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, independentiof 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 types thaswplayanelerdusmgdeyelepment andintissye ftomeostasisy Theyarecagsaite of

being assembled into var4ous swa%w Gl%ﬁfr{'f%tﬂ iﬂégﬁﬁ%ﬁ%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 a chains, coiled together. As all three are
amino acids, this chigtacteristisds enablechy 20therpresence df @ ghysireninitherheligoided anotis

which cansist gf.repeated 6-X-X seguences yhere &ﬁeof%e@&e@_n% apd e hydrgxyprojineThis

hydroxyproline is essential to the stabilisation of the triple helix and is characteristic of coﬂ;ill ens. The
proline residdé< are-35 Ayaroxyfated Briffarily by proiyt-4-Kyutoyigse (8454 b 4-hydroxyproline.
There is a sezcontdysoxytase, probyde3akydregpiasegwhich enables the fggroxgkition of prdiine

when it is in pesitign X,whefeas innosition, ¥ & proling hydroxylated by Rrddd is alkeady-forndaln a
collagen 30 mo!fcule, the alﬂza chainsltiasn be identical or different. Collagen molecules are

formed of hefiéSidal ddmaing 5ragolfé(:gen005 domains) flanked by non-helicoidal domains, called N-

and C-pfopeptides. Recomition cfike HeeRt éhalhs MHatFort aTHEREURCARP ISt Of thélf
assembly 35are tnder the eontrol of the Eetegminatend {E-aropeptide)r Fhisipaeessisccarted out at
the endoplasmic reticulum.Sub ly N- and C-prapepti XGi uring +2 cellagen
maturation, Iga\% A mé%grto IfonPﬁgi%:%ﬁg% sg%%ﬁcsegs? tg%p% d%%?%% %%Fa %e%%s%p%ag lfzzlglhtiml%)@f)%}t%agnt role
at the vesseladlR By RidintamirtPhehaRiaghty and telr SIASRIE. FTRkSRalFasis.” They are

capable of ©being assembled into various supramoclecular
15 structures in the form cf fibrils, microfibrils or netwcrks.
Collagens have the common characteristic of containing
cne or more domains that have a triple helix structure formed
of three polypeptide chaing, or o chains, coiled together. As
all three are amino acids, this characteristic is enabled by
20 the presence of 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 stabilisation of the triple helix and is
characteristic of «collagens. The proline residues are
25 hydroxylated primarily by prolyl-4-hydroxylase (P-4-H) intc
4-hydroxyproline. There i1s a second hydroxylase, prolyl-3-
hydroxylase, which enables the hydroxylation of proline when
it is in position X, whereas 1in position ¥ 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 heliccidal domains (or
cocllagenous domains) flanked Dby non-helicoidal domains,
called N- and C-propeptides. Recognition of the three
chains that form a molecule and the start of their assembly
35 are under the control of the C-terminal end (C-propeptide).
This process i1s carried out at the endoplasmic reticulum,

Subsequently, 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-1V collagen, in
network form. It should be noted that type-Ill collagen is also strongly expressed at atheromatous
plaques. 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 ébainsgare thensrdficient andaeeessaryro the nueleation and the folding ef thestyiple
helix (Bulleid et.al., EMBQ J. 1997 Nov 17; 16(22): 6694-701). On the other hand, these two triplets
15 SRable

. . . N . . .
are not sufficien able the 20 initial combining of the three chains. It is interesting to note that

Bulleid at al. (1997)GbsEi¢&d: §reaterefficieASiFoTiFpR ek ¥6ridtioh Wihefthiée tripidts &Y
maintained, anrd this: efficiency lissévenigreater than tondhenwid moketule: Seveyal pTotéinswaré involved

in the assembly 25 process of monomeric hains: HSR47-(heat shoek auetein)and BRI (rotein
disulfide isomerase). C-propeptide, located at the C-terminal end of monomeric chains, appears

involved in the-&fghhiéntof & tfaindfand #REforhation of e Bisulfide bRAGES héceSSAM to thé
stabilisation efthe ptotéin 30:¢Baleidtata=l., EMBEO-J.II097ZNovATs16(22): 6694<70E): Thisy Ly

C-propeptide s thids; Becessary oply:e.ensyig the gembining-of thednepemerie shaing= Y arigus points
should be remem%efed in§elatio(gr\l[? it,'cip ;AIGBCO sirsltcstofoa dsiscg tinlé%ljlf se%uencee@f 15.amino 35
acids which dét8ifiines the sﬁﬂeom ic Standard assem Py Sf al Thains %—|u|mes 531, J Stic %iolk?iéooz
Jan-Feb? 137118 c2-10) t3 r dcdoiled-coil Hbmaindeddted atthe bebainingtstaRé TC-propépiide is
involved in thedrimesisation:ef callagen, bleBulleighet alx EMBOo). 1992 Nav 12,:46(22): £694-701).
This domain cgg%i%tfeogf u%gtq%ogqpeptides (McAlinden et al., J Biol Chem. 2003 Oct 24; 278(43):

42200-7). - IEcontains eig Tt cysteine residues which enable the formation of intra- and intercatenary

disulfide bridges. 10HREpresence of digtifidé BridgesBetvéeR thaifSaP iee -tebpéptidctor™
C-propeptidedis snot secassary derdthe tomkbiningof the chaias and thedormatidn-of the:triplesiedix

(Bulleid et a'-gﬁ&%}@mgﬁ%’%we %&@ééﬁ 1195:202) oIt shoyld pe noted that the, expeyimeryts are

undertaken with 15 the N-propeptide. The notions of trimer and of alpha triple helix seem paradoxically

independent “hhe’absé&hce 0ENprédeptide’ St seEMS jadiciols toitive RitFEFEfEtdine 2 of tHE
C-propeptideyor: s twic oy steinestofehe Clidlopeptide. Tihis |attercmetifhedlied tHékAdtesefueince

(GPCCG), enables pupo J. 1997 Nov 17; 16(22): 6694-701). On the other

hand, these two triplets are not sufficient tc enable the

20  initial combining of the three chains. It is interesting to

note that Bulleid et al. (1997) observed greater efficilency

of triple helix formation when three triplets are maintained,

and this efficiency is even gresater than for the wild

molacule. Several proteins are invelved 1In the assembly

25 process of monomeric chains: HSP47 (heat shock protein) and

PDI {protein disulfide isomerase). C~propeptide, located at

the C-terminal end of monomeric chains, appears involved in

the alignment of o chains and the formation of the disulfide

pridges necessary to the stabilisation of the prectein

30 (Bulleid et al., EMBO J. 1997 Nov 17; 16(22): 6694-701). This

C-propeptide is thus necessary only to ensure the combining

of the moncmeric chains. Various points shcould be remembered

in relation to it:

- It consists of a discontinuous seguence bf 15 amino

35 acids which determines the specific standard assembly

of ol chains (Hulmes DJ, J Struct Biol. 200Z Jan-Feb;

137(1-2): 2-10}.



20 the formation of disulfide bridges only by virtue of a preliminary phenomenon of assembly and
folding of the al chains (Boudko and Engel, J Mol Biol. 2004 Jan 30; 335(5): 1289-97). 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, 30 their activation and the formation of a thrombus. The adhesion and
stabilisation of the platelets in cantastwith this gollagen-are£nableddhy-multigle.intergctions gthigh
affinities, between rece(fgg_ors resqn,tg?t the surface of the platelets and the collagen. This adhesion
can occur 35 indirectly fol I\§vu£|)ge the" |%dinlgsof the Al doniain of the von V{?iﬁéglreanjdsfgctlo?rﬂv with
the platelet complex forpeed-8fthe ghycbprotids €3p) Gplb-=/11X;, itséfEBbudd td Eéllagln by #ts A3
domain, or by direct intgragtion petwesr;a ptatelet 4nhis domain consists of four

5 heptapeptides (McAlinden et al., J Bicl Chem. 2003
Oct 24, 278(43): 42200-7).

- Tt c¢ontains elght c¢ysteine residues which enable the

formation of intra- and intercatenary disulfide
bridges.
10 The presence of disulfide bridges betwesn chains at the

C-telopeptide c¢r C-propeptide 1s not necessary for the

combining of the chains and the formation of the triple helix

(Bulleid et al., Bicochem J. 1896 Jul 1, 317(Ft 1): 185-202).

It should be noted that the experiments are undertaken with

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

helix seem paradoxically independent. In the absence of N-

propeptide, it seems judicious to leave either cysteine 2 of

the C~propeptide, or the two cysteines of the C-telopepitide.

This latiter motif, celled the knot seguence (GPCCE), enables

20 the formation of disulfide bridges only by virtue of a

preliminary phenomenon c¢f assembly and folding of the ol

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

Whether of traumatic origin or the consequence of

25 atherosclerosis, damage to the arterial wall 1s accompanied

by the destruction of the wvascular 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 cr collagen fragments,

30  theilr activation and the formation o¢f a thrombus. The

adhesion and stabkbilisation 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 can occur

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

Willebrand factor (vWF) with the platelet complex formed of

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

its A3 domain, or by direct interaction between a platelet



receptor and collagen. Several receptors can bind collagen molecules at highly specific peptide
sequences, namely integrin 02131, which plays an important role in the stabilisation of the platelet in
contact with collagen, and 5 GpVI, considered as the most important receptor for platelet activation.
Another receptor, THICBP (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 G_le recepiprand thep,they-areactivated by-hinding \6@&@%@8%%@29;@'%6@9&%@ asa
stabiliser of the platel t-colla%an @%ﬁt a low flowfrate, 15 the.péatelets bind to collagen via.integrin
a231, followe‘HOtgﬁﬁilﬁ ﬁ]sg toGpVI, gadiﬁé> %6 theif actf\)/%%rll, v%hicﬁ?sqfﬁ%nﬁgﬁ ’[hatlbar@s&r%s

platelet aggregationr Similaklyb dther platslet calagen recaptorsape ivaived steheas THICBRL all
gases, G|D(\]I/lf Bleys Iﬂm.?aia}ﬂ@ke iR plat%i@t gﬁia@u;{ma tzog}at@@ha@fwigmi&a w@@e;&sg&}%; iSammzfv f
issocia ro atelet activation. Indeed, many peptides, corresponding to short peptide ifso
collagen?areucpr;{)gblecﬁ‘rﬁ&l%ﬁg eagdheff%.ﬁl%onm(?f/S [[;%at%flné%cs:> j\?\?lﬁﬁ%%t fé%%ﬁ%&% hg?gc#\;a%%%r?g%
Nevertheless? §6mecdttREse pepfides 25 Ravedthe tapachty id intice (PHtefet aclivaficn An®xhibit a
so-called promggtegating actiwily. ) Theltddplebelix siretiureiseems40 bapndssential pretequigite for
this activity. Iggq%gggg nated g%altiyyhen some of these peptides remain in monomeric form, they
exhibit an anti-aggregatigrg 30 activity by a mechanism which remains to be identified but which could
t

be the occupation of st thal Hetdme tnaVaildiid for tivé colliger  “SrESrbfRE work Aithed at
identifyifg thelpéptide seqeercassinvdlved #t theedd hesidr g plateletspiitiy type=lti 356 ¢allagehtuse the

fragment_al(lI&}QB@;@Jmngiﬂgvxo %_ecgige%tj%\ f{ﬂ%‘ﬂ%‘ltebyscﬁﬁ’é @%_Ei@{iingﬁ% highest. gen _
aggregating ac.t|V|t¥7.W§ .Varl%ues %%BI[ de motifs have been q?scrltg%d in the épast fte.v% ears as being

capable of biﬁ&i‘:ﬁg and a‘@fii'i/aﬁng plate ets.r‘leﬁé? ﬁg\% Been Feseféld in the forn oft%eﬁtl es of two

possible naturég:disidiilartdcoll&§eH, formed By Mé repetifion obténservéd SPE niGtifs fepeated n
times, not preses in thecnatiye sequepce ©f type-thcallagen; nenenrresponding.topeptidestfermed of
E’gg:;%qélge“z;fgﬁée%%”é in the al({)CB4 sequence, principally 0obtained by chemical synihesis,
binding to GpvViI, thus leading to their activation, which is
the step that prepares platelet aggregaticon. Similarly, other
platelet collagen receptors are inveolved such as TIIICBP. In
all cases, GpVI plays a major role in platelet activation.
20 Platelet adhesion 1s a process that is now dissoclated
from platelet activation. Indeed, many peptides,

<=

corresponding to short peptide motifs of collagen, are

capable of inducing the adhesion of platelets without leading

to their activation. Nevertheless, some of these peptides

25 have the capacity to induce platelet activation and exhibit a

so—-called pro-aggregating activiiy. Thelr triple helix

structure seems to be an essential prerequisite for this

activity. It should ke noted that when some of these peptides

remain in monomeric form, they exhibit an anti-aggregating

30 activity by a mechanism which remains to ke identified but

which «c¢ould be the occupation of sites tThat become
unavailable for native cocllagen.

Most o©f the work aimed at identifying the peptide

sequences involved in the achesicn of platelets with type~ITI

35 ccllagen use the fragment «l(III)CB4 corresponding to the

digestion fragment by CNBr exhibiting the highest aggregating

activity.



Biochem Soc Trans. 2008 Apr; 36(Pt 2): 241-50). Integrin a2pl is a receptor for collagens, laminin
and other ligands in various cell types including endothelial cells and platelets. a2P1 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. For
type-lll collagen, and contrary to type-I collagen, it seems that several GXYGER motifs are necessary
20 for optimal binding, with GLOGER, GMOGER, GROGER and GAGGER as principal motifs (Kim et

al., J Bid | Chem. 2QQ5-$60 4 6,,280(34) 32512420).ather molifs suchas GLOGEN and GLKGEN
have been d%?cribed but exhibit I0\4r\[/) affinity for a2p €gRa%nél egaLIaiCj}]iBiol ChegL 2006 Feb 17; 281(7):
r

3821-31). 1t s ould 25 bé hotéd tha %ﬁ%?thecggﬁtF es syn leS|sle o thége mofifs e%( %%gﬁ
adhesion actirity vHer-they Bre Brganisedin the formteih tipleNaix Lleoproten?PiGP%A)iseB0-65
kDatype-| trapgmepalyane Ddyceprateishelonging to the immunoglobulin 30 (Ig) superfamily. It is
constitutively expresse on .ttﬂggur e %fotﬂﬁtg I8 in ti}% m of non:¢; valent complex with the y
chain cc?mmon to Ig regelpté"rs (FcRy). The pepin%es' descr!(lt(lc%)ﬁedd as% teraci%ng ngt%i this receptor are

peptides similar to colldgErRrTEd frofy tifebetiticit BEA 16 10/C PO wiphts (MoR6/ 2t al-I
Biochem J. 1995 Mar 1t 386(Rtt2)83 Eddand-8mefhurgbet-al, 1] Biol Chean 2007 Jan 12; 282(2):

1296-304). Although comprising 1026, GPQ, motifs, g@gmw@%%@a%@ repglitions of thissrplet

does not exceed 6 three in the native se%uence 0 te/#()jf-lll co%lagen. It should be further,no%rigtpere
that the formation of th& Tfisi& hklix oFof a pdlymé&ric form, Bbtaineth chéiiicany folldwiry'& frodification
of the dysteine or lysinetesidues; is ysermiadBic xonferontthese peplidesagroaggrégatng activity.
Moreover, the presence;ofa hydroxyprating-in position djs;esseptialtothis activity.cConversely, when
they are in monomeyic form, thes ptides exhibit an anti-aggregating activity (Asselin at al., Biochem
32009 Apr 15: 339 (F1 37 10 410 By Recerty’ AR el Mbnihet (o Heplide Abth i 2 pe i
collagen seq@éAGE thatia3disits the highiest adResioh-actiike $5is dorhpasedef résidgédielial
CAOCIRCCAGPROS PTG GKGAAGRPOQGPOJacated et aming. asigle:523ite 549:0f @ty G841(Jatyis et
al, Blopd 2008 May 4: 142 (19) dpA2B% 90l Jus peptideygotitisompased.of tyge SHQ, which
are not consecutive and which seems to be the minimal number necessary for proper interaction with
GpVl.  Indirett iiEragtion bafwésivthd Hiatelét reCaf®r Cpis and Colager ’deperidant BAS/WF,
which is a plasma 26 malfiferictproteinr seéretétk by eadetheliakcdllssaand platelets in fesparnselio

vascular damage, o following gn increase: ingparietah pressure. Atplays amaijor folep the yeeruitment
of platelets at damaged sites of vascular territories subjected. to elevated, flow rates. This factor is 25

composed ofthree?d6iains hafed 8, A3%nd %%‘f?t%‘iﬁids@%%%n%?atﬁ A3 Homaliir &7d Birids the
Gplb rédeptof by its At doeairk Typeril colftagen S fo haveCeShgleSSife; BR highdffifityJoRthe A3
domain of VW, which,isialso presentin typell coltagen. This peptide awatihis lgoated between
280(37): 32512-20). Other motifs such as GLOGEN and GLKGEN
have been described but exhibit low affinity for «Zpl (Raynal
et al., J Bicl Chem. 2006 Feb 17, 281(7): 3821-31). It should
25 Dbe noted that all of the peptides 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-1
transmembrane glycoprotein belonging to the immunoglobulin
30 (Ig) superfamily. It i1s constitutively expressed on the
surface of platelets in the form of a non-covalent complex
with the vy 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., Bicchem J. 1885 Mar 1, 306(Pt 2):
337-44 and Smethurst et al., J Biol Chem. 2007 Jan 12;
282¢2): 12%6-304). Although comprising 10% GPC motifs, the

maximum number of repetitions of this triplet dees not exceed



30 amino acids 403 and 413 and is composed of GPRGQOVMGFO with certain amino acids critical for
binding VWF (Lisman T at 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 Lisman et al. and the GMOGER integrin al02 binding motif. 7  The Fauvel-Lafeve
team described the existence of an octapeptide, KOGEOGPK, located between amino acids 655 and
and named & T1ICER (e i solen bincing broteiry (MbAneLE et a1 Biol Chem, 2000 Apy 141
and name pe-lll collagen bindi rotein nnet.E et al., J Biol Chem. \pr 14;
75(15): 1098575 it SR S coatie of MDY B HEiadnsy P A g
collagen, butdiot with type-PesliEtei Gindep Both statiesdiecibw Toriditions 1 Moré rééenthi Pires et a/.
10 showed thatdhis ioctapeptide hasran inhibiting activity:opsaggregationosly, when #4s émhamotrimer
form. On.the contr its structure, in triple helix.f y adding at the . cystei PP
gives it g) prog%grgé;gt#]égxsacﬁ)\%ty e:PﬁreeSsBet %I%Bétugr%gl\éﬂjed%Chgr%gzé%% gd%fslz 5 6%62%{%5%%%

The biologicaf @h8Uifastruciiiradreperies of tolfagens said’ Ré@bl et tapadty ofBinding o
membrane receptors iepen achrodd Beldaftapplications decause oftheinnutipletreles mrtissues.

However, thasg-ppiications 20.6nyfive,meRning (iLis passible o have hamagepispus preparations
of these collagens in large quantities and in_a repraoducible way. Two methods gégroductlon were
5

used to this éfd- The Work 2hd develspménts coRdT&ead T thesd o aieds are’ 25 gerérallg highly

targetetor & givef lappReationt Thus,Jehenigalsynthesisiclmprotiied shbr pepritiesithateéprésent
only a tiny parhofithe profein.-ingenesalipeptide saofifs ot interest: Its prneipakapplicationfielates to
haemostasis gmgemore precisely to _mrodulatior} gf the bond between collagen 30 and pieatglgts.

However, these pespltl%lrés hav%%hlg%*hﬁél only one of the activities’ gdc’ueg t and’this cah dsepeﬁﬁson the

three- dimen&ioRalEeriféirration-6fthe/geptide And rstablyof dffe fotiittionofdstriple’hélix. Thbls,
there is a sigpificant 8bmeerkior thesdexetopment of funetionatisedrecembinant 5, 111 (10) :

15 4286~9¢&). This peptide motif 1s composed ©f three GPO, which
are not consecutive and which seems to be the minimal number
necessary Ifor proper interaction with GpVI.

Indirect interaction between the platelet receptor Gplb
and c¢ollagen 1s dependant on vWF, which 1s a plasma

20 multimeric protein secreted by endotheliazl «c¢ells and
plataelets in response To vascular damage or following an
increase in parietal pressure. It plays a major role in the
recruitment of platelets at damaged sites of wvascular
territories subjected tTo elevated flow rates. This factor is

25 composed of three domains named Al, AZ and A3. It binds
collagen via its A3 domain and binds the Gplb receptor by its
Al domain. Type~III collagen seems to have a single site, of
high affinity for the A3 domain cof vWF, which i1s also present
in type-II collagen. This peptide metif 1s located between

30 amino acids 403 and 413 and 1is composed of GPRGQOVMGEO with
certain aminc acids critical for binding vWF (Lisman T et
al., Blood. 2006 Dec 1y 108(12): 3753-6). Verkleiij et al.
identified as a potential binding site amino acids 541 to 558
composed of GAAGPOGPOGSAGTOGLY (Verkleij et al., Blood. 18998

35 May 15; 81¢(10): 3808-~16). This peptide motif dis leccated
between the vWEF motif described by Lisman et al. and the
GMOGER integrin olf2 binding motif.



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 systems
(Ferndale 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 actiyity, hag been cariedyaut via-celluar10-prodyctionsystems-and it is de tgtality of
the sequence, for example pro I h has been used. The objective sought i th nthesis of a
whole procol%genpcéf:) %1? of b%e(lgn%%gr%%%fseglrﬁo%a t%p%%e‘flx?\y\lloag% 985%) es%eggéecom inant

collagens ha®é % prriciplé isultigle aBrapplication’s. hantehy those ot thé Eairpleté colfagetPséguence.
It is thus a question-of syathesisingismaller fretetisief simplensttictuse that fire thusless.demanding

in term&of p@f E%@, b%%gé preserye, me Qlllo%ciq{ @clt%%% 8fr @L%r)est( of the native é){ogﬂn 20The

|nvent|on thus re ates to recom mant#p telns pOSSGSSII’]ﬁ motifs necessary to obtain a

pro-aggregatihgFadétivity *&fhtheiSéd i thelfdrmof arhohome capable dftding Shaefréd fifto the
form of a tripleshetixEhe. empoSsibitityl afifoiming this triphe helbxcisithe corisegliened 25 of thietabsence

of:1) a Chai”{? ¢agnition motifs hetween, them, 4 ”QE#?"%QAB@' _collagen @z@d %F&!@”%&'@H‘ams
as well as 1) two GPO triplets necessaré(%]othe riming of

e triple heljx. risi
pro-aggregating activityis Obtaingt inTHe Abserce of t Of%?meff‘g Sta'tiple ﬁéﬁ)? %O the Abplicant
has shoWwn irca sugwisingataythasit is possitid talbringetegether thiedypées of paptideisegueiices

within a singleggeaemetie protgin having:pro-aggregating-activilyo+ r i me Fhe s@e@mbinant prateins of
g:gl gtrsesent mvenéuoarll rthl;IS 35: brlns@qttogetthl?lte- fgtldterr:poyfs \A{lthle{[:){le (tj one Ee}pegté%‘ni%f gfouartGPO
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 bioclogical and ultrastructural properties of
collagens, and notably their capacity of binding to membrane
receptors, open a broad field of applications because of
their multiple roles in tissues. However, these applications

20  only have meaning if it is possible to have homogeneous
preparations of these collagens in large guantities and in a
reproducible way.

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

2% 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 cof
interest. Its principal application relates to haemostasis
and more precisely to modulation of the bond between collagen

30 and platelets.

However, these peptides have in general only one of the
activities =cught and this <¢an depend on the three-
dimensional conformation of the peptide and notably of the
formation of a triple helix. Thus, there 1is a significant

35 need for the development of functionalised recombinant
collagen proteins that can be produced by bioclogical systems
offering high productivity. A majcr cobstacle 1is the

difficulties of production and purification o¢f 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
Srepetition 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 sequences present in the native form of
collagen. These types of proteins do not require favouring cells that do not produce collagens

constitutively-as hastcellgder thisjproductian. Andeed; theirsequence goes ot allow secggnition of the
alpha chains of variou,ﬁ nativ% cgléa%ecil?égn the 15 contrary, it is necessary to favour

collagen-progggﬁg%% S tht express Key een'zymes of collagen maturation such as '
proly1-4-hydroxylased(P435andHS847 . Ceirfeht fecofTbirtaH ¢ollageniroduction systefi8itd the
contrary use gells #hat dewnot paturallyproduceicallagen (Olsearet @k ; Ady rug Hediv 20Rev>2003
Nov 28; 55(1): 1547:97, and Ryggiero.and,Kaeh Methordz, 2008 May. 45(1): 75:88). Thig involves
cotransfectln% the gene codin enzymes such as P4H. ~ The recombinanf proteins according to
the invention ar’?yogéi/a

or
65, Ihcitiding) 25- BAAGING togSIFEFAIBHS of IRt Wit snal
proteins thatiaze easierto produceausing:cellilar productiohzsystemsa ypro-aggregating activitizdan the

absence of adriple,helix;strugture, 30 the absence in thelr sequence, of collagenase.tecognition sites
but the presence of 11SP47 reco%nition sites, enapling their production by colla%fg-pro?é{cigg cells,

their biologicBI-&tR/ty shBwh by refetencd tests 35 3(platsiet aggrebafion tests) Wiick Gre Gd&d for
monitokiflg currentuaritiptateletdatents andifor éxploring plateket furctions. thee s Jdhesbiotogical

properties of the recombinant prateins aceording:todhe invention-make;i possible to.gRWsage many

appmxmon&sought is the synthesis o¢f a whole procollagen capable of

being organised into a triple helix (WO 9 307 888). These
recombinant collagens have in principle muliiple

15 applications, namely those of the complete collagen sequence.

Tt is thus a question of synthesising smaller proteins
of simpler structure that are thus less demanding in terms of
production but that preserve the bioclogical activities of
interest of the native protein.

20 The invention thus relates to recombinant proteins
possessing the motifs necessary to obtain a pro-aggregating
activity, synthesised 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 consequence

25 o©f the absence of: I} o chain rececgnition motifs Dbetween
them, II) non-helicoidal collagen N- and C-terminal domains
as well as IIT) two GPO triplets necessary to the priming of
the triple helix. Surprisingly, pro-aggregating activity is
obtained in the absence of the formation of a triple helix.

30 The Applicant has shown in a surprising way that it is
peoasible to bring toegether three types of peptide sequences
within a gingle 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 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, clopidogrei) and future treatments. The
proteins produced are derived from 10 human proteing 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 perfect homology with those of humans.

Furthermore, variation gttheirismbet 15.anddecation ot plaieletreceptor interaction sites hetween the

various proteins makesalé E)gssutt)le tg propose more releveiné ,E%rge%vahdatlop tests, Thereq%reippeptlde

fragments that make it possfb’?e t¥) work more specﬁi%%ll;? on each plaﬁglce??e“ Oe}‘:p%orpﬁ':uetsfﬁ‘elr method of
production is different 20 fofthal’ 6f thelihdéitions AdtheéHemical synthesis versus natural production
by cells (importance- ofippstiiragslationad medificationskn +Thhe present inyerfionmean play arpart in

the comgosition of hae g{t'cttia&gaggsé stggrlegggaﬁesn_ing on-site 25 recruitment of platelets in the
case of vascular Iesion?}}or of haemostatic adhesives to prevent the risk of bleeding (surgical context).

Products are currertiy®on thEGHEKeE But with a ColRgeNn of ARInFATigin? Anotifet dppligaticH e the
use of these proteinkiter30-adtivateneikatrisatiopcCicalrisatibn of egrainrwdandsreguines ihe ea-site

migration, adhesion and differentiation of certain cell populations; inclyding platelgts. These pracesses
are dependant on the surface integrins of tCEese cells. Certain %)éegtl e motifs pres r#rt]ln the structure of

the 35 inventRa Brotéing Ae thilis cBBRBIE DT infETESTHY With thele itégrins by Prombling cidatisation.
11 ¥ a veswlesefieldptheserrecambinant pedteing couldtbe proposkecinithe Toampositichest

certain dermatplogicakareams. Another-application of prateins-thaginhibit platelet 5tfungtion is,the
treatment of a@e&otggomgg i aP@teglet (r:eocneggrg are \,Ué rapeutsic targets w(i:tg 3{';111}1tur fgr figﬂtir%g
complicationg of atherothfombotic diseass. To dalfl“,]ther_eyis no molecule capable o Ciocking]fhe initial
phase of platefet ZdrB5im in HHé sghenddtieliuni STRE VaRo ¢S Brotdifi 1 (RsthicturedSTdRe fivetive
proteins enable theirdnteragtien withsthese receptors leadingrie tplateletasiizadiesian effiects (site

masking) andlor platelet prp:adhesion.efiects. Thevarigys glfects oanchs.opained with the sarpe

protein by modulating its physicochemical properties. 15This invention thus provides a’biological
reagent with hifferot&Rppficaticrieithateanpidy aart FPthe?Soipo&ition of kitsTto sviittate’Tlatelet
functions, to petivaté célt differemtiationefor (el Hiagnosis oflsaernatolOgicakdysfumetions o:detect by
imaging areas of fibrosis JThiSuction systems to the contrary use cells that do

not naturally produce collagen (Olsen et al., Adv Drug Deliv

20 Rev. 2003 Nov Z28; 55(¢(12): 1547-67 and Ruggierco and Koch,

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 abseance in their sequence of collagenase
recognition  sites but the presence of  HSP47
recognition sites, enabling their production by
collagen-producing cells,

- their biclogical activity shown by reference tests

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

exploring platelet functions.



20 invention can also enter in the composition of haemostatic bandages for the on-site recruitment of
platelets (in the case of vascular lesion), haemostatic adhesives to prevent the risk of bleeding, or
dermatological creams. Summary of the invention 25In one aspect, there is provided an isolated
polypeptide characterised in that it has the sequenceiaf the polypeptide of SEQ ID No. 1 or the
polypeptide of position 25 to position 152 of SEQ ID No. 1. In another aspect, there is provided
an isolated 30 polypeptide characterised in that: - it has at least 70% identity over its entire length with

the polypeptide of SEQ ID,N9; 4 o with the-pelypeptide of positien 25:to-pasitiom152:0fEQD No. 1,
35- it is capable of iri!glucin an ta}ggrqutiogtogglurrrmﬂ%n}{glo% plaégleg%grga%er tha}!qf 3(5)243 iQ erlaglatelet
aggregometearca(f%? “with sﬁrring of 1000 rpm. ha Inyet Snother aspec?, there i& |§row ed*an

isolated polyA#Eléatie characterised in that it codes for a polypeptide as described herein. In
yet another aspect, there is previdedamaiibodyrd binding-specifically+tadhe polypepiidetafSE=Q ID
No. 1. In yet another aspect, therg is provided an expression cassefte comprising in.the direction of
transcripStion:gg?%ﬁé"t?ognal [E)%')moéter ir% e?:}?os?%d%gé:nism? the pglynucs%otide a%%esﬂ%?ﬁegﬂere#n; 10- a

functional terriin&HRP SdGuertesinafie sanke REStGrigankdyr 2 I3h Yt anther Aspedt? thérdlig®
provided a vectaretharacterisedda that ik cdmprisesithe potynucfeotide: as«deseribed dieeein andior the

emmesgonC@%%%@%%S‘Eﬁ%ﬂg%%telet treatments (aspirin, cleopidogrel} and

future treatments. The proteins produced are derived from

10 human proteins and have in theilr sequence binding sites for

certain platelet receptors described for their role in

platelet adhesion and activaticn. Current tests use collagens

of animal c¢rigin whose sequences do not have perfect homology

with those of humans. Furthermore, variaticon of the number

15 and location of platelet receptor interaction sites beitween

the wvarious proteins makes 1t possible tc propose more

raelevant target validation tests. There are peptide fragments

that make it pcessible 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-translational

medifications) .

The present invention can play & part in the composition

of haemcostatic 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 is the use of these proteins to

30 activate cicatrisation. Cicatrisation of certain wounds

requires the on-site migration, adhesion and differentiztion

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 ¢f interacting with these

integrins by promoting cicatrisation.



15 herein. In yet another aspect, there is provided a host organism, excluding humans,
transformed with the polynucleotide as described herein, the expression cassette as described herein
and/or the vector as described herein. 20In yet another aspect, there is provided a composition for use
as a drug characterised in that it comprises the polypeptide as described herein, the polynucleotide as
described herein, the expression cassette as described herein, the vector as described herein and/or
the host 25 organism as described herein. In yet another aspect, there is provided a cosmetic

composition charactersed ipcthat it camprises the, palypeptideasHgsaibed hereine iR dessnipton of
sequences SEQ ID No. 1: Coll-Jll-like. recombinant protein fSE%yg No. 2: e?;'%@%%‘;ﬁmide coding

for Coll-IlI-like Fecﬁﬁgﬁgﬁ?protjé% 5% Iﬁwgsg%fg:lﬁﬁme?s Decscripﬁc:)Lr?of & Iventen =~ The

invention relatés*®@8elated polypeptides that have the sequence of the polypeptide of SEQ ID No. 1
or the 10 polypeptidg.@f prsiiongp1a pesition 122 of R4RNO. tnat Thenawention alserdates to
isolated polypeptides with at Jeast 70% identit r thelr enti with th lypepti QID
No. 1 or %vithpﬁgn&%ggpti&esof E)%tglseitiontﬁg%c{i }égél%onol 2 &ggé%%@ﬁéﬁé%%g%ap%eg gFO%S‘LE
inducing an af§FsyRleRof Hifndn 51588 Pitdletgedtdrihyi th a future for fighting

complications of 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 proteing 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 biological reagent with
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 wvascular lesgion), haemostatic adhegives to prevent
the risk of bleeding, or dermatological creams.

Summary of the invention

25 In one aspect, there is provided an isclated polypeptide
characterised in that it has the seqguence of the polypeptide
of SEQ ID No. 1 or the polypeptide of position 25 to position
152 of SEQ ID No. 1.

In another aspect, there is provided an isclated
30 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
polypeptide of position 25 to position 152 of
SEQ ID No. 1,

35 - it 1s capable of inducing an aggregation of human
blood platelets greater than 30% 1in a platelet
aggregometer at 37°C with stirring of 1000 rpm.



12 30% in a platelet aggregometer at 37C with stirring of 1000 rpm. In a preferred embodiment,
these polypeptides comprise the following peptide motifs: 5- GX2X2GER wherein X1 and X2 represent
independently an amino acid selected from A, R, N, D, Q,E, G, H,, K, M,F, P, S, T, W, Y, Vand 0;
(GPX3)n with n between 4 and 10 and X3 representingd or 0; 10- GPRGQX4GVMGFX5 where X4
and X5 represent independently P or 0. P is proline and 0 is hydroxyproline. In another preferred
embodiment, these polypeptides comprise the following peptide motifs: 15- GAPGER, KPGEPGPK,
(GPP)n with n between 4ard EhoREd): aspEReinvenionalsprelgiestoanisalated pelyageligotide
20 characterlsetiln thailt c,gdgg f0|rc a0r|¥1% élldfsaec ordir}g to t—Elﬂe jnventjon. na prg&e}greda

I
embodiment,EEﬁe%%ﬁl%u?:féoﬁ e has the sequence of the polynucféotide of SI:E(S(?SSNO.
invention als@felaR8RS Hhtaritibods LiddiRg 2 5hgietiizally to the polypeptide of SEQ ID No. 1.

The invention also relates ip expressian cassglies comprising inghe ielion pf Uanscriptonsy,

5 Dbinding specifically to the polypeptide of SEQ ID No. 1.

The

In yet another aspect, there is provided an expression
cassette comprising in the direction of transcription:
- a functional promoter in a host organism,
- the polynuclecotide as described herein;
i0 - a functional termination sequence in the same host

organism.

In yet another aspect, there is provided a vector
characterised 1in that it comprises the polynucleotide ag
described herein and/or the expression cassette as described

15 herein.

In vyet another aspect, there is provided a host
organism, exciuding humans, transformed with the
polynuclectide as described herein, the expression cassette

as described herein and/or the vector as described herein.

20 In yet another aspect, there ig provided a composgsition
for use as a drug characterised in that it comprises the
polypeptide as described herein, the polynuclectide as
degcribed herein, the expression cassette as described
herein, the vector as described herein and/or the host

25 organism as described herein.

In yet another aspect, there is provided a cosmetic
composition  characterised in  that it comprises the

polypeptide as described herein.



a functional promoter in a host organism, a polynucleotide according to the invention, 30- a functional
termination sequence in the same host organism. The invention also relates to a vector
comprising a polynucleotide according to the invention and/or an expression cassette according to the
invention. 35The invention also relates to a host organigm transformed with a polynucleotide according
to the invention, an expression cassette according to the invention and/or a vector according to the
invention. 13 The invention also relates to compositions for use as a drug comprising a polypeptide
according to the invgmm%@gotg&;a@@gj@@g to the invention, an expression cassette
according to the mvgrﬁtb(:;[ﬁl \f\%g:tor acc(gcr)c_iLlfg]ﬁE_tlfgﬂgv%né?gm%q{g%% h g&rggﬂlsm according to

the invention. Ina preterre émjb'odlment, the invention relates to compositions for the treatment of
thrombotic diseasesSHPaftthEP preterredBHBoGinENt R inFertidiPrelates 16 dompdsitionsior the
treatment of diseroters akhaempestasts:  The invention also relates to the use of these compositions
asa cicaérisation agepb 1p nd-astly, the ipyention relates to cosmetic compositions 15 comprising a
polypeptide such as described above. The invention relates to isolated polypeptides having the
sequence of the polypeptide of SEQ ID No. 1 or the polypeptide of position 25 to position 152 of SEQ
ID No. 1. The peptidessfqositioich teopositien 24w 8EQ®RD No. 1

The invention relates to isclated polypeptides that have
the sequence of the polypeptide of SEQ ID No. 1 or the
10 polypeptide of posgition 25 to position 152 of SEQ ID No. 1.

The invention also relates to isolated polypeptides with
at least 70% identity over their entire length with the
polypeptide of SEQ ID No. 1 or with the polypeptide of
pogition 25 to position 152 of SEQ ID No. 1, and capabie of

15 dinducing an aggregation of human blood platelets greater than



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
homologous or heterologous signal peptide suitable far,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 in eukaryotic cells or 30 organisms

and in particuarin mamaralian.cels.ln apadticula; rmppdiment ahthe inyeation. (e Rojunucigptides
ptide [ I

of the presenﬁb@{ydsntion comprise a signal pe enabling their secretion in the extracellular medium.
odi

In another em m‘g‘%{? the invention relates to the mature polypeptide 35 obtained after cleavage of
the signal peptide. 17 TRe pal§péepticas ot gigsent inveértiorehave laybiotogica activityanicseotably
a pro-aggregating aetivitombumapibiered platelets.detected using a platelet aggregometer 14

(Regulest, Florange, Franc ording to the reference technique (Born, 1962). Platelet-rich plasma
(PRP) is%Lrought into C(?r%la%%gv%%ﬁ a‘“ﬁl éﬂg%&%i?t (16 p‘?rllngzgif plrﬁﬁqﬁ? %Mhé‘glgg%ﬁ&%ﬂh%l%e&iﬁm

(related to the formatio®6f5aggfebatetawRieh 8l totH@ bditom of the fibelis rioniteredin réal time
(aggregation curve). In ¥he sbsencergf @atefet aggregations the signal remains flat (persistent turbid

medium). It is possible t iy, th ence.qr, n f gates by examination of. the tybe at
the end of 10 measurem%ﬁ?{%alﬁfﬁ%% g‘fﬁé% B%%‘;Igt 2;31888%%{3 tae§té re%f)o]ﬁ%g%se ggrrﬁgeﬁn&t %t 37C,
with continuous stirringc(fogo' rpm). The apparatus is calibrated as follows: 0% aggregation with
platelet-fich plasma-(prépaatisa-obtaified by slow centdfugation andconsentrationadjusgted-tpd5
300x109/L) and 100% aggyegation with platelet-poor plasma (preparation obtained by rapid
centrifugation). The quality of the platelet preparations was validated by verifying the response to
reference ag%)nijétss ﬁ\%y P%rﬁ(g %pé‘ﬁnlﬁé%%faog}é\ﬁﬁrﬁée}ﬁf%r the development of antiplatelet 20
therapeutics. A protélh is&ehsidered pitsaggregating wheniinisrdapableetinducind aggregation

greater than 36%; anddn endrreversible wayy e o - | Fae ereptar.recognition peptide motifs expressed
on the surface of m@nycﬁgﬁjé)éh%es confer on the polypeptide activity 25 of the following types: cell
adhesion, cell recruitment. Thepro-aggregatingeffectofthepolypeptide, independent of its triple helix
structure, is the consedtiéfieé 30°f the activation of one or more receptors present on the platelet
surface (a1132, TIIICBPG@E) GPVWi):h nThetnvention alseirelates to fragments of the polypeptide of
SEQ ID No. 1 that presggye at least one of the activities of the polypeptide of SEQ ID No. 1. The term

35 "fragment"” of a p Iypeptide indicates a polypeptide comprising a part but not the totality of the
polypeptide from wHitH iti& YeRVed TR fivention s refatéd to & polypeptiBie Eomiprsiig-a fragment

of at lea8t 1001316 ct20;ised 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.

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
cempriging in the direction of transcription:

- a functional promoter in a host organism,

- a polynucleotide according to the invention,

30 - a functional terminaticn sequence in the same host
organism,

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



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 5 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 preserves the 10 function of the polypeptide from
which it is derived. The biologically active fragments of the polypeptide of SEQ ID No. 1 thus preserve

aﬁ Ieaslt one %fthe fmp@iomﬁ@éﬁﬁ@hﬂlyggghadfam@pé%fer@@lyc@@se@talmf bé@'fQ@@kﬁCéiyit'@s |<I>f
the polypeptide of SEQ ID NO. 1. The methods 15 for preparing fragments of a polypeptide as well as
the techniquélsrff)? m%%gaﬁﬁigs the bi%lo@%{ggﬁv%ﬁeéseoﬁﬁe% Bgfgﬁ%ﬁtidfe% oﬁ‘ktlﬁae rﬁ%‘ggﬁtaﬁ%mioan are
well known t@therperssf akilléd in #5€ ardThe inventidialso ¥el&tds-toopolypéptidesithat haveat 20

least cne of the activities efdibe polypeptide offSEQ Y No: 1and with-amine:acigsat leasty 0%
identicaldo the polypepti f SEQ 0..1. Preferably, these palypeptides have the same properties
and notably the same bi%?)tgfga act%a(t%s }és tﬁe polypeptide %SE%“ID f\l%g%ﬁ%ﬁg% iﬁ\(?entTglné)relates
to polypeptidéd With-arifho acids at least 70%, 80%, 90%, 95%, 98% and preferentially at least 99%
identical to the polypeptide of SEQ I Nb. Erftdehticahamina aeids! meansiaminaacidsdhkat arke

invariant or upchanged bepweendwo Seauences  thesepolypepfigesican hgwe.3Q adeletion, an

addition or a substitution of at least onefmlno acid compared to the polypeptide of SEQ ID No. 1.

The invention also refhtés 10 Poiypeblides Withiat [IRSE 7094°80%, 8056, 95% 9885 And Freterentially
at least 99% homologywithithée potypeptide of SEO ID Nosdttiidornology? 35 tieamsdhe easdrement
of the resemblaage between protein sequences. These polypeptides can have a deletion, an addition
or a substitution of afthlgast grqgeanr@iggnacidaﬁosmpgred ]F% éré% polyé%eptigﬁ of SESQelD l(\)lg. 1. tL%e deegree
of 16 homology between two sequences, quarﬁlfle&%y a'score, is based on the percéntage of
identities and76Fpredensid: Substitdtichs e the SegleRcas THe-polypeptides of the present invention
with a certain 5 degressef.gomelngy aridentityssithitbe polpeptideof HEQ1D Nasrdreomprise.at least

100 or 150 aming. a6ids,, aMS‘&!‘P%J&T&éS%G%% and i%%@@@%é@f ggrge of identity and the
dggree of homologyth)l%tw?L%r_b ggggggtldgg fg% ! QOV\Q‘(; to ;{2% E)ggsgé\ skil %d in thte' %rt. Thg AlignX
alignment polypeptides having
the sequence of the polypeptide of SEQ ID No. 1 or 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 cerresponds 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 ancther signal peptide
according to technigues well known to the person skilled in
the art. The person skilled in the art will be able to choose
25 the homologous or heterclogous signal peptide suitable for
the expressicn and secretion of the polypeptides of the
present iInvention 1in various prokaryotic or eukaryotic
expression systems. Preferably, the polypeptides of the
present invention are produced In 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 in the extracellular medium. In another
embodiment, the invention relates to the mature polypeptide
35 obtained after cleavage of the signal peptide.
The polypeptides o¢f the present invention have a
biological activity and notably a pro-aggregating activity on
human blocd platelets detected using a platelet aggregometer



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 or purified from their natural environment. The
polypeptides 15 can be prepared by means of various immethods. 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 methogdsi20:are well kpawindo the persen skilled inthe;art. Preferably, thepplypaptides of

the present invention are praduced hy.recombinant prokaryotic or eukaryotj Is..The pol tides of
the present ir?\/ee%%i%jﬁ%%% t&%g l[ﬁ)ré’pr% ucgd ir?! l?gc g%ae EF %l%%ﬁrggl?%gceq?}sﬁgsﬁ & %v%%%%%%lso
relates to fusioh-Sroféirs: Prdteifis ok chimetie Prdteins Coinprisingthe PBlypepided acebrtirg e the
invention. Thetean {'palypeptide't indicatesdarateins; as well @ medified-pelypentidest ivene of
embodiment i ion,.the po ptides ing. to.the, invent; re.qlycosylated. The
polypepr:(?fde o%f) (3 %%Ngtoé %ﬁé{j ﬁog%%‘oggﬁyc%%&aﬁ%%d&sf%s %EE tﬁg%ys"i&l%p%?nirj% a%ﬁ%%gggngt in
positions 102-8nd $41 (inPusitibA 6L EXP Tty iR a preferretPeAbS&Tent the Risparddie
residue in position=8gafithe polypgeptide 0f 35ISEQdB:No0s] isfglycosylateds 1 s TEne invention also

relates to polyauglegtidesreoding for the polypeptides defined,aboyg ;Agcording to the present

invention, "pol)%nucleotide" means a single-strand nucleotide 17 chain or its DNA or RNA ¢complement,

or a double-stANIHitIEotide Chain WRILh tan b of Cdmpleientary or geRomic BRIA. Bréferably, the
polynuéleotidesasfulie srention Ziré DNA lintpartiéulat deubletstranid: DN A Jthees i polyiustaotide”
aISOf m(;e?ns m@@@@aﬁ@l{@@claﬁiggieﬁwe@f Qiyglaeleh@.iﬂ‘e?,of thll@«a@fe&%h%i%\&%ﬁlsge argdselated;or ]
purified from thejr, patural.envirgnment. Prefer , the polynucleotides of the present invention,can be
prepared by tLqe%lggssﬁgzﬁ%dlecng bioflopg@atggr?rlﬁguesl as d)*é&sgrll e ? (.jLO §asmbr%o%?kqeotwa?.'(M§écular
Cloning: A LastFats#y Metual’ 1989)ror bychemisarsynthesina  (Raciat efnbotintant ahessvention
relates to thecgolynsitlestide-efrSEQAD: N 12N a:gegond-embediment; the inveatioa relates to the
polynueleoti &/D N wh 45 eqHene lies between posi 'C% \r ition 459 of SEQ
ID No. gl‘.gThgs?g%ésliEnu/cI@ptizaéd cogg ?or th§e polypégpt,tiﬁd(z% déﬂff“n%gga%g\%e,%Zg%?g?%%in%oqnag 30
relates to polyRGEIEBides Mth &PleAsT A% C759% 260%, S5Y-90%. 88%6; 98 and preférablyat 20
least 99% idertitywith theapelyricleotidesof-SEQrID Ne.22 oraditl thespolynuctestid€ wihgsetseguence

lies between position./3 and,position.4593, ot SEQ JD-Na. 2. These pelynyeleotides code 5Sl‘/&f{@bly for
a polypeptide ttggf Cgreserves the bi Iogigal activi%ies of Cghe gglggeptide of SEQ ID No. 1. 25"|dentical
SRR or the av oL

nucleotides” 1 fUtleotidesShat ar ment antiplateiet

20  therapeutics. A protein is considered pro-aggregating when it
is capable of inducing aggregation greater than 3%, and in
an irreversible way.

The receptor recognition peptide motifs expressed on the
surface of many cell types confer on the polypeptide activity

25 of the following types:

- cell adhesion,

- cell recruitment.

The pro-aggregating effect of the polypeptide,
independent of 1its triple helix structure, is the consequence

30 of the activation of one or more receptors present on the
platelet surface (alp2, TILIICBP and GPVI).

The invention alsc relates to fragments of the
polypeptide of SEQ ID No. 1 that preserve at least cne 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 1s derived. The invention thus relates to a

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



invariant or unchanged between two sequences.These polynucleotides can have a deletion, an
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 polynucleatide 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. "HQW!ng'i meang the @%@SUV%_EH%BOf tQ%.{.@z%em@%ncetl}?é\_Ne%@%@&%@é‘en%%s- _
These polynt%%ggot es can Qave a 18 deletion, an addition or a substitution of at least one nucleotide

compared to reference polynucleotide. The degree of homology between two sequences,

quantified by a scorésisaselGruirerpetcentage Oifdermitiés aaBfor Bpregérvidd suBstitbitions-of the
sequences. prdethods for measwing and identitying the.degree of identity and e gegree ofr
homologél be %er} AU eic a_uLcid sequences ar av¥ell %réqnwn to %he Rerson asciéI:eng, .ir%theofa}rthThe AlignX
alignment too%%( lustal 'aIgéritfim)E%)Ef1 the Vector 1 NT[a9C:;1§Sng?ware%ackage(f'nmrogen[RIIIQ%ﬂQMAX,
http://www.invitrogen.cerh}. ft &kafnple, cdifbe USEEE preferably Uiy the BéfatftSettings. “fhe
invention alst telatesitogiolynucleetides=capdhle of.dybridising selectiwely with the:palydacleatitie of 15

SEQ ID NO. 2,95 with the pojynucleptide whase sequenge.ligs-betyeen pasition 73 and pasition 459 of

SEQ ID No. 2. Preferably, selective hybridisation is carried out undér conditions of medium stringency

and preferentidiy' Gider coriditioh T Righ sffingéhcy ThERERolyiuclédtides B6GE 2B raferabfy for
polypeptides havingithe binfogidat agtivities «f thelpolypeptide’ ot SEQID Nos 1.dSeguence ddmable of
hybridising selegtively -means, agearding to thedpvention, the sequenees thatRyhridisejwith the
reference se%taeéwchaE\g Iev]etl) siii%nificany%/ Yreater than.the bgcléq%r?undfnotlﬁe. The 25 signal leyel
generated byt interaction betweén frie seequeeﬁcé1 éapaebales of Ny erid%mg Sélec ﬁ/éfy“an ‘the
reference sedligrites s-gererallya 0 tires pacredntenbE, prefeeably200 timeshfiorelintePgéthan that
of the interactien pf thei ethe:BNA 1sequeiices generrting thedsaskgrounsl. naise. e stiingent s

15 for preparing fragments of a polypeptide as well as the
techniques for measuring the biclogical activities of the
polvpeptides of the present invention are well known to the
person skilled in the art.

The invention alsc relates to polypeptides that have at

20 least one of the activities of the ©polypeptide of
SEQ ID No. 1 and with amino acids at least 70% identical to
the polypeptide of SEQ ID No. 1. Preferably, these
polypeptides have the same properties and notably the same
bpiological activities as the polypeptide of SEQ ID No. 1. The

25 invention relates to polypeptides with amino acids at least
T0%, 80%, 90%, 95%, 98% and preferentially at least §9%
identical fto the polypeptide of SEQ ID No. 1. “Identical
amino acids” means amino acids that are invariant or
unchanged between two sequences. These polypeptides can have

30 a deletion, an addition or a substitution o©of at least one
amino acid compared to the polypeptide of SEQ ID No. 1.

The invention also relates to polypeptides with at least
70%, 80%, 90%, 95%, 98% and preferentially at least 99%
homology with the polypeptide of SEQ ID No. 1. “Homology”

35 means the measurement of the resemblance between protein
seqguences. These polypeptides can have a deletion, an
addition or a substitution of at least one amino acid
compared to the polypeptide of SEQ ID No. 1. The dsgree of



30 hybridisation conditions that enable selective hybridisation are well known to the person skilled in
the art. In general, the hybridisation and washing temperature is at least 5C lower than the Tm of the
reference sequence at a given pH and for a given ionic strength. Typically, the hybridisation 35
temperature is at least 30C for a polynucleotide of 15:tg 50 nucleotides and at least 60C for a
polynucleotide of more than 50 nucleotides. For example, hybridisation is carried out in the following
buffer: 6X SSC, 50 mM Tris-HC1 (pH 7.5), 19 1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, 500

pg/m1 denatyred spimon sper:bNAWWashipgs.dorexample-areicarded guf succgssively with low
stringency in 2X SgC, 0.1% SOS buffer, wjth medium stringe C)é in 0.5X S§ , 0.1% SOS 5 buffer and
based . %@al 1e n

with high stringency inU.1X'SSC, B1% buffer, yk}r(i:1 fon ¢an of €6Ursé be carried out?

according to 6theP ebmitior ifethddd ell kpewateeRose persons skilled in the art (see in particular

Sambrook et al., MoteeulanClaning: Ald aborateneManyak 1989h-Fyaterablywtherpalyrudieatides 10
that hybridise tivel a,reference polynucleoti reserve the function of.the reference
sequencée. d%T %e%i%veﬁt%gn %g{?ér%a?l% elates toli%glﬁl%lgot gééc t%od#{rgleflc)r ﬁ?elﬁ’&%éét%es gcfcording
to the inventioh “Dué td' Begenéidiibh of theét§endticscodd differert s pBAtclides can code for the
same polypeptide. Meflihedaventan atsorelatés 4o amantidetnhibdingrspecificallydtodhe polygeptide

of SEQ ID Na:den - ; 15inding specifigalys dueans thahhese andbedies bindanldo feglypsptide of
SEQ ID No. 1. In particular, the 20 antibodies do not bind to other anjﬁ%ns and'notably not to other

collagenous protéifs. Thie Aitibodies Hetordifly td'the redért invetition-ard preferabiy Spasific
monoclohal antibodies nctably of nrurimexorigiey )chimeridier higvanisediWhich cbuld e 6bteired 25

according to stangart methods wel known to the personskilled.inthe att: « roWegeneral, the o

techniques foer)gregﬁring rgé)nolglé)ng!s%gtibod}ees %g:tar}e'r fugct:iqunal {rﬁlgm n%%, %ogabl ép{ln;urisne origin,
can be selectedfrom those described m’pa?tlcu ar in 30'thé Handbook Antibodies ( arlow and Lane,

Antibodies: A Laboratsty Marilg FCéldSpriri irarbor L aboratbry, Tole Spiifig Harbor RYL pt 746,
1988) or the hybrislomarbaged prepatation-technigue wellknowsriadhe person skilledisdbeadls
Antibody” alsg neaps ghimeric.of hwinapised antlbodies, 38, Ihe, nveniian alsp elates (o expression
cassettes comprising In‘the direction ftranscrlptlon: a unctlona promoter In a host organism, a
polynucleotideccorefiig totthe ildetfigRt1on ©of  recombinant polypeptides by

suitable host cells and thelr subseguent 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 polypeptides of the present invention are produced Dby
recombinant prokaryotic or eukaryotic cells. The polypeptides
of the present invention can thus be produced in bacteria or
in mammalian cells.

25 The invention also 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 according to the invention are glycosylated. The polypeptide
of SEQ ID No. 1 has notably O-glycosylation sites on the
lysine aminc acids present in positiong 102 and 141 ({in
position 3 of a GXY triplet). In a preferred embodiment, the
asparagine residue in position 93 of the polypeptide of

35  SEQ ID No. 1 is glycosvlated.

The inventicn also relates to polynucleotides coding for
the polypeptides defined above. Ag¢cording to the present

invention, “polynucleocotide” means a single-strand nuclectide



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 person skilled in the art. This
expression cassette comprises the elements necessayy to the transcription and translation of
sequences coding for the polypeptides according to the invention. 10 Advantageously, this expression
cassette comprises at the same time elements that cause a host cell to produce a polypeptide and

elements necessary tofthe regylatigof this expression.Anytype of promoter seqyencecanbe used
in the 15 express&on casd%ette accordinglt the invention. The choice of promoter will depend notably
ncleot ?} wh

on the host ofGHAISIT chogen-Tof the eXpréssioki ot tHaSgefe ofiRtEreSt Earain promoterd &fdsie
constitutive eXpressidir ddereds- gtherigromotesy arecor thel dertrapfinduciblel Ansorig the fanctional

promoters in 2Rzacterianthat gf the bactetiophagesli RNAspelymerasersan, be citegdn partisular.
Among tge func})ignal&rgmoter em yeasts the GAL1 g%g%w%qrg%er or th?1 GAL4 an ADH p{rigmoters

of S. cerdvisiaé cah be cF%%FJAmong the func |€5ﬁglspromo ersin igﬁgrl(\a/ul%acrygt?c eli€and né?ably in

mammalian ¢elis Y25 EMY tdytemedalovikls), SYes REV (RBHS3RICEMad#itis), fimail of chigken
beta-actin, betagiatin PG (phospheglycerate kindse)e Eflatpha dhymidine &inesephand MMITY

(mouse mammayy et vifus) £ag be gited Al these promoters gre descriped in the Jieratyre and

are well known to the person skilled in 30the art, Expressioncassettes,accordingtothepresent

invention, carr AfithErREIHE afly offfer S8GueRde nBBdssdrs T0HE exSression OF polypERtides br
polynuéleotidésrsuchdas, fertexample, fdgukation leméhtshomsignaksefaencestenabling:35 tHe,

secretion of polypeptidesprodyced; By, thesRestorganism. Any regulation sequence that increases the

level of expression gf the.coding sequence [aserted in the expression, 1 relates to the
polynucleotide of SEQ ID No. 2. In a second embodiment, the
invention relates to the polynucleotide of SEQ ID No. 2 whose

15 sequence lies between position 73 and position 45%% of
SEQ ID No. 1. These polvnucleotides code for the polypeptides
defined above.

The Inventicn also relates to polynucleotides with at
least 70%, 75%, 80%, 85%, 90%, 95%, 98% and preferably at

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 “Identical nucleotides” means nuclectides that are
invariant or unchanged  between two Seguences. These
polynuclectides can have a deletion, an addition or a
substitution of at least one nucleotide compared to the
reference pclynucleotide.

30 The invention also relates to polynuclectides with at
least 70%, 75%, 80%, 85%, 20%, 95%, 98% and preferably at
least 99% homology with the polynucleotide of SEQ ID NO. 2 or
with the polynuclectide 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
biclogical activities of the polypeptide of SEQ ID No. 1.

“Homology” means the measurement of the resemblance

between nucleic sequences. These polynucleotides can have a



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 notably 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 polyadenylation. Any functional
termination sequence in the selected host organism can be used. 10The present invention also relates

to a polynuclgetide: gorpprising an gxpression gassgtteagcording {0 the invention, advantageoysly the
expression cassetEteS tacgordin%to the resgant in\{éention ge inserted in ‘Fﬁ vecto(;‘.eThe, resent invention
thus also relatss oePeericgtiorﬁ: Bi5t expression vaStors Tarthe transformation-of 5 ho eo‘rgaﬁé?‘n

comprising atiasESGnePolynaeledtide orcaxpressiontoassatecaiciotding totherpreséntdnvention. This

vector can nofably<orrespongde aplasmid,.a osmick ahacigdophage oravirus irwhichis/ipserted a
polynuclgotiderorsaeanO expresag)pi%%%lege accgrdirﬂ%tosge invention. The techniques for

X e VLI S s uences, . . .
constructing ﬁqese vectorg an]a or Inserting In tﬁese vectorsqa poi:ynucleotlde of the invention are well

known to the persoi§killed i tHe art. GEhEr&Il any ettor 6apabld B being-RRINtAREEE apable of
self replicatingdar25i eapabledf propagatingdr a bdst eethinlorder tbddusenotablyl theexpression of

a polynucleotide or. 3 polypeptide, can be used, The person;skilled in the;art will chpose suitable

vectors according to the host organism to be transformed, and accordijq}géto the transformation

technique 30086d ™ +9RE vBLILYSBETHe praséntinvéstchrare AotEBR I<El totansisiny § HolF
organisri with alview to.the deplicatidr:efthe vectorand/orthe expressiomoka polypapiider&ccording

to the inventign i, the/hast organism., 2o he dpvention:also relates tq a method,for preparing.a:
polypeptide according ta the Tnvention comprsing the following steps: 22

The invention alsc relates to polynuclectides capable of

hvbridising selectively with the polynucleotide 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 is carried out under

conditions of medium stringency and preferentially under

cenditions of high stringency. These polynucleotides code

20  preferably for polypeptides having the biclogical activities

0f the polypeptide of SEQ ID No. 1. “Seguence 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 Dbetwsen the

seguence capable of hybridising selectively and the reference

sequences 1s generally 10 times more intense, preferably 100

times mocre 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 art. In general,

the hybridisation and washing temperature is at least 5°C

lower than the Tm of the reference sequence at a given pH and

for a given 1lonic strength. Typically, the hybridisation

35 temperature is at least 30°C for a polynucleotide of 15 to 50

nucleotides and at least 60°C for a polynucleotide of more

than 50 nucleotides. For example, hybridisation is carried

ocut in the following buffer: 66X S53C, 50 mM Tris-HCl (pH 7.5),



- a host organism is transformed with an expression vector comprising an expression cassette
according to the invention and/or with a polynucleotide according to the invention, 5- the polypeptides
produced by the host organism are isolated. The present invention also relates to a method for
transforming a host organism by integrating in the aforgmentioned host organism at least one
polynucleotide or 10 expression cassette or vector according to the invention. The polynucleotide can
be integrated in the genome of the host organism or replicated in a stable manner in the host

organism. Methggs fertransfasming hosterganismssareswell knowndtothe peysgn skilled infhg art and
are widely 15 described in the literature. The resent_inv%régon also relates to a hqst organism

transformed \%ﬁﬁaatbﬁf? cl&Gt ?%xpfe%%ﬁf?] cas¥ette of Ve ?%%Cord?r?& to freMVerition. *HGst
organism" means ingparticilarsaccording te the invehtiorpanystmicaldacer 20 mifticefidlar, lowér or
higher lorgan@s ir&aﬁﬁfﬁ@r S@@?Fﬁdrﬁ@m%@ﬂ@ﬁ%ﬂﬁﬁéwdiQ@”SOQfE*Xghng@Pka@MOE%S, m;a )
particular mammalian cells such as CHO inese hamster qvary,c , B mster kidney),
ey Pyl iy st raich o s st At et ac e Sl
and Y32/0 (ATCC A8 1 EREIIBE)ATHEST GFGariiSh " Peditsta ABAhEMAN BFGaTSAS TPhe iv@htion
also relates teo gamposiivnsdasuseas akdivgreomprisiag a podpeptide slccording tortheravention, a

polynucleotide. according fq the, inyentions an expression 3Q gasseffe accarding te the invention, a

vector accordlr%%to the invention and/or a host organism accaording to the invention. The invention thus

also relates (& phaFmat&itical bHibbsitionsecomprising Spddeptide d6cordig ithe Sinferiion, a
polynuéléotideradcorting 1d tHes mvestioncan 85 expression cassdétte avcerdimg fo/thedheeritiohs a

vector accorging 1o the-inveation,ang/or a host organisieaccording to,theripyention. 23 Ina
preferred embodiment, the jnvention relates to coripltositions for the prevention.and/or the Jreatment of
e i

thromboses. In* othelrnéfrﬁ%&i%ént,(%ﬁgerr%\? idn réflgf[e%tt%% co%ﬁposﬁat?olr%nfléif%heeoprev%ntion or
the treatmentofidisardéstof Haembpstasiszpt 1 dhe ifvention alsd refatdste saitvéonpositionsifor use

as a cicatrisatign agelgeneratiianotherembodiment, thgdaentive compasitions canslalse be used
as. 15 polynucleotides can code for the same polypeptide.

The invention also relates to an antibody binding
specifically to the pclypeptide of SEQ ID No. 1.

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

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

The antibodies according to the present invention are
preferably specific monoclonal antibodies, notably of murine
origin, chimeric or humanised which could be obtained

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

In general, the techrniques 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 (Harlow and Lane, Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring
Harbor NY, p. 726, 1988) or the hybridoma-based preparation
technigue well known to the person skilled in the art.
“Antibody” also means chimeric or humanised antibodies.

35 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,



diagnostic reagents for detecting: certain platelet dysfunctions haematological diseases  active
components of haemostatic bandages and 15adhesives 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 polypeptide 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 the1 25palypeptidesrpolynycleotides; and transformed host:

organisms of the present invention for the manufacture of drugs. The invention relates to
pharmaceutical compoé)lﬁgr?sn(l:osﬁprising a polypeptide, polynucleotide or transformed host brganism
such as defined in the prsEntinvehition and a 30rsuitablessharmadeutichbexcipientnt 1o8aid 2

compositionscean he forautated foradmiristragien ta mapumals Jneluding bumans, Fhedosing e
regimen (?/ariel%%%c&rgigg toithe treatment nd the grilseas}g iJI;] usestign. §gid5%%@gosgionsu%ren
prepared in such ailway as {0 be capable o 3§%eing ademlﬁls?ereé%y the gigestlve or%arentlergl route.
In the pharm&céutical confGSHIGHESST tHE preséhtitiverition fFororalSsgbliing & sdbcutdrieotise
intramusculag intravefous; trapsdermad,lloaal oerectattadministration, ke 24 aetive ingredient san be
administered,ja ugit fawys ofadmiaisization, in miluee, wilh lassic phaupaceutical caprigrsy fa.animals
or humans. Suitable unit forms of administration comprise forms by oral route such as tablets, 5 gelatin

capsules, pofderd Grdmiied BRd RParSsiitonecsr Sispensions; siblihgBaltai®Bhd&it forms of
administéation; subcdiulsredusy fntramysculah lintravepoes; sntranasal oréntrtaoculamforms:=af at

administrationandsregtal forms of administratian, 10Whenea splid comppsition in,tablet form s,
WEmed’m%xdypeptide and elements necessary to the regulation of this
expression.

Any type of promoter sequence can be used in the

15  expression 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 1in particular. Among the functional promoters in
yeasts, the GALl gene promoter or the GALZ and ADH promoters
of 5. cerevisiae can be cited. 2Zmong the functional promocters
in higher eukaryotic cells and notably in mammalian cells,

25 CMV (cytomegalovirus), SV40, RSV (Rous sarcoma virus), human
or chicken beta-actin, beta-globin, PGK (phosphoglycerate
kinase), EFlalpha, thymidine kinase, and MMTV (mouse mammary
tumcur virus) can be cited. A1l these promoters are described
in the literature and are well known to the person skilled in

3G the art.

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



principal active ingredient is mixed with a pharmaceutical excipient such as gelatin, starch, lactose,
magnesium stearate, talc, gum arabic or analogues. Tablets can be coated with saccharose or other
suitable materials or can be treated in such a way that they have extended or delayed activity and that
they continuously release a predetermined quantity obactive ingredient. A preparation in gelatin
capsules is obtained by mixing the active ingredient with a diluent and by pouring the 20 mixture
obtained into soft or hard gelatin capsules. A preparation in syrup or elixir form can contain the

active ingredignt,together,with-& sweetener.an antiseptic, a5 wellas g flavodring.agent and a,suitable

colorant. Water-di?)ersib e powders or granules can contain the 25 active ingredient in mixture with

dispersion or¥veting abenfs or si&fensioh agénts $RFEIFEs withfdvout Sorfecidls of Sieetéhers.
The inventiorealsa relatessto Cosnieticcsonspositionsrcomyprising a ipelypeptide.as destribest-dhove.

30These compositionscCan-mareover semprise active dngredients classi_cally used in d(_arm_atology such
as emollgents, hydre}_{in% lagteivevianig:rLt-%-adtientg, fcu%%nr%é)ugabgrier regtructurlng agents anti-irritants, and
soothing agents. The cosmetic compogitions accoréilng othe MVEntidr &an 5%5}?8rnﬂﬁ§t%d M'the
form of variodid'freparkions Stitable foraspiesal applicatibhnAccordingto a preforrédembbbinsent, the

various preparatiors atessuiiablelfer topicalapplication and ipelude-grears. emuaions dniksxa
pomades, lotigng, glis.2m aqueans oL fydre:alcaliol ot plvegl splutians, powders. sprays. felfes, gels.
hydrogels or any other product for external application. These cosmetic compgsl ions can also contain

antioxidants, preSetvafives dtc. THedRvertigren e used.

10 The present invention also relates to a polynucleotide
comprising an expression 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 polynuclectide or expression
casseltte according to the present invention. This vector can
notably correspond to a plasmid, a cosmid, a2 bacteriophage or
a wvirus in which 1is inserted a polynucleotide or an

20 expression cassette according to the invention. The
techniques for constructing these vectors and for inserting
in these wvectors 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 perscon skilled in the art will choose
suitable vectors according to the host organism to be
transformed, and according to the transformation technigue

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 expression of a polypeptide according
to the invention in the host crganism.

35 The invention also relates to a method for preparing a
polypeptide according to the invention comprising the

following steps:



5 further relates to a method of cosmetic treatment, hygienic 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, etcy);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 transitogy fashion. Figure 2.figuce 2€§9fﬁ§§8§n@@telﬂ@ng%gﬁti%&ﬁ‘w?é@@@@b{ the
conditioned medium (CM) of adherent CHO-S 20cells, transfected in a transitoréffashltgg in the

presence or absence of eﬁincéf)hrcir?ér}%éﬁr%nﬁ Iﬁ&ur%%?%eep?g&é)rﬂs %Qﬁﬁe%gf%% eSS jhr@ r BRA
coding for the protein it astable’ ealt élohe Figdrersd: Figlire @ sholsrdeteetivhi by Westsradilotting of
the 25presence of proteip-Gx-histidinerin the yarious bacterial fractions obtained after
purification. Figure 5: Figure 5 shows platelet aggregation.induced by the protein produced in bacteria.
Figure G:QFigure 6 s.how’%\‘z}}aliggt?&/r%D kg) wgs@tgrn%gfo%%ﬁg %?130%% Sp%%if%?ﬁs 69f the rabbit serdmm -
obtained after 89 days 6Ffrmtfisation. EXAMPLES A. Transitory production by mammalian cells 1.
Vector constructionT8ePlasmid AnNVHAOEA)ion also relates to a method for

transforming a  host organism Dby integrating in the
aforementioned host organism at least cne polynucleotide or
10 expression cassette or vector according to the invention. The
polynucleotide can be integrated in the genome of the host
organism or replicated in a stable manner in the host
organism. Methods for transforming host organisms are well
known te the perscn skilled in the art and are widely

15  described in the literature.
The present invention also relates toc a host organism
transformed with a polynucleotide, expression cassetie or
vector according to the invention. “Host organism” means in

particular according to the invention any unicellular or

20 multicellular, lower or higher organism, 1in particular
selected from  Dbacteria, yeasts and cells of  Thigher
eukarvotes, 1in particular mammalian c¢ells such as CHO

(Chinese hamster ovary cells}, BHK (baby hamster kidney),

HEK-293 (human embryonic kidney c¢ell 1line}, NSO (mouse

25 myeloma cell line), FPer.C% {(Crucell), and YBZ/0 (ATCC no. CRL
1662). “Host organism” means a nonhuman organism.

The invention also relates to compositions for use as a

drug comprising a polypeptide according to the invention, a

polynuclecotide according to the invention, an expressiocon

30 cassette according to the invention, a vector according to

the dinvention and/or a host organism according to the

invention. The invention thus also relates to pharmaceutical

compositicns comprising a polypeptide according to the

invention, a polynucleotide according to the invention, an

35 expression cassette according to the invention, a vector

according to the invention and/or a host organism according

o the invention.



Plasmid NVHOO01-A contains the following elements: - an intron from plasmid pCfneo (Promega:
pClneo Mammalian Expression Vector) 26 the inventive protein NVHOO1 from vector pUC57-NVHO001
(ordered from GeneCust) and possessing type-lll collagen signal peptide (NP 000081) a polyA tail
from hGH mRNA (NM 000515) 5 - aCMVpromoterfrompCDF1-MCS1-EF1-copGFP(System
Eiosciences:pCDFcDNACIoningandExpression Lentivectors). Plasmid 2 (NVHOO01-B1), 3
(NVHO001-132), 4 (NVHO001-C1) and 5 (WHO001-C2) 10Plasmids NVH001-B1 and NVHO001-C1 contain

the following elements: an %ﬁéﬂ@f@@gﬁe&ror@@@éwgﬁl&@mi%évzﬂ%&% 52 V401,989 in yector
ATCC 37149%81 romoter/en anéer thathcan be one of those described in. 15 Molecular CIonl%gT: A

Laboratory MaRuar 3rd edition, AMbrodk and iR géﬁl?%@OlfaE f§priﬁé’ﬁarﬁ§?ﬁ§%§%¥ory ess a
hygromycin casseffefrefFpMono-hygro-mcs (Invivogen) the inventive protein NVH001 from vector

pUCS57-NVHO0O01 20(orderee froneGeneGusthand pessessing typeriigeliagen sigralpeptide (NP
OOOOSlkﬁiCagngg@%%@%g]@g%ﬂ@%BUS%@H%E%&%%d%?dJHgﬂ%%gg%%g% of disorders
of haemostasis.

The invention alsc relates to sald compositions for use
as a cicatrisation agent.

In another embodiment, the inventive compositions can

10 also be used as:
- diagnostic reagents for detecting:
e certain platelet dysfunctions
¢ hzematological diseases
- active compenents of haemostatic Dbandages and
15 adhesives 1n 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 gquantity of a polypeptide

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/cr a host organism
according to the invention.

The invention relates 1lastly to the wuse of the

25 polypeptides, polynuclectlides 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 question. Said
compositions are prepared in such a way as to be capable of

35 being administered by the digestive or parenteral route.

In the pharmaceutical compositions o©f the present

invention for oral, sublingual, subcutanecus, intramuscular,

intravenous, transdermal, local or rectal administraticn, the



a polyA tail from hGH mRNA (NM 000515) 25Plasmids NVH001-B2 and NVHO001-C2 contain the same
elements as plasmids NVH001-131 and Cl 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 ¢ells Plasmid 1 (NVH001-A) 1. Vector
NVHOO01-A is transfected, in a transitory fashion, in CHO-S cells made adherent and cultivated in

RPMI  medium containing5%foetal calf serum using the 35 Lipofectamine 2000 kit from Invitrogen.
2. The cultur@@@@e@at@&tglaéaﬁ@ﬂecte@aa{ days 3 ang #: the-preteins modmotaref@wﬂf%@d amd then

their platelet b t|V|t IS tested using an regomefer. 27 Plasmid NVHOQO
(NVEQ01-32); %W%ﬁg[ g]ﬁ ahd 51(R|V|386>f%%% {t:/%éctorC “XVE001- Bii%l oogl b
NVHO001-C1 &fd N\A¥001-CParefafistestedin a ﬁ&ﬁ@ifb‘%y fashidr #PERO ‘S"‘e&lls 1%%6@55 affferent
and cultivated dm RPPMlunediuom coatapning: 5% foetad calf sertsn usingttbe Lipdfeciaminsg2@AC:kit from

Invitogey. o Tha RNA of the, yansfeqted gelis are extipcied at days 1, 2,3, 42008 by the adding of

800 pl of TRIZOL (Invitrogen). The corresponding cDNA are ohtained by reverse 10 transcription from

1 pg total RNA! Zripiifcation bﬁ%ﬁ%%adarr?éhdou?‘bﬂctﬁé cORE Anipticsiidaretfien detédéd after
migration on a29% aganeseigel fori30 mimutesat 425 V. Arpositivercontrol (transfestetisplasmidyand a

negative conirghwere-alsq carded put. The meolaculas weight markes (at lefd 484s used-taveriy

amplicon size.
P administration.

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

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

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

20  mixture obitained into soft or hard gelatin capsules.

A preparation 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 cosmetic compositions
comprising a polypeptide as described above.

30 These compositions can moreQver 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 accerding to the invention can be

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

include creams, emulsions, milks, pomades, lotions, oils,



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 usin_g an
aggregometer. 3. Biological activity of the inventive protein: 25 platelet aggregation The
platelet binding activity of the inventive protein is evaluated by aggregometry. Blood samples in citrate

tubes, coIIectggﬂgr{g)(%Qealg}y v%%ggg Qnars oaifter éijgned fog%int, %roel%ecn.trifufged at 158 &@r 15
[ P

minutes in order to obtain 30 platelet-ric plasmaé ). Concentration 1S aé]ag ed to%%‘fs giga/L.
Aggregation 8P carkietr ot Hrsing B Regulit (‘F)DE%%@et%@gr@@éﬂm@t@ﬁ%th@i%@f@loé@J_Fpm)_ at
37C. This techriggieris basetkdn photommetricleading aceareing-to thenBosi methaed whieh egnsists in

measuring the 3%:evolution,of the light transmissign of a furhid mediym CERPT'}peresgglqrse%tgi% platelet

function gctiv?'{logtgg}:atele aggregates are formed, the medium clears up and an increase in light

transmisaion 15 observed A folecule’is Rof§idered 28 cosmetic treatment, hygienic
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 1imbalance 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

=)

Expression of messenger RNA coding for the protein
in adherent CHO-8 cells transfected in a transitory
fashion.
Figure 2: Figure 2 represents platelet aggregation induced by
the conditioned medium (CM) of adherent CHO-8
20 cells, transfected in a transitory fashiocn, 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 wvarious
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. Vectoer construction
35 Plasmid 1 (NVH0O01-A)
Plasmid NVHOOI-A contains the following elements:

- an intron from plasmid pCIneo (Promega: pCIneo Mammalian

Expression Vector)



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 OHO-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 medium in the presence or absence 10 of 0.1 pM
epinephrine. Platelet response is measured for 10 minutes. Self-aggregation (-0-) defines the baseline.
Adding 0.1 pM epinephrinednduces a slightshift ofithepbaselingostablesfor 10 minutes (-Q)opdding 30
pl conditioned m giugé ined%c%%g limited response él%%) after 2 minutesﬁ;VQd;Pi; 15 shift is stable
during the 10 mi Gtes ot observa |ont.’%\r(lj%mgseréinepzfﬁring?osrsfr%%ﬁlﬂgs, folfowe by ao ﬁgﬁrbl
conditioned mediurfitifiducedltolal platdiet @ggfetation in 5 minutes (-V-). This aggregation is not
reversible, suggestingithat the: aggregatesdarmed are stabte 20Axding 30 pl of conditioned medium of

non-transfected the@\ﬁ\? CH?E%IQSI,([S@goeS E%'}gducr?@ggq%@f_(g u"!tﬁ r%%%fsentigg%%@%table
25 ' \Y -A) .“The

production by mammalian celis 1. Vector constructio asmid'1 d T [
intron-NVHO001-FGRBAAFTHGE Fémoveerdm theS/dttor cortstrididtEfor trarititory expressivhiant is
cloned in a produetionivectameantaining a hygromycin cassette from pMono-hygro-mcs (Invivogen).

302. The final vectop is.seauenced i, yerify thatno rutationyas. iiroduged ipthe PNA of the protein
of interest anghin theélfrrlent(sJ provided. 3. The Tinearised vector is transfected in a stable fashion
in CHO cells tnade’ ddhereht sing the Lipofectamine 35 2000 kit from Invitrogen. The transfected cells
are selééted by progressivedeveld/dfityigrémyein®. NVHFiglre’3 repraserits expression bf wiessenger
RNA coding for 4he pratein in a stable cell clone.

- an SV40 origin from derived plasmid pSV2-Neo {cri SvV40:1-
988 in vector ATCC 37149)
- a promoter/enhancer that can be one of those described in
15 Molecular <Cloning: A Laboratory Manual: 3rd edition,
Sambrook and Russell, 2001, Cold Spring Harbor Laboratory
Press
- a hygromycin cassette from pMono-hygro-mcs (Invivogen)
- the 1inventive protein NVH00Y from wvector pUC57-NVHOCL
20 {ordered from GeneCust) and possessing type-II1 collagen
signal peptide (NP _000081)
- a C-propeptide from plasmid pUC57-proC (ordered from

GeneCust)
- a polyA tail from hGH mRNA (NM 000515).
25 Plasmids NVHOOI-BZ and NVHCOI-CZ contain  the same

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

fashion, 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 ccllected at days 3 and
4, the proteins produced are purified and then their platelet

binding activity is tested using an aggregometer.



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. FOR amplification was
carried out on cDNA using 5'- 5 AGCTGG000GO00O0O00ACCATG-3' (S) and 5'-
GCTTCCGGGAGGCCCTGGCTTCCCATC-3' (AS) prmers. Amplicons are then detected after
migration on a 2% agarose gel for 30 minutes at 125 V. A positive control, corresponding to plasmid
DNA, is used. The molecular weight marker (at right) 10 is used to verify amplicon size. Stable
expression is obseryed, inthe cell clongs &5 Predyction iphacteria. A )C,O%t“ﬁl&m oine PNA g the
molecule of irgerges‘tg%WHpg%) is 15 amplified by BCR on the vector pUC57-NVHO0O1 using the
tagNVHOO1-sen g I e1 :
GCTGCCATGGGCAGUAGCTATCATCATEATCATEACGGFCGCCUGGEAGOTCCTEGAGAGA

GAGGATTG and the tagNVvHOQL-antisense pLimert oy fashion in CHO-S cells made
GCACG ATCC%TATTAGCCAGGCi%AAGEGTCCAG CTC(\:{\/,hlchmakesn,ZO, poss )le to add
d9 ag or T 1. e * ﬁeéo

6X-histidine tag onrt%rétN-?eI}%in%lf side of prgtefnnN liﬂ%RC&%ﬁéTrsl are clo ¥ Vctor

pET3d (pET3tRNYHODAYEnaBlify pidefiction of tembidctle lbadteria {New Englaid Biotab).
The presence and thiecomect sequence of the DNA are 22 verifiedbyesequenging. 2. Brodystien

1. The vector,pET3d-NVHOO0L is transfected.in BL.21 bacterja e abli@g tié% a proguc | rotein.
2. The bacterid are inocufated in 1 1 nutritive medium 30 aﬁg%i ir?cubate({fTI aF??COuntiltgggé)(@nm is

obtained in which the55Era are iR eXponeriHHaRe. CPV8. protein Picduteion i indaEEd BY IPTG
for 5 hdurs at:3@@ = crigtThe bdctena are:pelleted; lysedrandihe inventive 35-proteinpisipusified in the

soluble (superpatang)andjsolyble: tinclusign bogy) fraction of thebactgria ogMacherey-Nagel.
anﬂ-6X-Nsﬂ%¥¥%¥%%ﬁ¥ggﬂﬂg% 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 weight 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 - days. The progress of mRNA expression is represented

20  in Figure 1.

Z. 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 ©protein:

25 platelet aggregation

The platelet binding activity of the inventive protein
is evaluated by aggregometry. Blood samples in citrate tubes,
collected frem 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. RAggregation tests are carried out using a
Regulest® platelet aggregometer, with stirring (1000 rpm) at
37°C. This technique is based on photometric reading
accerding to the Born methed which consists in measuring the

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

in light transmission is observed. A meclecule is considered



30 Figure 4 shows detection by Western blotting of the presence of protein-6X-histidine in the
various bacterial fractions obtained after purification. 40 pl 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-HC1ypH 6.8 and 0.1% SOS) at 18 mA, in 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) for 60 min

at 70 V. Non-spedific,binding.is blacked-by incubationsaf the membrane for12Q min at 37 Cand.with
stirring, in a saline solution of Tris + 0.1% Tween-20 (TBS-T) containing 5% skimmed milk, The 15
aline solyion of Tiis + 6,16 Tween; 2% sdmm

membrane isthen incubated overnight at 4C with an anficeXATstiting tagmonociona an‘ifi%ay fcell

Signaling) dilbtEeRte 1mobbh FTBSUE. AfErrS ARGhNGDf BmiihsTBS SR thé&hembrane is incubated
for 60 min at room temperature in-yrapt-AeUSe lantibody cedpled yeth peroxidase £dackson R@
Laborataries) di /10,000, T m el in,washe ee times_for.5 min in TBS, The
result is%/risu)glggs%%?y%éﬁe%?ﬁ%nﬁers%%engé%%c %?%?Jae%gng thct(-:-je E%i’kit@@%lesrgﬁgr%. he. pr%sence
of protein is dBsErved firthe varitd 25 fractions. TR BrincpaFBERE Bbtaifiéd with aSh6IBculdt weight

of roughly 19kDai eptrespaends to the monomeric form of the _protein. Bands can also be observed in
certain fractions correspopding.to profgins.with malecularweights of 26:kPa,143:klpa and 60.kba. 303.

Demonstration of it bl%ljo%ica] activity: platelet ag%re jation . The platelet binding activity of the
inventive protein & &Valuated by a %‘géjdotrﬁgdel od safhples in‘tirdté TibeY; coftéctéd fiohr fealthy
voluntee¥ dondrs @ftér signed consent 135 arefderitrifutied at $50msfor 15 mivgtes iredrdéeto diftain

platelet-rich plasmadERP3<The geacanitationds adjusted{0:300-gigaik- Aggregation tests are garried
out using a Rf,'.gfIeu%(r)e%altgl%ﬁggrrl%gojmneé%%g\gth astiréiﬂ)gg(%gOOSl’lj?ﬁ)tat of the baseline,
stable for 10 minutes (-e-}, Adding 30 ul 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 formed are stable.
20 Adding 30 ul of conditicned medium of non-transfected
adherent CHO-3 cells deoes not induce aggregaticn (result not
presented) .

B. Stable production by mammalian cells

1. Vector construction
25 Flasmid 1 (NVHOO1~A)
1. The intron-NVHOO1-hGHpA unit is removed from the

vector constructed for transitory expression and is cloned in

a producticn vecteor containing a hygromycin cassette from
pMonoc-hygro-mcs (Invivogen) .

30 2. The final vector 1s 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 is 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.



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 clears up
and an increase in light transmission is observed. A mglecule is 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 indacterianz  Jhe vareus, fragtipng-eluted from theanti-6Xzhistidinetag ¢olymn
containing the protein d%Ie(ét(%j tp/lw,ﬁﬁt_[eiBES &ottin% are cql)lectg%and al}ophilisa e is obtajned by
centrifugatior? art of this iyophilisaté is incuba ed i me Breensehcé of 0.25% aﬁl?gr% Glerh%/dg of 3 hours
at 4C and thér @ialysé¢ bVernight agdiiistrDe PRSI AT befoteits Gseih aggrégohdtay 26T Re
reaction mixtureris composedaf 290rpl PREsto whieh isadded:30 pld?BS eontaining the;protein.

Platelet resp ' X ﬂ:ﬂ utes. The lines magked -0- and -V-show the response_
obtainedrs aﬂe%ﬁ%ggggegqgagggué?n of PBS and of diazﬁ%<Ié PBsfqutaralasiepr(?yde,.respectin\ily: no 25

ing 0

aggregation %%%?\@%%ﬁ’& of PBS-édntaihing protBif it afgregRied i diataraidehyde
(-V-) or aggregated by-glataraldehyde and didlysed (+) shows signifitantaggregationd 0 mintutes after
they were addgdThjg.aggregation.r 939'?35190‘?0%\{9@@@ 100% (551, respectively, 30 afigr 20,

minutes. D. Production of anti-protein of interest antibody.in rabbit, 1. The protein is produced in

Th
large quantity TPBI2E bRtetia a3 preidusly destifodd L2 G Yanbrs a7 imtbinGe8 4 times at
3-week 85 intervals sthvt istto sayeatiDE, D21p042and 0637 with thé Ppukified proteiresupplemented
(v/v) with Freypd's-agiyvant. 82« ~<3.1The rghbijts are sacrificed at the end of the protocol at 589 and
the sera are rce'co]\:g%eéiut@é Eggtri&u{ga%igg tagtg{ aexsanguination of the animals.

1. Construction
The DNA of the molecule of interest {NVHOO1) is
15 amplified by PCR on the vector pUC57-NVHOOL using the

LagNVHOOl~sense primer:
GCTGCCATGGGCAGCAGCCATCATCATCATCATCACGGETCGCCCEGEAGCTCCTGGAGAGA
GAGGATTG and the tagNVHOOLl~antisense primer:

GCACGGATCCTATTAGCCAGGGCAAGGTCCAGGGGCTC which makes it
20 possible to add a 6X-histidine tag on the N-terminal side of
protein NVHGO01. The PCR products are cloned in vecter pET3d
(pET3d~NVHOO1) enabling producticon of the molecule in
bacteria (New England Biolab}.
The presence and the correct sequence c¢f the DNA are
25 wverified by seguencing.
2. Production
1. The vector pET3d-NVHC01 1is transfected in BL21

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 18 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 1s purified in the soluble (supernatant) and
inscluble (inclusion body) fraction of the bacteria on

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



4. The IgG are purified by affinity chromatography on a specific column in order to eliminate plasma
proteins. Figure 6 shows the validation by Western blotting of the specificity of the rabbit serum
obtained after 89 days of immunisation. 10 pl of two preparations of proteins produced in 10 bacteria,
whose aggregating activity was validated by aggregometry, 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) using the 15 Mini-Protean 3

migration system (Bﬁq_[ﬁ(g%/em@ peateins separated.in the;gel %%ér-égﬁf?rf%q%@@i%}]{?%@efleﬁra“e

(Biorad) for 60 min at . Non-specific binding is blocked by incubation of the membrane for ?LZO min
at 37C and With St in“a salifie’ S5ittiof of THis 6.1848 Fwedh-201G BSA30 Y Bontaifing 5% -
skimmed milk RHetirensbrahé és thed inddlbated ovémighttatAC either with rabbit serum, withdrawn at
589 of the immunisatipnproteeol apdudiluted ta 14,00,gr:with. an anti-6X-histidine;tag monoglgpal
antibodyS(nglﬁ?.{gn_ 'ggg ngliteg%%élllog% in T%%—ir.rﬁtgr 3i\évashiﬁ?8s of,§ min i_n TBS_- 25 .T tpg
membrane is Incubated for 60 niin at roomgtemperaltlure in art anti-mouse or anti-rdbbit ﬁnnb%ay
coupled with Pefoxidase eTatRson aboratofes) difuedd t 8100001 Fhe membirade iscagain washed
three times farigmin inBSuThe resultds visualisedday.the C?S%ﬁﬁem% ﬁgﬂ?:ﬂuﬁ (:a?mg 30
Drotoin prepesatians (A Wells 1 and 20 ith & molus. g Weigof 60 DA Th band s Aibstibtected
by the anti-6%Hictftfve YTt sHOWIRG that %t i€ 35 indedd e inveAtive 16 (B YF&fE™. and
2). It sHduld beémoteskithat We s 0donges observerthe other bands detegted by:the anti-6X-bistidine tag
antibody on the pyrifies: fragfions-af hacteria, This resylt spgogsts that immupisalion. was nly; 33
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 (TBS5-T) «containing 5% skimmed milk. The
15 membrane i1s then incubated overnight at 4°C with an anti-6%-
nistidine tag monoclonal antibody (Cell Signaling) diluted to
1/1000 in TBS-T. After 3 washings of 5 min in TBS-T, the
membrane 1is incubated for 60 min at room temperature in an
anti-mouse antibody coupled with peroxidase (Jackson
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 technique using the ECL kit
{Amersham) .
The presence of protein is observed in the various
25 fractions. The principal band obtained with a molecular
welght 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 kDa.

30 3. Demonstraticn of its biological activity: 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,

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

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



effective for the multimeric form of the inventive protein or that the inventive protein assembles into a
multimer once purified. 34 REFERENCES Asselin et al., Biochem J. 1999 Apr 15; 339(Pt 2): 413-8
Born et a/., Nature 1962 June, 194: 927-9 5Boudko and Engel, J Mol Biol. 2004 Jan 30; 335(5):
1289-97 Bulleid et al., EMBO J. 1997 Nov 17; 16(22):36694-701 Bulleid et al., Biochem J. 1996 Jul 1;
317(Pt 1): 195-202 Farndale et al., Biochem Soo Trans. 2008 Apr; 36(Pt 2): 241- 50 10Bulmes DJ, J
Struct Biol. 2002 Jan-Feb; 137(1-2): 2-10 Jarvis et al., Blood. 2008 May 15; 111(10): 4986-96 Kim et

al., J Bid | Chenv. 2005 Seps16; 280(37)32512:20 LismandT etal., Blood. 2006 Dec 1;,108(12);
3753-6 McAlinden et al., J Biol %]enﬁ 2003 Oc;cthz4c;127gg4 : 42200-7 15Monnet E et a/., J Biﬁl Chem.
2000 Apr 14;%%%?3?%?’?89 L7 Morton &t al™ Biochen 371 é:%?ﬁ?%%ﬁﬂ er:e??i??l-ﬂir@lsg Btal.,
Adv Drug DeVREVE2008 Név Z8:B5(1NI547L 87 Firessatadl., Ebrd Med Chiem. 22007 MayE 42(5):

694-701 20Rpynal-es al.z d Bial Chemp2006 fieb 4fn281(4): 382k38dnse to a platelet
5 activator. If platelet aggregates are formed, the medium
clears up and an increase in light transmissiocn is observed.
A molecule is considered to have a pro-aggregating effect
when an 1increase of mcere than 30% 1is observed in this
transmissiocn 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 wvarious fracticons eluted from the anti-6X-histidine
tag column containing the protein detsected by Western
15 Dbletting are collected and & 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
adgregometry.
20 The reaction mixture 1s composed of 290 pl PBPRP to which
is added 30 ul PBS containing the protein. Platelet response
is measured for 25 minutes. The lines marked -o- and -V-
show the response obtained after the adding ¢f 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 (-¥-) or aggregated

by glutaraldehyde and dialysed (-e-) shows significant
aggregation 10 minutes after they were added. This
aggregation reaches 9%0% (-¥-) 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 gquantity in BL21
bacteria as previously described.
2. Two rabbits are immunised 4 times at 3-week
35 intervals, that is to say at DO, D21, D42 and D63, with the

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



Ruggiero and Koch, Methods. 2008 May; 45(1): 75-85 Smethurst et al., J Biol Chem. 2007 Jan 12;
282(2): 1296-304 Verkleij et al., Blood. 1998 May 15; 91(10): 3808-16 35 CLAIMS 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 position 152 of SEQ-ID No. 1. 2. An isolated polypeptide
characterised in that: it has at least 70% identity over its entire length with the polypeptide of SEQ
ID No. 1 or with the 10polypeptide of position 25 to position 152 of SEQ ID No. 1, it is capable of

inducing an aggreg@tionr@l@l&rgggp{godaglgteg%iéjg{eq@égj’la&n@Q%é'n@@a@fet@ggrggq@g%ﬁt 37C
with stirring of 1000 P he isolated T;{o Eg/pelchtlde accordlr&%to claim 2 %haracterlsed that it
comprises atTcast the f(ﬁﬂ) g’ﬁep?ﬁg Potifs”  TEXTEIGER Whersfi ki P’éjﬁ.l"esae

|ndependentl?%ﬁ%ﬂ@*@dﬂls@lﬁci@@@fr@mwﬂ,m, D,QEG,H LK MFP,ST,W,Y,VandO0;
(GPX3)n with n betweerr4andAD and:X3representing/PHFPinity chromatography on a
5 specific column in order to eliminate plasma proteins.

Figure © shows the validation by Western blotting of the
specificity of the rabbit serum obtained after 89 days of
immunisation.

160 nl of two preparations of proteins produced in

10 bacteria, whose aggregating activity was validated by
aggregometry, 1s deposited on a 16% polyacrylamide gel.
Electrophoresis 1is carried out in migration buffer (192 mM
glycine, 25 mM Tris-HCL pH 6.8 and 0.1% SD3S) at 18 mA, in the
presence of molecular welght markers (Amersham) using the

15 Mini-Protean 3 migration system (Biorad). The proteins
separated In the gel are transferred on a PVDF membrane
(Blorad) for 60 min at 70 V. Non-specific binding is klocked
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~-

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-T. After 3 washings of 5 min in TBS-

25 T, the membrane 1is incubated fcr 6C min at room temperature
in an anti-meouse or anti-rabblit 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 technigque 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 molecular weight of 60 kbDa. This band is also detected
by the anti-&X¥-histidine tag antibody, showing that it is

35 indeed the inventive protein (B, wells 1 and 2). It should be
noted that we nc longer observe the cother bands detected by
the anti-€X-histidine tag antibody on the purified fractions

of bacteria. This result suggests that immunisation was only



GPRGQX4GVMGFX5 where X4 and X5 represent independently 25P 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. 36 6.The isolated polynucleotide
according to claim 5 characterised in thatit has theseguence of the polynucleotide of SEQ ID No. 2.
57.An antibody binding specifically to the polypeptide of SEQ ID No. 1. B.An expression cassette
comprising in the direction of transcription: 10- a functional promoter in a host organism, the

polynucleotideaccording tagne of the.glaims o7 : = form of the inventive protein or
that the inventive protein assembles into a multimer once

purified.



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 to claim B. 2010. A host organism, excluding humans, transformed with the polynucleotide
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polypeptide according to one of claims 1-4, the polynucleotide according to one of claims 5- 6, the
expression cassette according to claim 8, the V%g%‘ﬂ@ﬁ&% g to claim 9 and/or the host organism
according to 30claim 10. 12. The composition for use as a drug according to claim 11 for the
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ABSTRACT RECOMBINANT PROTEINS HAVING HAEMOSTATIC ACTIVITY AND CAPABLE OF
INDUCING PLATELET AGGREGATION Recombinant proteins capable of inducing platelet
aggregation and uses thereof. 355266 D26270 seq listing.txt SEQUENCE LISTING <110> Centre
Hospitalier Universitaire de Dijon VANDROUX, David-RE MAISTRE, Emmanuel PROST, Edouard _
<120> Recombinant proteins having haemostatic activity and capable of inducing platelet aggregation
<130> D26270 <150> FR 0856423 <151> 2008-09-24 <160> 8 <170> PatentIn version 3.3 <210> 1
<211> 152 <212> PRT CTLAIMS

1. An isclated polypeptide characterised in that it
has the seguence of the polypeptide of SEQ ID No. 1 or the
5 polypeptide of position 25 to position 152 of SEQ ID No. 1.

2. An isolated polypeptide characterised in that:

- it has at least 70% identity over its entire length
with the polypeptide of SEQ ID Ne. 1 or with the

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

- it i1s capable of inducing an aggregaticn of human
bloocd platelets greater than 30% in a platelet
aggregemeter at 37°C with stirring of 1000 rpm.

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

- GX XGER 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, ¥, V and C;
- {GPX3)n with n between 4 and 10 and ¥; representing P

or 0O;
- GPRGOX GVMGFXs; where X3 and X5 represent independently
25 P or O.
4. The isclated polypeptide according to claim 2

characterised in that it comprises at least the following
preptide motifsa:

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

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



<213> Artificial <220> <223> Coll-lll-like recombinant protein <400> 1 met Met Ser Phe Val Gin Lys
Gly Ser Trp Leu Leu Leu Ala Leu Leu 151015 His Pro Thr lle lle Leu Ala Gin Gly Arg Pro Gly Ala Pro
Gly Glu 202530 Arg Gly Leu Pro Gly Pro Pro Gly Pro Arg Gly Ala Ala Gly Glu Pro 354045 Gly Arg Asp
Gly Val Pro Gly Gly Pro Gly Met Arg Gly Met Pro Gly 505560 Ser Pro Gly Gly Pro Gly Ser Asp Gly Lys
Pro Gly Pro Pro Gly Ser 65707580 Gin Gly Glu Ser Gly Arg Pro Gly Pro Pro Gly Glu Asn Gly Lys Pro
859095 Gly Glu Pro Gly Pro Lys Gly Asp Ala Gly Pro Pro Gly Pro Pro Gly 100105110

6. The isclated polynucleotide according to claim 5
characterised in  that it has the seguence of the
polynuclectide of SEQ ID No. 2.

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

8. An expression cassetfe comprising in the direction
of transcription:
10 - a functiconal promoter in a host corganism,
- the polynucleotide according to one of the claims 5-
6;

- & functional terminaticn seguence 1in the same host

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

20 16. A host organism, excluding humans, transformed with
the polynucleotide according to one of the claims 5-¢, the
expression cassette accerding to claim 8 and/or the vector
according to claim 9.

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-
6, the expression cassette according to claim 8, the wvector
according to 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.



Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro 115120125 Pro Gly Pro Pro Gly Pro
Pro Gly Pro Arg Gly Asp Lys Gly Pro Pro 130135140 Gly Ala Pro Gly Pro Cys Pro Gly 145150 355266
D26270 seq listing.txt <210> 2 <211> 459 <212> DNA <213> Atrtificial <220> <223> Sequence
coding for recombinant Coll-lll-like protein cgtgcagaasggggcgccc tgctggaga aagcccagg gcggcagace
atgccggacc gecctectgg ctggageccec ggggagcetgg cggagctect acctggcaga aggaccagga aggacctcct
acctggccca acctcctgga tggaccttge

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.



ctgcttctcg ggagagagag gatggcgtcc agcgatggga ggagagaacg ccaggccctc ccacctggac cctggctaa
ctctgcttca gattgcctgg ctggaggacc agccagggcc gaaagcctgg ccggaccacc ctccaggcecc tcctactatt
acctccaggg aggaatgagg tcccggaagc agaaccaggc tggacctcca aagaggcgac <210> 3 <211> 21 <212>
DNA <213> Artificial <220> <223> Sense primer (S) <400> 3 agctggcgceg ccgecaccat g21 <210> 4
<211> 27 <212> DNA <213> Atrtificial

ABSTRACT

RECCOMBINANT PROTEINS HAVING HAEMCSTATIC ACTIVITY AND CAPABLE
OF INDUOCING PLATELET AGGREGATION

Recombinant proteins capable of inducing platelet aggregation
and uses thereof.



<220> <223> Antisense primer (AS) <400> 4 gcttccggga ggccctggct tcccatc27 <210> 5 <211> 69
<212> DNA <213> Atrtificial <220> <223> tagNVHO001-sense primer <400> 5 gctgccatgg gcagcagcca
tcatcatcat catcacggtc gcccgggagc tcctggagag60 agaggattgb9 <210> 6 <211> 38 <212> DNA 355266
026270 seq listing.txt <213> Artlflgg%lmﬁ. 026270 seq 1isting.txt
SEQUENCE LISTING
<110> Centre Hospitalier Universitaire de bijon
VANDROUX, David

DE MAISTRE, Emmanuel
PROST, Edouard

<120> Recombinant proteins having haemostatic activity and capable of inducing
nlatelet aggregation

<130> D26270

<150> FR 0856423
<151> 2008-09-24

<160> 8

<170> PatentIn version 3.3

<210> 1

<211> 152

<212> PRT

<213> Artificial

<220>

«223> coll-111-Tike recombinant protein
<400> 1

Met Met Ser Phe val Gln Lys Gly Ser Trp Leu teu Leu Ala Leu Leu
1 5 10 15

His Pro Thr Ile Ile Leu Ala Gin Gly Arg Pro Gly Ala Pro Gly Glu
20 25 30

Arg Gly Leu Pro Gly Pro Pro Gly Pro Arg Gly Ala Ala Gly Glu Pro
35 40 45

Gly Arg Asp Gly val Pro Gly Gly Pro Gly Met Arg Gly Met Pro Gly
50 55 60

ser pPro Gly Gly Pro Gly Ser Asp Gly Lys Pro Gly Pro Pro Gly ser
65 70 75 &0

GIn Gly Glu ser Gly Arg Pro Gly Pro Pro Gly Glu Asn Gly Lys Pro
85 90 95

Gly Glu pPro Gly Pro Lys Gly Asp Ala Gly Pro Pro Gly Pro Pro Gly
100 105 110

Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro
115 120 125

Pro Gly Pro Pro Gly Pro Pro Gly Pro Arg Gly Asp Lys Gly Pro Pro
130 135 140

Gly Ala Pro Gly Pro Cys Pro Gly
145 150

rage 1



<220> <223> tagNVHOO01-antisense primer <400> 6 gcacggatcc tattagccag ggcaaggtcc aggggctc38
<210> 7 <211> 6 <212> PRT <213> Atrtificial <220> <223> Peptide motif <400> 7 Gly Ala Pro Gly Glu
Arg 15 <210> 8 <211> 8 <212> PRT <213> Artificial <220> <223> Peptide motif <400> 8 Lys Pro Gly

Glu Pro Gly Pro Lys 15 355266 D26270 seq listing.txt

<210> 2

<211> 459
<212> DNA
<213>

<220>
<223>

<400> 2
atgatgagct

atcectggeac
cccagaggag
ggcatgcccg
cagggagaaa
ccaaagggag
ggceetectg

aagggacctc

Artificial

tcgtgecagaa
daggggcegecec
ctgctggaga
gaagcceagq
gcggcagacc
atrgecggace
gccctectgg

ctggageecc

ggggagcigy
cggagetect

acctggcaga
aggaccagga
aggacctcct
acctggeeca
acctcctgga

tggaccttge

ctgcrteteg
ggagagagag
gatggcgtce
agcgatggga
ggagagaacyg
ccaggecectc
ccacctggac

cctggctaa

sequence coding for recombinant Col1-III-Tike protein

ctctgettea toctactatt
gattgcetgg acctccaggg
ctggaggacc aggaatgagg
agccaggygec tcccggaage
gaaagcctgg agaaccaggce
ccggaccace tggacctcca

ctecaggece aagaggegac

60
120
180
240
300
360
420
459

<210> 3

<213> 21

<212> DNA

«<213> Artificial

<220> )
<223> Sense primer (S)

<400> 3

agctggegeg ccgecaccat g 21

<210> 4

<211> 27

<212> DNA

<213> Artificial

<220> )
- <223> Antisense primer (AS)
<400> 4

gcttccggga ggeoctgget toccatc 27

<210>
<211>
<212>
<213>

<220>
<223>

5

6a

DNA
artificial

tagNvHOOI1-sense primer

<400> 5

gctgecatgg gcagcageca tcatcatcat catcacggtc goccgggage tcctggagag 60

agaggattg 69

<210> ©
<211> 38
<212> DNA

Page 2



<213>

<220>
<223>

<400>

Artificial

355266 D26270 seq listing.txt

tagNVHOO1l-antisense primer

6

gcacggatcc tattagccag ggcaaggtec aggggcetc

<210>
<211>
<212>
<213>

<220
<223>

<400>

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7

6

PRT
artificial

pPeptide motif
7

Gly Ala Pro Gly gWu Arg

8

B

PRT
Artificial

Peptide motif
8

Lys Pro Gly Glu Pro Gly Pro Lys
1 5
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