1 RECOMBINANT PROTEINS HAVING HAEMOSTATIC ACTIVITY AND CAPABLE OF INDUCING
PLATELET AGGREGATION The present invention relates to recombinant proteins 5 composed of the
assembly of the peptide sequences described for interacting with platelet collagen receptors. These
proteins have a pro-aggregating activity, independent af the formation of a triple helix. They can be
produced in bacteria and in mammalian cells. 10Collagens are the principal structural components of
the extracellular matrix of all multicellular organisms. They are a family of proteins composed of 28

different typesdhat-play giete duing.developmentand i issuoremeestasisr ey are capable of

being assembled into various supramolecular 15 structures in the form of fibrils, microfibrils or
networks.  Collagens have the REmPhGY Eﬂgﬁcgﬁ%%@goﬁ‘%ﬁ’ﬁﬁ&%ﬁgoﬁ more domains that have

a triple helix structure formed of three polypeptide chains, or a chains, coiled together. As all three are
amino acids, this charastegisticsis @nahled oy:20.the prasense ofa glyeine i thesheliceidakmotifs
which consist of repeated G:X-Y sequences where.X s often a proline and Y a hydroxyproline. This
hydroxypgroling f&! ggg’éan%iaf)t% tﬁg Esetg%ﬁii‘% |§r¥v f t%%e tﬁ?ﬂg B aﬁél Ts charac réﬁse&t{isc o%%%ﬁgé%ﬁs;[ The
proline residuésare 2B 4HARGAaEd pribtarily BYPr6iEia-hydroklase (P #it6 BshydrBkgsrdline.
There is a seganskhydrexylase; psolyl-3- hydraxylasenwhichienables therhystexyiation ofpreline
when itis in posttign.X, whereas in. position .a proling hydroxylated by, 5:4-H s algady. faund, In a
collagen 30 molecule, the alpha chains can be identical or different. = Collagen molecules are formed
of helicoidal ddfhiRE (SFEENAgeAbuSEdhfains) flanked by non-helicoidal domains, called N- and
C-propégtides. Recagniticrpefrthe dhreetd ehainsthdtfoim stmotecule:and thepstaetof theif assembly

35 are under the.conteo] of the Cserminal grd (€1propeptide): Thisprocessiis cafried eutat thee
endopla_smic retiig'ulu . Sub equegtly, th N- and Cg{oro e tigc_ies, %rge%xcised during 2 co_l agen
maturation, leav t fion-Reficoidalsegquencss, e%%e% idfes: §8I1fag%\ﬁ%ep$a§ gﬁrrrn%%)ﬁ%'\nt role
at the vessel walls by ndaintaiging ¢heid imegrity amddheir eldstieing Thigaaiitasis. They are
capable of Dbeing assembled intc vardous supramolecular
ib structures in the form of fibrils, microfibrils or networks.
Collagens have the common characteristic of containing
one or more domains that have a triple helix structure formed
of three polypeptide chains, or « chains, coiled together. As
all three are aminc acilds, this characteristic is enabled by
20 the presence c¢f a glycine in the helicoidal motifs which
consist of repeated G-X-Y sequences where X 1is often a
proline and Y a hydroxyproline. This hydroxyproline is
essential to the stabllisation of the triple helix and is
characteristic o©f collagens. The proline residues are
25 hydroxylated primarily by prolyl-4-hydroxylase (P-4-H} into
d-hvydroxyproline., There is a second hydroxylase, prolyl-3-
hydroxylase, which enables the hydroxylation of proline when
it 1s in position X, whereas 1in position Y a proline
hydroxylated by P-4-H 1is already found. In a collagen
30 molecule, the alpha chains can be identical or different.
Collagen molecules are formed of helicoidal domains (or
colliagenous domains) flanked by non-helicoidal domains,
called N- and C-propeptides. Recognition of the three o
chains that form a molecule and the start of their assembly
35 are under the control ¢f the C-terminal end (C-propeptide).
This process 1is carried cut at the endeplasmic reticulum.

Subseguently, the N- and C-~propeptides are excised during



5 is formed of type-I collagen and type-Ill collagen, which are fibrillar, and of type-TV collagen, in
network form. It should be noted that type-Ill collagen is also strongly expressed at atheromatous
plagues. Furthermore, collagens are capable of modulating the functions of certain cells by 10 direct
interaction with specific cellular receptors. Thus, collagens, mainly types | and Ill, are powerful
activators of platelet function. Type-lll collagen is a homotrimer composed of three al chains
arranged in a triple helix. Two G-P-P triplets 15 (potentially hydroxylated), present at the C-terminal

end of the al ¢ S, the sufficient an cessary oth na e folding. of riple
helix (Buileid e%a%? I%aM% ud@%%li]oé 17qf§(‘§1259(%6 C%n tfflleg ot]hggjhangi t% ge tv%/%%tr%plets
are not suffm%ﬁtlfbpéiﬂb}@% 20 initial combining of the three chains. It is interesting to note that
Bulleid et al. (1997) obsdwed gteatergffisentyob iripie helixformatior Wwhen ¢hreeliripleis areby

maintained, apgd tﬁ@ae:m‘iﬁ@cyﬂﬁg}!?” graatgtthan farthe %91@0'%§L£§t§%‘ietr9' Prefeins arejinvolved

in the assembly 25 process of monomeric chains:"H5P47 (heat shock protein) and POI (protein

disulfide ?somje?as‘%ﬁ TBSStopLptidd fodatsd L8R -RRinaY BRd of m&%@rﬁ?@ﬂaﬁg Jrfﬁbe%??
involved in thé Atignmeéat of achdinsdndthieforivatiorréf thedisulfide bridgesmecessaryrto thet

stabilisation Oéﬂaﬁ;@@teﬁefﬁon@@éleid atak, EMBQ J7 1997 Novi L5:16(22) 66944013+ hhis g1y
C-propeptide is thus ne cessary Qnly ly to ) ensure | the pomblnlng Qf ti%%monomenc C s Varlous oints
should be remeémbered in refation to 1t - It consists 6f-a discontinuous Se seque’nce % Mino 35 acids
which determfrsathe Spetfiic Stafdar-assembliycof dlehaisc(Huln®es DI Striet Bisl-2602bY

Jan- Feb,0137(:ﬂ;2bc2:103)nBeAasﬁﬂedrcoiszdemaieﬂeealed at tbeb@@lmﬁngz@de@&@@pemid&is
involved in the &ngé%t n gf %% élgulﬁ/I %ﬁ? g,ﬁM o} élol Noy-17 g@g@tg@gu 1).

This domain consists of our 5 ep apeptides en étal., hem 2003 Oct 24; 278(43):
42200-7). It GOrRtaiRS Bight &ysteindresidues which enable the formation of intra- and intercatenary
disulfide bridges. 10Thesprésenceof tisuifideilsridge$ betweemehainsatthe «C-teldpeptide ©r o1

C-propeptide is,noinecessany for the gombining of Ch%@lﬁ&d the:farmatiop of the. friple belix
(Bulleid et al., Biochem J. 1996 Jul 1; 317 It should be noted that the engerlments are

Pt1l
undertaken wﬁﬁﬂ%eﬁélﬁp%gpéﬁﬁ£0¥ﬁé%nB?§ﬁs oPtIF eerrb%daotf alpha friplhdiid Seent paradbxically
independent. i ¢he @bsepice of Npropeptidehit seemns jutiticus-to kave eitver cysteine oof tHee

C- propeptiden@ﬁ:tb@atwgcﬁa;stﬂ{wseﬁ@fﬁef%ﬁe;@ﬁ@pt@@ This Iba@tewl@iffw@ﬂ%lt theé@npiégeueme f
O e o ol it e ool s MY S p ey prerron

hand, these two triplets are not sufficient to enable the
20 initial combining of the three chains. It is interesting to
note that Bulleid et al. {1997) observed greater efficiency
of triple helix formation when three triplets are maintained,
and this efficiency 1s even greater than for the wild
molecule. Several proteins are involved in the assembly
25 process of monomeric chains: HSP4T7 (heat shock protein) and
PDI (protein disulfide isomerase}. C-propeptide, located at
the C-ferminal end of monomeric chains, appears involved in
the alignment of o chains and the formation of the disulfide
bridges necessary to the stabilisation of the protein
30 (Bulleid et al., EMBO J. 1887 Nov 17; 16(22): 6694-701). This
C-propeptide 1is thus necessary only to ensure the combining
of the menomeric chains. Various pointsg should be remembered

in relation to 1t:
- It censists of a disceontinuocus sequence of 15 amino
35 acids which determines the specific standard assembly
cf ol chains {(Hulmes DJ, J Struct Biol. 2002 Jan-Feb;

137¢1-2): 2-10}.



Whether of traumatic origin or the consequence of 25 atherosclerosis, damage to the arterial wall is
accompanied by the destruction of the vascular endothelium and the exposure of thrombogenic
components such as collagen. This is followed by adhesion of platelets at the damaged site, in contact
with surfaces rich in collagen or collagen fragments, 3Q,their activation and the formation of a
thrombus. The adhesion and stabilisation of the platelets in contact with this collagen are enabled by
multiple interactions, of high affinities, between receptors present at the surface of the platelets and
the collagen. This adhesjon can é)ﬁc((_:tér Siin(glgegtl foilgwin‘g tge b{ndjcr]%geofghe Al domain aof the von
Willebrand factor (VWF) with"the P atelet compl & formed or the galycoprotelnesg(ﬁlp%@ﬁbgﬁl ifSelf
bound to collagen by itsAP 86rRT: Bidy difect irtéedctior betWeef 2eplatalénaréeeptbpandot

collagen. Several receptass tagdindicotlagerumolectles at kighly speeific peptide sequences, namely
integrin 0(2131, which p&aé/@aﬂ important rolg j'r)l the §@pgisaté%qngt;pe Q:Igggéelt gg gontact w;}gw
collagen, and ' ' - ) - -
g 5 heptapeptides (McAlinden et al., J Biol Chem. 2003
Oct Z4; 278¢(43): 42200-7).

- It contains eight cysteine residues which enable the

formation of intra- and intercatenary disulfide
bridges.
i0 The presence of disulfide bridges between chains at the

C-telopeptide or C-propeptide 1s not necessary for the

combining of the chains and the formation of the triple helix

(Bulleid et al., Biocchem J. 1996 Jul 1, 317(Pt 1): 185-202).

It should be noted that the experiments are undertaken with

15 the N-propeptide. The notions of trimer and of alpha triple

helix seem paradoxically independent. In the absence of N-

propeptide, it seems Jjudiciocus to leave either cysteine 2 of

the Crpropeptide, or the two cysteines of the C-telopeptide.

This latter mctif, called the knot seguence (GPCCE), enables

20 the formation of disulfide bridges only by virtue of a

preliminary phenomenon of assembly and folding of the ol

chains {Boudkc and Engel, J Mol Biol. 2004 Jan 30; 335(5):
1285-97).

Whether of traumatic c¢rigin or the consequence of

25 athercsclercsis, damage to the arterial wall is accompanied

by the destruction of the wvascular endothelium and the

exposure of thrombogenic compeonents such as ccellagen. This is

followed by adhesicon of platelets at the damaged site, in

contact with surfaces rich in collagen or collagen fragments,

30 their activation and the formation of a thrombus. The

adhesion and stabilisation of the platelets in contact with

this collagen are enabled by multiple interactions, of high

affinities, between receptors present at the surface of the

platelets and the «collagen. This adhesion c¢an ogcur

35 indirectly following the binding of the Al domain of the von

Willebrand factor (vWF) with the platelet complex formed of

the glycoproteins (Gp) GplIb-V-IX, itself bound to collagen by

its A3 domain, or by direct interaction between a platelet



5 GpVI, considered as the most important receptor for platelet activation. Another receptor, TIICBP
(type-lll collagen-binding protein), has been described as capable of binding collagen directly. Blood
vessel flow rate is a major determinant that 10 defines the type of platelet collagen receptors recruited.
At an elevated flow rate, the platelets interact with collagen via VWF via the Gplb receptor and then
they are activated by binding via GpVI; integrin 0(201 only intervenes as a stabiliser of the
platelet-collagen bond. At a low flow rate, 15 the platelets bind to collagen via integrin a201, followed

by binding to Gggl, tjggg leading to Ettleir activatéoenVL Whi(_‘[h is the sgceg tQatéJrep?ta(Jaéglatel t

h al o} agen . ra rece all @] dJgern
aggregation. Simitarly. othér platelet coliagen ré&eptors aré Tvoived Suchi s PSR il ses,

GpVI plays a fifajgrrolein platelet attivation. 20PRatéléFadiedivn-Bea protass initds nowaissbiated
from platelet activatien.nindeed, many.peptides carkesponding ienshert peptide-moiifs ofcollagen, are
capable of inducing. the_adhesion of platelets,without leading to their activation. Nevertheless, sgme of
these peptideéJSZ%q%a?/leS%dé%ci%acO%f tjg}}%d c%e\gp{l%% &Iajéﬁva%g%%%%%x fgtnl:h a gg%\gﬁéf ’ 228
pro-aggregatifg activiP Thefrtrifie hefix strfctifseeB td bah eReRfaldrerctjuisteFor it
activity. It shoatd-bernotedhthat avhenhsome of theseope ptidesIBbEdin in myaromeric farol, they exhibit

an anti-aggregating 3 acfivify bya meghanism whichsemains ip be.idenfified but which coyld be the
occupation of sites that become unavailable for native collagen.  Most of the work aimed at
identifying the"Septit’Sedtientes iivolved in the adhesion of platelets with type-11l 35 collagen use the
fragment al(l11)0B4 corresgondineste thefdigestiorefragment by CiNBf@xhibitifig thel highest that

aggregating aghivithe3 tn¥atioue peptide malifs:-have been deseribed inthe pastfew years as-being
capable of binding ﬁan g%tév ti % I{g)latelel;tsé Th?é hav%gg% tested, in. the form of, %%ptides of two
olla

possible natures: 5-Similar to ¢ "éer{aforrhe 3? tHe repe ition of cnotn%%?\?etd ép m8ﬁ§?38§§ed n

times, not presént ifi'the hafive56qienite oftyisalPéolRiy@nt ot tofresporiding fo-péptidesfoliied of
peptide motifypresentin theal(11GOB4 sequaregsphincipathl  only intervenes as a

stabiliser of the platelet-collagen bond. At a low flow rate,

15 the platelets bind to ccllagen via integrin o2fl, followed by
binding to GpVI, thus leading to their activation, which is
the step that prepares platelet aggregation. Similarly, other
platelet collagen receptors are involved such as TIIICBP. In
all cases, GpVI plays a major role in platelet activation.

20 Platelet adhesion is a process that 1s now dissociated
from platelet activation. Indeed, many peptides,
corresponding to short peptide motifs of collagen, are
capable of inducing the adhesion of platelets withcut leading
to their activation. Nevertheless, some of these peptides

25 have the capacity to induce platelet activation and exhibit a
so~called pro-aggregating activity. Their triple helix
structure seems toe be an essential prerequisite for this
activity. It should be noted that when some of these peptides
remain in monomeric form, they exhibit an anti-aggregating

30 activity by a mechanism which remains to be identified but
which could Dbe the occupation of sites that Dbecome
unavailable for native collagen.

Most of the work aimed at identifying the peptide
sequences involved in the adhesion of platelets with type-III

35 collagen use the fragment ol(III)CB4 corresponding to the
digestion fragment by CNBr exhibiting the highest aggregating

activity.



10obtained by chemical synthesis (Farndale at al., Biochem Soc Trans. 2008 Apr; 36(Pt 2): 241-50).
Integrin a2131 is a receptor for collagens, laminin and other ligands in various cell types including
endothelial cells and platelets. a21 binds collagen via its domain | at 15 the peptide motifs present in
the sequence of fibrillar collagens. Various motifs have been described with the highest affinity for
GFOGER present at the al chain of type-I collagen. Fo‘? type-Ill collagen, and contrary to type-I
collagen, it seems that several GXYGER motifs are necessary 20 for optimal binding, with GLOGER,
GMOGER, GROGER and GAOGER as principal motifs (Kim et al., J Biol Chem. 2005 Sep 16;
280(37): 32512-20). GthePHibtifsSiich¥s ELOGEN GAd GLREEN RE9E betf Yeddribedbur 8xfibit low
affinity for a25%k(Rayyrat etal.,aBiob€hem. 2006 Feb=17;281(7%):3821:31). d:shoutd 25 betrigted that

all of the peptides-synthesiseehfiomthese matifs exbibit-an adhesian activity when they: aresorganised

in the form of a triple hel%%ly%o roteinVI(GPVI)isa60-65 kDatype-I transmembrane glycoprotein
0

belonging to t}'ﬁ"éyol Ousnsolg ulin ?ffﬁ superfamily. It is constitutively expressed on the surface of

platelets #n the form of éABY-EdValeh® cofifpléx@ith the ipeEis commoR e |g ¥eeshtbisiEeRY I The
peptides described as interactingamiticthis reseptos arepeptides similaniascollagenfeened fromnthe

repetition of 4 to 10 GPQ,35 triplets (Mort ., Bi J. 5 . 306(Pt 2): 337-44 and
Smethurst at al., J Biol éﬁgmt’.l Zéég%a%l%{?%%zygip% - 4§%h%¥ljfl£u&c%%ﬁrising 10% GPO motifs,

the maximum numbér o‘PFe;fé%iﬁé%%Pﬂﬁéﬂﬁ)létcdo%%mdt%%eéd’%“ﬁ%eé’ﬁw fegiatie deguenée of
type-Ill collagen. It shoutdbedurther notedchere that thé fordiation of thestripde helpxxdnofizgppdlymeric
form, ohtgined chemically following aymodification-af theQysteine ok lysine;resigues, is-essepial 5 to
confer on these peptides a pro-aggregating activité%Mﬁreove'r, 5% Pres%nqe fa :%groxyproline in
position 3 is essential tathi& 4Gty “Conversdly, Wheh they are ihmbnomeric form ‘these peptides

exhibit an anti-aggrebating attivityAkselin et aksBioghem JE199FApt 452839 (Ptz2)in0141318).
Recently, Jarysiet al. idegtified; the peptidematif in-theitypesHcollagen sequencesthas exhibits the
highest adhesion @gti\g'%/. It c%m osed of residyes GAOGLRGGAGPOGPEGGKGAAGPOGEO
located at aminG acids 53 6549 of aF(I‘II)& Jaris et al. ogtfrho}ﬁéaMay 15: fﬁﬁﬁ): 5
4986-96) Thislpeptidehétfis compdsed Bfthfea BPONwhidlare ABtésiisecutife dndPWhichseems
to be the minimal reupber necessaryfer prepet Mteraction witheGpVl.de s dndireed intetadtiontietween

the platelet re&?g??é ﬁ'Qﬁ&%“i"éﬁg%BP dependant onWWE, which s a,plasma; 20 ppltimeric protein

secreted by endothelial cells and platelets in response to vascular damage or following an increase in
parietal presstfe. 12A&Ys a Major roleifithe tectithett Bt platéféts abaAmaged siteS of VEREalar
territories subjectéc feelevated flowmateshIhisfactorisl GXYGER motifs are necessary

20 for optimal binding, with GLOGER, GMOGER, GROGER and GAOGER
as principal motifs (Kim et al., J Bicl Chem. 2005 Sep 16,
ZBO(37): 32512-20). OCther motifs such as GLOGEN and GLKGEN
have been described but exhibit low affinity for wzfl (Raynal
et al., J Biol Chem. 2006 Feb 17, 281(7): 38Z21-31). It should

25  Dbe noted that all of the peptidses synthesised from these
motifs exhibit an adhesion activity when they are organised
in the form of a triple helix.

Glycoprotein VI (GPVI) is a 60-65 kDa type-1I
transmembrane ¢glycoprotein belonging te the immunoglobulin

30 {Ig) superfamily. It 1s constitutively expressed on the
surface of platelets in the form of a non-ccvalent complex
with the v chain common to Ig receptors (FcRy). The peptides
described as interacting with this receptor are peptides
similar to collagen formed from the repetition of 4 to 10 GPO

35 triplets (Morton et al., Biochem J. 1995 Mar 1, 306(Pt 2):
337~44 and Smethurst et al., J Biol Chem. 2007 Jdan 1Z;
282(2): 1296-304). Although comprising 10% GPO motifs, the

maximum number of repetitions of this triplet does not exceed



25 composed of three domains named Al, A2 and A3. It binds collagen via its A3 domain and binds the
Gplb receptor by its Al domain. Type-Ill collagen seems to have a single site, of high affinity for the A3
domain of VWF, which is also present in type-Il collagen. This peptide motif is located between 30
amino acids 403 and 413 and is composed of GPRGOOVMGFO with certain amino acids critical for
binding VWF (Lisman T et al., Blood. 2006 Dec 1; 108(12): 3753-6). Verkleij at al. identified as a
potential binding site amino acids 541 to 558 composed of GAAGPOGPOGSAGTOGLQ (Verkleij et
al., Blood. 1998 35 May 15; 91(10): 3808-16). This peptide motif is located between the vVWF motif

described by Lishian et'al.dhd the ‘GO GERagHN 2185 Bifiding mdtif 1 729 Fhe FauveREaféve
team describétktheusxistemcerof-anl obtapeptide; KOGEOGRK alotateddietween amipd acids 1655 and

662 of the fragment al(I1)0B4, The-plateletteceptorgecagnised by this octapeptide, has peen idgntified
and named 5 TCI)IIC%%:(Q@%W co%laggn bindin%grotein% (ylonnet E et al., J Biol Chem. 2000 Agil 14;
275(15): 109&-9)1. IS oétapef))tlde I$car %Fe of | ierzlhﬁ&)itingY five irteraction o pilat]e?etgﬁ\ﬁfﬁnt% -1
collagen,Sbut it withiiFec| céffager emeler BorH-$tatie antd flow eonditioRs aMeérarecentlyyPires et al.
10 showed thatthisseetapeptite has-aninhibiting activiyien aggregation only when itisin hometrimer
form. On the rary,.its. structure.in triple_helix.form b ing at these ends cysteines and GPP
gives it a pro-%qég%%%% ac!%ig\%/ityg P]frées gtcgli, ‘élugﬁj'Méécjg ggﬁgrgsa%éﬁ‘i M"éet;};g 5%2(%[)5?%54- alg%_lj).n

The biological"&hdtHftrastructaral propefied oPEdlfagens, dhiictably their apacifPerisifdingte
membrane reeeptors, open asread:fietd-okapplicatieans:becanse of #eirmultiple: rafeinstisspes.

Howeverg these gpplicatigns 20:only have meaning itit is possible fo have homogepeaus prepagations

of these colla%ens in large quantities and in a reproducible way. Two methods of production were

prod Y,
used to this end. THE WS devefShmBME toRiGIRBATHT thedd twé Afdas-are 25" Geret&RFRighly
targeted for aggiversapplications Thus tehemical syntheisis canprogucesshort peptides:thatirépeesent
ﬁnly a tiny pa@ggﬁ@mg@@imm@@m@ﬁ@m@@?oﬂiﬁa@E@r@sﬁt- B&PHBCiE@%%@P%@ﬁlOche@&&ﬁ to
aemostasis a r cisely tp modulation,_of the bond betwee agen I ts.
However, thege% pgﬁp]%gléjz&ﬁaév%é%n ggé]g%}f gnl? %néa Hof t’he%glc%l ies goél;ﬂ% t%a?ﬁg thlignéarrli gg‘eﬂgr@ on the
three- dimensfotial cofiformatidf of fie-pélstidecand ndtablystrke fotnfafiot lof adriplethelin s,

there is a signifieantot consecutive and which seems to be the minimal number
necessary for proper interaction with GpVI.

Indirect interaction between the platelet receptor Gplb

and c¢ollagen 1is dependant on vWF, which 1s a plasma

20  multimeric protein secreted Dby endothelial cells and

platelets in response to vascular damage or following an

increase in parietal pressure. It plays a major role in the

recrultment of platelets at damaged sites of wvascular

territories subljected to elevated flow rates. This factor is

25 composed of three domains named Al, A2 and A3. Tt binds

collagen via its A3 domain and binds the Gpib receptor by its

Al domain. Type-III collagen seems to have a single site, of

high affinity for the A3 domain of vWF, which is also present

in type-IIT collagen. This peptide motif is located between

30  amino acids 403 and 413 and is composed of GPRGQCVMGEC with

certain amino acids critical for binding vWF (Lisman T et

al., Blood. 2006 Dec 1, 108(12): 3753-6). Verkleli et al.

identified as a potential binding site amino acids 541 to 558

composed of GAAGPOGPOGSAGTOGLY (Verkleii et al., Blood. 1388

35 May 15, 921(10): 3808-16). This peptide motif 1is located

between the vWEF motif described by Lisman et al. and the

GMOGER integrin olf2 binding motif.



35 need for the development of functionalised recombinant collagen proteins that can be produced by
biological systems offering high productivity. A major obstacle is the difficulties of production and
purification of these 8 collagen-derived proteins because of their tendency to aggregate and to
adhere. To date, short peptide sequences (fewer than 50 amino acids) have all been produced by
chemical synthesis and not 5 via cellular production sygtems (Farndale et al., Biochem Soc Trans.
2008 Apr; 36(Pt 2): 241-50). Moreover, these motifs have been synthesised in an isolated way.

Conversely, the synthesis of recombinant type-Ill collagen, exhibiting platelet binding activity, has been
carried out via celluldrSrod R G8R sykehty ﬁndtiﬁ%“the%%?éﬁ’fﬁ%fﬁe EE&ueﬁEé,sz?%Qﬁm[ﬂ proal(il),
which has beemtisgdrThelebjedtiversotight is thesynttiesistfva sholerprocollagen sapgéahie efrbeing
organised inta;a #riple helix (WO 9 304,889). Theseregombinant epllagens havedn pringiple,multiple
15 applicationsé namely th(ﬁ)s of %qle. complgte collﬁa%%n sg(;:'que ce. .ltisthu ﬁ,a%uest(ijon of
synthesising srmgl?e(?npjr&ee hs of s'm%)Fer Structure Gre tus1888' de %ﬁaijngﬁﬁ erms o%ﬁﬂction
but that presefve tHetiolOgitzt actvities of- intsrestatherrative prstein. 20Theimiediiontthas relates
to recombinant rﬂz@teinm@@rs.e8§m@ahggmotﬁi reg]fzg&azry)te obtain fmp:ag[gggga&rf&gaa@t%ﬁte#?e )
synthesised in the form .of a monomer incapable eing structured into the form of a triple helix. The
impossibility olf%orr%glr? a'ﬁﬁilsg tri(ﬁ)#e1 hlerl(lla%}jfsl,O fﬁg%o%s%gﬁengrel 55 the %%seor?se%q’:alt)eafgr%n Wéctoégnition

motifs between’themt 15 n6R-hetie6idal collagéiPN- HAd C-teifal dsmaiiE s wellas fip the i GPO
triplets necessaryttd dhe qrimingafithe driple helixnSurpnisingly, peo=aggregating activity és-obtained in

the absepce afyihe doymafion o4 iriple,hellx, 39 The Applicagthag shawin ing surpdsipg way that itis

possible to bring together three types of peptide sequences within a single monomeric protein having
pro-aggregatiig actvity: + " re¢OtfiBinat prdtding 6f tHeE BrabEntiRtenticit thus 98 bring®
together: - peptidd nfotifs with: at |edstoneuepetition of-fout GPGetriplets;orm by adding at
these ends cysteines and GPP gives it a pro-aggregating
activity (Pires et al., Eur J Med Chem. 2007 May; 42(5): 694~
15 701 .

The Dbiological and ultrastructural properties of
collagens, and notably thelr capacity of binding to membrane
receptors, open a broad field of applications because of
thelr multiple roles in tissues. However, these applications

20 only have meaning 1f 1t 1s possible to have homogenesous
preparations ¢f these collagens in large guantities and in a
reproducible way.

Two methods of production were used to this end. The
work and developments conducted in these twe areas are

25 generally highly targeted for a given application. Thus,
chemical synthesis can produce short peptides that represent
only a tiny part of the protein, in general peptide motifs of
interest. Its principal application relates to haemcstasis
and more precisely to modulation of the bond between collagen

30  and platelets.

However, these peptides have in general only one of the
activities sought and this can depend on the three-
dimensicnal conformation of the peptide and notably of the
formation of a triple helix. Thus, there is a significant

35 mneed for the development of functicnalised recombinant
collagen proteins that can be produced by biological sysiems
cffering high productivity. A major obstacle 1s - the

difficulties of production and purification of these



9 peptide sequences described as having binding activity to the various platelet receptors present in
the native collagen sequence, binding sequences between these motifs formed of the repetition of
GXY triplets. The production of these proteins by bacteria and mammalian cells makes it possible
to have in large quantities these new-generation recombinant collagens, fruits of the combination of
peptide sequences similar to collagen and 10 sequen@es present in the native form of collagen. These
types of proteins do not require favouring cells that do not produce collagens constitutively as host
cells for this production. Indeed, their sequence does not allow recognition of the alpha chains of

various native“Coly8RE "BR1AY 18 coRtraRE i€ nebESEINF fo falibur ddiRGEN-pr6adsRG dellshat
express key emzymes:adfeollagen maturiation such as prolyl-4-hydroxylase (84H) and 8SP47. Current

recombinant collageq progduction systems to.the contrary, s that doot paturally praduce.
collagen (Olsen et al., Adv Drug Deliv 20 Rev. 2003 ’%O\é‘ 8; 55(12): 1?147-67 and Ruggiero and Koch,
Methods. 200%%3??4&?.)‘?%5-%@. ﬁﬁg thvBR/2% eotianstctingThe Gehe TOUING for BnZtied Slich as

P4H.  STheYeéormbihhnt proteinsdectrding tythesnverntionivalelmany advantagéscineuding: 25-
bringing together. motifs of itergst-withim small pyoteing that @re easiek to;produce, Hsing gelulak
production systems, kpr%-gg%reg%gré% ggteia\éty E.Lnnth% Ta}bsgsnggi a(?{ a Cltriple helix gw%%rgé 0- th%ﬁleosence
in theirsequence of col?agenage recognition sites but the presence of HSP4 recognltloﬁ’/ Sites,
enabling theirifBatictionby collageirprdtitintdells,t YPe~ Lneir BiclogRaPactivity shdwa bynd
reference tests135(platelet-aggiegation-tests) whichare usesrformonitering aurrentantiplateles

treatments and.fonexplogng plateletiunglions; 10 ¢ vre totality of the sequence,
for example prowl(III}, which has been used. The objective
sought 1s the synthesis of a whole proccllagen capable of
being organised into a triple helix (WO 2 307 88%). These
recombinant collagens have in principle multiple

15 applications, namely those of the complete collagen seguence.

It is thus a gquesticon of synthesising smaller proteins
of simpler structure that are thus less demanding in terms of
preduction but that preserve the biological activities of
interest cof the native protein.

20 The invention thus relates to recombinant proteins
possessing the motifs necesszary to cobtain a pro-aggregating
activity, svnthesised in the form of a monomer incapable of
being structured into the form of a triple helix. The
impossibility of forming this triple helix is the conseguence

25 of the absence of: I} o c¢hain recognition motifs between
them, II) non-helicoidal ccllagen N- and C-terminal domains
as well as III} two GPO triplets necessary to the priming of
the triple helix. Surprisingly, pro-aggregating activity is
obtained in the absence c¢f the formation of a triple helix.

30 The Applicant has shown in a surprising way that it is
possible to bring together three types of peptide sequences
within a single monomeric protein having pro-aggregating
activity.

The recombinant proteins of the present invention thus

35 bring together:

~ peptide motifs with at least one repetition of four

GPO triplets,



The biological properties of the recombinant proteins according to the invention make it possible to
envisage many applications. The first application relates to the use of these 5 proteins as a diagnostic
tool in the exploration of thrombotic disease: platelet aggregation tests, in vitro thrombosis models and
evaluation of the effectiveness of current antiplatelet treatments (aspirin, clopidogrel) and future
treatments. The proteins produced are derived from 10human proteins and have in their sequence
binding sites for certain platelet receptors described for their role in platelet adhesion and activation.
Current tests use collagens of animal origin whose sequences do not have Egrfect homology with

those of humans. FurthétRitre NariatfsiorReFumber 85 aha $6taticiof platdléfreceptérintétdction
sites between the variouscproteiny makeslitspossible te propase mare:retsvant targetnadidation tests.

There are peptide fragments that make t,pessible to work more specifically on each platelet receptor
but their method of prodkﬁctio is different 20 from that of the invention, with chemical synthesis versus
€

natural production by cefld (i tancd o Posttrasidiiial moaficaliths) ™S THdsrésért imdEntion
can play a part in the confiosition of haeiméstdtic bandages. (thus strengthening on-site 25 recruitment

of platelets in the cage of vasesdardesion), o ef haemestati¢,adhesives ta-greventthe fisk of pleeding

(surgical contextI%mPrlogucts are.curre tly on.the market,.but with a collagen of animal origin, Another
application is e Use of these plrStez(lnn%{t%sfsdL gct?voasfg’ %ﬁ:%?ris%%gﬁéﬁ%af%lsaﬁﬂoﬁgo% cer %ﬂ‘% vounds

requires the oRRSifEEmigfafiof SagHeEsion Aand-differentiafon of eerartcsiEpopdlatiéns inelidinge
platelets. These:isacessesarecependant 08 thesurtace drategsing of shese eells.Cerdainpeptide
motifs present in the structyre of the 35 inventiv ins-are thus c I interacti it se
integrins by progr}%oting %%al#isgotgién. 1%{ \@I{rllljaﬁ\/&({ajtr!;/E Rg%n:g%ijég%, %ﬁes%gﬁeg:%%cgbr}ﬁae%érgfgéi\#&gﬁed be

proposed in te coffpositionof G&ttaifl YermatsiBgicsl cleaind ArneF Sppiitatiohidt profeing Hat
inhibit plateletcd fuhctien is the trgatmsentaairathierotirombiogis. £latetetseceptord are therapeutics

targets with afutuse farifighting,complications; of atberathrambplic.disease, ho.date there isng,,
molecule capa%e %blockyg}g the mgal hase gf platelet adhesion,in the subendothelium. The various
protein 10 strictures Bf the ventive proteing enabie theinteractdit witfr thed8 F8Ceptors leadifig to

platelet’=hti-adhesivaeffectst(site masking} and/of platelerpro-athesiutaffests ITive variousléffects

can be obtainedawith ig-sarme pratein ynmedulatingsits physiceghemical propertigs. 15This invention

thus provides g biplogicalreaget With, . o414y and HSP47. Current recombinant
cellagen production systems to the contrary use cells that de
not naturally produce coliagen {Olsen et al., Adv Drug Deliv

20 Rev. 2003 Nov 28; 55(12): 1547-67 and Ruggiero and FKoch,

Methods. 2008 May; 45¢1): 75-85) . This involves
cotransfecting the gene coding for enzymes such as P4H.

The recombinant proteins according to the invention have
many advantages, including:

25 ~ bringing together motifs of interest within small
proteins that are easier to produce using cellular
production systems,

- pro-aggregating activity in the absence of a triple
helix structure,

30 - the absence in their sequence of collagenase
recogniticn sites but the presence of HSP47
recognition sites, enabling their production by
collagen-preoducing cells,

- thelr bilological activity shown by reference tasts

35 (platelet aggregation tests) which are used for
moniitoring current antiplatelet treatments and for

exploring platelet functions.



numerous applications that can play a part in the composition of kits: to evaluate platelet functions, to
activate cell differentiation for the diagnosis of haematological dysfunctions, to detect by imaging areas
of fibrosis. This 20 invention can also enter in the composition of haemostatic bandages for the on-site
recruitment of platelets (in the case of vascular lesion) L{Paemostatic adhesives to prevent the risk of
bleeding, or dermatological creams. Description of se& ences 25SEQ ID No. 1: Coll-1lI-like
recombinant protein ~ SEQ ID No. 2: Polynucleotide coding for Coll-1ll-like recombinant protein SEQ
ID Nos. 3-6: Primers _30Description of the invention The invention relates to isolated polypeptides

that have the sequercEof tHE pBYpERtide BT SEG 1D No. © br thBSolBERHtE B psitidh 5 td Fosition
152 of SEQ 1B MNoe 1d The inventibr alsonetdatesto isokated polypeptidelsawitty 38 1at ieasy F 0%iate ntity
over their entigg.Jength, with,the polypeptide of SEQ ID No. 1 or with the polypeptide of position 25 to

position 152 of SEQ_ID No. 1, and capahle of inducing an aggregation of human blood platelets
greater than 12 30°o|Bnea pé{‘tjéﬁa agal gzlolrﬁgt!%%%?S%ev%ﬁ}g%t‘?’rri%oof %6%)% rpurﬁ’.e %a %eefgf?ed

embodiment, BHesespalypeptitles éompriseitesiollewingpeptide motifs:eGX ExRGER Wherein Xi and
X2 represent indepepdently an amineacid pelectertifoma R sNabi & E.teshsl, K, M, FiReSoT, W,
e SRR LS 10 A0 3 g0 o O s SPRGRIE UGG
current antipiatelet treatments (aspirin, clopidogrel) and
future fLreatments. The proteins produced are derived from
10  human proteins and have 1in their sequence binding sites for
certain platelet receptors described for their role in
platelet adhesion and activation. Current tests use collagens
c¢f animal origin whose seqguences do not have perfect homology
with those of humans. Furthermore, wvariation of the number
15 and location of platelet receptor interaction sites between
the wvaricus proteins makes 1t pogsible to propose more
relevant target validation tests. There are peptide fragments
that make 1t possible to work more specifically on each
platelet receptor but their method of production is different
20 from that of the invention, with chemical synthesis versus
natural production by cells (importance of post-transliational
modifications).
The present invention can play a part in the composition
of haemostatic bandages {thus strengthening on-site
25 recruitment of platelets in the case of wvascular lesion), or
of haemostatic adhesives %to prevent the risk of bleeding
(surgical context). Products are currently on the market, but
with a collagen of animal origin.
Another application 1s the use of these proteins to
30  activate cicatrisation. Cicatrisation of certain wounds
reguires the cn~site migration, adhesion and differentiation
of certain cell populaticns, including platelets. These
processes are dependant on the surface integrins of these
cells. Certain peptide motifs present in the structure of the
35 inventive proteins are thus capable of interacting with these

integrins by promoting cicatrisation.



P is proline and 0 is hydroxyproline. In another preferred embodiment, these polypeptides
comprise the following peptide motifs: 15- GAPGER, KPGFPGPK, (GPP)n with n between 4 and 10,
ROD. The invention also relates to an isolated polynucleotide 20 characterised in that it codes for
a polypeptide according to the invention. In a preferred embodiment, the polynucleotide has the
sequence of the polynucleotide of SEQ ID No. 2. 11 The invention also relates to an antibody
binding 25 specifically to the polypeptide of SEQ ID No. 1. The invention also relates to expression
cassettes comprisingain the direction of transcription: a functional promoter in a host organism, a

polynucleotide accorbihgfto th& Inventish, F0t Slfiinctidial ferifinaionSettients 7 s Sarfie st
organism.  FEhe imventiop@lsa relatéssto aveptor comprising a palynucleotide asearding;to-the
invention and/efr ap.expression cassette according to the invention. 35The invention also relates to a

host organism transfgrmeg with a palynucleotide a cording tQ the invention, an expression cassette

. . 3 1
according to the invéntion ahd/of aNectsr actordit t6 fe-mvBftioh 2t thbhiblt platelet
5 function 1s the treatment of atherothrombosis. Platelet

receptors are therapeutic targets with a future for fighting
complications cof atherothrombotic disease. To date, there is
no molecule capable of blocking the initial phase of platelet
adhesion in the subendothelium. The various protein

10  structures of the inventive proteins enable their interaction
with these receptors leading to platelet anti-adhesion
effects (site masking) and/or platelet pro~adhesion effects.
The various effects can be obtained with the same protein by
modulating its physicochemical properties.

15 This invention thus provides a bioclogical reagent with
numerous applications that can play & part in the composition
of kits: to evaluate platelet functionsg, to activate cell
differentiation for the dliagnosis of haematological
dysfunctions, to detect by imaging areas of fibresis. This

20 invention can also enter in the composition o¢f haemostatic
bandages for the on-site recruitment of platelets (in the
case of wvascular lesion), haemostatic adhesives to prevent
the risk of bkleeding, or dermatological creams.

Descriptiocn of seguences
25 SEQ ID No. 1l: Coll~III-like recombinant protein
SEQ ID Ne. 2: Polynucleotide coding for Coll-III-like

recombinant protein
SEQ ID Nos. 3-6: Primers

30 Description of the invention

The invention relates to isolated polypeptides that have

the sequence o©of the polypeptide of SEQ ID Ne. 1 or the
-polypeptide of position 25 to position 152 of SEQ ID No. 1.

The invention also relates to isolated polypeptides with

35 at least 70% identity over their entire length with the

polypeptide o©f SEQ ID No. 1 or with the polypeptide of

position 25 to position 152 of SEQ ID No. 1, and capable of

inducing an aggregation of human blood platelets greater than



13 The invention also relates to compositions for use as a drug comprising a polypeptide according
to the invention, a polynucleotide according to the invention, an expression cassette according to the
invention, a vector according to 5 the invention and/or a host organism according to the invention. In a
preferred embodiment, the invention relates to compositions for the treatment of thrombotic diseases.
In another preferred embodiment, the invention relatest#0 to compositionsforthe treatmentof disorders
of haemostasis.  The invention also relates to the use of these compositions as a cicatrisation
agent. Lastly, the invention relates to cosmetic compositions 15 comprising a polypeptide such
as described abbve. 1" The Ihdntibf teltE8 15 EoRAEE Polypeptiiesthaving the etuehog ofdlie
polypeptide of ISEQ IbcNo. 1 or the polypeptide of position 25 to position 152 of SEQ ID No. 1. The
peptide of position 1 iqlpoasitppezﬁdeggggQ éR&%ﬂm@Qf?Tr% eosngs_ é’% Ehgeﬁsiggal dc()aesptiglje that.enables

secretion of the recgm inanf protein by a host cell. This signal peptide c absent oroglg%ﬁgced
by another sighaf péptide”4ddot dRgRb tEchdiGies fell known to the person skilled in the art. The
person skKilled in the art wift BeCable thehwose 25 therhbniblogeus eshketerologritsssigaalieptide

suitable for the expressian and sesretion of the: palypeptides of the present irp/engon in vagious
t

prokaryotic or eukaryotickex&res ionpsystsem% Preferably, the polypeptides o he present invention are
produced in eukaryotic célls or 30" organisims and n r\j(arti%u%’?% ammalian cells. In a particular

embodiment of the inventidiithe polyHucleotidds ekthepreseht Irfvention Eomprisess sighahpeptide
enabling their secretion gxthe;extracellular medium. In another embodiment, the invention relates to

the matyre polypeptide 359 'nggﬁ&e{( cleavage of the signal peptide. The polypeptides of the
present invention have a bio%ﬁkléal activity g”%agg&;é&/ a %?%-gégﬁ:e%%ﬁﬁgo’ Sctivity 6% ﬁ%?ﬁ HHlodd

platelets detected usinga platéfet aggregometer
P is proline and © is hydroxyproline.

In another preferred embodiment, these polypeptides
comprise the fellowing peptide motifs:
15 - GAPGER,
KPGEPGPK,
- (GPP)n with n between 4 and 10,
- RGD.

The invention also relates to an isolated polynucleotide

20  characterised in that it codes for a polypeptide according to
the invention.

In & preferred embodiment, the pclynucleotide has the
sequence of the polynucleotide of SEQ ID No. 2.

The invention alsc relates to an antibody binding

25 specifically to the polypeptide of SEQ ID No. 1.

The invention also relates to expression cassettes
comprising in the direction of transcription:

~ a functional promoter in a host organism,

- a polynucleotide according to the invention,

30 - a functional termination seqguence in the same host
organism,

The invention alsc relates to a vector comprising a
polynucleotide according to the invention and/or an
expression cassetife according to the invention.

35 The invention also relates to  a host organism
transformed with a polynucleotide according to the invention,
an expression cassette according to the invention and/or a

vector according to the invention.



19 (Regulest, Florange, France), according to the reference technique (Born, 1962). Platelet-rich
plasma (PRP) is brought into contact with an agonist (10 dl in 290 pl PRP) and the clearing of the
medium (related to the formation of 5 aggregates which fall to the bottom of the tube) is monitored in
real time (aggregation curve). In the absence of platelet aggregation, the signal remains flat (persistent
turbid medium). It is possible to verify the absence or 6r%sence of aggregates by examination of the
tube at the end of 10 measurement. Evaluation of the platelet aggregation test response is carried out
at 37C, with continuous stirring (1000 rpm). The apparatus is calibrated as follows: 0% aggregation

with platelet-rich plagmi§ (preparatiorrobtamed B-<Idvi Tentiftgdlion Srd it et Ao 4djisted to 15
300x109/L) amtr $00% @ggregation withrplatetetspoid plasmen(pieparation abtainedtyrrapich, a

centrifugation), Jhe-quality of the plateletprepgrations was. validated-by verifying thg rgsponse to
reference agonists é5[dM ADP anéi,l g/ml col a%en), used for the development of antiplatelet 20
therapeutics. APro dhsidered" groi“é)ggF ting' WHeh it cafablé ot tiudig 8 gretatisn

-Te o)
ein is considere
greater tian 3096, arduifear irksversiblé/way. 2  Thetreceptor récognitiohopeptideamotifs expressed
on the surface gf;gmanycell types confer on the polypeptide activity 25 of the following types: cell
adhesion, cell recruitment. Thepro-aggregatingeftectofthepolypeptide, independent.of its triple helix
structure, is the cons'l'e?_augagncep §§ o?%gé%agcti\%tl%ondolf%%netér m%gg re&g&%%gﬁr%%enf@o%%ﬁgSplat%?et
surface (alp, FIROBE and GPVIS Fhe hvehiis Bl Teldtes to fraghiehiscofthe gofiseptide of SEQ ID
No. 1 that preserve dtleast onkaf theradtivitiescof thecpalypeptide of ! SEQ Hy Mot 1o he-terat 35

"fragmeny” of apolypeptide.indicates a polypeptide.compyising a part but pot the g%tg@_grog the ¢

polypeptide from which it is derived. The invention thus relates to a polypeptide comprising a fragment

of at least 100'3F6°1595" S -

The invention alsc relates to the use of these
compositions as a cicatrisation agent.

Lastly, the invention relates to cosmetic compositions

15 cemprising a polypeptide such as described above.

The invention relates to isclated polypeptides having
the sequence of the polypeptide of SEQ ID No. 1 o¢r the
polypeptide of position 25 to position 152 of SEQ ID No. 1.

The peptide of position 1 to position 24 of SEQ ID No. 1

20 corresponds to the signal peptide that enables secretion of
the recombinant protein by a host cell. This signal peptide
can be absent or be replaced by another signal peptide
according to techniques well known to the person skilled in
the art. The person skilled in the art will be able to choose

25 the homeclogous or hetercologous signal peptide suitable for
the expression and secretion of the polypeptides of the
present invention in various prokaryotic or eukaryotic
expression systems. Preferably, the polypeptides of the
present invention are produced i1n eukaryotic cells or

30 organisms and in particular in mammalian cells. In a
particular embodiment of the invention, the polynucleotides
of the present invention comprise a signal peptide enabling
their secretion 1in the extracelliular medium. In another
embodiment, the iInvention relates to the mature polypeptide

35 obtained after cleavage of the signal peptide.

The polypeptides of the present invention have a
biological activity and notably a pro-aggregating activity on

human blcood platelets detected using a platelet aggregometer



15 130,140 or 150 amino acids of the polypeptide of SEQ ID No. 1. These fragments of the
polypeptide of SEQ ID No. 1 preserve at least one of the activities of the polypeptide of SEQ ID No. 1,
in particular pro-aggregating activity on human blood platelets. The invention thus relates to the
biologically active fragments of the polypeptide of SEQ ID No. 1. The term "biologically active
fragment" indicates a fragment of a polypeptide that p %Serves the 10 function of the polypeptide from
which it is derived. The biologically active fragments of the polyneptide of SEQ ID No. 1 thus preserve
at least one of the functions of this polypeptide and preferably preserve all the biological activities of
the polypeptide"SIBESG IB/NOT 10 FRBFRathodE AB ol preparigiagientof & polypepliseasarell as
the techniques farrméaswingBtherbiolbgical activittesakthe polypeptidesof trpresent invention are

well known to the persgn skiled in the art, The dnvention giso relaies to g@lxgppﬂgj{%% that have at 20
least one of thelactlvmes of the p Iﬁpeptlde dof SEQ ID No. 1 and with amino acids at least 70%
identical to thé polypeptide O SE% B NG Bterably, tRESE polyPeptice havd & Same préperties

and notably tHeJsgine biclegicaliadtivitieslas thetpoly peptiderof SEQHD Notk Thies25 inventiondelates
to polypeptides-witheamino; acids atleast; 0%, 80%:; 90%, 95%, 98% andJugfatentially gt least 99%

identical to th I ide of SEQ ID No. 1. "Identical amino acids" means amino acids that are
invariant or ur%c%%%ggg %?v%éen i%g seaﬁgrﬁl@egs. Tﬁ%@é%%?ype%ﬁé’s cah have 30°4 deletion A
addition or a Stitfstitiifion of at feasPeié difio heidtorigared 6 tiseypeptice GFSEQIDNG L.
The inventionzatso: eefates 40 polypeptides with abtleast 0%t 86%, 90%, 959%, 98% andHpreferentially

a least 499 bumalogy. it e Roupepiceof SEQ 1B No. 1, Homolagy” 35 means the meastrement

of the resemblance between protein sequences. These polypeptides can ﬁd etion, an addition
or a substitutiofi O 8 Rast vhe aiifd &Tid Tmpéred to' the’ polybePtideCs ' SEOIDNGS 4 ThéHegree
of 16 homology Bebweemiwo sEgeencasy guantified by a sceie,lis based oathe petdentage of %

identities and@@@f%%ﬁziggz§umtﬂﬂti0@§£éﬁ%%e%%@peg-ﬁ%aolw%%%yﬁﬁ%%prSE%%&ng%mion
with a certain, degree of homglogy. ar identity with the polypeptide of SEQ,ID No, f,.cqmprise at least
100 or 150 amiho adids. g Jus
15  300x10°/L) and 100% aggregation with platelet-poor plasma
{(preparation obtained by rapid centrifugation). The guality
of the platelet preparations was validated by verifying the
response to reference agonists (5 uM  ADP and 1 pg/ml
cellagen), used for the development of antiplatelet
20  therapeutics. A protein is considered pro-aggregating when it
is capable of inducing aggregation greater than 30%, and in
an irreversible way.

The receptor recognition peptide motifs expressed on tThe

surface of many cell types confer on the polypeptide activity
25 of the following types:

- c¢ell adhesion,

- cell recruliment.

The pro-aggregating effect of the polypeptide,
independent of its triple helix structure, is the conseguence

30 of the activation of one or more receptors present on the
platelet surface (wlB2, TIIICBP and GPVI).

The invention also relates to fragments of the
polypeptide of SEQ ID No. 1 that preserve at least one of the
activities of the polypeptide of SEQ ID No. 1. The term

35  “fragment” of a polypeptide indicates a polypeptide
comprising a part but not the totality of the polypeptide
from which it 1is derived. The invention thus relates to a

polypeptide comprising a fragment of at least 100, 110, 120,



Methods for measuring and identifying the degree of identity and the degree of homology between
polypeptides are known to the person skilled in the art. The AlignX alignment 10 tool (Clustal W
algorithm) of the Vector NTi 9.1.0 software package (Invitrogen INFORMAX,
http://lwww.invitrogen.com), for example, can be used, preferably using the default settings. The
polypeptides according to the invention are isolated orlﬁurified from their natural environment. The
polypeptides 15 can be prepared by means of various methods. These methods are notably
production of recombinant polypeptides by suitable host cells and their subsequent purification,

production by themical &Jnthédis ort filally2 B dEmbirftionof tiese vafiGus &5praeRds: Sthesé Various
production methads 20 ¥we well known to the person skilled in the art. Preferably, the polypeptides of

the present inventionraresproddced by fecombinant peokaryotic.orqukaryotic.cellspFhe polypeptides of
the present invention can thus.be p(_oducedls_;}% bacteria or in mammalian cells. 25The invention also

relates to fusiBi Proteins, Protéing or chifiefid prat&ing Comptising the polyTeptitblHebrdiig 15 the
invention® Thes&emI polpeplide lindicatds. proteins psavel bas awdifisttpaelypeptides. moheman
embodiment gfthe inveption; ¢he pelypeptides 3Q acegrdingto theninyention ase glycosylated: The

polypeptide of SEQ ID. N has notably O-glycosylation sites gn the lysine aming acids present.in
positions 102%\?\% 14%*@?9 %%gitionafg éy%XY%%%fiﬂt?;ﬂ? ] pref(;%nrred(%e}r}rqet:)odi%(?;L ,ptﬁgtajs%ogragfr)l%
residue in positch 93 ofthe polypeplifie of 35SEQ ILPNBL P §yeosylated:t L1V ahe ivestica also

relates to polyixu@ﬁeoiiﬂes cading zfergtberpolypéptides};dﬂﬁ;ﬁ?d@bWQ.. Aqegrﬂingzte dhe presenthe
inventiofly ‘pobucleptidedpeans s sinale:sianducieotide 1f chain ot its NA.O RNA complement

or a double-strand nucleotide chain which can be of complementary or genomic DNA. Prefer , the
polynucleotidéd Sf-éifdertion afC BN in garGsiiardsubleSStrand BRIA. PRE ¥&1HP5 2p8lynuefeotide”
also means nitdifietbpdlynuclectides. The pelynacleotides=of theopreserit inventidnrare isolated Or

purified from their nafisakenvironment Rreferably theRolypucleotides gf the present invention can be
prepared by the classic. molecular iolo%% Lfchnique asd scriged]p Sambrook et al. Molecglar
Cloning: A La%gra]tgr%/tl\ﬁgﬁua, 988 oy cermcal Synthesis =% ~fh A first embodiment, e
inventioh“relafe®tio thegsulyriudeotide shSEFIDNo. 2. IrP@ sEeed émbodimentcthe inventibhaelates

to the polynucleetidei of SEQ H No:xd wheserlp sequense lies betuaenposition ikandpositiga 459
o B e e S e, S
person skilled in the art.
The invention alsoc relates to polypeptides that have at
20 least one of the activities of the polypeptide of
SEQ ID Ne. 1 and with aminc acids at least 70% identical to
the polypeptide of SEQ ID No. 1. Preferably, these
polypeptides have the same properties and notably the same
biological activities as the polypeptide of SEQ ID No. 1. The
25 invention relates to polypeptides with amino acids at least
70%, 80%, 90%, 85%, 98% and preferentially at least 99%
identical to the polypeptide of SEQ ID No. 1. “Identical
amino acids” means aminc acids that are invariant or
unchanged between two sequences. These polypeptides can have
30 a deletion, an additicn or a substitution of at least cone
amino acid compared to the polypeptide of 3EQ ID No. 1.
The invention also relates to polypeptides with at least
70%, 80%, 890%, 95%, 098% and preferentially at least 99%
homology with the polypeptide of SEQ ID No. 1. “Homology”
35 means the measurement of the resemblance between protein
sequences. These polypeptides c¢an have a deletion, an
addition or a substitution of at least one amino acid

compared to the polypeptide of SEQ ID No. 1. The degree of



20 least 99% identity with the polynucleotide of SEQ ID No. 2 or with the polynucleotide whose
sequence lies between position 73 and position 459 of SEQ ID No. 2. These polynucleotides code
preferably for a polypeptide that preserves the biological activities of the polypeptide of SEQ ID No. 1.
25"ldentical nucleotides” means nucleotides that are invariant or unchanged between two
sequences.These polynucleotides can have a deletior11, %n addition or a substitution of at least one
nucleotide compared to the reference polynucleotide. 30The invention also relates to polynucleotides
with at least 70%, 75%, 80%, 85%, 90%, 95%, 98% and preferably at least 99% homology with the
polynucleotide SFSESF IO N2 ST With He ponghiidissiite whods sbhieHcelies betfetn positich 73
and position 459sef<-SEQID Nbe2. Phesepolynacleofides 35rdodeipreferabty/for a polyseptiderthat

preserves thehiglogical agtivities-of the polypeptide.of SEQ ID No. 1. "Homology" means the
measurement of the{ggéemblfmce bet\green g%cltefilcese%uence% These p@%ﬁnucle% ides can have a 18

deletion, an addition'or a gtfbs\{i?uef%%lo 4t I&ast one Rucdieotide C%WE 5 tie tefefence’ -3+

polynuclevtidéleriegegfee oftoimolpgy betweehInd segrientés; lquantifieddsylaBesre! itebased on
the percentageruf identities andferd preserving substitutions efthessequenees« i dMethods for
measuring and identifying the degree of identity and the degrege of homology between nucleic acid
sequences are well Er%owr? !3;; the%agersoné(sg%Illleltc)ilL %?ﬁgtheagff T%e8 %ﬁﬁéﬁ yefhré mt?rﬁetoo%f&ﬁgt%l V@g
algorithm) of the7ectorNTRS! 1 §'SofflRsE Tackage OTvitrBgEn INEORMARCLypeptides are
http://lwww.invittogen.cam}, forexamplercaniiclised, preferably:using the-defauls settings.gnmekhe

inventioppalsoprslates; to palyquclgotides capable, of fiybridising selegtivaly with the polypuclgatide of 15

SEQ ID NO. 2 or with the polynucleotide whose sequence lies between paosition 73 and position 459 of

SEQ ID No. 2XPrefadbly, Stiactivadibridlsation i carted bt ?J‘ﬁﬂ‘ér cBriditioRe 6P niedfim stifgency
and preferentiafigruntier conditions oEhigh strirdenoyb These polynubleotidésicode set tings.

The polypeptides according to the invention are isolated
or purified freom their natural environment. The polypeptides

15 can be prepared by means of various methods. These methods
are notably production of recombinant polypeptides by
suitable host cells and their subsequent purification,
production by chemical synthesis or, finally, a combination
of these various approaches. These various production methods

20 are well known to the person skilled in the art. Preferably,
the pclypeptides of the present invention are produced by
recombinant prokaryotic cor eukaryotic cells. The polypeptides
of the present invention can thus be produced in bacteria or
in mammalian cells.

25 The invention alsc relates to fusion proteins, proteins
or chimeric proteins comprising the polypeptides according to
the invention. The term “polypeptide” indicates proteins as
well as modified polypeptides.

In one embodiment of the invention, the polypeptides

30 accerding te the invention are glycosylated. The polypeptide
of SEQ ID No. 1 has notably O-glycosylaticn sites on the
lysine aminco acids present in positions 102 and 141 (in
pesition 3 of a GXY triplet). In a preferred embodiment, the
asparagine residue 1in position 93 of the polypeptide of

35 SEQ ID No. 1 is glycosylated.

The invention also relates to polynucleotides coding for
the polypeptides defined above. According to the present

invention, “peclynucleotide” means a single-strand nucleotide



20 preferably for polypeptides having the biological activities of the polypeptide of SEQ ID No. 1.
"Sequence capable of hybridising selectively"” means, according to the invention, the sequences that
hybridise with the reference sequence at a level significantly greater than the background noise. The
25 signal level generated by the interaction between the sequence capable of hybridising selectively
and the reference sequences is generally 10 times moré intense, preferably 100 times more intense
than that of the interaction of the other DNA sequences generating the background noise. The
stringent 30 hybridisation conditions that enable selective hybridisation are well known to the person

skilled in the arfanyerfefal, e hybHdisafién did wasShikighémperaturé s atleai? SElowel #difithe
Tm of the referende:séquencelat agiveh pthandsfor agiverrioniestreagtn. Typicaltyy thedybridisation

35 temperaturgs at Igast:30C far.a po&wclgeti%%&% 19-50 puclegtides, and. at least.60C fgf a

polynucleotide of more than 50 nucleotides. For éxample, hybridisation is carried out in the following

buffer: 6X SSE.80 mM This-HGIYPH 7&]219 1 MV EETZS 05659 PVP¥:02% FiceR, 0.03%5%18SA,
500 pg/mit denatared saldontspéeih DEAS Waskings, forexamplel arecdarried babsuctessively with

low stringency.im 2% §SC.0:1%-8D$ bufferavith meadium stringeney, 0.5%-5SG,Q0,1%:-8BS 3 buffer
and with high strji:r!_ggapgg in p:1X S?rf%’e%'l% I§Dt8 buffer. H b;idisationtcan %f course bi carried out
according to Gther cormmon methods well known to those personaskilied inthe ‘art (Seetin particular
Sambrook et &P MBleehist (ClefiRg CAt LabdratssaManual 11989) 1 Preferablyb thefpotymucisbtides 10
that hybridisesedectivelystoia refesereapalynuelestide preserverthe functionsof thestefersnge 1y
sequence. inyention generally, relat lynucleatides cading for the polypeptides
accordiﬁg to tﬁ3%e%¥%n.%Que %%egéf@rﬁaﬁgg%$?he%%\%ﬁég §6de?\diffge%§ﬁt“f§ Bgﬁu%fte%lﬁ%é can
code for the sarie’polypeptide: 2 Tha inveftibRsalds relates to an antibody binding specifically to the
polypeptide of SEQ I Ne. 11 irstBindingspecificglly"trtheans thairthese antibodieshindwonlyite the

polypeptide of SEG, R No., L; lpaticularythe2Q antibodies,do,nat bind, to atherantigens angd notably

not to other cgllagenous roteéns. The antibodies according to the present invention are preferably

specific monoclonat antibodigs HStabily of MG OHGIRC cRiteridrunamsed wiich colidBes
obtained25 atedidhiig to stahdard methodsrwelbkrdwn o the/ gersandkilledsn theart. 459n general,

the techniquesHor prepasing monogcieral antibadiesaf theie finctignalfragraeats, notably-efimutine
origin, can b%]see%%cteg f%obm %%ose described in particular in 30 the handbook Antibodies (Harlow and
Lane, Antibodies: ,&lfabora?ory'Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor NY, p.
726, 1988) or the hybfiflorma based prepatdtion fectiqie Well KhohrTtothe perssrsskiliedlin the art.
"Antibody" alscemeans Chimerié ey hwnanisexbantibedies. 95%, 98% and preferably at

20  least 99% identity with the polynucleoctide of SEQ ID No. 2 or
with the peolynuclectide whose sequence lies between position
73 and position 459 of SEQ ID No. 2. These polynucleotides
code preferably for a polypeptide that preserves the
biclogical activities of the polypeptide of SEQ ID No. 1.

25 “Identical nucleotides” means nuclectides that are
invariant or unchanged  between  fwo seguences. These
polynucleotides can have a deletion, an addition or a
substitution of at least one nucleotide compared to the
reference polynucleotide.

30 The invention also relates to polynuclectides with at
least 70%, 75%, 80%, 85%, 90%, 95%, 98% and preferably at
least 99% homology with the polynucleotide of SEQ ID NO. 2 or
with the polynucleotide whose sequence lies between position
73 and position 459 of SEQ ID No. 2. These polynucleotides

35 code preferably for a polypeptide that preserves the
biological activities of the polypeptide of SEQ ID No. 1.

“Homology” means the measurement of the resemblance

between nuclelc sequences. These polynucleotides can have a



35The invention also relates to expression cassettes comprising in the direction of transcription: a
functional promoter in a host organism, a polynucleotide according to the invention, 20 - a functional
termination sequence in the same host organism. According to one embodiment of the invention,
a polynucleotide coding for a polypeptide according to the 5 invention is inserted in an expression
cassette by using cloning techniques well known to the %erson skilled in the art. This expression
cassette comprises the elements necessary to the transcription and translation of sequences coding
for the polypeptides according to the invention. 10 Advantageously, this expression cassette
comprises at thels&méime dlemaftsithaPEause a RosEEEIFtb Froluee a FalypeptidéaitelePiénts
necessary to theaegulatidn of thispexpeessiam Any &ypereffpromoter sequence-carvhe gsed imthe 15

expression cagseties.accerding tgfhe inveation. Jhe gmglcesgtﬁg omater W'&Q&H@Q? pg&ab[(y%on dhe

host organism chosen for the expression of the gene of interest. Certain promoters enable constitutive

expression WHer8&a§ otherproffoters afdon Héecoﬁ‘[?&r@@lﬁ&?@ﬁle %%oﬁgjﬁfétﬂj%ﬁénalaﬁ?gﬁﬁers in
20 bactefia, thratof ¢vey bactetiophage T7 RNA pofyriérasecandreceited in particular. Among the

functional promotersiipygasts, the SAlL gene prgmoteror th?e@'@\i:ﬂ DH, prometers of S, ¢
cerevisiae can he cite g Amon th%fun%}lonal ro te |n 2 her e otlc cells a;{:]d notabl

mammalian cel?s DZ% NV ?cy omegalovm?sr) E\?rus)nﬁ vah-or Ef‘%ltgen
beta-actin, beﬁ@@l@%ﬂﬁ%l@{fﬂﬁo‘éﬁﬁégl)}@émﬁ@ k%sé}}%%gﬁ&ﬂhwﬁmhﬂe%@n&sfe, an¢ MMITV
(mouse mammary hMeunvins) sanbdecitedoAll thesespromatees ars:deserbed n thesliteratueg-and

are We”-lg“IOWﬁ,Itg the person, skllleg |@§9§@e art. Express éoncass tesjggcordlngtothe%rﬁg

invention, can further include any other sequence eces ary to the express%n of polypep es 6r
pownudeoudggggbﬂégww invitrogen.com), for ~ example, can used,

preferably using the default settings.
The inventicn also relates to polynucleotides capable cf
hybridising selectively with the polynuclectide of
15 SEQ ID NO. 2 or with the polynucleotide whose sequence lies
between position 73 and position 459 of SEQ ID No. 2.
Preferably, selective hybridisation 1is carried out under
conditions of medium stringency and preferentially under
conditions of high stringency. These polynuclectides code
20 preferably for polypeptides having the biclogical activities
cof the polypeptide of SEQ ID No. 1. “Seqguence capable of
hybridising selectively” means, according toe the invention,
the sequences that hybridise with the reference sequence at a
level significantly greater than the background noise. The
25 signal level wgenerated by the interaction between the
sequence capable of hybridising selectively and the reference
sequences 1is generally 10 times more intense, preferably 100
times more intense than that of the interaction of the cother
DNA sequences generating the background noise. The stringent
30 hybridisation conditions that enable selective hybridisation
are well known toc the person skilled in the art. In general,
the hybridisation and washing temperature is at least 5°C
lower than the Tm cof the reference sequence at a given pH and
for a given ionic strength. Typically, the hybridisation
35 temperature is at least 30°C for a polynucleotide of 15 to 50
nuclecotides and at least 60°C for a polynucleotide of more
than 50 nucleotides. For example, hybridisation is carried
out in the following buffer: 6X $8SC, 50 mM Tris-HC1 (pH 7.5),



for example, regulation elements or signal sequences enabling 35 the secretion of polypeptides
produced by the host organism. Any regulation sequence that increases the level of expression of the
coding sequence inserted in the expression cassette can be notably used. According to the invention,
21 other regulation sequences, which are located between the promoter and the coding sequence,
such as transcription activators ("enhancers"), can not]a%ly be used in combination with the promoter
regulation sequence. 5A wide variety of termination sequences can be used in the expression
cassettes according to the invention; these sequences enable the termination of transcription and

MRNA polyadenytation? Bhy fuhctiéral Eefminatiorf ¢équéhéein'the Seleéted REtorgainisri €4R-be
used. 10The presentineentiorealgsoelates:tora polyhucledtide icomprising an expressien casssite

according to the i@éﬁ@&ﬁo'&»ﬁd@ﬂ@%@é’ﬁw@tﬁ? expression, casseiigs aceording tothe present ; o
invention are msert%i in a vector. The present invention thus also relates to r:ﬁg%llcatlon 15 or

expression vectors for the franstormatidic of-d Host oFgaiSM TompFisint atieatt ohe PolyAuctadtide or
expression cassétte aceordingitotheigreseritinveritiony This \iectr ¢&H- notably c6iEsporid tra

plasmid, a a viryis in whichrisdaseried o f course be carried out according to other

common methods well known to those persons skilled in the art

(see 1in particular Sambrook et al., Molecular Cloning: At

Laboratory Manual, 1989). Preferably, the polynuclectides

10  that hybridise selectively to a reference polynuclesotide
preserve the function of the reference seguence.

The inventicon generally relates to polynucleotides
coding for the pclypeptides according to the invention. Due
Lo degeneration cf the genetic code, different

15 polynuclectides can code for the same polypeptide.

The invention also relates to an antibody Dbinding
specifically to the polypeptide of SEQ ID No. 1.

“Binding specifically” means that these antibodies bind
cnly to the polypeptide of SEQ ID No. 1. In particular, the

20 antibodies do neot bind to other antigens and notably not to
other collagenous proteins.

The antibodies according to the present invention are
preferably specific monoclonal antibodies, nctably of murine
origin, <c¢himeric or Thumanised which <could be obtained

25 according to standard methods well known to the person
skilled in the art.

In general, the techniques for preparing monoclonal
antibodies or their functional fragments, notably of murine
origin, can be selected from those described in particular in

30 the handbook Antibodies (Hariow and Lane, Antibodiss: A
Laboratory Manual, Cold Spring Harbor Laboratery, Cold Spring
Harbor NY, p. 7426, 1988} or the hybridoma-based preparation
technique well known to the person skilled in the art.
“Antibody” alsc means chimeric or humanised antibodies.

35 The invention also relates ¢ expression cassettes
comprising in the direction of transcription:

- a functional promoter in a host organism,

- a polynucleotide according to the invention,



20 expression cassette according techniques for constructing these in these vectors a polynucleotide
known to the person skilled in the cosmid, a bacteriophage or a polynucleotide or an to the invention.
The vectors and for inserting of the invention are well art. Generally, any vector capable of being
maintained, capable of self replicating or 25 capable of propagating in a host cell in order to induce
notably the expression of a polynucleotide or a polype% de can be used. The person skilled in the art
will choose suitable vectors according to the host organism to be transformed, and according to the

transformation technique 30used. = The vectors of the present invention are notably used to
transform a host organish With @5iéW e theGeBicstbh ST thedrBtacand/ot thesxpreddfon oP at
polypeptide according tathg=invention in the host organism. 35The invention also relates to a method

for preparing a polypeplide acggrding.fo the, inventign,camprising fhe follwing steps, 22,7,a host
organism is trani:‘)?rmed with an expression vector comprising an expression cassette according to the
|

invention andfor With s p6iyntifeotid®Edtdrding o the inGertis 51 ¥e pdfpebtdes préGuctd by the
host organisni-arecisdlated. 15 Thepresent inkentien alsorelatesitora methee farstrahsforning.a host

organism by iategrating in the aforementioned hestorgapismiatdeast pne polypuclestide ar 19,¢
expression cags%tte OrT\ﬁef%m according to the invention., The po O%r?ucleotlde c%%ge mtxi%rated in the

I
enome of thé host organiém or replicated in a s%ﬁbﬁgefﬁ“grﬁaner int gwoss?grganlsm. Bthous for
g g P

transforming AGEBT§adiEms ard-iell kicwss &6 tHetperson BKillddrinthe rt aid aré videlyers-es
described in theditetgtufe.r the polypeptides according to the invention.

10 Advantageocusly, Uthis expression cassette comprises at
the same time elements that cause a host cell to produce a
polypeptide and elements necessary to the regulation of this
exXpression.

Any type of promoter sequence can ke used in the

15  expressicn cassettes according to the invention. The choice
of promoter will depend notably on the host organism chosen
for the expression of the gene of interest. Certain promoters
enable constitutive expression whereas other promoters are on
the contrary inducible. Among the functional promoters in

20  bacteria, that of the bacteriophage T7 RNA polymerase can be
cited 4in particular. Among the functicnal promoters in
yeasts, the GAL]l gene promoter or the GAL4 and ADH promoters
of 5. cerevisiae can be cited. Among the functional promoters
in higher eukaryotic cells and notably in mammalian cells,

25 CMV (cytomegaloevirus), S$SV40, RSV {(Rous sarcoma virus), human
or chicken beta-actin, beta-globin, PGK (phosphoglycerate
kinase), EFlalpha, thymidine kinase, and MMTIV (mouse mammary
tumour virus) can be cited. All these promoters are described
in the literature and are well known to the person skilled in

30 the art.

Expression cassettes, according Lo the present
invention, can further include any other sequence necessary
to the expression of polypeptides or polynucleotides such as,
for example, regulation elements or signal sequences enabling

35 the secretion of polypeptides produced by the host organism.
Any regulaticn seqguence that increases the level of
expression of the coding seguence inserted in the expression

cassette can be notably used. According to the invention,



The present invention also relates to a host organism transformed with a polynucleotide, expression
cassette or vector according to the invention. "Host organism" means in particular according to the
invention any unicellular or 20 multicellular, lower or higher organism, in particular selected from
bacteria, yeasts and cells of higher eukaryotes, in particular mammalian cells such as CHO (Chinese
hamster ovary cells), BHK (baby hamster kidney), HEK293 (human embryonic kidney cell line), NSO
(mouse 25 myeloma cell line), Per.C6 (Crucell), and Y32/0 (ATCC no. CRL 1662). "Host organism"
means a nonhuman organism. The invention also relates to compositions for use as a drug
comprising a PolySéptide aEésreiryto #sinvaRtsh, a'polypluclestide hecordin tb Hevimentione an
expression 30ccassetie accarding ta.de invention, & ¥gctonaccording:-to thednvention andior ahost
organism accargl the inventi he jnvention thus also relates to pharmaceutical compagsitions
comprising a %cﬁltnl %p%d%gaéccgncﬁﬁg % %rlgerﬁwfgﬁtiocn%% 56?%?&?[ o(tal%ee a%ségﬁ[zl?nlgntoctﬂréI |ﬁ\?‘ear%ijo%?an 35
expression cabsétte abEordinfgtothe imvsiiibAta Vactt&eesfing to the invention and/or a host
organismbaccording fo thedrvention= 238 of Intz prefered embodimnent;: the invention relates tor,

compositions forthe-prevention and/grthe.treatment of thrgmbosgs. . , . In gnother.embodiment, the
invention relates to com osmonEfor theBpreventlo,n or the treatment of gISOt‘ ers oflhaemostasns.

The invention AISo' falates to°8ad compositidris 8- U5E 587 citatrishiish ageRt -  2ffarforhdr
embodiment, Bielirveatinel edmpositidns/cafttcalsobelused asi rdiagnostic ceagents fot deteeting:

certain plateleiglystunstions fiaemalglogical diseases ., agtive components of haemostatic bandages
and 15adhesives in rﬂgecom?possﬁi_}t;?n 0{ Qg@rﬁmg&oéogicaai and co§m§tic creams. The inventiqn also
relates to therapeutic metiiods for treating thrormboses comprisihy the BlimistRtidh 6 2R ihdRidual of

aneﬁecﬂveqﬁéﬁmﬁ%ﬁéﬂﬂﬂﬁﬁépﬁﬁ@fesSio“ cassette according to the invention,
advantageously the expression cassettes according to the

present invention are inserted in a vector.
The present invention thus also relates to replication
15 or expression vectors for the transformation of a host
organism comprising at least one polynucleotide or expression
cassette according to the present invention. This vector can
notably correspond to a plasmid, a cosmid, a bacteriophage or
a virus in which 1is inserted a polynucleotide or an
20  expression cassette according te the invention. The
techniques for constructing these vectors and for inserting
in these vectors a polynucleotide of the invention are well
known to the person skilled in the art. Generally, any vector
capable of being maintained, capable of self replicating or
25 capable of propagating in a host cell in order to induce
notably the expression of a polynucleotide or a polypeptide
can be used. The person skilled in the art will choose
suitable vectors according to the host organism to be
transformed, and according to the transformation technique
30 used.

The vectors of the present invention are notably used to
transform a host organism with a view to the replication of
the vector and/or the expressicn of a polypeptide according
to the invention in the host organism.

35 The invention alsoc relates to a method for preparing a
polypeptide according to the invention comprising the
folleowing steps:



20 according to the invention, a polynucleotide according to the invention, an expression cassette
according to the invention, a vector according to the invention and/or a host organism according to the
invention. The invention relates lastly to the use of the 25 polypeptides, polynucleotides and
transformed host organisms of the present invention for the manufacture of drugs. The invention
relates to pharmaceutical compositions comprising a ﬁ&ypeptide, polynucleotide or transformed host
organism such as defined in the present invention and a 30 suitable pharmaceutical excipient. Said
compositions can be formulated for administration to mammals, including humans. The dosing
regimen varies according to{h@ tre &thtett 6l thesdisbass fif §uEstibn *Saill caripoSHibaS afe on
prepared in such a way asda be capable: efi3bbeing edministered by dhe digestive or parenierabroute.
In the pharmaceutical cmpositions ofthg presept invention for aral. syblingual subcutaneous,
intramuscular, intravenous, transdermal, local or rectal administration, the 24 active mgreéient can be
administered in unit forntS of &§miristfatioh® i mixture with classic pharmaceutical carriers, to animals
or humaris. Suitable unitforms of administration comprisedorimg by losal toute suchoasitadtets; Segelatin
capsules, powders, granules and gral solutions or suspensions; sublingual and buccal forms of
administration; subc;fl'kaneous, intramuscular, j:niraveno#s, intranggal or intraocular forms 6$f .
administration: and rectal f8ims of admini&ratiors LoWhER a 8l &Sifipositiondn Gblet frm 1T
prepared, the prine e agtivesingredietds ixedwitina pharnEceutical excipiehtisuch &s gefatia,
starch, lactose snagnesiunstearate; 4alc .gun arahic g analaguessfablgtsicanha seatedawith,
saccharpse oreggyé g{{%ﬁle gg%tgéigLs Or can %ec 15 ?tmreaa(t:edoiln dslumch a way. tQatﬂ. trkllg r{]@i/gpext%@lded or
delayed activity and that they contlnubusﬁ/ reYeas‘é a pred%termlngd quan%llty of acfive mgFédien? A
preparation irPgelXtin Eagsiies'fs obtainétP byt mMbaRY e active ingredisitvwitita ifuehband by ouring
the 20 mixture ohtairiedhinto soft:ofhatd gelatin dapsutes. st alAlprepasatiosrin syrup onelixinderm can
contain the alive.ingredient together with.a segfener, an agtiseptic, aswellas adlayquring agent

and a suitable colorant. , , ) ,
known to the person skilled Iin the art and are widely

15 described in the literature.

The present invention also relates to a host organism
transformed with a polynuclectide, expression cassette or
vector according to the invention. “Host organism” means in
particular according to the invention any unicellular or

20 multicellular, lower or higher organism, in particular

selected from bacteria, yeasts and cells of higher

eukaryotes, 1in ©particular mammalian cells such as CHC
{(Chinese hamster ovary cells), BHK (baby hamster kidney),
HEK-293 (human embryonic kidney <¢ell 1ine), NSO (mcuse

25 myeloma cell line), Per.Cé (Crucell), and YRB2/0 {(ATCC no. CRL
1662). “Host organism” means a nonhuman organism.

The invention alsc relates to compositions for use as a

drug comprising a polypeptide acceording to the invention, a

polynuclectide according to the invention, an expression

30  cassette according to the invention, a vector according to

the invention and/or a host organism according to the

invention. The invention thus also relates to pharmaceutical

compositions comprising a polypeptide according to the

inventicn, a polynuclectide according to the invention, an

35 expression cassette according to the invention, a vector

according to the invention and/or a host organism according

to the invention.



Water-dispersible powders or granules can contain the 25 active ingredient in mixture with dispersion
or wetting agents, or suspension agents, as well as with flavour correctors or sweeteners. The
invention also relates to cosmetic compositions comprising a polypeptide as described above.
30These compositions can moreover comprise active ingredients classically used in dermatology such
as emollients, hydrating active ingredients, cutaneousdarrier restructuring agents, anti-irritants, and
soothing agents. The cosmetic compositions according to the invention can be 35 formulated in the
form of various preparations suitable for topical application. According to a preferred embodiment, the

various preparations‘are Suitdblé féii6pical GPpREETOH ANd intliftle EFEEmRS, Eulsichs iifks, T
pomades, lotionsymwilsi 2bcagqueatsror hydro-aleehel ior glycol sekitions, powdersy spraysnjelliest gels,
hydrogels or any,ether, praduct for external application. These cosmetic compositions can also

in ancther embodiment, the invention relates to

5 compositions for the prevention or the treatment of disorders
of haemostasis.

The invention alsc relates to said compositions for use
as a clcatrisation agent.

In another embodiment, the inventive compoesitions can

10 aisc be used as:
- diagnostic reagents for detecting:
e certain platelet dysfunctions
e haematolcgical diseases
- active components of haemostatic bandages and
15 adhesives in the composition of dermatological and
cosmetic creams.

The invention also relates to therapeutic methods for
treating thromboses comprising the administration to an
individual of an effective quantity of a pelypeptide

20 according to the invention, a polynucleotide according to the
invention, an expressicn cassette according to the invention,
a vector according to the inventicen and/or a host organism
according to the invention.

The dinvention relates lastly to the wuse of the

25 polypeptides, polynuclectides and transformed host organisms
of the present invention for the manufacture of drugs.

The invention relates to pharmaceutical compositions
comprising a polypeptide, polynucleotide or transformed host
organism such as defined in the present invention and a

30  suitable pharmaceutical excipient.

Said compositions can be formulated for administration
to mammals, including humans. The dosing regimen varies
according to the treatment and the disease in guesticon. Said
compositions are prepared in such a way as to be capable of

35  beling administered by the digestive or parenteral route.

In the pharmaceutical compositions of the present

invention for oral, sublingual, subcutanecus, intramuscular,

intravenous, transdermal, local or rectal administration, the



care, or embellishment and/or a method to perfume mucosa and/or skin that is normal, dry, oily,
mixed, dehydrated, aged, sensitive, irritated, uncomfortable, intolerant, with an imbalance related to
intrinsic, extrinsic or hormonal 10 ageing or related to exogenic attack (pollutants, UV, stress, etc.),
with allergic tendency, or with pigmentation disorders, characterised in that it consists in applying a
composition according to the invention. FIGURES 15%figure 1: Expression of messenger RNA coding
for the protein in adherent CEO-S cells transfected in a transitory fashion. Figure 2: Figure 2
represents platelet aggregation induced by the conditioned medium (CM) of adherent CEO-S 20cells,

transfected in2ffranSitory FE<Hi6H SR the préserdte orasehta (ot epthepHtine Eidure™® Higure®d
represents expressioizafrmessenger RNA mixtuceding forithe proteinin a stableneltelonécEigure 4:

Figure 4 shows.detection by Western hlofting of the,2apresence;of pratein-6Xhistiding, in.the yagious
bacterial fractions obtained after purification. Figure 5: Figure 5 shows platelet aggregation induced by
the protein prodHHET R Hetieril: FOUHE b Figuhe E'shaws vaiRaticr by estén Hloting ot Sotte

specificity of the fabbit:senam:obtained afterBo days of immuaisationd EXAMPLESL AL Tearssitory
production by snapmalian;cells sLyVectorconstiuetionydeRlasmigh ki INVIHO0QaA) nistration;

subcutaneous, intramuscular, intravenous, intranasal or
intraccular forms of administration; and rectal forms of
administration.

10 When a solid composition in tablet form is prepared, the
principal active ingredient 1is mixed with a pharmaceutical
excipilent such as gelatin, starch, lactose, magnesium
stearate, talc, gum arabic or analcgues. Tablets can be
coated with saccharose or other suitable materials or can be

15  treated 1in such a way that they have extended or delaved
activity and that they continuously release a predetermined
quantity of active ingredient.

A preparation in gelatin capsules 1s obtained by mixing
the active ingredient with a diluent and by pouring the

20 mixture obtained intc soft or hard gelatin capsules.

A preparaticn in syrup or elixir form can contain the
active ingredient together with a sweetener, an antiseptic,
as well as a flavouring agent and a suitable colorant.

Water-dispersible powders or granules can contain the

25 active ingredient in mixture with dispersion or wetting
agents, or suspension agents, as well as with flavour
correctors or sweeteners.

The invention also relates to cosmetlic compositions
comprising a polypeptide as described above.

30 These compositions can MOreover comprise active
ingredients classically used in dermatology such as
emollients, hydrating active ingredients, cutaneocus barrier
restructuring agents, anti-irritants, and socthing agents.
The cosmetic compositions according to the invention can be

35 formulated in the form of variocus preparations suitable for
topical applicaticon. According to a preferred embodiment, the
various preparations are suitable for topical application and

include creams, emulsions, milks, pomades, lcticons, oils,



Plasmid NVHOO01-A contains the following elements: an intron from plasmid pCineo (Promega:
pClneo Mammalian Expression Vector) 26 the inventive protein NVHOO1 from vector pUC57-NVH001
(ordered from GeneCust) and possessing type-IIl collagen signal peptide (NP 000081) a polyA tail
from hGH mRNA (NM 000515) 5 - a CMV promoterfrom pCDF1-MCS1-EF1-copGFP(System
Biosciences:pCDFcDNACIoningandExpression Lentivectors). Plasmid 2 (NVHO001-31), 3 _
(NVHO001-22), 4 (NVHO001-C1) and 5 (NVHO001-C2) 10Plasmids NVH001-B1 and NVHOOl-Cl contain
the following elements: an 5V40 origin from derived plasmid pSV2-Neo (on i SV40:1- 989 in \(ector
ATCC 37149) 24 protHbter/ehhancét fateckwrbe bne of thogé viesétribethihuts dMoleculapGlisning: A
Laboratory Mantiak 3td edion,isambrgek and Ryasell 2091, GoldsSpringdHarborL.aboratoryRress a
nygromyain cassette from Rhena:hyaiosmes dpyiyagen) e invenitiyepraein BYHOOL Fom yector
pUC57-NVH001 20(ordered from GeneCust) an possessmgttype-l(ﬁ CoN3Gen sigHal ﬁeafﬂldg%ﬁﬁ
000081) contain  antiloxidants, preservatives, etc. The invention
5 further relates to a method of cosmetic treatment, hygienic
care, or embellishment and/or a method to perfume muccsa
and/or skin that is normal, dry, oily, mixed, dehydrated,
aged, sensitive, irritated, uncomfortable, intolerant, with
an imbalance related to dintrinsic, extrinsic or hormonal
10 ageing or related to exogenic attack (pollutants, UV, stress,
etc.), with allergic  tendency, or with pigmentation
disorders, characterised in that it consists in applying a
composition according to the invention.
FIGURES
15 Figure l: Expression of messenger RNA coding for the protein
in adherent CHO-S cells transfected in a transitory
fashion.
Figure 2: Figure 2 represents platelet aggregation induced by
the conditioned medium (CM) of adherent CHO-Y
20 cells, transfected in a transitory fashion, in the
presence or absence of epinephrine.
Figure 3: Figure 3 represents expression of messenger RNA
coding for the protein in a stable cell clone.
Figure 4: Figure 4 shows detection by Western blotting of the
25 presence of protein-6X-histidine in the various
bacterial fractions obtained after purification.
Figure 5: Figure 5 shows platelet aggregation induced by the
protein produced in bacteria.
Figure 6: Figure 6 shows validation by Western blotting of
30 the specificity of the rabbit serum obtained after
89 days of immunisation.
EXAMPLES
A. Transitory production by mammalian cells

1. Vector construction
35 Plasmid 1 (NVHCOO1-A)
Plasmid NVHO0I-A contains the following elements:

- an intron from plasmid pCIneo (Promega: pCIneo Mammalian

Expression Vector)



a C-propeptide from plasmid pUC57-proC (ordered from GeneCust) a polyA tail from hGH mRNA (NM
000515) 25Plasmids NVHO001-B2 and NVHO001-C2 contain the same elements as plasmids
NVHO001-B1 and CI except C-propeptide. All the final plasmids are sequenced to verify that no
mutation was introduced in the DNA of the protein of interest and in the elements provided. 302.
Transfection of mammalian cells Plasmid 1 (NVHOOl-%A% 1. Vector NVHOO1-A is transfected, in a
transitory fashion, in CHO-S cells made adherent and cultivated in RPMI medium
containing5%foetalcalfserum using the 35 Lipofectamine 2000 kit from Invitrogen. 2. The culture
supernatants are ‘cdfiectel 4t Hay¥ 3 amd 4 “therproteifs producedare itied art thenthdi piatelet
binding activity is testéd usihgamaggeegametet.) 2&nd Riasmids 2(HVHE02-BI) 3 (NVHOG2:32), 4
(NVHO001-C1) ang%(g}td\@H sC2e  (hpVeeerssNVH001-B1, NVH001-B2, NVH001-C1 and
NVHO001-02 are transfected in a transitory fashion in CHO-S cells made 5 adherent and cultivated in

RPMI medium containing 59% ¥detaf caF sEiam Using thELigbtectamine 2000 kit from Invitrogen.
The RNA%of the transfédtdd cells areéxtracted avdays d; 2F 3-Hand-5Ehy theoaddiig of 809 @f

TRIZOL (Invitrogen). Jhegoresponding-¢2NA arerphtained:by rgverse 10a§§@nscri@t;9§gé%r§iloﬁg total
RNA. Amplificatian by$ PCR was ¢ arried out on the cDNA. Amplicons are then detected after migration

ona2% agarose“geé or 30" minutés at 125 V. A positive control (transfected plasmid) and a negative

control were also caffie8iButITHe MdtEEtrvdight markéY fatdéftPEsis used 10 FEHY arplicandize.
5 (NVHOO1-CZ)

10 Plasmids NVH0O0I-B1 and NVHOQI-CI1 contain the following
elements:
- an 3V40 origin from derived plasmid pSVZ~Neo (ori SV40:1-
989 in vector ATCC 37149)
- a promoter/enhancer that can be one of those described in
15 Molecular Cloning: A Laboratory Manual: 3rd edition,
Sambrock and Russell, 2001, Cold Spring Harbor Laboratory
Press
- a hygromycin cassette from pMono-hygro-mcs (Invivogen)
- the inventive protein NVH00LI from vector pUCHE7-NVHOOL
20 (ordered from GeneCust) and possessing type-II1 collagen
signal peptide (NP 000081}
- a C-propeptide from plasmid pUCET7-proC (ordered from

GenelCust)
- a polyA tail from hGHE mRNA (NM 000515).
25 Plasmids NVHCCI-BZ and NVHOCI-CZ contain the same

elements as plasmids NVHOOI-BI and (1 except C-propeptide.
All the final plasmids are sequenced to verify that no
mutation was introduced in the DNA of the protein of interest
and in the elements provided.
36 2. Transfection of mammalian cells
Plasmid 1 (NVHOOI-A)
1. Vector NVHO0OI-A is transfected, in a transitory

fashicn, in CHO-S cells made adherent and cultivated in RPMI
medium containing 5% foetal calf serum using the

35 Lipofectamine 2000 kit from Invitrogen.
2. The culture supernatants are collected at days 32 and
4, the proteins produced are purified and then their platelet

binding activity is tested using an aggregometer.



Expression in the cells transfected with mRNA coding for the inventive protein is observed as of day 1.
This expression increases slightly over time and is maintained after 5 days. The progress of mMRNA
expression is represented 20in Figure 1. 2. The culture supernatants are collected at days 3 and
4, the proteins produced are purified and then their platelet binding activity is tested using an
aggregomefer. 3. Biological activity of the invertive protein: 25 platelet aggregation The
platelet binding activity of the inventive protein is evaluated by aggregometry. Blood samples in citrate
tubes, collected from healthy volunteer donors after signed consent, are centrifuged at 150 g for 15

minutes in order to obtafF 30 Pratélet K Pidsmid {PRP). (@oHcEhtratioh is 4dj(EHEHHI300 gigand
Aggregation testy Brg/Cartiedgut using a Regulest(r) platelet aggregometer, with stirring (1000 rpm) at

37C. This technique 55_bw&gqgh%%@gﬁqdimggggrg' t%\pﬁ[ﬁjggéggtggg Which, ?gggj ts in
measuring the 35 evolution of the light transmission of a turbid medium, PRP, in response to a platelet

function activator If piatefet Sggrégates dre Fomisd; TRE et thdard Gip aHE % irerehge Filight
transmission is @bserved. Amibleculé iresnsidered RPMI medium containing 5% fostal

calf serum using the Lipofectamine 2000 kit from Invitrogen.

The RNA of the transfected cells are extracted at days
1, 2, 3, 4 and 5 by the adding of 800 pl of TRIZOL
(Invitrogen). The corresponding c¢DNA are obtained by reverse

10 transcription from 1 npg total RNA. Amplification by PCR was
carried out on the cDNA. Amplicons are then detected after
migration on a 2% agarose gel for 30 minutes at 125 V. A
positive control (transfected plasmid) and a negative control
were also carried out. The molecular welght marker (at left)

15  is used to verify amplicon size.

Expression in the cells transfected with mRNA coding for
the inventive protein 1s observed as of day 1. This
expression increases slightly over time and is maintained
after 5 days. The progress of mRNA expression is represented

20 in Figure 1.

2. The culture supernatants are collected at days 3 and
4, the proteins produced are purified and then their platelet
binding activity is tested using an aggregometer.

3. Biological activity of the inventive oprotein:

25 platelet aggregation

The platelet binding activity of the inventive protein
is evaluated by aggregometry. Blood samples in citrate tubes,
collected from healthy volunteer donors after signed consent,
are centrifuged at 150 g for 15 minutes in order to obtain

30 platelet-rich plasma (PRP). Concentration is adjusted to
300 giga/L. Aggregation tests are carried out using a
Regulest® platelet aggregometer, with stirring (1000 rpm) at
37°C. This technigque is based on photometric reading
according to the Born method which consists in measuring the

35 evolution of the light transmission of a turbid medium, PRP,
in response to a platelet function activator. If platele
aggregates are formed, the medium clears up and an increase

in light transmission is observed. R molecule is considered



28 to have a pro-aggregating effect when an increase of more than 30% is observed in this
transmission associated with a break in the slope corresponding to this clearing. Figure 2 represents
platelet aggregation induced by the 5 conditioned medium of adherent CHO-S cells, transfected in a
transitory fashion, in the presence or absence of epinephrine. The reaction mixture is composed
of 290 pl PRP to which is added 30 pl conditioned me itim in the presence or absence 10 of 0.1 pM
epinephrine. Platelet response is measured for 10 minutes. Self-aggregation (-o-) defines the baseline.
Adding 0.1 pM epinephrine induces a slight shift of the baseline, stable for 10 minutes (-0-). Adding 30

pi conditioned MediGiSindtcéth 8 TRHEEF#RpoRSe (3896 atter 2 MrinutBs (VI TRIEE 5 Shift1e Stable
during the 10 niinutes 0% ohiservation: Acdingre pinephrine dors2 mindtes, fobewed by=adding:-30 pi

conditioned megdium induceddota platelet aggregation in S;minuies (-X-), This aggregation is not

reversible, suggesting that the ag ée%%ates formed are stable. 20Adding 30 pi of conditioned medium of

non-transfected adhérefit EHG- SHoastiot fhdtice aggréGilioreRedirnot fEssiHed)Y B Btable
production by ramiialian<ellgiel Mectoriconstractort 25Plasidll(NVHO0EAF fecteThen a

intron-NVHOOL:hGHpA4it is remavedfrom thg vecter-constructed, for transitory expression apd is

cloned in a prgggggorh\ﬁcrti%r containing a hygromycin cassette from pMono-hygro-mcs (Invivogen).
302. The final Vectoris sequenced to verify that no mutation was introduced in the DNA of the protein
of interest and in thelél@meREsProvidefl x t Ud sTHesineamised 8 ctof isitPansfect8d in astabié tashion

in CHO cells made adberent ugingdbe dipofectamine 352000 kitfrom nvitregen: The teanstecied cells
are selagted by:pragressiye Jyals o vgromySinB., - Figue Afepresents expressian ghmessenger
RNA coding for the protein in_a stable cell clone.
minutes. Self-aggregation (-0~} defines the baseline. Adding
0.1 pM epinephrine induces a slight shift of the baseline,
stable for 10 minutes (-e-). Adding 30 pl conditioned medium
induced a limited response (18%) after 2 minutes (-V-). This
15  shift is stable during the 10 minutes of observation. Adding
epinephrine for 2 minutes, followed by adding 30 ul
conditioned medium induced total platelet aggregation in
5 minutes (~¥-). This aggregation 1s not reversible,
suggesting that the aggregates formsed are stable.
20 Adding 30 pl of conditioned medium of non-transfected
adherent CHO-35 cells does not induce aggregation (result not
presented) .

B. Stable production by mammalian cells

1. Vector construction
25 Plasmid 1 (NVH{00I~A)
1. The intron-NVHCO01-hGHpA wunit 1s removed from the

vector constructed for transitory expression and is cloned in
& production vector containing a hygromycin cassette from
pMono-hygro-mcs (Invivogen) .

30 2. The final vector is sequenced to verify that no
mutation was introduced in the DNA of the protein of interest
and in the elements provided.

3. The linearised vector 1s transfected in a stable
fashion in CHO cells made adherent using the Lipofectamine

35 2000 kit from Invitrogen. The transfected cells are selected
by progressive levels of hygromycin B.

Figure 3 represents expression of messenger RNA coding

for the protein in a stable cell clone.



29 Cell RNA are extracted at days 1, 2, 3 and 4 by the adding of 800 pl TRIZOL (Invitrogen). The
corresponding cDNA are obtained by reverse transcription from 1 pg total RNA. PCR amplification was
carried out on cDNA using 5'- 5 AGCTGGCGCGCCCCGACCATG-3 (S) and 5-
GCTTCCGGGAGGCCCTGGCTTCCCATC-3' (AS) prlmers Amplicons are then detected after
migration on a 2% agarose gel for 30 minutes at 125 VA positive control, corresponding to plasmid
DNA, is used. The molecular weight marker (at right) 10 is used to verify amplicon size. Stable
expression is observed in the cell clone. C. Production in bacteria 1. Construction The DNA of the
molecule of interest (001 4s B5-&msiifiedds PER Dh tEVéctor pUG57-NVHOD1 4isipy thee
tagNVHOO1-semsei pgmer 8§00 ul TRIZOL (Invitrogen). The corresponding cDNA
GCTGCCATGGECAGCAGCLGAICATEA CATGATEACGGICGCCLEGRGAGRTGEIGEAGAGA
GAGGATTG and the tagNVHOO1-antisense primer:
eCACGGATéé%ATﬁR@éﬁAéé%@RAGWc&@é@l@ém%i‘chn%&es.ﬁﬁﬁ%oséfsma add ‘&
6X-histidine tag-63 G Na@effiEal sidersfprotein NVHOOL. The PCR productshare cloned in Viettor
PET3d (pET3d-MMiHe@Henakling Rieduction-ofthe molegulg)in bacteria (NewsEngland Biolab)..

The presence,; nd the correct sequence of the, DNA are 25 verified b% sequencing. 2. Produ ction

1. The vector PET3d-NVHOD1 S transtetted i-8E 2T baBteridenabling the THASS I%du%%n ‘Plotein.
2. The bacteria‘ars iiotifatectin 1 12putlitivePmestivin 30vand ape incubated @t 37 Sountit DRG0 is
obtained in which e bacieria aresinexponential phasecul a3. Reotgingredugtion isdnducegHy) IPTG
for 5 hoygs at 30C. . The bacteria.are pelleted, lysed and the inventive 33 ﬁ%)roteln IS CE}urlfleg in the
soluble %supernatant)gand insoluble (inclusion | Eo&y C%ractlon of the acterla on %cﬁerey age
anti-6X-histidife 1&g €6fimiris. the cell clone.

C. Production in bacteria

1. Construction
The DNA of the melecule of interest {NVHOO1) is
15 amplified by PCR on the vector pUCS7-NVEQOO1l wusing the

tagNVHOOl~sense primer:
GCTGCCATGCGCACGCAGCCATCATCATCATCATCACGGTCGCCCGGGAGCTCCTGGAGAGA
GAGGATTG and the tagNVHOOl~-antisense primer:

GCACGGATCCTATTAGCCAGGGCAAGGTCCAGGGGCTC which makes it
20 possible te add a 6X~histidine tag on the N-terminal side of
protein NVHOOl. The PCR products are cloned in vector pET3d
(pET3d-NVHOO1) enabling production of the molecule in
bacteria {(New England Biolab).
The presence and the correct seguence of the DNA are
25 wverified by sequencing.
2. Production
1. The wvector pET3d-NVHOO01 1is transfected in BLZ21

bacteria enabling the mass production of protein.
2. The bacteria are inoculated in 1 1 nutritive medium
30 and are incubated at 37°C until ODgoonm 15 obtained in which
the bacteria are in exponential phase.
3. Protein production is induced by IPTG for 5 hours at
30°C.
4. The bacteria are pelleted, lysed and the inventive
35 protein is purified in the soluble {supernatant) and
insoluble (inclusion body) fraction of the bacteria on

Macherey~Nagel anti-6X-histidine tag columns.



30 Figure 4 shows detection by Western blotting of the presence of protein-6X-histidine in the
various bacterial fractions obtained after purification. 40 ul of each fraction obtained after elution of the
5 anti-6X-histidine tag column is deposited on a 16% polyacrylamide gel. Electrophoresis is carried out
in migration buffer (192 mM glycine, 25 mM Tris-HC1 pH 6.8 and 0.1% SDS) at 18 mA, in the
presence of molecular weight markers (Amersham) usitg the Mini-Protean 3 migration system 10 _
(Biorad). The proteins separated in the gel are transferred on a PVDF membrane (Biorad) for 60 min
at 70 V. Non-specific binding is blocked by incubation of the membrane for 120 min at 37C and with
stirring, in a saline selufioY 8f Fris 510186 TIREE=20 ¢TBSST) comtainimg 5% Skimired milk. Thed5

membrane is thendecukatesttovernight at 4Cwith ansantiheXhistidine tag monaglanakantipedy (Cell
Signaling) dilujl_@eig&}Q@QO&BJ%%;&N@EQN shings. of 5 min in TBS-T, the membrane is incubated

1A - . .
for 60 min at room temperature in an anti-mousé antibo y cLolqul?ed with peroxidase (Jackson 20

Laboratories) diluted® #10,000. TRE mefbiahd W agahl-wasivéd thidetimeslior 5nin If TB$.€The
result is Visualisedi by theérchemifiminescenge technigue using thedek kit{ Amersham).Fhe presence

of protein is OE%e_Lr}\/gg iR thevayious 25 fractions, -Ehe principal hand obtained with @ molecular, weight

of roughly 19 kDa corresponds. to the monomeric form of the protein. Bands can glso be o se_rved in
certain fractiofis dottesponding 16 proteins 43 kDA dhd B8kDA> 305. Bémbnstrationraggrégatiefl The

platelet binding-1% SD3) at 18 mA, 1in the presence of molecular weight
markers (Amersham) using the Mini-Protean 3 migration system
10 {(Biorad). The proteins separated in the gel are transferred
on a PVDF membrane (Biorad) feor 60 min at 70 V. Non-specific
binding is blocked by incubation of the membrane for 120 min
at 37°C and with stirring, in a saline solution of Tris +
0.1% Tween-20 {(TBS-T) containing 5% skimmed milk. The
15 membrane is then incubated overnight at 4°C with an anti~6X-
histidine tag monoclonal antibody (Cell Signaling) diluted to
1/1000 in TBS-T. After 3 washings of 5 min in TBS-T, the
membrane 1s Incubated for 60 min at room temperature in an
anti-mouse antibody coupled with percoxidase (Jackscn
20  Laboratories) diluted to 1/10,000. The membrane is again
washed three times for 5 min in TBS. The result is visualised
by the chemiluminescence technigue using the ECL kit
(Amersham) .

The presence of protein is observed in the wvariocus
25 fractions. The principal band obtained with a molecular
weight of roughly 19 kDa corresponds to the monomeric form of
the protein. Bands can also be observed in certain fractions
corresponding to proteins with molecular weights of 26 kDa,

43 kDa and 60 kDla.

30 3. Demonstration of its biclogical activity: platelet

agagregation

The platelet binding activity of the inventive protein
is evaluated by aggregometry. Blood samples in citrate tubes,
collected from healthy volunteer donors after signed consent,

35 are centrifuged at 150 g for 15 minutes in order to ocbtain
platelet-rich plasma (PRP). The concentration is adjusted to
300 giga/L. Aggregation tests are carried out using a

Requlest® platelet aggregometer, with stirring (1000 rpm) at



with molecular weights of 26 kDa, activity of the inventive protein is evaluated by aggregometry. Blood
samples in citrate tubes, collected from healthy volunteer donors after signed consent, 35 are
centrifuged at 150 g for 15 minutes in order to obtain platelet-rich plasma (PRP). The concentration is
adjusted to 300 giga/L. Aggregation tests are carried out using a Regulest(r) platelet aggregometer,
with stirring (1000 rpm) at 31 37C. This technique is based on photometric reading according to the
Born method which consists in measuring the evolution of the light transmission through the PRP,
which begins as a turbid medium, in response to a platelet 5 activator. If platelet aggregates are

formed, the medium cleafs-Sp ah@ ahiicHesse highPaaRshisSion iLHLETES A moldieis’d
considered to dave @iprosadgregatingbeffect wiencah mcledse of mdretthan B30%zissobsenved-inghis

transmission asgociated with a break in the,slope. 10 cpriespending, to.this cleafingpz p Figure 5,
shows platele g%g[re ation induced %51 protein produced in bacteria. The various fractions

eluted from th 26X-Histidire tag n dBRtAiniby the protefifdetetted by Wéstefr-f5 Bibiting are
collected-and adyaptilisate is bbtained byleentrifigationzPar ofakis lybphitisate istiheubatediinthe

presence of 0229 glutataldehydg fori3, houtssat 4 and ihen dialysed overnight;against X,BBS at 4C

beknensuseﬂ1%%¥ggngn%s considered to have a pro-aggregating effect
when an increase of more than 30% is observed in this
transmission associated with a break in  the slope

10 corresponding to this clearing.

Figure 5 shows platelet aggregation induced by the
protein produced in bacteria.
The various fracticns eluted from the anti-6X-histidine

tag column containing the protein detected by Western

15 Dblotting are collected and a lyophilisate 1s obtained by
centrifugation. Part of this lyophilisate is incubated in the
presence of 0.25% glutaraldehyde for 3 hours at 4°C and then
dialysed overnight against 1X PBS at 4°C before its use in
aggregometry.

20 The reaction mixture is composed of 290 pl PRP to which
is added 30 pul PBS containing the protein. Platelet response
is measured for 25 minutes. The lines marked -o- and -V-
show the response obtained after the adding of a solution of
PBS and of dialysed PBS-glutaraldehyde, respectively: no

25 aggregation 1is observed. The adding of PBS containing the
protein neot aggregated by glutaraldehyde (-¥-) or aggregated

by glutaraldehyde and dialysed (-e-) shows significant
aggregation 10 minutes after they were added. This
aggregation reaches 90% (-¥-) and 100% (-e-), respectively,

30 after 20 minutes.

D. Production of anti-protein of interest antibody in rabbit

1. The protein is produced in large guantity in BL21
bacteria as previously described.
2. Two rabbits are immunised 4 times at 3-week
35 intervals, that is to say at D0, D21, D42 and D63, with the

purified protein supplemented {v/v) with Freund’s adjuvant.



20The reaction mixture is composed of 290 pl PRP to which is added 30 pl PBS containing the protein.
Platelet response is measured for 25 minutes. The lines marked -0- and -V-show the response
obtained after the adding of a solution of PBS and of dialysed PBS-glutaraldehyde, respectively: no 25
aggregation is observed. The adding of PBS containing the protein not aggregated by glutaraldehyde
(-V-) or aggregated by giutaraldehyde and dialysed (- ? shows significant aggregation 10 minutes
after they were added. This aggregation reaches 90% (-V-) and 100% (-0-), respectively, 30 after 20
minutes. D. Production of anti-protein of interest antibody in rabbit 1. The protein is produced in

large quantity in BL24 -bactéria abprévioddly dadéribed: Ced &t THierabibits e FifumsEerF times at
3-week 35 intervalsgthatdado sayeat BEO,024 r842ranth063;awithithe purified: grotein stpplemeated

(v/v) with Fre%g%ygg& 132, of 3+ 1he rabhits are sacrificed at the end of the protocol at 089 and
the sera are recovered bi centrifugation after exsanguination of the animals. 4. The IgG are
r&&%g

purified by affinity chfomatsy T & SREPeCHicEOITN 1t ordet t efihirlté pR&miE Brotés Srigure
6 shows the vatidation.loy Westeyn Blottingcafthé spedificityheftherabbitserm obiaised after 89 days
of immunisatioln(-]I 10 @%@MW@ mega@ﬂgn@gé p@@%@ﬁ@@ﬂg%in‘f&@@Igﬁri@awble%r@ger@ﬁ@faigg
activity was validate ggregometry, is osited on a 16% polyacrylamide gel. Electrophoresis is
carried out in ﬁﬁg&%%ﬁ%ﬁ%gr (ggz m&?\ﬁ gI;‘?@’%%ﬁS n%ﬁ/ﬁﬁs-ﬁ%%apﬁl%% a%%dt(f?% é)aé{ts 180r‘fc15A, in
the presence 6ftdlectiarweight markers (Amersham) using the 15 Mini-Protean 3 migration system
(Biorad). The proteinsseparated in thegelare transferiadson a VR membranesBierad) for 60-min at
70 V. Nog-specific. Rinding is blocked by | ion of the nbrane for 120 min at 37C and with
stirring, irfl3 a s%%négc ggl]gfl%n ofp'}l3 r?sg-% 01%}3%%%%9%9 %TB@nC1 Z%OET%? %gntaivﬁr%wgg 5%%gﬁ%g§$nilk?¥he

membrane is #ERFREaBAe8 overnight aEREEIther wittrabbit setdm, RAthdraw st 089%f tHE . -
immunisation pretoteland dituted toil 100; or with amantiZ-6X-mstidine tag:mbodclenal antiboayi(Cell

Signaling) dilyted tq 1£10005in1BS-T; Afier 3 washings ofa MindR TBSs) st 18 ma, in the
presence of molecular weight markers (Amersham} using the
15 Mini-Protean 3 migration system (Bicrad). The proteins
separated in the gel are transferred on a PVDF membrane
(Bicrad} for 60 min at 70 V. Non-specific binding is blocked
by incubation of the membrane for 120 min at 37°C and with
stirring, in a saline sclution of Tris + 0.1% Tween-20 (TBS-
20 T} containing 5% skimmed milk. The membrane is then incubated
overnight at 4°C either with rabbit serum, withdrawn at D89
of the immunisation protocol and diluted to 1/100, or with an
anti-6X-histidine tag monoclonal antibody (Cell Signaling)
diluted to 1/1000 in TBS-7. After 3 washings of 5 min in TBS-
25 T, the membrane is incubated for 60 min at room temperature
in an anti-mouse or anti-rabbit antibody coupled with
peroxidase (Jackson Laboratories) diluted to 1/10,000. The
membrane 1s again washed three times for 5 min in TBS. The
result is visualised by the chemiluminescence technique using

30 the BECL kit {(Amersham).
Visualisation shows the presence of a double band,
present in the two protein preparations (A, wells 1 and 2},
with a molecular weight of 60 kDa. This band is also detected
by the anti-6X-histidine tag antibody, showing that it 1is
35 indeed the inventive protein (B, wells 1 and 2). It should be
noted that we no longer observe the other bands detected by
the anti-eéX-histidine tag antibody on the purified fractions

cf bacteria. This result suggests that immunisation was only



25 T, the membrane is incubated for 60 min at room temperature in an anti-mouse or anti-rabbit
antibody coupled with peroxidase (Jackson Laboratories) diluted to 1/10,000. The membrane is again
washed three times for 5 min in TBS. The result is visualised by the chemiluminescence technique
using 30 the ECL kit (Amersham). Visualisation shows_the presence of a double band, present in the
two protein preparations (A, wells 1 and 2), with a molécular weight of 60 kDa. This band is also
detected by the anti-6X-histidine tag antibody, showing that it is 35 indeed the inventive protein (B,
wells 1 and 2). It should be noted that we_no longer observe the other bands detected by the
anti-6X-histidifié t&§ antiody8n e plikiled FactichsiorBacteria: This resem stiggesisthat 1 ©F
immunisation Wastonlyh 83 effectiveifor the multimericiosrraf the inventive pratein tof that theninwentive
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it is capable of inducing an aggregation of human blood platelets greater than 30% in a platelet
aggregometer at 37C with stirring of 1000 rpm. 15 3.The isolated polypeptide according to claim 2
characterised in that it comprises at least the following peptide motifs:  GX1X2GER wherein X1 and
X2 represent independently an 20amino acid selected from A, R, N, D, Q,E, G, H, |, K, M, F, P, S, T,
W, Y, V and 0; (GPX3)n with n between 4 and 10 and>X3 representing P or 0;

GPRGQX4GVNGEXS5 where X4 and X5 represent independently 25P or 0. 4.The isolated polypeptide
according to claim 2 characterised in that it comprises at least the following peptide motifs: 30-
GAPGER, KPGERGPK, (GPP)n with n between 4ad41§, RGD. 36 6.The isolated polynucleotide
according to claim 5 characterised in that it has the sequence of the polynucleotide of SEQ ID No. 2.
1. An isolated polypeptide characterised in that it

has the sequence of the polypeptide of SEQ ID No. 1 or the

5 polypeptide of position 25 to pesition 152 of SEQ ID No. 1.

2. An isclated polypeptide characterised in that:

- 1t has at least 70% identity over its entire length
with the polypeptide of SEQ ID No. 1 or with the

10 polypeptide of position 25 to position 152 of
SEQ ID No. 1,

- it is capable of inducing an aggregation of human
blood platelets greater than 30% in a platelet
aggregometer at 37°C with stirring of 1000 rem.

15
3. The isolated ©polypeptide according to claim 2
characterised in that it comprises at least the following
peptide motifs:

- GXiX,GER wherein X; and X; represent independently an

20 amino acid selected from A, R, N, D, Q, E, G, H, I,
K, M, ¥, P, 8, T, W, Y, V and O;
- (GPX3)n with n between 4 and 10 and Xs representing P

or Q;
- GPRGQX GVMGFXs where ¥y and X; represent independently
25 P or O,
4. The isolated polypeptide according to claim 2

characterised in that it comprises at least the following

peptide motifs:

30 - GAPGER,
- KPGEPGPK,
- (GPP)n with n between 4 and 10,
- RGD.
35 5. An isclated polynucleotide characterised in that it

codes for a polypeptide according to one of the claims 1-4.



57.An antibody binding specifically to the polypeptide of SEQ ID No. 1. 8.An expression cassette
comprising in the direction of transcription: 10- a functional promoter in a host organism, the
polynucleotide according to one of the claims 5- 6; a functional termination sequence in the same host
organism. 15 9.A vector characterised in that it comprises the polynucleotide according to one of the
claims 5-6 and/or the expression cassette according te €laim 8. 2010. A host organism, excluding
humans, transformed with the polynucleotide according to one of the claims 5-6, the expression
cassette according to claim 8 and/or the vector according to claim 9. 2511. A composition for use as a
drug characterised irPthat itldompiises tHecpolypeplidel aceordirieto aneof ¢laims 14, thieaim 5
polynucleotide:ageerding:-tosane of elaimsiG:5; the expregsian cassette accardingdo claim 8, the
vector according;tg cl nd/or t rgapism according to 30claim 10. 12. The composition
foruse as adru cc%g]n%%% almr%ilgg %eg?r%atmgnt of thrombotic diseases. 37

5 7. An antibody binding specifically to the polypeptide
of SEQ ID No, 1.

8. An expression cassette comprising in the direction
of transcription:
10 - a functional promoter in a host organism,
- the polynuclectide according to one of the claims 5-
6/

- a functicnal termination seguence in the same host

crganism.
15
9. A vector characterised in that it comprises the
polynucleotide according to one of the claims 5-6 and/or the
expression cassette according to claim 8.

20 10. A host organism, excluding humans, transformed with
the polynuclectide according to one of the claims 5-6, the
expression cassette according to <¢laim 8 and/or the vector
according to claim 5.

25 11. A composition for use as a drug characterised in

that 1t comprises +the polypeptide according to one of

claims 1-4, the polynucleotide according to one of claims 5-

©, Tthe expression cassette according to claim 8, the wvector

according toc claim 9 and/or the host organism according to
30 claim 10.

12. The composition for use as a drug according to

claim 11 for the treatment of thrombotic diseases.

35 13. The composition for use as a drug according to

claim 11 for the treatment of disorders of haemostasis.



14. The composition according to claim 11 for use as a cicatrisation agent. 15. A cosmetic
composition characterised in that it 5 comprises the polypeptide according to one of the claims 1-4.

37

14. The composition according to claim 11 for use as a
cicatrisation agent.

i5. A cosmetic composition characterised in that it

> comprises the polypeptide according to one of the claims 1-4.



