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.of "the Invention This invention relates to peptides which are frgg¢eBEB
VEG- (vascul ar endothelial growmh factor) and which have activity of

pot entVI039819&% it in therapy. 5 Background of the I nvERTIPYERE - A is a
secreted pol ypeptide which is essentjal for formation of the vascul ar
systemin enbryogenesis and plays a rmajor role in angiogenesis in a

vari ety of disease stat ' ' gul ated by hypoxia and
several cytokines in di S’iﬁ’%é%%f%@ﬁihﬁgmﬁ s multiple biol ogical
activit if_q ld&ti‘lg Iﬁbé(rﬂioﬁnd in vitro, including the differentiation, ‘
proli feralércm——m'gr‘a‘t‘l—cm, g and survival of endothelial cells, increased
vascul ar per IMEgigiinvernyion relatestopepitigeswhich aretigments eRYEGR(vdettier i al
production of the vasodilatory factors NO and prostacyclin. Human VEG-- A

exi sts iandetheliaigeowibdedepmndwhichhavesstivitee! patentisperedt indher@pYaci ds,

generate@ Ez al ti{aﬂgtei!ve g@% splicing, of which VEGF121, 15 VEGF145 and
VEGFJ?_GS > _ : v ted and biol ogically active. Two distinct
protein tyr OS\YE'GFkAibﬁéQeér%f&iég@fy@e fife \W%Eh Resechearfor tenidtibnesdthe . e. Fit-1
(VEGFRI') and KDR/ Fl k-1 (VEGFR2). KDR/flk-1 is thought to be the receptor

whi ch pniaseniar pysiedt sx @pbriogemesisgend plays feevgior svleVEandgiogeanssit Mei al cel | s
and angiagenesis in viva; t nction.of .Flt-1 1 ndothelial _cells is
cnknonn VRGRAT SESpP A S. | Ve BRHETRTth I MR BY hiBPyR 94, 1
(NP-1), s@@%ré?%?ibkﬁr%%"lﬁ idivedble cBS ks EAb BlieRahultipReRioRsgitArackfes iMhi ch
speci fically bfnds VEG-165. VE pronotes the survival of tunour cells
expri@ssivivg aretin vitiay ialutiing trepdiffebentiation, prolifaratieom nigration Bxtswvoal et al

3 Ca R 1:. 5736-5740, 2001). T | . NP-1 i di al.i bi, ol i |
) it s O engaineTiELealy incrpasagasanen bareaS npmpnochid FitkfioRlanly ' 09" ©@
famly %r&ﬁé@&eh@émeﬁé@?@dé&rm%}%éogsﬁftatmkécﬁ@%imeafﬁ:pe%t,ﬁémna key role

in the guidance of neuronal axons during mammalian developnent. In
particul ar, NumanVYEGIeMexists imreiuitipde tsoforgrsoet 121, 4dbe18D 188andg0and

O B YSadE, obhibedt 157 THRAREI FiRNEShichha 2or whiof Phorhe™

15 VEGF,,s and VEGF,4 are known to be secreted and biologically active. Two
distinct proteintyrosine kinase receptors for VEGF have been identified, i.e. Fit-1
(VEGFR1) and KDR/Fik-1 (VEGFR2). KDR/flk-1 is thought to be the receptor
which primarily mediates the mitogenic effects of VEGF in endothelial célls and
angiogenesis in vivo, the function of Fit-1 in endothelial cells is unknown. A non-

20 tyrosine kinase transmembrane protein, neuropilin-1 (NP-1), has been identified
as an additional receptor for VEGF, which specifically binds VEGF,g. VEGF
promotes the survival of tumour cells expressing NP-1, including some breast
carcinoma cells (Bachelder et al, Cancer Res 61: 5736-5740, 2001). The role
of NP-1 in mediating biological effects of VEGF is still largely unknown.

25 NP-1is a réceptor for a family of molecules called semaphorins or
collapsins which play a key role in the guidance of neuronal axons during
mammalian development. in particular, NP-1 is known o mediate the growth
cone-collapsing and chemorepulsive activity of semaphorin 3.

Soker et al, J. Biol. Chem. 271(10): 5761-5767 (1996), discloses that a

30 GSTfusion protein containing the 44 amino acids encoded by VEGF exon 7 bind
to NP-1.



30 GSTfusion protein containing the 44 am no aci ds encoded by EGE ?x -
bind to NP-1. 2 4 SEP 2004 WO 03/082918 PCT/ GB03/ 01375 2 Scﬂ< 5 ’“’J
Biol. Chem 272(10): 31582-31588 (1997), discloses that re on of exon 7

|s nec‘@?é’éﬁ[“s’f’br i nhi bition of VEGF binding to HUVECs. W test active
peptide (SEQ ID NO 1) is CSCKNTDS RQLELNERTCRC 5 i.e. VEGF (137-160),
or anm no acids 22-44 of exon 7 and afino acid 1 of exon 8. The term' nal
cysteine residye (CL37.in V ar Y. e or ity and
The ol ecut o' SOHep ek Eiple CHEM. 2253@9@35%% k]S éw opgS tha

i ntradi Qj&gp} ﬁfﬁﬁ_‘ ,‘ﬂag,’q@ ention 10
Surprl s?ﬁépi&lﬁ?ﬁj has?gse%%]é%gggr?{j tr|1at cgrtal n pegt Ii%ave [ff\?ggl*rg%t agoni st

activi t ghohesbaetiveppppiicke( SEQ dDANOg 1} Q; the present i nvention, has SEQID *
NO. 2, i.e.. the amno_acid seguence DSRCKARQLELNERTCRCDKPRR  or a
‘fragnent thereof that sGBSHARED RW%@&E#NE@T@R%t agoni st act|V|ty, in

b ST RIS S LB e a7 ) © 1

activitg hfpehepnirawydidife resiived@™ aLiYEGF ) Reaparehayi sbsentiapfepat ed by
Soker et al to be esséntial. The invention al so enconpaSses variants of the

gi ven seqgtighcendi thewniolgculeds Ahstmetuse. aldtis \suggesiecethatitbergPmayaheagoni sm
is retai ed Wi ex ctural variation. Thus, the given
sequencitas B Rt BB Be ECHINNED8L e+ apl acerents or

deri vat ggpirhaRsof ifdlInveftey the peptide reI atively stable. Description of
Pref erred Enbodiments 25 Peptides of the invention may be synthesised by

- knoth net hod§urpﬁmalgm ébaabeelgfmmﬁtbet catiain peptides baWaNP—:hahtaMIstpept i de
Qﬁgv\gecgeqnpgr;teg 519¥rel Sgéto atcec%rglna e%teﬁ?;sr{vsehtlfoﬁ | tkgg\%%d) o % i sation.)
i.e. the amino acid sequence
SCKNTDSRCKARQLELNERTCRCDKPRR
or a fragment thereof that substantially retains NP-1 antagonist activity, in cyclic

15 form. 7
The given sequence corresponds to amino acids 138 to 165 within VEGF,
i.e. including part at least of exon 8. Surprisingly, activity has been found in
peptides lacking the Cys residue indicated by Soker et al to be essential.
The invention also encombasses variants of the given sequence, in which
20 the novel activity, i.e. the NP-1 antagonism, is retained without unexpected
structural variation. Thus, the given sequence may include isosteric or
homologous replacements or derivatisations that render the peptide relatively
stable.

Description of Preferred Embodiments

25 Peptides of the invention may be synthesised by known methods.
Examples are given below. In particular, a linear peptide may be produced by
automated peptide synthesis, followed by cyclisation. Known cyclisation
procedures include those described by Tam ef al, JACS 113:6857-62 {1991).
Other cyclisations, e.g. Mitsunobu or olefin metathesis ring closure, may afso be

30 used.

A peptide of this invention preferably has 4 Cys residues. [t is preferably
bicyclic.
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"al so be 30 used. A peptide of this invention preferably has 4 Cys
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PCT/ GB03/ 01375 3 As indicated above, peptides of the invention may include
nmodi fi cations of the given sequence? Such nodifications are well known to
those skilled in the art. Isosteric replacenents include Abu for Cys (this
maybe desi r abfe indieatedtaeveppeptidts eiHbalinverdton mayinadydsmmeditisations Cys

i dues_f |isati Phe for 5 T d,giff t alkvl/aryl =
Cubst | ¢ dire SRR SR BR) 5eR sl S Wl e AR D e b e,
f t ek g f ' i HbsirdbRAY i st
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t he scopeptidet shauld netairt ap eveA e fof Cysaesidiesrfop oytlsdtibe), @hesfor
N-acetyl_at ed; , of hert erm nal dificatiaons vm# l also be known_ to those of
or di Rar yl IR pifferent alkw/aiy: sibsiiientsg thee HBRGf FMDSHIENEWItAID 8P odr ugs,
and/ or | £ | TFRIR LGt e - ni ' ties of a
pept i de%ﬁ‘t%lagﬂi rfné\“/?’en e:’on n%geb%éshdﬁgt%-rﬁr]n%%%ﬁ' ﬂ"ﬂﬁ@%‘%@éﬁ@%ﬁﬁfe‘@ ri bed

bel ow. Trealez\rekistdncecto prdtyolysispard otladl yodifications! ardkrowrb@id ase great as
that for the bi c_?/(_:l ic 28-mer that has been 15 synthesised The activity of
pept i dedngudedavithivy Eig pepperebihis innantiome sharifiePeRrtide reportedihasetis eat nent

her apontreenie e @et et Sl Don il i s b PedEridlgry. ™
~admiqpi stsRilleth e proC Slichesmoddizd peititte s afgioaenEs, prlodpugs, tahd/dloravef
ordinary 20 skill in the. art. The appropriate dosage of the peptide may be

chosen Bjedified imrUNcg@Nidyson having regard to the usual factors such as
the route of AN S IBBARt grdbetteh 15 BCpuly BB MR Hi B8 hel e
I nt r amugietdriiined By tiad prjecafsldesoribedianeR U The level of activity is preferably

at least 25 or 50% as great as that for the bicyclic 28-mer that has been

15 synthesised. |

The activity of peptides of the invention means thét they may be useful in
the treatment of diseases in which NP-1 may have a significant role in pathology. |
For therapeutic use, peptides of the invention may bé formulated and
administered by procedures, and using components, known to those of ordinary

20 skill in the art. The appropriate dosage of the peptide may be chosen by the
skilled person having regard to the usual factors such as the condition of the
subject to be treated, the potency of the compound, the route of administration
etc. Suitable routes of administration include intramuscular, intranasal and
subcutaneous,

25 A NP-1 antagonist may compete with semaphorin 3 for binding {o NP-1,
and thereby antagonise effects of semaphorin 3 on axonal outgrowth and
migration in nerve cells. Potential applications of this are in promoting neurite
outgrowth, in stimulating nerve repair or treating neurodegeneration. Further,
an NP-1 antagonist may promote the survival of semaphorin 3-responsive

30 neurones, an effect that would confirm or enhance its utility in the applications
given above, and may extend these applications, e.g. to tréating neuronal death

caused by episodes of ischaemia as in stroke and some eye diseases.
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therapy. The follow ng Exanples illustrate the.i Lon.. - . j ations

VBHA et Iy bendeiiany® MR hentaarist ooy Fappeisia DiSal iR re RE- 3

al ani ne;, Ar ar gi_nih ne; 08, i\NP-12 \ irfourfBalls..

am nobuf'y'lni @qutggg%*%%nﬁ{br%@%?gélﬁgeg% r|1 gl Jt gﬁ?ﬁrg?ﬁ.‘aﬁ&{rﬁ%‘f'umt ic acid;

G yq09! potditial Hppliclicid 6i s atd i antsohmemitheradyeu, | euci ne; Lys, |ysine;

Met, met hi oni ne; " Phe, henyl al ani ne; Pro, é)ral i ne; Ser, serine; Thr, ’ )

t hr eoni ne; TrApe fDH9thg)Eaﬁ°,ﬂpfﬁﬁ' llusirgtedbedaveniian. val i ne; Pbf, '

2,2, 4, 6,‘%)- en{agmet hyl di hydr obenzof uran-5-sul fonyl; Pnt,

2,2, 5, 7ARRIEY §1yl chroman-6-sul fonyl; Trt, trityl; tBu, tert-butyl; Boc,
MBHA, methylbenzhydrylamine; Fmoc, g-fluorenyimethoxy-carbonyl, Ala,

alanine; Arg, arginine; Asn, asparagine; Asp, aspartic acid; Abu, aminobutyric
15 acid; Cys, cysteine; GIn, glutamine; Glu, glumatic acid; Gly, glycine; His,
histidine; lle, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe,
phenylalanine; Pro, proline; Ser, serine; Thr, threonine; Trp, tryptophan; Tyr,
tyrosine; Val, valine; Pbf, 2,2,4,6,T-pentamethyldihydrobenzofuran-S—sulfonyl;
Pmc, 2.2 5,7, 8-pentamethylchroman-6-sulfonyl; Trt, trityl; tBu, tert-butyl; Boc,
20 butoxycarbonyl; - Pybop, benzotriazol-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophoéphaté; NMM, N-methyl morpholine; DCM, dichlorométhane; DMF,
dimethylformamide; TBME, t-butyl methyl ether; TFA, trifluoroacetic acid; HPLC,
high performance liquid chromatography; LC-MS, liguid chromatography mass
spectrometry; A, Angstrom; AAA, amino acid analysis; DMSO, dimethyl sulfoxide;
25 VEGF, vascular endothelial growth factor.
Small Scale Peptide Syntheses
The peptides shown in Fig. 1 were synthesised on an automated AMS
422 Muttiple Peptide Synthesiser using the solid phase approach. The Rink
Amide MBHA resin (0.59 and 0.68 mmol/g loading) and the N-Fmoc strategy with |
30 orthogonal protection (Acm, t-Bu) of the Cys side chains of derivatives to be
cyclised were applied. The desired peptide was synthesised on a 25 uM scale
and coupled once with a basis coupling time of 30 minutes. The resin and the
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Rink-Amide-MBHA resin. The coupling reagent, Pybop, NMM and all amino acid
derivatives were dissolved in DMF (0.7 M, 4-fold excess based on the
substitution of the Rmk—Amlde-MBHA-resm) except for the amino acids Fmoc-
His(Trt)-OH and Fmoc-Phe—OH These protected amino acid derivatives were
dissolved in N-methylpyrrolidone. All solvents used were of HPLC-grade quality.
The peptides were cleaved from the resin with simultaneous deprotection using
90% TFA at room temperature for 3 hours in the presence of 5% thioanisole,
2.5% water and 2.5% ethanedithiol as a scavenger of reactive cations
generéted. The cleavage mixture was filtered and precipitated in ice-coid TBME.
The remaining resin was washed once with the cleavage reagent, filtered and
combined with the previous fractions. The precipitates were collected after
centrifugation, washed three times with ice-cold TBME and allowed to dry
overnight at room temperature. The crude peptides were dissolved in 15%
aqueous acetic acid and lyophilised for 2 days (-40°C, 6 mbar).
Purification and Characterisation .

The crude peptides were analysed by analytical LC-MS on a Quattro LC
Mass Spectrometer from Micromass with a Hewiett-Packard HPLC instrument,
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15 flow rates are listed below. The percentage indicates the proportion of the

organic phase. 0% — 50% in 20 minutes, flow rate of 1 mL/min. '
Larger Scale Synthesis of Linear SEQ ID NO. 2 _
SEQ 1D NO. 2 was synthesised by an automated single solid-phase
approach (Applied Biosystems 433A péptide synthesiser) using t.h.e Fmoc-
20 Arg(be)—p-aIkoxybenzyl alcohol resin {0.59 mmol/g loading). Amino acids were
attached by Fmoc strategy ona 0.25 mmol scale using Fastmoc™ chen‘ﬁstry with
a single coupling time of 21 minutes. The resin and the amino acid derivatives,
Fmoc-Ala-OH,. Fmoc-Arg(Pbf)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Asp(OtBu)-OH,
Fmoc-Cys(Trt)-OH (positions 9 and 23), Fmoc-Cys(Acm)~-OH (positions 2 and
25 21), Fmoc-GIn(Trt)-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-
OH, Fmoc-Pro-OH, Fmoc-Ser(tBu)-OH, Fmoc-Thr(tBu)-OH and Fmoc-Tyr(iBu)-
OH, were purchased from Bachem AG, Bubendorf, Switzerland. Each amino
acid was added sequentially to the growing peptide chain from the C- to the N-
termini applying 0.45M 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium
30 hexafluorophosphate (HBTU)/1-hydroxybenzotriazole (HOBt) in DMF (Applied
Biosystems, Warrington, UK) and N,N-diisopropylethylamine (DIEA, Fisher
Chemicals, Loughborough, UK) as coupling reagents. Removal of the N-Fmoc
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al cohol resin (0.59 mmol/g |oading). Amno acids weré 10" attached by Fnoc
st r at egyAsn{Te)-Q2, Fmod-AspEDiBU)§2idt frdes-C3)s(Tid)-04 (Peptide 3 positions 9and
23), Fmoc-Cys(Acm) (peptidé 3 positions 2 and 21), Fmoc-GIn(Trt)-OH, Fmoc-
15  Glu(OtBu)-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH, Fmoc-Pro-OH, Fmoc-
Ser(tBu)-OH, Fmoc-Thr{tBu)-OH and Fmoc-Tyr(iBu)-OH were purchased from
Bachem AG, Bubendorf, Switzerland. Each amino acid was added sequentially
to the growing peptide chain from the C- to the N- termini applying 2-(1H-~ -
benzotriazol-1-yl)-1,1,3,3-tetramethyluronium tetrafiuoroberate (TBTU, Severn
20 Biotech Ltd, Kidderminster, UK) and N,N-diisopropylethylamine (DIEA, Fisher
Chemicals, Loughborough, UK) as coupling reagents. Removal of the N-Fmoc
protecting group was carried out with 20% piperidine (Romil, Cambridge, UK) in
N-methylpyrrolidone (NMP, M56 Chemicals, Runcorn, UK) foliowed by
s'equentiai washes with NMP. The coupling reagent, TBTU (4-fold excess), was
25 dissolved in DMF (Apollo Scientific, Stockport UK) and all amino acid derivatives
(4-fold excess) and DIEA (8-fold excess) in NMP. Automatic N-terminal
acetylation was carried out after synthesis (peptides 3) using an excess of a
capping mixture of acetic anhydride/lutidine/DMF/DCM (2:1:9:8). All solvents
used were of HPLC-grade guality.
30 Synthesis of Linear Ac-SEQ ID NO. 2 - NH, |
Ac-SEQ ID NO. 2 - NH, was synthesized using a semi-automated solid-

phase approach (Labortec AG SP4000 peptide synthesiser) using the tricyclic




chem stry with a single coupling tinme of 20 m nutes. The resi a}’ng‘_j)he .

am ?o acid derivatives, Fnoc-Al a-OH, Fnoc- Abu- OH, Fm)c-Arg(P&)- I Eitic-

Asn(Trt)-OH  Fnoc- Asp(QBu) - OH, Froc- Cys(Trt)-OH (peptide 3 positions 9 and

23), F\‘f??c“—"‘@%’(’?kcrr) (peptide 3 positions 2 and 21), anc"-(@"ﬁ?%”fj)qb—l, Fnoc
15 du(OGBu)-OH, Fnoc-Leu-OH, Fnoc- %s( Boc) - OH, Fnoc-Pro-0OH, Fnoc-

Serﬁlt BU?A-GO_'B Em)g-TPr(t Bu) - OH and Fnbc-Tyr(tBu)-OH were purchased from
achem _ Bubendorf, Swtzerland. .Each,am no i ntiall
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SP4000 ynt hesi ser ng the tricyclic 243EP-2004 V\Dré)g?c{gog82918
PCT/16B03{dM 3Baéhamni AS | BukendodsiSwilzerieadmmEiach povs Rpd was ds were

e oberil 15 SRS ReAde B A S P TP Rt 2
1 o Ao b -y e e oot & he 2 no. aci d
dor i vat st Bioehl IAdCKiddemminster, GIOAnd Ne-ciisspropigtnyiaming, (DIEA,
Fmoc- AspF(i%Eru e:ﬁgn:lﬁcallzsn,o Lcdu(a{\gg;rorl}aﬁ, gi'() as coupling reagents. Removal of the N-
15  Fmoc protecting group was carried out with 20% piperidine (Romil, Cambridge,
| UK) in DMF, followed by sequential washes with DMF and propan-2-ol. The
coupling reagent, TBTU, alt amino acid derivatives (3-fold excess) and DIEA (6-
fold excess) were dissolved in DMF. N-terminal acetylation was carried out after
synthesis using an excéss of a capping mixture of acetic
20 anhydride/tutidine/DMF/DCM (2:1:9:8). All solvents used were of HPLC-grade
quality.
Peptide cleavage
The peptides were cleaved from the resin with simultaneous deprotection
using 82.5% TFA at room temperature for 3 hours in the presence of 5%
| 25  thioanisole, 5% water, 2.5% ethanedithiol and 6% (w/v) phenol. The cleavage
mixture was filtered and precipitated in ice-cold diethyl ether. The remaining
resin was washed once with TFA, filtered, and combined with the previous
fractions. The precipitates were stored at 4°C overnight and were collected by
filtration, washed with ice-cold diethy! ether, and allowed to dry at room
30 temperature. The crude peptides were dissolved in TFA/acetonitrile/water and

lvophilized overnight (-50°C, & mbar).




(positions 9 and 23), Fnoc-Cys(Acm)-OH (positions 2 and 21), Fnoc-dn(Trt)-
.OH, Fnoc-d u(Q Bu)-OH, Fnoc-Leu-OH, Fnoc-Lys(Boc)-OH, Fnoc- PrQ OHOEP %coi,
Froc- Ser (t Bu) - OH, Froc- Thr (t Bu) - OH and Fnoc- Tyr (t Bu) - O wer e purchase 0
from BAOHEMPAE Bubendorf, Switzerland. Each am no aci &GH4EBHH

sequentially to the grow ng peptide %haln fromthe G to the N term ni
applying 2-( | Hbenzotriazol-1-yl)-~1,1, 3, 3-tetranet hyl uroni um

tetraflu roborate TIBTU, Severn Biotech Ltd, Kidderm nster, UK) and

N, N- di | sEPRERsterzation eherudde peiptides Fi sher Chemical's, Loughborough, UK) as
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all anino acid derivatives (3-fold excess) and DI EA (6- fold excess) wer e
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oy a1 omhim E stk s WS Ole FEAMAIEE and et wasr0. 1 c. gr ade
qual i ty. TERM 569 G'I-P@:\m%téFhﬁia%Wa's%ﬁfMﬁéG uSHrRAVIRE D18 ARG ENRRs W th

si mul t aneous depr ot éction usl ng 8 TFA at roomtenperature for 3 hours
in the prca\swnteet cbnﬁn%et?ﬂnet;breeancsofﬁeemm;tdeyl greupsoviienapglicdllel and 6%

' (Wv) p The ¢l eavage. nj.xture was filtered and precipitated in
i ce-col é’?t‘ﬂé?yc Eeptéérﬁm ng resin was washed once with TFA

filtered, a”dTﬁé'ﬁPbé‘ﬁﬂm‘QbF Bré&ﬁseg (__ﬁe?()eﬂ%’%i dséboﬁ@efc; Sr‘lPt ra{rT AR SFER! defrﬂf es were

stored at 4C overnig and "were washed w t h
i ce-10ol dditlited iyl 2 &fM26, manod with| waisd. tmelmystadlsulqmrde’sﬁnﬁgmsﬂdmﬂad The
)cr ude pﬁhtl des were di ssol ved in TFA/ acetonitrile/water and |yophilized

over ni ghtetlyvesaENmEotasieg Cys residpes ueing Kane(Gh)o sHie Bepitsis epiotird yems 9
Chver e SRS 7 S cpESLI EPRTL AR ORES. TRRRELILISH b B
218TP54 K Fe{CN}4wamaddedampaistito egcess, @ntnba éhgﬁtqmnbwpwleursnezﬁmeﬂd a
I near Al'%eg rc%%%&%&oﬁ f o) t%gogggc%an%\ée rcoﬁf?rmrreé] t%} I?PLC sampling after
15 acidification. The pH of the solution was adjusted to 4 using 50% aqueous
acetic acid. The crude reaction mixture was stirred with Bio-Rex 70 weak cation-
exchange resin (BioRad, CA) overnight and packed into a glass column. After
thorough washing with water, the peptide was eluted using 50% aqueous acetic
acid and detected by TLC using ninhydrin. Ninhydrin positive fractions were
20 pooled and lyophilized. Crude material was purified via preparative reverse-
phase HPLC. The purified fractions were collected, combined and Iyophilised,
The second disuiphide bridge was formed via l,-oxidation between Cys(Acm)
protected residues. A solution of the peptide (5 mg/ml) in 10% aqueous TFA
was mixed vigorously with 8 equivalents of iodine. The course of the reaction
25 was followed using HPLC sampling, At cohpletion of the reaction (usually after
0.5 h}), the excess iodine was quenched using 1 M ascorbic acid. The reaction
mixture was diluted x 2 with eluent A, filtered through a 0.45um disposable filter
and purified directly via preparative reverse-phase HPLC. The relevant fractions
were collected, evaporated, Iyophiliz'ed and stored at 4°C.
30 Three peptides of the invention were obtained. They are referred to
below as EG 3287 (bicyclic form of SEQ ID NO. 2), EG3307 (bicyclic form of Ac-
SEQ ID NO. 2) and EG3315 (bicyclic form of Ac-SEQ ID NO. 2-NH,).




5 rate of 1 nL/mn, where eluent A was 0.1 % TFA/water and eluent B.was 0.1
% TFA in 60% CH3CN wat er. Mass.was confirmed usi ng MALDI - M5, a;rd[rESHmE[ﬁ
colour test confirmed the presence of free sul phydryl gll,rou s whér €. 00%
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wat er. The first disul phide bridge € formed between unprotected Cys
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crude reaction mxture was stirred with Bio-Rex 70 weak cation- exchange
resin (GPHREBSIARP HVEINAGRLCAUmRPSiRke dMAMLY-MSyiKatosciipmmpact Rreks)
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HPLC sanpling. At conpletion of The reaction (usually after 0.5 h), the
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as EG 3e8ich becyghise ¢ithen EDFRSEQAsPphbdhyiazd, aEA38035inebi t§d4 iand dOHBof Ac-

SEQ 1D NO, 2). and ECIa1s (biayelic formiof Ac SEO LD NALZNE). D

15 from Santa Cruz Inc.). Immunoreactive bands were visualised by
chemiluminescence using horseradish peroxidase-conjugated anti-rabbit 1gG
and ECL reagent.

' Reference may be made to the accompanying drawings. Brieﬂy,‘ Fig. 1
shows effects of cyclised VEGF Exon 7-derived péptides (100 uM) on %-

20 VEGF,g binding to PAE/NP1 celis. In particular, it shows inhibition of VEGF
radiolabelled ligand binding to porcine aortic:'end_othelial cellls (PAE) expressing - | -
only Neuropilin-1 (NP-1) by EG 3287, and no effect of a number of other related
cyclic peptides. F9 and F10 refer to two fractions of the same peptide
preparation. |

25 Fig. 2 shows specific, selective inhibition of ®I-VEGF,¢ binding to
PAE/NP-1 cells, but no effect on binding to cells expressing either only KDR
(PAE/KDR) or Fit-1 (PAE/Fi-1), the other two main VEGF receptors. EG3287
aiso inhibited radiolabelled VEGF binding to human umbilical vein endofheliai
cells (HUVEC) which express NP-1, KDR and Flt-1 (Fig. 2), and inhibited VEGF-

30 induced KDR phosphorylation (Fig. 3).




Ful! quality control was perforned on all purified material. ngtéﬁﬁf wer e
.shown to be greater than 95% pure by HPLC in two buffer syste

TEAP) . _Anming_acid anal ysis (Becknman 6300) follow ng acid _hyd §|s

confi r WOPHORE B i no aci d conposi tion. MALDI-MS (Krat os Fkdi f Fobe) 5
showed the expected nol ecul ar ion. Et;nan s colour test was used to confirm
t he absence of free sul phydryl groups' in nonocyclic and bicyclic peptides.

100 i 1 or 156 fahews g ek By frbahuinoiry Bring Brlecietery 150

m nut es, ﬁfe%b LENIE-281 eghabyiaturall eii{:!ﬂ‘bfs@dés(64 v
Tris- HCIVEa%E( téqbg%dggétfﬁﬂrﬁggwé E!é“ﬂ/o SIDS 10% gl ycer ol , N ABSE, 5

ng/ ml |Q#mﬁﬂﬁlnkecéﬂBn;ﬂhQ&aBErylatlon was det erm ned by i munobl otting
cell extracts with anti bodies which recognise either KDR phosphoryl ated at

Tyrosi nes 1054 and 1059 (purchased from Oncogene Research Products Inc.)
or total KDR (purchased 15 from Santa Cruz Inc.). |Immunoreactive bands were
vi sual i sed by chem | um nescence using horseradi sh peroxi dase-conj ugat ed
anti-rabbit 1gG and ECL reagent. Reference nmay be made to the
acconpanying drawings. Briefly, Fig.. I shows effects of cyclised VEGF Exon
7-derived peptides (100 M on 1251. 20 VEGF165 binding to PAE/ NP1 cells.
In particular, it shows inhibition of VEGF radiol abelled |ligand binding to
porcine aortic endothelial cells (PAE) expressing only Neuropilin-1 (NP-1)
by EG 3287, and no effect of a nunber of other related cyclic peptides. F9
and F10 refer to two fractions of the sanme peptide preparation. 25 Fig. 2
shows specific, selective inhibition of 125|-VEGF165 binding to PAE/ NP-1

‘)cells but no effect on binding to cells expressing either only KDR
(PAE/KDR) or FlIt-1 (PAE/FIt-1), the other two nmain VEGF receptors. EG3287
al so i nhibited radiol abell ed VEGF binding to human unbilical vein
endothelial cells (HUVEC) which express NP-1, KDR and FIt-1 (Fig. 2), and
i nhi bited VEG-- 30 induced KDR phosphorylation (Fig. 3). 2 4 SEP 2004 WD
03/082918 .




PCT/ GB03/ 01375 11 Fig. 4 shows that peptide EG3287 al so inhi bi ?e?' gFE
of radiol abelled VEGF to the breast carcinoma cell |ine NDA-VB-

naturally expresses only NP-1 receptors for VEGF. 2 4 SEP .2904

03/ 0829 9H3H829HT/ GBO3/ 01375 CLAIMS 1. A peptide havi nd’CtTﬁ‘éB‘b?fﬁlﬁH aC| d
sequence SCKNTDSRCKARQLELNERTCRCDKP or a fragnment thereof that
substantially retains NP-1 antagonist“activity, in cyclic 5 form 2. A
pepti de accordl ng to claim11, which has the given sequence, in bicyclic
form 3C @tlde according to claim1 or claim2, for therapeutic use. 4.
Use of pep rdin Q m 2, for t he manufacture of
10 a medl carmdh ﬁ$ g‘f” \%’Igt Eﬁ@hﬁeﬁ've r Lﬂ)%rﬁcf% 5. Use of a peptide accordi ng
toclaiml or Cla'mZSCRR!TUWCKRR‘QLGELNERT@RCBKWRcarrent for the

treatment of neurodegeneration. 6. Use of a peptide accordi nﬁ] to.claim1l1 or
cl ai m 2 orldradrhent thi&redfdamnm@sta‘nha&y rRiginsdWRrit amt@gougséapthvné(n eyclitcor
t her apy.
5~ form.

2. A peptide according to claim 1, which has the given sequence, in bicyclic

form. ,

3. A peptide according to claim 1 or claim 2, for therapeutic use.

4, Use of a peptide according to claim 1 or claim 2, for the manufacture of

10 a medicament for stimulating nerve repair.
5. Use of a peptide according to claim 1 or claim 2, for the manufacture of

| a medicament for the treatment of neurodegeneration.
6. Use of a peptide according to claim 1 or claim 2, for the manufacture of

a medicament for use in anti-cancer therapy.



