WO 03; 1182918 PCT/ 6 B03/ 01375 VEGF PEPTI DES AND THEIR USE Fi el d of the
Invention This invention relates to peptides which are fragments of VEGF
(vascul ar endothelial growh factor) and which have activity of potential
benef i t"P?#3P4eBapy. 5 Background of the Invention VEGFPATIGBOHOBEE et ed
pol ypeptide which is essential for formation of the vascular systemin
enbryogenesis and plays a major role in angiogenesis in a variety of

di sease states. VEGF exp ' | ypoxi a and several
cytoki nes in diverse cel Pﬁ%%ﬁﬁpﬁg{eﬁﬁﬁ ?E“Eﬁ%m% e biological activities
in 10 vi vgei@nd the IMidrtien i ncluding the differentiation, proliferation,

m gration and survival ~ of endothelial cells, increased vascul ar
per neabi | i ty, THoaowgnbomicgatesitopepides whittraa fedrentdooheEGH (vasadact i on of

t he vasodi l,at.ory, factors and prostacycl.in. Human, VEGF- A exists in

i 11t o EnBH AL GRSHR 180100 A vhigh et g ety SBioial Ronath B4nSiGRer at ed by
al terpgat i%%k%tﬁ@#}h@”@%lntgn whi ch VEGF121, 15 VEGF, 45 and VEGF16s are
known to ogically active. Two distinct protein tyrosine
ki nase recept MEGF ok is\iE@erbmtepdigpeptide nthidh sdssental f6F formatioNGEIRL) and

KDR/ Fl k- i (VEGFR2). KDR/fl k-1 is thought to be the receptor which
pri mari | Yadedrasxaere smirygesnesis@nedrlayee Maierrole ik faetasenesls g | s and

ang: cgenggtisty Bt Mistase MACLINGEER ofbrdklort i DoRRURlES WP hySBkLadd |

unknown. rosi ne ki nase fransnmenbrane

(NP-1), bageritentokitestin tiverse asll spesdand et mutprbiolodicd avi@EtesWhi ch
specifically binds VEG-165, VEG:= pronotes the survival of tumour cells
expr &3 si HyCRPAIN Vilige InGtuding therRifferesdiation criphiendtian, supralionmnsisirdyel et at |

offect s SreUpmupRfidPeei o gl vadfiad Bxfetindl mbnbByEitlBaualy i o °
fam |y ofncredsslérdotioald! prodifephe trid\sasoidilafp) faaRsrs NO whd prostadelin. key role

in the guidance of neuronal axons during manmalian devel opment’. In
particul ar, NEUMAVEGEW existaisdnaliisle inefagmeweii21, 145, 165, 189 and 206

amino acids, generated by alternative mRNA splicing, of which VEGF,,,

16 VEGF,; and VEGF ¢ 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 celis and
angiogenesis in vivo, the function of Fit-1 in endothelial cells is unknown. A non-

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

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

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

30 GSTf{usion protein containing the 44 amino acids encoded by VEGF exon 7 bind
o NP-1.



cone-col | apsing and chenorepul sive activity of semaphorin 3. Soker of al,

J. Biol. Chem 271(10): 5761-5767 (1996), discloses that a 30 GSTfusion ™’
pr ot ei Ining the 44 am no aci ds encoded by VEG- e on{)%‘z ind_ to NP-1.
V O 03%@@‘&‘%{%@ GB03/ 0137 Soker et al, J. Biol. Chem’Z ‘%"‘637?
31582-31588 (1997), discloses that a, region of exon 7 is necessary for

I nhi bition of VEGF binding to HUVECs.” The shortest active peptide (SEQ ID
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structure. is suggested that there may be intradisulfide bonding within
t he VEGFshotesteactiveuremdide (GEQ He NQvenisi on 10 Surprisingly, it has been

2ccording to the prosentCortToRC RILILEERRRRIGRES. Vi TL. the aminb acid
sequeice; (%I"@.‘,Bﬁq% Hﬁﬁgmﬁ; r f ; f

subs'?j;mtll'gl y retal nge@l\ﬁa{aant agoni st aétﬁﬁveix{e’w?ﬁ@%f‘?@ﬂq%@ The

gi ven sefuehie teonines pysidsne oesiniueo Gt dsVESTF tie dfffarent!hiess¥REER, fori . e.

I ncl udin grt at |east of exqn 8. Surprisingly, activity has been found in
pept | desaptay ﬁ@dtths @9?%@% e Shrwiiiche of ippUgeRetedethalthere mayskent i al .
The i nventiof. ak HPRRS Fapt e given sequence, in which 20
t he nove?ﬁﬂgéﬂtﬂslﬁ@%b%me. tﬁ@ﬁ%‘g&%?f%ﬁfa@%ﬁ@%ﬂﬁ is retained wthout

unexpect 8dmnsénvusitthedhvsrtidnat i on. Thus, the gi ven sequence may i ncl ude

I sosteric or _honpl ogous replacenents or derivatisations that render the
pepti®e rel at PYEPRSinglyaibhas been foundthat certain peptides have NP-1antagonist

activity. A novel peptide according to the present invention, has SEQ iD NO. 2,
i.e. the amino acid sequence
SCKNTDSRCKARQLELNERTCRCDKPRR
or a fragment thereof that substantialty retains NP-1 antagonist activity, in cyclic
15 form.
The given sequence corresponds to amino acids 138 to 165 within VEGF,
i.e. including part at feast of exon 8. Surprisingly, activity has been found in
peptides lacking the Cys residue indicated by Soker et a/ to be essential.
The invention also encombasses variants of the given sequencé, in which
20 the novel aclivity, 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, foillowed by cyclisation. Known cyclisation
procedures include those described by Tam ef af, JACS 113:6657-62 (1991).
Other cyclisations, e.g. Mitsunobu or olefin metathesis ring closure, may also be

30 used.

A peptide of this invention preferably has 4 Cys residues. Itis preferably
bicyclic.



Description of Preferred Enbodi nents 25 Peptides of the invention may be

'~ synthesised by known nethods. Exanples are given below. In particular, a
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i nvention prefer It is preferably icyclic. WO

bly has. 4 esi dues. . _
03/ 082918 K- 17‘@1%@3 %@@y%eg&@sém‘ﬁﬁ%ﬂwnaem@y ehidegagdificatiors
. 2 o S V=9 _ ; .
a1 car ooyl eRRE, SLERoRRRayBhy AFual KB RIOHERE SR ihe

r epl acement dsostericdeplabemeats iGyadé AbiuEonBybahitaaby Bbldesinisieavtidie theept | de
shoul d retain an even nunber of Cys residues for cyclisation), Phe for 5
Tyr and GEPHERSMOUR KSIRINGAY EvaBaibenehCys reridlueRifer syplisation)u Féeifotent s

i t hi ) | ' : : N at t o pr.od
pept of do o St Brul ARV AW iR, “Sb R ae uBhATkelsy iR A
modi i catiine, acidackioen Rt aal atorhnel sidediom,! & ﬁd&u@e%&éﬁ%d@fhé\#ﬁé
I nvention. A specific peptide reported here is acetyl at ed; ot her

t er mi nal SrRRLET resisianes iai proten!yws band atver modifieliens faredaionwsrand @reki | | in

the art. . hf ] ept i .My act a rodr ugs,,. and/ or ve .nmodified
i munoge m%ﬁ ‘F?/%H{ %% %Ogjr?t %gﬁlﬁi 'Q%/e%}% e?‘tﬁ%gg%& 3%9%@5@8@63 R

| nvent | oN-8dtyReed (Rher @k ModHiRHIBheGAIILE ST RNIMEthAR srraitlpy | evel of
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the inventi A, heans t hat. they may be useful in the treatnent of diseases

i n whi ch G9! G HITHROESAICY gni f i cant rol e in pathol ogy. For therapeutic

use, peptidesTpl NPet ighEagéhieprEperigs b IR ofils invention may be
determined by the procedure described below. 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 that they may be useful in
the treatment of diseases in which NP-1 may have a significantrole in pathology.
For therapeutic use, peptides of the invention may be 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 to 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 treating neuronal death

caused by episodes of ischaemia as in stroke and some eye diseases.
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Abbreviations
MBHA, methylbenzhydrylamine; Fmoc, 9-fluorenylmethoxy-carbonyl; Ala,
alanine; Arg, arginine; Asn, asparagine; Asp, aspartic acid: Abu, aminobutyric
15 acid: Cys, cysteine; Gln, glutamine; Giu, 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, 7-pentamethyldihydrobenzofuran-5-suifonyl;
Pme, 2,2,5,7,8-pentamethylchroman-6-sulfonyl; Tri, trityl; tBu, tert-buty!; Boc,
20 butoxycarbonyl; Pybop, benzotriazol-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate; NMM, N-methyl morpholine; DCM, dichloromethane; DMF,
dimethylformamide; TBME, t-butyl methyl ether, TFA, trifluoroacetic acid; HPLC,
high performance liquid chromatography; LC-MS, liquid 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 Multiple 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 M scale

and coupled once with a basis coupling time of 30 minutes. The resin and the
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pur chas egfbF $1d SyRtHEHE OESBINPHIRNIGTE Yold Ekcess of acetic acid (0.7 molar,

16 Rathburn Chemicals, Winterburn Scotland) based on the substitution of the
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 Rink-Amide-MBHA-resin) except for the amino acids Fmoc-
His(Trt)-OH and Fmoc-Phe-OH. These protected amino acid derivatives were

20  dissolvedinN-methylpyrrolidone. All solvents used were of HPLC-grade quality.

The peptides were cleaved from the resin with simuitaneous 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
generated. The cleavage mixture was filtered and precipitated in ice-cold TBME.

25 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 afiowed 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).

30 Purification and Characterisation
The crude peptides were analysed by analytical LC-MS on a Quattro LC

Mass Spectrometer from Micromass with a Hewlett-Packard HPLC instrument,



(Nottingham UK) or Alexis (Nottingham UK). Each am no acid was ,
sequentially coupled to the growi ng peptide chain fromthe C to the
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met hod. Renoval of the N-Fnobc protect jang group was carried out wwth 20%
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e
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nstr ummﬁicme?”g/nqg%%r%dpg /2%0%101'%2 organic phase, acetonitrile, and the
aqueous phase both contain 0.1% TFA and 3% 1-propanol. The gradients and
15 flow rates are listed beiow. 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 ID NO. 2 was synthesised by an automated single solid-phase
approach (Applied Biosystems 433A peptide synthesiser) using the Fmoc-
20  Arg(Pbf)-p-alkoxybenzyl alcohol resin (0.58 mmol/g loading). Amino acids were
attached by Fmoc strategy on a 0.25 mmol scale using Fastmoc™ chemistry 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 © 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(tBu)-
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-yl1)-1,1,3,3-tetramethyiuronium
30 hexafluorophosphate (HBTU)/1-hydroxybenzotriazole (HOBt) in DMF (Applied
Biosystems, Warrington, UK) and N,N-diisopropyiethylamine (DIEA, Fisher
Chemicals, Loughborough, UK) as coupling reagents. Removal of the N-Fmoc
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(posi 1 ose 3 st i IESq PR iadBe. drfrEel TR aRE el by
Froc- Lys (E@8it ) der@ttiviesp d-rioe ABHO M mB endSeAb LEDH; GHno&mpgPBTY-OHBUFnédd-and
FToC- TYT Ul eattit)-OH, Froc-Asp(OtBu)-OH, Fmoc-Cys(Trt)-OH (peptide 3 positions 9and
23), Fmoc-Cys(Acm) (peptide 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(tBu)-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 tetrafluoroborate (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) followed by
sequential washes with NMP. The coupling reagent, TBTU (4-fold excess), was
25  dissolved in DMF (Apollo Scientific, Stockport UK) and ali 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 quality. |
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 pepti’de synthesiser) using the tricyclic



OH, were purchased from Bachem AG, Bubendorf, Switzerland. Each am ne acid
was added sequentially to the growing peptide chain fromthe G to the N

t erm ni Lo 0.45M 2-(1 H benzotriazol-1-yl)-1,1,3, hyl uroni um
30 hexé}“ﬁ‘ﬁ%b%ﬁ osphate (HBTU) I 1- hydroxybenzotriazol e (H&tr‘féé[@} y (Applied

Bi osysterns, Warrington, UK) and N, Ngiisopropylethylam ne (D1EA, Fisher
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Fisher Chemicals, Loughborough, UK) 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, all 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 excess of a capping mixture of acetic
20  anhydride/lutidine/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 diethyl ether, and allowed to dry at room
30 temperature. The crude peptides were dissolved in TFA/acetonitrile/water and

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



- . sem -automat ed solid- phase approach (Labortec AG SP40

praotecting group was carried out with 20% pi peridine (Rom |, Canbridge, UK)
in N-nethyl pyrrolidone (NWP, Mb6 Chem cals, Runcorn, UK) followed by

sequent,j es with NMP. The coupling reagent, TBTU (4-fql d excess), was
25 di sé’l{) bg}c‘}@?% DMF (Apollo Scientific, Stockport UK) a&éﬂﬁ’%"yg]rﬁmo acid

derivatives (4-fold excess) and DI (8-fold excess) in NWP. Autonmatic
N--termnal acetylation was carried out after synthesis (peptides 3) using

' ) f ti hydri de/ | uti di ne/ DM/ DCM
(5. 1o e et e PR R RRERledr Ly g1 ade qual ity 30 Synthesi s of
Li near Ac- SEQpéhiias were H'Té?ra@t‘éT@E@HyQéU@rsezphas@"F'iPD’@ggﬁyﬁ@%ggﬂ using a
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the Kaiser colour test. couplings wer'e per a negative col our
test was T /ol G0 %eOH,TNévatesiMassdas bendmewusicigdAeDi- s iaresE lirhame- Al a- OH,

Froc- Ar éfhfr)q-l Fnoc- Asn(Trt) - CH, Frnoc- Asp( QO Bu) - OH, Frmoc-Cys(Trt)-COH
(positi o% QIrdaat eAyfirme 9%}%“( ofdreq pelphyHon grounsiuhers apwrinsbled n(Trt) -
OH, Fnoc ~EH: = , Frmoc-Lys(Boc)-CH, Frnoc-Pro-OH,

Frnoc- Ser @%ﬁ@@ﬁﬁ Em&c#}z@?‘f%ﬁw and Fnoc- Tyr (tBu)-OH were purchased 10
from Bachem AGhdBehefgltingar Swclirsrsancre BRebIvawl ROtHRCHFhiMasn J8dednd

sequenti al to the grow ng peptide chain fromthe C to the NN termni

appl ¥¥ ng dillgk/qdl t42okifz00 mraglowitl watgr.1 Thesfirst disulaideyridgeowiasniormed
e o | BRI LRE R R Rt BB
coupl i ngatRaYeNts pHREBFEME adifeduBMnbRilBGdRHAIECTH MFis GRS AR i ed
out with 20% pi peridine (Rom |, Canbridge,
KsFe((E)N ¢ Was added dropwise to excess, until a slight yellow colour remained.
The completion of the reaction was confirmed by HPLC 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 lyophilised.
The second disulphide bridge was formed via l,-oxidation between Cys(Acm)
protected residues. A solution of the peptide (5 mg/ml) in 10% agueous TFA
was mixed vigorously with 8 equivalents of iodine. The course of the reaction
25 was followed using HPLC sampling. At compietion 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 disposabie filter
and purified directly via preparative reverse-phase HPLC. Therelevant fractions
were collected, evaporated, lyophilized 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,).



UK) in DMF, followed by sequential washes with DMF and propan-2-ol. The
coupling reagent, TBTU, all am no acid derivatives (3-fold excess) ‘and DI EA

(6- fo excess) were dissolved in DM. N-termnal acetylat] s carried
out af{’vg)r'w'"?ffﬂ hesi s using an excess of a capping m xt ui‘g%&B%ggﬁ?c 20

anhydri del luti di ne/ DM~/ DCM (2:1:9:8) ., Al | solvents used were of HPLC grade
quality. Peptide cleavage The peptides were cleaved fromthe resin with
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conf i r mefbliosieny byArBEnemindithf 25megihg VEGFoSer tesinimaes] amgdesiie wairgsence of
free sul phydryl groups where applicable. Production of bicyclic peptides
The €9 udBTNERIEEY GRS P R BLIGFTIOAIOMT fisHOTePHGBrRAMPAN MO, 10

diluted 59 25b0- 380/ MBlycMsM WAt &hm TABBSF St dhgMhiPhbdSeRinf9%pigs formed
phosphorylation was determined by immunoblotting cell extracts with antibodies
which recognise either KDR phosphorylated at Tyrosines 1054 and 1059
(purchased from Oncogene Research Products Inc.) or total KDR (purchased

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 peptides (100 uM) on *%-

20 VEGF 4 binding to PAE/NP1 cells. In particular, it shows inhibition of VEGF
radiolabelied ligand binding to porcine aortic endothelial cells (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/KDRY) or Flt-1 (PAE/FIt-1), the other two main VEGF receptors. EG3287
also inhibited radiolabelled VEGF binding to human umbilical vein endothelial
cells (HUVEC) which express NP-1, KDR and Fit-1 (Fig. 2), and inhibited VEGF-

30 induced KDR phosphorylation (Fig. 3).



bet.ween unprotected Cys residues using K Fe(CN),. The peptide sol ution was
adjusted to pH 7.5 with aqueous arnnoni um hydroxi de. To this solution, 0.01
M K F added dropwi se to excess, until a slig I col our
renain§g§%%$ﬁ§ﬁionpletion of the reaction was confirnedp§§%ﬁﬁ%@£§%npling
after 15 acidification. The pH of thegssolution was adjusted to 4 using 50%
aqueous acetic acid. The crude reaction mxture was stirred with Bic-Rex

70 weak cation- e i i , er 0 ght ito a

gl ass col um. P ey R B BakIoE EERT o e H S PG B BRANEIS § g
usi ng S0YE-ast g9 Use BEGISt Cardvtdfla 2afl lide\eDAMBLY3 T LiBatinatugally expysses

Ni nhydrin positive fractions were 20 pooled and |yophilized. Crude materi al
was puri bniydNP-hreceparsdor VEGRver se- phase HPLC. The purified fractions
were col |l ected, conbined and iyophilised, The second disul phide bridge was
formed via 12-oxidation between Cys(Acm protected residues. A solution of
the peptide (5 ng/m) in 10% aqueous TFA was m xed vigorously with 8
equi val ents of iodine. The course of the reaction 25 was foll owed using
HPLC sanpling, At conpletion of the reaction (usually after 0.5 h), the
excess iodi ne was quenched using 1 M ascorbic acid, The reaction mxture
was diluted x 2 with eluent A filtered through a 0.45pm di sposable filter
and purified directly via preparative reverse-phase HPLC. The rel evant
fractions were collected, evaporated, |Iyophilized and stored at 4cC. 30
Three peptides of the invention were obtained. They are referred to below
as EG 3287 (bicyclic formof SEQ ID NO 2/). EG307 (bicyclic formof Ac-
SEQ ID NO. 2) and EG 0315 (bicyclic formof Ac-SEQ ID NO 2-NH2) \1'O

03/ 052918 PCTi GB03/01 37 10 Full quality control was perfornmed on al
purified material. Peptides were shown to be greater than 95% pure by HPLC
in tw buffer systens (TFA and TEAP). Amino acid analysis (Becknman 6300)
followi ng acid hydrolysis confirmed the am no acid conposition. MALDI - M5
(Krat os Konpact Probe)



5 showed t he expected nolecular ion. Ellman's col our test was used to
confirm the absence of free sul phydryl groups in nonocyclic and bi'cyclic
peptid R phosphoryl ation assay Cells were pretreated with peptide at
10, 30%‘2(?1913’%6[@8%/! for 15 nminutes followed by treatment P P8P VEGFE
for 10 mnutes, and cells were 10 igéedi ately extracted by lysis buffer
(64 MM Tris-HCI, pH 6.8, 0.2 mm Na3VO4, 2% SDS, 10% gl ycerol, 0.1 mv AEBSF,
5 mg/ M | eupeptin). KDR phosphoryl ation was determ ned by inmunobl otting
cel | extﬁbﬁﬁﬂ&/\j th anti bodi es which recogni se either KDR phosphoryl ated at
Tyrosi nes 105 : : F}ﬁ’@@ - 4R f@reeogene Research Products Inc.)
or total %'KDR %ﬁé@%{@%"ﬁé%%m ag?g %’qJZ Inc.). Imunoreactive bands were
vi sual i sed by cheni | $GHITDSREKARDME LINERECRLBKPRE oxi dase- conj ugat ed
anti-rabbit 1gG and ECL reagent. _Rf:f ere,nci\l y l?e made t.0.the acconpanyi ng
dr awi ngsor &freament thgrgof that sHesgntiaingetaing '%3&‘1 @ VEY 'R C)’-Cﬁ rived
peptiges 100 pM on 7251- 20 VEGF165 binding to PAE/NPl1 cells. In

parti‘ul M-it shows inhibition of VEGF radiol abelled Ii gand binding to

por ci ne gorti @ wastiRie@tdorbingab lckihPARhicx has e gigenselqueNegyrinpidyicic1 (NP- 1)
by EG 3287, and no effect of a nunber of other related cyclic peptides. F9
and F10 fosfrer to two fractions of the sane peptide preparation. 25 Fig. 2
shows specifig, selective inhjbiti f 1 125kh- ipdi-ag to  PAE/ NP-1
cells, bat noPeRPRIETE BREHAHM gc‘?'{}?@&%Cs"'}@i%r‘\eé@:‘:%‘%ﬁeeﬁ' gtsg'onl y KDR

(PAE/ KDR) or SJsfe-afé Eﬁ&étacéamdarﬁ ® ebhar omelaimizn fO/EEE measfachre. of EG3287
~al so inhibited radi ol abell ed VEG- bi nding to hunman unbilical vein

endot el aahedicatrent fotLalEQ)Iabibgclenexf#RAIE NP--1, KDR and Fit-1 (Fig. 2), and

| nhi bi tegd VEGE;, 3% 1 ndufied KOR RISTPRYN! ALE 827, Yor tHe mdnufabnftd/ 52918 11
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.



PCT/ 803/ 0137-5 Fig. 4 shows that peptide EG3287 al so inhibited binding of
Fadi ol abel led VEGF to the breast carcinoma cell |ine MDA-MB-231, that
nat ur al resses only NP-1 receptors for VEGF. 1w G 03/082915 12
PCT" GBO@‘@%@%F"CLAI M5 1. A peptide having the am no achT/@é‘gﬂgWg%
SCKNTDSRCKARQLELNERTCRCDKPRR or a fragnent thereof that substantially
retains NP-1 antagonist activity, in cyclic 5 form 2. A peptide according
to claim1, which has the gi n {m bicyclic form 3. A peptide
according to claim1 or cl ai#éwgﬁgwyp@euti c use. 4. Use of a peptide
according to claiml or claim2, for the manufacture of 10 a nedi canent
for stitilabinghempeeticepid.r. 5. Use of a peptide according to claim1 or
claim?2, for the manufacture of a medicanent for the treatnent of
neur odegEneVEGOReptdetiapd dinedr Yept i de according to claim1 or claim?2, for
t he manufacture of a nedicanent for use in anti-cancer therapy. \VO
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<160> 2

<170> Patentin Ver. 2.1

<210> 1

<211> 24

<212> PRT

<213> Artificial Sequence

<220> .

<223> Description of Artificial Sequence: Peptide

<400> 1

Cys Ser Cys Lys Asn Thr Asp Ser Arg Cys Lys Ala Arg Gin Leu Glu
1 5 10 15

Leu Asn Glu Arg Thr Cys Arg Cys
' 20

<210> 2

<211> 28

<212> PRT

<213> Artificial Sequence

<22O> P . -

<223> Description of Artificial Sequence: Peptide

<400> 2

Ser Cys Lys Asn Thr Asp Ser Arg Cys Lys Ala Arg Gin Leu Cj? Leu
1 5 10

Asn Glu Arg Thr Cys Arg Cys Asp Lys Pro Arg Arg
20 25



<150>0207644. 6 <151 >2002-04-02 <160>2 <170> Patentln Ver. 2.1 <210>.1
<211> 24 <212> PRT <213> Artificial Sequence <220> <223> Descri ption of
Artificial Sequence: Peptide PC I!(; 80310137-5 <400> 1 Cys Ser Cys Lys Asn
Thr Asp Ser Arg Cys Lys Ala Arg Gn Leu u 9 5 10 15 Leu Asn Gu Arg Thr
Cys Arg Cys 20 <21 O 2 <211>28 <212> PRT <213> Artificial Sequence
<220> <223> Description o Artificial Sequence: Peptide <400> 2 Ser Cys Lys
Asn Thr Asp Ser Arg Cys Lys Ala Arg Gn Leu u Leu 1 5 10 15 Asn Qu Arg
Thr Cys Arg Cys Asp Lys Pro Arg Arg 20 25



