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The "hydropathy index" is calculated according to the method of Kyte and Dodlittle, J. Mol. Biol., 157, 105-
132 (1982). According to this method, the more (-) a value is, the more hydrophilic it is. Thus, the CS | peptide
80  is much more hydrophobic than peptides 1 and II.
The net charge of each peptide is calculated by assigning a (+1) charge to each lysine (K) and arginine
(R) residue, and a (-1) charge to each glutamic acid (E) and aspartic acid (D) residue. Additional residues are
assumed to be uncharged. These charges would be expected under the conditions of heparin binding and cell
adhesion assays, which are performed near neutrality (pH 6.8 to 7.4). The only other residue which could con-
85  tribute significantly to total charge is histidine (H), which occurs twice in the CS | peptide but would be un-
charged under the pH conditions of the assays used.
Despite the difference in chemical praperties between CS 1 and peptide il, experiments were carried out
to determine whether or not the biological activity of peptide If was related to the three-residue overlap with
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The present invention also provides three additional bioactive polypeptides, which also represent frag-
ments of the 33 kD carboxyl terminal heparin-binding region located on the A chain of fibronectin. These poly-
peptides, lll, IV and V, are structurally distinct from each other and from peptides | and lla, however, they do
share certain chemical properties which are summarized on Table lll, below:

50
55
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. strata, (d) inhibit the metastasis of malignant cells, and/or (e) bind excess heparin, a condition which can occur
N 40  invivo during heparin therapy. Due to the difference in the spectra of biological activities exhibited by the pres-
ent polypeptides, mixtures thereof are also within the scope of the invention.
Furthermore, since it is expected that further digestion/hydrolysis of polypeptides 1, Il, lla and lll-V, in vitro
or in vivo, will yield fragments of substantially equivalent bioactivity, such lower molecular weight polypeptides
are considered to be within the scope of the present invention.

Brief Description of the Drawings

Figure 1 is a schematic depiction of plasma fibronectin, indicating the relative location of RGDS and CS-
1 on the protein with respect to the heparin-binding peptides I-V of the present inventlon, which are located
80  on the 33 kD carboxyl terminal heparin binding fragment of the A chain.
Figure 2 is a graph depicting the heparin binding activity of peptides | and Il of the invention (nitrocellulose
binding assay).
Figure 3 is a graph depicting the heparin binding activity of fibronectin (fn) (nitrocellulose binding assay).
Figure 4 is a graph depicting the relative heparin-binding activity of peptides lla and CS | (Immulon C bind-
85  ing assay).
Figure 5 is a graph depicting the heparin-binding activities of peptldes ila-A, lla-B, and lla-C (immulon C
binding assay).
Figure 6 is a graph depicting the relative heparin-binding activity of peptides |, lla and llI-V (immulon C
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respect t oeioyemeilyrobtha t/c33 and t/c66 heparin binding fragments results from the action of trypsin within the type
llles insert of the A chains of plasma fibronectin.
Localization of the 33 kD heparin binding fragment within the A chain of plasma fibronectin was established
by determining the amino terminal sequence of the first 21 amino acids of a tryptic 31 kD fragment. This frag-
8  ment, which is produced during the purification of 33 and 66 kD heparin binding fragments, contains a free
sulfhydryl and orginates from the carboxyl terminal end of the A chain of plasma fibronectin. See D. E. Smith
and L. T. Furcht, J. Biol. Chem., 257, 6518 (1982). Furthermore, the 31 kD fragment also originates from a
subset of fibronectin molecules which give rise to the 33 kD heparin binding fragment of fibronectin.
The amino terminal end of the t31 fragment begins at histidine residue 2040, underlined, line 5 of Figure
85  11. This is consistent with the known specificities of trypsin, since the residue to the amino terminal side of
this histidine is an arginine. This sequence is present in the type llics insert which occurs in a subsst of fibro-
nectin molecules. This fragment contains 9 additional amino acids from the type llics insert, skips the last 31
amino acids of this insert (Figure 11, line 5, parentheses), then continues as a type il homology (Figure 11,



human sequence. The first 21 ami no acids which were determned for the
t/c66 heparln binding fragment (Figure 11, under- 35 lined residues which
begin in line I and continue In Ilrupﬁsnﬂms*frag'nent starts with the
am no acid al ani ne which corresponds to residue 1583 on intact plasna
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The results show that peptide Il bound 3H-heparin in a concentration dependent manner (Figure 2). In contrast,
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The next ,BOC-protected amino acid is then coupled to the free am ne of the
prevr ous am no acid by the use of dicyci ohexyicarbodiimde (DCC). Side
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thesis by TFA stabl e benzyl derr vatives. of -t hese repet itive reactions

can be aut ted |des of t e ?2 L nven were
: e estooce ell ich

et R a rraf e
use of a B mﬂ fi nt
bl ocked poI gcﬁ I S ed
anh drogs h uovrc acr to cIeave t he benzyr ester Irnkage to t he
resin and tw%p@xpgﬁ,dgﬂawgsthe free pol ypeptide. 25 The benzyl -derived side
chain protéctrng groups are also renoved by the HF treatnment. The
pol ypepti de iAn ddBifishaRysine 7ésidsiwds satedidnthe carbox,terhus 6 C8.1 bh dleR RFAdilitatecliiing of
fol | owed bynhid peptideitd iha aibisteata usbd ih lifis ss¥dyr act Lyophi | i zed crude pol ypepti des
are puridi ed Boh gEptidea i@and\GS llwegs thenstofnparedtfiacrelativie Gyepatin-bilwding aativity IPisticimnkibh_C)
by r ever se platva tDyndtecb Alexguisia,MA) wer& adsarbexodith100 pl {ib triplicate) of tie ridicated Igvelechf paptidels S
0%t o 60% de.&Sdar BSA as desgiibieth The dbilihoTiRe33 kb fre@dent iaibind hépariowasafso tdéterminkd; fantom-s
moni t or ed #erisoR @ltheugh due th the ralgtive siae of Shisfragpnt comnared withithe pentidgs| differamt cogiing con-
Char act er i zeptratinns were ysaes T iceatingjevel githa 3348 fragmentiwpre 4,400 andiSE0 nefrel Fpliawing
- The pol $Ppe e Ripskingef dorspactic bind BPr%b‘PSW + A Abllity, of thesp variops subsirtajig,bind*Hzheparin 0o C

In 6 M HC mmmbvmﬁarr-r@g qepmr"naterqurgrswaae@qw pes inute Lomyof thig{igepd Allepmsi ne
or tryptopH Pﬂ§°a PN ?"cﬂaﬂ?ﬂté&p"&ﬂPﬂﬁ‘"ﬁW%gg q?é“%"éﬁ?ﬁ?‘ﬁ?g 'B 8 on

h 630
g o éﬁ% “ﬁ%gf rgg a3h rg,@re%ﬁg Zr:;e
Lo contras in Ion este di
UA'O an d #m.ty Je?l s étyrgl%verl

may be 35 er-c rac e |ze se uence ermn s approach

| s especi ald Molypeit Y 1l lia-B SHEIRLC poI ypept i des, Wnere am no acr d corrposr tion
data are i n‘h‘er%rrr{gy—l‘errrrﬂ"m'rmt i ve. Sequence determnation is carried out
by sequant i al ThEeiiepeptRies deridddinam pbptiddd dne rn&BﬂpBﬂrdB 114, Werd ddsortdd boMMiISC pltedat
Model 470AgwSndRBRS Sonentiationsl omrm/\zahnﬁ tripiRalte BhdAStSulf& B abilitp fo.bind 2Hp Wephiittas described

met hodol 0QYiergihablove. Ffe rdité ¢f khisdtud@ lare surimariZéddn. FiguteSIAs dedfofistréd by thdse dth,. pediite

| nvent i on \ia-Alextibits &xireinéle pootiparni-tinditig botivitycpeptidariiad extibits alighfiyohighertiepsrinchetivity dte d
exanpl es. 4igh ésatingpbreeriratidrie, phereas-pBptidelila-Cexhibiwaxtrehtety high Baparinttinding egqisity; evelbwhedi ng
utili ze® nusedebwhylow @sting séreetirstions. indadbt pepticie a-€ bindsihaphrip@pchibeltes then dqes theearent t 0
be tested pentidhipentide iia).tslesnite thg fagtthatitietngt chimgeen pbptide|lla-frigi(+3)whereas the nat charge on

fi bronect i mentifigja igtleThisslemprisiratosthet pet ciagerpry agis "05 he-prjypamery sengiderption fas thethep-t he
concent r at @@hinding getivilesolyseryed insythetiapeptides derived frejn fibroneatin. Rathesa spasifipprinapy sirud,
had been prﬂ@%'ea'le@e! WFPWW'NH& a8 of Reptide Y, {KNNQKSEPLIGBIKKT) they h°eR5't'-bBF'Eﬁ act""ty
appar at i’fs ﬁ"éﬁf 8 eﬁ"Tt it lg ‘H'e '%{ggfég'égem ‘““ fhe segy . d
various co f z

Each wel | %’iﬁﬂ ﬂag ﬂ” ?ﬂ; i d gf"h "r’”g g?m 'ﬁ"r”g"‘

pH 8.0, O. pieh cog ga“f'ﬂ'? Thee °a MBETand allowed to air dry
oweyni ght . Eﬁ Litms(jﬁ§ vvere then equili br| ated for 5 mnutes at roomtem

50 peratu buffer which contained 10 mM CaC 2. 3H hepari n was

then dil uted depide Fmﬁ@mlvwda%rm attitd ikdiBted Eftdirativfb (WoRlikeilPin Rigichfa!to ffuioh
Cael, and @igidida@s lubseditsad BerdipddBves PYREE -V Bind 3i-Rébarin bubsightiblly GRS 6ohd Qlias& héparin-

M xt ure f ObindindabkySas shév il Fijur€s, Snd\ptiied NQAd WabTid BepafiPibre birdWBIF théh ddas péphidd VIg
buf f er, sanpdtténtigpestide 1, Which didwwbt bihdHéparin WeiDi SheQitroCelliigBe DidME ss8ay; bdun®hbpariiiwell he
nitrocel | Ulamspedicallylitttio thniufop Ebindingwssayquant i tated with a liquid

sci ntil | ati orThe epsnifieity of éath paptideddr Higpagt birdiing islindicateld Bylthelfaet thatthe 50% inbibiton pointdf
pepti de 11 3Hzbapadh tibiding equaed by dextramsuifate arshondevitinkdermeiap sulfelte istat arcancenfratiofriwbjchrie 1 2) .
| n cont r asto 3 opders of AaYn{tudg Bigher than (hat eRtibitedbycheparin{Thensdespits@rd similario thegst absheved fou t
any con®enintagtfibronectin anfergeptiierd apdblhest concentrati on of peptide 11 which
pronot ed 3H heparin bi ndr ng was 0.25 x 10-4 Mwith a saturation of binding
observed aExampierfaiNeurte Quigrowth-Assa

A. Preparation of Plates

&5
Peptides |, Il, la, lll, CSl or intact fibronectin were diluted in Voller’s buffer (0.05 M Carbonate buffer, pH

9.6) and 100 ul of each concentration was dipensed into 96 well tissue culture plates in friplicate. The plates

were then placed in a sterile hood overnight to evaporate the buffer and to dry the peptides onto the plate.



centrations (0.25 - 0.5 x 10-2 M. Simlarly, fibronectin also bound

3H- heparl n in a concentration dependent nmenner , wi th maxi mum bi ndi ng
observed at 10-4 M fibronectin (Figussss3sst B. Pol ypeptides Ila and CS |
An addi tional |ysine residue was added at the car boxyl terminus of CS1 in
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Q B&Eﬁﬁg*’gﬁanwa and Intact peptide Ila, were adsorbed to Imulon C
pI ates at concentrations (100 /well) in triplicate and tested
for the abi Wﬂé&e&u@s&mﬂsﬂ%ﬂ%ﬂ%bﬁe@&ﬁQ&QVhWbW ei nabove. The results of
this study are sunmari zed on Figure 5. As denonstrated by these data,
peptides!la-A exhibits extremely poor heparin-bi nd| ng actl vity, peptide

|l a-B exhibits slrrgh;tlley:w sion i

concentrati ons, - méjl Sar?d('tﬁ e d’e ht gh
hepari n- blndlng acH vty oat i ng
concentrations. In fact, peptl de Il a-C bi nds heparl n much better than does

t he parent pemdéarg)eptl de Ila), qambdre dhandwednd hatth heeyieit€dar ge on

peptide Ila-C | Mereaﬁﬁmmrg"'é Wit weps | i@ﬁ{il Hésakid). This
denonstrat es tha'r"'net chargé per sggs*#ot the only prymary consi deration

for the hep- eﬂlrmblndlng activizagplot»served I n synth®etic peptides derived
fromfibronagdritcolRalB8A) a specifiZ prinmary struc- tu2e |s crucjial for
this a®fivity. Tn the case of peptide IIla, (KNNQKSEPLI GRKKT) the
hepari n-bi nding activity 35 can be Iocallzed to the carboxyl ternlnal
third of u:jziu- Datid : aly

| la-C). Furthernore, ‘| east one of t he tmo Iy5|ne residues in this
peptideg,ls inportant for hepari n-bi nding activity, since peptide
I1-(central), which contains an arginine, binds heparin nmuch nore weekdy

t han peptide Il (carboxyl), which contains the sane arginine and two
additional |ysines. i do 40 D. Polypeptides IIl-V Peptides 1, Ila and
I11-VWereadsorbed atthe indicated concentrations (100 Il1/well), in
triplisate, to Imulon C plates as descri bed herei nabove. Peptides Il1-V

bi nd 3H heparin substantially in the solid phase heparin- binding assay, as
shown in Figure 8, and peptides Ill and IV bind heparin nore strongly than
does peptide V. 45 Inportantly, peptide 1, which did not bind heparin well
In the nltrocell ul ose-bindi ng assay, bound heparin well and specifically in
the I m#l on C binding assay. The specificity of each peptide for heparin
binding is Indicated by the fact that the 50% i nhi bition point of

3H heparin binding caused by dextran sulfate or chondroitinl dermatan
sulfate Is at a concentration which is 1 to 3 orders of nagnitude higher
than that exhibited by heparin. These results are sinmlar to those observed
for 50 "intact fibronectin or for peptides | and |I. Exanple 2. Neurite
Qutgrowt h Assay A Preparation of Plates 55




Peptides 1 ii, Ili, Ill, CSI or intact fibronectin were diluted in Voller's
buf f er (0 05 M Carbonate buffer, 'pH 9.6) and 100 pil of each concentration
was di pensed Into 98 well tissue cigptgsgeysdgates | triplicate. The plates
were then placed In a sterile hood overni ght to evaporate the buffer and to
dry the peptides onto the plate. '8 P 0 366 728 Bi The follow ng

norni ng, 200 pl of pleYpiealve s & LN g athing 5 ng/m

bovi ne serum alchgFijmg( Elaslc%m)rawqroa added t%ﬁﬂfé\:w INeUKbdde Pl ates vere
incubated for an agd Peprdlded ffiours. At that poitH Ndle S/ BSA was
aspiratgd and CerTs T %S' gtﬁ - ppr'op'rl'"ate medi MW”‘ well. 5

B. Isolation of Neuro §r( Assay for Neurite Qutgrt Enbryonj c CNS nerve
cell cultures were prd.pmge’@lby t he met hod of Rogerst®g5hl., Devel. Blol.,
98, 212- 220 (1983) gf/ﬁ spinal cords from 8- gﬁyﬁﬂl ck enbryos were

| sol ated and their 3orsa al ves renoved and pl aced i’ "Cae- Mg++ free (CWF)
Hank's Bal anced sal 258oM@/Mdn for 10 minutes at 3706343y the ventral
portions, 10 cont aigaigkgduedom nantly notor neuronsg;gwere prepared for
culture. The cords were then dissociated in O. 25%trypS| n (Bactotrypsin,

Di f00) iN CVF—HaRkSHorRE—-fti-eS—at—_arC—The—try-psi-A—cort-ari-rg—redi um was
r epl acegﬂvmth Ham s FR2 buffered vmth HEPES and suppl enented with 10%
fetal c®f segr a II t.edl [ to conplete

di ssoci ation% etas n e- cegﬁ: sus e |l(;ei(n%a\y/\t/a£ ‘ggllt"fe{jed by centrifugation,
rinsed with Ham.s E12:-HEPES plus serum centrifuged  and resuspended in
Ham s F12 suppl enmented with sodi um bi carbonate i5 and glutamne (2 MV,
peniciILoin (100 Un), streptonmycin (100 U m) and plated Into vveIIs whi ch

had, been pre-rpaladudsicdl 1R rS‘efP% HH?

i ndi cat ed GRIYhSMd Bimid b ﬁ%‘ﬁg' ,::i%t e Do sttt ﬁaa b&ﬂ%s
at 370C | N pgpidd! sl pepfidd ||'r£b999€§eﬂr in b:Bvlc’M) h&iadu 'n vegrowth in situa-
gl utaral dehm%e b R6rvaYaiNEratichis dRBIHbIR IS ih brlshiited)E S vvas quantlta

random 3 sanpling 10 frelds with the aid of a dis- secting mcr oscope 20
C. Pol ypepbl Pepedtidéd Il addcShe results of this assay are sunmmari zed on Tabl es
IV and V, below. 25 Table IV. Conparison of Neurite Extension by CNS
Neur ons on Perutthatevidenesvor theadistinaties rlature(ddpeptideg lla and CS | was obtained by examining thiugriweth
of Neur ons of naurités exliikited by ceatralmd perfpheral system embryoii¢ ¢hivken neurbiodien plated dAfotshbstratd
pa/ M  $epaedtad with these peptides. 12; 3** 311
220; 194** Substrata were coated with 100 it 5f a§90, ng/ol solu i Qfthe indicated peptides or with 5 ug/mi of the
2 .35 * 500 33 kRfrengrin-binding fragmant offibropecipsndespribeg hergingtioye: Fallawingthe blecking of gonsprsifis 5 o
EP 0366728 sites with BSA, suspensions of either central nervous system (CNS) neurons isolated from the spinal cords
of embryonic chickens, or peripheral nervous system (PNS) neurons isolated from the dorsal root ganglia of
35  embryonic chickens, were plated onto the various coated substrata. Data represent the average number of
neurons expressing neurites in these culture, and represent the mean of triplicate cultures.
As shown in Figures 7 and 8, both peptides were able to promote neurite extension by embryonic neurons.
However, CNS neurons appeared to be preferably stimulated by peptide CS I, while peptide lla appeared most
_ effective at stimulating neurite extension by peripheral neurons. Thus, we conclude that, despite the three re-
/ 40  sidue overlap between peptide Il and peptide CS I, the blological activity of each peptide is due to distinct and
unique structural determinants.

E. Peptide lli

45 Peptide Il was examined for the ability to promote neurite outgrowth by embryonic chicken neurons in
vitro. As shown in Figure 9, peptides lla and Ill showed distinct differences in the ability to promote neurite
outgrowth PNS and CNS neurons. Both peptides lia and |l demonstrate neurite promoting activity in both pop-
ulations of neurons, however, peptide lll is far more capable of promoting neurite extsnsion by CNS neurons,
whereas peptide lla appears more effective at promoting neurite extension by PNS neurons.

50
Example 3. Adhesion of Endothelial Cells
A. Isolation of Bovine Aortic Endothelial Cells

55 Bovine aortic endothelial cells were isolated according to the following protocol. Aortas were obtained from

a local slaughterhouse, washed in cold phosphate buffered saline (PBS) (136 mM NaCl, 2.6 mM KCl, 15.2 mM
Na,HPO,, pH 7.2) and processed within 2 hours. Crude collagenase (CLS lll, 125-145 units per mg dry weight,
Cooper Biomedical) was used at 2 mg/mi in Dulbecco’s modified Eagle’s medium (DMEM) (GIBCO). The vessel
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Tabl.e V. ,Dose Resoonse of Peotide Il Coati ng Concentration

Number of Neurons* of Peptide 11 _ wth Neurites 5
2 ng/ EP03667263), 70 | no/mi
47;51 500 ug/ m 47,32 10 250

ug/ m

* clam at the dista end filled with the coll e]n Se-AF?Bs 8 Ryg&stmn was rried out for OI
8,8 15 i gﬁ veltsd, fol yoffresh collagen dJlt%ﬁ ts

| ndi cat e tha mee zan;rﬁag e oY  ah 81 e b %%,? ing.
neurite oufgy ser@ bifth aﬁm&sﬁaﬁ WE‘&LM&«;@F&W foy10 mu%ﬁ‘hb

appar entl Yoélﬁ‘deﬁ’étﬁgs rBst eed M Bonfinibg 1164 FBS, MDY drlitdim(f péritiiiih &) $60)ig ofsmm&
peptide 11 nyBY adeerob ﬁ@ﬁ\wf crudb fiboBlast Growth factr )RS 6 butursdin 75 EriviridéRs i HAMRATIRY 6%
nerve gr oWow, atiosphbre at3740. OlikGredhiérs Rd fiite ¥ FedkWE R the Bathd nidiumand R fid werdlsal if &5sdjs |

I n crush | Riheidpproyimatelp75 coftubitfd wefsidentified adéndothifiallin atiufelblp Giaraetéishie Subblestahe

t he di sti naiorpualogyadonttaé inhibitigrogs tioalhipdn reachinglcobfiuehcyy il poditiva imrasiofliigrescentistaining g

t he gr owt h fafackeVii:RAg Milesdabiratbrizd) [S)ySchwartz! la Vitrad, $861(1978) Oaly esdptieiahtelistioreysni C
chi cken ne kergorstes\indplajeletstagacknowrt to cantaing be fatter VBERAge Thigt reathodirdulinelylgiveea fighntialdiafs .
Subst r at a wedothetish calle withjittierconttamingsion tigss thas 6%) hyi ambeth mysdle gells perigytes: dn fibrpblasts@at ed
pept i des odudgidiby phpseeanivest micropqepy el 85 hydmmyropfaipingadi ng f r agnent  of _
fibronectin as descrl bed here| nabove. Follow ng the bl ocking of nonspecific
sites wi h Bplgsti i BN Wher central nervous system (CNS) neur ons

|solatedfrom hes |nalc r ‘ errbr%omc |c erl ous
system (P L P w Fme | gﬂg{
chi ckens, a%cao Qﬁe a I%o [Eeﬂswe harves tio the

aver age,nu ﬁ‘u’éa .tioH'SHa .%

represent. Z rfn th rﬁne%ld IéB m

both pepti HM%P.B-@!? @i, aniwmp&&mm5usms.a¥m aaareo ¥ wﬂ _

However, Chfan iigibafi 8t RRPRAI0MInLked. Al@heltn bRhihubatidh, tha\Weld wéte Wsh&?ﬂ HvGH?mGﬁs
whi | e pept ic6Heairlig A0 MR, &1d tREIhersH: hopilition Vadbolubliited Wkt .5 NOIaDR dbritdirfingeP¥d e ON
by per i ghedédecyhsulfito.  The solibliiced cémd werdthen\¢dentitated UsingtaRin Sdntidien dolliterCEHCR detdtRi-

si due over héatjon v8d dvaein triphidatel Tha résiitsonthis[atpy arél sunintarized i Table W1, Bdlengi cal activity
of each peptide Is due to distinct and uni que structural determ nants. E
Peptide Il 45 Peptide Ill was exam ned for the ability to pronote
neurie outgrowth by enbryonic chickd@bd@uMins in vitro. As shown In Figure
9, pept¥des Ila and Il showed distinct diffedwasnt tdhesability to

prondte neurite @eadiay itoRNSnRd tGNR Neur Qisu S TFOFMIAGEe) | a and 1111
denonstrate neurFFE’Trg?Uﬂ'h'g‘Tﬂm n BOTIT pop-_ utattrons of neurons,

however, peptide Il1ll is far nore capabl e of pronoting neurits extension by
CNS neurons, Beekoraungeptide |l a appears nore effecd@¥e at” pronoting
neurite extensi on by PNS neurons. 50 Exanple 3. Adhesion of Endotheli al
Cells A Isolation of Bovine Aortic Endothelial Cells 55 Bovi ne aortic
endot hel | al £eptddgerle |sol ated according to the followi ng protocol. Aortas
wer e . obtained froma I;@C@E/&Ilaughterhouse washed jigpgcol d phosphat e

buf yereg saline (PBS) NaCl, 2.6 mM KCl, 15. 27n1\/l Na2HPO4, pH 7. 2)
and processed withi n 49%h¥/8L o ude col | agenase (él_@ 11, 125-145 units per
ng dry wei ght, Coop&00B qxge’dllcal) was used at 2 ngl9d8l in Dul becco's

nodi fi ed Eaglpgisirggdiﬂm (DMEM (G BCO). The vessel 10

e 40 pg/ml 901
400 ug/ml 1734
4000 pg/ml 14,199
‘Fibronectin '
50 .
5 ug/ml 13,714

86 These results indicate that peptide 1l is much more effective than peptide | at promoting endothelial cell ad-
hesion, in agreement with the results observed for neurons. Thus, peptide Il may be useful to promote endo-
thelial cell adhesion to artificial or natural substrata.

"



EP 0 366 728 81 was danped at the distal end, filed with the

col | agenase- PBS sol uti on and digestion was carried out for 10 mnutes. The
| umenal contents were harvested, fqpgssgsedns the addition of fresh

col | agenase for two additional 10-m nute periods. The enzyne-cell

suspensi on} !\a/ver!e! gg%eig t;{% an 8ﬂual vol ume of DMEM cont ai ni ng 10% f et al

bovi ne ser . e enzyne and spun In a centrifuge at 400 x
g for 10 mpbes:, ofiiasks ' : cell pellet was resuspended |In DVEM
conE/ai ni ng ~1o° : penicillin 6, 100 ;&rm of strepto-
nycin and 100uigdofdtastdtic mbiitifalchila! 1755t wekh Bididainy Févided by il §. FidiF & HolddniiHed
In 75 cn® fWrr’éﬁ'gfé célld warelé¢Bivéd] 4 laigl nm&%gtpm sSwerl propadited ahdirdzbi IR quities-©
fed twi ce aroydaCtheindn céilh) Gre ity ARGHAARVIBE for RSlbnger tAEH €k WeeRs] Fbildwng Bildyperiod e
appr oxi mat eblis akiedidudbhd RWwlcells Withdrdivn\orh Stolagéfor usé in Athardn vitibbPih NG expérimients. TRl UT €
by char act erdcaitibicis takdnlid vinimize Pheolypidd@ifteicsy can©Cdt i resul bf chitiions in@ftro éssatel The poN
reachi nep ccalfsiwseroluredam DullEoed'st Modified Ealersididdinmrcontaining 5% hemt inactigateb(etal@alf $etuoh. Or
VIill:RAg (Thé¢uliged weimgravndy 37eGihcupdiors @thtatmmidified dtmosghdre conthifijng §% 604. COllERple.suton| v
endot hel i alcultead|twice weekhwby rileasipg cafis gentlyirmn the Hask| using 0.65%rypsiowrd TroOMEBFA-ai n t he
factor VI : Fgmeianima caismweracpulses in tha same faghipp as the eridpthelipl cellsdlesstibed hereinghoys, -
cel I's wi t h oPRtthel 2uCligl Ak Edrteted thyrmidinp)wes addediq esnvpultte Instepriaf Aminaside-d helabefed cells
peri cyt & Qerefhprypsiadiag describad for thejendethellal calffsa the cell Adhesion asspy was ideptispl o that degeried 5
by i nunostheenheyp for the boyine agsfic angothelia| GelAstaYa| Cel | Adhesi on Assay Adhesion

was neasur dPﬁsbi qgesz6 JIWEH mcrotiter plates adsorbed with fibronectin or

pepti des | tures of cells which were 60-80% confluent were
met abol | cal | y,.l i . jtion of 10 ICm of 3H am no
aci ds. theThagéy%g*st ggégség{’/r,gQ’%’%ﬁgr%gealo}’ggb\'f\%a\ﬂgb%ﬁ vest ed bytrypsinization,
the trypsin was Inhibited_20Q by the addition of serum and the cells were
washed free of this nbdur &SRS iyehAghesientd with HEPES at
pH 7.2. The adhesi on nmedium al so contai ned 5 rmdwdr & céhescel I s were

adj ustegs t 0 a cogoatdmny Lonmendfratibrk 1 04(gduntePe®PMbhube)t his cell
suspensi on was added to the wells. The assay mxture was then |ncubated at
370C for 90 minutes. At the end of the incubation, the wells were washed
wi th war m PBE2SKSTAURNdhg 10 nM Cae+, and the adherBsfl0 popul ati on was
solubilized with 0.5 N NaOH contai ning 1% sodi um 25 dodecyl sulfate. The
sol ubl i ed cel | re then quantitated using a liquid scintillation
counter. Eacm nati on was done in triplicate. The results of this
study are summarized &8 Tghhm@ VI, bel ow. Tabl e VI .353%b

Adherent Cells Coatli entration
Backgr ound 208 "8%(5'

(Counts Per .M nute)
3500 " 403 35 Peptide | 40

jigim *® 400 ug/ml 1024 40 3000 400 jig/m
1107 4000 jig/ml 2000 wa/ml Nk Peptide 11 45

40 Yigl Hg/ 901 400 *9% m

1734 4000 jPgpkide IT 14,199 Fi bronectin W
S\g/ m 4, 40 ug/ml 13,714 55 ey results Indicate

that peptide 11 is nore. effective than peptide | at pronoting
endot hel i al cel | ad[néﬁgsi‘gr@ll n agreement with thé?@%sults observed for
neurons. Thus, pepti 4801igifmy be useful to pronota3@mo- thelial cell

adheS|02 to artlflcbeboobgpﬁiurallsubstrata. 3900
Fibronectin

1 ug/ml 4700

10 ug/ml . 7900

& 50 ug/ml 11,000

100 ug/ml " 9700

* Measured one hour following the start of the assay.

In contrast to the results obtained above using neurons and endothelial cells, peptides | and Il are both capable
| 12 |



EP Q 366,728 Bl Exanple 4. Adhesion of Cancer Cells A [Isolation of
Metastatic Melanoma Cells 5 Hi ghly netastatic nel anoma cells, K1735M4,
were originally provided by Dr. 1. gbogdestds®t of Houston, TX. Wen the cells
were received, a |arge nunber of early passage cells were propagated and

frozen in lo* q‘mﬂi;%a&heg& mel-g CI?# %Ltecelp crléalliéndffe?elﬂHsli't{ ﬁg a&lﬂsnﬁ’ﬂ &f ro

for no Iong HS % w erro

di scarded a new S W dravvn romstorage for use in further In vitro
Vi Vo @) lISHa ah@c8 | Pr €caution is taken to mnimze phenotypic

drﬁf/ t Bat sult of continuous in vitro passage. The 10

celI's were cUldypéphdbsifVialad OSGser t8stddish trieiaBiity 6dbimRtehed\dantslio N biGlkncrhd delldA Sdth-
heat i nact ipatibreét tHe@ieRinomddhesion profotinhfactivities & BhioRh invasievig/talow. i n 370C
i ncubators with a hum dified atnosphere containing 5% CO2. Cells were sub-

cultured tw ce weekly by relea5|ngT§ghEsvggqtly fromthe flask, using 0.05%
trypsinwand 1 nM EDTA The mel ano pulsed |% t he sane fashion

3HTd(titi at eBORE ==-§§mMﬂEZu: d to each cuEEEEéﬂﬁnﬁﬂééﬁiaﬂ.anino aci ds.

The | abel ed ceIIs 15 were harvested as described for the endothellal cells.
The cell adhesi lldentical to that descri her ei nabove for the
bovi ne Hortic eﬁaagﬁsFi&&?§80| assay. 1. P0|ypeptldé§?q and 11 20 The

results of this assay are summarized on Table VII, below. Table VII. Tunor
Cel | Adhesi on* t I Coat i na neentration

(Counts Per NP%Ete?QBaggép§J e

1400 30,Peptide | 40 nmg/n : 3900 200 ig/m
3500 X5 Peptide I4QQedy M 6.4 3000 -
2000 mg/ m 4000 Peptide Il 40

40 jig/m 4600 200 jig/m

4700 400 jig/m Peptide IXa(400) 430008000 jig/m :
3900 45zFi bronectin I Ug/ m 4700 10 jg/m
7900 JW 50 Vg/ m 11, 000 100
j g/ m Peptide CS I(80 9700 * Measur&kk 7 one hour

following the start of +the- assay. 55 In contrast to the results

obt ai ned above usi eur.o endot helial cells, ptides |and 11 are
both caabl e 12P¢ P P Y © PEP

Bovine Serum Albumin . 3.5

As demonstrated by the data on Table VI, peptides ll, lla and CS | promoted the adhesion of melanoma
cells in culture. Importantly, the deletion of the DEL sequence from peptide Il did not eliminate the ability of
this peptide to promote cell adhesion. Furthermore, the comparatively high level of melanoma adhesion-pro-

% 40  moting activity in CS | indicates that the failure of the peptide to bind *H-heparin was not due to a lack of peptide
on the substratum (since identical coating protocols were used for both the cell adhesion and heparin-binding
assays).

Itis clear that peptides lla and CS 1 bind melanoma cells through distinct mechanisms. The heparin-binding
activity of lla strongly suggests that adhesion of melanoma cells to this peptide is related to the heparin-binding

45  properties of the peptide. These resulits are consistent with an ability of peptide lia to interact with cell surface
proteoglycans-glycosaminoglycans on melanoma cells (which have heparin-like qualities). In contrast, peptide
CS | apparently promotes adhesion of tumor cells by a heparin independent mechanism. Thus, while melanoma
cells adhere to both CS | and peptide fia, the biological activity of each peptide is distinctive.

50 3. Peptide lll

Peptide Il was examined for the ability to promote melanoma cell adhesion and spreading, as described
hereinabove.
As shown in Figure 10, peptide Il is active at promoting melanoma cell adhesion in a concentration de-
65 pendent fashion. In fact, peptide lli is twice as active as peptide lla at the highest concentration tested, sug-
gesting that it could have a higher affinity than peptide lia for the surface of melanoma cells. This result is
consistent with the greater ability of low concentrations of peptide i to bind 3H-heparin when compared to
peptide lla.

13



EP Q 366 .728 Bl of pronoting the adhesion of nelanoma cells. This may
suggest cell specific differences in the adhesion of different cell types
to this region of fibronectin. 2. Rplosgepsigdes 11, Ila and CS | 5

Pol ypeptides 11, la and CS | were tested for the ability to prormte t he

adhesi on of 'TAen r”chrS&]cLl i6SHONG fz% b ﬁf%gfﬂa mﬁf dude
promoting gel o gﬁm Agi Vehiic
Cel | Ad hes h contact Ienses, hip replacement lm-
Pe rﬁcfe nt es and the like, é th mportant factor in the aooeptanoe of the synthetic
13 Pept i ‘ﬂ'ﬁ‘planl ﬂ host tissue. 1.3 20 Peptide
I'1a(80) As described in U. s atent No. 4,579,079, medical dévichs E’é?aFHelddagne& Jnalérﬂ;QBé of these poly-

18. 1 25 Pepbgtidés to stPact J:dilﬁﬁ he surface in vivo or even to promote the growing of a desifel. céil b on a par-
Peptide  CHcuidr 64Ha¥ prior to grafting. An example of such an approach is the indictith db@ntothelial et rowth on
Al bum n a prosthetic device such as a biood vessel or vasculfar braff, whiélsis genemilysoveniogialitisyfrovusyrdbdtia. on
Tabl e Vid | resip@pdhiad eifochllujosé, legpanded palBettaflyranthyleaaior pbigestacifives particutafly DasranMdpaly-
cel | s | n cethylemegerephthatats) tiber. Hydrogelssudlicis eelynmthylsimethacryiBiide (RWMAY canalsh be psed for
pepti de 11 imiiattsinthe boidy erifan abjectsitéibs usesl Ih fantactowith Eigous memirandesuchagonfadhteases.Seb
adhesi on. B Pefent Npr3966,802e conpar at i vel Y hi gh | evel of nel anoma
adhesi on- pr o-Dexiges intendegd forfardiag insertien ingude temporary left veritigularasgist devices.heart Yalves. in- e
of the [epireitic kajioonpuppeand ar F‘?F"%a'%“"hi'ﬂ”“’%ﬁfé‘ prefergbly fopmedfro ékﬂt"?ﬂ'é resigs sysh
subst r at umaf Bqlysther ﬁV VP'BK'F""C‘#&PP‘H@ (Crrdetbang sKanaond °U?€b" SB?'!’P"’F'H gubbers |
d fi

b o an e k%?r@i‘%ﬁ*im o g *44% i
fi ﬁl’%‘ﬁ ﬂ
ract i‘;vlth

activity, °""°°§““B{a9l &si‘ na e i
pept | de¥ s %.@Eﬁ:i il .na'%;
These resu‘afséas%ﬁn he rbgbne of\% f6Hbwi érbdh , &
ﬁe| | sur T achg 19511633% wa %ﬁg&?ﬁ%ﬁpgem%f“eﬂé mbgﬁobave
eparin-| i kgerH glyéokarnfifoglycanier & Profebgizan. CHREENE, Protdeglydandsadly iHoglcahd @reiajor
adhesi o ObémpEREnEsR bonnddiiva tiBsupSEnd Badeort RRMBIGIYS. ITBsHkbLasES) Prosthidticdevidddifdrted en-
mel anonma c@lely®r ia gérefdm ﬁamrémb&uneﬁg famhalarDiBids thetehd ¢f synittatic folyfleR@Gredbd. BAé &xvi t Y
of each pepinpiélis thesuse bflotcing hearievalvéslo replace-dafabtive Gurhdnl heateaiivies! Sudh drtifidialsvalwesadah ned
for the abialke ¢oyptse hpmantotaeatier bicadneepedatdumadiivter examplelel the psefistiving artesies as vas-
descri bed ldargraftabove. As shown in Figure 10, peptide Ill Is active at
pronot i #g melltmayrbe useful fo coetiseréacenpf thesecbiatagivelsnbstrata Wiinthe erese@bpolypentidesnin order to
fashion. | mwif!éhe%qylempdﬂﬁemmtbuwmnmmH@tmwﬂemmpé'pﬂmemiemd by @)\ariety
hi ghest cofesthodaknown trtbasart .0 8y decthiding ¢fdhe nelyperfides iaflip trgebryiEfaces pasgher the
affinity tREéRtiessdascripad hrgingbgye. onby the govelaptly be'rdmﬁﬂe&ﬁ'mat%tome s“"!‘l‘ﬁ’% “?'@é’a'l'qusi S
consi st ent W'ﬂ"“ﬂﬁ’é“ﬁf‘% t’%‘\ge"é(’bf?" iqyrof the\ee.of 4 ingAqd bigpa ﬁﬂF to
bi nd 3H® heg%f"f’?\s I E)qaplﬁp?qeaa t ed sclosure ofwhlch is oorporate

rence herein.

It is also indicative of their value in coating surfaces of a prosthetic device which is intended to serve as
atemporary or semipermanent entry into the body, e.g., into a blood vessel or into the peritoneal cavity, some-

S times referred to as a percutaneous device. Such devices include catheters, and controlled drug delivery re-
\—/ 4 servoirs or infusion pumps.

Also, the polypeptides, e.g., | and Ii, can be used to promote endothelial, fibroblast or epithelial cell ad-
hesion to naturally occurring or artificial substrata intended for use in vitro. For example, a culture substratum
such as the wells of a microtiter plate or the medium contacting surface of microporous fibers or beads, can
be coated with the cell-attachment polypeptides. This can obviate the use of fibronectin in the medium, thus

45 providing better defined conditions for the culture as well as better reproducibility.

As one example of commercial use of cell-attachment surfaces, Cytodex particles, manufactured by Phar-
macia, are coated with gelatin, making it possible to grow the same number of adherent cells in a much smaller
volume of medium than would be possible in dishes. The activity of these beads is generally dependent upon
the use of fibronectin in the growth medium and the present polypeptides are expected to provide an improved,

60  chemically-defined coating for such purposes. Other surfaces or materials may be coated to enhance attach-
ment, such as glass, agarose, synthetic resins or long-chain polysaccharides.

The invention has been described with reference fo various specific and preferred embodiments and tech-
niques. However, it should be understood that many variations and modifications may be made while remaining
within the spirit and scope of the invention.
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4 : EP O 36 728 Bi A nunber of practical applications for these
potypeptides can be envisioned. Such applications include the pronotion of
t he healing of wounds caused by tigpopéer2emnt of natural or synthetic
substrata within the body. Such synthetic substrata can include artificial
vessel s, Intraocul ar contact |enses, hip replacenent Im plants, nerve

gui des an@&M® | ke, where cell adhesion is an Inportant factor In the
acceptance of the svnthetic ialll of the ToRinuif) Setéctet irars the gralp cateisting | bed
in US pdt eﬁf_f"’"f'&?.s'ﬁ%,%"fg'@fgamr'ma%??a@%eﬁces can be desi gned nmaking use of
t hese poly- Peptides to attract cells to the surface In vivo or even to
prom)té the grow ng of a desired cell type on a par- ticular surface prior
to grafting. An &¥Znple-byssREdr by =SAF RO ALP 38 -0ddo¥eiloNasdf endot hel i al
cell growth on apppoathepr6-aeyisfosgi- vl 2 bl oodvessel orvascul argraft,
whi ch is general | ywoven -or knlttedfroma synthetic lo resin such as
nitroceg | ul ose, expanded pol ytetrafl uoroethyl ene or polyester fiber,
particul arly Dacronm (poly- ethylene terephthalate) fiber. Hydrogels such
as pol yrret hyl ol ne§ hac Ind%1REMA) s £ Bl S sefef@iyigypdants in the
body orfor obj ectw]?g{%'le-%@gegllﬁnw%nsgggb% ﬁl*q%ggguggﬁe%]%ﬂ such as
contact |enses. @’%&t’@ﬁ?'ﬂ&" *¥88, 902. Devices intended for cardiac
insertimn Include tenporary |left ventricular assist devices, heart valves,
in- i5 traortic balloon punps and artificial hearts. Such devices are
preferably fornmed fromsynthetic resins such as pol yet her-type pol yuret hane
el ast omers (Car di by $reasi<asnik@inr-dn} - oer+g bmarad-ceni-id@-pdyyaFefin rubbers
(HexsynTm Goodyeggg.-1Misthit,ypes of cells are attracted to fibronectin and
to the Present pol ypeptides, but endothelial cells, epi- thelial cells and
f™dr obl astic cells in particular are attracted to the present pol ypepti des.
The latter point indi- 20 cates the potential useful ness of these defined
pol ypeptides |In copdisideagpatefg-Qyat-ugstber) i ke foral ding wound cl osure and
heal i ng,.fol l owi ng an acci dent or surgery. The coating and inplantation of
synthetic polyners may al so assist In the regeneration of nerves follow ng
crush traunmas, e.g., spinal cord Injuries. In such cases, it nmay be

advant ageous to )| £ 1y RiRd e p L L _Di ol peH l\,acul e, such
as col- lagen, a §| ycagrsd;n‘%aﬁogﬁgcgﬁloreﬁg E?St ‘3@ g%‘gn%cﬁﬁraéﬂgnﬁ,c '

pr ot eogdeycans anoP’@?‘sf’t,"Js'éﬁsﬁ Q;I“ycans are major 25 conponents of connective
ti ssues and basenent nenbranes. In sone cases, prosthetic devices forned
en- tirely or In part fromnaturally-occurring nmanmalian tissues instead of
synt heti c pol ymer re.Nsed. (ne ex- Lsatr se of porcine heart

V)al.l ves to repl ace%(?gf EEPI €£ei° hurfan eggtgp\%g vzasi u}cj’h artificial valves can
al so coffpri se human dura nmatteror bovine pericardium Anotherexanple Is the
use of bovine arteries astrasglatda-pFoabrg-aBd-arg-ilte,may be useful to
coat surfaces of. these biological substrata with the present pol ypepti des,
in order to nodjf. | | ul arresponse, In vo thus inproving the
tk@r/apeuti C oﬁ?dc%'%/rme'.%shﬁﬁrl&g' can be achi.eved byavariety of nethods known to
the”art * e.99. aphutheticidevide dbiighdd fogplapbmenbin vigs jng Ruifacesogtedwith 2 copRosition P o
based on the gkingRsdentasy af @ palyrefstize of the foimyidnelpete f@!“tbﬁ/g'?qi’@'?ﬂfy%ﬂ‘g‘ntly bondi ng
t he pol ypeptides to the substrate using various crosslinking reactions or
reagents. For a regview of, the use .of synthetic resins,and_biomaterials in
progt hetgc 35 deg?'ﬁ'e%,u'sle)és'@feorﬁglg d'.'prﬁé)v'\igrPAﬁtIigl'gﬂ,'vi Bég?ét pages
30- 48, the discl osueeand-mi-cdrg-prorg@dyporddt,ed by reference herein. It is
al so indicative of their value In coating surfaces of a prosthetic. device
which is intended to serve as a tenporary or sem permanent entry into the
body, e.g., Into g QUL ansfiinAly sliyed & RATdINRAl) CMiylyrg3OMe- times
referredoto as a percutaneous device. Such devices include catheters, and
control |l ed drug d]eﬁ'&é'ri/’q&\g-'-azf(?“gslé‘r'\}&"‘r’s or Infusion punps. Also, the

pol ypeptides, e.g., | and 11, can be used to pronote endothellal,
fibroblast or epithelial cell ad- hesion to naturally occurring or
artificial substraY8-PRPeABRSHRTIYS e TrdAYRFOREN-dA&mErE -8R0yl ture
subst rat®m such agysshayseths,of a nmicrotiter plate or the nedi um contacting
surface of mcroporous fibers or beads, can be coated with the

cell -attachment pol ypeptides. This can obviate the use of fibronectin in

e i ' s . 0 O




45  providing better defined conditions for the culture as well as better
reproducibility. As one exanple of commercial use of cell-attachnment
surfaces, Cytodex partides, manuf agpurssel7deeiPhar- nmacia, are coated with
gelatin, making it possible to grow the same nunber of adherent cells in a
much smal l er vol ume of nedi umthan woul d be possible in dishes. The
activity of these i s,generally dependent upon the use of fibronectin
In the growth nedi3%@%@5’9&3'%¥%€5ﬁ?4§6r9%%ptides are expected to provide
an, i hproved, 50 chenically-defined coating for such purposes. QO her
surfaceg or materials may be coated to enhance attach- nent, such as gl ass,
agarose, synthetic resins or |ong-chain polysaccharides. The invention has
been described witHf 13F@e¥@Acargovedrtbusp Epekys+alwiy prinfeiglgd enbodi ment s
and tech- ni ques.pidametelysi-glghoul d be understood that nmany variations and
nodi fications may be made while remaining within the spirit and scope of
the invention. 65 14 EP 0 366 728 B1L Clains 1. A conposition consisting
essentially of a polypeptide of the formula selected fromthe group
consisting of 5 tysegﬂnroLySa{Hnyqabg;a§gwar§uvgipgpf9 rg-glu-val -val -
pro-arg-pro-arg-pro-gly-val, 10
Iys-asn-asn-gin-Iys-ser-gtupggthﬁﬁé;bEg;gLy;gq “a glqlgys-thr-asp-glu-leu,
15 s |y¥-asn-asn-gln-1ys-ser-glu-pro-leu-iTe-gly-arg- 20

lys-lys-thr, leu-ile-qaly-arg-lys-lys-thr, 25

tyr-arg-val - ?"g‘]’-"\'/bg'fr?sttﬁ?'g%'r o-lys-glu-lys-thr-gly- 3",

pro- net - | yg: O¥ié proshetidHeedr Baim20wifrelir saldduddcd condtitatbd W portidA of a vascular graft,

trp-gl n;pro-pro-arg-ala-arg-ile, and m xtures thereof. 2. A prosthetic

devj ce Jes g NEie pfasthetinl dad@robsidim 2,wherein eaidsunfpceicanstitgtesia pantidh atam intrecrulactomadt lens

conposition con- sisting essentially of a polypeptide of the fornula
sel ected f p.o r’rT I{W@MWM §'F'§'t2'r ‘H'!f"(ﬂ'f s,ald surface constitutes a portion of a heart valve.

tyr-glu-ly Y pf'l%‘pwséﬁ_etﬁ-] Gi&ro?élaﬁ\ 9; vﬁ\gﬂfn%&léu\‘ﬁl:s_ c\éﬁétlfuteé 2 portion of a hip replacement implant.
pr o- ar gsspr 0- ar g- pr o- gl y-val , _
| ys- asn- asm: gfhe-prostheticievicH of clain@; Widvbin daid-s@ifaée SonBtitutbs)eSpotioh of d Percutdidougidenics. €U, .
| ys-asn-asn-gln-lys-ser-glu-pro-leu-ile-gly-arg- Jlys-lys-thr,

8. A prosthetic device of claim 2 wherein said surface is made of a synthetic resin.

30 9. Aprosthetic device in accordance with claim 8 wherein said synthetic resin is selected from the group
consisting of nitrocellulose, polyurethane, expanded polytetrafluoroethylene, polyester and polyolefin.

10. A prosthetic device of claim 2 wherein said surfacs is made of a naturally-occurring tissue.

11. Acell culture substrate having a surface coated with a composition consisting essentially of a polypeptide

of the formula:
‘ tyr-glu-lys-pro-gly-ser-pro-pro-arg-glu-val—val-—
W, o pro-arg-pro-arg-pro-gly-val,

1ys-asn-asn-gln-lys-ser—glu-pro-leu-ile-gly-arg-

4% lys-lys-thr-asp-glu-leu,

0 lys-asn-asn-gln-lys-ser-glu-pro-Leu-ile-gly-arg-
lys-{ys-thr,

85 leu-ile-gly-arg-lys-lys-thr,

16
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4j ; ~~~~~ .._._L.sl111s 11s EP036672881IeU|IeegargIysIysthr 5
tyr-arg- val - -arg-val -thr-pro-1ys-glu-lys- thr-gly pro- met-1lys-glu, 10
ser-pro-pro-arg.-arg-ala-arg-val -t lgposkb728 B1
~~~trp-gln-pro-pro-arg-ala-arg-ile, and m xtures thereof. 3 The
prosthetic device of claim?2, wherein said surface constitutes a portion of
a vascul ar graft Q - S t devic m 2, wherein said

sur face constltufg% 24§ tgﬁ gngLEE kﬁ rgﬁguié gHt;EF FBRsOlB-  The
prosthetic devi c8I8rmg rW?‘g\JxHerel n sal d surface constitutes a portion of
a heart gvalve. 6. The prosthetic device of claim2, wherein said surface
constitutes a portion of a hip replacenent inplant. 26 7. The prosthetic

devi ce of claim 2g5.ubpreln. rface constitutes a portion of a
per cut aneous devi ce. Ef@ A%rado!g%%gtgl EEie%’r‘%é"aolf 1% m 2 wherein said

surface Is made of a synt pr ost, hetl c device In
accordamce with claim8 WESP ﬁlﬁsﬁ d'psr)?ntaﬁgt'?ﬁ at3rgd-tlies sel ected fromthe
group consisting of nitrocellul ose, polyurethane, expanded

pol ytetrafl uoﬂ@emim%ﬂhgeofpol yester and pol yolefin. 10. A prosthetic device

f clai 2 d f I t ti )
o1 SRl ¢ R el ediin Suepizia A R R g i sle R B SRR el o ¢ o
consi st g 485 ¥k Heil aJner sithtrele & QLIPS Whérblh séid suw& chrtitiidh & portion of a bead.

tyr-glu-lys-pro-gly-ser-pro-pro-arg-glu-val-val -
pr o- ar g- pr d4.amip dall cultgre yhedarh of ctalm 11-wherein said surface constrtutes a portion of a microporous flber

| ys-asn-asn-gln-lys-ser-glu-pro-leu-ile-gly-arg- s-lys-thr-asp-glu-1leu,
| ys- asn;asA9gTie el qutue medipm of siaisn 11efherein el ?W@r@m theywels ¢f a micgptjter plate.
ey-ile-gjy-arg-jyS-lys-thr, 16 | I, hl. | 11111 1111211 11111 EP 0 366

728 Bl tyr- a&ﬁ val - aéqq vaI-t ~hr-pro-lys-glu-lys-thr-gly- pro-nmet-lys-glu, 5
a-

ser - pro- prS Ej'é?é‘ arg-val -thr, trp-gln-pro-pro-arg-ala-arg-ile, 10
and m xtur qs Etbsg&%glxseizung, bestehend im wesentlichen aus einem Polypeptid der Forme! ausgewahit aus der
2 Gruppe bestehend aus:
tyr-glu-lys-pro-gly-ser-pro-pro-arg-glu-val-val-pro-arg-
30 pro-arg-pro-gly-val,
s lys-asn-asn-gln-lys-ser-glu-pro-leu-ile-gly-arg-~lys-lys-
thr-asp-glu-leu,
N\ 40 lys-asn-asn~-gln-lys-ser-glu-pro-leu-ile-gly-arg-lys-lys-
thr,
° leu-ile~gly-arg-lys-lys-thr,
tyr-arg-val-arg-val-thr-pro-lys-glu-lys-thr-gly-pro-met-
80 lys-glu,

o5 ser—-pro-pro-arg-arg-ala-arg-val-thr,

17
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12. .The cell culture substrate of claim 1l wherein said surface is nmade of
a synthetic resin. 13 The cell culture substrate of claim1l wherein said
surface constitutes a portion of a EBPNR§672B1 The cell culture nedi um of
claim 1l wherein said surface constitutes a portion of a mcroporous fiber.
15. The cell culture nmediumof claim 11l wherein said surface constitutes

the wells of mcrotiter plate, 20 Patentanspriche 1. Zusamenset zung,
best ehend im \%'krspe 1|n| Pﬁgnpgﬁsa’é‘?n%% Iﬁﬁ%/d‘é‘ﬁt’l d der Fornel ausgew hit aus

dek_25 G uppe bestshend aus:
tyr-gl usl ys- pro- gind-Gemischen davon.o- ar g- gl u- val -val - pro-arg- 30
pr o- ar g- pr o-

glLy-val,
| ys- asn- as® gf¥f-n Yo-implantignupg ??‘hé%f-ﬂ'?tﬁﬂtgéyygﬂg-;“{ "'& lig ejne Oberflache f;"ﬁtﬁuglfs ,
40 | ys- asPiiefZfie '-‘fg‘ 5 mg *ﬁ‘-ﬁ&rba_‘-*‘? d {m syt ﬁd%{‘r s pljem W’épgp‘t" fF‘_’&'gg

| eu-i | e- gl y- aPtfoTpLt fusderGrpppe bestehend aus:

tyr-arg®al -arg-val-thr-pro-lys-glu-lys-thr-gly-pro-net- 50 |l ys-gl u,
ser - pr o- pr o- ar'glra'lgd'-“é'llé’-sapﬁ‘-’Vé?'YT‘Fﬁ? ~PRp-prorargigiy-valr-velrprerargt1111111
* C L M Spro-arg-pPo8glgeval3 Bi trp-gln-pro-pro-arg-ala-arg-ile, 5

und Gem schen davon. 2. Zur in vhvo-inplantierung vorgesehene prothetl eche
Vorrichgung, die eine Qoerflache aufweist, die mt einer Zusamrensetzung
beschichtet ist, bestshend I mwesentlichen aus el nem Pol ypeptid der For nel
ausgewahi t audY@sRstragpoIbeslysnsar -gls-pro-leu-ile-gly-arg-lys-lys-
tyr-glu-lys-pruhrglagpsgluplén pr o- ar g- gl u-val - val - pro-ar g-
pro-arg-pro-gly-val, 15 _

| ys-asnagasn-gl n-l1ys-ser-glu-pro-leu-ile-gly-arg-lys-lys- thr-asp-glu-Ileu,
20..fys-asn-asn-gln-lys-ser-glu-pro-leu-ile-gly-arg-lys-lys- thr, 25

leu-ile-gly-arfsdyss ne8in-Ps-ser-glu-pro-leu-ile~qly=ard-1lve=1lyvs—
tyr-arg-val - arﬁgl\_/zﬁ:'i’{%r%pp?g?l %§ g eur_ Ig)}g Pﬁ?b 1§/-ip§lr‘=’o-gr%|¥t f‘""‘Fyg‘fsgl"lt}',s 35

25
leu-ile~gly-arg-lys-lys-thr,
30
tyr-arg-val-arg-val-thr-pro-lys-glu-lys-thr -gly-pro-met-
lys-glu,
85
ser-pro-pro-arg-arg-ala-arg-val-thr,
-/ 40
trp-gln-pro-pro-arg-ala-arg-ile,
45 und Gemischen davon.
3. Prothetische Vorrichtung nach Anspruch 2, wobei die Oberfléiche einen Teil eines GeféRimplantats bildet.
4. Prothetische Vorrichtung nach Anspruch 2, wobei die Oberfléche einen Teil einer intrackularen Kontakt-
linse bildet.
50
5. Prothetische Vorrichtung nach Anspruch 2, wobel die Oberflache einen Tell eines Herzventils bildet.
6. Prothetische Vorrichtung nach Anspruch 2, wobel die Oberflache einen Teil eines Implantats zum Hif-
tersatz bildet.
55

7. Prothetische Vorrichtung nach Anspruch 2, wobel die Oberfléche sinen Teil einer perkutanen Vorrichtung
bildet.

18
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ser-pro-pro-arg-arg-ala-arg-val-thr, 40 trp-gln-pro-pro-arg-ala-arg-ile, 45
und Gem schen davon. 3. Prot hetlsche Vorrichtung nach Anspruch 2, wobei

di e Cberflache oinen Teil eines Ge'is[:Blsemizaauats bi'ldet. 4. Prothetische
Vorrichtung nach Anspruch 2, wobel die Oberflache el nen Tell el ner

i ntraokul ageng | uRBE i .

Anspruch 25' \Agﬁﬂﬂtsngm&ﬂ q‘?‘af‘%r’:\é&gcﬁgn@glﬂ{g el nlg%g E@re\ﬁ%éﬁ nﬁ%&gﬁ 'ﬁ%ﬁrgg
Prot heti sche Vbrrlchtung nach Anspruch 2, wobel die Cberflache einen Tei

ei nes | npl o.ntmbmmenmbiuém@gsmﬁﬁw&dabmﬂ& synthetibthe Hae ausgevenit staus det Brupn g
nach Angpr uc hpedestei@hdausdiitecdlliiesef Paynivthas, iexmgandidréam Polytetrafiuoipthylin) tPalgester und Poly-
Vorrichtung loldfidet. 18

EP O 366 728 Bl 8 Prothetlsche Vorr| chtung _nach Anspruch 2, wobei die
ver f | ache ?tﬁ g 'Eﬁ’f@t"?@'cméﬂ"% yohelgig,Qoerfiioq Jus ejnem nefiirichyorkpmimendsn. e

Vorrichtung 8, wobel das synthetische Harz ausgewahit i staus

R o et RO A e g, g

Vorrichtung nach Anspruc bel die Qoerflache aus elnemnaturlich
vor koomenden Gewebe hergestelit Ist. 10 11. Zelikul tursubstrat mt einer

Qoer f | ache, e nset zung beschi ht et e I mwesentli -
chen aud ei ne%?f’n#%pei X !é’ ﬁlr'—gol‘rgﬁ‘él-pﬁg %targf@ 4-Ya1-va ~pro-arg-
tyr-glu-lys- pP6°gF’§'9's@F°'[93€¥'pﬁd—rarg gI u-val - val - pro- ar g-
pro-arg-pro-gly-val, 20 ~

| ys-asn-asn-gln-1ys- ser-gl u-pro-leu-ile-gly-arg-lys-lys- thr-asp-glu-Ieu,
25 lys-gsn-asn-gl n-lys-ser-glu-pro-leu-ile-gly-arg-lys-lys- thr, 30
leusile-gly-ajgslysal r_ - _ AT vem e
tyr-arg-val - flﬁs %/%I‘ é/.'ﬁ” an:)I. Iyssegl ﬂllllﬁr? #rqugll;%ep?giyn%fg 1’%]&1% ~40
ser-pro-pro-a %a?%ﬁaﬂ =val -thr, 46 trp-gln-pro-pro-arg-ala-arg-ile,
und Gem schen davon.

25
1ys-asn-asn-gln-lys-ser-glu-pro-leu-ile-gly-arg-lys-lys-
thr,

80
leu-ile-gly-arg-lys-lys-thr,

35 .
tyr-arg-val-arg-vaI-thr—pro-lys-glu-lys-thr-gly-pro-met- -
lys-glu,

N\ 40

ser-pro-pro-arg-arg-ala-arg-val-thr,

45
trp-gln-pro-pro-arg-ala-arg-ile,

50 und Gemischen davon.

12. Zellkultursubstrat nach Anspruch 11, wobei die Oberfléiche aus einem synthetischen Harz hergestellt ist.
18. Zellkultursubstrat nach Anspruch 11, wobei die Oberfléche einen Teil eines Kiigelchens bildet.

55 14, Zéllkulturmedium nach Anspruch 11, wobei die Oberfléiche einen Teil einer mikroporbsen Faser bildet.
15. Zellkulturmedium nach Anspruch 11, wobel die Oberfldche dle Vertigfungen einer Mikrotiterplatte bildet.
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12.  Zeli kul tursubstrat nach Anspruch 11 wobel die Oberflache aus ei nem
synt heti schen Harz hergestelit isLt. 13 Zelikultursubstrat nach Anspruch
11, wobel die Qoerfilche einen Tei lgpaigeeszsifii( gel chens bil det. 65 14.

Zel | kul tur medi um nach Anspruch 11, wobel die Qoerfliche einen Teil einer
m kroporas?‘n %f?%h b| | det. 15. Zel i kul turmedi um nach Anspruch 11 wobel ‘de
Ober f| ache "dI |efungen ei ner Mtiterpl atte bildet. 19 1 |11111]

1111111 113 b&mdoiglin‘oonstiﬁge sérfﬁ@neﬁ.\%ﬁ d'ah {:Efﬁze ! epon cﬁaﬂrﬁsla ?orm@é@ilﬁﬁdnﬁée%ns le

copstltu6e es un pol ypepti ant or mul

s6lecti gnnee da rou' constltue

tyr-gl ugl ys- proquglgé‘%' ?gi* H&W@&?@P‘%@Yﬂmﬂ&gf%?’sm%Y% gly- vaI
| ys-asn-mm-ys-er-glu-pro-leu-ile-gly-arg-Ws -thr-asp-glu-Ieu,

| ysasn- asn-gl n- |ys-§@ﬂ@%ﬂﬁmﬂu—pm@&syw@ew&w§wm

| eu-ile-gly-arg-lys; 'éln' apr o olvoare. e tve
tyr-argeval - arg- é%—slt‘%& oys]s% glpro-feuile y&l‘?—‘ﬁsro-’rreet-lys-gl u, 15

ser-prc-pro-arg-arlgﬁ_ﬁ;_ \(@J‘ﬂ,};hr trp-gl n-pro-prol -argaa-arg-ile, 20
QU A un nbl ange de cel c 2. Dispositif prot h6t|que congru pour Mrs

Implant6 In viv VaRdrgVal- réL'*s If rrp05|- tion
constitube esseg’{rl-glgl enen?;azjﬂﬁﬁ) po ﬁ%?’fﬁ’\éa?f%n une formul e

abl ecti Bnnbe daser-pe-goarpargalsirgvalcthpar : 25 |
tr-glu-1lys-pro-gly-ser-pro-pro-arg-glu-val -val - pro-arg-pro-arg-pro.gly-val,
| wasn- asn- gl n-1ys-ser-gl u- pr o- | ep-ghipro-proyargalg-argse; | ys-t hr - asp- gl u-1 eu,

| ys-asn-asn-gln-lys-ser-glu-pro-leu-ile-gy-arg-lys-Ilys-tbr,

eu-i1 €50l y- a5l chirbdntead dfes.c,

tyr;arg- *val - arg-va r-pro-lys-glu-lys-thr-gly-pro-net-lys-glu, 35

Wer - pr 0- pr @:- aDigposkitprath&iqud cdngrdpout e Impldnfb- ISV iv; (UinPengiitQndsugfacel révetae guu'nd @mpdsk
.40 OUtioh casistitibd esa¢ntielidment &uh palypeptide E&pondﬁ)lt 2 posoimule sélettionriée daredegroupe | a
revendi cat i oncdbstitédgms: | equel | adit surface constitue une partie d' un

%ﬁfsff)gqutnglscmi surfa{?e con?%{p Ef#'éppart | g? %%} rk%s%‘gﬁ’éllaogoﬁt act
' i re. 2,
| oquel 1adito s?}'*f‘;??‘c?gﬁ“ﬁ fer R pRelculiéyr Sl B S CUPUM IR, 10 1,00

Dl spositif prot n;etasﬂum-gm-wsdrsgm.pue]wxmag]ﬁ%&m | equel | adito surface

constit¥e une partle d une prothese de hanche. D sposi t Hf proth6ti que
selon |a revendi dal-ﬂegly%rgliﬁlys-ﬂhequel | adite surface constitue une partle
. d'un die- positif percutane. 55 8. Dispositif prothitique selon |la

revendi cat | on 2tyrm§ahrqwsl-mrgnodp-gmlymhxeglmo-um4wglwee d' une rbsine

synthbthue 20
ser-pro-pro-arg-arg-ala-arg-val-thr,

trp-gin-pro-pro-arg-ala-arg-ile,

o/ 40 ou & un mélange de celles-ci.

3. Dispositif prothétique selon la revendication 2, dans lequel ladite surface constitue une partie d'un greffon
vasculaire.

4. Dispositif prothétique selon la revendication 2, dans lequel ladite surface constitue une partie d’'une len-
tille de contact intraoculaire.

5. Dispositif prothétique selon la revendication 2, dans lequel ladite surface constitue.une partie d'une valve
cardiaque.

5 6. Dispositif prothétique selon la revendication 2, dans lequel ladite surface constitue une partie d'une
prothése de hanche.

7. Dispositif prothétique selon la revendication 2, dans lequel ladite surface constitue une partie d'un dis-
positif percutané.

8. Dispositif prothétique selon la revendication 2, dans lequel ladite surface est constituée d'une résine
synthétique..
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|l 1111121112112121121212112121211 * c L M s * EP 0 366 728 BI 9.
Di spositH prothetique selon |a revendication 8,. dgns | oquel |adite r6aine
synt heti que est chol sae dans | e gr eEpoaes P tu6 par |l a nitrocel lul ose, le
pol yur 6t hane, le polyt6trafluoroethylbne expanse, is polyester et lee

pol yol efin S D% hégt?I Ss%Bﬁ |atréjen3?m9énr§egéng %ﬁue?l%‘% rgs% Yh%fé”eg % 9 Qns
(0]

| oquel 1 adi te r 18 iRfRdIlbe e g&fr?t Bihe ox Jt&t
de cul ture ce esent ant une S ace r e ue Slt

constituee essentle e- ment d'un pol ypeptfde repondant A la | brnul e. 10
t yr-gl ugl yae.pDispagltispratnétiqie selop laGev@iidicatin2-dand legual ladité Surfacedpspdonstiiés) pgp U tissy Ad-
| yaasn- asn- gi twd.ys- aer-gl u-pro-leu-ie-gly-arg-| ys I ys t hr-asp-gl u-1eu,

| ys-aso-aso-gln-1ys-ser-glu-pro-leu-ile-gly-arg-lys-lys-tr, 15
| eu-il e-gl 9‘] aauqs de e [Gpllulaire présentant une surfaoe revétue d’une composltlon constituée essentielle-

tyr-arg- val - afgtdyn paiyppatide epqngant & jaformule:. ¢ hr - gl y- pro- met - 1 ys-gi u, 20
Ser - pr o#pr 0- ar g- ar gr-ghdys-prdghtsor Eﬂd-ﬁro-a&g’ﬁn—ﬂ&lvﬂﬁo—ﬂfg%r&-ﬁfbﬁé@?@d' k, 25

ou A un nel ange de cel les-cl. Substrat de culture cellulaire saelon |a
revendi cati on 11 lyseass-asnegjodys-semgliipeo-feurifecglyangdys-lyscthe-asp-gladew)' une r6- sine
synt hetique. 13. Substrat de culture coellulalre soion | a revendication 11
dans | equdl | adi the-asoasmgla-lseasglipeo-lendlempgly-argdysdyscthr, 30 grain. 14.
Mlieu ® culture cellulaire solon |a revendl cation 11 dans |oquel ladite
surface constitue lgnie-gypls-lypthiie fibre mcroporeuse. 35 15. Mlieu de
culture cellulaire selon la revendl cation 11 dans quuel | adite surface
constitue | ea p8Faigyakarg-val-thapEo-ls-gly-lys-dar-gly-pro-get-lysgh, 45 50 55 21 |

1111111} 11111111411 arg-ala-arzval-thr
o ¢ prb-prb-drg-arg-ala-arg-val-ttr,

trp-gln-pro-pro-arg-ala-arg-ile,
25 ou & un mélange de celles-ci.
12. Substrat de culture cellulaire selon la revendication 11 dans lequel ladite surface est constituée d’'une ré-
sine synthétique.
% 13. Substrat de culture cellulaire selon la revendication 11 dans lequel ladite surface constitue une partie d'un
grain.

14. Milieu de culture cellulaire selon la revendication 11 dans lequel ladite surface constitue une partie d’'une
fibre microporeuse.

35 15. Milieu de culture cellulaire selon la revendication 11 dans lequel ladite surface constitue les puits d'une
plaque de microtitration.
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