastasis For the purpose

of investigtirigt the (FHibitoPy aEHERF BF S DR eAMEITB ITALdAOSY TREGRTANIY X Mtk TngR@ifograft
model wag LikseeK LRWIeEk ditkitnia ¢ dermmoadriicientcER R oxee nereqserhfor the in vivo

experiments: 4 hgyyerekept in isolation.carg.during the whole course of the experiments. The
animals were | f% fgﬁza few ga¥s g;te% éiiceliv%/ to settle down before the experiments started. LMD-231

cells were used In this xenograft mo eI’oheyuhélve been cultured from lung metastasis of mice

inoculatéd AiH MDAMBL FE HHEReals Aidksthmito expresstHigH 16Veld 0P TKERA%Nd are
routinelyrgsadiirexendagrafisas@elimerits i Thése adherent cells were cultured in complete Minimum

EssentiabiMedium and completeRBMIgnixesdna-50i50@ie @nd gell flasks, were gplitin gyratio of 1:3.
The cellg werg cujured. at. 32¢, 5%{g§%§b§§pumidyisedf@tmosphere. For in vivo experiment, 120,000

LMD-23%§§IIS were injected into the tail vejn of each mouse. Just before injection, the cells were

either miX&d Wit PBS for tha Eontrdl gfos BF the ﬁﬂﬂ?ﬁttcﬁerﬁak‘ir@ein?ﬁé 5iréd Tontentration.
(The celf"End CRERbKiE-wefe fibt Fortnally iResbatedn and the fithe daration’theyweereosixed together
before inMjéetion was 5-10 minutes on average.) A total volume of 100p1 was injected into each mouse.
On day 28, the animals were killed humanely and organs harvested. Half the liver and a lung from

each mause wgte snap, frozen for future. work, The other half of the liver and one lung were fixed in
formalin ang Iateraémbedged in,p{)aar% Fnz’cfv%xfe egﬁéﬁnéa%%rg hen cut from t %ﬁﬂ/e‘r?gnd lung). 2

sections Trom-edbH WO 26653062 CIIEP26DEATDSYGEEFgnal Met.

A further aspect of the present invention is an isolated poly-
nuclieic acid molecule which codes for the inventive protein as
described above. The polynucleic acid may be DNA or RNA. Thereby
the modifications which lead to the inventive SDF-1 mutant pro-
tein are carried out on DNA or RNA level. This inventive isol-
ated polynucleic acid melecule is suitable for diagnostic meth-
ods as well as gene therapy and the production of inventive
SDF-1 mutant protein on a large scalse.

Still preferred, the isolated polynucleic acid molecule hybrid-
ises to the above defined inventive polynucleic acid molecule
under stringent conditicns. Depending on the hybridisation con-
ditions complementary duplexes form between the two DNA or RNA
molecules, either by perfectly matching or alsoc comprising mis-
matched bases (see Sambrook et al., Molecular Clening: A labor-
atory manual, 2™ ed., Cold Spring Harbor, N.Y. 1989). Probes
longer than about 50 nuclectides may accomplish up to 25 to 30%
mismatched bases. Smaller probes will accomplish fewer mis-
matchnes. The tendency of a target and probe to form duplexes

containing mismatched base pairs is controlled by the stringency



mouse were stained with a cocktail of cytokeratin markers which are specific for human epithelial cells
(breast cancer). Assessment of liver metastases was accomplished by calculating the total areas of
each section using an LCM laser capture microscope and integrated software called. The total
numbers of WEtAYIHEEEGh each section were then counted and average metsEparisqu@m® mm were
calculated (Figure 4). The Met-SDF-1 8 L29K V39Komutant showed a clear inhibitory effect on
metastasis migration into the liver at 20g per dose. WO 2009/053064PCT/EP2008/008960 - 15 -
Claims 1°S0P9 MYt drdtdia WitCRfeddee At bifding affirityidnd réduced GPGR activity
comparetkotwitd typeuSDRe$ proeiccharadterdzadrsthaf the: SDFod [roteians trodified ea
strulcturehgzmﬁenrYMcwaM byd@ﬁ@rﬁip_nt@if@tdeﬁﬁ%‘\@da@%ilc@P%@Je%'ﬁ?ﬁ?@%@{im@fﬁ'&%@ acids or
replace t east.iwo -basic 0 acids hy.at least two basic and/or electron donating
amino a%%% gﬁ%a???%%%%%%ﬁ%%in%@%d%%ﬁé |%s?tnlstb %6’ aﬁﬁﬁg%lcli"gs of §1e I%H%‘r“rﬁinal region of
the wild Bpe"SDBLE prétait ottt by BaditoR" Aektondndigk Fglatemert 6F af A%t one amino
acid. 2. SBFCF Mdtaanproten dccording totalaimy 4n eharsotetizechirhthay enbdification in a structure
conservingmidyis ddeviationrof the nedified steicturerframonitd type:SDE-§ sgeictyre,of dess than

30%, prefgrably less thag 20%asmeasured by JaUV:GD shegirescapy. 3rS0F-1 muytant protein

accordingitg claiénsnlkg)r Zs%war%:%gri%gd jcn that th% bagic amino acids are selected from the group
consisting of Arg, Lys. His.*2° SDF-1 mitant protein abordiig to-¢i@ims 1 62 GHarBEterized in that
the electtGiT dbhafiAg Ehtin® fidears seretied brTtHEglodprdshsisting sRAsn DR GIMe 15; SDF-1
mutant protein ecperding te anJronecdt caing 14v 4, chasadtetizéd in thatdhe Mdbermpipabregion of said
SDF-% pratest is modified: by runsation 8f 8 nino %@g?né@@?}kﬂ%gi@ﬁ%%n é&ﬁ@@ngftodagy
one of clai , r i in tha -terminal regi said SDF-1 protein is modified by
replacin%%%é}%ge?%?g ﬁé%%\%/%&agmﬁgfa%gges?. %\beﬁglgrgﬁann%cslrg?e%ﬁ %%%oﬁd?ng to any one of

claims 1166 chardétefized In tHEtTHE FirSt o N et anfinb ARaS akdtFéplaced byamino acids
selected¥faArthel ol ‘corsisting Bisasine AArghine P rotinecsreGlydie.ex . For oligo-

nucleotide probes over 30 nucleotides which form less stable du-
plexes than longer probes, stringent hybridisation usually is
achieved by hybridising at 5 to 10°C below the Tm. The Tm of a
nuclelic acid duplex can be calculated using a formula based on
the percent G+C contained in the nucleic acids and that takes
chain lengths into account, such as the formula

Tm = 81.5-16.6{log[NA"])+ 0.41 (% G+C) - (600C/N}, where N = chain
length.

A further aspect relates to a vector comprising an isolated DNA
molecule according to the present invention as defined above.
The vector comprises all regulatory elements necessary for effi-
cient transfection as well as efficient expression of proteins.
Such vectors are well known in the art and any suitable vector

can be selected for this purpose.

A further aspect of the present invention relates to a recombin-
ant cell which is transfected with an inventive vector as de-
scribed above. Transfection of cells and cultivation cof recom~
binant cells can be performed as well known in the art. Such a
recombinant cell as well as any therefrom descendant cell com-
prises the vector. Thereby a cell line is provided which ex-
presses the 5DF-lo mutant pretein either continuously or upon
activaticn depending on the vector.



-16- 8. SDF-1 mutant protein according to any one of claims 1 to 7, characterized in that it contains an
N-terminal Met. 9. SDF-1 mutant protein according to any one of claims 1 to 8, characterized in that at
least one amino acid at position 29 or 39 is modified. 10. SDF-1 mutant protein characterized in that
the amino adikPgsbfiéite of the modified SDF-1 molecule is described byriherrenereldmmula:
(M)(X1)(X2)VSLSYRCPCRFFESHVARANVKHLKI(X3)NTPNCALQI (X4)ARLKNNNR
QVCIDPKLKWIQFYLEKALNK(GRREEKVGKKEKIGKKKRQKK RKAAOKRKN)O wherein X1 is a K or
R residu@, WherSIRX 2 /PEFoPE reRfiuiE! VRTErem X393 SBRTIEE of tHd grovareoiisiStdg of Y or A
residuess praferably dtris Fomphereim X 44s $elected of the graumeensisting o6 Sy Ry dd,dH N or Q '
residuesz preferably it‘jg&@nd@gjﬂgm)jaﬁba@@o% 15;33 aﬁggyd;jsggq%q;&}%rbpe afgﬂ@é pig,re_Jd_anc: r\]/vhere_lnO
at least t jtions X, 0] re modified. _11. -1 mutant protein comprising the amin
acid seq%gﬁg,feepo%%%% Ié(kﬁé%%g%ﬁ{ :ILgo %t%ﬁl S&Cﬁ dgfae??é gcicéarﬁgi.le%ﬂle,é: _a(?gclzjtléﬁgéd tfr}?\ that it codes
for a prot&iA HeE6RIAG 18- ans BRPSA LA B8 FHr 15eVe CfPiHaTacRIRERIATAAL F8BmMprises an
isolated DR ARSleBlieciccordingtoaldim p2e deh Recorpbiaamecelly icharacterimpd dn that it is
transfectetlonith asvetioracearting, toelaife 48, emulgators, colouring agents,

etc.

A further aspect of the present invention relates to the use of
the SDF-1 protein, a polynucleic acid or a vector according to
the present invention as defined above in a method for inhibit-
ing or suppressing the biological activity of the respective
wild-type protein. As mentioned above, the SDF-1 mutant protein
of the invention will act as a specific antagonist whereby the
side effects which occcur with known recombinant proteins will
not occur with the inventive SDF-1 mutant protein. By increasing
the GAG binding affinity the modified SDF-1 protein will act as
specific antagonist and will compete with the wild-type GAG
binding protein for GAG binding.

In this case this will be particularly the biclogical activity

involved in cancer development.

Therefore, a further use of the SDF-1 protein, a polynucleic
acid or a vector according to the present invention as defined
above 1s in a method for producing a medicament for the treat-
ment of cancer. In particular, it will act as antagonist without
side effects and will particularly be suitable for the treatment
of cancer disease. Therefore, a further aspect of the present
invention is also a method for the treatment of cancer diseases,
wherein the S5DF-1 mutant protein according to the invention, the
isolated polynucleic acid molecule or vector according to the
present invention or a pharmaceutical preparation according to

the invention is administered toc a patient.

The present invention is further illustrated by the following
examples, however, without being restricted theretc.



. ~15..Pharmaceutical composition, characterized in that it comprises a protein according to any one of
claims 1 to 11 or a polynucleotide according to claim 12 or a vector according to claim 13 and a
pharmaceutically acceptable carrier. WO 20091053064PCT/EP2008/008960 - 1 - 16. Use of SDF-1
mutant protéﬂ?e%é%?éﬁﬁ?j to any one of claims 1 to 11 or a polynucleotidePAd¢BFdif Y him 12 or a
vector according to claim 13 in a method for preparing a medicament for the treatment of cancer. 17.
Use accgrdai’g%io claim 16, characterised in that tumour growth and spreading processes are at least
partially inmbred. - 1 SEQUENCE LISTING <110> Protaffin Biotechnologie AG <120> SDF-1-based
glycosaminoglycan antagonists and methods of using same <130> R 52397 <150> EP 07450189.1
Example 1: Increase in GAG binding affinlty

The engineered increased GAG binding affinity of the SDF-la
mutants with respect te wtSDF-la was determined by iscthermal
flucrescence titrations (see Figure 2). Steady state fluores-
cence measurements were performed on a Perkin Elmer (Bacon-
sfield, UK) LS30BR flucorimeter. The emission of a 180 nM pre-
equilibrated sclution of SDF-1a wild type or mutant in PBS (pH
7.2, 125 mM NaCl} upon excitation at 282 nm was recorded over
the range of 300-3%0 nm. Binding isotherms were cbtained by
coupling the cuvette holder to a thermostat and by the addition
of an aliguot of heparan sulfate allowing for an equilibration
period of 2 min. The siit width was set at 12 nm for both excit-
ation and emission and the spectra were reccrded with 200
nm/min. A 2%0 nm cut-off was inserted to aveid stray light. The
fiuvorescence spectra were background corrected and the respect-
ive areas were integrated between 300 and 390 nm. The normalised
mean changes in fluorescence intensity (-AF/F0) resulting from
three independent experiments were plotted against the ligand
concentration. The resulting binding isotherms were fitted by
nonlinear regression using the programme Origin {(Micrccal Inc.,
Northampton, USAR) to the following eguation describing & bi-
molecular association reaction as publiished previously (Falsone
et al. (Z001) Biochem Biophys Res Commun 285, 1180-5). A clear
improvement in HS affinity by a factor of ca. 10 of the Met-
SDF-1 A8 L29K V39K mutant with respect to wiSDF-la was observed.

Example Z: Knock-down of GPCR activity

SDF-1la wild type and mutant directed cell migration was invest-—
lgated using a 48-weli Boyden chamber system (Neurcprobe)
equipped with 5Sum PVP-coated polycarbonate membranes. Wt SDF-al
and mutant dilutions ranging from 5 nM to 20 nM in RPMI 1640
containing 20 mM HEPES pH 7.3 and lmg/ml BSA were placed in the
iower wells of the chamber in triplicates, including wells with
puffer alone. 50 pl of THP-1 cell suspension {European collec-
tion of cell cultures) in the same medium at 2 x 10° cells/ml was
placed in the upper wells. After a 2 h incubation period at 37°C

and 5% C0; the upper surface of the filter was washed in Hank’'s
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balanced salt sclution. The migrated cells were fixed in methan-
ol and stained with Hemacolor® {Merck). The migrated cells of
five 400 x magnifications per well were counted and the mean of
three independently conducted experiments was background correc-—
ted and plotted against the chemokine concentration (see Figure
3; PAS17 = Met-SDF-1 A8 LZ9K V39K). The Met-5DF-1 AB L29K V39K

mutant exhibited a clearly reduced chemotaxis in vitro.

Example 3: Inhibition of breast cancer metastasis

For the purpose of investigating the inhibitory activity of
SDF-la mutants on cancer metastasils, a murine xenograft model
was used. 10 week old female immunodeficient SCID mice were used
for the in vive experiments. They were kept in isoclation cars
during the whole course of the experiments. The animals were
left for a few days after delivery to settle down before the ex~

periments started.

LMD-231 cells were used in this xenograft model. They have been
culitured from lung metastasis of mice inoculated with MDA~
MB-231. These cells are known Lo express high levels of CXCR4
and are routinely used in xenograft experiments. Thess adherent
cellis were cultured in complete Minimum Essential Medium and
complete RPMI mixed in & 50:50 ratio and cell flasks were split
in a ratio of 1:3. The cells were cultured at 37°C, 5% CO; in a

humidified atmosphere.

For in vivo experiment, 120,000 LMD-Z31 cells were injected into
the tail vein of each mcuse. Just before injection, the cells
were either mixed with PBS for the control group or the mutant
chemekine in the desired concentration. (The cells and chemokine
were not formally incubated, and the time duration they were
mixed together before injection was 5-10 minutes on average.) A

total volume of 100ul was injected into each mouse.

On day 28, the animals were killed humanely and organs harves-
ted. Half the liver and a lung from each mouse were snap frozen
for future work. The other half of the liver and one lung were
fixed in formalin, and later embedded in paraffin wax. Sections

were then cut from the liver (and lung}. 2 secticns from each
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mouse were stained with a cocktall of cytokeratin markers which

are specific for human epithelial cells {breast cancer).

Assessment of liver metastases was accomplished by calculating
the total areas of each section using an LCM laser capture mi-
croscope and integrated software called. The total numbers of
metastases in each section were then counted and average mets
per sguare mm were calculated {(Figure 4). The Metf-SDF-1 A8 L29%K
V39K mutant showed a clear inhibitecry effect on metastasis mi-
graticon intc the liver at 20pg per dose.
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Claims

1. SDF-1 mutant protein with increased GAG binding affinity and
reduced GPCR activity compared to wild type SDF-1 protein char-
acterized in that the SDF-1 protein is modified in a structure-
conserving way by insertion of at least two basic and/or elec-
tron donating amino acids or replacement of at least two non-ba-
sic amino acids by at least two basic and/or electron donating
amino acids and that at least one amino acid of the first 1 to
10 amino acids of the N-terminal region of the wild type SDF-1
protein is modified by addition, deletion and/or replacement of

at least one amino acid.

2. SDF-1 mutant protein according to claim 1, characterized in
that modification in a structure conserving way 1s a deviation
of the modified structure from wild type SDF-1 structure of
less than 30%, preferably less than 20% as measured by far-uv-CD

spectroscopy.

3. SDF-1 mutant protein according to claims 1 or 2, character-
ized in that the basic aminc acids are selected from the group

consisting of Arg, Lys, His,

4. SDF-1 mutant protein according to claims 1 or 2, character-
ized in that the electron denating amino acids are selected from
the group consisting of BAsn or Gln.

5. SDF~1 mutant protein according to any one of claims 1 to 4,
characterized in that the N~terminal region of said SDF-1 pro-

tein is modified by truncation of 8 amino acids.

6. SDF~1 mutant protein according to any one of claims 1 to 5,
characterized in that the N-terminal region of said SDF~1 pro-
tein is modified by replacing and/or deleting the first two

amino acids.

7. 5DF-1 mutant protein according to any one of claims 1 to G,
characterized in that the first two N-terminal amino acids are
replaced by amino acids selected from the group consisting of

Lysine, Arginine, Proline or Glycine.



<211> 68 <212> PRT <213> Homo Sapiens <400> 2 Lys Pro Val 5er Leu Ser Tyr Arg Cys Pro Cys
Arg Phe Phe Glu ser 1' 51015 His val Ala Arg Ala Asn Val Lys His Leu Lys lle Leu Asn Thr Pro 202530
Asn Cys Ala Leu Gin lle Val Ala Arg Leu Lys Asn Asn Asn Arg Gin 354045 Val Cys lle Asp Pro Lys
Leu Lys Trp lle*Gln Glu Tyr Leu Glu Lys 505560 Alali%&u Asn Lys 65

8. SDF-1 mutant protein according to any one of claims 1 to 7,

characterized in that it contains an N-terminal Met.

9. SDF-1 mutant protein according to any one of claims 1 to B,
characterized in that at least cne amino acid at position 29 or

39 1s modified.

10. SDF-1 mutant protein characterized in that the amino acid
sequence of the modified SDF-1 molecule is described by the
general formula:

(M) o (X1) (X2) pVSLSYRCPCRFFESHVARANVKHLKI {X3)NTPNCALQTI (¥4 ) ARLENNNR
QVCIDPKLEKWIQREYLEKALNK (GRREEKVGKKEKIGKKKRQKK REKAAQKREKN] .

wherein X1 is a K or R residue,

wherein X7 is a P or &G residue,

wherein X3 1is selected of the group consisting of ¥ or A
residues, preferably it 1s A,

wherein X4 is selected of the group consgisting of 3, R, K, H, N
or @ residues, preferably it is K,

and wherein n and/cr m and/or p and/or o can be either 0 or 1
and wherein at least two of positions X1, X2, X3 cr ¥4 are

modified.

11. 8DF-1 mutant protein comprising the amino acid sequence of
SEQ ID NO: 6.

12, Isolated polynucleic acid molecule, characterized in that it

codes for a protein according to any one of claims 1 to 11.

13. Vector, characterized in that 1t comprises an isolated DNA

molecule according to claim 12.

14. Recombinant cell, characterized in that 1t is transfected

with a vector according to claim 13.

15. Pharmaceutical composition, characterized in that it
comprises a protein according to any one of claims 1 to 1l or a
polynucleotide according to claim 12 or a vector according to

claim 13 and a pharmaceutically acceptable carrier.
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1€. Use of SDF-1 mutant protein according to any one of claims 1
to 11 or a polynucleotide according to claim 12 or a vector ac-

cording to claim 13 in a method for preparing a medicament for

the treatment of cancer.

17. Use according to claim 16, characterised in that tumour
growth and spreading processes are at least partially inhibited.
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SEQUENCE LISTING
<110> Protaffin Biotechnologie AG

<120> SDF-1-based glycosaminoglycan antagonists and methods of using
same

<130> R 52397

<150>- EP 07450189.1
<151= 2007 10 24

<160> 6

<170> patentIn version 3.4
<210> 1

<211> 99

<212> PRT

<213> artificial

<220>
<223> SDF-1 mutant protein

<220> .

<221> M = methionine or no amino acid residue
<222> (..

<220>

<221> X = lysipe, arginine or no amino acid residue
<222> (2)..(2)

<220>
<221> X = proline, glycine or no amino acid residue
<222> (3)..(3)

<220>
<221> X = tyrosine or alanine
«222> (30)..(30)

<220>

<221> X = serine, arginine, lysine, histidine, asparagine or glutamine
<222> (40)..¢40)

<220> :

<221> X = GRREEKVGKKEKIGKKKRQKKRKAAQKRKN or no amino acid

<222> (70)..(99)

<400> 1

Met Xaa Xaa val Ser Leu Ser Tyr Arg Cys Pro Cys Arg phe Phe Glu

1 5 10 15

ser His val Ala arg Ala asn val Lys His Leu Lys Ile Xaa Asn Thr
20 25 30

Pro Asn gys Ala Leu GIn 1le ﬁga Ala Arg Leu Lys Asn Asn Asn Arg
5 45

Gln VSW Cys ITe Asp Pro Lys Leu Lys Trp Ile Gin Glu Tyr Leu Glu
5

Lys Ala Leu Asn Lys Gly Arg Arg Glu Glu Lys val Gly Lys Lys Glu
65 70 75 BO



ser His_val Ala Arg Ala Asn val Lys His Leu Lys lle Lys Asn Thr 202530 Pro Asn Cys Ala Leu Gin lle
Lys Ala Arg Leu Lys Asn Asn Asn Arg 354045 GIn Val Cys lle Asp Pro Lys Leu Lys Trp lle Gin Glu Tyr
Leu Glu 505560 Lys Ala Leu Asn Lys 65 <210> 5 <211> 61 <212> PRT <213> Atrtificial <220> <223>

SCIF-1 mutant
2

tys 1te 61y Lys Lys Lys Arg GIn tys Lys Arg Lys Ala Ala Gln Lys
85 90 95
Arg LYs Asn

<210> 2

<211> 68

<212> PRT .
<213> Homo Sapiens

<400> 2
Lys Pro val Ser Leu Ser Tyr Arg Cys Pro C(ys Arg Phe Phe Glu Ser
1 5 : 10 15

His val ala Arg Ala Asn val Lys His Leu Lys Ile Leu ggn Thr Pro
2 25

Asn Cys Ala Leu Gin Ile val Ala Arg Leu Lys Ash Asn Asn Arg Gln
35 40 45

val Cys Ile Asp Pro Lys teu Lys Trp Ite Gln géu Tyr Leu Glu Lys
50 55

Ala Leu Asn Lys
65

<210> 3

<211> 69

<212> PRT

<213> Arrificial

<220>
«223> SDF-1 mutant

<400> 3
Met Arg Gly val Ser Leu Ser Tyr Arg Cys Pro Cys Arg Phe Phe Glu
1 5

Ser His va? Ala Arg Ala Asn val Lys His Leu Lys Ile Lys Asn Thr
20

Pro Asn Cys Ala Leu 61n Ile val ala Arg Leu Lys A;n ASR ASN Arg
35 40 4

G1n val cys Ile Asp Pro Lys Leu Lys Trp Ile Gln Glu Tyr Leu Glu
50

Lys Ala Leu Asn Lys

65

<210> 4

<211> &9

<212> PRT .
<213> Artificial



<400> 5 Met Cys Pro Cys Arg Phe Phe Glu Ser His Val Ala Arg Ala Asn Val 1S1015 Lys His Leu Lys
lle Lys "Asn Thr Pro Asn Cys Ala Leu Gin lle val 202530 Ala Arg Leu Lys Asn Asn Asn Arg Gin val Cys
lle Asp Pro Lys Leu 354045 Lys Trp lle Gin Glu Tyr Leu Glu Lys Ala Leu Asn Lys 505560 <210> 6
<211> 61 <212> PRT <213> Artificial

3

<220>
<223> SDF-) mutant

<400> 4
Met Arg Gly val Ser Leu Ser Tyr Arg Cys Pro Cys Arg Phe Phe Glu
1 5 16 15

ser His val géa Arg Ala Asn val Lys His Leu Lys Ile l3.y5 Asn Thr
Pro Ash %gs Ala Leu GIn Ile Lys Ala Arg Leu Lys Asn AsSn Asn Arg
Gln g81 Cys Ile Asp Pro Lys Leu Lys Trp Ite GlIn Glu Tyr Léu Glu
Lys Ala Leu Asn Lys

65

<2i0> 5

<21l> 61

«212> PRT

<23i3> Artificial

<220>
<223> SDF-1 mutant

<400> 35
Met Cys Pro Cys Arg Phe Phe Glu Ser Hgs val Ala Arg Ala ggn val
1 5 ' 1

Lys His Leu Lys Ile Lys Asn Thr gro Asn Cys Ala Leu Gln Ile val
20 - 5 30

ala Arg Leu Lys Asn Asn Asn Arg GIn val Cys Ile Agp Pro Lys teu
35 40 4

Lys Trp Ile GIn Glu Tyr Leu Glu Lys Ala Leu Asn Lys
50 55 60

<210> 6

<211> 61

<212> PRT

<213> Artificial

<220>
<223> SDF-1 mutant

<400> 6
Met Cys Pro Cys Arg Phe pPhe Glu ser His val ala arg ala ign val
1 5 10

Lys His Leu Lys Ile Lys Asn Thr Pro Asn Cys Ala Leu g%n Ile Lys
20 . 25



<220> <223> SDF-1 mutant <400> 6 Met Cys Pro CyS Arg Phe Phe Glu ser His val Ala Arg Ala Asn
Val 151015 4 Ala Arg Leu Lys Asn Asn Asn Arg Gin Val Cys lle Asp Pro Lys Leu 354045 Lys Trp lle
Gin Glu Tyr Leu Glu Lys Ala Leu Asn Lys 505560

4
Ala Arg Leu Lys Asn Asn Asn Arg Gln val Cys Ile ﬁgp Pro Lys Leu
35 40

Lys Trp ITe Gin Glu Tyr Leu Glu Lys Ala Leu Asn Lys
50 55 _ 60



