1 FGF2-binding peptides and uses thereof FIELD OF THE INVENTION The present invention
relates to Fibroblast Growth Factor-2 (FGF2)-binding 5S5peptides, able to bind FGF2 and to inhibit its
pro-angiogenic activity in vitro and in vivo with no anticipated impact on innate immunity,
BACKGROUND OF THE INVENTION Pentraxins are a superfamily of proteins characterized by a
pentameric structure'. 10 The classical short-pentraxing C-reactive protein (CRP) and serum arnyloid P

component (SAP) are acute pha roteins in man and mouse, resgmtlviy, produced in liver in
response to inflammatory medlafo‘ézﬂab'iaéfﬂﬂiﬁﬁgtlﬂﬁﬁ Qﬂﬁo%elfg €%hd are involved in the innate

resistance to microbes and scavenging of cellular debris and extracellular matrix componentst4-6. 15

Long-pentraxins are characterize unrelated N-terminal domain coupled to a pentraxin-like
C-terminal dcﬂé@%é%%&ﬁ%-pentraxm PTX3 89 is a 45 kD glycosylated protein
predommantlyraésgmla@t innl@RDdmeemidiintersioradixs iSlovdhy pasdeceéd e Hby

e S e PARle e by eRaywileey RRAGPRY ISR, dROUMGedny eidekal revs,

responseto ammatory sighals les In ptx34" mice have shown that this molecule
plays complemmowvr‘dfdmmaancmte&bmm/m,'maﬂtﬂrh@"ﬁ*éﬁitihe assembly of a hyaluronic acid-rich

extracellular matrix, to female fertility and to innate immunity against diverse microorganisms12.13.

This is related, at least in part to the capaC|ty of PTX3 to bind with high affinity the complement

LN

component 2B R @it ANNIA P alrMERYOISIN TSG6 and selected microorganisms, activating
complement gslivaLom aadS %CHU%F@@Wﬂ@ﬁ@%ﬁmﬂ@ﬁm&wm@%wmmemdjmareélIsll4

Thus, PTX3 is a soluble pattern recognition rece Wlth uni edund n arious
pathoph?@mlo@"@al‘&%%lﬁ%n%’ioﬁp% BBI&st 8\/\){% f%r&te%b gg@) IS a F%Mlﬁngbﬂwé? ég Fgrowth
Lactotr thattlndg@ﬁﬁﬁﬁ&rﬁtt’f?hfﬂw)tl@ﬂe ca@iit@tﬁhaaqﬂqawheasg mwﬂndnm@murr@@mw%hal cells
y interacting affini rosine-kin e esis in
é)[%gcrgg |\r76{ E%%%%naunng iR ﬁ]osrg d%?gjrgz BERINLHCaSRNGIPRRR

vivo and mod#f: woun
ligands and are anOIVGd in the innate reSIStance to microbes and scavenging of
cellular debris and extracellular matrix components1 48
15  Long-pentraxins are characterized by an unrelated N-terminal domain coupled to a
pentraxin-like C-terminal domain . The prototypic long-pentraxin PTX3 89is a 45
kD glycosylated protein predominantly assembled in 10-20 mer multimers'®. PTX3
is locally produced and released by different cell types, in particular by
mononuclear phagocytes, dendritic cells and endothelial cells, in response to
20  primary inflammatory signals’’. Studies in ptx3” mice have shown that this
molecule plays complex non-redundant functions in vivo, ranging from the
assembly of a hyaluronic acid-rich extracellular matrix, to female fertility and to
innate immunity against diverse microorganisms'?"®, This is related, at least in
part, to the capacity of PTX3 to bind with high affinity the complement component
25 C1q, the extracellular matrix protein TSG6 and selected microorganisms,
activating complement activation and facilitating pathogen recognition by
macrophages and dendritic cells"*. Thus, PTX3 is a soluble pattern recognition
receptor with unique non-redundant functions in various pathophysiological
conditions™*.
30 Fibroblast growth factor-2 (FGF2) is a heparin-binding growth factor that induces
cell proliferation, chemotaxis, and protease production in cultured endothelial cells
by interacting with high affinity tyrosine-kinase receptors (FGFRs)w. FGF2 induces

angiogenesis in vivo and modulates neovascularization during wound healing,



inflammation, atherosclerosis, and tumor growth16. Several molecules sequester FGF2 in the
extracellular environment, thus preventing its interaction with endothelial cell FGFRs and inhibiting its
angiogenic activity (reviewed in15). Many of these inhibitors are produced/released locally and/or
systemically, thus 5underlying the complex tuning of&he angiogenesis process. Long P'TX3 binds
FGF2 with high affinity and specificity. Accordingly, long PTX3 inhibits FGF2-dependent endothelial

cell proliferation in vitro and angiogenesis in vivol7. Also, whele PTX3 inhibits FGF2-dependent
smooth musciBfEaNmationtiGhaRREFIBFASIthRRS Y Ur@P4Rrial r‘ﬁ!ﬁ{/ﬁpﬁﬁgc X3 %g%%%fentially

contribute 10 fasihe modpiatierieideiaragivinimmbfieranupatirelagitabsetsingeeastactemitd by the
co-expression of the two proteins. including ipflammation, wound ' clerasi

neoplasia. Ho‘\?\'/\é\?ép?{@h?&lﬁﬁ tﬁ%gg%f'gﬂ\glyg%éﬁﬁ ?5”8‘.88%%%03 %‘?@é&g%’q%q@gsfﬁili ytﬁéa?ﬂlize such
large moleculgfantdeeotheisitiiwitieseof phedureireldasadnioealyf fant/PT Y BRI Eq Wikhe
C-terminal 15pentraxin domainlQ . At present,.no_hbiological i ave been ascribed to the PTX3
N-termin?s. cﬁ?ﬁﬁ%ﬁ%i e fgﬁﬁg}g Waﬁ\éeori}nt\r/{eés?%glg%h%ggg?ﬁ%?%%%TX3 N-terminus to_interact with
FGF2. 20 DESOR)PIIRN DR AGHR Wtk HoN affinity seshseesificihat Aseerrastya R fets
endothelial ce] rr >SS = i - -/ Sxshanyrad haipganic
activity in res6@@2@0@5?2@&%@%%&%@%&%@22;t')irﬂf‘ds FGF2 a}ndgmgée ts PTX3/FGF2
interaction. Algtyoffie Meshotlial BRiBo irisbrRB4enpiderbgmoatmauss %f%%@ﬁ@joébitope,

prevents FGF2{RTiXiaiaraationrydrabolisbrs) trpuRCT 2 ianiaganist meljvilpteh Py ZdBtriputsingly the
authors found that very short peptides retain such agtjvit ?nd e usefuLgs heisa%ﬁgl}%gé 19§
Consistdfly. IR TRei B FIOREATH P A1 DOBHEy SR e B L E50.104)
bind FGF2 angyinhithexipiessigtionfoheGiva pitheirsolmbbudjiRTBammatilizedaans 3B8irgore
sensorchip, FGF2-dependent endothelial_cell proliferatio j IS iBsViMe- irthg data
allow to identiﬁ}%e\r/%? ‘gﬁ)&ﬁ? F@&%-Bﬁ]{?}.ﬁr%%%%r@%n %eﬂﬁ?gﬂgﬁg{%&?ﬁgo? O#HF%TQg?{sép;anning the
PTX3(97-110)diegimsed giteetithgeptidessibitite dieo wilizeeguehclame smpefindmesie2 aHPto inhibit
its 3 pro-angigaenic.activigy inyitro angd nviya yw pticipRtediinaBact grviangle Tl The
main object o %%%?r%%ségt%\éyrg)\:ﬁﬁﬁs%ﬁ&eﬁgﬁ;ﬁgiﬁbinding p(l-:‘ptide ofa formula I:
5R1-Ala?%1-PrexexmdRn@ wherein: X1 is an amino acid selected between Arg and Lys;

At present, no biological functions have been ascribed to the PTX3 N-terminus. On
this basis, the authors have investigated the ability of PTX3 N-terminus to interact
with FGF2.

20 DESCRIPTION OF THE INVENTION
It has been found that retroviral transduced endothelial cells over-expressing the
PTX3N-terminal fragment (1-178) show reduced mitogenic activity in response {o
FGF2. Purified recombinant PTX3(1-178) binds FGF2 and prevents PTX3/FGF2
interaction. Also, the monoclonal antibody mAb-MNB4, that recognizes the

25 PTX3(87-99) epitope, prevents FGF2/PTX3 interaction and abolishes the FGF2
antagonist activity of PTX3. Surprisingly the authors found that very short peptides
retain such activity and be useful as therapeutic drugs. Consistently, synthetic
peptides PTX3(82-110), PTX3(97-110), PTX3(97-107) and PTX3 (100-104) bind
FGF?2 and inhibit the interaction of FGF2 with whole long PTX3 immobilized to a

30 BlAcore sensorchip, FGF2-dependent endothelial cell proliferation and
angiogenesis in vivo. Thus, the data allow to identify a very short FGF2-binding
domain in the N-terminal extension of PTX3 spanning the PTX3(97-110) region.
Synthetic peptides related to this sequence are able to bind FGF2 and to inhibit its




X2 is an amino acid selected between Cys and Thr; 10R1 is either absent or consists of the amino
acid sequence selected from SEQ ID NO: land SEQ ID NO: 3; R2 is either absent or consists of the
amino acid sequence selected from SEQ ID NO: 2 and SEQ ID NO: 4, with the following provisions:
when-R1 is absent, also R2 is absent; when R1 is thg amino acid sequence of SEQ 15 ID NO: 1, R2 is
the amino acid sequence of SEQ ID NO: 2; when R1 is the amino acid sequence of SEQ ID NO: 3, R2

is an amino acid sequence selected between SEQ ID NO. d Sk RN
derivative, a Bf@éﬁ?gﬁ%"é{: p?él’ﬁ? cButER gigpf/é‘ﬁevgﬁlt ﬁ%er%%‘(ﬁgd%r%gg ly, X1 is Arg. More
preferably X2nsn@ystyEben more preferably the peptide 20 consists of the amino acid sequence

selected amopg SEQH RO r QIR frvBRiAONRE LR SR - biRiAG gopedaesiobject of

the invention Is a conjuga peptide comprising the peptide of formula | or functional
derivatives thiamodlahe term "peptide” is ordinarily applied to a polypeptidic chain containing from 4 to
25 100 og more contiguous amino acids, YUalY-J(Rmre-50-20-LRYtiguous amino acids. The term
"functional” defines a peptide showing FGF2-binding properties being able to greatly diminish the
biological activity of FGF2. The biological activity of F&F2 includes mitogenic and angiogenic effects.
In particular, thggpejptides of the invention are able to inhibit the FGF2-induced proliferation of

endothelial cells or 30smooth (artfﬁsfgle g%l . The;;{'g}\ecugrs}grf"sare compounds which can be converted
into the compBulid A PIRLETHIRERE &?PHSF ofie &hd efi2ymatic processing prior or after the
administratiorxtaghe eefimorntidselbothd befreetelys'salisTherein refers to both salts of carboxyl
groups aad tagacid adition sais of aming SE9YRS She RERIdesBANPSEIiLAs.TrITes Ibereot, of

the present in &S Safe ot & car oxyl group may be formed by means known in the art and include
inorganic salt$@orlexanPEQ $8dNh Zalcium, ammonium, 5 ferric or zinc salts, and the like, and salts

with organic basgs 4 s e JRESIAGIRIG Wil HBESYsbnas EiatmsgiRoinaEagDine or

lysine, piperi irfe, procaine and the like. Acid addition salts include, for example, salts with mineral

acids such asN@r 22néSECh{RNE:IGriwilihe fAlaring By SiPsalts with organic acids such as, for
example, acetifaRitk PfsOxicACHs4\NY,0f selesialimdAshasithbaveisalstansiadiyesinalaf 8€@Wity to the

Peptides and pol PP O e eI 3" hel,A1819P8Eq 1D NO: 2; when Ry is the amino
acid sequence of SEQ ID NO: 3, Rzis an amino acid sequence selected between
SEQ ID NO: 2 and SEQ ID NO: 4; a functional derivative, a precursor or a
pharmaceutically acceptable salt thereof.
Preferably, Xy is Arg. More preferably Xzis Cys. Eben more preferably the peptide
20  consists of the amino acid sequence selected among SEQ ID NO: 5, SEQ ID NO:
6, SEQ ID NO: 7 and SEQ ID NO: 10.
A further object of the invention is a conjugated chimeric peptide comprising the
peptide of formula | or functional derivatives thereof.
The term "peptide" is ordinarily applied to a polypeptidic chain containing from 4 to
25 100 or more contiguous amino acids, usually from 5 to 20 contiguous amino acids.
The term “functional” defines a peptide showing FGF2-binding properties being
able to greatly diminish the biological activity of FGF2. The biological activity of
FGF2 includes mitogenic and angiogenic effects. In particular, the peptides of the
invention are able to inhibit the FGF2-induced proliferation of endothelial cells or
30  smooth muscle cells. ,
The "precursors” are compounds which can be converted into the compounds of
present invention by metabolic and enzymatic processing prior or after the

administration to the cells or to the body.



The term "derivatives" as herein used refers to derivatives which can be prepared from the functional
groups present on the lateral chains of the amino acid moieties or on the N-/or C-terminal groups
according to known methods. Such derivatives 15 include for example esters or aliphatic amides of
the carboxyl-groups and N-acyl derivatives of free agino groups or O-acyl derivatives of free
hydroxyl-groups and are formed with acyl-groups as for example alcanoyl- or aroyl-groups. The

present invention includes also peptidomimetics, of the ides alr i ' igh.the nature
of peptides hABHERIACI 01\ E‘?ﬁ%@rgq E?%%hzct? l\'lé"vgfg%%r%%@oi%%ésg eﬁ %or?(;%g!gaéné%%%@id
chirality, andigsigepfidarhacijrones Toleteajteptitions polyietptides! torproesFtberepindihd ggents

having similar (if not improved) peuti i ARAKIBE R LURPHieRNnHAT
example, whé %%niaérb\f%‘eﬁ ?s”pr%]aﬁégtﬁé%e?@ibgg%aggb@ﬂg ﬂ%’j}ro_wing ir?j%éﬁon into the,r)subject,
replacement tfea partodarglsdasitoegpsisiselisorfa@iarermienSOEaY A5 EHBP A RANMT can

provide %peﬁgﬂ"?c@%ﬁn%t%‘éﬁ?sﬁgﬂé'}Hé MY RNCURLal RS Srileiensudis Similasy ftimeepiasement of
an L-amino acid residue

Is a standard way of rendering the peptide less sensitive to proteolysis, and
[peridme

finally more six#EPle oRyEhieBERpoTHES GiRePIRANRIPTIRG. AIG Gl a¥8 AfifBPE& IRl blocking

gfoupls SbUCh ﬁ?&c%%%é?ﬁﬁ@qmé; ?%%bﬁ'whgyblt%wﬁﬂmmtgﬁM@ﬁwwlWwinamlayl,
ansyl, benzyloxycarbonyl, fluorenylmethoxycar ;methqgxyazelayl.. methoxyadjp .
methoxysubefi! §n8uﬁﬁ,%nif?’6pﬁé?’m?l@ra%¥%ﬁ? B ti%hssB Qﬁjiﬁﬁlﬁc}?ggsgéléﬁfigggy, 5

prolonged aciyij¥nragtiessabpurijdatianaamslrinetiecaseid luallisiaracichobvyinfitse et ST
properties of the peptides of the invention can be maintained Pient fladamipeptides.
Mutant §8ptid32§°§48|u e %r%li]rgf)g? 3t qspéqsd@rllgéég %We?ggﬂ gnggcérﬁlﬁn%e aml‘?\o@g:% residues have been
conservativelinsahttutedhproaiddepthey display the same biological activity characterizing the present

invention at equiYAle QIENRAIGNES IRKRR, BSEPIBIENRAJVHIHRES HHNIBIR Aispiatisakiosed in

the Examples below. In accordance with the present invention, preferred changes in,the mutant 10

peptides are E@mnibeIfRAGNG HEraLPSRIGERNL bR Materal FRAtIE S 4N e SRUER At AR NE Seid

substitutions aefhese WilBaalRARSSJaVIRY SddicipRYoskndamnchehicds pRpertizsiativeter to
preserve the structure and the biological fun ,ti%n of the@olegtie. TheDIiter lure &roe\lﬂ%e&_@ Jy models
on whicA%he BERIPHEXGTRIR SRS BRI ABYRBINS B4R S Derformed on the 15basis of

statistical andqahysicasshsirical sildiegron fhesEyueyicdeandlvethefdiesluydrokylagmesppratsin,

are formed with acyl-groups as for example alcanoyl- or aroyl-groups.
The present invention includes also peptidomimetics of the peptides already
disclosed, in which the nature of peptides has been chemically modified at the

20 level of amino acid side chains, amino acid chirality, and/or peptide backbone.
These alterations are intended to provide FGF2-binding agents having similar (if
not improved) therapeutic, diagnostic and/or pharmacokinetic properties.
For example, when the peptide is prone to cleavage by peptidases following
injection into the subject, replacement of a particularly sensitive peptide bond with

25 a non-cleavable peptide mimetic can provide a peptide more stable and thus more
functional as a therapeutic. Similarly, the replacement of an L-amino acid residue
is a standard way of rendering the peptide less sensitive to proteolysis, and finally
more similar to organic-compounds other than peptides. Also useful are amino-
terminal blocking groups such as t-butyloxycarbonyl, acetyl, succinyl,

30 methoxysuccinyl, suberyl, adipyl, azelayl, dansyl, benzyloxycarbonyl,
fluorenylmethoxycarbonyl,methoxyazelayl, methoxyadipyl, methoxysuberyl, and
2 4 -dinitrophenyl. Many other modifications providing increased efficacy,



Mutant peptides may result from conventional site-directed mutagenesis technique of the encoding
DNA, from combinatorial technologies at the level of encoding DNA sequence (such as DNA shuffling,
phage display/selection) or of amino 20 acids, from computer-aided design studies, or any other
known technique suitable thereof, which afford a finite set of substantially corresponding mutated
peptides which can be routinely obtained and tested by one of ordinary skill in the art using the

teachings presented in the prior art.and in the Examples of the. present g icall f Another
object of the RIARRFFISSH|Ref @ﬁ'i’?r‘?éﬁcoégﬁf'i%géaggﬁpﬂgﬂé rtl%rgggﬁégﬁéi%@rﬁ%g%@%@ﬁnctional
derivatives thgyeaft The FGF2-binding peptides being fusion and/or chimeric peptides comprise the

amino acid seguence of the peptide of Formula {I their mutant iatives gs defined
above, and a%?nf?‘lrg %%ﬁdeg’ec?tﬁrgge %ee?g%#wg% z(o)(aﬁ)%oﬁ?ﬁg?u%gn}geggﬂ?ﬁﬁﬁﬁgﬁxg providing

30additional patpattiEsdyithonttarsirtides ifbiam PrEidEDiNgHE BATIRP AGHIRRRYPR6RSn
sequences WWR%&?H“ SECOMRERE S i fius NP RA/RILERIMATS PERIPIBSAMRERIPSRIbamaBgst

membrane-bound sequences, extracellular regions of membrane-bound(gro,teins, immunoglobulin

constant regioreyidechuitaredislan dBmARAT o RIAONERA I ShARHERFERt S AT tproteins,

export signaQekAiBINGPERiaingeAherasidiloRaheroREISS Htispiayediyd e frsanskdiwrfimeric
polypeptides or peptides are an easie;é)éurific tio ?a acity, a longer lasting half-life in body fluids, 5 or
extracellular It frEa6AISFRgad tR (MEdrIAMRIG? 58% ular importance for defining a specific group of

fusion or chimgrigyeteirséchidedria thesabaverdafiition pieceriedlloharpespdptities ofw@Nnvention
to be localized in the space where not only the isglatiq ificatign of these peplidgsds acilitated,
but also \WherBP¥S ari %G%?@rfglly m?(\évr%ct(.% 0 ﬁ@gc rgﬁz{é)gfqgg ors%n%re of the sequences to
be fused to thedrEERdtindingrpieptideidepamsttotiaseciie Ut se saiipepidre Aackdgenamnd

procedure. fugign PUIEING Gita RHBIREUCBFLBY ABBCIT BB Predeil saamsnireneasiatem,

using common genetic’engineering techniques, and cloning in replicable vector ofg?ral OQ %zcahsmid

origin which abiolesienidunetieny o5thePrRRERIMEC CraiiREMHRBYIEESIMAIN S

non-/homolog@usieiBie@rrisd raERaimeiRHiae aksieuativtorsieatiobe, petiomstectontimsed
technologies. These vectors should allow the expression g;c#ne fusion grotein includi
€

FGF2-bitRlingbagkntah BlalisHSehroBHc DMEIRARISIEIFRsCANTH 4} i c%%%%?%%%hgﬁgé%ﬁthe
transcriptionakiniatiendenatinatiprotegulatory sequences,
Mutant peptides may result from conventional site-directed mutagenesis technique
of the encoding DNA, from combinatorial technologies at the level of encoding
DNA sequence (such as DNA shuffling, phage display/selection) or of amino

20  acids, from computer-aided design studies, or any other known technique suitable
thereof, which afford a finite set of substantially corresponding mutated peptides
which can be routinely obtained and tested by one of ordinary skill in the art using
the teachings presented in the prior art and in the Examples of the present patent
application.

25  Another object of the invention is a fused chimeric peptide comprising the peptide
of formula (1) or functional derivatives thereof. The FGF2-binding peptides being
fusion and/or chimeric peptides comprise the amino acid sequence of the peptide
of Formula (1) or any of their mutants/derivatives as defined above, and an amino
acid sequence belonging to a protein sequence other than PTX3, providing

30 additional properties without considerably impairing FGF2-binding activity.
Additional protein sequences which can be comprised in fusion and/or chimeric
proteins can be chosen amongst membrane-bound sequences, extracellular
regions of membrane-bound proteins, immunoglobulin constant regions,



20 which are chosen to be constitutively active or inducible in said cell. A cell line can be then isolated
to provide a stable cell line. In particular, whenever cells modified to express the FGF2-binding agents
of the invention are directly used or administered, preferred cells are human cells, normally expressing
PTX3.When the additional protein sequence, as in tqe case of the sequence of extracellular, 25
export signal, or signal-peptide containing proteins, allows the FGF2-binding domain to be secreted in
the extracellular space, the agent can be more easily collected and ugg%% from cultured cells in view
of further proﬂ@ﬁﬁmgr&?m%%ﬁ; ﬁ?@rééﬁﬁlﬂﬁﬁ%@@w@crﬂg@%&’gw 7 ﬂfgﬁép&ﬂ WREN the

additional prcgggbr%i' he saemfdhrsiemsence of membrane-bound 30 proteins, allows the

immobilization of the FGF2-binding agent on the surface of the cell, the. t easily
collected andTﬁl?riﬁQQ‘%?ﬁ‘tﬁ@’@ﬁl%ﬁgod@@?gxﬁcg%%? f%‘r?hoenr 8P§g%fs§?ﬁ‘§98e(%t§§% I l[?cgér?_ t@esdirectly
used or admipisieitre dreravidingstheusiieation adoatityoadspoeriagtingthelblie 1 et duiiexs,

possibly improving its properties. The FGF2-bindi | the | L ; ideptifigd also by
methodsdf cgﬁﬁg%?(‘%@) 'dl%%a!iéas%.‘é’rﬁ‘ '\Nﬁl@ﬁ r%&gepfgétgfghgs?rig%(rr%ﬁg%(}/gﬁsbegcﬁuégr?ge fof 5 the
peptides of thesiiviegtianspedtiie anreppohdistpactvechingrits RIS GETMAackR ITHESHARRYES of the

nvention ma BeReS %ﬁé&“%@%&“lﬁg&%@ﬂ&@%@% RIS RE BBAoKN-akeaans tpaey using

computational modelling technologies. computer-assisted analysis can be exﬂoit%? lé) evelop
improved peptiierer mainqaintide ipmaied RGPV lira o briBpsH ARPEAGSNR FRGIALs P(i)eptides
10 (for example, AR ABAXESIAS looek RRgraiahtbrsg compounds have been screened and found
to be capable of binding FGF2, their use wil tggn be assessed %sir}g ceJI & ﬁ%%ﬁ?%ﬂ inghe
polypeptifes Shth&Enaien e BeMPiReYo o?%f%c%rﬁ%ga?es BF Complex with a e?er logous
moiety, whichgastdeeieplastechirepeciiotoxicaigadditabels (e.g. biotin, fluorescent labels), drugs
or other therapeutic agents, covalently bound or not. either,dir f Roseling
agents or link .%%%ﬁ’ ﬁﬁf&@gfgjsr%r ggh‘%ﬂl&gseé‘asn Q(;r? gbgéngfgé‘gﬁgn %%{Léc?l#eﬁg acl?r{]d methods
known in the adidragigattite enfiodiegcheniabesis)hiotmmegoRRIEHe @ IEINALHRD ¥R RS apeutic
agents). CytoLgxC AGERIS INFEARETOLNGIBPGHHF OBk ARSI i ih eFcbsamIiGaifgctive

toxin of bacterial, fungal; plant, or animal OI’I%II’I, or fragments thereof), or a radioactiv isotcg?e (i.e., a

radiocorjfigata). lrakgmatiealy deulsarkstinshaf fFemysRaneRSATR AN PR TRRRHHNE Yiphtheria
A chain, nonbjndige aciive Maameids.afidinbtienatatienctanfs diahaior ften sResiaobaseds
aeruginosa), ricin"A chain, abrin A chain, modeccjn A 25 &hain algha-sarc;n h%lefﬂr%gﬁ fggg{éﬁroteins,
dianthin protel8SNPHOGREa RIReR MER BRI A WERE EXRIG -5 MiSnorden Barantia
inhibitor, cumipcRigiy SrRPPCFLMTIRAlgdnibittTe gritan oty eikarystictuzih cpheisiycin,
enomycin, and the trico heégges. A vzrietg of iladigpu%iqfsh%§ﬁ%aai@eré%[g§@ QQE{E}@%&]‘
radioconjugatgbep?Bfgfﬂ 9 ?Hp%@i ‘alag? le 30 %9[ Ln, 90Y, and 186Re. Useful '
conjugatEs orwhiviplexeshearealsotzeapestitatve foadiivereviing ued lyensaigh cell. A cell line can

be then isolated to provide a stable cell line. In particular, whenever cells modified

to express the FGF2-binding agents of the invention are directly used or

administered, preferred cells are human cells, normally expressing PTX3. When

the additional protein sequence, as in the case of the sequence of extracellular,

25 export signal, or signal-peptide containing proteins, allows the FGF2-binding
domain to be secreted in the extracellular space, the agent can be more easily
collected and purified from cultured cells in view of further processing or,
alternatively, the cells can be directly used or administered.

When the additional protein, as in the case of the sequence of membrane-bound

30 proteins, allows the immobilization of the FGF2-binding agent on the surface of the
cell, the agent can be less easily collected and purified from the cultured cells in
view of further processing but the cells can be directly used or administered



terms of drug delivery efficacy. For this purpose, the peptides of the invention can be in the form of
active conjugates or complex with molecules such as 8 polyethylene glycol and other natural or
synthetic polymers (Harris JM and Chess RB, Nat Rev Drug Discov. (2003), 2(3):214-21; Greenwald
RB et‘,/al\., Adv Drug Deliv Rev. (2003), 55(2)217-50; I;’illai 0 and Panchagnula ft Curr Opin Chem Biol.
(2001), 5(4):447-51). In this regard, the present invention contemplates 5 chemically modified peptides
as disclosed herein, in which the peptide is linked with a polymer. Typically, th I ter
soluble so thA S EEh§AIYVLE AotPRREPITERPRD W%\g 3 sogﬁvﬂgr%lorﬁ%%rn% %E&%’;é%; % siological

environment.j gapespestdsfor therapy can comprise pharmaceutically acceptable

u
water-soluble poly oiefies. Suitable er- Si] thyl Iyeol (PEG),
monomethos) L Ao R oty LB B e
tresyl monomeshpatd? BEeR BBIgropiigrldbieiueake-saedhithristestteh ARIME SeRER§RAE glycol

Pomopoleisen RABIRPYERROTIRRIGInR SiiedRBbmRNg PaNOE AiliAadaoletnda o,

glycerol), polyvin ohol, dextran, cellulose, or other carbohydrate-based 15 golym . Suitable PEG

r
may have a nableceiIhweigptidrsmeEisUNBEE0te IPaYte0e6d, thefdnlqdriek ?HB%E%?U@@MZ,OOO,
20,000 and 25pR8. 4\ FRUHIARHFAPEUEET GARBEFLSTT I Glstorammie inlytiz patiogiss.

Examples of conjugates comprise the peptides of the inventiop and a polyallcyl oxide mojety attached
to the N-termiughofempHRIAsSItIad ANAMS/SHRR he 858?96%&5 ) Pé’g?&g}/émf}f[%&?gd .en;'él% }ﬁ[ustration,
the peptides idhe aseaenhirwantiariganreeastifieds withtREG cagaiceswlauoles as HREGstion.”
PEGylatigon can be carried out hy any of the PEGylatian reacti ' t. e le,
PEGyiadBn cARDETUTBAnAI) AN AR/ AHER FEEEto b5 oy 1 SISt EaLhan ey seo e
polyethylene glyeenewlecidefduren witdraatizpaiprohdind®gohfabatethaie fsenddbiedhdsnsing

activated PEG, in whigh rmipal V. (Pégino group of PEG has been replaced by an activated
linker. Anothe?sosr%%%?go %@%r%gn {%ﬁ?ﬁ%ﬁésentéd by a nucleic acids encoding the FGF2-binding

peptides of thEhaveatimeptideriofadies RysntRInganithand 4hevEmMcricastink, SRUHIRERI & having
degenerated 0 Beese HASREHURE Alseincluies euprseservreiarsmicyistor cigamts! origin
t

which allows the expression of the nucleic acid of the inven(t)g%n and rokatr%otic of eukar otiﬁyhost cells

transforftfed viahels 60 9ciehia. e Qasratiabfilse sy &4 s, covaien

bound or not, either directly or through the use of coupling agents or linkers.
Useful conjugates or complexes can be generated using molecules and methods
known in the art (radioactive or fluorescent labels, biotin, cytotoxic agents, drugs
or other therapeutic agents). Cytotoxic agents include chemotherapeutic agents,

er therapeutic agen

20 toxin (e.g., an enzymatically active toxin of bacterial, fungal, plant, or animal origin,
or fragments thereof), or a radioactive isotope (i.e., a radioconjugate).
Enzymatically active toxins and fragments thereof that can be used include
diphtheria A chain, nonbinding active fragments of diphthgria toxin, exotoxin A
chain (from Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A

25 chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca
americana proteins (PAPI, PAPIl, and PAP-S), Momordica charantia inhibitor,
curcin, crotin, Saponaria officinalis inhibitor, gelonin, mitogellin, restrictocin,
phenomycin, enomycin, and the tricothecenes. A variety of radionuclides are
available for the production of radioconjugated proteins. Examples include *'Bi,

30 ™Y, ®¥n, Y, and "®Re.

Useful conjugates or complexes can also be generated for improving the agents in
terms of drug delivery efficacy. For this purpose, the peptides of the invention can
be in the form of active conjugates or complex with molecules such as



therefrom, expressing the FGF2-binding agent, which can be secreted or expressed on the membrane
surface. Examples are human 6 cells. FGF2-binding peptides of the invention can be produced by
method wherein the host cells above described, are cultured in an appropriate culture media and the
_5FGI§2-«binding agent is collected. The DNA sequenge coding for the peptides of the invention can be
inserted and ligated into a suitable vector. Once formed, the expression vector is introduced into a

suitable host cell, which then expresses the peptide. Expression of an the r ' tid f
the invention REeiEMISIRalYEE! RAEIRtBER 'Ef%t‘é% Rl NSRRI RS ?/@g%}tgﬁﬁé%egrl =0

tmhgmn:aliaaneg@mijtn@@d I [VQ%;C DaRlttows{RQUBE aAPrapict; clpeessialivBBiars ahnhdvethiod known in
art can be_ employed, In orde ! ble .of expressi i in, [

vector shouPath BaEHU SheEmE N eBHe Lol s PN A o ot ook e cr
transl_ztattlonal mgula(mmmfcgmatﬂ@mmwedrlotthe pegardoding e eriréy proein GArHGEIRREY as to
permit gene expression and, Rro I ' it ArOF: tnangsribed, i
must be rec ﬁ%@'g‘f‘/ﬁg 6?8%% e?? %e% ggr%;%ﬁee&)tl)g&ﬁé%g: gc%bérwérgt:&fﬁg t\Q/vhrfl?ij(?ghex{ﬁegH[e)’gl);??nerase IbierlldsIt
and thus initiatés meqlﬁnsﬂ_riﬂiﬁpt@@l*mﬁlﬁspgmﬁe’réﬁMétﬁr\%ﬁiﬁ%F%dﬁﬁtﬁWf@m%gé’?ﬁ/hich
work with diffeygy IEIEREISS 412886304 WRAKORIBHIYRINR BusAYRIsgETeriftiant

transcriptional and trahslational regulatory sequences may be employed, dependin th t f
the host. Thewﬁaqobw@tﬁﬁe&f&g%mr%urﬁ%%,w '35 BB@HB%E\@B?}?){:%B%‘IE}#%%]X’ 3%&6,1 gﬁuc;n
25 virus or theikeievBeRRiBE FesiBiReTYStigaBls arstessoniblecholyimarpaiticlulde gotethliehdas a

high level of expression. Exampl the T .
the yead0oal 848 BI6RbIGPOB AL TGl PN 00t SEale mi) B seiteied which

_ ehe € selected which
allolw folr repregsjo _mm?]mﬁoplyabwbm)tﬁﬂ&m%mnmﬂw@wééﬁﬁ nRGrenlafaideytte DNA
molecule comprisin the nucleotid enc din rotej they Koqsfserted into
vector (s), ha |ﬁgs fhgé:lgg‘éléﬁ)ly Iﬁﬁ(regéﬁtrga&ﬁscrﬁ)ﬁogﬁalggrﬁ% %gati?%ﬁgguﬁgwgggg Whigh is
capable of integhating tiseediett tuirnse Qidtoeecm@l¥Mehosodaxyetylated” potyols (e.g.,

glycerol), polyvinyl alcohol, dextran, cellulose, or other carbohydrate-based
15  polymers. Suitable PEG may have a molecular weight from about 600 to about
60,000, including, for example, 5,000, 12,000, 20,000 and 25,000. A conjugate
can also comprise a mixture of such water-soluble polymers.
Examples of conjugates comprise the peptides of the invention and a polyallcyl
oxide moiety attached to the N-terminus of said polypeptide moiety. PEG is one
20 suitable polyalkyl oxide. As an illustration, the peptides of the present invention
can be modified with PEG, a process known as "PEGylation." PEGylation can be
carried out by any of the PEGylation reactions known in the art. For example,
PEGylation can be performed by an acylation reaction or by an alkylation reaction
with a reactive polyethylene glycol molecule. In an alternative approach,
25  conjugates are formed by condensing activated PEG, in which a terminal hydroxy
or amino group of PEG has been replaced by an activated linker.
Another object of the invention is represented by a nucleic acids encoding the
FGF2-binding peptides of the invention, nucleic acids hybridizing with the above
nucleic acids, nucleic acids having degenerated sequences.
30 The invention also includes expression vectors of viral or plasmid origin which
allows the expression of the nucleic acid of the invention and prokaryotic or

eukaryotic host cells transformed with such vectors and stable cell lines derived



The cells that have been stably transformed by the introduced DNA can be selected by also
introducing one or more markers allowing for selection of host cells containing the expression vector.
The marker may also provide for phototrophy to an auxotropic host, biocide resistance, e. g.
antibiotics, or heavy 5 metals such as copper, or thedike. The selectable marker gene can either be
directly linked to the DNA gene sequences to be expressed, or introduced into the same cell by
co-transfection. Additional elements of the vectors may also be useful for obt inin%élrne dtirgzﬁ\l

production oftpE&eEIRR of #RTRRAIREoN FhiCRH squgfiﬁg WERicGR &1 10°Containing plasmid
or viral vectogiheease yHth/hiemesainenirtalls, Bxahqoataineiieivestds nedig.be recognized and

selected from_thase recipient cells which do not contain.t ; r.qf ' e vector

which are de&ﬁé‘ﬁ'&%gﬁigﬁﬁﬁq%sﬁﬁﬁg \}W&rﬁ?ornlt(fg %Ilegééi%ﬂgiggbgﬁﬁgﬁpgﬁ%%@m%%mor

between hostesisolsliflsrent dpenibsd] 5@nceltlreddaten Hrnromiateceliviecrefitamndgtice

construct(s) n prepare jon the DNA constructs) may be introduced into an
BSrERnIEah i eapicasic

: n i : : ) .
appropridte host cell by a a variety of suitable means: transformation, transfection, conjygation,

protoplast fusTiwe, Bisérepawarion, cdiigriopibemrridgreeiplRidi antes AR BMBEEET i D0Host
cells may be gUlelprakaLy %ﬁﬁ&él@q}@&ﬁ?ﬂ%ﬁd@ﬁﬁ%&r@h@@ glisibesiscrdsmaramalisth cells,

such as humari, monkey, mouse, and Chinese Hamster Ovary (CHO) cells, because they provide

post-translatiéial arfadifelaibast eefraBIRMBRIEXPEEHI R HISPERHEE folding or glycosylation at

correct sites. AlsPRAST GHisRAFaAY utORSinsastatitidespeptiHe tnodifteaticrs nehtiting25

glycosylation. A number of recombjnant DNA %Irate ie(s exist WQiChnglizﬁosrtj%% QmQteLRgauences

and higl Qopy Blsiea bR RIS SRFIRAILEHER VRGPS RorSorbeitiction of the desired proteins ih yeast.

Yeast recognigesrisatesisegurncesing iorap roprateatispregsienvediars Any seeteedsipeptities

bearing leader ﬁgéué({:-rgces él&(la? m Blre-g ptides). 30After the introduction of the vector(s), the host cells
| |

are grown in d's & , WHIEh selects for the growth of vector-containing cells. ExPression of
the cloned gefre srelgneincbe syapabiles of expraosingtitie glapese SRS ProdirRPIES MRy F&fEwWs and

books provide Ings t Eﬁfé?{@@é'”&mtar INSdisiBgoviestarsrand
Prokaryotic orssgﬁgrgc%%:%%& cgﬁs%%%ﬂfwﬁai%gﬁnégetﬁgg in the series A@aﬁg%@&rg?cj% gublished

by Oxfofid Univensigiipresseasiaionidnipgnatiendidedd irihie cadas. s "Mammalian
5Systems”, 1996h"RrRiginE iy eesian g8 %xpretein P uriticptniutkahnf tes pi2dein). Exdrples of
chemical synt2%5é§ t%%h?ﬁéo%grs‘éwgc%g r?rgrlwgz:eritl)%%l,c a}%egn{)osrt be preceded by a promoter
recognizable by RNA polymerase, to which the polymerase binds and thus
initiates the transcription process.
20 There are a variety of such promoters in use, which work with different efficiencies
(strong and weak promoters).
For eukaryotic hosts, different transcriptional and translational regulatory
sequences may be employed, depending on the nature of the host. They may be
derived form viral sources, such as adenovirus, bovine papilloma virus, Simian
25  virus or the like, where the regulatory signals are associated with a particular gene
which has a high level of expression. Examples are the TK promoter of the Herpes
virus, the SV40 early promoter, the yeast gal4 gene promoter, etc. Transcriptional
initiation regulatory signals may be selected which allow for repression and
activation, so that expression of the genes can be modulated.
30 The DNA molecule comprising the nucleotide sequence coding for the protein of
the invention is inserted into vector (s), having the operably linked transcriptional
and translational regulatory signals, which is capable of integrating the desired

gene sequences into the host cell.



producing the FGF2-binding agent of the invention when they are in the form of peptide or peptide

mimetics, are solid phase synthesis and liquid phase synthesis. 10 As a solid phase synthesis, for

example, the amino acid corresponding to the C-terminus of the peptide to be synthetized is bound to

a support which is insoluble in organic solvents, an By alternate repetition of reactions, one wherein

amino acids with their amino groups and side chain tunctional groups protected with appropriate

protective groups are condensed one by one in order from the C- 1516%%885#10# N-terminus, and
INno g

one where th&mafdaditrt HeRNRI ReaRe $EEI olransTorsied by dhsu FoUpS BFthe

peptides are LalRages peRePHHL SOy THYISLMiBRs et dnis allawite. okt iphtise syritbesis
methods are largely classified by the tBoc method and the Fmoc meth%% deﬁggd%ﬂgéh%trype of
protective gré@ITisEeN ARG Gs KB HHSR N SouplindiRIETB o W bdioxycarbonyl), CI-Z (2-
chlorobenzylgpystathyty) td3ad f2sypopib dnsy) bipcatboryl3tBrighengy giRipiedcs, or heavy
(9-fluorenylmethoxycarbonyl), Mbh (4,4'-dimethoxydihe , i

(4-metho yZ,Q%tﬂl%%‘fﬁ{)Ib%%fgﬁggﬁlp ro(illliﬁ)el#gt ﬁtgl)%%ggg\slgl)%@?&n%?/lnc?xfca;rb%;hﬁ)r z?r?d Cl12-Bzl
(2, 6-dichlorobizaeyy) liokeédetathin O geneNmRAUBIEES AP PP RIP[SSeY, Orghpgduced into the

pentamethylchromang-p-sulp 6ﬁhe guanidino groups); and tBu (t-butyl) for the hydroxyl
groups), After gy%}\?%eegsgféfg %i{",%éﬂ peptide, it is sub!ected to the de-ﬁrotection reacti%n E‘%‘d cut out

from the solid/sigitional Stiempetstiad hatYRpieE iR nAASPoRTASRIH!iRh AYRBT%H #ud
fluoromethang sulfenis acidierdlie BearaaHetiand iwigsiticaiderdne Blaameetiact Q04T el

FGF2-binding agents obtained by recombinant DNA or chemic nthesis fechnolegie finally
subjectd®to SN GIHRGrEISRPYE AU RRAT u‘?if?@ft?owfggw ﬁgg%i/erl ataY e@étcg@gé@%gn%%ﬁﬁe

methods knowiefoedkis piaposaccsyrinycanyeastiectatifrooethossmeolpiagt @akacworhstedipitation,
chromatography, 12 electrophoresis, or the like. Eor; Wigb-PsHounainsg kdayid
Chromatograﬁéb}%an%[ﬁ% Mgg}ﬂ’ﬁ- eeepu%%%eéa%%bgt%égrﬁe ﬂifleng|d g&v%tﬂigggto%%?ile-based solvent

commonly empeyadaorositeanguvifiedtion.itT fr (resiide ioclbecaipeirifedshreparatithy 8t itle

FGF2-bindin enis of the 5in g@p lﬁtg’fé%qiegreparations, as used herein, refers to the
preparationsgv?/%%{é\ﬁ}%1?(;h gt ecéésltélgf;oa:& pre?era ly at least 5%, by dry weight of the (cg'?)n‘g)ﬁou%ds of the
g

inventioh5 Thedsmepthendeolotie) irfe Al A WMaSBU@@F&em& GepEHuS! it &5fbounds)
can be used qﬁ&)%gic%pe@&d?égmﬁb%@s BNANtEEiRRRRSSHroHgit Hd abwodinyean atereth

angiogenesis. More preferably the altered angjogenesis is pyovo by an altered activation of the
growth factor BRREOPERIEN 'Fﬁé?eﬁbf@‘r’aﬁ%h@fd%e\é@éeg sg{e%%%eﬁ&ﬂﬁ%“ t"0§ 5 %%?r%gﬁg%ﬁgnéf arthritic

disease, tumog gnetastsis cdalgatsatinopaibashSasasis, atbotmopdrdtammealoivrarrsstieresis or
tumor. Preferabl%tathe tumor, js S{elected from the group of: sarcoma, carcinoma, 15carcinoid, bone

tumor or neur8& 8'2:?“‘1%”&9“8?. ?H%f%'&lﬁﬁgﬁﬂu% of the invention described above (proteins, peptides,

organic ompélostsetiantay beedithenpraktrditsaseataiiiedriaietind e LR PCES haESendent
proliferation of fityoplgis, A smaa ruERULAY AefkarSrefRRliPiBkSe tarkx camRbe=fiprabiaste
response, and festenosis after angioplastic. , I
Ovary (CHO) cells, because they provide post-translational modifications to
protein molecules, including correct folding or glycosylation at correct sites. Also
yeast cells can carry out post-transiational peptide modifications including
25  glycosylation. A number of recombinant DNA strategies exist which utilize strong
promoter sequences and high copy number of plasmids that can be utilized for
production of the desired proteins in yeast. Yeast recognizes leader sequences on

cloned mammalian gene products and secretes peptides bearing leader

tri-

sequences (i. e. , pre-peptides).
30 After the introduction of the vector(s), the host cells are grown in a selective
medium, which selects for the growth of vector-containing cells. Expression of the

cloned gene sequence (s) results in the production of the desired proteins.



20As a matter of fact the FGF2-binding peptides of the invention, once bound to FGF2, acts as

inhibitor of FGF2. Indeed the peptides are able to inhibit the FGF2- induced proliferation of endothelial

cells or smooth muscle cells. Therefore the therapeutic potential of such molecule is the prophylaxis

and/or treatment of diseases in which an inhibition OL GF2 is beneficial. This latter effect can be also

25used for reducing the population of cells that expreSs FGF2. The FGF2-binding peptides of the

invention can be used as active ingredients in pharmaceutical compositions for thgépro‘[r)%ylaxis and/or
d

treatment of Mesaseeviensglargb &0k RTevidesd leaghinenears, RPWHehioaR i0genesis is

provoked by 0L BYERARACHNANRR Ustah ckoraaRLe pistalf oiecesEn RaeyUdHiss! Gdlsiseate, tumor
metastasis, diabetic retinopathy, psoriasis, chronic inflamma ipna%rterio(i Iergsig%rog gjnrn%rrs‘p which the
tumor is, for @RS, BesdmNe aREIRS Nt FEaRtFR AR PR MROPLP g e NI he TG~ 13 The
FGF2-bindingrageite RiABIdRYRN RO TERBrealsonb8 yssenists HedGe Diaddoting phitamaceligoal
compositions for the prophylaxis and/or treatment of d'w_ o] it "
FGF2-de%en(§é’ﬁf%iferh?§JQ1 o%‘fBPgmagép{)?ss%)gothJ‘mus’cufz?r%?ﬁlls?&s?lﬁ: g%ﬁ?f%%ﬁﬁggﬁdn linked
to excessive flgmblastic Sresponse, and the restenosis after angioplastic. The present invention also

provides phar aceLiticaI om "@nré@&péggnq@t\%g@@ggtic\ﬂwcﬁff%ggy%%oqmiggw@ peptide of

ifi
formula | or f [BR&T UV |\?esl(tt e suitable diluents and/or excipients and/or

adjuvants.phgmodeeiotictiiddr @2 grogiyarzeah @othweavaptie B MRS ANRRL Aheriidhed itk Qhes.
These 10 ph}ggﬁ@%@??k@%@ﬂﬁ ianscapbefipHiaied ntrasid asdaadh Rhassaaewsaally
pi

acceptable carriers, excipients, stabilizers, or diluents. Depending on the propertjes qf the agent, the
pharma&@uti0&50@)@@&iﬁb@ﬁéa?b’ﬁg‘9§l§frui%?H?é@@@eér}%Iﬁf@lﬁ‘?oaélgﬁ-oﬁy%%#)%@%q&%ﬁ?g?nmune
diseases, inflagumatienss Mleinasiianso FPHRMasesticaboompesitionsppommisiiyithingeBambbinding
peptides of the present invention inclug)e al|. com ositiorﬁ,wh% e}g scq\{g nCOVBRBL{QHéfeﬁ?%Wi@d in
therapeuticallf'e#&&ile ﬁ%WE'tﬁﬂgi Yaft Ri"ERELHOR ¥ AcRleve the medica ly desirable result
in the treated gglipalviffhenehamies uicalpsompo sitinsinaity torthinaligsole pHaatrtedtivih
acceptable carriers, hiqlogically compati vehi it f il ' nppimal (for
example, phygi%%%%éﬁqga%ﬁ%)%%v e %n"%gl%/ng%?p@%%%gtﬁ%r%s%eﬁtgfggﬂé%gatgﬁzrgrs or
diluents) ShictefadilitatiottiepNearssmg otk ongivhetipeAmnmerstie pauRb 1 NEiERRAbe used

pharmaceuticg\‘eTﬁﬁtggﬂ?\;g]ea%iSgltﬁgrgmﬁgigmumft{ﬁé‘q{@w@égcb}@ B AEEE Pliad Iecptityeto 25

meet the needs of the mo dministration. The use of biomaterials and other polymers for drug
delivery, as wehaifeieiiefepxienrdridudsianeRitilels to validate a specific mode of administration, are

disclosed in liggatiim Mo dificatians pthegoareoangstitssifveriotht thu ovetipahendtios of the
dotrmined b RS RRIGA 1 RERE A B AR TE oA Sn S uPo v e M ot
such aszyibcaneotis intrayenpss, intracledwal, inBamuscteninwgashianeal, int@ndsal, (2-
transdermal, %'ﬁ'ér%%%‘r%%?/%'x@?c‘étr%%nﬁ’/ﬁfeﬁl;?ialﬁ%méﬁé\wo%'a%m;), Bzl (benzyl), Fmoc
(9-fluorenylmethoxycarbonyl), Mbh (4,4'-dimethoxydibenzhydryl), Mtr (4-methoxy-
2,3,S-trimethylbenzeneéulphonyl), Trt (trityl), Tos(tosyl), Z (benzyloxycarbonyl) and
Cl,-Bzl (2, 6-dichlorobenzyl) for the amino groups; NO2 (nitro) and Pmc (2,2, 5,7, 8-
25  pentamethylchromane-6-sulphonyl) for the guanidino groups); and tBu (t-butyl) for
the hydroxyl groups). After synthesis of the desired peptide, it is subjected to the
de-protection reaction and cut out from the solid support. Such peptide cutting
reaction may be carried with hydrogen fluoride or tri- fluoromethane sulfonic acid
for the Boc method, and with TFA for the Fmoc method.
30 The FGF2-binding agents obtained by recombinant DNA or chemical synthesis
technologies are finally subjected to one or more steps of purification. Purification
can be carried out by any one of the methods known for this purpose, i, . any
conventional procedure involving extraction, precipitation, chromatography,



14 bolus injection or by gradual perfusion over time. Preparations for parenteral administration include

sterile aqueous or non-aqueous solutions, suspensions, and emulsions, which may contain auxiliary

agents or excipients known in the art, and can be prepared according to routine methods. In addition,

suspension of the 5 active compounds as appropriaI oily injection suspensions may be administered.

Suitable lipophilic solvents or vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid

esters, for example, sesame oil, or synthetic fatty acid esters, for examé)h%3 eéer?gloleate r, tri%lycerides.
t e

Aqueous inje@tﬁmfggbgéﬁﬁé%ngfthﬁHnHWoﬁ@in%’Eﬂﬂ@?&?\té&‘ﬁh&eé@i‘ﬁ R ESity '8¢
suspension inggpdeigraypleasediimusathorymetvioellvinsebsodzitibanumextwateOptionally,
the suspension may also contain stabilizers. Pharmaceuggalgcog)n osirtci)?ﬁn‘% ir;glgﬁ@@?@blgﬁé)lutions
for administratfHiAyitFeRased afA eRtaitPHRP Ao HOPFY S o O[Eer%e "Hréferably from about 20 to
75 percent ofiagdineopoRATEs tqgetfied witke faeatincipicit. tBenfpGEiddnsditgclagSisn ok Hministered
rectally include suppositories. It is understood that t g inj ' t upon
the age, §ex, 'Hégfﬁ\%%ngw %P&?%@aré%ri‘sie%%, ?r?(? 0 f%ﬁﬁéfﬁen t%ﬁgn(%z%t%ﬁfg %@?ﬁ%ﬂy of
treatment, andrthetnaase oftherfectly sitddaThe%obigiiviNgighnb e eome atIaaiRiIbject, as

is understood and §terminable by one of skill 20 in the art. The total dose required for each treatment

may be administere r1’)y multiple doses or in a single dose. The pharmaceutical composition of the

present inveniibe ey peuadminfstbrednaRiMionr deeinafcABRVRItPERIP haPSPLHERSs QIRAY to the
condition, or difacied 1a9ther SWMREINSsOS tedieasition Frsiendsia deibndnsadisedstivedgredient is
comprised between 0,01'to 100 milligrams per 25 kilogra Of%gj)d weli ht.e'léhgnc%%%o%g%s igf the
present tAven@BAthRY 58 RIRTR1ERHOSHRS Fat ﬁf‘?n%\r%g ¥|§Wﬁ Hamacautical acceptable
carrier such agrplyrielagicH sréne; Standncd ofetogoihifactoeRGERdEMeTynof pepticesstian be
used, e. g. delivery via liposomes. Such methods are we| to rgh kill iInthe art.
30 The formuffio 58‘?ﬁ%s'?n\78?1?%%%Fé%e%ﬁ?fcﬁrggpe%gjeﬁgﬁgﬁﬁ%iﬁggﬁﬁ ﬂﬁéﬁéﬁntﬁ%@gﬁous,
subcutaneousmisttistansiscdiab etivd retiraperityn azionasive E kaesien infleremedigita PHRECESSARES for any

one patient depqds, RO AARK BRI doada RURTHS YR, Patksieinrg Baaimdfahe

particular 15 compouind to ministered, sex, time and route of administration, general health, and
other drlifjs bergindichihister&emrRURRHARINRGERS-EHBES cited herein are entirely incorporated by

reference hereig, ingluding all dstanihiRnigw feRBdaxbBIRRENiREtEIN e pestitiiemyaat
Additionally, the 5 entire contents of the references, cited within the refemnces cg%ﬂ%hce gre also
ihgd

entirely incorpsraRRUBHSLRABRS URRFASHAS RMILIERFRSRCARSRCEIE WEhEFHE Steps,
known methogis qs ravantarabmeihgdibistiatis anymatemasimissioalithaticatyizesjsectindedcription

or embodiment of e oS E N5 JREOsES BN SHIPSRIR LG relevant art

20 As a matter of fact the FGF2-binding peptides of the invention, once bound to
FGF2, acts as inhibitor of FGF2. Indeed the peptides are able to inhibit the FGF2-
induced proliferation of endothelial cells or smooth muscle cells. Therefore the
therapeutic potential of such molecule is the prophylaxis and/or treatment of
diseases in which an inhibition of FGF2 is beneficial. This latter effect can be also

25  used for reducing the population of cells that express FGF2.
The FGF2-binding peptides of the invention can be used as active ingredients in
pharmaceutical compositions for the prophylaxis and/or treatment of diseases
brought about by an altered angiogenesis, in which the altered angiogenesis is
provoked by an altered activation of FGF2. Example of said diseases are: arthritic

30 disease, tumor metastasis, diabetic retinopathy, psoriasis, chronic inflammation,
arteriosclerosis or tumor, in which the tumor is, for example, sarcoma, carcinoma,

carcinoid, bone tumor or neuroendocrine tumor.



10 Once understood the features of the methods and products disclosed in present application, the
necessity and kind of additional steps can be easily deduced by reviewing prior art, as well as the
non-limiting following figures and examples describing the basic details and some applications of the
invention 15 DESCRIPTION OF THE DRAWINGS F#;ure 1. Inhibition of FGF2 mitogenic activity by
retrovirus transduced N6m-PTX3. (A) Western blot analysis of the conditioned medium of murine
aortic endothelial (MAE) cells infected with EGFP, human full length PTX3 ngann—PTg(o?iérgt%Ntem,-
PTX3 retroviriked: Ghe-hinsinshaassisaetitieiarertionsaR: P B & AP PRYSYRRS orfespond to

the glycosylajgd,aagreulyspstinipddaintdhens peophiyiarispaoteion fe N Betdvidissiasested MAE
cells were stimulated with FGF2 (0,55 8 h, cells were trypsinized an . Data are
expressed asigeRRIEE U h I RFEIL? ﬁgnﬁgg\%&g?ﬁ BN g}é (r—:'%cf11 g&; -t'ribgt%H ce Isl%g.8 cell
population dosfaliags)mES:@M7EIB celishvere tine etz aticn thiekeash titierneessy snBerokastm infected

MAE cells and immediately freated wi I% . F ter 24 h, cells were trypsinized and counted.
Data aregexpf8§8883aes Sggc%]ﬁtéasg%}éé legéﬁﬁ?f'gpaq%ﬁ% 6séérved in GM7373 cells incubated in fresh

medium plus FI@&Fpreserdelhpontitatiatsdoptsivides. pharmagatigatacararaaitinBafe8py sy 2

independent experimontsin teipl | Ipbiitien fdFRER/ PIMGiRiRRstiosrioutiesombinant
Nte,m-PTXB.?{b‘g@%ﬁ%EXa&rﬁe gﬁ&%@%g’gg% N?ttﬁremalgjﬂlig(’g rgnd E:tent-PTX3 were e>§4<p§réssqI and

purified from thevetfranstsaitable dhlie(isandiasneSHREsIR @NSaMAHUYPRIB RIS PG RIGR! 18hded with
the purified prateins), cHheniEGRarepateswriatwere s inpubatetbntitnédl ldisgtsed X3nhitem. -PTX3
or Cterm-PTX3 (all at 44 nM) for 30 minutes at 37C. The r, IatiVF rgount ofc%r E)(?H]aﬁ ndv\t,ﬁ
immobiliZed F@?Q’Wﬁ&@‘iﬁﬁﬁhn&@é‘&?@@min&?ﬁbtiot??witﬁ@}%ﬁgelt pol%lona[%antl- %(3 antribody as
described in MateralcntiddrihodscéR)dbEr 2eandtes|, welisipiergsncutiabdizerih 5dsiotiiidands PTX3
(bPTXS3, 22 nl) in the absence or in the presence fold- ; 3,

o e e I B e

Ntemi-PTX3 ntofb undto i ized FGF2 was then measured and
data were exursstdas peemsdagettethdndoRéasireetlls tseebsehcRUEPERY LB BIERBFCAI data

are the mean, SD of 3 indep %%eriments in triplicate. 10 Figure 3. PTX3 epitope mapping. (A)
Full length PTX arﬁ é%gﬁgT%%Z%% Clew PTX3 (200 ng/lane) were analg}zed %d\ll(\ﬁssteé? S otting
“mer

using théfmorutomacentisatico MmRAsKines 4 GaaRHABI1 8BS . fEYo® HdNRR Btides

spanning the gptite MUMBRIRTXSRRIIeNcRMBERIETRY ofhereredaidscompolbraiesdntaired in
SPOT-synthesis technique. Then, membranes \gﬁ% probed with mAb-
C I

( [ oy (klack hats).and
mADb-16B5 (gihg¢TeRRYy s oBIRCUME AR é?(é?ﬂ/e%naﬂgtntﬁlfe}pdc %%%ésgﬁ%q tzl)r?alysis of
the membrangsedibgiigrainerasid sesyenceheftieatBd XBimaptitles rreugrigedtivpittemposiitibdies are
shown in underlined italic in the single letter 1 Fl - 3 finfe
interaction. (A’)nlgé ﬁ@fﬁag‘[esd}d\?etﬂg %5 %&%ﬁ%@dﬁ%&té%ﬁh%@%”ﬁ%}%%ﬁ j&g@%} in the
presencemf fulblenigth SexBerfoXaiBisiretionib-a6Baia Aoz Zxammler b sHNRRIERk $ITRS bound
to immobilized FGE2 ' r epnsediasiRRIaeDtgR OhteiNEeh
measured in tﬁggggg\ﬁ@(}‘ @Qeg%gg §§§1%§%§“%B%%&§7%%s were inc‘ubated Withigcgg;do 55 nM)
plus PTX3 (2Z6ciiptn e piosessinerah the 28 KPccames 198 ABIARRRBA G RN LY C(%ébt?ueat 2.2
pM). After 24 gsgglgh\g%é@{gﬁ;gi_zed and counted. Data are expressed as percentage of the

proliferation observed in GM7373 cells incubated with FGF2 only. All data are the rrbefngcsp@f 3
independent ekpriRBARAsEHIARIgeMPositions may be formulated In any accepta
25  meet the needs of the mode of administration. The use of biomaterials and other

polymers for drug delivery, as well the different techniques and models to validate
a specific mode of administration, are disclosed in literature. Modifications of the
compounds of the invention to improve penetration of the blood-brain barrier would
also be useful.

30  Any accepted mode of administration can be used and determined by those skilled
in the art. For example, administration may be by various parenteral routes such
as subcutaneous, intravenous, intradermal, intramuscular, intraperitoneal,
intranasal, transdermal, oral, or buccal routes. Parenteral administration can be by



Figure 5. Inhibition of FGF2/PTX3 interaction by synthetic PTX3 peptides. (A) 30 Schematic
representation of human PTX3 N-terminus and related synthetic PTX3 peptides. (B) Wells coated with
the indicated PTX3 peptides (200 pg/well) were added with FGF2 (80 nM) and the amount of FGF2
bound was evaluated. Data, expressed as percenta%% of the amount of FGF2 bound to PTX3-coated
wells, are 17 the mean SD of 3 independent experiments in triplicate. (C) Upper panel: FGF2 (0.8
pM) was injected over PTX3-coated or gelatin-coated BIAcore sensorchips. Lower panel: sensogram
overlay showhejumdniariion 6f inbt<HGAUchrRETHEINY PEs2t(0e, G ERERtang 1o fRAj§8 iFhobilized

PTX3. The responsetiiiGHnti RESoRME adlaibtlswrnoacaided as solunsiions of tiensidp)s Fa#E2 (0.8
pM) was injected over a PTX3-coated BlAcore s,ensorcrﬂ%in the resen%e of increﬁsfin%tc% (dentrations
-110Y’

of full length PTXIS RIS MEYFIHERY 5aPIRIBLETHENEIIETE) P) CXURIGBREMTYS(S (o@, or
PTX3(57-85) {ah Hhegrsrrogevastasgriedaitiie arutholis;ectianditidp|steparsiafuntiiba of the
antagonist concentration, For, 10 each peptide, similar results were obtai 0.2:3 1 nt
experiments. {EYE TP RIS G R{%H%ﬁ?ga"s{}%tﬁ”ﬁéfé‘ &?’EE%W% Pngtﬁgiggsﬁééqgﬁ?lggﬁ%ﬁpresence
of PTX3 (220 bledfiibetiitidicaleeris M3 vysiytidesalide 6atiy\ojlsDies exapieksctpadperebntage of
the proliferatign gbserved | 73(3 incyb ith n &d
independent é)&p%xﬁrﬁ‘eerﬁg :frg@p |g?£(¥e?%%§ignﬂor% ?%%%(957%%%01)%?&%5 g?ﬁ:@gng %Er?{%onist. (A)
Schematic reprisentiaicxanpiexsiBdolaategrdnalieeiegtdes. (B) Wells coated with the indicated

PTX3 peptideg (200 po/welhWe e iRpuRISHViLE GRa (8 pdhandibeasegumabhsiid F8F2 was

evaluated. Data, expressed as percentage of the amount of FGF boun(%()) PTX%-@oa (1vgells, are
the mealP SD/SCIDYy inkik|SeRdRRREIBRARTUAS P IR S(GPREE SR BN WAL fedidt over a

PTX3-coated &Jneie seaerrabiRrimthestienansetiof isospesisigeonsy riistiwom irP $B{BA110) (),
PTX3(97-110) (0), PTX3(82-101) (N),.ar PTX3(82-96) (A),..Th se wa -af the end of
%l%%réaaggtélﬁﬁgcﬁgﬁ%gﬁ@ogﬁt a{BéFH% %éltgble 955?3%% SoYeadhd idedigh :l%

injection and concentration. For each peptide, similar results
were obtainedrije@i3r it epataieritanpmyint At () SME3TetepsairedindifmtebavkZE 2 (0.55

M) in the abssnce or iy he pigsence ablhngicaled B heeRidedal cpaMioRstanRipressed

as percentage fQﬁECproll era%on observe 7373 cells incubated with FGF2 only, are the mean
SD of 3 1idepemnlbat akpiistenes iaciapldaude SPBIORIIBHPM) was injected over a PTX3-coated

BlAcore sensqichi, 30JP.{HEPIRSERSS AbIEEaRIRdIfoRFEAtHAIONS AERIREYUATLLA) (i) age,
PTX3(100-110) 0), PTXS(97-104) (A), or PTX3(87-107) ( ), PTX3(104-113) #% PTXS:FOO- 113) (A),
PTX3(100-108%%) healihredpeneeiahls podbRIERIFM KL r3h;SERSHEE A HETHOEEY 45 AWinction of

the antagonis}genepRy Afone SiphaACh e i Aurd af rer et reesinaindthn 84geepdrivent
chorioallantoicRAT 8BS RN ADA I ey 1o OB AN DasaBaEiERr el sl oy or 6
pmoles BGF2iin the aksefoe (biebrdostheemeised dergastB3treatienbirrayx B admysigied by
photographedr%Igsye%sggi%irn%l 319191@5@08898: The pharmaceutical composition of the present
invention may be administered alone or in conjunction with other therapeutics
directed to the condition, or directed to other symptoms of the condition. Usually a
daily dosage of active ingredient is comprised between 0.01 to 100 milligrams per
25  kilogram of body weight.
The compounds of the present invention may be administered to the patient
intravenously in a pharmaceutical acceptable carrier such as physiological saline.
Standard methods for intracellular delivery of peptides can be used, e. g. delivery
via liposomes. Such methods are well known to those of ordinary skill in the art.
30  The formulations of this invention are useful for parenteral administration, such as
intravenous, subcutaneous, intramuscular, and intraperitoneal.
As well known in the medical arts, dosages for any one patient depends upon
many factors, including the patient's size, body surface area, age, the particular ’



x 5. EXAMPLES 10Example 1 Materials and Methods Chemicals Human recombinant FGF2
(accession number 09038) and PTX3 (accession number swiss-prot P26022) were expressed in E.
con and Chinese hamster ovary 15 cells, respectively, and purified as described 13.19. Synthetic
human PTX3(31-60), PTX3(57-85), and PTX3(107-:I1 ) peptides were provided byPrimm (Milan,
Italy), all the other peptides being provided by Tecnogen (Piana di Monteverna, Caserta, Italy) (HPLC
purity 95%). For all peptides, amino acid sequence s shown in Table 1 in the Zin le Iteeéggﬁé:%ge and

numbering StERETTRONNEhd InBiBAMIDRIEIEde 5B1h SBRRIAT fPHIE O RS TRl PS8 able 1.
Synthetic pepiisigtspaaring:Helusmamg BdmNisesrathusnélepticlyAmino acid sequence SEQ ID NO:

BLEEE?}LE%@K%&%%%%H{% z TPi%%%?_e%ﬁr@@%r\{ggﬁ&ét%g -Ib_gl(%?gr@r@e herein, including
all data, tables, figures, and text presented in the cited references. Additionally, the
5 entire contents of the references cited within the references cited herein are also
entirely incorporated by reference. Reference to known method steps,
conventional method steps, known methods or conventional methods is not in any
way an admission that any aspect, description or embodiment of the present

invention is disclosed, taught or suggested in the relevant art.
10  Once understood the features of the methods and products disclosed in present
application, the necessity and kind of additional steps can be easily deduced by
reviewing prior art, as well as the non-limiting following figures and examples

describing the basic details and some applications of the invention

15 DESCRIPTION OF THE DRAWINGS
Figure 1. Inhibition of FGF2 mitogenic activity by retrovirus transduced Ngm-PTX3.

(A) Western blot analysis of the conditioned medium of murine aortic endothelial
(MAE) cells infected with EGFP, human full length PTX3, §Cem-PTX3, or Nigm-
PTX3 retroviruses. The two immunoreactive bands present in the sCim-PTX3

20 lane correspond to the glycosylated and non-glycosilated form of the recombinant
protein®. (B) Retrovirus infected MAE cells were stimulated with FGF2 (0.55 nM).
After 48 h, cells were trypsinized and counted. Data are expressed as percentage
of the proliferation observed in mock-infected FGF2-treated cells (0.8 cell
population doublings). (C) GM7373 cells were incubated with the conditioned

25  medium from infected MAE cells and immediately treated with 0.556 nM FGF2.
After 24 h, cells were trypsinized and counted. Data are expressed as percentage
of the proliferation observed in GM7373 cells incubated in fresh medium plus
FGF2 (1.0 cell population doublings). In B and C, data are the mean * SD of 3
independent experiments in triplicate,

30 Figure 2. Inhibition of FGF2/PTX3 interaction by recombinant Nem-PTX3. (A)
Recombinant 6xHis-tagged Nim-PTX3 and Cim-PTX3 were expressed and
purified from transformed E. coli cells (inset shows the silver staining of a SDS-
PAGE gel loaded with the purified proteins). Then, FGF2-coated wells were



9 PTX3(82-110) RGELQRLREELGRLAESLARPCAPGAPAE 10 Scrambled PTX3(82-110)
EGLRGELRGSREAELLRQAARAPACPLPE 11 PTX3(107-132)

APAEARLTSALDELLQATRDAGRPLA 12 PTX3(82-96) RGELQRLREELGRLA 13 PTX3(82-101)
RGELQRLREELGRLAESLAR 14 PTX3(97-110) ES{.@RPCAPGAPAE

incubated with full length PTX3, Nigm-PTX3 or Ciem-PTX3 (all at 44 nM) for 30
minutes at 37°C. The relative amount of protein bound to immobilized FGF2 was
immunodetected by incubation with a rabbit polyclonal anti-PTX3 antibody as
described in Material and Methods. (B) FGF2-coated wells were incubated with

5 biotinylated PTX3 (bPTX3, 22 nM) in the absence or in the presence of a 10 fold-
molar excess of full length PTX3, Nigmm-PTX3 or Cigm-PTX3. The amount of bPTX3
bound to immobilized FGF2 was then measured and data were expressed as
percentage of binding measured in the absence of any competitor. All data are the
mean + SD of 3 independent experiments in triplicate.

10  Figure 3. PTX3 epitope mapping. (A) Full length PTX3, Nyem-PTX3, and Ciem-
PTX3 (200 ng/lane) were analyzed by Western blotting using the monoclonal
antibodies mAb-MNB4 and mAb-16B5. (B) 128 overlapping 13-mer peptides
spanning the entire human PTX3 sequence were arrayed on cellulose membranes
by the SPOT-synthesis technique. Then, membranes were probed with mAb-

15  MNB4 (black bars) and mAb-16B5 (gray bars) antibodies and immunocomplexes
were quantified by densitometric analysis of the membranes. The amino acid
sequence of the PTX3 peptides recognized by the two antibodies are shown in
underlined italic in the single letter code.

Figure 4. mAb-MNB4 hampers FGF2/PTX3 interaction. (A) FGF2-coated wells

20  were incubated with 22 nM bPTX3 in the absence or in the presence of full length
PTX3, mAb-MNB4, or mAb-16B5 (all at 220 nM). The amount of bPTX3 bound to
immobilized FGF2 was then measured and data were expressed as percentage of
binding measured in the absence of any competitor. (B) GM7373 cells were
incubated with FGF2 (0.55 nM) plus PTX3 (220 nM) in the absence or in the

25 presence of MAb-MNB4 or mAb-16B5 (both at 2.2 uM). After 24 h, cells were
trypsinized and counted. Data are expressed as percentage of the proliferation
observed in GM7373 cells incubated with FGF2 only. All data are the mean & SD
of 3 independent experiments in triplicate.

Figure 5. Inhibition of FGF2/PTX3 interaction by synthetic PTX3 peptides. (A)

30  Schematic representation of human PTX3 N-terminus and related synthetic PTX3
peptides. (B) Wells coated with the indicated PTX3 peptides (200 pg/well) were
added with FGF2 (80 nM) and the amount of FGF2 bound was evaluated. Data,
expressed as percentage of the amount of FGF2 bound to PTX3-coated wells, are



5 PTX3(97-104) ESLARPCA 15 PTX3(97-107) ESLARPCAPGA 6 PTX3(100-104) ARPCA 7
PTX3(100-110) ARPCAPGAPAE 16 19 PTX3(82-99) RGELORLREELGRLAESL 1
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the mean + SD of 3 independent experiments in triplicate. (C) Upper panel: FGF2
(0.8 uM) was injected over PTX3-coated or gelatin-coated BlAcore sensorchips.
Lower panel: sensogram overlay showing the binding of increasing amounts of
FGF2 (0.1, 0.5, 0.8, and 1.1 pM) to immobilized PTX3. The response (in RU,
Resonance Units) was recorded as a function of time. D) FGF2 (0.8 pM) was
injected over a PTX3-coated BlAcore sensorchip in the presence of increasing
concentrations of full length PTX3 (w) or synthetic peptides PTX3(82-110) (e),
scrambled PTX3(82-110) (o), or PTX3(57-85) (o). The response was recorded at
the end of injection and plotted as a function of the antagonist concentration. For
each peptide, similar results were obtained in 2-3 independent experiments. (E)
GM7373 cells were incubated with FGF2 (0.55 nM) in the absence or in the
presence of PTX3 (220 nM) or of the indicated PTX3 peptides (all at 66 uM). Data,
expressed as percentage of the proliferation observed in GM7373 cells incubated
with FGF2 only, are the mean + SD of 3 independent experiments in triplicate.

Figure 6. PTX3(97-110) peptide as a FGF2 antagonist. (A) Schematic
representation of PTX3(82-110) spanning peptides. (B) Wells coated with the
indicated PTX3 peptides (200 pg/well) were incubated with FGF2 (80 nM) and the
amount of bound FGF2 was evaluated. Data, expressed as percentage of the
amount of FGF2 bound to PTX3-coated wells, are the mean + SD of 3
independent experiments in triplicate. (C) FGF2 (0.8 uM) was injected over a
PTX3-coated BlAcore sensorchip in the presence of increasing concentrations of
PTX3(82-110) (s), PTX3(97-110) (o), PTX3(82-101) (w), or PTX3(82-96) (A). The
response was recorded at the end of injection and plotted as a function of the
antagonist concentration. For each peptide, similar results were obtained in 2-3
independent experiments. (D) GM7373 cells were incubated with FGF2 (0.55 nM)
in the absence or in the presence of the indicated PTX3 peptides (all at 66 pM).
Data, expressed as percentage of the proliferation observed in GM7373 cells
incubated with FGF2 only, are the mean = SD of 3 independent experiments in
triplicate. (E) FGF2 (0.8 uM) was injected over a PTX3-coated BlAcore sensorchip
in the presence of increasing concentrations of PTX3(97-110) (e), PTX3(100-110)
(@), PTX3(97-104) (&), or PTX3(97-107) (W), PTX3(104-113) (4 ), PTX3(100-
113) (A), PTX3(100-104) (@) . The response was recorded at the end of injection



PTX3(105-110) PGAPAE 2 PTX3(97-99) ESL 3 PTX3(105-107) PGA 4 Rat monoclonal antibodies
directed against purified human PTX3 were described previously 10,20 (MNB1 cat. Number
ALX-804-463, MNB4 cat. Number ALX-804- 464, Alexis Biochemicals). 5Cell cultures Fetal bovine
aortic @ndothelial GM7373 cells21 were grown in Eagle's MEM containing 10% fetal calf serum (FCS).
I(-Il_gfme_:lrn elﬂr]nbrlyo_niC k(iglneryl/ (EcoPack2-293) packaging cells (Clontech, CA, USA) were grown in DMEM
ife Technologies, Gaithersburg, MD) containing 10% FCS. Balh/c murine aortic e '

10cells (MAE%&Q@}QH@M&&&%‘%?W@QA%PMQ HSMHR/@QH)?%?'WS ity thggs%g;;ts’l?&l)lrilfnZle6
grown in DMEM,addperyghthied e 3- RedepatmfestiparfientdNAs encoding for human PTX3 and

for the enianged gregn furescent PRI 575 WSSEBARA Hefas e Ao AN
chorioallantoic membrane (CAM) implanted at day 11 with alginate beads
5 containing vehicle (a) or 16 pmoles FGF2 in the absence (b) or in the presence (c)
of 3 nmoles of PTX3(82-110) were photographed at day 14. Original magnification,

X 5.

EXAMPLES
10 Example 1
Materials and Methods
Chemicals
Human recombinant FGF2 (accession number 09038) and PTX3 (accession
number swiss-prot P26022) were expressed in E. coli and Chinese hamster ovary
15  cells, respectively, and purified as described '*'®. Synthetic human PTX3(31-60),
PTX3(57-85), and PTX3(107-132) peptides were provided by Primm (Milan, italy),
all the other peptides being provided by Tecnogen (Piana di Monteverna, Caserta,
ltaly) (HPLC purity 2 95%). For all peptides, amino acid sequence is shown in
Table 1 in the single letter code and numbering stars from the methionine residue
20  in position 1 in the PTX3 leader sequence.
Table 1. Synthetic peptides spanning the human PTX3 N-terminus.

Peptide Amino acid sequence SEQID NO:
PTX3(31-60) DNEIDNGLHPTEDPTPCDCGQEHSEWDKLF 8
PTX3(57-85) DKLFIMLENSQMRERMLLQATDDVLRGEL 9
PTX3(82-110) RGELQRLREELGRLAESLARPCAPGAPAE 10
Scrambled PTX3(82-110) EGLRGELRGSREAELLRQAARAPACPLPE 11
PTX3(107-132) APAEARLTSALDELLQATRDAGRRLA 12
PTX3(82-96) RGELQRLREELGRLA 13
PTX3(82-101) RGELQRLREELGRLAESLAR 14
PTX3(97-110) ESLARPCAPGAPAE 5
PTX3(97-104) ESLARPCA 15
PTX3(97-107) ESLARPCAPGA (5}
PTX3(100-104) ARPCA
PTX3(100-110) ARPCAPGAPAE 16




15 terminal fragment PTX3(1-178) (Ntem-,-PTX3) and the C-terminal fragment PTX3(179-381) fused
to the leader sequence for secretion PTX3(1-17) (sCterm- PTX3) were generated from pLX-PTX3 17
by PCR. and standard cloning techniques. All cDNAs were cloned in the pBABE retroviral vector thus
genera!:mg pPBABE-PTX3, pBABE-Ntelm-PTX3, pBABE-5Ct"'m-PTX3, and pBABE-EGFP that 20 were
used to transfect the EcoPack2-293 packaging cells in the presence of Lipofectamin 17, Transduced
cells were selected with puromycin (1 _pg/ml, Si naé%g;_g_wge!/c Clones-with-a-vifak-titer; higher than
106 cfu/mL \RTEAR%lor further exp gﬁ ftRint cultures of MAE cells were then
mcubqted for 2KB00%s! With the cong |ﬁ@|ﬁé’d~ﬁned|um from pBABE-PTX3, pBABE-Mteim-BTX3, pBABE-
25 sCiern,- BXRa@7 RBABE-EGFP ng@{_aglng cells in the presence of polylrene (8 pg/m|, Sigma).
Infect_ed cell %%' o:g,“g.?'verc setectesgfor7days wittrpuromycim-Observagion Of EGFP- infected cells
by epifluorescence microscopy (Axidvert S100-microscope,*10/0-25:-Zeissl-Gottingen Sermany)

=TT, VULLH gci Ty

show_ed that retrowral mfectlon eff|C|ency was higher than 80%. To assess the levels of transgene
protein 20 exm%w%ae@makmmcbea@amn punﬂeeshmmergmmm@reewme

conditions for 2 days. T tion edig w dh
10-Told using CEHGHN Vi 10Nl NHETBE Al a0 B i eSS By W B
analysis. 464, Alexis B:ochemlcals)

5 Cell cultures

Fetal bovine aortic endothelial GM7373 cells”' were grown in Eagle's MEM
containing 10% fetal calf serum (FCS). Human embryonic kidney (EcoPack2-293)
packaging cells (Clontech, CA, USA) were grown in DMEM (Life Technologies,
Gaithersburg, MD) containing 10% FCS. Balb/c murine aortic endothelial 22106
10 cells (MAE cells) were obtained from R. Auerbach (University of Wisconsin,
Madison, W1) and grown in DMEM added with 10% FCS.
Retroviral infection
The cDNAs encoding for human PTX3 and for the enhanced green fluorescent
protein (EGFP) were obtained as described . The cDNAs encoding for the N-
15 terminal fragment PTX3(1-178) (Nwm-PTX3) and the C-terminal fragment
PTX3(179-381) fused to the leader sequence for secretion PTX3(1-17) (sCterm-
PTX3) were generated from pLX-PTX3 ' by PCR and standard cloning
techniques. All cDNAs were cloned in the pBABE retroviral vector thus generating
PBABE-PTX3, pBABE-Niem-PTX3, pBABE-sCierm-PTX3, and pBABE-EGFP that
20 were used to transfect the EcoPack2-293 packaging cells in the presence of
Lipofectamin 7. Transduced cells were selected with puromycin (1 pg/ml, Sigma)
for 2 weeks. Clones with a viral titer higher than 10° cfu/mL were used for further
experimentation. Confluent cultures of MAE cells were then incubated for 24 hours
with the conditioned medium from pBABE-PTX3, pBABE-Nem-PTX3, pBABE-
25  sCiem-PTX3, or pBABE-EGFP packaging cells in the presence of polybrene (8
Hg/ml, Sigma). Infected cell populations were selected for 7 days with puromycin.
Observation of EGFP-infected cells by epifluorescence microscopy (Axiovert $100
microscope, x10/0.25; Zeiss, Gottingen, Germany) showed that retroviral infection
efficiency was higher than 80%. To assess the levels of transgene protein



SQeII proliferation assay Cell proliferation assay on endothelial cells was performed as described 22.

Briefly, _GM7373 or MAE cells were seeded in 96-well dishes at 75,000 cells/cm2 or 25,000 cells/cm2

respgctlvely. After 16 h, cells were incubated in fresh medium containing 0.4% FCS plus FGF2 (0.55 ’

nM) in }he _absence or in the presence of different 1Qantagonists. After 24 or 48 h, respectively, cells

\évelflt_e trtypsln(i]lzI(ic_zll_;a(go:c counted in a Burker chamber. E- coli expression and purification of recombinant
xHis-tagge ragments Nierm-PTX3 and Cierm-PTX ifi -

by PCR with @Wﬁ&ﬂ%‘g@?ﬂaﬁﬁ‘iﬁﬁsﬁﬂtiM%?Wc%ﬁd&?lb@@?ﬁ%a(%ewgrgrgwglElﬁge];r%@rupnlﬁz( o

SSCSEQGQ@%I( %ﬁg@g@;ﬁggﬁ%@; Bohdltidnet ThAGE WeRCERARECANTeT OC (SEQ ID
(SEQ D 20) CAILEBNRERETIAHED 13 dhe SRR R R Bor
Cloning Kit, Ingireyang@td seaeenseed By Wsistetheo®hanslyp@®. technology
5 Cell proliferation assay
Cell proliferation assay on endothelial cells was performed as described 2 Briefly,
GM7373 or MAE cells were seeded in 96-well dishes at 75,000 cells/cm? or 25,000
cells/cm?, respectively. After 16 h, cells were incubated in fresh medium containing
0.4% FCS plus FGF2 (0.55 nM) in the absence or in the presence of different
10  antagonists. After 24 or 48 h, respectively, cells were trypsinized and counted in a
Burker chamber.
E. coli expression and purification of recombinant 6xHis-tagged PTX3
fragments
Nierm-PTX3 and Ciem-PTX3 cDNAs were amplified from pLX-PTX3 by PCR with
15  primers containing additional nucleotides
PTX3-N:
(+) CACCGAGAACTCGGATGATTATGA 8 (SEQ ID 17);
(-) ITTAACCTGCCGGCAGCCAGCTCC (SEQ ID 18);
PTX3-C:
20 (+) CACCTGTGAAACAGCTATTTTA (SEQ ID 19);
(-) TTATGAAACATACTGAGCTCC (SEQ ID 20).
These cDNAs were cloned into the pENTR TOPO vector (pENTR Directional
TOPO Cloning Kit, Invitrogen) and sequenced. By using the Gateway®© technology
(Invitrogen), Niem-PTX3 and Ciem-PTX3 c¢DNAs from pENTR TOPO vector were
25  then cloned into the pDEST17 vector allowing the insertion of a 6xHis-tag at the C-
terminus of the recombinant proteins. E. coli BL21-Al cells (Invitrogen) were then
transformed with the two recombinant plasmids and grown at 37°C in LB medium
containing 100 pg/mL ampicillin. Recombinant protein expression was induced by
overnight incubation at 30°C in the presence of 0.2% L-arabinose. After induction,
30 cells were resuspended in binding buffer (20 mM sodium phosphate, 0.5 M NaCl,
10 mM imidazole, pH 7.4) and lysed by sonication. Clarified supernatants were
filtered through a 0.45 um filter and loaded onto a 3.0 mi HiTrap Immobilized Metal
Affinity Column (IMAC) (Amersham Biosciences) with Nickel for purification. The



(Invitrogen), Nterin-PTX3 and Cterm-PTX3 cDNAs from pENTR TOPO vector were 25 then cloned into
the pDEST17 vector allowing the insertion of a 6xHis-tag at the C- terminus of the recombinant
proteins. E. colt BL21-Al cells (Invitrogen) were then transformed with the two recombinant plasmids
and grown at 37C in LB medium containing 100 pg/léq_ ampicillin. Recombinant protein expression
was induced by overnight incubation at 30C in the pfesence of 0.2% L-arabinose. After induction, 30
cells were resuspended in binding buffer &20 mM sodium phosphate, 0.5 M N gl 10 mM imidazole,

pH 7.4) and Ipemsy Wapiwashedomfiidd Uﬂ\ériﬁ%@ﬁe'%&é’mf@%‘w&&&?‘f O R and

loaded onto g, Mg aRitmmobiliret MetalAfEniydcaimntd MA@ (AcharstmrinBiost@rses) with
Nickel for purification. The 21 col

mn was washed with 100 imi in bindi Jffef.and bound
proteins were ERAEFitVSEH rﬂf\ﬂlé?ﬁﬁd\g%Iggﬁcoqrtﬁﬁ%nt%emgﬁu agtu?§§§ﬁ%®m;iﬁ§§ns were
probed for thenpreasssietHR ghameqess hivefitaotatesvisréncol ectetoantyd asel ted Smvael HitRiithwere
collected and (iiPesaIt db g(?I filration 5 ch at([t IR hzsbﬁ%ph&q‘%sﬁgm:qwrpgg%gﬂ mgrsham) in
PBS. Puﬁ?y of é%%‘r??ﬁ’ﬁu%#ﬁfrcﬂ SRS Was hlg%%r %an go %, as assessed by SDS-PAGE followed by
silver stainingrefdheigeirspeoRimsrwas higber) {51 @Phass isipersgassbayS DSELASTE iR RSes were

incubated for ], gut@%ssr%@g?vﬁweo ﬁpt(%gl@é&'%oﬂ!\/llnggtwaHCOB, pH 9.6 (coating buffer)

containing FGF2 _Then, wells'were overcoated for 2 hours at room temperature with 5% dry
milk in coatin@blitlephre&binsting ag§a¥ts of PBS containing full length PTX3, recombinant

Nterm(iPT)|(|3 %@gm—,ﬁmt@gI@é@;na{%)%@fgm%)?mwtw@mges@ﬁ ﬁmfgombm mllrz- |
coated wells. Then, wells were sequentially incubated for it r ona
anti-PTXE anﬁﬂﬁdg@h}ZBUogoﬁJﬁGﬁf‘Wapfé&férﬁ%?Mﬁ %%%?frgéﬁ@m wi %?m%%ﬂé#@:%%cy in
Wester blot gd Bl 7 afidaiiiaURy g pibiRttith BRArATMIROR kbating buffor
streptavidin-horseredish peroxidase (1:5000, Amersham’ forér?joi% at room ﬁer%ffr tur_eﬁ[%n, 100
pl/well of the WESNIGGeH QgD PR spIdBIaAIeHY IEBRNTAZS N B RIDRIR iclﬁ“Wé e 20 added.
Absorbance vgjugs, Werexreasl at 425 Wesd iattoatetcrlds mheaidsrat B EdEhentsbeei@At; 100-p1
aliquots of PBS containing hiotin-labeled PTX3 (bPTX3) (22 n), were j f ' sat37C
onto FGF2-cosRatPde! %%‘?%l%%[ﬁ UG ER lf%mf%ag(rﬂnv%%ﬂét\?verfe%ivngg#gg? %tn%%ti@e ?ﬂgﬁt of
bound b X3rulstsitepelymted asrdeBEised hibade (R0 ditytiemstib F TR RSB B 1263
immobilized op ELISA micrgplat Il I crj v n, £GHK ) was
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added and F to immobilize s was assessed by 1 hour incubation at 37C with a

rabbit polyclorstmylafaFantihtdydy @A0P000aReIdAR T siFRaibidRpIRNs aadisioR it Fibed

above. (1:5000, Amersham) for 1 hour at room temperature. Then, 100 pl/well of the
chromogen substrate 2,29-azinobis(3-ethylbenzthiazolinesulfonic  acid) were
20 added. Absorbance values were read at 405 nm in an automatic ELISA reader. In
some experiments, 100-ul aliquots of PBS containing biotin-labeled PTX3 (bPTX3)
(22 nM) were incubated for 30 minutes at 37°C onto FGF2-coated wells with or
without competitors. Then, wells were washed, and the amount of bound bPTX3
was evaluated as described'’. Alternatively, synthetic PTX3 peptides were
25 imfnobilized on ELISA microplate wells (200 pg/well) as described above. Then,
FGF2 (80 nM) was added and FGF2 bound to immobilized peptides was assessed
by 1 hour incubation at 37°C with a rabbit polyclonal anti-FGF2 antibody (1:7000)
followed by immunocomplex detection as described above.
PTX3 epitope mapping
30 To identify the amino acid sequence of the epitopes binding to monoclonal anti-
PTX3 antibodies, 128 peptides were arrayed onto cellulose membranes by SPOT-
synthesis technology 2. The peptides were 13-amino acid long with a 3-amino
acid frameshift. Membranes were blocked with 2% milk in Tween-TBS (MBS) for



PTX3 epitope mapping 30 To identify the amino acid sequence of the epitopes binding to monoclonal
antiPTX3 antibodies, 128 peptides were arrayed onto cellulose membranes by SPOT-synthesis
technology 23. The peptides were 13-amino acid long with a 3-amino acid frameshift. Membranes
were blocked with 2% milk in Tween-TBS (MBS) for2222 16 hours at 4C. After washing, the
membranes were incubated for 90 minutes at 37C with monoclonal antibodies mAb MNB4 or mAb
1665 (both at 1:1000 dilution in MBS) and then incubated for 90 minutss at %ZP \gimi@p&t&lkaﬁne
phosphataselfohpwarabidakt-filagwaaR g oty SRRPIFRBEBYIGHYS. &SR al eveloped as

described 233ng iptensibhetibesignebadissavialb aBdyod enstioriBGitatalgsit BIARaléntbrane.
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FGF2 to bindgieoBhdsemobilizeden amiAabig@etisaecning., Toigme pirpHRS PEReT(Zeepiffwas

allowed to react with a flow cell o ensg[ehi WasgPIaNiIQushapctiyatadnigr&P plof a
mixture of 0.2'fF gﬁﬁe)ll??\? 3?%ir8n%s‘t%3\/¢;ér§inop8ré%1yl tt-é(1:@1§rll})§f)d§iimiﬁje(ﬁr)?/ﬁdrochloride and 0.05 I\&/II

NhydroxysucdemnsiidmeTtiessalyperithéieanesidaiths allowed the immobilization of 15 5,000

resonance U%@%Vé)oiﬁ%r gpdggqvg to approximately 0.1 pmoles of PTX3. Similar results were
obtained for immobilization of gelatin, here used as a negative?g&ntrol andéc‘)/\%eblr?nk sqgg%ctri)on.
Increasing cohddiar s RS AR SOt IS FRRNER TS Bap HFES weE THEF iRjected in

dilution buffer (P8 Mids P08 skERaERRM SRS Braaiges CafkiRaatiddigdtX) cuesaeP T3 surface
for 4 20 minutes (to allow their associati ith.immaohilized, PT. h : il gissociation
was obd&vedHRcREF GRArR Miggll C 'H{‘S?ﬁ%?‘g—ﬁg (E?Aﬁ;;%gggyr/g&geina%g%egégg%ﬁé%s
containing vepigisoge L6 X022 qfiVEES veilowedvithmacswitheaif W xelpdifdéaviarsiepired as
described 24 and placed on top, of th AM.of fertiliz I r [ tcay 11 of
incubation (1@@39@%@%%}8}%%%n%gﬁ\é%rg%%)%ﬁeéigl L?grg\/ %&g@eﬁgggﬁ\?ggﬁgfgwﬁds the

implant were dinetiegryinupropgreareddimitsuble MWOFAEHIER undePd stefeBmicrd¥cope V-
(STEMI-SR, x2/0, 12 ZRISAInfeR§RLs Expdlirsntinadraishedanadndsin@bBilization of

15 5,000 resonance units (RUs), corresponding to approximately 0.1 pmoles of PTX3.
Similar results were obtained for immobilization of gelatin, here used as a negative
control and for blank subtraction. Increasing concentrations of FGF2 with or
without synthetic PTX3 peptides were then injected in dilution buffer (PBS plus
0.005% surfactant P20, 5.0 pg/mL CaCl, and MgCla) over the PTX3 surface for 4

20 minutes (to allow their association with immobilized PTX3) and then washed until
dissociation was observed.

Chicken embryo chorioallantoic membrane (CAM) assay
Alginate beads (5 pl) containing vehicle or 16 pmoles of FGF2 with or without
synthetic PTX3 peptides were prepared as described 2+ and placed on top of the

25  CAM of fertilized White Leghorn chicken eggs at day 11 of incubation (10 eggs per
experimental group). After 72 hours, blood vessels converging towards the implant
were counted by two observers in a double-blind fashion under a
stereomicroscope (STEMI-SR, x2/0.12; Zeiss).

30 Results
The N-terminal region of PTX3 binds FGF2
PTX3 protein is characterized by a C-terminal 203-amino acid domain (Cierm-
PTX3) that shares homology with the classic short-pentraxins CRP and SAP and



PTX3 protein is characterized by a C-terminal 203-amino acid domain (Cterm- PTX3) that shares
homology with the classic short-pentraxins CRP and SAP and 23 by an N-terminal 178-amino acid
extension (Nterm-PTX3) that does not show any significant homology with any other known protein 8.
In the attempt to identify the antiangiogenic, FGFZ-I%igding domain(s) of PTX3, the two Cterm or
Nierm-PTX3 portions were assessed for their capacity to interact with FGF2. 5 Previous observations
had shown that the overexpression of full Ie.ragth PTX3 results ﬁgg inhil?itciion of F F2-degendent
proliferation ipyeaddiHeraBalld BB RinAesiAHLRBF Iictlen e85 yaR QoéAfownt% factor
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overexpressi &N (%mpared to control EGFPinfected cells. To further assess ggé%pacﬁg of

Nterm-PTX3 to tirt estrareEBamiigonist, Q0 HynRAsSe ARt iRRdaNEAR éfe dvaluated
for the capacify.tg affectdCRArdrRRMIcRERraliiain Bl eREOTORIIBHOM7BTX Betise(FFXE IC). As

anticipated, incubation of GM7373 cells with FGF2 in the bresence of the con itiqp‘eﬁl iim of
Nterm-HPx3-iprEtaal exens@liNendd MALCELIE gif?éﬁé}%ri%ﬁﬁ‘csa ‘ﬁﬁﬁi%?tig‘r? of t g?r%%ggnic
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infected cells.
To further assess the capacity of Nem-PTX3 to act as a FGF2-antagonist,
20 conditioned media of infected MAE cells were evaluated for the capacity to affect
FGF2-dependent proliferation of endothelial GM7373 cells (Figure 1C). As
anticipated, incubation of GM7373 cells with FGF2 in the presence of the
conditioned medium of Nem-PTX3-infected or PTX3-infected MAE cells caused a
significant inhibition of the mitogenic activity of the growth factor, whereas the
25  conditioned media of sCwem-PTX3-infected and EGFP-infected MAE cells were
" ineffective (Figure 1C). None of the conditioned media caused a significant
inhibition of GM7373 cell proliferation triggered by 10% FCS, thus confirming the
specificity of the effect.
To confirm that the FGF2-antagonist activity of Niem-PTX3 was due to its capacity
30 to interact directly with the growth factor, N@WPTX3 was expressed and purified
from transformed E. coli cells as a recombinant 6xHis-tagged protein; purified
recombinant 6xHis-tagged Ciem-PTX3 was used as a control (Figure 2A, inset).
When assessed for FGF2 interaction, full length PTX3 and the recombinant Niem-



full Ieng_th PTXS3, but not of Cterm-PTX3, prevented the binding of biotinylated PTX3 5 (bPTX3) to
|mmob|I|2(_ed FGF2 (Figure 23). Taken together, these results implicate the N-terminal region of PTX3
for FGF2 interaction. Inhibition of FGF2/PTX3 interaction by a monoclonal anti-Nterm-PTX3 antibody
_10 Thqwscreening of a set of rat monoclonal antibodigs raised against human full length PTX3
identified the antibodies mAb-MN8423 (MNB4 cat. Number ALX-804- 464, Alexis Biochemicals) and

mADb-16B51 (MNB1 cat. Number ALX-804-463, Alexis Bio icals) that . i i bi
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antibodies, irfut iemgtborIXS deub ovt v SueatBd Xiamiexsnted tasrbitling et RintiRyalst

T30 31 e e 2 S Fire 36y, oo o PP
Taken together, these results implicate the N-terminal Tegion of PTX3 for FGF2
interaction.

Inhibition of FGF2/PTX3 interaction by a monoclonal anti-Nerm-PTX3
antibody '

10 The screening of a set of rat monoclonal antibodies raised against human full
length PTX3 identified the antibodies mAb-MNB4% (MNB4 cat. Number ALX-804-
464, Alexis Biochemicals) and mAb-16'851° (MNB1 cat. Number ALX-804-463,
Alexis Biochemicals) that selectively bind recombinant Niem-PTX3 and Crem-PTX3,
respectively, in a Western blot (Figure 3A). :

15 To map the PTX3 epitopes recognized by the two antibodies, the authors took
advantage of the SPOT-synthesis technique® by which 128 overlapping 13-mer
peptides spanning the entire human PTX3 sequence were arrayed on a cellulose
membrane. When the membrane was probed with the two monoclonal antibodies,
immunocomplex detection revealed that mAb-MNB4 recognizes the epitope

20 PTX3(87-99) present in the N-terminal extension of PTX3 whereas mAb-16B5
recognizes the epitope PTX3(306-312) located in the C-terminal region of PTX3
(Figure 3B).

When tested for the capacity to affect FGF2/PTX3 interaction, mAb-MNB4, but not
mAb-16B5, prevents the capacity of bPTX3 to bind immobilized FGF2, similarto a

o5  molar excess of free unlabeled PTX3 (Figure 4A). Accordingly, mAb-MNB4
abolishes the capacity of full length PTX3 to inhibit the mitogenic activity exerted
by FGF2 in endothelial GM7373 cells whereas mAb-16B5 is ineffective (Figure
4B). Thus, mAb-MNB4 recognizing the N-terminal PTX3(87-99) epitope
neutralizes FGF2/PTX3 interaction.

30  Synthetic Nyrm-PTX3-related peptides as FGF2 antagonists
To further define the FGF2-binding region in the N-terminal extension of PTX3, the
authors evaluated the FGF2-antagonist activity of the synthetic peptide PTX3(82-
110), that contains the PTX3(87-99) epitope recognized by the neutralizing mAb-



When tested for the capacity to affect FGF2/PTX3 interaction, mAb-MNB4, but not mAb-16B5,
prevents the capacity of bPTX3 to bind immobilized FGF2, similar to a 25 molar excess of free
unlabeled PTX3 (Figure 4A). Accordingly, mAb-MNB4 abolishes the capacity of full length PTX3 to
inhibit the mitogenic activity exerted by FGF2 in endgthelial GM7373 cells whereas mAb-16B5 is
ineffective (Figure 43). Thus, mAb-MNB4 recognizing the N-terminal PTX3(87-99) epitope neutralizes

FGF2/PTX3 interaction. 30 Synthetic Nterm-PTX3-related peptides as FGE2 an ists o further
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epitope recognized by the neég izing mAb- 25 MNB4 (see above), together with three distinct
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phasie) (Figu'fﬂgi& HRRSsPRNANSIPRsiniBneb thaintisiction b dersesstiatealtijytinf ek fobibinding to
a gelatin-coated sensorchip. Alsg, in ing.congentrajions, of FGF . Eigure 6C,
lower 18 Qan@§RbicRsitperieqtdvar afé%’gt&ﬁﬁ%%& PRNIEA eﬁ ﬁ%i‘%gﬁg;ggr%% er I\g)%r@cg; F2/PTX3
interaction. The PMEmansiatbiiestbnsteatd hedtheantsoeatiprmdttinighvicarekribe (8 afis408idten
constant (koff) of 6 x 10-5 s-1 and a kinetic associati t g&@ﬁ hiys resulting
in a Kd value %fﬂf?ﬁ f%%gfg ?%Og%'%%cttiﬁﬁg 81’&%%2&@%%%#@@%@%%epudes'%lv“ig assessed
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surface in a dose-depen manner with a potency 30 times lower than that shown b\é free ffll length

PTX3 (1650 epargloveET pNiestRAZYBITE FrEE3PIutacs el 119 iR RLSEeR Qly). under

the same experype/aixs interaction. The binding data demonstrate that the interaction occurs
with a kinetic dissociation constant (ko) of 6 X 10 s and a kinetic association
constant (ken) 0f 0.2 x 10%s™ M, thus resulting in a Ky value equal to 0.3 x 108 M.
On this basis, the four synthetic PTX3 peptides were assessed for their capacity to
20  sequester FGF2 in the mobile phase, thus preventing its interaction with the PTX3
sensorchip. As shown in Figure 5D, PTX3(82-110) inhibits the binding of FGF2 to
the PTX3 surface in a dose-dependent manner with a potency 30 times lower than
that shown by free full length PTX3 (IDso equal to 1.0 yM and 30 uM for free PTX3
and PTX3(82-110) peptide, respectively). Under the same experimental -
25  conditions, no inhibitory effect was instead exerted by PTX3(31-60), PTX3(57-85),
and PTX3(107-132) peptides (Figure 5D and other collected data). Also, a
scrambled synthetic peptide with amino acid composition equal to PTX3(82-110)
[sPTX3(82-110), Table 1] showed a limited inhibitory effect (IDso > 3000 pM)
(Figure 5D), thus indicating that the primary amino acid sequence in PTX3(82-110) '
30 is of importance for FGF2 interaction.
The capacity of PTX3(82-110) peptide to bind FGF2 prompted the authors to
assess its ability to act as a FGF2-antagonist. When tested on endothelial
GM7373 cells, both full length PTX3 and PTX3(82-110) inhibit the mitogenic



25 conditions, no inhibitory effect was instead exerted by PTX3(31-60), PTX3(57-85), and
PTX3(107-132) peptides (Figure 5D and other collected data). Also, a scrambled synthetic peptide
with amino acid composition equal to PTX3(82-110) [sPTX3(82-110), Table 1] showed a limited
inhibitory effect (ID50 > 3000 pM) (Figure 50), thus yylicating that the primary amino acid sequence in
PTX3(82-110) 30is of importance for FGF2 interaction. The capacity of PTX3(82-110) peptide to bind
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sequence (Figur%rhsA 2hdl Table 1) were evaluated for the capacity to interact with FGF2 in a solid
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110) binds FGF2 in the mobile phase, thus p g
immobilized to a BlAcore sensorchip (Figure 6C). The inhibitory activity of
PTX3(97-110) was similar to that shown by the parental peptide PTX3(82-110),
20 whereas PTX3(82-96) and PTX3(82-101) were ineffective (Figure 6C). In keeping
with these observations, PTX3(97-110), but not PTX3(82-96) or PTX3(82-101),
inhibits the mitogenic activity exerted by FGF2 in endothelial GM7373 cells (Figure
6D). ‘
To further investigate the minimal linear FGF2-binding sequence spanning the
25 peptide PTX3(97-110), the authors analysed the binding of the following shorter
peptides to FGF2 by measuring its interaction with PTX3 immobilized to a BlAcore
sensorchip: PTX3(97-107), PTX3(97-104), PTX3(100-104) and PTX3(100-110),
(Figure BE). Peptides PTX3(97-107) and PTX3(100-104) showed a significant
binding to FGF2. In contrast peptides PTX3(97-104) and PTX3(100-110) did not
30 prevent the binding of free FGF2 to PTX3 immobilized to a BlAcore sensorchip.
(Figure 6E). Thus, PTX3(100-104) appears 10 represent the minimal linear FGF2-
binding amino acid sequence in the N-terminal extension of PTXS. Accordingly,

PTX3(100-104) inhibits FGF2-induced endothelial cell proliferation.



30 prevent the binding of free FGF2 to PTX3 immobilized to a BlAcore sensorchip. (Figure 6E). Thus,
PTX3(100-104) appears to represent the minimal linear FGF2- binding amino acid sequence in the
N-terminal extension of PTX3. Accordingly, PTX3(100-104) inhibits FO F2-induced endothelial cell
proliferation. 27 Synthetic Nterm-PTX3-related pep 'c,}es inhibit the angiogenic activity of FGF2 To
assess the capacity of NOar,-PTX3-related peptidesto affect FGF2-induced neovascularization in vivo,

gelatin sponges adsorbed with FGF2 alone or added with PTX3 peptides were.impla the top of
11 day-old cmsmsﬁjbmmxgmlgmwﬁaa@W,%ﬁé%&&%@%’&&&%&%&%fgz (16
pmoles/embry@) gxesta RSEBhBAGIQIENIR [RePANXE relagsicoopiries! to ladiads E@crbedusitd vehicle
(macroscopic vessels converging towards the implant being equal ta d mbryo
for the two e%ﬂ%ﬂ’rﬁ%‘iﬂ@%@%,"?e‘%@cﬁ%ﬂ}b’? I?EQQQS%SQ%%%EE% Wéﬁﬁé‘?&g}é&%ﬁ%ﬁéﬁ vivo
FGF2-dependgmit RTI®GRMGILS wepoispluisdignifieataly obddodaly QB! shics sansremirid $<0.05 by
ANOVA) by the addition, of 3.0 nmoles of PTX3(82- iqde:d i | 7).
Accordinaly, 8 MBS O Lﬁ%?( 7f§l% %taetﬁs)g%%é%goo?rﬁ%%ﬁiﬁolﬁnint ?i@o%@r?f%iﬁtgﬁg triggered
by FGF2; no effextt wasieste ad grgreid by spoxsesvhe). tampesadsion bardaadsriebwitat FGr2
interaction is mediated e ' Als9iBXRE{IEMS Beliarmeswith
neutralizing rﬁgﬁécff}o n&?éﬁ%%%‘?svaggé% gﬁﬁ'&%@@éﬁﬁ& I|c}’:éé)|g)tic%iscla)cg{}den[t?i@ tﬁe mino acid linear

sequence 20 PEXG(I1-£10)vesselsiomiiple fior ths iersnen ek ¢oHRss 58 8FLYEed on the
following expgrmental aiidenrcss:ihibe sRervagsisdng PRRAveNH SRR dwedneditiengia@eaibinders17

despite their sequence homalogy with the PTX3 C-terminus': i), retroviral t ucti N-terminal
fragmertPTXSERANSR (raeRiapisa)thieAuted é@é’g"r‘%ﬂ#ﬁ&@ﬂe@%@%ﬁ&:ﬁ%@%ned by
exogenous 25HeGRRtbaNstotEkirheris ol PECHIBRINGD) piptidePnXBe B hatioperts (FIO¢se binds to

immobilized EGF2 and inhibits PTX3/FGF2 | 128; I)th c nt i z 4,
Mapping the e %féﬁ@&’l’ 9(%&53?pPeﬂ/tgmﬁgj)gsrgéqgt%gra%?g%ntg@gﬁim@'t\gl}?:GFZ
antagonist activitjogERIEXB2Bpensetiegecetsby) FeRynthetiefiepticepTirstesd1 fypHRE tR¥ shorter
peptides 30 Pg%(;ﬁ%zléép P1X3(97-107) and PTX3(100-104), but not other peptides based on
different regions’of the 3 N-terminus, prevent FGF2/PTX3 interaction by binding FGF2, thus
inhibitind %GF2-dependent endothelial cell proliferation in vitro and angiogenesis in vivo. 28 PTX3 is

produced by rpacroRiages?27, fibroblasts9, myoblasts29, microglia29, and endothelial cells8, indicating

that it may exert paracrine and autocrine _functions on endothelium, Similarly, various stimuli, including
the inflammatdRenfediarsrehen Hisd ﬁﬁfczo%ﬁ’éaﬂciﬂdﬁéaefg@ffiq& Jg S| ﬁ?ﬁmérﬁ%ifoﬁ%éﬁgééﬂs that

undergo an opn PTX3. Also, experiments performed with neutralizing monoclonal antibodies
and synthetic PTX3-related peptides identify the amino acid linear sequence

20 PTX3(97-110) as responsible for this interaction. These conclusions are based on
the following experimental evidences: i) the short-pentraxins CRP and SAP are
inefficient FGE2 binders'” despite their sequence homology with the PTX3 C-
terminus’; i) retroviral transduction of the N-terminal fragment PTX3(1-178) (Niem-~
PTX3), but not of sCem-PTX3, inhibits the mitogenic activity exerted by exogenous

25  FGF2 in endothelial cells; iii) recombinant Niem-PTX3, but not Ctem-PTX3, binds to
immobilized FGF2 and inhibits PTX3/FGF2 interaction; iv) the monoclonal
antibody mAb-MNB4, mapping the linear epitope PTX3(87-99), prevents
FGF2/PTX3 interaction and abolishes the FGF2 antagonist activity of PTX3 in
endothelial cells; v) the synthetic peptide PTX3(82-110) and the shorter peptides

30 PTX3(97-110), PTX3(97-107) and PTX3(100-104), but not other peptides based
on different regions of the PTX3 N-terminus, prevent FGF2/PTX3 interaction by
binding FGF2, thus inhibiting FGF2-dependent endothelial cell proliferation in vitro

and angiogenesis in vivo.



5 autocrine loop of stimulation. Thus, endothelial cells and other cell types can express both PTX3 and
FGF2, Thus, PTX3 produced by inflammatory cells or by endothelial cells themselves may affect the
autocrine and paracrine activity exerted by FGF2 on endothelium in vitro and in vivo. This should allow
a fine tuning of neovascularization via the productio. 801‘ both angiogenesis inhibitors and
10stimulators. FGF2 is a pleiotropic growth factor that stimulates various cell types of endodermal and

mesodermal origin32. Therefore, the role exerted by FGF2 in yarious pathaphysiologieal canditions is
not limited tofft§ @o@@ﬂé%i%.”@ﬁ%ﬁﬁﬁ@é%é@?@ﬁﬁ%Iatgy 9%’(5% ﬁﬁlsgrat%;r? élggéprblﬁg\?ation of

fibroblasts dusipgtASigosEIdd aadirgtrrptobsineein enascha caltinduaimd autmdse Broslioss. 80 and
restenosis39. Also, it may favqr neuronal cell survival and gli 1 _proli ian | njunredscentral
nervous syst@ﬁ%%hﬁll"ém‘tl‘éégalﬂaﬁdﬁ%wgsth%"@grﬁcé?ﬁ? a%%?ﬁ!:@oaﬁkg? %‘EIJ' 3@?@3 trélygdﬁlezte the
activity exertegdnii@EFxareihtsndets. Faf2 e xprexsionniniendabeligb el dhatsHsttiomascle cell
activation in vitro and 2pintimal thickening a rterdah iR IR Mo IBusenelesiorhdbecanthors
demonstrate %'rt?ﬁgr}ﬁs Sl g?hé?léﬁl Bﬂit;‘trﬁ#‘i%ugri{sa %r%@%il%d%lérql%:é% interaction.wa X3is a
multifunctionaxeoasisldpiEIRFeesgHiton ekt P RePEPesSRA MY HtamERIRRARS r?{u%}/ty,

infla_mmatione%f%ﬁ%o%%iﬁ'ﬁ%%@vr@glenf%giIi%égp*ggsé@&uﬁ@umwracﬂw@y hytivitgracting _
25with numerous ligands with distinct molecular properties, REFER CE% iL Glzflrlandz}l.lr% Bottazzi
B, Bastone ACKESG@WINI TG oRag el Bs ¥ BRI elPmASEE %uu%it?/,?r\%lgmmation,

matrix deposiion@af {epalsciaEHiiteR HanhRRedmstionaf BODb2gjagerastsInStserprnd
Whitehead AS. The major acute phase reactants: C-reactive protein, serum arnyloid P component and
serum arRyloRiRWARSH. Immunol Today. 1994;1 5:81-88 29 3. Pepys MB, Baltz ML. Acute phase

proteins with ppzrgal igefereplesoteofic e getivehprizeiorativate st patseine(jsaragels) HRESePlim
amyloid A protein. Adv Immunol. 1983:34:141-2.1 3> log, d 1N Te dRtegagtion@f £-pactive
protein and sgﬂﬁﬂ%ﬁv%?oaﬁd meSOC?’E’fBT#?:I\-N#Héﬂ\ thbr%r@. o le et ! )

5componen uc[ear antigens. Mol Biol Rep. 1996,23:253-260 5.
Gewurz H, ZhamgueHpainophyStiogiesd apaditinogos apthinpiastisilts, atdiPespin Rk 9995:

7:54-64 6. Napa J’%%Ma{é&qe&e%rm AnRefeDRIARANS diersBRmtsotiapinptotic
cells: a role for complement and pentraxins. Trends Immunol. 102'003;24:148'+5r4c')sis33'3“ and
15 wound healing and of smooth muscle cells during atheroscle
restenosis®®, Also, it may favor neuronal cell survival and glia cell proliferation in
the injured central nervous system"e’. In all these conditions, the concomitant
production of PTX3%® modulate the activity exerted by FGF2 on these cells.
Indeed, PTX3 inhibits FGF2-dependent smooth muscle cell activation in vitro and
20  intimal thickening after arterial injury in vivo *°.
In conclusion, the authors demonstrate for the first time that PTX3 N-terminus is
involved in FGF2 interaction. PTX3 is a multifunctional soluble pattern recognition
receptor at the crossroads between innate immunity, inflammation, matrix
deposition, and female fertility. It exerts its multifunctional activity by interacting

25  with numerous ligands with distinct molecular properties.
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33 CLAIMS 1. An FGF-2 binding peptide wherein the peptide consists of an amino acid sequence
selected from the group consisting of SEQ ID NO: 5, SEQ ID NO: 6,5 SEQ ID NO: 7, and SEQ ID NO:
10ora pharmaceutically acceptable salt thereof. 2. A pharmaceutical composition comprising the
FGF-2 binding peptide of claim 1 or pharmaceutically,acceptable salt thereof and a pharmaceutically
acceptable carrier, diluent, excipient, and/or adjuvant. 10 3. A fused peptide comprising the FGF-2

binding peptide according to claim 1 fused to a protein s ther th ami :
sequence, th@%sr&éhﬁ‘s@@cté@ﬁ@ﬁ*ﬂhe%r&ﬁf%%hgiéﬂﬁlg‘%%en ﬁeﬂg?a r-b%?e{ﬁ]naa%ﬁ:%n?anol?-%%'gmmo acid

. e _ gins, extracellular
regions of mepHRiARet BRSREhRERISINS. @emBIMglBelitogonsiant 15 regions, multimerization domains,

o . b hp ) ; - .
corugated poRticE SN ing RS 2 Bind R DL St CEUET D Honia bt & hergiolagous.
moiety. lymphocytes synthesize and export heparin-binding epidermal growth factor-like
5 growth factor and basic fibroblast growth factor, mitogens for vascular cells and
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CLAIMS

1. An FGF-2 binding peptide wherein the peptide consists of an amino acid
sequence selected from the group consisting of SEQ ID NO: 5, SEQ ID NO: 6,
SEQ ID NO: 7, and SEQ ID NO: 10 or a pharmaceutically acceptable salt thereof.

2. A pharmaceutical composition comprising the FGF-2 binding peptide of
claim 1 or pharmaceutically acceptable salt thereof and a pharmaceutically

acceptable carrier, diluent, excipient, and/or adjuvant.

3. A fused peptide comprising the FGF-2 binding peptide according to claim
1 fused to a protein sequence other than a human PTX3 amino acid sequence,
the protein selected from the group consisting of membrane-bound proteins,
extracellular regions of membrane-bound proteins, immunoglobulin constant
regions, multimerization domains, extracellular proteins, signal peptide-

containing proteins, and export signal-containing proteins.

4. A conjugated peptide comprising the FGF-2 binding peptide of claim 1

conjugated to a heterologous moiety.



