10

15

20

25

30

CELLULAR DI FFERENTI ATI ON PROCESS AND | TS USE FOR BLOCD
VESSEL BUI LD- UP The present invention relates to a
wa@edobubamn1 di fferentiati on process and its use POI/EBtoomas7850
vessel build-up. The present invention also relates to
the use of specific oxygen doncentrations for the
CELLYILARDIRRERENTIA TTON PROGESS ANS Hif USEi KORBIOGIs VESSEL

I n devel opnent al bi ol ogy ﬁelér}géar differentiation is
the process by which a | BY ialized cell becomes a

numerous tinmes during the developnent of a
The pmsbﬁtim@nltiuh aclaes gaaicsinlasdiffesnasganpooess had ge usé fanblaod vessel
sin otetoaco | ex system of ti.ssues and cell
build-p. ”g%e BT SREALPRERBACIAGS 40 PEEPETES OXygPnaepiceryrations for
I | and create
the 1@%&@&4&1'0%1 ?) grggﬁlth?lglteggﬁ?ghgtﬁ%eﬁbg%ﬁ s during tissue
repair and during nor mal cell turnover. Cell

tn deyilanagiail o loe e S dpbR S vBaBEs: B oftyph depgpecialized
cell b&daRg ﬁb@n@%blﬁmédyoenﬁ > DiRANESToP6 & utPhiaRt¥udtifict Quring the

hi ghl'y-control | ed nodifications in gene expression.
developmant af panplegd bibari Qm@lsrn &b Ithd eniganlisif ehapgasi fdem onsiaglagygote to a

comp]%%vsgsrteranv tlls\él?ess aandCh nt%lg 1%flgrenF1a| %1o‘n 1§ ueonr%r%ol{ltp%ecess n Pdults as
ferent ave very [ erent "pnysi Ca

well: gl agh eellsdivik aﬂlﬁ?o@éa&@ﬁﬂl@vdlffgrehﬁﬁedi dﬁl@h@%@ﬂ@dur&lglﬁdshe repair
that is able to dlfferentl ate into many cell types is
and dyiingideras! ¢ luﬁurrm%ﬂte dﬁfﬁ@@@la&m C8USES éfs S| PP thefrity, metabolic
e l,
act1v1t§1hli11gc§1§% ng{evlepgsts o s@n&l@ (%( E éigﬁ?%ﬁaﬁ%t en?% Elflaﬁ{ggpgﬂquﬁely due
to hig‘rﬁym@nhtmllednhlpdiﬂcetmysgm @cm d:xpmsdign eﬁﬁﬂy anfov cekdmioas,ecellular

differeyhinify Gt SRR B0 AOSR FUNEEoCRI O TINA WSERelT. This, diffrent
cells o'ﬁﬁth@% ¥ dﬁ?er&ﬁ p“}'ﬁ@dl QRhrhfteri Qg Ql@ép?@halfﬁlgttﬁesaﬁﬂer gthome.

hours after fertilization, this cell divides into
A cellitbigns rlelalto défer@ltlalenntmunm}sqellatpmsox kmume hsyplmupotemtaif ese cells are

called ¥ Epibn adE Aot LGSl R HE T eflaE: 1 known s

totipofe@t. 1R WMaSihaE, dnbf the Qﬂlé&e afi@bdrBnibrobis bty totipofnt.
bl ast ocyst has ‘an ouf er | ayer of cells, and inside

Devel@mmgnthbﬂgmwwg@hér@erm rf@“rlé2¢53ara egg a8d ercagts caingle echll thaghas the
nneeﬁn 8 e[lre m%t%?srn -f %1 C rs rs #’t tﬁrtﬁ zgtlon %hls cnﬁ?ﬁwdes into
h 16 Pormvirt Ur tisdlies 6F

1dent1&uu rasams b@@umaﬁd tabpmgﬁnettﬂ@ f@@d dla@zs aftet ReetiliZaties ase hfterrmseral cycles
an formvirtually every type of cell found jn th
of celf dhasiomdagse ¢ beglnitotPorighins. dRreingahheliaw Thkae of axlly called a

blasto@%s@. Tlf‘eflﬁ?,srt@ st Ras?h (théfrlh gL s, Phél’ s ttﬁﬁthoﬂB@/rgpﬁ@IIel there is a
u dergo her speC|a Ization Irnto nulti potent

clustepobgeisicabied tixellhﬁertchhtrnetskléfhegoe\llle off itleeinher delimaidsomidll go on to form
Vlrtuaﬁy a|l of tEths ues of e Hci}n%rlq t?onﬁ %lt%gugﬂl ‘Eh%rce se Iolf?heI Ql%leruge?l mass can

form virtually every type of cell found in the human body, they cannot form an organism.

potentlarf GE?

These cells are referred to as pluripotent.

Pluripotent stem cells undergo further specialization into multipotent progenitor cells that

then give rise to functional cells. Examples of stem and progenitor cells include:
Hematopoietic stem cells (adult stem cells) from the bone marrow that give rise

to red blood cells, white blood cells, and platelets
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Hemat opoi etic stemcells (adult stemcells) fromthe
bone marrow that give rise to red blood cells, white
whbaodsael | s, and pl at el et sMesenchymal st em cebdBEP2009/057850
(adult stemcells) fromthe bone marrow that give rise
to stromal cells, fat cells? and types of bone cells
Epi t heMesdnchymah gt@h Icslly (adolg stait a@ils cedbinghe dborat meirone that give rise
é%ie]io th vanlous types oﬁ skin cells Miscle
to strogagl gells; faé gty pad (VBFOYEHINESFItel I's) that contribute to
di T f er gpiticRbPde Yo GrédcPRbERartatPee Hidd 14RE vaSdUs types of skin
type in an organi smexpresses a subset of all the
cells genes that constitute the genone of that species. Each
cell type.is defined by its particular pattern.of .
rEgul aVBRel SHEMIS R Blasih el BB GifBlegtiored muscle
tissuethus a transition of a cell fromone cell type to
another and it involves a switch fromone pattern of
gene expression to another. A few evolutionarily
SEr Ve es .of l e r t .
Each FROSREATAIRTD Hor g iRt SR04 e S prpptiure the

genonsb f the speciEheEavh) @il tyyd &sddctiyeieupaticyliopaese st tdgatated gene
contro] cellular differentiation involve c

. N .
oxpressiogn Gl AGTCTRIFIOBIS PHe? SRRHEAN Gl TR Opf sl wop {regpother and it
involVeB fO LR gn:aﬁ roﬁ@hﬁﬁ&ln. o0 g&?el E)éﬁiﬁsiedglgtgotr g%ttﬁ&ntﬁf Gy Oefvolutionarily

cel |l ul ar erentiati on"are factors.
conserdttiyes dfnpolctdat poreategy oftent mvolved ualthey cdluddrrmbaeisms that

| ecul ar, differentiation contrql signals insjde a
contmggt'hgﬁ sgfétplile_s. L}g&n n&aﬁro I@m’% 5‘? m qﬁc‘éiegnﬁmgsssﬁk tbﬁtc ﬁontrol cellular
differdn®fafii€ &lvbo weaereuddégﬂaﬁhgmwaﬁ& b Ehecggr&an RholSduliahst &RReP rformation

unequal in the daughter cells and this inbal ance

from ek o toslli dqurthigs the nentiohtotf eqeislapfdiidi¢refiteationt arat dabled faspwth factors.

the different daughter cells. A well-studied examl .
Anoth]eg 11{1%0éiaggg§fit%& 18 lt'% g{l?aéllaﬁy H&?I}Wtedjlgiegﬁﬁr Lfig!rer tation Rortrol signals
insideNDpLEIceS. EpEh SRokINRY, HRNMIMEVHRf Qlich intrhedialdr diffdrentiation control

. differentiation control signal. The in vitro
signalg ggn e naefual ingthe daughtereqells jand this ybelprdeaeapisiipdissinct patterns of

differéglgl{rgﬁ(?rg 3?12 Iﬂ%}(‘ gﬁ%?&lt (ga%gfﬂﬂg?% ﬁsd A %ﬁlgtua{e%i: ef‘}!aﬂlé)tlei (i)sn the body axis

opol etic stemcells proliter
patteriginy i Deosopinith. RiINA sndfl entuldslage smnimhshtmantypodf inerared] i defférentiation
temcells are well known. For exanple, WD 2007/049096
Comﬂﬁﬁgeﬂoses a nmethod for expending and allow ng the
differentiation from hematopoietic stemcells toward
endot helial cells. This nmethod conprises an in vitro
The ircwitrv wxpamsfons t. @ praléfetasionj amdali§prectiftion prodesses @ramwdil dogumented in

wherein.stemcells are attached on.a support ..
the atly T AT BABROBO TG Ty 915, B At Cpligtg conditions for the
enrichBRAPH NI Abpdr&id sem VBILRY Qlell KnBive. docunent never

mentions that stemcells purified with the

CD34- positive
For example, WO 2007/049096 discloses a method for expending and allowing the
differentiation from hematopoictic stem cells toward endothelial cells. This method comprises
an in vitro culture of stem cells, in a specific culture medium, wherein stem cells are attached
on a support allowing/enhancing their differentiation into endothelial cells.
Moreover, this document never mentions that stem cells purified with the CD34-positive

antigen can provide other attached cells than endothelial cells.
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antigen can provide other attached cells than
endot helial cells.So, although differentiation
w@eaeasEes are nore and nore understood by sciBEL/EB10)9/057850
the nechanisns of cellular differentiation and fate
remai n to be el uci dated. MdBeover, no docunent in the
So, abhdugtli diffcos¢iatien tphneccssvst frodmonr andemofe spdecstbod by scientist, the

condlt ops, that allows the differentiatjon from stem
mech g pt BernDrit o B i TR o ¢
Moredlic, fRy @tbhRher B8 LHiQRsBOLi e hitfod, P ULS8F §ediRBonditions, that

cell's in a natural biological process. There is a need
allowg gher @W‘ﬁedieltlatl@n nimreststerm rdetjs etowarctq ucaéﬁeremhatqdl ec@lsot whaokin said

e to diff ntia

aitfergfp s FApRaf T | womellnd pufR i process

Therellﬂ'ﬁ(lfe%@% pfcmidet bgmwés@,ewq@w& qlhﬁl tiigad coPo differentiate stem
pat hol ogi es associated with either an alteration of

Cdb1ﬂﬁéﬂHWﬂﬁ@i@ﬁ%K@ﬂW@ﬁCﬁmbcess or for the organ
reconstruction after an injury. In particular, it is
i nportant to provide engi neered tissues, such as bl ood
This ﬂé@@ sepasticul arlyt mqmnanmidr Wethuadesy whd theamathavas pathélbgies associated
| seases, or vascg ﬁr si ckness such as enbol
with e‘yggrcem ao{‘gera&@@l ol dhyg dif eremlgrﬁo%Rrgﬁ%qseor fgr th etq{gatb{eagmstructlon after an
anlﬁy.\/essels have the sane basic structure. There are three
| ayers, frominside to outside: Tunica intimal (the
In pattioulanestis hrapmta)ﬁ t@ pm\n@ﬁ englawed ofsuss,npick asdhlembwysssels, to treat

. ...endot helial, .cell ued by a ysac hari de
indiviqi OB 1B IED Sr SISCSEh LHCH By A Aviagbyeripli, vascular
accideatbeRgethgiit al connectlve tissue interlaced with a
nunber of circularly arranged el astic bands called the
internal elastic |am na. Tunica nmedia (the thickest
| gye ularly arr el ast fiber nnec
A hy WG Vst P liel o Pl BT SRR T RS Bine VRRG oPinside (o
outsidthird | ayers are separated by another thick elastic
band call ed external elastic |am na. The tunica nedia
nhyupies peidmal (the thinnest Bypasy shele laypr phsimpde sgugmous endothelial
t I a
cells %g}égepy u}%dlgmc&%vlgg t 9&5519%&% Hﬁgﬁ&; TLT%rP gfnggé ﬁﬁnecliun layer of
subenddotidisg cotrtectiV sOssaoiitaiaesd nethviesurhbatof sirpghiyty bitenged clastic bands

scular Iay as well as nutrient capillaries (vasa
calledfhg 1?H%mp%rger bl ood vessels. The prior art
di ’%ﬁﬁu@é f'h%dlsd tﬁfc‘f&ﬁs%ﬁ?). fcﬁ’&fl&’kp 91‘1'&@%9 ela@tlé’ HB&O cﬁhf%@ﬁlve tissue,
vessel s. 005/ 003317 di scl oses a nethod ein

polysaccharmietwbminam tbé secobticamd thvied Sgkrsuge lsq)adatéd by eand)uhalt thatk clastic

th nuscle.c IIs endot hel.i al | I's. Mreogve
band §RE <al5EE TR o RO GBE SRR A (P isl 1 St bg rch in
vasculd} ﬁﬁtgor;d{ RR6le, Qﬁlcﬁ%bﬂ@oﬁ HRMBafB oF thdVespil 0geni tor)  of
SNDOo
* Tunica adventitia: entirely made of connective tissue. It also contains nerves that
supply the muscular layer, as well as nutrient capillaries (vasa vasorum) in the larger blood

vessels.
The prior art discloses some processes for producing in vitro blood vessels.

WO 2005/003317 discloses a method for the in vitro build-up of a blood vessel using

differentiated smooth muscle cells and endothelial cells. Moreover, this document also
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nmuscl e cells and of endothelial cells. This docunent
al so discloses a matrix allowing the formati on of a
wo povetisanel , transpl ant abl e, "engi neered” bl ooPCT/EB®EY/057850
In the nethod of this docunent, although it is
di scl osed that the blood vedsel is transplantable, it
discloi;fs th@ededrotbulild{mlplchatblbmbvdzsyqﬂésf wingsttemceldd (os pfagenttére of smooth
ctlon fag d vessel. So the disadvantage of
muSCI? ﬁ? ﬂf&ad? Eelf ‘8 actice an important invasive
This ®EhSEH1YaISCdiSQb I8 GtmMBR RIS the foMRt8ARFLAA830Aal, transplantable,
di scl oses a process for producing a bl ood vessel by
“engingsiadd bloodaesdck al | owi ng the attachnent of saphenous
vein (fied en .cells, QO rified :
in the SRl iy RS BB B BiseBaRE blopdapselis paplantablc
it is ndededn®ndolidtt @MStypBe of SfciBtdIBNoPfth@cdrsButi@in fBbIbb& vessel. So the
wherein endothelial cells are seeded to build a
disadwpatpge|of thisvistepd it ko Hragiieq reAmpertay sNEIsi ensuratimLe QOHéct usable
translatability of the in vitro produced bl ood vesse
L' Heureux et al. discloses in tw docunents [ FASEB
journal, vol 12, pp 47-56 (1998) ; FASEB journal, vol
15 51 24 (2001)] a nethod f oducing in vitro
WO 289@8590%785% OSBY/a PEICAR eha@fiﬁ%mg a1 ?0&@1 Vegseh AY USRS tpatrix allowing
the at &l of %ﬁéndlﬁ@eﬁlt}tﬁﬁlffeﬁ%gh&ﬁmah 'c@l?sl ﬁ@ﬁrﬁ%d@nd@ﬁ@hélgyem cells.
orn nors ese docunents, aut hors
The pdm@ﬁﬂ dselosdniempﬂmj dotunommt aflows fthin (fcbmmltnah dil o obulee ssetkix wherein

h is abl e con ractibility features. Mre
end"ﬂ?eélég?ﬁ‘ Sﬁre%e‘e&i‘é’L}Péﬁh‘a é‘tVe%ﬁe [Nat. Med., 12(3) March, pp
Howed& 1 138 o8 say s 361 @96 thB erauﬁﬁta&fm}sbf Phed@rliNg (f)roduced blood

fibroblast for ghe formati on of a support wherein

Ve$ebnnoth muscl e cells and endothelial cells are able to
attach, to forma new bl ood vessel. The net hods
di sclosed in these three docunents allowthe in vitro

L Helh*@&( @ff alt RigscRied e ewe diobhaetts VEASERB, _]lolama,l wier, ot BB-56 (1998) ;
in of the used cells, dramatically reduce the

FASEBngmB Vot § 5P ﬁlrSaﬁ%Ap(?é)ﬁﬂ)] sanethad é@rrmedwgomowo\bé%@e‘fessel by
using %ﬂ&lotﬁgl FNGAs L Fg sﬂ?o%ﬁ{ l?ﬂll Iclteyce‘ﬂg 19([1% b f’éogislﬁﬁ‘{%ﬂéﬁ%sl’ ec-Echsn%f healthy

i nven des & uni que,
newbcrrﬁ [dbﬁiorp riackss dbcmdmfﬁ elneezntth@rt; disalos¢ thglpeodiicaon 64 Funcllibieal blood
i nvention als-, vides a culture nmediumfor
Vesselt W i 1$ fkle %ﬁqvat%ﬁﬁa%lg g%t%fr I's, and that gives,
according to the conditions, dlfferent di fferenti at ed
stem cel | s. The present invention al so provides a
More mcenﬁa,sé; H”ﬁhrqmv(@pa]r fWatoMedf, 12(3p Meaych, \ppsiet364g200H) hdiscloses the use

of sklp g%lr?e%%%%é%g f(?r t mggmlevlolnr ‘Sﬁqg ﬁ?}g}%ﬁg%%sqsnglsrp%(gh muscle cells and
endothdlidi ¥d1IdUad able to attach, to form a new blood vessel.

The methods disclosed in these three documents allow the in vitro use of the engineered blood

cells.

vessel, but, due to the origin of the used cells, dramatically reduce the possibility to transplant

said engineered blood vessel and enhance the possibility of graft rejection.

The present invention provides a unique, easy to use, and rapid process to differentiate a
single stem cell.
The present invention also provides a culture medium for the differentiation of stem cells, and

that gives, according to the conditions, different differentiated stem cells.
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that has provided stemcell, without graft rejection.

The invention relates to the use of specific oxygen
w@ooeasi4at i ons for inplenmenting an in vitro pPOTEBR®ODHS7850
differentiation of stemcells derived from bone marrow

or bl ood or adipose tissue, Sor unbilical cord,
The prsontigedtivh atso padvddasst eprocask lo peperanion ofi arboroderdssey asing a unique

temce]ls,, .and, seeded.on .a support,.in an appropriate,. .
type oF el ek T4 Ve s Ancva Ane foity Mappu SRS giaividual
that has Iﬁo‘flih&%telﬂr&ﬂpwf?ﬁmﬁ _%Hl%ﬁéc?i&g differentiated cells

under nornoxic conditions, and in an appropriate

cul ture nmedium and or a second group of specialized

.diff.erentiated cells.und hypoxi ¢c_condj.ti ops,. in a .. :
he ifin{igh STEIE heoRoa REMESTe MRS SSnEHPRLS B R inlirfpping an i
vitro 1Bb@k B ASFFdrOQiakivh DI sBO bRIsCerSBE Slod b&RImarrow or blood or adipose

' differentiated cells, wherein hypoxic conditions are
tissuegprfyrabiieal oprd pradsd Hat spad cstem cgils rdios Bemad cyboippic gem cells,
ali i ' I | i he;. -
and s BEEOF L EoRE L P TLH SR Bylfe bRl AE litreena
to: differentiated cells respectively obtained through a

bi ol ogi cal natural process, the specialized . i
- yifritestepr Paseerialierd dlifdgrentipbed: pelly undep npropRiys ifgnditions, and in an

Lobh@reuft 'ﬁﬁgl roperties different fromthe
E@gé%ﬁaﬁf¥e§%3?# ergﬁ?iated cells of the second group
- ofhe séqowne ngrowm of espetiglzet adiffhentigted atlls pedirf hypoaicy gemiitions, in a

concentratio for inplenenting a progcess af.
HPEPEHIO] O, SPEBRELRY HnOUs (F okt IBfece st eroup of
spediaIvRE difRQBAtRANECIRT WIRMeiA hyPbA8 dotitiGh O §fectdn® Bl anoxia,
~or unbilical cord, provided'that said stemcells are '
said first ahdirseorshigroupni f spasialiced |défferamtdpteb edibsl refaingng the functional

u t, 1n an.appropriate.cul tu diu wher el n
prope 3P BP feicpuuRPr A RpR i Sirfen By lFS i oS ghilipedproueh o
biologs®e ahtaldl pRGeghi fferentiated cell's under nornoxic

conditions, and in an appropriate culture nedium or a

the spgeiabirrd gifsugntistedsgsdls ol the darsty proprfeyingacd Blar efupstiqnad eroperties

differd O] e SRATIEAR Bffrorhiaf d 1L BF B TEAHMRL, L he same

re as e one used tor obtaining irst group
of specialized differentiated cells, said first and
.second groups, of specialized differentiated.cells .
The invgptigthicirdes tRdhe tisctlisprefic grugsarqoperntigionyfgr implementing a process
' ' h ! . ‘ ot
o aERSASRRIIALBPS ) Soshed LAY GO BURANSAAL S o lod o
adipoertoses or Timbilpresedt providedthatsnid etsol deHls fireamt himan embryonic stem

unegxpect ed observation that st cel | s, en .seede .
cells, and see e({ on a support, 1n an appropriate cﬁmre medlum,vv\'!;herem salg (Hfferentlatlon

g)n leads

leads to:

- either a first group of specialized differentiated cells under normoxic conditions, and in
an appropriate culture medium,

- or a second group of specialized differentiated cells under hypoxic conditions, in a
culture medium of the same nature as the one used for obtaining the first group of
specialized differentiated cells,

said first and second groups of specialized differentiated cells retaining the functional
properties of the corresponding specialized differentiated cells respectively obtained through a

biological natural process.
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on a support, described hereafter, in a culture nmedium
allowing their proliferation, can differentiate in two
waledobasant di fferentiated cell s dependi ng of tPeI/EP2009/057850
speci fi c medi um oxygen concentrations. By
"differentiation" the invenbion discloses the process
that consists in "transform ng" an immture cell to
di fferent mafture cells. The, cell.ul

man
The PP dRKNIOR(PRHHS TE0TF fie PeoBied BYSRFAER (hat g cells. when sceded
on a SHFHAldcEbed BldreMREOTEE AIMRY EncARBE aAbWARI tHe® brdlifftion, can
Cell fate determnation is the programm ng of a cell
differgngiafeoin| ove difspat idifferdntpatdhcdls dapkhding foff éhe spdcaid medium oxygen
ten cells are discussed in ternms of their term nal
{9 entiation state. During devel opment, fates of
sone few cells may be specified at certain tines. Wen
referring to devel opnental fate or cell fate, one is
By “diff¢rritirgioabdhe invigatign Hisplgseshtie mappernibatt@nsiigtinc drapsfgpping” an
. ' r nt in devel opnent. The
lmma%ie;%eglstg %gagx'a(ﬁ‘if:féerlgft %%ﬁ{)ee&@gnm’ tted to a certain state
The celanlabéiffdtantidigsh isnthe proeess bagasch afdesi dpecializedncetinistcomes a more
,aget erm nation. Specification is not a pernanent stage
speciajzefl ¢ tVBS-can be reversed based upon different cues.
In contrast, determ nation refers to when cells are
irreversibly commtted to a particular fate. This is a
Cell fpteodg@sninatidnuenthedpdogranheingcefi encedf tot Fdloex tar speeificd| @mth of cell

._envi.ronqent and the,.contents of the, K genone. of (.. .
differ BBt ATT oI SHTRGHSaL G 64 (e GHEg) &1 giaion stte
During "R vBpMRRE IBRs G dotndd G Qlell§ NANY Bt fHRLITIcAPRERFANC Bmes. When
when they becone determned. Determination is followed
referripg tolidevdopmentalt fagnor edllefage tanalis ¢ileingeboutneverything that happens to

jochem stry, ~structure. nd function that result in
that ol FORR S ragBL ECbYAER REobERE: 7ot Do’ of fon
The prété®d ¥£2 @IICRABGommiBdd &Rk aRERInAStatdedan BS dfvidielt in@d two stages:
~The state of conmtnment of a cell is also known as its
specifigatien) gpdedeteaminséipandpedificapinanistiod & eodrppnesegd and cells can be
t ' i Sy n {Qr I .dev
reversP@UA0L Bhoh 3ytrERE: OGN 1R ARG BFHERIPIR MR colls arc
irreveiéble lcopientdto ppuetiaalfate.STlgs éai erodechainflubieed by the action of the
d]ivel opnental fate, the cell .is exhibiting rgigegl ative .
extracgllyay, eByironaqnt i thj gongsnisn of bg gangrac off (Glla Abermipatign is not
Wbt i B GRlet He@hicRsQ e @Nalb fB: chhRge®d: k4}de when th
Sornet I%lg de\}e 1opm&*nt,e steenlwccgf)(}ﬂs? are ab?tecl u%gtgr Té ecai T gw e ey
beconmodelictmiond.t Defeemihandn |i$ Aelddwéd byt diffesntifiien ethal acafal tdhenges in

: 00| of stemce]ls. .Then stem cell I.iferate and .y
bioch R 5irevELEF i g 1510 hOH 58 o Be oI TSRS Bierentiation
often tREvBX@Charn@lb Vi ShiRBraféc & WAl 8un&®dd. i nto two daughter
cells conpri si ng the sane DNA content, the sane
2

The statsy phetrogyimentiobrslcbgh ek knetinbasoidh deredepimental potential. When the

developmental potential is less than or equal to the developmental fate, the cell is exhibiting

COHCG%

mosaic behavior. When the developmental potential is greater than the developmental fate,

the cell is exhibiting regulative behavior.

Cellular differentiation is also associated with limited cellular proliferation. Indeed, during the
development, stem cells are able, under specific condition to be “mobilized” for the self-

renewal of the pool of stem cells. Then stem cells proliferate and divide according to the
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characteristics. Wien stemcells are determned to
differentiate, the differentiation process begins by a
wo pomotisddimmi t oti ¢ process, which conprises at | BPEEEPIM®D057850
di vi sions, but daughter cells progressively acquire,
during these limted divisidns, the specific feature
mitosik hﬂbcdshewhiwhldlloh/avthe aixactthdi'v'shnh of atlfaeemiio‘eﬂeimm’]t\if@tdiamghter cells

S. in stemce ni ches, [ ch nt ai.n the
compiy Ty RoRNAIPTBR: AHE GGGt ShIEPEGATDRGHRECY a1d biocherical
charadd@isdpee exists between sel f-renewal and
differentiation. The process according the invention
Whenj Semnfmllermnt@@brmn@ﬁetoadifiermwm, ttho d\lﬁﬁfvr@rlttlameanmommbegms by a
s..are referaqhy dlffere ge%gteq out,si de of
Wi

llmltegr étml% gy %srsn V%t}l mlsa%ra[ Qy glmlS&Oé][S but al}ggter cells

progré@gfvéls}ead% ife, Hh@nd MeeNlimAed eRlsichsadbk @pédﬂﬁ@feﬁf&é @it 1hay &ill have at
into a diverse range of specialized cell types. These

the endof thecbffprentagtiongsegened according to the invention such
So in fs[%% C%IE zﬁ/c Q?V\Shl?fgni)@gfnl &%:’&gﬁo[ gf gﬂe{nf g{lfg 51? ?ganﬁttr? or an organ, a
balandenatlistd [atvedt gelfichdvedland Idﬁ’f@@ht(aabhs n be| ng nmor e t han

2. The invention concerns pluripotent cells that are

t he progeny of totipotent cells. In the pericellular

[ t: I I

The p Sgﬁglﬁé fePén 1“&3‘:‘@?1 al?] #)lemewgh (ggenféltﬁgﬂl zlﬂ gfté@f&hfcﬁ?neans that cells
are prcﬁefa]bbirchﬂ’ereatlaed nttsidalof thehegaeirh Sronherhichithdy dooivst i t ut e

By stecp% P?l?sg %\}gl Sgl?,edr—l;{tllftgg :uivse%gdl vl IESI atqnl ﬂg{ii@{#ﬁ‘i@ﬁ@‘}eg}gﬁlqu ‘(:il%g%se range of
specialip&P &clPlypEd. P &NYteReellS aféaa/e%n@& Qbcor@ifllitd @t @vention such that they
speci fication, and have lost their abrlity to give all

have anhetruilslfcﬁe diffarénitatdlinge filos) oMEH{eniphten® os twen(Gpdtert) to n (multipotent)
differ&ESRY rdl @% boelt he |e ﬁeng on concern pluripotent,

6f‘trlull Nt ncﬁIBS]i nd uni potent cells. In t he
The 1h¢76ﬁﬁﬁﬁ|dbﬁcerh§1§)hﬁ[ﬁbﬁéh@meﬂs sh&mre ethk ﬁrg%?@y, of totipotent cells. In the

corresponding to the cell fornmed b fusi on between
pluricefiyle c&a@nmgvt@ogealﬁﬁ@lb vdueh t?éulé\frem fthmfworub@@/een malgrpand female

garnetgafsta{bi:éJ BlfFeP%?‘i{e“% all ttllpeeceq BX‘[O&HIP HsB0LE 9+ grg'a_ﬁgga) The first

ved fFom uman enbryoni c s em cel
divisi@ise fakis todederft rcoihgitee by Smtdst[s tstlﬁe iphgel peraandna el Tatset Heripotent
process of. the |n1§gnt|on in thi

cells hé% Sﬁqrﬁ"éﬂ]‘f“ed&at PRIEston, e%]&aélleﬁos&thlelrt qi)él?tgﬁit) :ggq%l a@ttg‘ﬁfhfferentlated

cells. €l I's provided that said stemcells are not hunman
enbryoni c stemcells. According to the invention,
Therefoee stem' @lle predihg tcd‘élleiin'@ambn oondstropldripoteinto maltoppotendwdipotent and

. adi e tissue or al cord" at stem cel
wnipoGRE RO B Giont i £ RBBOHIN A S pa i fgathe ccl
forme@'by PRI IFR eV mAS hiRPRehald S3uee caf bdiRhivhBRliscor d,

especially fromthe Warton's jelly.
In one particular embodiment, the embryonic stem cells derived from human, human
embryonic stem cells (HESC) are excluded from the use to the implementation of the process

of the invention. So, in this particular embodiment, stem cells concern all the animal stem

cells provided that said stem cells are not human embryonic stem cells.

According to the invention, terms “stem cells derived from blood or bone marrow or adipose

tissue or umbilical cord” mean that stem cells are isolated from the corresponding tissues, i.c.
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In blood, stemcells represent 0.01 and 0.0001%
percent of total nononuclear cells [S. S. Khan, M A
w1l . P. McCoy Jr, Cytonetry B din. CDEP2009/057850
2005, 64, I]. Cassically, nononucleated cells were
separated from anucleated célls, i.e. erythrocytes, by
blood ardens inarrqy adiadipbss epacadt ombfleal exdnpdpecially Hem the Wharton’s
. met hods known in the art are commonly used to separate
ielly: rpnonucl eated cell's. This gradient |eads the

In blob@r Sk Qs Bbreldhe 0Lt Sid 8960 P%; ﬂ&&n@%@%tﬁb’nﬂh@ﬂlc@éﬂf cells [S. S.
of a ring conprising the nononucl eated cells. These

Khan,"MhAt 8o lwingod J cl MsCoy dn (ygoroetiyt Br&lan. |Gytvmt 203, v4ah]. Classically,

appr ri ecuture Lum su ment ed W t r owt .
monofRRGERY LT ouFig PhEr By e SRR BP0 he “Ukstha By @ density
gradic€ |sé1§1re[t10_ﬁ fofsxbmpie. OtherMiieeHdas &nofn iBUhk | AR Bre Mrnrnonly used to

Silver, R van der Zee, T. Li, B. Wtzenbichler
separagtﬁlgpquted Fells.\fhig gqa,é],ent lg@dseth@ Eormgggn, ap s 1n‘95fhce] of the density

0 ¢ a 99
glradle'tﬁ'ﬁnéﬁI p(ﬂ ™ I)I/Iﬁ) g&%l h dq["#] eoltn}lgléc{ljte&icc'éﬁéjvjll{eeggl ﬁ)ggg gfrloeorzi Y&l1s” can be
culturedl lrl e dn laf) apptbpﬁate &nﬂureaﬂecﬁﬂﬁ I shyplbmelmidi wfithegrofetofictoh@llowing

er. white cells by ﬁﬁl[m nating unattached cells

the pr@rlfs@éﬂoap% thecadpthichal ellp [ Hhasahtaghel - Mwplarandt S%Hl@a%fl eSilver, R.
van d&9z&l F[C;&'}haflfzewlf&ﬁblélpﬁl @CS%h%t djals e Rlas 1997, 275, 964.].

sench stem ce e I hvention, Dbl ood
Hernatapomac |smheceils bitoottddnem pleadehtval thb bmpdrty Gobind rn]hqn; support when

hl ood i s obtained f u cord D
they aft SO R S0 SRS ) B ST St QLB e bl pp climinating
unattabi¥ddchb ood. Al so, the invention concerns bl ood

contained in tissues and organs. In bone marrow, three
Bloodt 3lge sonthing tablnhe edtdras cells thet fxsuaide theratlaisoiFet imstascenblood also
cells sench | stemcells. Hematopoietic stem
ContalgseMegéI%fﬂgmﬁ{h%?%mlll %nt stemcells able to differentiate
In thel if¥éhtidh] blobe r&bfsctwp@hplﬂﬁal\/\ﬂﬂbb@ aid pRderel blsod. SHIMbAIRL placental
eryt hrocyte, macrophages, nonocytes. .. Mesenchynal

blOOdslﬁtht@@P drom éirm}ll@qlpféﬁrénﬂn dbe |iBvaabpe Rlaccafad flpechts alse called

urnbllicﬁf 9053% 00 eJAlsfS t‘ﬁg 1&6%&5“ cc‘dﬂcérns bfood cgﬁ{aﬁl%la 1?’?’ gS?las and organs.
chondr ocy hyocytes of i pocytes. . . In adi pose
tissue, sten1ce||s al so known as adi pose tissue

derived stemcells, are abl E to di fferentl ate into
In bogg@rEpwdithicer BRET AletioBertlls sahbedowKl iametongietic stem cells,

meser®Bihsl stddd cMPi i cal cord, the Wiarton's jelly is a
gel ati nous substance W|th| n the unbilical cord,

Hematopogek ystnmd ecllsp agf mmltppaity stamc halts dbls (dndaﬂfmmﬁa't@ into all the

oit ul fate t hat .cont ai ns,
cireul sy ARShIFAE O lsontch e SR BBEYE, MagepTARey BPEdRa
Meseﬂlﬁ?ﬁﬁpg’[&ﬂa&el@ta%ﬂnﬁﬁ?o?enﬁ@el SEE @tpﬂiff&&ltfé’eél ity & cells of organism
medi uni', nmeans a nmedi um conprising nutrinments

i e. ostenbdasta elyoridorcytasemseawdsvaladpocytes-tured cel I's. This
medi um has classically pH, glucose concentration,
grow h

In adipose tissue, stem cells, also known as adipose tissue derived stem cells, are able to

differentiate into several differentiated cells such as endothelial cells.

In umbilical cord, the Wharton’s jelly is a gelatinous substance within the umbilical cord,
largely made up of mucopolysaccharides (hyaluronic acid and chondroitin sulfate), that

contains, among other cells, adults stem cells, and in particular mesenchymal stem cells.
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factors, and nutrient conposition that is specific for
invitro cell survival. The growh factors used to
wenpphissarent nedia are often derived from ani mabChEP®A9/057850
such as calf serum Mreover, reconbinant specific
growt h factor can be added Po specifically initiate a
An “appepriftc cultedel mécﬁumb,rmemssa, msdiohm caﬁnmtsdlig' fugriakehsmecessary for the
.differentiat | seeded" is defined in
survigih ol B G8kd RIS T HES P 1t IRGCEDI PE- disSas BT B oG erowth

factor? aﬁH REeIcht @dh‘ijpﬁftf‘on&lhétqy‘ﬁ%cfﬂ% 8t fndhho A1 Sl Japupport .
Is a comopn practice in the art, the term seeded

The ngtbefacrtolrngsp@ toy Buppdengent tnogdéa. awsl dftetnsdemﬁdnﬁmlny anigad| bloed, such as
under st ood b skill ed.pers
calf st RS S Pesoittnb RS REERR o B B e 38 Vegffeal inieie
a spec®f@l ¢chlutal Proce3dl SichiaR pkdlFclationdbfréeamtiotdher.s cel l's
require a surface, such as nost cells derived from

By “S@dpqi’alt 5 dofiped in thednvensian drcclact thal the cglksrarg dengsiseshom support and
are alfolwc'eautg aﬁé lﬁ esapci( Qlﬁ)i)oﬁ ItV\{g' CQ 1% qgacqfl%gtlﬁ qhéNa}ththe term seeded
extrace u onen O I NCrease

conceﬁﬁrkgeﬁzl o pulapecell @&oﬂﬂﬁbrﬂy aseddmd abhbastosd gnal ssﬂree ®dsan.
In g S rEB] PO RS oG et SSCiaeeTls that exist in

the bl&%cfsfr@e{rﬁ n(t){ {seé%llg Qe I_@lnreedrs'ﬁ'rﬂ@é sB IPQ lgﬁ?t c%ﬂg dg‘?\ye% from sahd tissues.

acqui r ed e|r conpl et e specdialized function.
Theset zkdhsrqnt m:ekhs saofbedgrbfver entisatei ardture gldssc,begich rfna;o rbestcamd with

cells, pro resswel uire ecific characteristics .
extracgfor GABYS GHPOMSHS SREGEI P o BEPELS 98 ot Fisiofer signals
neede@Pdd dré Wit 0 di fferentiate into different cells. At the

termnal steps of the differentiation process,

specialized differentiated cells are able to carry out

AceorigRP el ot BY: el auRFER Gl e PTG gt have

differdr@MRds® 4 erfhfl Prdcksy and ihatd asqudic@ GRS S complctdgpechlieed function.
specialized in a function, and differentiated.

During\¢bisr RIOeRSS t @1ﬁ%reinﬁ%tém iGsHs begiar froma stemioprlist ipergressively acquire
spec1f9:e %hsgfgé%ﬁsst%cg h%éin %I{E?lhnéj \/\%&F rllncgél(?va? (e)lggst gbtrgr%%%&%llﬂc rfhetul'] eclblhty to

ronnen Ich
dlffermraw tinto ndiffegent h@:ll@ _atA.tr dle coanmposi stemn off thai diffeeamnidtidomn process,

.earth, j ent r is defined in the ipvention such as .
Spem 1ﬁ%‘f g}fﬁer% ?Féllé 3R a&ﬂf @nWrFYoﬁH‘e?‘]tSP%‘i}gﬁ fyaction, zf‘ogn segretion of

horrn&l@xc ch@iﬁ cles .) IREr&RRe eRAYIALD R Rl BXHKE 'i‘ffér@ntlatlon

eart I's cl SSI ca y around 21% but varies accor
processoS¢ Heyatd specidbzednd atfhvectioemper diffurcetiat¥hen anbi ent a| r

epends, on th quatlon of tE experinme Accordin
Accorfe; e hBHET SR, - SRUBESE cBREnT | GCTaES] BRabeEhyohyeen g
conceAPARINTR th@xé’tﬁf%nﬁféﬁt QRIHRRRALA! aFHiN rdIen o RREAYiE N@ndition, is the
nornoxi ¢ condition. Hypoxia, which relates to the

naturahgeroResgtion of air found in earth.

Ambient air is defined in the invention such as the air contained in an environment such as a
room, a box, an incubator ... The concentration of oxygen in earth is classically around 21%,
but varies according to the altitude and the temperature. Then ambient air depends on the
location of the experiment.

According to the invention, “hypoxic condition” designates an abnormal oxygen gas

concentration found below the normoxic condition. Hypoxia, which relates to the hypoxic

condition, corresponds to an oxygen concentration largely reduced compared to the natural
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condi tion, corresponds to an oxygen concentration
| argely reduced conpared to the natural concentration.
wolg@ons@1i s associ ated in pathol ogy to asphyxi BCT/APINN/057850
all the pathol ogi es enhanced or induced by a | ow | evel
of oxygen in the anbient ai0 The ultinmate state of
concetityggani Hypextahes tsbalatedbse petho izy Qowhsphlixiaprané sgibnlds phthologies

anoxi a. The hypoxic c i tions.accordi to e .
enhanf0Shai B PE BT drele R hiDTG AP 6 [TBE 4l st of
hypoxPd &S 81t 108N &ibs@ce BVES WHiWeSORBEMs" Bt hfJkia. M hypk@NEénditions

in the invention, hypoxia corresponds to | ow oxygen
accordjng teetheriavdntinn det diflgeent from arEXgpe lcoﬁp g d@dﬁ pisrerd €16s at a very

of oxygen t.o 12% of ass a
o Qe o PR D1 o rBirifEchie' s sePeBRbdRTo dpw owveen
concehftionteHRed Bra R}gAehRtkeCEDNYAS YObF d&rygwnto 12% of oxygen
concentration. |ndee cultured cells are usua

Classigglbiure pevsemskitlothép kel biclegsp mosiiukr@esﬂh@ 1849 Ctb@tenﬂsofb #p deqybator by
t e pends

addin e(f(?%%s in %Ir}g\\slf? o%}tt g'rg ﬂ]ttdgc LG %gngeﬂgrarg rhsﬁgl%h grown in an

atmosplicat icb@pating ﬁroanﬂ/t@ 15 ptieeint cfetOu Hae bpstad@ssoncditedion depends on
w th art|f|C|aI air gas co i.tion, and specific

cach cggbggr ﬂq}g ing thgbgst %%6%812&@@(@@ a@a péﬁellular process.
[ [

e, e B b or b B Iy AR PR R on

oxygeh enfirents pacgeakiareits oifaed @nygea)tc&maamhg sultwet ainmespherthe
functional properties of the correspondi ng specialized
differentiated cells respectively obtained through a

Accoraingl 9 LR et Rl iR te@x&sO%?écsahzaa @'i‘ffér@ﬁlatécf‘@ell% 9@@;11@1%1@1@ Gunctional

ferentiated cells obtained the process of
propeitigy efithic sarraspending speoilizad Id;ffetrmw@airc@lls edspertiaslyadidiged through a
om an a

biologj i o Plofibs 2 th ity tef, e PR IRt st SSEL SpePined by the

proces@fthd i@véntPpeed albs@aedalti tht e4rentdRtae deiliiakdrefr6:@lah antrie.
muscl e cell obtained will be able to have a

For exagnle.aitthe iptgeess of freoaviendioanaliopes: the eiffencatiationt off & stop cell to a
C
spec1atg%i§dna%?f?§. ﬁg\fsﬁxoe’c??lhlﬁ{:lggg’eﬁff]stgg ﬁ%{ésﬁ?%tc%@ C}S"b(?agréédé ﬁmlaﬁp able to have a
contradiififfye teeplodateeah eekdcsllgibr tiagix, it sie glhmJWajﬂ avianguscle cell extracted
cellular functional properties different fromthe
from apsimal j zed differentiated cells of the second group"
Also, rﬁ?ﬁfésm%ﬁtfo%r Eﬂi‘é k ?d‘}ilz&? Idlf?er&ma?édn@eﬂsw tﬁé1 ﬁrst .group having cellular
ferentiati on process under nonoxic conditions are
functlémﬂh propenals| diffdichf Goenthe fsparialided defidrbstiandat edllsent thy stdmed group”
di f.fer ntlat ss, under hypoxi c conditi ons.
meang (il ERERd RIS OB gF e e SRR o G2 e Qi Conditions
are fuf@longlly AFR R YRXIHe €REbhined Dy thhEifRANB G eroH&g %'hder hypoxic
nornoxi ¢ conditions would differentiate into a cel

condltrmm F@r lastmmctf iacne!l i fii¢renteates lfl'iodmntIthﬁ? adtsi usidet h}gpoxrm@ndltlons

e between t L alj
the saane]c <er [ léI}] er é}oggo%lglﬁoggl‘glgﬂs BVeO%L(P éﬁf @fep gq aVéng a function
dﬁﬁx@kﬁbheanmgmﬁﬁn@zby opti cal observatlon (dlfferences in
cel | norphol og K
The difference between thé two groups of specialized differentiated cells can be ecasily
determined by a skilled person, by optical observation (differences in cell morphology),
specific colorations (specific coloration of determined differentiated cells) , or by using any
methods known in the art that allow, for instance, the identification of membrane markers that

are specific of a determined differentiated cell.
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specific colorations (specific coloration of

determ ned differentiated cells) , or by using any
woredobasEiknown in the art that allow, for insteOTEP200HES7850

identification of nenbrane markers that are specific

of a determined differentialtled cell.The invention al so

relates to the use of a binary set of two culture

.medi.a with oxygen specifi.c concentrations culture )
The ingEprioh ala iR e LG RIc HineY SEtae Al g ediy Pt g yeen specific
conceABA AT eREUreS RRAM, NGadhO &(tygéﬂ t&ﬂegirﬁ@f—‘ ﬁ:gﬁé'@n‘ﬁ‘aﬁ&sa culture medium

speci fic oxygen concentrafion, for '
corresgpiiding etot iaatcutime presiwm ablith jan spéaifio, oxpfzest eoncertrdtion, for the

.o Originati rom bone rrow or.hbl god or adi pose
aitferg B DreRL LB Ot SarhCSboirRufie Hm o6 R or blood o
adipoRNREYD PréviddeMhClid SteNetlls @RIRS HIMad SWHIPOHit stem cells and seeded
respectively into: - a first group of specialized
on a sgprofle Fespeqtiaeldni®el | s by culture of said stemcells on
t o [ r poXi
- ERHPRAB e P LRI S RE S ot on s
ifliafchue nhédira dindaldosmbyic cuhditioss, afid sai d stem cel | s on

a support in_a culture pmedium of the same nature as
-y FF‘@O’&‘EérQ}g’eaf pRIcIAbBeG dHTGIgn e F?lfssl?y GHGup %fsald stem cells on a
I PR
BB AR B A AR S Sty o IR BT Yo P eainine the first
grognmofinpedidized alifferfentiged anlds, smdon Hygpxow pendifions, wherein hypoxic
SBE@DaI [ Z%df differentiated cells retaining the
P POHSIIETEYFIN 82%4 t he correspondi ng speci al i zed
sl ffr@r St {RbRH gfRips D TPSRAGLH Rt rcRMMtad BT EdMiRHENh& functional
bi ol ogi cal natural process. the specialized
puipEities et that esdresedridsngopaciedized rdsffergntoated lalls meppectively obtained
tcel I ual ar fuggt itornfl Fr gperties different fromthe
lg%légcl?l al? P]fgkf PEFEr BRtT St ed cell's of the second group.

th3QptHiflict \efiére @it E LA QT thOfitdN @rdupeha@ing@eelar functional properties
conprising two culture nedia wth oxygen specific

difsras fropnthe opesid sad difkrengiatodscheel e wraond girup nent s
and grow h factor necessary for the cell proliferation
and differentiation, two recipients, or surfaces, able
So thd iavanivhatiates ac thermdiol Msctaddthpridingttivo ltutusupgb tvithsoxygen specific
deposited, .said support allowing the cell attachnent.
conceRiRHIORS CHYPHYBE a di ffer only by the oxygen

- tGBNGENE WAl ABintEntsd S BAWHR TR nec-ggk%r)f ie8rSthe Gdl1 t b Bferation and

medi um w t h oxygen specCific concentrations contain
diffenemtiatonygen concentrati on as defi ned above and the

- 3BTeRRiTF b ireout AR ySOAL Jasy BRIty whichfs support s
deposited, said support allowing the cell attachment.
These two media differ only by the oxygen concentration in the environment.
The first culture medium with oxygen specific concentrations contain normal oxygen
concentration as defined above and the second culture medium with oxygen specific

concentrations contain hypoxic oxygen concentrations.

The expression “specific oxygen concentration” means that the oxygen concentration

contained in the oxygen specific concentrations culture media comprised in the binary set is
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The expression "specific oxygen concentration"” neans
that the oxygen concentration contained in the oxygen
W@ p@eilfd4c1 concentrati ons culture nedi a conpri SECA/EP200$1¢57850
bi nary set isknown, neasured and controlled in order
to obtain nornoxic conditiolis or hypoxic conditions.
knowrAc oaglired) dand tderdlled emt iooder toh@bfainr stormokicucendiaatisuor hypoxic
wi t h oxygen specific concentration is placed under
conditiofiS | oxygen concentrations and provides all the
Accor@filgl ® th&qWehen,f@E firfiecifld Healund I\Kfl{heé}%%%h ahé@fic tbRThtration is
sten1ce||s to a first group of specialized
placeddirfdee nemnal axegbnominbentrafionosrdi mgvndes tlhéhei aslle requond farttke cellular

oe S cuI ure mnth e i C..
aitterERAAEP 6 Er BB B PR BRI fited cots
Accor@Pigae id vk, eithepsmVddiRse fmlehluhh@ltﬁ okl Senr @atiific %@lnédﬁ&aﬁon is
the cellular differentiation fromthe sanme stem ce
placed jgnslgr hypoxkeo¥yiges eorseaiipns ond erevides iab thesgsdls requéred for the cellular
dlffer%il%g %Ipeﬁl[] e t e%ﬁtglg Pﬁeﬁrgeﬁp dl%%cli ?12 ?[ﬁéa il té g%ro%ea concentratlfon specific

mediuspeec Iaa:Jeto'ﬁﬁldgrdhﬁ begmoetaliat e diffkanmiael detls kwlchﬁrss biedh sdcbﬁ(ﬁ group of
are specjalized in a particular functian

. the
spemﬁﬁl# SHEpentiatsimsisac Relby Relpg SP@IP thatsthsp oire "sprgalizsdaiya particular
ﬁanS# ﬂ%&!@ﬂbn? filkgg.cal nol ecul es, or polymers, that
ow t he cez1 attachment. Term "surface” defines any
Term fapipprténtecany anydnd laigivel ot ¢dhetnichmdiecubssy er gadytoyrst thet allow the cell
habove nmenti oned support, and liable to contain |iquid.
AtaChiGll of or e, when the binary set of the invention is
Term Uﬁ@ﬁce’s&&iﬁb§ gy RcRERGP6HENihG thiQah BY 85 dr@by MG bove-mentioned
defi ned above,” are seeded in a support deposited on a
suppoguaridaliablc wajodtaguliquide being recovered by a nutritive

di risin r.iment an act o
Theref{Fe I RER a5 4 REHE bl REn PO Sithea P iCBog B §8vention.
and ddARABbOR, Qe Fcsdetl ACE, supportl dePbSiRECoDRI OGfIcECOMErReface being
by a nutritive medi um conpri sing nutrinment and gfomﬁh
recoverad Py rasnutm%vepma@@al FomM BRIt MEBh#Nd gronsh fstpral Thewsa first part
of the dsﬂ‘?? gérlenq{a l?éd dﬁ angd E}hgel%?ieogl; ?%{?rf]agg D%P(f&g?al {eﬁgﬂg recovered
by a atiitive ehtdiuat t(ﬁﬁlbtemlﬁg' mutriigers Lmdogﬁo“dle fesbitseds @iacad in normoxic

surface, said rface. bei ng.recover by a nutritive
Condltﬁpéﬁ.aa allgwp the s‘f #@reﬁﬁ%tﬂnﬁ_@ﬁt Ir8i@folp eﬁmm&&%&@r@rqﬂ&lated cell, and
the reH{aﬂ‘nﬁ‘g bR Y ReXiém GRNiath AR ANde aubone 1ted on a surface, said
diffe gntlatlon to a second group o spec alized

surfacdiHefIngem‘iemdeUy ealutritivdsmadinescimproding heriveet efd groevth factors, is
set oxygen. speci fi.c. according to t
placoq BB EongHiog GG AP Bug<oi TSBHAAB) oce Pl e ethpecialized

dﬁﬁx&ﬁﬁuﬁkgﬂjde two distinct specialized differentlated
cells that retain the natural properties of the
corresponding cells isolated from ani mal .

As aresult of the use of the binary set of oxygen specific according to the invention, only one
group of stem cells defined above can provide two distinct specialized differentiated cells that

retain the natural properties of the corresponding cells isolated from animal.

In one advantageous embodiment, the invention relates to the uses defined above, wherein

normoxic conditions are such that ambient air is constituted by oxygen concentrations



10

15

20

25

30

I n one advant ageous enbodi nent, the invention relates
to the uses defined above, wherein nornoxic conditions
w@e@oaswin t hat anbient air is constituted by ORGDEP2009/057850
concentrationsconprised from13%to 21% of nol ar
content per volunme (nt/v) of3total anbient air gas,
comprinedffesrali3f)o to Bhiolst tola? @oftentf parotodume gmtenmtof petnl ymbigneair gas,

profertifydin oo ShA o e heNolins drRShEBRY frabicgheipges

oxygen contained in earth atnosphere and conpati bl e
with life. The Earth's atnosphere is a |ayer of gases
The nsquwmdng)nts lserrgipanéto g matura wdngentrafioreel Q)gygt:m eontained in carth

acmosiite And POBRIHLY v Bt b e R DL RO o Ry 5ER exepspygounding

the pRABOMEart. B&BYeealchoBy diheXEsieh's tdrass). alﬁoéﬁil&aﬁnﬁfro@glﬂ?r(by molar
gases, and a variabl e anount (aver:%f around 1

contembfpbﬁnq)ab%%% THEogsty 8D 5¢0 nErems &930n ayeany i0HY tChbeh edioxide,

e SSRGS ot O Tin SR S Rapor

The dhdmen encdnatation | vaoyiygenitlc ahe gitdsatel and ftompératuvd, tit ois commonly
cel.l cult ﬁre is around 20%. However he nat ur al

acceplsd yiy s aEJARETYRER FBSCHLR VR e idivall”s tissues is
Then hAWEI o230 ﬁﬁl:%n&@t?oﬂ fr ﬁ)"?/kr‘é %lé %Plnture %Oar Enf¥id,! ed
person im the art comD at es e oxygen
Howetz«:m dentatatl oxygeh cancmltﬂatlmu bbseresd 11nymwmma§js asguck iicicder than the
known. air co sition in cell L Ltis
one. 1pGRuR e Ao Seult SPAE Do s i ovauon i GEU G5, oxveen
conceﬁ’&(éfﬂﬁrbf(é%fl %hmrggbﬁmm%@ aldnoRRBIPESn SRRl Ni Ng
- 15% of oxy ese conditions, although different o

So, infceld noldey, rttas powiblosoygéturaestls entelhtinensndst atlorcraixygemeantaining

atmosﬁﬁeggaforﬁ gexl%al]p tg%%eﬂﬁﬁggﬁg/a logc (?Xiyggf 'glhlsg ecbﬁalltlggs amhtogggﬁ’l tdiffelrent
from @04t Soxﬁgeﬂ lconcchahtidisi ONtheT BN ard BorBpdtIbld @fith the normal cell
bi ol og e presence of 15% +/- 2% of oxygen,
prollqu@tmdmﬁlom WHECIpE edladqrorpeliplar hmogiicatiommsneh as  apoptosis or
r at I.C
wanstSRBAEE. Wi, B B RS O B 3P Sholdeg, dependine
of the tpeeciidin ofxes ndedurarechtapparetus vdoedegiondh ipitotmo x aod ditio 6 S
are such that anbient air is constituted by oxygen
concentrations conprised from2%to 12% of nol ar
In anctRP LEMNtRR &hwﬁ?rnéﬂc{h%)m%tﬁiﬁ}éﬁte@%qhg Dbes@efin ove, wherein
pref erably?roms to 8 9 nmol ar content per vol une
hypox(qm;bndltlofls taot asbiclarthate Emlnbant agass candituted ebyproafgmalsbycentrations

compqsgﬁ% n@ é?] f2a; IOFD éxaﬁar ‘%{gﬁgfﬁeﬁg’& vol u%h§g§%gl)aam{nent air gas,

preferﬁlﬂ? MRSTRONEI 019, bP nloPW @K HHE PerCRiIGRAB L hRIV) T tafafambRAt air gas, and
led in the invention hypoxic condition, is defined

more prgfegabinfige ¢ enpli efedolar emtaimper vaxmg émcitvo ofi oeal efbient air gas.
oxygen. On less than 1% of nolar content per vol une
(mc/v) of oxygen, cells are not able to correctly

As defibéd/aboRe aARghoriag chryesPeLding toslohwasiigen bymeiiralon MNA® called in the
120/?1 t he oxygen concentration

invention hypoxic condition, is defined in a range comprised from 2% of oxygen to 12% of
oxygen. On less than 1% of molar content per volume (mc/v) of oxygen, cells are not able to
correctly survive and die by necrosis (acute hypoxia). Above 12%, the oxygen concentration

is sufficient and the conditions become normoxic.
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is sufficient and the conditions becone nornoxic.In
anot her advant ageous enbodi nent, the invention rel ates
wo ooovhss4uses defi ned above, wherein the supporPCT/EP2009/057850

conprises or is constituted by: Gelatin, fibronectin,

col l agen, lamnin, RGD peptide, or association, or
In anopiualr wévantigeolsydebadimentathe isvenpor faatabioythposas cafinahsboandvherein
h E}éq%anl ons, ref er abl ébal ternate, - said polycations
the su @OI{}I]%S%H léﬁﬁﬂﬁl 158 %%t oup conpri si ng:

- vy RBEA %o(lfg%'ﬁ'} tarRhYREDY) ﬁ@é Gr R0t REbA, or
pol yvi nyl am ne, pol yam noam de NAM) , pol yacryl ani de

- I(Om}rolyp@mydlaabﬂsyprdfmﬁm lammms and pélyariomse p(eRDAIdy alternate,

I d h |
D oD IR B AR LSt BBl oY JEhaE B0

and said p@dly;ﬂ[ylzﬁﬂﬁle be(mgi)chgsgeth@meﬂnh@e (BEDYP polyvinylamine,
conprising: polyacrylic acid , polymetacrylic

aci d (PMA)polpsnipsemidene suP M)am d p@s&rﬁkamsﬂ%) (PAAm),
t I
negatively ?qgas%grgltnpe MQ&%%an?pa}lf&l&rea é’d)gsﬁcgsm&y charged

acid and I C "acCi ysacc ari
negati vel ypapysupgides suchhusgmlylysihelamh polysaedhaldghs nagaively charged
and pref erabl y chosen angng (PAH PSS) 3, (PAH PSS) 3- PAH

et PEI - ( PS3BARS chitosans. g uppor t bei ng deposited on a
surface. Agep 5611'31%0{150%19% %H?M&{]Eﬂlgrg% 'flfe!;?tog% E&%ﬁ?iihérﬁoéyacryhc

are seeded on a“support oW ng
support caaribéPAan), qmﬂyrﬁetaary]ic supgBMA ) hallystyrame splfoemic acid (PSS
r epr oduce |n extracel b,ul ar . matrix

re,
oo col T PESHEY biaplily Shnedd o hpRdes Sy SoRQyElliafc acid and

by recomnbi ]IStﬂff‘ésp%UpQéth LA S¥lyQRehaPlded ™ Ratively charged such as
extracel lu trix conponen%l The extracel |l ul ar

mat ri x ( EOMalirenarhandestginateel | ul ar part of ani nal

cei e i B e D TP BT AP RN USp o D BHRBR-PAC of PR (pss-

i mpopARIRE functions. The extracellular matrix is the

feature of connective tissue in animals. Conponents of

t he SEQMURPt peing derasitehon aswifacgl arly by resi dent

cells, and secreted into the ECM Once secreted, they

then aggregate with the existing matri x. The ECM
Accordmso sicsinié¢ntioh, ta stent eils @f&@ee@edrmsms@ﬁooﬂianowug cell attachment.

proteins and gI écosam nogl ycans. (l:I br.ous

This s‘ypmrélc?% e(?ﬁ’rﬂf[ eal sypreHd gcmrg]lceor repro ce in part, the extracellular

matrix on which each cell is attached.

So the support can consist in by recombinant composition of one or more extracellular matrix
component.

The extracellular matrix (ECM) is the extracellular part of animal tissue that usually provides
structural support to the cells in addition to performing various other important functions. The
extracellular matrix is the feature of connective tissue in animals. Components of the ECM
are produced intracellularly by resident cells, and secreted into the ECM. Once secreted, they
then aggregate with the existing matrix. The ECM consists in of an interlocking mesh of
fibrous proteins and glycosaminoglycans (GAG). Fibrous proteins comprised in the ECM are
Collagens the most abundant glycoproteins in the ECM, Fibronectins, proteins that connect

cells with collagen fibers, elastins, which give the elasticity to tissues, and laminins.
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Col | agens the nost abundant gl ycoproteins in the ECM
Fi bronectins, proteins that connect cells with
waeodobasam fi bers, el astins, which give the el aB¢T/EP10¢9/057850
to tissues, and |l am nins.Cell adherence on these
mol ecul es is well docunmentetbin the art: collagen [H
Cell adbarbnceYon thsge, mMectas isseell Mocuidoersdd i the Brt: Mbiaken,[H. Itoh, Y. Aso,

Artif )s, 25 .213, 2001], la fih ' . .
M. Filioric RS Toa iAol Geomyer 2 bl P! fhrgpectine (4
Raderdaché¥, tif Pa@itgﬁﬂké R2‘Me3%35R ifé%} Inlt aﬁﬂ J@h@ b@ an3a b, 23<5 2001],

Rostam, F. \\aver, D
laminip, [AT(Sank, IAnRoslamSlPr v eew@ﬂ, D 1@@1 Algggl]m MaNgehlatT . [lean Am. J.

surg. Tobalt a8, Rttt ROi4 PR BACR. 7 it g J Sure. 76, 1259,

1989]efibidhicei isPfcOd2, Thd MoSiTARER: H6lcin @dnBEAVIRRLL attachment, scattering
scattering and retention. So the support, on which

and reggnéificel | s are seeded, conprises or is constituted by
ect i a n :

So thd, \HBRZEh e PHehPRIR BF st Tprie b s DR b YiRoncetin,
collagsnu pp unbininRAhgraps e cldeL arches Gyistyn dotha RGD-feeftd den aiko form the

Argi nine, Gycine and Aspartic acid. In the invention,
Sllppogxpressmn "CGelatin, fibronectin, collagen, |aninin,
RGD 1t AFSROHAL bPRreifl IyER8h aHPRAA!

GD [FldgEoitHBnach RIRELEL b el ynacap! ARpHeRdt

In th@bmmmemt expreshiamo|“Eeclaltia, fdxrora:ctim,n‘od)lﬂmh,o tanoingt RGBaspbptide or

of these conponents t he ositio
associiy omgTy e 0 SPBAR G, COmRsF s, BBt by gt BT e above-
mentidRd! ﬁWlé&glet akl & dondiRAt®nl of ERT REENtwo Jf! thefte com onents. All the
conmbi nat i ons of gelatin, fbronectin, collagen, ['am nin

Compmnsa@mbyb@ptusad trhtht iantipe acs@pr@a@lt@hmﬁbqt fo llomvmgl‘@ble 1:
i nventi pa: —polyelactt pS—"——+—i ed i n
the 1 nvEREEER | SESheRe i Par | T KGR UEi
el ectro| ytic group. Par| "polyelectrolyte multilayer |,
it is defined|accofding to the[rnventjon all theg

@

D

| ayer s pbtatrngd—by—thetdepostirot—potyeteetrobytes
layers [ G_Degher, J . |B. Schl enoff, ' t hin
films :| Sequential Assgnbly of | Nanocofrposite
Materi al's, WIey-VCH, rnhern Z003]] By <+ p0|ycation
", the ventieor—+elatasto—apoelyrerrwith—a—-gtgba
positive charge. "G obdl positive chafge means t|hat
the totpal ¢tharfge is pogitive, |.e. nofe than zer|o,
W t hout [eXgruding the fl[act thaf ngnonmgr can be
i ndi vi dpaH-y—egattvre—ehargetd—By— po!y&nion ", the
inventipn felates to pal ymer wth a all obal "negatli ve
charge.|"d obgl negatiVe charge neans|that the tjota
charge [S negarive, i.q. 1ess {nan zefo, W thnout
excl udi pg—theHact—that—rproret—can—beindivdudl | y
. . J ) d+ . +
positively charged. Acdording to another preferrled
enbodi nent of |the invertiom, the support can al so be
+ +
+ +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
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constituted by or can conprise polyel ectrol ytes

mul til ayer chosen anong (PAH PSS) 3,
wWERI(RSE PAH) 3.
Mat er 2007, 17, 2667. b) C. Boura et al.

26, 4568, 2005, c) V Mby el6 al .

[a) H Kerdjoudj

et al.

Bi omat e

( PAHPSS) 3- PAH et
Adv PCMEP2009/057850

rials

Bi onacr onol ecul es

2007, 8| 2156] In-anotker advawtageous enbodi nent, the
i nventi pirretatres o tfe uses (efined|abovg, wWigrein
the | aypr—numler o hﬁ'yﬂ!ectmlvfnc | j rom1
to 100, | preferably from 3 to 50, forel|preférably from
5 to 10| and i|n particdlar+7. Jnde{ 7|1 ayers, the thin
| ayer aftordrmg to the [rmventTpm Temams permeat)l e to
snal | nplecul es e g Hoechst B3258 (mnlnhular we|ght
623 Da)|In andt hert advdnt ageou$ erbodinent * t he

i nventipn el ates +o the uses ¢efined|above, wherein
said su foch s—a aturat or—a tTficrat——surface] said
artificLal_sunface hej ng chosen anong gl ass— TCRS

(pol ystyrehe ¢ell tultydre treated), pol ysifoxang,

Table pefdptasedk kil the Rompifatierisof péloeanftabndetia, psllagb®rSmitiA and RGD
particul ar Dacron(r), pol yurethane,
peptldﬁbqtt;ﬁ%@tbﬁyﬁ%i 4SFRBPRSE IGBE YWERan. chi orure, Silastic(r),
expanded pol ytetrafl uoroethyl ene (ePTFE), and any
materi al used for prothesis and/or inplanted systens,
aBgi ©polgeloatalytad » sitrif alendLim thechosetivnapsipgietsl whetein monomers
sel veins, heart, small intestine nucosa,

IMVG%H %nggwgﬁwé¥erably decel | ul ari sed unbilical

apﬁt@fﬁo?y%lec%ly@e Ml%ﬁﬁ%Le?» iV & RSinc@hLBIAIBS tPHcThNALibAGIL the layers
from human organs. I'n one advant ageous enbodi nent, the

obtaincdbgnbd depositbhpelyclcoraytealaycel [G iickcheel ihdicblenoft, Multzlayer thin

films %ﬂ%el ec %&ﬁ%ﬁé% It|| ers re d g@ﬂ%&ﬂ: qmc%elm 2003].

1erd ?S;/e “dfrd“
agg)e cnyca@laﬂ »S erf inCeR il Mldtdsersi D blyhRr SHIPPlobal positive charge.
ysi ol def ormati ons. As physi ol ogi c de OFWHPIOHS

«Glob,at stgtl fg@»ﬁn@m thay ylentotad sharge is posalnys, &¢. mpee than zero, without
exclufifl BT BR SRUREY BYLd B ALAL Al RULSALILT Y due to

rial pressure. ace

dBpQSpdl?ﬁn@Oby eeeivemont &lamd td balyaies vaitte aaglbealtigative charge.
resist. and to be deforned under physiol ogic pressur
«Globahpsgratize gharggnineens; thatsbo fekplgchapgces dcadiyg. 50 ey thapaeragwithout

f
N

ssure av
CAncbrtilngrte ,anotheppretareed| carbodmdéntrodnhe fFoenteoaitha @ippom can also be

.hu if the pressure is upper .than, 180 R
COHSUEB?@?B@%&C@& R %qurica?ﬁen%éhéﬁ@ﬁﬁ)@ (PAH-
PSS):4&{i NGP MRS A3 5 Ula§ H. K88l UG- Funct Mater 2007, 17, 2667. b)
C. Boura et al. Biomaterials 26, 4568, 2005, ¢) V Moby et al. Biomacromolecules 2007, 8,
2156]

In another advantageous embodiment, the invention relates to the uses defined above, wherein
the layer number of polyelectrolytes layers is from 1 to 100, preferably from 3 to 50, more
preferably from 5 to 10, and in particular 7.

Under 7 layers, the thin layer according to the invention remains permeable to small

molecules, e.g. Hoechst 33258 (molecular weight 623 Da).
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By "physiological conditions , it is defined in the
i nvention heal thy individual blood pressure neasured
WO nooans@ny, veins and vessels. I n one preferrepCT/EP2009/057850
enbodi nent of the invention, the coating of the
support deposited on the suFface by cells according to
In ancithee atl van¢apiebanermisodsmeiht, thba'nweintion edatst ® theusdselefhad gbove, wherein
ress of blood flo LN particular in vivo. The

said sifieg 3 o SpHBL ST GHTBRLYHI LR oW . neans, in the i nventi on,
- sﬁﬁeaﬁlﬁﬁgleﬁﬁrfaé‘e bdiRE EhRABRhmbRE 6Risd, W@oﬁ%tﬁ&% Rl1QQfure treated),
| ow on the conbination support and celI's "coveri ng.
p@yslfoa;aes nesiabalkyl¢ pelyicthesn bianmpatiblb epotyroseninapatigular Dacron®,

artificial or natural surfaces. The "artificial
peluypictheac, rramlwnethzlaldq@@e camdyvinylt echisyuieat eBilastis”t hagxpanded

exi | ogi cal conditio For exa
el hyene DGHED. B2k G oA b Far RS s Anpgy implanted
syReen@l, 88p, plastics, or polyners as defined above. The
art|f|C|aI surface, according to theinvention, is
- seminp@tturablserfwet being ohpsanoareny blaedarrsdls waine heatt) small intestine
gratio
Bl Gt el BaCTRNGUL Apl ) EleR i Fesprigy veins, areries
oﬁgﬁgﬁg1amﬂ¢Mhﬁgkm§@@tan1natlons The surface can have
anyone form In one particular enbodi nent, the surface
ubeanq adveRBeresemhasimenis th Ay ersies; Iskitesftoghbritrahsurface wherein

polyelegtgo'ﬁ%to2r9fil‘?’1?aérg;f§r arE ES{)%&{ Xal?gﬁea%et B%%%ﬁf}ia?é m?%gg@ko allow cell

admmmmrempmeﬁekmﬂbyﬂahbhtuﬁ@upmﬁsmhﬁﬁamgﬁodmhnnSMﬂﬁaee;phymobgm
with a dlnenS|oqlof about 300 x 170 is suitable f%
deformaions oif iepFash it thedpveation+iog pxample, the gnt]ﬁﬂwtfqnocaused by the arterial

pulsadfi#0a4 NAL ROk EAQRR! ant abl e bl ood vessel . The

above- nenti oned di nensions are indicated as |length x
wBathe. sulrfac«:)weemmale depodited mbgrfeleenbkyoh mghitlaycsaard able to resist and

|n the i nvention.i [l - u
to be FilomCEE Bishibih Py YSEcoRRd Fendp BBy TpPrdetly 50 o
2somﬁﬁgldnaqdpﬁft Busly BE t$2Fn@fgsai d plate or flask used
ends on the desired surface of differentiated

cTé ¢ss rarges pépltess:lm hérve l@elp mepsired mmlﬂsmgsqab n@mdzmzm particular
. refer s used f ca t he.
i i, EBEEGRAE I WA B pre S S o RO R ' lcered o

a hypdritv§ioh icomdiGéd) Hjpseenbiends defindd athes pEdsage iCiRiIeHOamPIRg
bl ood vessels, veins, arteries, preferably

dB¥ ephyfiglogiselacondtionpy at isgdofiaed estheAemtlan Agalthy fndividual blood
pressdg%ﬁ%gstu'r&f]m a@ﬂeﬁé%&%@ Lhnd6LBsand bl adder or any ot her

ace origl tlng romorgans can al so be used in
t heorienprefetricdembbdinenabf thgrifresnesn the doatmgtdfehe supppottideposited on
the surfjecegbync?e 165‘ afcéo%ﬂ'ng?é t elin\?erntllgrliI rlrsasrhcﬁ rtha??tsres%ts ttoI the sﬁare stress of blood
flow, in particular in vivo.
The «shear stress of blood flow», means, in the invention, the tangential frictional

force induced by the blood flow on the combination support and cells covering.

Surfaces used in the invention can be chosen among artificial or natural surfaces.
The “artificial surface” means a surface constituted by materials that do not exit in
physiological conditions. For example, an artificial support according to the invention may

be glass, plastics, or polymers as defined above. The artificial surface, according to the
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It is also inportant to note that the surface defined
in the invention, wherein is deposited the support
waledoonsciinbove can be separated by a renovabl ep@BERI0RDS7850
sufficiently rigid to allow the separation of cells on
support fromsurface, and sifficiently flexible to be
mvenwoapis ednpatbindvieh 81 viok,cultintchandt inbreakdlingrotifeeatsup farst means that
coptai ning cell]s. In anather, advant ageoys enbodj nent, .
the e Do AeBfb o gh  Retehsbe NSRThdehEyolunga and vira
contahi&lihy said stemcells are chosen anong mesenchymal
stemcells (MSC) and hemat opoietic stemcells (HSC
The seloor dimbatcoartylesc ifewne nini e, partienlat enbasiinkst, dweshrfage tused in the

: i.nventign can be. chosen a ermat opoi eti g stem cel,l.s

imventBX FS & SmG R € R A e T 2R SRRt B bl e 24 mmn.

and nhi§i€ GrdfBrablyeaboivantdsoBOE180 hefpimpabRtjrefetibgmueat hisleddsd@00x200
are found in the adult bone marrow, including bone

mm. Farfpesvvish of dmgnsion lof pboti Y9, x d7@mpans suiteblofrehe hemusion of an

artiﬁé_ilaglc &4, q/?trg bhl%'cﬁc? | da'nﬁet%tls%lag%}pfee%%ﬂﬁl Ve%%e‘?n'ghg %b'oj{feqmentioned
using a needl € and syringe, or fromthe 00

dimesdddsomt igliqatet dsrlesttigntidiid. T ooy bihist pasiculsti@hb@BmEatCSid surface

(granul ocyte col ony-stinulatjng factors), that induce
used pghp dnvegtipny 15 a¢dlaeBYTS Plain A KBSl €ormat ¥anp&fivankiology by

‘ y ‘ L . L S e,
o SR GraRUTRESL o S Bl 38 SELEBLIGAE g RSkt of
differpmtidtphenilal bl ood. For experinental purposes, fetal

liver and fetal.spleen_of animals. a I usef ul :
In pagisific.eLDiate VIEAiImISIORS ASw BT PATEARI a” (WAt 'spised for carying
out b8 bf @RRRABAWI obl ast nul tipotent cells, which are

al'so the precursor of endothelial cells. It has been

shown that these pre-endothelial/prehematopoietic

he 5T aefahd T AR, S ah FhatoRRRGIEE e apane biood

vessel, S@eifly, sedes, Prdfb@blyl dsettluliisédi|drybideMehe@ad. According to the
i ndi vidual s, such as in newborn infants and adults.

inventipay plagestah doynenadghlpdflcs o1 ashetbeiofurfspariginatnaie® arggs can also

ti QL exist in the adult as circulating stem
betm%%ﬁvggﬁﬁ@ﬁﬁ%lperipheral bl ood can give rise to both

Natuahslefadoed usal irc gelisveandn bagatefane thienat 6F hemanlbgass @alskises.
are thought to express both CD34 and CD133. These
cells are likely derived fromthe bone marrow, and nay

It is RS PRGaftehI N6RIthE! @GN RRALE T TheShERMiER! \!vﬁereihrlf deposited the

anot her advant ageous enbodi nent, the invention rel at'es
suppdro d¢fivedubese daf baadpaaiiod by awtverogille trivgeridl rsefficamdlytingd to allow

secaond oups of specialized differeptiated.ce|lls
the gieg: ShAUBEPY s BREE S it e tabrHEI Gl o P elegipabe wrapped
arourRINPRAcR, WSS Br&RinkShe support containing cells.

In another advantageous embodiment, the invention relates to the uses defined above, wherein
said stem cells are chosen among mesenchymal stem cells (MSC) and hematopoietic stem
cells (HSC).

According to the invention, the stem cells used in the invention can be chosen among
hematopoietic stem cells or mesenchymal stem cells. Preferably, the stem cells used in the

invention are hematopoietic stem cells.
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According to the invention, snmooth nuscle cells are
defi ned such that they participate in the formation of
wa@2@nsd4nl nuscl e, which is a type of non-stri aP@mEP2009/057850
nmuscl e, found for exanple, in arteries and veins. The
cells are arranged in sheet® or bundles and connect ed
HSC bye tpaypdj inntditi aiud. bdmre owmdew, tincleding rtemat , madew ol fesaurs, hip, ribs,
nd. a,cont tous

cont in actin filanments
stermuE ol g - NG SBPEd SRBwe bk U GHT dh pip using o
needld 41 s%@tﬂge R fl%@‘}’ﬁferblc%@ﬁ)lll@wﬁ% bRa¥aBh&it '\&ch%@dk%é%l sRA%s G-CSF

cardi’ac muscl e, the way they are arranged
(grantdwyrffemel@ny-smbitimgnﬁs@lr@ d@ltllsdumnyélacnoeb@ rclhwed foom the bone
| ul ar trlx ont.ai ni

marrorvp ear)](ﬁrﬁex t@&e{ )§Blér§eﬁ Oa{n(l‘jhnll(fa? )and eﬁcg:gf ﬁﬁ use 1ncqu(Pe umbilical cord

blood pIMEQRL, A€ riGhili 2 dﬁ)@fphbﬁoglo)b@aﬂﬁr E@eﬁ@ieﬂta@ ipufpodds, fetal liver and
rtin, K A & Powe ul ati on of vascul ar

fetal sglepmphanimalsiase el psefilispurcenef HCon. J Vase Surg. 45,
25-32 (2007).]. These fibers with their extracellul ar
matrices contribute to theviscoelasticity of these

It is nbivsseledocubinanaidnthanidSC elctil s frohaserspRii Hlast nelltdsitém calg which are
col I agen recept whi ch interact with these prote

S | ..
also  the, PrecyRior At ffqdéﬁ‘ﬁbﬂc?*?”én Ity has, §eqny, phapvy ﬁhﬁétthe%&rete@dﬁ)filehal/pre-
r e i e
homa(BBOibHE 8Ll A 1 SGHe0 ol bE of HIRRAbHE RIBCHoRAatlofC 1t was then
found'ﬂlnaee hemsngoblage a@rd erpresntorthe tibut ef filynddveloped inyh\tlduals such as

he setting, of .the | evel of blood pressure. Snpoth

lnnaW%g%} mﬁ%ﬁ%¥%£4§ slowy and may maintain the

ThereGQ %&a@ﬁﬂefgﬁhg %{fl‘agﬂcteh@f RiREDesTIERA (HaPRbEMucOh &84l B the adult as
snoot h nmuscle cells express specific proteins,

cnculatmgostvmdcelh inhidie cmipheret bned wcglvagmmoobcnh rangethelial cells and

act.in th cle osi n and

nemarBigieth rafT Phshe THBCiR R B EP ot BTSRRI These cells are

likely SI¥BIOED fiBs EALLER] MArrdWe ahdenBeevdat bo Berdfedefdmatedtsfoddtic stem
matri x conponent menti oned above, and the

cells. contractibility potential. These properties are the
properties found in the biological natural process of
snooth nmuscle cells. According to the invention,

In anogtd @tﬂ%&ﬂtdg&busﬁﬁhﬂxﬁﬂh@ﬁtmhb hievenhiom rdlayefo taé ussldefined above, wherein

(endot hel i um, t hat ne the interior surface of bl oo
the ﬁ%s‘@ It Ee SEMHi %r@u%wf Apesialized dyfderaristed pe &P%&S}Sﬁ@f cells chosen

amoné)r%I Rl iel'l"l‘? Iah&' %Qotﬁ%st:f%ecgﬂ?St of the vessel wall.

e endot umis conposed of a single |ayer of
Accordmgdb hied inavbntoo, Ismooﬁrtdmdheed:elkal are dfiredpuely than theysentdigdte in the

ole.in th r. . devel o nt and i,n th :
formafi 86 SHOP OGRS L5 b SLeOF GO0 SRELedc L o i for example, in
artericd@h& vERs M cchg Ql%ta!ﬁ%hg&i inGBbtS o MRl ant RENNRELWyAap junctions.
tonus, by |l eading a vasodilatation or a

In ordgatoatntiatts ihetck bncenssin adiim élatn@msr@dceommapt@ns progain called myosin.
ni ng the de Ef qf nechanlc constr

WherdRfé BlaHcA 4l S ARANES R R AR AE ] el ln p3Fetal and

cardiac muscle, the way they are arranged is different.

Smooth muscle cells may secrete their own complex extracellular matrix containing collagen
(predominantly types I and III), elastin, glycoproteins, and proteoglycans [Rzucidlo, E.M.,
Martin, K.A.& Powell, R.J. Regulation of vascular smooth muscle cell differentiation. J Vasc

Surg. 45, 25-32 (2007).]. These fibers with their extracellular matrices contribute to the
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the in vivo neo-vascul ari zation. |In another
advant ageous enbodi nent, the invention relates to the
waois@s/1s8&ii ned above, wherein said first group BET/EP2009/057850
specialized differentiated cells consists of
endot helial cells and said XHecond group of specialized
viscodlistitiey efthest teduese Binsothonsickt Asmhasspeafit chmstsc hred adlaken receptors
accorgkqg to the invention, the stemcells cultured

. . So
thhd@@BWHWH _ epﬁgmﬁ?ocess of the invention
The cBhfri@ill€Rdcbs dFM¥Reular FaXhNaLiA iCelitisl ﬁ%‘%guqanﬁﬁg @t Sumenal

~grown in nornoxic conditions as defined above, or - '
diamegrroaft themisal erteeds-aterighesncalledyresistengr aamclisn Thy posistence arterics

contri ﬁgg@ﬁcﬁﬁtl\gfo ?]%félet:glﬁg é)ﬁ??e\é V?lgqg)?ogo\éia&tgsas %g galé)gtholgluscle contracts
slowlys RRE inhdyC nRKYHR ThE RBARADAL FAMS thObidcABhRAEBSABE cdlB, smooth
vitro process of differentiation ofeither nesenchynal

musclg gty e¥pEss wccifienespyi Eviobvedtianthe epnisacsieadefhor gnooth muscle
actin, §1H88tﬂfrﬁuscl%%§osg&8%9&etsmﬂ?F’OS' ted on a surface
conprising o

el ng constituted by: Celatin,
So inf ihbr @Reaionn,the @bdcagaln furncaomdi propfEEd pPERiniddeh miiscle cells are the
assocgi ati on - polyelectrolyte nutil ayers,

secretlrglnep r ea%qagelb%e&{, BRIy rﬁ,‘ong)@aerﬁo p}ﬁgﬁp% ’abﬁyeef andy Bh?/ contractibility
potentgelrlg ﬂ%&%g%eﬁ%k dr Rl ﬁfo@gﬁ%}ﬁ; ?mﬁﬁ'iﬂ ecﬂﬁﬁgﬁaml ﬁtlagess of smooth

rrsing: p am ne ( PA
musclpotliset hyl enei mi ne (PEl), pol yvinyl am ne,
pol yam noam de (PAMAM, polyacryl am de (PAAM,
pol ydi al | yl di met hyl ammoni um chl orure ( PDAC),

AccorBRg thitHE ik cBHigH, d@dotheliyRAS SIS UG ﬁaelp@ﬂ OHIY FERB M m) that
ol'ysacchari des negatively charged such as chitosane,

line thenigtesial duisaicyanblond visstinglormogesm wfige thibvagnougsulating blood in

e R s RO LB il oer o

endotitgigbédidel y charged pol ypepti des such as pol ygl utam c
acid and pol yaspartic acid and pol ysacchari des

Endothelipheellsctlyy ahassgetipl selehn e vageulyr dsivalepaeat andgn kg preservation of
; P C -P
e B0 GRS FRRCD, AR AR ESR) B0 BRI Pl oms

by leadinpf acaoddaatibroo 4 aawcheiigioa dsadrdingl toahe asidifiorsl 80 maintaining
surf ace, erein: . .
the degree o mechgmmcal constraint of the wall at constant levels. They also can participate to

the in vivo neo-vascularization.

In another advantageous embodiment, the invention relates to the uses defined above, wherein
said first group of specialized differentiated cells consists of endothelial cells and said second

group of specialized differentiated cells consists of smooth muscle cells.

So according to the invention, the stem cells cultured according to the process of the invention
differentiate into:

- Endothelial cells, when they are grown in normoxic conditions as defined above, or

- Smooth muscle cells, when they are grown in hypoxic conditions as defined above.

An advantageous embodiment of the invention relates to the use of specific oxygen

concentrations for implementing an in vitro process of differentiation of
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said artificial surface being chosen anong gl ass, TCPS
(pol ystyrene cell culture treated), polysiloxane,

w@edobhis@aal kyl e pol yet hers, bi oconpati bl e pol yneeBHEP2009/057850

particul ar Dacron(r), polyurethane,
pol ynet hyl si | oxane, polyvi @l chlorure, Silastic(r),
cithpamdedcipohal sehr afllsuor oet hyl ene (ePTFE), and any

terjal. used for prothesis and/or inplanted systens,
%@a‘i‘?ﬁ?ﬁpﬁﬁm%ﬁ'ﬁﬁ%oe bei ng chosen anong bl ood vessel s,

seeded 8h Q%upﬂ%@taﬁa{ld st debblifa idnAlurB PR e G Rl c‘;‘o%stltuted by:

preferably decellularised unbilical arteries, said
(yelgtge Iﬁsbromemm @ollmekanemnoRG@i mtldmg)rfas&@mahgm or gans

ate cu
P BREY SELSER BT o P o BOIG e R piraply et
di fferenti@fi®dpeBlhtfond NAREingNOEKBR¥H C a&ddi tthe@NSrodNd cofprising:
an appropriate culture nedium wherein said first
group of slpjéﬁﬁlllmlfinzléé dPAtBr enelyatheleneming ¢BRBi spelygfnylamine,
endot hel i a se up of
di fferent i? gﬁ% ggunde@%%%w con ?lgcgkﬁhhvawere %PAAm)’
hypoxi ¢ coptdydhakbyl&naaﬂeylmbntdmat clﬂ@ﬂn'rdér(lPDi’L(lf) | positively charged
constituted by oxygen concentrations conprl sed from 2%
to 12% of PRIVEGPUIEENUSHas ywneuﬁ%i posacshagides gegatively charged
anbi ent ai gucgg chﬁfs%éee% ly from3 to 8% of nol ar
content per vo nc of total anbient air gas,
and nore psaed polabﬂnyn§ bcmg 4hoenGhafy thol goupc corhpidinggrolyacrylic

vol ume (nc/v anbi n a cul

ot um of 19 2hat RebioRaerE ol B el S fire Sufrhi€ acid (pss
obt ai ni ng §hepd)i h at19519%a%fed§)gl%%'eﬁﬂlde§%%h as polyglutamic acid and
differentiated cells, Said second group of specralized

di f f er ent i palpabperticl ecidonrd spalysstclamdot hmogadedle dulrgas. such as
Anot her adl\{aaﬂt a]geoq@ ncbotdl ment of the invention

rel ates to YheoTde fa%m%l’nary set of two culture

medi-a wd Pre@fNBIGNchIRAL binbg PACEPSS R (FNE-FSY) LAl ct PEI-(PSS-
nmedi a, each oxygen specific concentrations culture

medl BﬁH&Drrespondl ng to a culture nediumwi th specific

%ﬂppcogtnﬁgﬂg rd%é(%s?t%? onf or, Hf‘fg]c% gélﬁf %'ff%@e% bgﬁl% ea?ne?[{u’a or artificial

nmesenc emce

suffad:d svheegled on a support, said support dep03|ted on a

Sgﬂdwfrgﬁglefqo agflg;gélplﬁg@]g.?er? S]Ialgfglg]% rs]sS h"él)’m eg yg enedspﬁ cuﬂure treated),

pf;fsﬂ&aﬁlte' &ﬂuQ%kgg: e(?tgetrn% Odl%ér 7 ﬂelﬁglb @&@fn s, ﬁirﬁ&ﬁ@r' Bacron®,

ycatlo S an ni er na
polyurecthane,  polymethylsiloxane, polyvinyl chlorure, Silastic®, expanded

polytetrafluoroethylene (ePTFE), and any material used for prothesis and/or implanted
Systems,

said natural surface being chosen among blood vessels, veins, heart, small intestinal
submucosa, arteries, preferably decellularised umbilical arteries, said vessels, veins,

arteries originating from human organs.

in an appropriate culture medium,

wherein said differentiation leads to:

a first group of specialized differentiated cells under normoxic conditions, and in an
appropriate culture medium, wherein said first group of specialized differentiated cells

consists of endothelial cells and
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sai d polycations being chosen anobng the group
conprising: polyallylamne (PAH), polyethyleneim ne
w@ Ribjise4pol yvi nyl am ne, pol yam noami de ( PAMAM PCT/EP2009/057850
pol yacryl am de (PAAmM, polydiallyldinmethyl amoni um
chl orure (PDAC), positively2Xharged pol ypepti des such
- aasecpod Wy of spm@hliyze)d yii;ﬁ&xeﬂt'mltddd efﬂlsnmght ihypdsic cnbadig’enls wherein
such as hltosane yani ons bei ng chose

hyRBHg CRETGPL AR %Hp Pts?rﬁglemp%iF ;}%IGPW’:“EG% Y PHBRR Sncentrations
JBRpYiEL BGHYIY% Go 3896G LRI conRPk }S&t vd1&HE (ﬁb'ﬂvﬁ 8h{cfal ‘%ﬁibqjent air gas,
(PSS or SPS), negatively charged pol ypepti des such
nwefesady | yufiremy 3ctoa8&i> df mpbhr pgﬂltymmawohumea(mc&)axﬁ thtal arnblent alr gas, and
olys char jdes, negativel y charged su nan
8 pgi:af‘a:{aﬁgrt m 4 gon fé:p(é]%g 13 rg[rpc% e ug}?o C!N) ofu total ambient air
dabAhtaRE8)2, mécﬁ&ﬂ'd-ff‘b@ SmitAhteilte Rlbdhe HIRSERADr cbtaiSidicGhe first group
support being deposited on a surface, said surface
Beregalizcatitierantiased aelts saidisaponshgronp of spgrealace difigrentiated cells
Bt b boBHRLpES Nl g chosen among gl ass, TCPS
rene ce Cul'ture treated), polysiloxane,
perfluoalkyle pol yet hers, bi oconpatible polynmers, in
i cul ar Dacron(r), yur et han
AnOthﬁBP NrBtaggPusi %@&@H@entpﬂﬁpt mwntl%rei%t%@ thejuse ef p binayy set of two
cultur@’&ﬁ@dqge\gltlp‘a g&fﬁt sﬁéélﬁ@ Bﬁééﬁwa& &ﬁ? %3 ﬁ)ledlgngac%n}fx%n specific
materi al use or protheS|s an |'ant €d syst
conces@ttnnatulined nediracerrbgiondinghtose n:ubttmenglebiuﬂo dwthe seifs, oxygen
smal | estinal subnucosa, arteries,

vei ns
Conce’&tffaépé‘? atgf @‘edié%gFlFttﬁtlﬁpl ed unbilical arteries, said
- YBSSAbRncHRhdlSenPéRr i es ori ginating f r om human or gans
in an appropriate culture medium wherein said
- atihbhetopaiciiasiconcelleads to: a flrst group of speC|aIized
i fferentiat. cel |l s under nor condi ti
scededi & SR P iy Gp i BT fost e oy W Rtilba vy
- @I&up fdtorkpeeicellizadiagiihiheR 6Dt poptiel dtakdosiationdrst s of
endothelial cells, and a second group of speC|aI|zed
- nelyalesirehts muBleyere] Pr§f°&ﬂﬂ§ép01ﬁ§/%@9@ﬁ an¢ plyaion srefgplly eftprnate,

hypoxi ¢ co%ﬂ£t58§§mﬁﬁ§ S8 Hﬂ%nggkﬁﬁg Fht Tfoup comprising:

constitute gen conc
polyallylamine (PAH), polyethylenecimine (PEI), polyvinylamine,
polyaminoamide (PAMAM), polyacrylamide (PAAmM),

polydiallyldimethylammonium chlorure (PDAC), positively charged
polypeptides such as polylysine and polysaccharides negatively charged
such as chitosane, and
- said polyanions being chosen among the group comprising: polyacrylic
acid (PAA), polymetacrylic acid (PMA), polystyrene sulfonic acid (PSS
or SPS), negatively charged polypeptides such as polyglutamic acid and
polyaspartic acid and polysaccharides negatively charged such as
hyaluronan and alginate,
- and preferably chosen among (PAH-PSS);, (PAH-PSS);-PAH et PEI-(PSS-
PAH);
said support being deposited on a surface, said surface being a natural or artificial

surface, wherein:
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conprised from2%to 12% of nolar content per vol une
(nc/v) of total anmbient air gas, preferably from3 to
w@20ofisqai ar content per volume (nt/v) of totabCERP206%057850
air gas, and nore preferably from4 to 6% of nol ar
content per volume (nt/v) o3 total anbient air gas, in
- saidmntiﬁcial&sun@dé bemgthdshe asang ghat, i@ Sa@otysgroreclsabure treated),
r obtal ning the first group of specialized
HSP Yoilerast petlage ﬂmpglyeél%ﬁrﬂ @%@mﬂgmpdywrssweeqrawl%reQacron

f t1at t h Lls
PPhur RGNt ; BSO8R Sites pOYEnE Tl ufea: GHirh cxpanded
@@%&ﬁﬂl@&%@ﬂﬁé& @pmﬁﬁptaaatahgr}@%@éﬂ&m fégﬁﬁﬂoﬂﬁkm jud/or implanted

nprising: - an appropri at ture nme
sgxtgygen at nosphere concentrati ons |n sal d culture
medi um rised from2%to 12% ar content per. . .
Bl el ey B GEaD dimones FlopEr By Mg BATh Baloptestinal
SUBhAEosa0nk&Ms, PesfcrBlyU H@ce(lﬁﬁhgéd bttt lar@liés, @0 VERER, veins,
preferably from4 to 6% of nolar content per volune
Wﬁﬁ&/?rlg)ﬁatﬂ@tfmmi}umanw@m nvention then relates to

nan & ure mfture %{\4 th oxygen specific concentrations
@é’rrﬁ‘})rrl Si MUt r{'HEnt s essential for cell survival,

wheresiigaid Mfeﬁdﬁg@ﬁon RAIgQ: acid, vitamns. . . This medi um
is conpl enented w ovvthfactor originating from

th
- aaﬁrsmrowe%mecwﬂlze%étf?%@ﬁ@fﬂd epllsvitner germxic pandiiinsy apd in an

RO kR0 SRR L IR s R e o
coagiaty ef SndmﬂhlluMeIMdOoy medi um EBM 2 nedi um etc.
s condj tioned such that the

. over t |
- ao%‘;?@@ﬁf B h RSt s ?ﬁj @rféftremta tedopgllsi st Dpois [s8Adiopp wherein
f@g@ﬁé'c{t‘)n&l@ﬁgé tafeoghchl fRat g}ﬁbleﬁﬁ’ %@tlé Qanstftlﬁgd %ﬁy&%en concentrations

ncentration of the oxygen specific conce I ons
coulprisedefromd %ne ¢2% dfendantantdnt per Wurmaymetvenf ©dl a(nbient air gas,

reviB e RaR? Hhnalt s drte SoB gD B bRk s, and

thé1@ Pr&ipaby At Plo G%Y&EHolal BoRBR RAND G ?ﬁc/v) of total ambient air
enbodi ment’, the oxygen specific concentration culture

gaadn @muaumdn@ﬁln@ afdhe haén@ mafeistas dire ermused gl gtaipfgahe first group
bo ve pl aced

épﬁ%%hzgge qd ffergiltleﬁezcg C%IP N gal RReNg 2Tl )99 gﬂec(l:a(%lnzgcé Iﬁitlfrfealrf:ntlated cells

doﬁsﬁ@ﬁ_fﬁrﬁbd)tﬁdnusblré en& advant ageous enbodi ment, the
invention relates to a culture nmediumw th oxygen

specific concentrations defined above, in association

The uW! H}?r? aRl F%Ql%{e% g %pélﬁﬂ %eeﬂle%n?wﬁt‘ﬂr&%zgg g&?ﬁd @éﬁ?c‘%hﬂré%{bgs culture

es al so ure medi um w ygen Speci

l’nedluQDCtﬁﬁlmiSﬂIig.l ons

- an appropriate culture medium, and

- oxygen atmosphere concentrations in said culture medium comprised from 2% to 12%
of molar content per volume (mc/v) of total air, preferably from 3 to 8% of molar content
per volume (mc/v) of total air, and more preferably from 4 to 6% of molar content per
volume (mc/v) of total air.

The invention then relates to culture medium with oxygen specific concentrations comprising

nutriments essential for cell survival, such as sugar, amino acid, vitamins... This medium is

complemented with growth factor originating from animal serum, or recombinant growth

factor. As culture medium, it is possible to use, without limiting to, the following available
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conprising: an appropriate culture medium oxygen at
concentrations in said culture nedium conprised from
wa 3Mtiss4ar ound 21% of nol ar content per vol umePCTEP20)9/057850
of total anbient air gas, preferably from 15 to 21% of
mol ar content per volume (mJv) of total anbient air
mediugaso-NBMasRBbENS iIRPM W 16#0,alssoppe rimedempo Vie dCoyn nedium, EBM-2
surface. The invention also relates to a binary set of
mediu 5ty t ure media with oxygen specific concentration,
More®RE thi@RYQI8 M SP 86 dilicnaNIER Mhdt aht OR %Hl ddHCEntFRIBh UMt it comprises
correspondi ng to an appropriate cu?’ ure nedi um and
corresppistsité lhypqmqgmdltmmcent rations, comprising: an
e cul ture medium with oxygen at. .
In the E’S(S‘é 14 a%‘? o"ﬁ?g?‘h C%‘é‘ieag%ttﬂ“t Wfihem%ﬁl%%ﬁw PRI LG Fbigns culture
mediud¥ehid bd 2¥n@blldmbAkng ARt@Ithl BEbidletitiTRoliPolMd 0®fmdledudé liable to
anmbi ent air gas, preferably from3 to 8% of nol ar
diffuse Bhihe sultyse megiimy g OEYﬁﬁﬂ\PPn@elntﬁab@laPompﬂﬁeé hionx? fo tgddye of oxygen.
b
In one&%ﬂ%&%& (errTICPor/o?;rﬁ%ﬁ, tlth% { a{ré—')eg] r%leéelﬁ% an/ilic%tltégawd Jult%geglglg@hn%eccordlng to
the invdntibn @ars tyaRBE bf deplast hediwnm descabied swee phised ana hermetically closed
appropriate culture nmediumw th oxygen at
space @%ﬁ@é‘h?’?ﬁ@@ﬁ%ﬁpﬂa@%@ cegffelisle nedi um conprised from
13% to 10% of nol ar content per volune (nc/v) of total
anbient air gas, in association with a support
In ondepesitigedusoambodivrchgake Aveotidi mejates to liecultwemiddomy witte oxygen

|nar set ulture nedia wth ox specific
Speci BB P Bl St ion UL PPB By of prgface.
appropri at e culture nedi um conprising nutrinents,
gromh factors. . . for cell survival, placed under
The inypdwinc rddangli dlsoore anuiltares ensingm apph opxygenespagiftoucencentrations
medi um of the sane nature as the first appropriate
COmPiYi&ure medi um "A second appropriate culture nmedi um

- @fappRprisRmRIthatméduhhan the first appropriate culture
medi unf’ nmeans in the invention that the first and the .
- OX¥EUhY cappdpreniia seid qulfpe medipgreompyised aey 1370t @round 21% of

md P CofiRHP a]? '\;ol 1%1[11 kntﬂg/gﬁpmo%l %?ﬂaltt 'a&rﬁa@hﬁt‘efelrab?% tﬁIoE}? 15¥921% of

appropri rises
mgtap\sbitchtgrt ©6kime. (mchw) dﬁlﬁﬁalaaiwlﬁéﬁtamss enbodi ment, the

dnventi.on gfgl at es tg ture nediumw th oxygen
- i ggerintien RHRAHPPE ?H?S]é'l Phadriséve, or a binary set
of two culture nmedia with oxygen specific
concentrations defined above, wherein said support

The idemosint dsb gelats stor aatdaaryosqbrdfsezso (mltius swedst Mtht exydey: specific
- latin, fibronect] col | agen I1 Juh RGD

conce?)té 19y sach, oxygery ép%&l#l% (fonggntration cultire medium corresponding to an

appropriate culture medium and specific oxygen concentrations, comprising:

- an appropriate culture medium with oxygen at concentrations in said culture medium
comprised from 2% to 12% of molar content per volume (mc/v) of total ambient air gas,
preferably from 3 to 8% of molar content per volume (mc/v) of total ambient air gas, and
more preferably from 4 to 6% of molar content per volume (mc/v) of total ambient air
gas, in association with a support deposited on a surface, and

- an appropriate culture medium with oxygen at concentrations in said culture medium
comprised from 13% to 10% of molar content per volume (mc/v) of total ambient air gas,

in association with a support deposited on a surface.
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pol yel ectrol ytes nmutil ayers, preferably polycations

and pol yani ons, preferably alternate, said polycations
wheimngsahosen anong the group conpri sing: PCT/EP2009/057850

pol yal | yl am ne (PAH), polyethyl enei m ne (PEl),

pol yvi nyl ami ne, pol yam noamdXde (PAMAM), pol yacryl ani de

( PAAM) , polydialIyIdinethyIannDniun1ch|orure ( PDAC) ,

ositivel char t| d s Suc t hat .pol yl ysi ne
Accorlly foH s SeGRET dds HEdR: Ketly Neh il SR PR Seen speeific
concekt toAS@dRGrise) bri@ b&sﬁﬁhé’@'ﬂ%’ ONfirsP @%}ﬂ‘égﬁi’[@ 2ERuRTRABuh M mprising
group conprising: polyacrylic aci AA)
nutrinpotsy gevel fydtors. . abirde(l Bm)walpldh@@tmdehhymxlicf omidgicaciand a sccond

I e T

“A scBSldy sResitatd BEsr egRliny Q)'f)fhé?!‘,lﬁlﬁfgﬁﬁul&utﬁb}n ttﬁbaﬁrst appropriate culture
hyal uronan and al ginate, - and preferably chosen anong

mediupPamemsS3the (Ipygat PEhE- tbarirs arpEhe( PEgEARPrapriaty celiiee medium
S t 0

hove QAT RSONS AR ed D AR5 L 8 3phiuRge mecium

compliieR @feysagRtnu@iméme), g@@l\lvthuhetofnedl a wth oxygen specific
concentration defined above, wherein said surface is a
natural or artificial surfacesaid artificial surface

I SHMht glt AGED rél YERRE ith

" On%uP%lr%%??S:g? g@?&ﬁol me Vgxgﬁe ré g@%fﬁﬁogﬁﬁl Te Sfddhum wi oxyeen

specifpotyrethteaton &éfmednqim)lve bble apimhgmeseﬂ; ofi uwopautlturc uhaha with oxygen

speci tchc‘f:o%?%](,t%l)ti’ogf é’%}efi@ F\? n%@ygeg su ]plo%tI e%)égl?e%’o 1};}1 ICQ clornprlses
oris nggtyﬁt@gbﬁfl uor oet hyl ene (ePTFE), and any material used
for prothesis and/or inplanted systens or cultured
- @qlmrerﬂbrcmpt@h, ro:aﬂ@geal laguunlﬁal&Gquphge,m@ss’@nlaanmmg bl ood
- erictr es e ¢ rggrao c? esSt dne Aoy pr erably alternate,
PRIXCEY 8%3‘ 6?% é%lp %é‘ Y EHP RS b 4T ors: Prgferably:
sai d vesselayd ‘p@ly@&ﬁon@rt&ﬁﬂgﬁ‘sclﬂﬁéﬂl VeehohpOMthBU®@Sup  comprising:
organs. The inventjion relates to a process of
di fferenti mlwﬂyl@”fn@t dRNEB) | golrethylraaintippm(BBhe akyviwlamine,

o oo R HRTIRL! YRR SR S, asm,

stemcells |g|na|ngfrom one ‘harro

adi pose t|pcﬂy@allyadlmmﬂvylhmﬁﬁhlmordﬂwwdﬁ (@mpopdsitively charged
deposited on a s rface in appropri

medi um  t oPUBRA cxukhdt spBHEE 74 19 S%“g‘ rn@gatwely charged

such that chitosane, and
- said polyanions being chosen among the group comprising: polyacrylic
acid (PAA), polymetacrylic acid (PMA), polystyrene sulfonic acid (PSS
or SPS), negatively charged polypeptides such that polyglutamic acid and
polyaspartic acid and polysaccharides negatively charged such that
hyaluronan and alginate,
- and preferably chosen among (PAH-PSS);, (PAH-PSS);-PAH et PEI-(PSS-
PAH);

In one advantageous embodiment, the invention relates to a culture medium with oxygen
specific concentrations or binary set of two culture media with oxygen specific concentration

defined above, wherein said surface is a natural or artificial surface
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- varyi ng oxygen concentrations in said appropriate
cul ture nedi um containing said seeded stemcells on
WO b@oasg@port, to provide nornoxic or hypoxi c PCT/EP2009/057850
conditions, |eaving the achievenent of the in vitro
differentiation of said seefed stemcells on the
- ssidppofitial suefathbeing nhaem afiong glags, AP Sofpobpeeerel dedledlture treated),
dlerrent| tied cells b culture of sai d seeded ster{]
P‘élééi“’l 0@@% Reridunsbe 15 DARALETnOHIFERIPEIE ¥Pghsin p%“fwti ?‘ift Racron”,
nd gro ecialize dlffer tiated,cel
pelyFElREC o p&iﬁaﬁ@%& gt eretefiid orfirifppositier, o xpanded
r
pglg{teg@g?%gagkl%n% ;eér@td’egr gﬁtgs% %gag%rgl 3 ?&Z E’j BfhclS %ﬂdfo? implanted
sﬁtﬂﬂssm:mitmaﬂesgﬁstcm] | s, under hypOX| c conditions, said
first a eco S lize dlfferentlat
- s Pl S B PP R fmoRE P olsern W effe el intestine
nfu@bdaC ARGl PRASRBG! RbmAsi U fneligedl 1edBd s&Rl VSsels, veins, arteries
respectlvefy obt ai ned through a biol ogical natural
dgrrved dipgn hithen prpaent i on rel ates to a process of in
vitro differentiation of stemcells, , derived from
bone marrow or bl ood, or adi pose tissue, or unbilical
The ifi@hon RIAY @edpiodals oFadifersht@monlfl sfen@ bellsddrived MM bone marrow
enbryonic stemcells, and are preferably chosen anong
or blopd s REMYHAHIGUS COMPHPBE] | s (MSC) and hemat opoi etic stem
- c%rﬁ{laaﬁr}é‘?ié% ?1?52?6(1% hﬂg%Tar%ﬂ{ %Sﬁé %@gﬁ%}goﬁédgfﬂ or ad ose tissue, or
uinba & ulecor¢ athi adegppdtodtpsiedlos b emfml ihan appropﬁ!ite Inulmﬁ medium, to
errbryonl c stemcells, with a support deposited on a
Olé,tﬁ’rnfsﬁﬁ‘ée |SFPr%ﬁn]a*¢?5]raoiﬂPP91Fe culture nedium to obtain

- Vset%ﬁg i g@r{ncﬁﬁéelnﬁa@&s i® Qﬁeoé@r aﬁt’rﬁ{té’ | NG HRERm containing said

conc tions in sald appro cul ture medi um
saeded aemi cngs saild ssppaedo ptoemdeowirinexior hme;om@pxprqunsl 0
r oVi r noxi c oxi c ndi.t i.ons

- 1Bt IR GREERRY b o i #TGRHHRH 87 1UL0T Y BRED Cells on the

I%Iahevemsnt of the in vitro differentiation of sai d
seeded stemcells on the support, either into a first
ar ocupheoﬁntg pefmsmmzle af dp@fa@zghdif&tmawdl deHs by coltire wf @aid seeded
of sai eeded stem s on.a s ort under nornoxic
6l il

condFLiGHEOn & S¥PROKT ! gr RO QPOUE™Sf speci al i zed

Ql f&efn%‘ﬁ sadond e&ld St @cﬁ}i&édudlﬁfe%tl%ﬂ ‘éeﬁ’seﬁﬁ 8@ttt 8Msaid sceded
cells on a support, in a culture medium of the sane

nat sie® cals e soporused chipure obtdaimiof thet anef natwt agtheume used for

of gg@tgﬁ:ﬁnagl Itﬁ ﬁrs‘% fgfrglgpe notfJ %It)eecgal&g(li | SiffePeﬁggt%dhXéif%f(' Shder hypoxic

conditions,
said first and second groups of specialized differentiated cells retaining the functional
properties of the corresponding specialized differentiated cells respectively obtained

through a biological natural process.

The invention relates to a process of in vitro differentiation of stem cells, , derived from bone
marrow or blood, or adipose tissue, or umbilical cord, provided that said stem cells are not
human embryonic stem cells, and are preferably chosen among mesenchymatous stem cells

(MSC) and hematopoietic stem cells (HSC) comprising:
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conditions, said first and second groups of
specialized differentiated cells retaining the
wo povetisaanal properties of the correspondi ng speci/aPiopgas7sso
differentiated cells respectively obtained through a
bi ol ogi cal natural process.2%t he specialized
- adnfatengestematBdogghhtsngofrorn bené nmastowgrrdidigody aw adigose tissue, provided

cel l.yl ar fypctiona ro ties different. fromthe
it sfem el B byPaEBhea Lol hov doe SHOPYT depgsited on a

supbREE & bihrOpriadd BatirthelutiNtd BBtaRSlEL&IGENP EARDIOL sUpBeiY,
flurd defined above are seeded in two different '
- Wuyifigoeygobvenautibtors guppdr ippdefriate duliboy medith coateedng said

b he approprigte culture nedium The attached s

slpd SRpb RBNL AL AL ulplo it oS i AP rrheiie & (MO Riyions. said
hifxic ¢d’ﬂldalo@1y bélug QiffdeitFi@bnd@d 1 to 10 days

preferab ays, at 37C. Further

- @%’ﬁ%ﬂler%%leﬁﬁm@m ofithe %Wﬁ@c@f@@aﬂé@mb9y w@) pesded stope el on the
Slgéoﬁpproprlate cul ture nmedi um wherein stemcells are
eded is placed in an hypoxi c atnobsphere, whereas the
ot heithes With actrsC@ale of byectlippbdiffeeaviated ey bpRPIMGP0f 34i€l seeded
cul ture medi um wherein stemcells are seeded is placed
undeemsHipx p SURROHDYIRER@MOTKeiondiiense| | s are | eft in
the 0 a [
DS SRR R RRBNNN G DL hobF SPTRLEe g soted

pr ogtemscel IAGE Qrsdpmgt, i a tchRurk Aveliirh @ thd JagncCofit ab ﬁle one used for

dlfferentlatlon rocess is achieved after 10 to

dayebtaining dhepiigt 2royny ofg sprejadizedpiiEfersngntsd apsllp, a}fqdélf hypoxic

14 idkter this time, cells grown under nornoxic

conditions are differentiated in a first group of
sapdustadndzedodd pfcapentisatedicdldifereatided belscetdising rtbevfunctional

under h xi ¢ conditions are erentiated in a . .
POBEY Gr CO&%@S@%@&%W%&IZ&? f‘{‘% TRt qsc &pypectively obtained

ﬂﬁ%@g%sdggio ROEL ALY PloB&st echni cs can be used to
characterlze the nature of specialized differentiated

theeipkgaloist] ailﬁﬁ@dnmt@bcaﬂs rd thofitsh grqmlpd@&sg atlukah&unctional properties
h
TR B s G ERy R AR L BL AT oot oLl ol at os

to a process of functlonal bl ood vessel formation
using a binary set of two oxygen 1£;CIfIC

Stem edlycoiginabing dipne met&qleétedemgéal orelpsly foyug deltnosdydere are sceded in two
dlfferech? gﬁl%yée Vqud % t&l&)ﬁerg%gf el %ﬁ | reedﬁﬁo?gteg %X fe <r?‘inlropmate culture

pria

medluem mhe rattac&ted @fe&l cesaivd:r@ spacssl Gomphd ﬁmaﬁtgcltelaleceﬂ@ larhdJWftl’ig a culture
contactln% said stemcells derived from bone
@

incubiigl Pow D1 BFOoBIeTesHo dys@t $74sue, with a

Further, oxygen concentration of one surface coated by support covered by appropriate
culture medium wherein stem cells are seeded is placed in an hypoxic atmosphere, whereas
the other surface coated by support covered by appropriate culture medium wherein stem cells
are seeded is placed under normoxic atmosphere.

Then the cells are left in the corresponding atmosphere until the complete achievement of the
respective cellular differentiation process. According to the invention, the complete
differentiation process is achieved after 10 to 20 days, preferably 11 to 18 days, more
preferably after 14 days.
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support deposited on a surface in an appropriate
culture nedium to obtain seeded stemcells on a
WG @Pasd411 varyi ng oxygen concentrati ons in saiBCT/EP2009/057850
appropriate culture nmedi um contai ning seeded stem
cells on a support, to provi&de nornoxic or hypoxic
After dosdintel oelss, growvindinldyp osinmxao oatiditions sird diffegerdiafedanenfirst group of

.fro xi a | eaving the achi evenent of the in vitro,.
specialiedd of Bitene ngh- s St St owndes Brpoxic conditions  are
differ&RRA"H o sEQARSLSUPE YedifMiARd differfitfaddd @oup of _

specialized differentiated cells by culture of said o
Classisgededostypng cebhmcoman uppeat tto i ¢chazactarizeuthe nadicunf specialized

e under. nopnoxi.c. conditions,  an a_secon oup of ..
aiterdf 0 UTGSFrPEr drer SR Eote s PR SEUI AR onBiiop. sueh as
immuB&RRastysineNPCR| infm@idbhastschpRtdy. i n a cul ture medi um of

the sane nature as the one used for obtaining the

first group of specialized differentiated cells, under

- [ L I ' r [ - irst .
he RS SO0 TRl 9K DB SAPOLL bt DB L oimar
of tweealdygen apetifitlichacongatign ault@ssekdiappsdh bryed dpecidic concentration

second group of specialized differentiated cells i
culturg Fpediume eRrEsspRNding d0 a2t j3pRIOPHASUPUIBIC JPRtiiE| PiBgspecific oxygen
Cmumg%&&ggpntiated cell's nonol ayer inside, and [imting
the Tunen, and hence allowi ng the formation of a
sdidi poicessrrampbisingdhe/ fedlsetingltepsi nvent i ons al so relates to
a process.of in vitro ncti onal bl ood vessel .. . )
PBRERE o€l dgii %&f@o NG MR ehblpa‘ieorﬁgaoae by with a
sibpBEeRpsRRAIdnl £ s &PRE SR abpRPriaRatlufcUnbMUS, BREbHM sceded stem
Wi th oxygen specific concentration corresponding to an
cellspnopyupae®, cul ture medi um with specific oxygen
concentrations, said process conprising the.follow.n
- PR O S ions dh SRR S s amrdith fefinine seoded

OB EQW O Dls@@sbit, ab Gl iIeSEorhloSEUSr hypexit demditidal, sad thypoxic

stemcells are not human enbryonic stemcells, with a

cengiins tbeesbareridrm aaosur face in an appropriate
- I&WH%'&}% %gévlémentt & %%t A D5 %‘?&&9?%@5{‘ ocfeéallf s@eQie% stem cells on a

support, - varylng oxygen concentrations in Ssa
sgppriorspaatieclguntbur e medi um cont ai ni ng seeded stem

cells on a support, .to provide nornoxic or hypaoxic

cordi # ifBsgrow pf spRfpderé difémentiatesheclisdingultire oé saidtsceded stem

from anRxha support in a culture medium under normoxic conditions, and

e a second group of specialized differentiated cells by culture of said seeded stem
cells on a support in a culture medium of the same nature as the one used for
obtaining the first group of specialized differentiated cells, under hypoxic

conditions,

collecting respectively the first and the second group of specialized differentiated cells,

and

building-up a vessel constituted by a second group of specialized differentiated cells
layers outside, and a first group of specialized differentiated cells monolayer inside, and

limiting the lumen, and hence allowing the formation of a functional blood vessel.
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| eavi ng the achi evenent of the in vitro
differentiation of said seeded stemcells on a
WGE@pasd411 respectively into: a first group of PCT/EP2009/057850
specialized differentiated cells by culture of said
seeded stemcells on a supp¥t in a culture nedi um
The invedigonsndsomekites toanpliotéssng in aivd fuactsembd hbbodrvessel Gfrmation using a
. specjalized differentiated cells by culture of said .. .
binanSBEGL R R SaRE vBIR eSS Sorte bt B hgmsgiom with
oxygeh Qﬁeﬁﬂm@oﬁt@hﬂﬁt@o@&ﬁé@ﬁmﬁﬂ? 1sgfafRbpi2fit @hRIr8Gnddiin with specific
first group of specialized differ enlgl ated cells, under
oxygehypuosengratandi t i ons, col l ecting respectively the first
and the second 0 of specialized differentiated
gL Pioso REgal e By g Pebser constituted by a
- coaeeth ghidufe@f caRegdrdled ZzReimdbdice rRbivabebisR, lo¥ adipose tissue,

| ayers outside, and a first group of specialized
pigividedr @at et edevetalls are it dyenan ambe@nicanigm icehls iwigh a support
: - - QW £ thon
Ao R oG A 70 BB DR A Tkl St s colson
suppertpr ocess descri bed above allows the formation,

preferably in vitro, of a functional, transplantable
- VARHNE PR SRJICERIAtPNE dinrald; #nEoms Al QUi Jagdiunpgontaining seeded

BROCARS of1eS Sl RRC (BBOYEIcR! Aok oKy hEHEdilioRT: said hypoxi
° gccgg [ %g tgﬁ%@t?ﬁera %glggu c:(%g{r0 %or0 m%gﬁg%dglﬁ t %Ooﬁ’s,salgo ypoxie
canaiticahis b migetifferspiefcoralanaed di fferentiated cells. The
- léql,vﬁ)lsé] th L%gigervg%lsﬁtfﬁﬁ‘}hgl z%évﬁ%? ?4i%{:{grr1t$q2}o|&}?qt]fg$ai<f géeldgd Isfc’em cells on a
sipBR! RESlMvaovRh: t he surface recovered by the
support. The second group of specialized differentiated
cel®l sa ifsstggrouwm of upaberlizhy pokérenteatededlisdry, culturoofleaidt weded stem

AR AN T

enfod) BRBhd fghhﬁ‘o SULEASIE B S d e CARVEN IR HBSiPseeded stem
di mensi on of about at |east 20x29 mm preferably about

at | eegdls ®@0x 2vppont inaa dulfoe enqdreh of dlid yanaboaftireaas theawt used for

aoox200°fie 87 AR caPo P G Rel of M fE Auouwirp hyposi

mm i scsiditioall € for the formation of an artificial,
i.e. invitro, functional and transplantable bl ood
- opHedbig resvetivtip e FrishandbRedcennsegronp At spacilized igkrangiated cells,
length x width. Preferably, the support wherein are
Seeded stemcells grown under hypoxic condition is

- Radingyup £ev@blcendtitned bher setoh@geouplbf spediadiped differentiated cells
corresponds to the recovery of the second group of . .
lagg@auéq@ez and gifirstegrawn phsnsgiatiggq differentiated cells monolayer inside, and

limiting the lumen, and hence allowing the formation of a functional blood vessel.

According to the invention, the process described above allows the formation, preferably in
vitro, of a functional, transplantable and immunologically compatible blood vessel.

The process described above allow the differentiation, according to either hypoxic or
normoxic conditions, to two different specialized differentiated cells.

The first group of specialized differentiated cells is grown, under normoxic condition, in order

to completely cover the surface recovered by the support.
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The recovery of the second group of cells is nade such
that it does not destroy the |ayer formby the cells.
wQaben/1sdael r ecovered | ayer is rolled up around PCEEPI0DYS7850
using a stick. The stick used previously is such that
it does not allow the cell Hdhesion, and is for
The senoadrgreu[a off efdctatized idcfkerenfhagedstdliskis ardvomsurtdor ﬂmj)cmiaicnndition in

of the faornmed tube.. Then the rolle
order |Gl B BB ST P RyRPOT e S S anyone
form. l?h %@%ﬁ%l&%ﬁ%dﬁﬁm tHce@irfabe WO AN Ahy&iRhNSis al BBbnsion of
first group of specialized differentiated cells
about at: lf@ﬁtcﬂ(h@9 tramg pﬂ@fqrahlg rabomnat |1@st 8¢vMemuny ahy ngira psiferably about at

st SRR YRS Y WD o AbiA el SRR GBS with o

dimenSion SETT oG 800x 170 e}n@b@vsan@@qaml ﬁleafbhﬁét’b’font beard @@ Yi.Ofin vitro,
said first group of specialized differentiated cells.

functiqupdignd traesplantabic blood yewel. Jhe abayd-meatierier fdimensiqnataseiindicated as
Is placed in the lumen of the tube formed by the
bngh%? Fﬁng up of the |layer of the second group of
Preferslplgpﬂhalsumﬁﬁlt whért@raatdcdt@semalells groSm wfdech@laxzesbndition is easily
dj fferen |ated ceIIs the first of the group adhere the
removapiefiomyee spifagend hisutien camesrandy Bolicveewery pkthyoigeond group of

SI)ecwfhg{(pagferénﬂmgagemgvantageous enbodi nent, the invention
relates to processes defines above, wherein: said

The removemy xif thecsenahd grons oficdlsssiotadt kath ‘rhmﬂlt dods mit dedt®y the layer form
by th ggtltuted by oxygen concentrations conprised from
ytef§ to 21% of nolar content per volune (nt/v) of tota

Then MERE@RErcilfyd "i'ssrolllgﬂ &b eahﬁahxtsfelm?lu%égtaosu%ﬁ %R stfRhAEd previously
content per” volune (nt of al anbient air gas,

is such hlos af @bdsyp@nll@w dlomoklt adm@oar edsischr ermmplapbicsion stick. The stick
S con ncentrations conprised from

aﬂow%@??%’%gbﬁgﬁ %ﬁﬁ%ﬁﬂFgﬂg er volune (nt/v) of tota

Then Gt lafdrlis BaSed RoRfBOA0L 36 dHoaiiBdiR, SdplededBladiorcactor to be

content per volunme (nc/v) of total anbient air gas,
ﬂmnﬂﬁﬁé“ﬂ@?@wBWék%WE%Iy from4 to 6 %of nolar content per

Then Yﬁ)van %{Jogg %e%%ah%&{ allfge?é-\'l?lﬁg%ﬁtceﬂé LccBftn !onthgﬂl%{ft%n is recovered

nventlon el a

by clapm@ﬂ @&ﬁﬁﬁmdﬂﬁﬂed &gl shibled @ersoine IFer élxaﬂqﬂd cslip@mrte treated with trypsin,
nprises or is constltuéed by tin, fibronectin
EDTA; cﬂru%agf@ O] I8y i STAtERSS %@P% eX&fnp glymthegreovsry of said first

groupB?E é%ﬁa%%c[ Pt &Sialtliicbhigyers, preferably polycations
pol yani ons, preferably alternate sai d pol ycations
Then, kihe higstcdrose of aponidizch elifferonmteb oglts i plgeed in the lumen of the tube
formed by the rolling up of the layer of the second group of specialized differentiated cells.
So specialized differentiated cells the first of the group adhere the inner face of the tube, and a

blood vessel is now formed.

In one advantageous embodiment, the invention relates to processes defines above, wherein:

- said normoxic conditions are such that ambient air is constituted by oxygen
concentrations comprised from 13% to 21% of molar content per volume (mc/v) of total
ambient air gas, preferably from 15 to 21% of molar content per volume (mc/v) of total

ambient air gas, and
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pol yal | yl am ne (PAH), polyethyl enei m ne (PEl),
pol yvi nyl am ne, pol yam noam de (PAMAM, polyacryl am de
w@ BdFe41pol ydi al | yl di met hyl anmmoni um chl or ur e PE@DRE}009/057850
positively charged pol ypeptides such that polylysine
and pol ysacchari des negativEly charged such that
- sahl typsawepnditionsat dughothyteemnes aves ngnstihoskby axygeg cofe@ntrations

51 ng;,, pal lic acid (PAA), o
CW%&%;W{?@% g ?Péﬁﬂ%\)r ,OH%BT @%It")%‘l(:}'ﬁ% (%f{ v} ghhtotal ambient air gas,
pleREHIO TP Blo 8 NPERRbKLINERHOBIRR! HRRYIITATS Fbht o gas, and

t hat pol yglutam c acid and pol yaspartic acid and
mppt predeeiindioted todg¥t ofedlar cortenfarr yabima (rae/v) of total ambient air
hyal uronan and al gi nate, - and preferably chosen anong
EPPAH PSS) 3, (PAH PSS) 3- PAH et PEI - (PSSPAH) 3. said
support being deposited on a surface. In another
advant ageous enbodi ment, the invention relates to
In angtheic edwataggeny segodienb, thahayveitions elates te fraeessses defined above,

at, L. 1.C . .said artificial surface
Whmegg%%gakﬁgégﬁ&gh%%ém3%%%%ﬁ&g%ggl(poIystyrene cel
- Galdtiny f®réncetd, @d)lagapplaysnih R @Depeppiae,fdr ussakclayibe, or
pol yet hers, bioconpatjble polyners, in particular
- m@ﬁ%ﬁelﬂ%s Bt lgra e R A LYGEP Ry A1 nobxaams, ms?ewhlmhtemate,

cnlorute: Sl opbbelion, Il Uiqb bR Sy compisns

(PTFEe) , y ‘mat eri or prothesis

i mpl ant ed polgdlbimenisai dPAdt)ur ablysthyfeacienibei iBEDhogelyvinylamine,
anong bl ood vessel s, . veins , small intestine

mucosa, arF&Y?B@PmBF@feraﬂpéaﬁg%biIuIaP?@@Hy@ﬁB‘1icaﬂPAJ“n%

arteries, saidlaNRasRBylaBlolfim AEHISEESPIAG), NRSsith@ly charged
from human organs. |n "another advantageous enbodi nernt,
t he i nventpaypaptides ssh tlmt pelytsswend potvisacsbandesnegatively charged

wherein said i&ﬁﬂé@fllsaaae chosen anong

nesenchyna?%ﬂ £ %ﬁﬁﬂg'(NBC) and hemat opoi etic stem

cel I's (HSQuaid polyadlehd1BEin@dohapéragaonstieries b&aprisitd1§olyacrylic
invention relates to processes defined above, wherein

the first adhd).qebondagybupcidfPXee palystyegre sulfonic acid (PSS
diff ti i j o
endot hel | ot Set eafyAZ Rk RlubPulod fo8 TP pBTR e acid and

advant ageopysphoidi addt and pelysaschatidsnnégtiatigs clidged such that

processes defined above, wherein said first group of
speci al i zeWaPray @Ki3lEh¥E cel I's consists of

endat hgld BlerGebiySciR%h among (PAH-PSS):, (PAH-PSS);-PAH et PEI-(PSS-
PAH);,

said support being deposited on a surface.

In another advantageous embodiment, the invention relates to processes defined above,

wherein said surface is a natural or artificial surface,

- said artificial surface being chosen among glass, TCPS (polystyrene cell culture treated),
polysiloxane, perfluoalkyle polyethers, biocompatible polymers, in particular Dacron®,
polyurethane, polymethylsiloxane, polyvinyl chlorure, Silastic®, polytetrafluorocthylene

(PTFEe), and any material used for prothesis and/or implanted systems,
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said second group of specialized differentiated cells
consists of snoboth nuscle cells. The invention al so
w0 edoatie®it 0 a process of transdifferentiati on pET/EPBNY/057850
cells derived from bone marrow or bl ood, or adipose
ti ssue, conprising: contactihg said stemcells derived
- shrdomtbheheurfager being rchbenoginony bhaidposecls, i wsnse heant, small intestine

unmbi lical cord, with u rt deposited on,a surface .
e S opie ety iR BIR B 55 o Setlectms, areries
0§§@Q&ﬁfﬁ6@fﬁﬁmﬁ0%%@90rt, varyi ng oxygen concentrations

in said appropriate culture nedi um contai ni ng seeded

stemcells on a support, to provide nornoxic or

hypoxi.c _condi tions,. | eavjng. sai.d seeded, stem cel | n
tn angH¥BE B E A0y pGCeECy hE Uit Pl RRFCAT ISRy Rofild abone,
wherelie SRRIC istevel dellb Ndre: chédeh | &Bén@raeRnéiynshOR dlohze@lls (MSC) and
differentiated cells by culture of said seeded stem
hematgpgiptéc amaeBudpe: in a cul ture nedi um under nornmoxic
conditions, and a second group of specialized
differentiated cells by culture of said seeded stem
In ancthbl adwintaesuppabbdinieng el hueionechlated o préessand:fined above,

nature as the one used for. obtajnin he first group
wheregy th:?pgl’ﬁt A0f ZBg sgeandegioHp iOétS@ameléwds(%f%%@?teﬁfﬁB&icenSISt of cells

chose? ondh .b&{b%helihﬁééﬂls RY@OXbGthGRditdARS being different

rom anoxi achangi ng oxygen concentrations in the
respective culture nmediumof the first and the second

oup ,above defined, such that .cells that have
n andh 2t RadPEiEo FRBP UL, PorarioRetIfin & Ericerss dsfiagh above.

whereff sfi@ariabbgsdrdpédiareatdiateaiagl balsssshlsesechdetdghl cells and
hypoxi c conditions, and cells that have started the

said setiohd graantaf ap¢caalizpd ddBsentiatedacls ewsoticbfgnmaph wfiscle cells.
specialized differentiated cells are placed under
nor noxi ¢ conditions, |eaving the achi evenent of the in

The inichtich &lkd FR4tetol Apioosks F naaidiffsreratebnirerene edllssdekivad from bone
have started a differentiati on process under nornoxia

marrogrorlensik Pradiperg thsieciBRi P aced under hypoxi a or

- BRI RUSAREELIY ALt B Poy o o8 Pl e o
umbilical cord, with a support deposited on a surface in an appropriate culture medium,
to obtain seeded stem cells on a support,

- varying oxygen concentrations in said appropriate culture medium containing seeded
stem cells on a support, to provide normoxic or hypoxic conditions,

- leaving said seeded stem cells on a support starting the in vitro differentiation,
respectively into:

e a first group of specialized differentiated cells by culture of said
seeded stem cells on a support in a culture medium under normoxic
conditions, and

¢ a second group of specialized differentiated cells by culture of said
seeded stem cells on a support in a culture medium of the same nature
as the one used for obtaining the first group of specialized
differentiated cells, under hypoxic conditions, said hypoxic

conditions being different from anoxia
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seeded stemcells of the second group on a support in
a cul ture nmedi um under nornoxic conditions, and a

wo oaowtibs4gr oup of specialized differentiated cebdBEP3009/057850

culture of said seeded stemcells of the first group

on a support in a culture n®diumof the sane nature as

dhhiegiog exysamdednoentoltibas m ity telgective stiltgreougdiom of the first and the
eci al i Z§3d0 differentiated cells, under hypoxic

S
SEETi AP YNEOVE elangd puih thdtecond, third and fourth

groups of & p%Slilsaihhtzﬁ&befjsitafﬁeﬁ;tﬁ@Eif?etr&giaﬁ&ll QLRI Rt group of

the functional properties of the corresphﬁb& ng
speci al i zed dpédidizedtdiftrediatel tdlsras péctd vedyr pippaicrmedditions,
through a biol ggi cal natural process. The invention

al so rel ates aflg a process of transdifferentiation,

preferabl ye i Reid thhPhavRfstadttc®ThE BitfcserBtibY %CE§SQH}0W f¥eond group

marrow or blood, or adipose tissue, or u ['tcal cord, '
provi ded t hatfsspicdiabzen dfkicstiatcd ndis hweraplaemdbrupdei cnormoxic
stemcells, conprising: contacting said stemcells

derived from“BOHE arrow or bl ood, or adipose tissue,

184V e dchiBAdmER b thetif ME LS redligtidtPd f AUTRBIQINEM QBIISthat have
stemcells, with a support deposited on a surface in

stated g Gprenaatoncqubeass engrsdioumexie or binaxis agé daexbesnadaced under
cell.s on a suap{)ort vtaro\()itanlg oxygen concentrations in

hggPX aaof)B?rcr)IborXilae%pecCHIV?lﬁrg Tedi um cont ai ni ng seeded stem

celI's on ae suppatt groti® ofrsP¥disiezedodiferehEiatell RNP DY Eulture of said
condi tions, |eaving said seeded stemcells on a .

support st ar ¢afgd t fhem | e¢llyjafr e dicednst erpupa@n @nsupport in a culture
respectively intQq: i r . S ialized
differentiatgg%%% P@drfocu?%égégg ggﬁgﬁfseeded stem

cells on ae syuppatt giolpaofCipetidlifednBigictumtidied edelld Wyn@Afuee of said
conditions, and a second group of specialized )

di f ferent i at éeededistosn ggflscfithafiest groupaing: suppedn gtcafyre medium
cells on a SUPRR Luhd pitySULL el TLObbh M Arst group of
nature as the one used for obtaining the first® group

of speci al i zapeciiliztedEfréiand i, lddetingexichypdikoss,

condi tions, changi oxygen concentratiQ
saidd &

1t .
st dire and o gy%&foftSﬁ@cmlﬂaegtdlél%sﬁt?%J clts gRgining the
start eg}?%eztl%ieﬁ gir% e%otri%éaé?%drl]s%%%e&ﬁizw GG RUE cells reS%eCtlvely

cess Into a first grou

A4

olthined through a biological natural process.

The invention also relates to a process of transdifferentiation, preferably in vitro, of stem cells

derived from bone marrow or blood, or adipose tissue, or umbilical cord, provided that said

stem cells are not human embryonic stem cells, comprising:

contacting said stem cells derived from bone marrow or blood, or adipose tissue,
provided that said stem cells are not human embryonic stem cells, with a support
deposited on a surface in an appropriate culture medium, to obtain seeded stem cells on a
support,

varying oxygen concentrations in said appropriate culture medium containing seeded
stem cells on a support, to provide normoxic or hypoxic conditions,

leaving said seeded stem cells on a support starting the in vitro differentiation,

respectively into:
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specialized differentiated cells are placed under

hypoxi ¢ conditions, and cells that have started the
waledobasant i ati on process into a second group OPCT/EP2009/057850

specialized differentiated cells are placed under

nor noxi ¢ conditions, |eavingtthe achi evenent of the in

vitro differaenfitsatgraup of spavialize¢etifferestiaad celld dytdudture of said

have started a dlffere thtlon process under nornoxi a

or hypoxia, AaffflcAalre 5@ hi SERPTURGR FUllp H3Gd4p under normoxic

nor noxi a resggﬁ]hgﬁandto obtain a third group of

speci ali zed erentiated cells by culture of said

seeded st em «etdond girodrhef sgctilided diffperniatedl sllopyr tuliune of said

a culture nedl under nor noxi ¢ condi tions,

and E

fourth groupsSgtdedpiea) calls pa¢ RIPPE e e@ediam of §same nature
culture of sgj dth%e%{iifdus%ﬁe?ﬁrc %‘o{aﬁm?é t'h@eﬁHH Slouf’ QPF% ec1ahzed
on a support 1n a culture nmedium of  the sanme nature
t he one used diftarerobitei cmillsu,gmtihleh}fpoxmtcong@Ops of
- BRGHELSRE ChLLRLRPhL T B0 SobRun AT B e vt and e
sHESHIRS 0 @abm,@qbﬁhédzg@hqhgtf erentiated cells retaining
the functional properties of the correspondi ng
speci al i zetl d@els ‘élaehﬂweatwddm Heforadpaoen puoskss iotst afirggroup of
t hrough a bIO|O i,cal ural process.  Expression . .
tranadi 1 or oPRTAErS Aot RIE B R hEAG RRors conditions,
reverse the dhaferentlatlon process they have started.
In particular, transdifferentiation in the invention
means t hat® ceblistheehasicrstarted thy diffetrc;ntlabom evsessantonesccond group
differentiati es to differentiate
i nto anot her Ogeflf grze u‘@ﬁlyj'ﬁ’ J[rlataﬁﬁlf f%l’ser?lre £ I8 Hléldslh pormoxic
from whi ch tRkeydifiegwe started. For instance, the stem
cells placed under hypOXIC conditions start a

- lepvingethe pehigyqremnt pf Bieds sirradigfiereatiatian elstaidyyesdes em cells that have

f

s‘?‘e{f&? adlgé%ﬁté?de% tﬁgﬁﬁ%%ﬁ&e‘? glco:féhgé}!lé Dﬁ ﬁ%ox@ aﬁ& 'ﬁa\;é@eeﬁ rfﬁiaced under
1@@6@&@&hﬂﬂMﬁ@@KﬁWﬁU@ﬂ@ﬁ@&%ﬁuﬁnd ceIIs are placed under
normoxi ¢ conditigons. Then, stemcells w
di fferenti%té fhidoeraup of rSPﬁmglﬁﬁdpdleﬁre@B@téﬁi gelly by culture of said
di fferenti at I [ egt Y ted
t he d|fferen?gggﬁaﬁé%#%ggégwﬁgg% nogghéléigoﬁﬁﬁ lﬁsécuhme
So, the four nedimoupdamospedt abnditehsdarid er ent i at ed
cells is substantlally the sane as the second up of
speci al i zeY HifeyHY ipupAfetpeciptred; didtersntiated qgels e?ﬁlture of said

cel |'s placed qundgr teﬂ?EéTB’ﬂf‘%hé’ﬁf&ggduB% S4Ppbrtdn a culture medium

differentiation process
of the same nature as the one used for obtaining the first group of

specialized differentiated cells, under hypoxic conditions,
said first, second, third and fourth groups of specialized differentiated cells retaining the
functional properties of the corresponding specialized differentiated cells respectively

obtained through a biological natural process.

Expression “transdifferentiation” means that cells are able to reverse the differentiation
process they have started. In particular, transdifferentiation in the invention means that cells
retain the ability to reverse the differentiation process and are able to differentiate into another

cellular subtype, different from the one from which they have started.
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gi ve a second group of specialized differentiated
cells. But before the end of the differentiation
w@e@eAsE 11t he oxygen concentrations are changepCT/aPm09/057850
cells are placed under hypoxic conditions. Then, stem
cells will differentiate intlo a third group of
For instped, #ld sted cdilf pleceindridet byboxéd tanditams isfartt heytehemdiation process to

. directl tarted e.differentiatiaon_process upder,.. .y
give s Bi5oRPb oD Narei TGS OTEBen s o AU GHRSRTS 101 CLbk e diffggntition
proceddl Fth&TRYELAIBHc AR iGhs! FreSHRFLANT bl 14114 NSe SRR 88ndel Erormoxic

first group of specialized differentiated. The ' '
conditiigngehdng stemedcdls egl tdofferepiiabe ade adburth gfoap ehspeatalised differentiated
referably.in.vitro, of . hematopoietic stemcells .\
cells, B F RGP MR S PR iR PR RGeS S ETBE T gandiions. So.
the foutth|GoePBPEp&idNGed CordrafiatdicdIRMBapQhRially tht @FMeas! the second
originating frombone marrow or bl ood, with a support
group @é pessialiaed dibfczensiaiclace in an appropriate culture
For in%ﬁée&' He t&n 851&%1&5%% grqlo%ggfc%%hhif'iorgpstgt §lﬂ%@e%1§tiation process to
vary? ng oxygen ‘concentfrations in sald appropriate
give aubdcun® gredp usi cpedidlized ndiffeaintiacdedds. sBembefolrd sthonend of the

... the support, to provide hypoxic conditions, |eaving

differqnijatiofe F Qe OBYEPHONEFIAIPRY 255 FTBEesh i Gl 264 Dlaced under
[ e Liet Lei st an, t S r e

hypoxfE L BAGHE THCE TSP SUR Y11 TR T IS SHBAP o spociatized

differeneirtidnictlg, 4shi€ theynbad dinedtlyptoeer the ebffotntidten process under hypoxic

.correspondi.ng snoot.h muscl cells.obtained thro
condifghs| S50 TSR O Apsian O S it Guags subpr@tal fhe same as
the ﬁr:htlf‘%fﬁﬁﬁ bpcHigBLM igccAlAYe 1s explained and

|

ustrated, but not limted to, by the foll ow ng
exanpl es and the followi ng figures. Figures IA-X

The iy S RE S e TR B9 € B ARRRIAE blsBkaBty 20l Bl nBIAS oietic sem
cells deFNAHMURhe seeily GHEeed, iR sfibathastRld &ab compaYing:

confocal m croscopy observation (Qbjective c40) of )
- ceBlepting dea@peistie yian (cclppriggeting AwnPieng megrfow or blood, with a

I : e [ [ .und 0X|
S0l SRR AL LT o8 BB TRy BRE R B RO ied stom
cdpemid Jupp&MC contractile markers (a-actin; SM VHC
cal.ponin) or specific endothelial cells markers (CD3L1; )
- VRRYS QAR §ONCRYPRONSaHY SIS nPRDT RIS ﬁPEEIiesQe N icgpiaging said

' ; j cells
S D . D e o o 1o

- leomd the anlsicvdmag o€ theBr népr diskerdnsiaogt oCwlid predsdehematopoietic stem
Fser ation of cellgsee edlon type | collagen and
C% SLOB° AT Y FBIeOE B £5 Ons.

said smooth muscle cells retaining the functional properties of the corresponding smooth

muscle cells obtained through a biological natural differentiation process.

The invention described above is explained and illustrated, but not limited to, by the

following examples and the following figures.

Figures 1A-X represent morphological observation by optical phase contrast microscopy
(Objectivex20), or immunofluorescent phenotype characterization by confocal microscopy

observation (Objectivex40) of cells seeded on type I collagen and PME until confluence
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Figure 1C represents optical phase observation of
cells seeded on PEM and pl aced under nor noxic
wa@ooditsd4ons. Figure I D represents optical phaseCcT/EP2009/057850
observation of cells seeded on PEM and pl aced under
hypoxi c conditions. Figure ¥E represents fl uorescent
under i romoR®t @ividongpeof and lundersbgmadt onvitonpeent. Redultagbowathd positive

expregl & & a@pcﬂe%apﬁrbggﬁt%%p on%rg iﬁgg}a%@%% nin% or specific

endotﬁ:éhgpée@ls hark &P (EBSNLSVE], Mﬁﬁ@%@&le ipATEURASL ai ni ng of
cells seeded on type | collagen and placed under

More pngpogliyc condi ti ons MAth an antl-Cisl anti body, and

. observation C m,Ccro . Fligure |
Figur¢ bR Fet e E g SRR Eh L ERsorit e Bk iTollaaspeapd placed
under @8t asrditidraced under nor rmX| c conditions with an
anti-CD3 1 anti body, and observatlon@%g confoca

Figurqr] B reryesspip. opticeluirhase pbsceystien ef cslls sogdecdeatt e I collagen and placed

gﬂ&n I g of cells seeded on PEM and pl aced under
mumrﬁ §§%§%g%§|tions wth an anti-CD3 1 anti body, and

Figur® b€ efcpabim optical phhgcabscraciontapils stddgdron PEM and placed under
represents fluorescent imunostaining of cells seeded
normayi- §AFEIONS.co| | agen and pl aced under nor moxi c

Figuréé(l)ﬁdlleh#e@&ﬁ Wh]fl g)ﬂa@q%se}’\%oﬁrbtf' f%ﬁ@éeed%adonopﬁl@f Yad b&%ed under

oca copy. Figure |J represents
lmpadduwmﬂsm@nt i mmunost ai ni ng of cells seeded on type |

| agen an | aced .under oxi ¢ conditions with a
Figurg, 1 Rt B AR OIS IS P6hohy S GRialire | Sollagen and
placedThifdcP H6ARYxic Thetifins! Kith @R raﬁﬁfﬂ‘ﬁﬁl hdtHRS SHERINSbservation by confocal

i munost ai ning of cells seeded on PEM and pl aced under

microgpepproxi ¢ condi tions with an anti-vW antibody, and

conf ocal croscopy.  Fi re | L
Figure? AP TBRREY Tk S ORs P e, e i pyns b glfpeen and
placed ind¥EMypEL c RbAGIEEIN REHEr anN@HtITORIRG HEBEdY, 1288 ot fidNby confocal
anti-vWF anti body, and observation by confoca

nnmoﬁﬁ@Voscopy Figure I Mrepresents fluorescent

Flgurép @g@eﬁ%g& ﬂﬂ(gfegcfenf: Eﬂﬁlﬁnc%gﬁﬁﬁg of %eltl%/ %géd 68 IpERg Gld ?ﬂ%ed under

er nornoxi c con anti-a ac
normaxid ¢dnditions aviith apbser@Rs 1 wmlﬁmxdy,mﬂfdbsabatmmbwmﬁwl rnlcroscopy

igure I N represents fluorescent I munaqst ai ni
Figurg, lellgurgpr@%?@&@eﬁu%ﬁsqeyb@lmu%ral@géﬁ SR tﬂeg%fﬁan @#&fg rand placed under

normd?&'d)%dﬁlo‘ﬁ@ Wilﬂht dnod[ﬁﬁ MO P a@bodDE dnid®bRG VAR ABY ERESEA m3REscopy.

observation by confocal m croscopy.
Figure 11 represents fluorescent immunostaining of cells seeded on type I collagen and placed

under normoxic conditions with an anti-vWF antibody, and observation by confocal
microscopy.

Figure 1J represents fluorescent immunostaining of cells seeded on type I collagen and placed
under hypoxic conditions with an anti-vWF antibody, and observation by confocal
microscopy.

Figure 1K represents fluorescent immunostaining of cells seeded on PEM and placed under
normoxic conditions with an anti-vWF antibody, and observation by confocal microscopy.
Figure 1L represents fluorescent immunostaining of cells seeded on PEM and placed under

normoxic conditions with an anti-vWF antibody, and observation by confocal microscopy.
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Figure 10 represents fluorescent imunostaining of
cells seeded on PEM and pl aced under nor noxic
w@ooditsd4ons Wi th an anti-aactin anti body, and PCT/EP2009/057850
observation by confocal mcroscopy. Figure IP
represents fluorescent immibostaining of cells seeded
Figuro nMPEdgresadts pﬂmemtemmiﬂmnumtaﬁmm'g ofcehdistededsomitgfe hoollagen and

place(ﬁyrdﬁagg%qc %?t . bo%?/vbtlfgtg?rgg E%rp‘ig'lg :éqllt&@dn bégs?:t%ﬁ(?gs%@v%lcion by confocal

microsd®pynost ai ning of cells seeded on type | collagen and
~ placted under nornoxic conditions with an anti-Snooth
Flgurd\/lhélcte@qumisiﬂuomgw i@ghainesEBNAHOS cahls isbaldyt, omafipe T collagen and

bs ation onfocal m cros cop

placed RRE S0 FPRABET AR o elieo SN T S gttty confoc
micro§ddpyype | collagen and placed under hypoxic conditions

with an anti Snmooth Miscl e- Myosi n Heavy Chai n ( SMVHC)
Figur hQireprgsentafidorstssat insmpenstaying ohroldascchsd podEdpynd placed under
norrnox1clg¢3; alstiéoe wé ra%sagﬁl\%c’ aJt &%%Flg&ég gﬁd B@&%g?ﬁ%)k{ r301[1]1%0aqfrnlclroscopy.
Figure OP dd:}irb@ﬁfs ﬂwd)réscaﬂit %ﬁtélhnosﬁifgﬁ)g Ef MlSsCieedMOSIPFEMIfGﬁ& )pllaced under

Chai n ant i body, observati on by copfoca|
nonn%lfc?qygew&;“/ % -9 g aneﬁapég@h @ggf phigEratie gmconfocal Microscopy.

[

Figur T e R e T EEHER: PP S PRERLE PAR  Rlpen and
placedHeadey nOhaoxic (CSMIM&@ watht anbadiySmeoid Mlosde- stmmegNy Chain (SM-

conf oga r oscopy. ure U represents fluorescent
MHC Wﬂg%taﬁaqﬁgwaép% éflqogg ALY ype | col | agen and

Figurd® 1 RCRGr4BHE rIORisB®:t | itnre@diatdi@Nf Welld séiic@Nd tgR! PeSildben and
anti body, and observation by confocal m croscopy.

placedrigdar ehyipuxiceqondgions svifhl am el cemeoth ivlusebs Mgosinnideayty Chain (SM-

cells see n and placed under
MHC G808 SR8 S P lob ¥ con ol AR o e ot body. and
Figur® DS e&ptadenBniliytcseont! igGalno¥iatlifs 60pyis $e@it 6n IPBM and placed under
represents fluorescent inmmunostaining of cells seed

normaxic ERRMSAES phisted @ntierSmentroduscledhsin digavini Chaign (SM MHC)

antlboﬁytdnd%% H}j ]%nédn?(%(;ym&ggoﬁfser vation by confocal

Cr oscopy. represent’s fluorescent
Figurd mamsseatsnﬂmge@fentcﬁhﬂlmcsemdﬂgi obBclREMecasdlop IPade dndipiteed under
nor noxi c. condjtions with an antl-CaIponln antib

normoi 9BYEPURLYWA By fBbnfBReAh mAdENpIn A G0 cLPBR. M-MHC)
antibdd pe[nﬁso% (%rvgt%f %@dnf&@afzﬁﬁ’és%p Y, observati ons Of

tracel lul ar trix teins and cytoskel eton

Figures @ tr spraspnte f{lionesoetit mmmiostauehg of dicfl§ eeadetli at egbeoh collagen and
place(f Xlggerl norcr)nolx?cg COIl(?lthIlS with an anti-Calponin antibody, and observation by
confocal microscopy.

Figure 1V represents fluorescent immunostaining of cells seeded on type I collagen and
placed under hypoxic conditions with an anti-Calponin antibody, and observation by confocal
microscopy.

Figure 1W represents fluorescent immunostaining of cells seeded on PEM and placed under

normoxic conditions with an anti-Calponin antibody, and observation by confocal

microscopy.
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on PEM (bjectivex40, NA=QO 8, scale bars 75mm More
precisely: Figure 2A represents fluorescent
w0 pomnsEtai ni ng of smooth nuscle cells w th anPCT/EP2009/057850
anti-lam nin anti body, and observation by confocal
m croscopy, seeded on type 38 col | agen, and
Figurd i Xfrepresdnitsaflectcsmedemmypoxiicng ofidells seded Bn dliMe aB@ placed under
represents fluorescent | nost ai ni.ng of spoot h. nuscl e
normayi{ | OPGIHORS alf tinéh - FAFGHIOAR FRGAgS. aRe BBEEYARR &) confocal
nﬁmodip onfocal m croscopy, seeded on PEM and

erenti ated under hypoxic conditions. Figure 2C
represents fluorescent inmunostaining of snoboth nuscle

. cells with an anti - e |V coll agen antd body, .,and .
rigorf 207D eP Ty SRt biorstey dedRg o Sy et R Bt Ec)
proteifPAddag@iskeidid sditfigt eNircitr ehudaid @E11IYiPR¢hEate@ B8 itfcat®llagen or
Fi gure 2D represents fluorescent inmmunostaining of

on PEYo@bisctivesdPeNAeDBsseaia bprapSemt i -t ype |V col | agen, and
ation by confocal mcroscopy, seeded on PEM and

MOregllt%:fsﬂ(gélxl'entiated under hypoxic conditions. Figures 3A-C

Figurd 2Argserhtslwistagimaluncstaiamesgctioothsmodcld edRiviith an anti-laminin

. carotid arterjies treated wth PEM Magnification is
antibodyqiaad; ebpeprition ng ego_nquab UPETSE0 S pp ghten type | collagen, and

differ ea'uﬂg'ér)‘jf}{poﬁ%%%ﬁdiﬁ&‘f ions, colored wth H&S

i3t
Haemat ox n, Eosin, Safran), of rabbit carotid
Figura?B espresntsribotasdentiimmuREivhiatnglofweekthpossclscrligsvith an anti-laminin

.. Blacks .arrows |ndicate the presence,of infla ry..
antibogy 414 O4RG AR B S PERl T EoHe SHHES PEMIBY, J igishtisted under
hypoxidddddity@s! um nal surface of artery. Figure 3B
represents histol ogical cross sections, colored with

Figurt-H¥S r¢rresentatibreydscent imowinestaisaradmmootf mpsebédlls oeithoan ahti-type IV

arteries treated with PEM.at, 12 weeks postrsurger
collagh aFfbeES, bAEBbEyatoh by SR FtRRET R 8 hERIY totigeen. and
differdrifiated @@téiypbkigWbhdiB6nd. epr esent s an enl argenent (x2)

of a region of rabbit carotid arteries treated with

FigurqaHprepreseats,fluskescod dmmaigpgjainingigmeehmpgghe edistrith ymandi-type IV
sor At | i gyr - -
colosH TR LITRL L U5 8B EPLEIEPLE S, oo uner
hypoxfre¢dnditived. on depar af fini zed sections after epitope
restoration, and labelled with anti-Snooth Miscle a
Actin antibody. Figure 4 represents the steps for

Figur?{ g%aéi RGreITIROHi o HeRE] @fbsE &beforRNet RBIRIARIHRLHGRS! Seated with
PEM.

Magnification is indicated on figures.

Figure 3A represents histological cross sections, colored with H&S (Haematoxylin, Eosin,
Safran), of rabbit carotid arteries treated with PEM at 1 week post-surgery. Blacks arrows
indicate the presence of inflammatory cells and dotted arrow indicate the PEM deposition into
the luminal surface of artery.

Figure 3B represents histological cross sections, colored with H&S (Haematoxylin, Eosin,
Safran), of rabbit carotid arteries treated with PEM at 12 weeks post-surgery. The insert
(black square) represents an enlargement of the section

Figure 3C represents an enlargement (x2) of a region of rabbit carotid arteries treated with

PEM at 12 weeks post-surgery and highlighted the vasa vasorum formation.



10

15

20

25

30

bl ood sanple. Doted area | [represents surface covered
by the support of the invention. Figure 5 represents
wo b@ophoasi cal nodifications applied to the surbPE&P2009/057850
covered by the support, for the formation of an
artificial blood vessel. Fifures 6A-F represent the
Figurq BBnepyepants thebinmanohistabkdemimpp etaidga odinbd ysledzed yregionf marfirmed on

Crosco after ipmunostai ning wth ntracti.l
deparg Hipiged Seons At 17PNPRS F8toeamn pd-lehaded it apt- Soragh Muscle
Actin W@sjdy. Heavy Chain (SM MHC) and Cal poni n antibodi es on

both Coated surfaces (type | collagen and
Pol yel ectrolyte Multilayer filns (PEMs)). Cbjective x

. 40, NA =.0,8, b 75 Fi A
Figurf s DRsu it s ToE pRDhng Sufo Buf s oD paf BARRETT eslls from
blood 88mpia! DoRd aRAOUt freis€dte sudedct Roddred b@ﬂﬁé,su%ﬁﬂt of the invention.
(0]

observation by confocal m croscopy, seede n type |
col l agen. Figure 6B represents fl uorescent

A e
for thohsent@t ofm dnificanilosdbessilcr oscopy, seeded on type |

col l agen. Figure 6C represents fluorescent
i mmunost ai ni ng of snmooth nuscle cells with an anti -

. | DO R ' , S i y :
Fiur 08, 800 B0 SINRY) BRUEY iR SRl by conoc
micros@py efenisnidosarmesg erth conmachidsmarkarsng Sofiocsimybisble Acsial(e-SMA),

el]s with an anti-a-. S scl e, Actin antibody,
Smooffp Mg TRt by CEBH BRTMH & POL AP IS BB Ko both coated
surfacBESpe FEdIMEE S PAPEISSRIN G NhIHRKES B (PENIYN QY@ k R340, NA =
of Snmooth nuscle cells wth an anti- Snooth Miscl e
0.8, sadedwirn7Hpavy Chai n anti body, and observation by
. confocal m cyoscopy,. seeded. on PEMs. Figure 6F . .
rigurs B3 BEEe D (Il OSSE R oG S g ToMsfls SEHs it pa anti-e-
SmoofheMuSclv Adtinadnti®bdy, -an€dtR@RhilorABY ichRd¥al @tgoseBSEIseededh type I
by confocal m croscopy, seeded on PEMs. Figures 7A-G
COllagﬁl@plresent Fl ow cytonetry analysis of cells | abel ed

a3 BT AT, U et n o
SmootheMuscls edgledin diaty (Ehain anlibaiyeanéxpsession- byproofobal microscopy,

Muscl e Actin. Figure 7B shows that 961% of cells
seedeg e wa I5AI138FBe | col | agen express Smooth Muscl e Myosin

Figurd BV Yeprfl@h®d- AFdr8UEf 7&nﬁﬂ@s"c\ﬁnﬁlga$f SR6mOMusal | R1S8FHEIn anti-
on tyﬁ% I co Cal

I 1 agen express oni ne.
Calponin antibody, and observation by confocal microscopy, seeded on type I collagen.

Figure 6D represents fluorescent immunostaining of smooth muscle cells with an anti-a-
Smooth Muscle Actin antibody, and observation by confocal microscopy, seeded on PEMs.
Figure 6E represents fluorescent immunostaining of smooth muscle cells with an anti-
Smooth Muscle Myosin Heavy Chain antibody, and observation by confocal microscopy,
seeded on PEMs.

Figure 6F represents fluorescent immunostaining of smooth muscle cells with an anti-

Calponin antibody, and observation by confocal microscopy, seeded on PEMs.

Figures 7A-G represent Flow cytometry analysis of cells labeled with anti SMCs markers

antibodies coupled with Alexa®488 fluorochrome.
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Figure 7D shows that 837% of cells seeded on PEMs
express a- Snooth Miuscle Actin. Figure 7E shows that
w@3iedsicel | s seeded on PEMs express Snoot h MAST/ER2009/057850
Myosi n Heavy Chain. Figure 7F shows that 837% of cells
seeded on PEMs express Cal pghin. Figure 7G shows the
Figurae 2Awhbwe bliai83ed%ondtt della scatetiral typs dtoppegeandxipbmssy- Smooth Muscle
. Figure 8 represents the nean fluorescence intensity of
Actilgnalyses with SMCs contractile markers antibodi es
Figur€ 9BP&H0RE thet 0QNof Jf deMBtsHERISNCE)pe MBbITE ek QkPRBS Smooth Muscle
represent cells seeded on control support, ey
Myosindilesnm€ haapr esent s cel | s seeded on type | collagen

ck co 5 ent |1s seeded on PEMs :
Figurg (O S EPEER VP! SHE N 0¥ bn BT e BV CaRe By,
Figurd37D SRsweshiat &ﬂ% bﬁcdllab@ddle@ Gn\B‘ElM‘s Sprapil SHMGVuscle Actin.
anti body and resents cells labelled with an anti

FigurcCalf plmwsnt@ata%[ﬂﬂ ycelle peeErg o BEMsexpeass Palooth Muscle Myosin Heavy
ChalnC‘ollagen versus control, (#) PEMs versus collagen. (,*
and # : p < 0.05 and and ***. < 0.001). Figures 9A-F
Figurd Hpsiesenhattdie7 gheholly predsd abPEMs)expﬁdﬁﬁalpOﬁiﬁDXi a
. anal ysed by confocal m croscopy after j nost ai ni ng
Figurey( @ RhQunie et 1oL GedRB K2 SNt ¥ eRSEPD Act i n
(a-SMA), Snooth Muscle Myosin Heavy Chain (SM MVHC) and
Cal poni n anti bodi es on both coated surfaces (type |
FlgureCB rggesenainthcPokeyre|fotascngt entenbity lofiyearlyked wath( PEGs) Jontractile

ective x 40, = 0,8, ,scale
markefogRRRs TF LR P GRBES ST b abfi frorent cells
sceded %h'o%nﬁ\blt hlp?artaméy &slum%aeswﬂe%ﬁs R&dded omlﬁyp@@%uagen Black
and observation by confocal mcroscop seed on type

columns (rcprb@g‘enell%egdﬁ: 0B QEM@r/ésremesems od elebellrﬂd w1th an anti a-SMA

antlbogx,o ?r%ﬁgﬁgeglgﬁlg ks/agl%eﬁﬁg %%%ﬁéwgﬂé 584 éh al aetrepresents cells

1abe11<smsﬁnu@hm@@atpysnﬁ@raﬁ@mly m croscopy, seeded on type |
| agen. Figure 9C represents fluorescent

(§)PEM$WﬁW§tcanﬁpln@*)o@olé%é@tvwsmgeméolc@ﬁ) IPEM vérsigncadlseen. (8% and #:

Rtk b d observation by confoca
p<()%?%rg§%g%§, égdeg §E type | collagen. Figure 9D

represents fluorescent inmmunostaining of snoboth nuscle

. cells with an ﬂ?tl-a- Snoot h, Muscl e Actin anti o%¥,
Figures, @ AsB s EpiRseito o Phensihmse sty rpdeio pormeda aglygsd by confocal

micro%’%& aftby 1%&0%1%1&1@5&/@[?1 %Hﬁéacftlhélﬁﬁl%%fsqp tSn'ldHﬁlf' RRRER IAH’[IBQ(X SMA),

noot h nuscle cells wth an anti- Snooth Miscl

SmooM/M;llSde I-Hémsyn Gravyn Chatni (3dMHEN dnd lidponat motbdayes on both coated

0{][ cla fT'I cr 08({31951¥
surfaces (type I collagen an: ¢lectrolyte Multilayer films (PEMs)). Objective x 40, NA =
0.8, scale bars 75 pm.
Figure 9A represents fluorescent immunostaining of smooth muscle cells with an anti-a-
Smooth Muscle Actin antibody, and observation by confocal microscopy, seeded on type 1
collagen.
Figure 9B represents fluorescent immunostaining of smooth muscle cells with an anti-
Smooth Muscle Myosin Heavy Chain antibody, and observation by confocal microscopy,
seeded on type I collagen.

Figure 9C represents fluorescent immunostaining of smooth muscle cells with an anti-

Calponin antibody, and observation by confocal microscopy, seeded on type I collagen.
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seeded on PEMs. Figure 9F represents fluorescent
i munost ai ni ng of snooth nuscle cells with an anti -
w@Eadopasi4nt ant i body, and observation by conf ocaPCT/EP2009/057850

m croscopy, seeded on PEMs. Figures 10A-G represent

Fl ow cytonetry analysis of 4lells |abeled with anti
FiguréSBOsraperskies Sluandstdn dimpsunostaplied ofvstioo ewadle )o#B8 with an anti-a-

fluorochrone. . Fi gur QA sho t hat 822% of cel |
Smootdide 6R!1 febod caaa%wia@ﬁat&zlp edaltopal ShBRRPRANSETRE on PEMS
Figurd\OF! Reprdsb@4! fuckéBesth aMGuhlidlinBg o9 Ghobh! hdsdE8LRY With an anti-

type I coll agen express Snoot h Miscl e Myosin Heavy
SmooBh¥uscle Fvigerie Heagy SHwivs antibidyd 8adoobsereaidns by eendalomicroscopy,
seedeciﬁrg?E col | agen express Cal ponine. Figure 10D shows

2% of cells seeded on PEMs express a- Snooth

FigurdV9§ CtereA6iits Nludrés@bhiteinkmshanag t dratm8Sh Ymatcl€ &lells with an anti-

seeded on PEMs express Snooth Muscle Myosin Heavy
Calpouinaintibodsi, gudt ebscortion bysonfest! migupeerty, sesdpd o BEYEd on

PEMs express Cal ponin. Figure 10G shows the result

obtained with a control isotype antibody. Figure 11
Figures pd £9@ nésedcheFlopacytbnuoy asgdesic of iceileiabilty with @anabyKBsmarkers

' ntractjl e markers anti bodi es conpared to

L. Wth S c
antlboé@ﬁpp@rﬁwg{?lﬁlgx%)ﬂumﬁh(gn%o| umms represent cells
Figurez Z@? SR eg§%£r1?% o? %Qlfl’s"%:etgfifcf%ﬁit’?rp%ql &WIEQ%I{) ?}ﬁ;rrn%g RS nooth Muscle

S see type agen, Bl ac
Actinrepresent cells seeded on PEMs. A represents cells

_— |led with an anti .a-SMA anti body, represents
Pigure, 1 sh b A SR A BefRaencERRA Hin{ BB AT Smooth Muscle
Myosiheé8§€Hamh cel | s | abelled with an anti Cal ponine

anti body. () PEMs versus control, (*) Collagen versus

Figurec HKE shwiws thatd3d2% of gellxsagdebon typad colagen 2xpreesiCalpomine. » *

i RS PSS b SRFRIE L oo st Ac

Figurdil OF ehewt itRdti $92-50060 ceisloddaed ioal PEMs Sixpaish Smepeh 8duscle Myosin
cell s During enbryogenesis, vascul ogenesis is one of
Heavyt Glainj rst initi ated processes. Conversely in the

Figulreafj(ﬂJ %h’ov&}sl?ﬁa[t%g%ﬁ‘%%%%gllllsssefe&)&{% i’?ﬂlsi&ptie%;@él%rﬁg. fromthe

exl stent vessel ram ati ons: a accunul at ed
Figurd NG siesntthy eanl obtatliedatith 4 b@itrol ety fagtibatyl Ng

nmononucl ear cell (MNCs) fractions contain a popul ation

of bone marrow derived cells called progenitor cells

FigurE hat re‘b?é%ﬁt.k BHE €ndaf fluorescence intensity of analyses with SMCs contractile
markers antibodies compared to control (mature SMCs). White columns represent cells
seeded on control support, Grey columns represents cells seeded on type I collagen, Black
columns represent cells seeded on PEMs. A represents cells labelled with an anti a-SMA
antibody, B represents cells labelled with an anti SMMH antibody and C represents cells
labelled with an anti Calponine antibody.

(§) PEMs versus control, (*) Collagen versus control. (§ and *: p< 0.05, §§ and **: p<0.01,
and *** p< 0.001).
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t he neovascul ari zation of injured vessels. Different
aut hors [Asahara T, et al. (1997) Science 275:
wOh9AsA11 Si nper D, et al. (2002) Circul ati on BOBEP2009/057850
1199-1204; Xie SZ, et al. (2008) J Zhejiang Univ Sci B
9: 923-930; Liu JY, et al. 42007) Cardiovasc Res 75:
EXAMPRF28 and Yeh ET, et al. (2003) Crcul ation 108:

Exa 2872- 307?:1] -~ q(?] ‘% E&n%lggiét gtgf pEP c?ggintgﬁ{ cég ébffﬁeetlatlon into

endoth¥iiA ok e oA RAgca@eni ¢ grow h factors (vascul ar
endot heliral growh factor (VEGF) pl at el et derived

grovvth factor BB (PDGFBB) , into mature and
i onal . endot hel scul.ar snoot scle .
During BRI EpRRa Rl %%net%f e AHERTURBL PRIBSGT SRREASly inthe
adult, HRCAH SessdMl Fori@tivR widithedl frdld thd SGHeieoASEl Ira&ﬁlﬂa@thdns Data
renodel | i ng or tunour devel opnent, the formation of

accumpydafechrotsac i el igdicate thas dbel sticgtinghmonemiclsiar pelh{MBICs) fractions

ontalwl\icﬁo %?)aé}eoﬂe& X F_P?eﬁ’rqi% d Eﬁveﬂ%e@!? car‘&{ PI%&BI%)EOQ‘@ lg '\}éaé gntrlbute to

the neé%lscélaﬁzatﬁa\bfenjlﬂﬂede\tes@:ﬂs i 2ot auﬁsm)r\i [Hkk;lﬁzlr@ I7, hzum,’g (@@V) Science
Physi ol 286: L668-1678; Stennmark
275: %4r%57R§ém@@ Dggisale G003h & inkstodips Jdp: #996(2% le 25508’) “lJ (2008) J

Zhe]zd%g] ol lScz%“ﬂ'Q@F 9%8 ﬁz]bﬁ.ﬁg "1 ap (b@({?)(%drgz%%s%uéé}oﬁs 615- 628 and Yeh

estigated also the role of € oxygen concentr at
ET, epal S(?Mﬂ) o@lrdidarihint 1@%:et70at(78h segubstict thﬁsthsshaopmgtrh‘air cells could

oS0 GE SSEE L O producton, o, angtpgent S SN, 1
(Vascﬂgcgﬁc%ale@lﬁﬁ oM fa%@ra(ggﬁl el delﬁd&ﬁ %?ov@th' fA¥BSIBB (PDGF-
rmatol 97: 634-637; R et al

BB).. ?Eonﬂo i avid f5@0t1011617€¥1dQ‘618h316(E@SDDIamﬁulaT sn@qotl)almusqle OBMICs) cells
t eoa t hri 3-.439.

depen Sqn hg qu&igﬁli SPSEX Cafﬁ oggovﬁﬁ_gfu%%rgt yring wc]éllnfi-lileahng, 1schern1a vascular

wall r&hﬁ&eﬂﬁ@lbﬂ AR d8v oAt OB fibenGio0 W hehvaslb&d Sesbéls & preceded by
VEGF, bFG- and IGF) [Sinper D, et al. (2002)

the reoryimenat POMNGS: att 1o - mmﬁ sipse verch efurther promerg) vasculogenesis

1o OB 08 S B, 3993000008 O (5l 5 Ppior s

Cell MbieP@xyﬁeZSéi 68— li6r778t lﬁenInuﬂsKﬂ ehybaR0®) qixeReEV9: 615-691 and
Circul ati 8@ 10 2070-2073 xygen
[

Kerdigu 618 CRV B 4ot ShCeatiohae Gonb b GO rafiees i Sxtigated
also ﬂECQOEI’é/ 59@16\6& o8l cHeenttARBAGN derfr@blis b E@ﬁé?én@ﬂaﬁ%p 4nd it was shown that

1- 339] I's a potent biochem cal signalling
hypoxm;immals@ ﬂuetpmodm:pom péanrhgipggud gtavah fprtapenth es triforming growth

factorgsﬁ' 'Pﬂcgﬁ-gge%ﬁ"{/%;ﬂ% kﬁ?&l 1 at' Qtaqzd'(Uggg%}%\'ﬁ%g'gggngﬁé913634 637;
Paynezj-ﬁge?&ﬁ?QO@)@WWWOWnQa}ﬁ%ItfU B £20083) hat CR%MWNW et al. (2004)

Bi ol 285-96 and Gerasi novskaya EV, et al
Osteo(uzm@s) CArvg’ag@éﬁegﬁé 484,/ Toe-mgn]phybie fagtérs implicated in cell
|l e invol venent .0

differ PR aft, ¢ R TPy Rl Lt Ak r DGR, and IR (iapgy D et al

(2002ﬁmc@zvz@an mest ymeﬂzmpxtz@smw al T{XQ08)NY Entieins Univ Sci B 9: 923-930
pot hesi zed here that the onl z oxygen concentration
and Cpawghé?%oq{ml N840k €mrdiovasc Res 49: 507-321] and a decrease of the oxygen

level in the tissue (hypoxia) [Yeh ET, et al. (2003) Circulation 108: 2070-2073]. Oxygen
plays a main role in physiological and pathological states [Grayson WL, et al. (2006) J Cell
Physiol 207: 331-339]; it is a potent biochemical signalling molecule with important

regulation properties for cellular behaviour (migration, differentiation, proliferation...) [Malda
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growt h factors favouring ECs differentiation (VEG,
FG-, EG-, |GF) [Giese DP, et al. (2003) G rculation
wa0@v/12410- 2715] allow the differentiati on of PCI/EP2009/057850
circulating progenitor cells into mature ECs or
contractile SMCs, characterd4stic of mature vascul ar
J, et ad.el2V87)f Bssvd Ang A48:\2d 53-PH 62,1 Siment)d€ sind et st Y 2(108) MaaRev Mol Cell

. rogenitor cells isol d fr rabbit fractjo
Biol 93&%315\3&%(3%1@%@9% lost 41, (LS éaglgsweaws{{b%?d@é; However,
the pdsSibld ffvoR¥ntchP8f hyp@lih AHNINR GRHERAHAGPIntd H@E 18E Indler been
wal | and known as"an ideal substrate for adhesi on and
demonptreteid fand avéromentiongd siplid apwsnmoot h nuscle cells in vitro
Sinper D,.,et al.. 0 Circul ation 106:,.1199-1204],. )
he nfS plp i i/ Db aGet e il BREectined it
growtMTh&BrsPlaedirfigs EEs Qﬁﬂf@’eﬁtﬁe&@heﬁdfﬁ%,! PEP; E&Ft ISPREdIRE DWP, ef al.
endot hel i al qug enitor cells differentiation into

f
(2 003)2@?@#@1'% d 0BuRc 1 atlawrothp elifferentéasionof] @eplatiag avigeenitor cells
. . 2674 ' iG. .
o nf RSP COH OIS E ThasRior R P AR e o RITRIE i v

The Tikehtore da@snsaact thet Shsniwhenlls isblatedafred rbbiefactidnyciltieated onto
ae nedi um but under poderate hypoxic conditions (5%
v

specifigaly cagedririts) Subsifeseigiherby; typad cpllagsh o roraprippdiai dhe prfggial wall
and kﬁérUvﬁ Ug %nqpeﬂashﬂ%}ﬁteswsadhgﬁgﬁ ah@ mlﬁt@%ﬁgﬁ‘%? v%cularaﬁrnooth muscle

contractil e markers assocl ate at hol ogil C
cells iphemot[yipeel Reuscih RO02t Catula(fd®96): O99%1IRd$ o Dy a Polyelectrolyte

.1046- 1053; vner AS, et al. 986) . J Biol. Chem 261: .
Muldiipygged FaRaah i A ek p&ﬂV}O%%%eﬂm?ﬁ%E ngfpgriga speeding up of
endotifsliat $#dgenttbe cbny entratstidiRausrs MRuRMead | fuk&idifl |@dothelial cells

obt ai ned under hypoxia conditions and the Inventors

[Berthelpgpkdd et dle (PSS etdvatluten 20 20R€ 2668 nacpithexiplrendtigpe(21% O,

sanosfieEar SR Bk oS ORI R bR o BERAR B Rstan exactly he

same TREREN BYPEHdIBSRrAEe APHStE abliGdRarshy O, v 36 mmHg). Whereas it is
deterministic role of the oxygen content in vascul ar
well ostabligerthat the cplurgiof fragtaser SIS derds e ¢ dastagpeof contractile markers

osodl PRI SRS BRORL D8 %P HMR P e PP s 1055

RovneFiAlkS}TBtl AIPENBY) Pﬁi}dﬁ C\giemé?_ég),u 1740(— ;NH&W M%atd ?,B&t@ég?d)w ) J Vasc Surg 45:
a am ne IrocC or | ) = , and. .

41 5-2(4% iﬂ&hylnaelaer eéb@a %sng-f}f(% ﬁ%@solwaﬂmnéiyr @Fﬁ@g}a ngélov@ and the

Inventggaéhe%}?éd"{ﬂ[e%}ése jtlgﬁ%'f%? {c%;?tﬁpctéﬁﬁ&%?@p@%ﬂ@f ﬁ}f‘;{jlf%i" LY expansion

escribed [19, 23]. Brie prepared on

(effecgbfgmssagovembei) psd (@Mre eiNanmuesnorFroaica@ndpioss.r eat ed

with 0.0 SDS and 0.12 for. 15 mn 1000Cand :
Thesey atriBienBndroRRy o RER e Helm Ot o e lafhe GRSE. Content in
vasculaP pRIgBhit S8 UETA&RRSbA @lo Ifatedid - Bt tlonRl &R oh Mg the vascular
France). PAH (PSS-PAH)3 filns were obtained by

wall (mkdieandindnd)mmer si on of the pretreated coverslips for
10 mn in polyelectrolyte solutions (300 nL) at 5
nmg/mL in the

Methods

1) Polyelectrolyte Multilayer Films (PEMs)
PEMs were built with cationic poly (allylamine hydrochloride) (PAH, MW = 70 kDa), and

anionic poly(sodium-4-styrene sulfonate) (PSS, MW = 70 kDa) solutions (Sigma-Aldrich,
France) as previously described [19, 23]. Briefly, PEMs were prepared on glass coverslips

(CML, Nemours, France) pretreated with 0.01 M SDS and 0.12 M HCI for 15 min at 100°C
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presence of 10 nmM Tri s-(hydroxynet hyl) am noet hane
(Tris) and 150 nM NaCl at pH 7.4. After each
wale@oasd4ion, the coverslips were rinsed three PCTEB2009/057850
during 10 mn with 10 mM Tris and 150 mM NaCl at pH
7.4. Al the films were ste#dlized for 10 min by W
and thien ghten{i®ds rmsgd with dlesmllmtilvmﬁeraﬁ}dhss lﬂb‘talrsl(pso;[?ere deposited in 24-well

| ea heral bl oo cul ati.on.
plates IRBRG SRR A P55 FLBO Rt oRaBae bf SR dRRiersion of the
pretreéﬁ!b& Qo@é}gl;psffo'é Ng 191'11? 1@%0%%@2?%%0&?261%?430%@ and PRI in the

preset(cmaxfu 18raM Tns{hxdnowmffth%anm@eﬁubt |(131a$)| a@ud NGO, rnM)NZGI at pH 7.4.

d ' .
After (%ggﬂlé %eleag%ve{s 1pE S?ﬁre rmgg\(}mﬁrga gl Ch{elg é %I%g] v\ﬁg:’ E(‘):3 mM Tris
and 15@5@&&1\1@ AERY 4CAlQhd HirhdWvercRERIAEEDT0S qd nihastie Nll\}églt) (254 nm).

syringes. Peripheral Bl ood Mnonuclear Cells
were isolated using a density gradient as previously

2 soSELAS VB ADBLETYCIh o2l pGRIRR 400 MRET 2
The eapehhfiedli ploctthsal wordised nEdoRtantondt, thetRyintiple of Laboratory
qunted Wit h F%ogemc g wth factors

D an Fbﬁ:g@@@ é@rst arq_@tﬁizgse L@l?qg ry @1@%5”\,\%\%@0%1 Institute
of He%%b{ﬁgat(@ N8 gLy ?éb@d%?@% (ﬁ@ rrﬁr)sx%asdc%‘file@t%d #om white New

1"'x 106 ce | at es
Zealawb rebhitni(mgleg bassgac oemhs B S k(go élféﬁﬁﬂé; Fhiﬁce)bgard’q(b etd heparinised

plastl(.‘ﬁ%lalglag ? 10/ %ﬁgBBRa‘ﬁfll encefcéari:Eg]i{;é\?&ﬂo Waeaeplgg/ﬁg{dl 1|151ng a density

gradleﬁf% 1%’;%%8 choBY gﬁ&wve%ﬁm&% qgods)wvtzqaz%r 50 9%7(432678] The
ep05|ted PAH PSS | ayers %Bert el eny

cells @@@@%en\dvulwmted 20: enQ@haha% 83l fnhéluuul(EBﬂ\é@ \/Jemeza Belgium)

suppl Gy AEE WP aRGloBRlie 6w THOS 1ot 2 VBMRRuEY: Ko Bisfum). cels

were daAKa usmMaANoEIn BIWET efid WbfeaRedtalys a dehét i u nm%@ﬂs/cm in 24-well
renmoved in order to discard unattached cells. The

plates ceonfadnipgrmbess  copens s+ cqused citlpa ey fliyael [prodlggaudie (BD Biosciences,

Fonc 51 PEAETH, il 000D P ATl 207 G0l s

PAH)Mcbﬂtecw}d ebrrmpbmlmg m AL parCof SEpoSIR] BAH/ESS/aGlts [Berthelemy N, et
nmedi un1chaﬁgfd every two

.. Th
al. (T ARG 28 A SHR pHGOREFS BB B h Tpmormel cell cultur
incub@/GN&r £RT Held %d&ﬁg&rg Hilroy&dcoy Fpasecont (6@%02 1ncubator Sanyo,

m croscopy observations (N kon DI APHOT 3 Japan)
Francd)mfieoired ddysgtht anedsuro (Wais remseddeinaet¢rsto (dBvas]) ulmttalched cells The

cos PR NELY - Ll (ECH) specifiip parkens & Gopl uens, ., .
2674-D WB}W&%Q%I{ SidcRuadeshypeiiesatandc K93 pesidf 3% OTer k@S normoxia

Thrée anti bodi es were used to characteri ze the

at 37%onbt¥adiQ. endSMIEpHendeanswl) |ayld Anglmmsnhmghd Mystl éwo days. The
or ACt .
citter el 0 TN e RO ST E UG RN bl oy Phase

contradS@Lrdsebpy SiscHeso @R DEAPHDT 300, Japan)

. Su
AmrneEl

3) Immunostaining for smooth muscle cells (SMCs) and endothelial cells (ECs) specific
markers
At confluence and after the third passage, cells were also immunolabelled against SMCs and

ECs specific markers. Three antibodies were used to characterize the contractile SMCs
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CD31 H) von WIlebrand factor (vWF) (all from Dako,
France). Prior to the immuno labelling with the
wo ndwasahi ul ar anti bodi es (a- SMA, SM MHC, Cal ppai/EPBNg057850
VWF), the cells were fixed with parafornmal dehyde (PAF)
4% (yv/ v in phosphate buffet> saline) for 10 mn and
phenopeem aliphd SadothiMinsclr Actan(aXSMA), 0) &%(ﬁt}l\}\/{wsclerﬂ\/lyosin Heavy Chain

istilled. er 15 mn, rCD31I
M- chie SR o0 R e Rt Felr G Biggotvpe: 0
CD31G8of Wﬁfeﬁra&lﬂcﬁ’c@&t QWi qgll‘h%n‘['UAké‘tFr%&) Vit 14 BR immunolabelling
primary nonocl onal antibodies, diluted at 1/50 in RPM

with tllcﬁm@awlkuﬂmantﬂpmbwcﬂa $Md,, SYbMEC nCalgoownd e Wady tmeells were fixed

with SRRl dpRES Marbisol ThatRica R pligd, Brifpopin and

permehbiliz4B®itH s e - 1o 015 %q0 masdistned bak@dl fdrars @i, FbnCBB1 labelling
37C. The cells were observed by fl uorescence confocal

the semr@r%@b@pynf(abélz@orDMﬂE@t Py fenigy. Thgcqﬂlsavereewbhtwl for 45 min at
37°C %’? ?gec éﬁﬁuﬁﬁ 18’1%?%%%9#5‘ i 1{1‘[6(31 con ugf%ﬂ)gwft%ut phenol

red, cd;t)/cﬁlﬁﬁigaodsimﬂef Sbhﬁﬂtai‘tﬁlhﬁd (BBAIG5%ene)] Afruntmi @ahshed withrRPMI 1640,
proteins characterizationgvia tw specific .
the seﬁ}@@@f #Hd1bgy }fl%gged[ ylth é‘l’?’i‘ﬁ ]ﬁlug}h d4§.2i) (El{u};%aq 1 %Wp%l@@ﬁbated for 30
Thed 1
min at j‘?ﬁca*rl;gé ?ﬂ%u%bég?gg&{& fﬂﬂrﬁ?%s%g{lé 3 Qfd@hf Iﬂl ﬁ%oé/ fL]ﬁbA BMIRE2
HC FlooA&S bBalGeeminyd asing she 488 b spbcatl ljﬂdSO in RPM 1640
wi t hout phenol red, containing 0.5%BSA. After two
washes with RPM 1640, the secondary anti body | abelled
4) zmmwrtdam%ﬁ%ﬁr%&#%em&r H3Bix gEIcM)ng%t@hs 1/100 was
i ncubat ed for mn at cell's were observed '
At cardlueged; | hpprosse ediffercobiait d c edlisnmivere s mopyngstaadA oM BERL  proteins
HC. Fl.uo T uat.i on ,of t
charadfifglibh A ic B G0 BRESH sty Pt Ao SPE Ry gellagen. The
differdtiatcdattiewver fhictstittSP AP 49§ foe U tnbih @ndl EADatbY RPMISaNInt887°C with
differentiation into SMCs was stable versus tine

the pr@prys moapelopa]r adodies) dilytad e BP9 H@rRBMeWtoWJ@W phenol red,
f t
contalﬂﬁgt'ﬂﬁjédg)?% d& }n%%{er %piléé Iﬁxgl'é l\ggﬁté Hmz;nlfj h@]gc ?l{]ef ée%&%a% %.111'{&0(1& labelled
with fama-gam@ ae&diﬂnufedt aml/tﬁﬂ‘ ahesncubled ffor 30 nfiatat379@sThe pélls were
der. hypoxi ¢ condi {1 (37C, 5% CO and 5% 02%1 i
Obser\f eUURE SNQTRCR GRE Ca HHESGORY n R OB Hohsue Tts 1-B,
3c 5% CO and 21% 2) . Cells were then cultivated
these different conditions until the third passage
(P3) and mature SMCs fromrabbit aorta cultivated

nder arre conditjo e used as control. 6)
) vyt iebamear e SO TSR (FACS) FACS
In ord@n@! dh%@l@th@lgalt&% it st&?@iké’@ﬁr@@ﬂﬂe? BYpoxid, INCEUTIFifion into SMCs

performed to quanti ff%/1
was stable versus time, cells were rther cultivated either under hypoxia or normoxia. After

Gerrn

differentiation the confluent cells cultivated on type I collagen and PEMs were amplified and
separated in two batches. The first batch was kept under hypoxic condition (37°C, 5% CO,
and 5% O,) whereas the second batch was placed in normoxic conditions (37°C, 5% CO, and
21% 0O3). Cells were then cultivated in these different conditions until the third passage (P3)
and mature SMCs from rabbit aorta cultivated under the same conditions were used as

control.
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percentage of positive cells and the fluorescence
intensity of the specific contractile markers
wez@wasaed by the differentiated SMCs. After PBCT/ERO8/057850
was performed to identify intracellular antigens in
cells. For that, trypsinizetbdifferentiated cells were
6) Flubedsedrced casarpl €vll Soging (Ad€6) i bed. The non-specific

FACS, PR PR AT ERGE L aEr BBl COWREhi HORSRb BT (RF BRUFL B GRAmify the

percerfifid o%c%ﬁwe‘%%llg @ﬁ@ fa ﬂﬁ%qes*éé‘nd‘eq{ﬂé@&% &hdle %b&‘?ﬂ‘@ E&ltractlle markers
scattering, 10, events were col l'ected and t

expregped be ﬁteagﬁemﬁtlfp@@ SMGﬁeAcft@t P3$, (@S whe padamadd ta @d@slésemt@cellular

antich 5 GRY Bk BRI el bR VR AG proviousty

descnﬁ&arﬂ{e&mﬁl-gpbélft Win@AE Rvag QRliubic@nby HAGRCBERGT bireélls (vm with the
repeated in triplicate independently three times.

secongy anﬁy@y\/@f@ll& thepdiffeniipted celh araanpafleterningd by forstsd w@wdeward
scattellrné% ﬁ)b(ﬂﬁ)ugv ?ﬁg&&%tc%lle&gd aFeve% S%IFGI%Q% éﬁ@sﬁhypo% achla/ tﬁe mean

esent s rejection esi s
fluore@den &glin@dnsite GVIBT) VR&S dbtesniasdl Di scussi on The fol | owi ng
results are obtained with peripheral blood nononucl ear
cells. Simlar results were obtained with M\C i sol at ed
bone marrow, adi pose tissues, unbilical cord
Z)Sméﬁﬁﬁh or Wiharton's jelly (data not shown). Periphera
The dbacedcmepesied] @ancaet Isein(imiCsjorfafale nean ¢oata) fdrnsgch condition.

progenitor cells s i.sol ate ed in 24-
Each RSB QlascieRr o1 AR by Brernden ot es peen Moeraues were
compaﬁ@a Wi&%ﬂe Qfipatell A1t ES}hﬁéfévﬁN r bt e Chd s meﬂzerﬁle NTA, USA), in
at 1 x 106 cells/cn2.” The Inventors used type |

Whlchabﬂep@g@ws thnoonctas laveliof gl nudlciypothasie of equal awend. ar
progenitor cells culture [Sinper D, et al. (2002)
Circulation 106: 1199-1204] and PEMs for their high

ResuR9bAAIDACUESiBH 0 boost progenitor cel
differentiation [Bertheleny N, et al. (2008) Adv Mater

The fRABWIRS tebu6 4] obt&fnb@ twith pajphendl biooldt mosonuolean Cemsx S@nilar results
conditi ed cells were renoved and .t

1 ONs unat
were %ﬁ%?(femtﬂ OBN Céso( Emm RIBEIROWRSARO8E ey urlwﬂe%cord blood or
Whartg?%ﬁélﬂfr{gétaqm Sm%d under hypoxia (5% CO and 5% O )

5% and 21% Q2) until confluence
Peripl(ebétww@irmdnmdledr vatle KMNCahtfraconh casamergaprdgémtor beltshwas isolated

ace t the hase-contra m crpsc el )
and segeL oS ER Pl Bu b FaSt ne s FHETORH el Seltaganer with a
Polyel‘é@t%ikfe Nﬁﬁtﬂﬁ)';érg[’f{[rﬁ dPAMsH Gt ARd 16° sisngh’e TheKRventors used type 1
mor phol ogy in hypoxic conditions (Figure IB, ID) .In

collagen depwn @s eailendtsubstrae &l vasphamproggratosfocl f:tﬂléne hSinweed, et al.
(2002): gzrgul’fz ?rOa(% K I?g tlgP?l/angielgEtﬁ fotggﬁefu? ﬁlgélplﬁtzen ATTA &1eé(‘r.los ?o?st grogemtor
cell difcpdiaraom RAMISHI B, et al. (2008) Adv Mater 20: 2674-2678]. After 4 days of
culture in normoxic conditions, unattached cells were removed and the adherent cells (CD34",
CD133") were divided in two fractions and placed under hypoxia (5% CO; and 5% O) or
normoxia (5% CO; and 21% O;) until confluence (between 2 and 4 weeks). At confluence
and for both surface types, the phase-contrast microscopy cell observation showed

cobblestone morphology in normoxic conditions (Figure 1A, 1C) and a spindle like

morphology in hypoxic conditions (Figure 1B, 1D).
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Actin (a-SMA), Snooth Miuscle Myosin Heavy Chain
(SM VHC) and Cal poni n known to assess vascul ar SMCs
waledobasant i ati on and their contractile functi oPCT/BPIOPE057850
D, et al. (2002) Circulation 106: 1199-1204; Babu et
al . (2004) Am J Physiol Cel47 Physiol 287: 723-729 and
In order t&,evetuatl the( @UOANenGiype dRediff8@ntisted -&HS] thanldv@D8d @rdked the

o LR AR e oy LSS o
Actin é@%@vl 2XmENE WRXER Myosiat H&lvy CHaR9 IMMaYT)AddncAlh&Sin known to

16-523]. As expécted under nornoxic conditi ons,
assesst trecwan$ M€ al dlffm@nb@mmwdoﬂ)serowatracmh@ faistor dSiviper D, et al. (2002)

Czrculgzrﬁgl% ?Pg (eﬂ?rQ @%eb?y C%t G@gﬁ)ﬁ%@%@wol @liﬁ%ﬁp&iﬁﬁ Cd,??’ 729 and
Li S, KEMy20®tdiR0REs $1d ] M@Q% hnteCD8I lhid Vo WaNEls aR®FK&61S(vWF) for the
Figure IM IQand IU (for t col | agen

1S
ECs p%ﬁ@tmwaawtwmvymawm dhy B Smscamse ﬂﬁﬁ izlﬁglzzz and Meyer D,

o FEOAL W O PRLCR S5 FISH, TOSPLSPRRABOISIEH s, o

confo@h dnﬂc%sé(ﬁ]@r oM} ibns Bh)o\eetpﬂespﬂemwfof &ﬁsltﬁardeﬁs Som&S's markers
notij ced under this conditjon whatever the surface

[Flgurg Clgt qqﬁigll[(ﬁfrgtweel eqtlageny C(Pajmg} dG a;x%é[ﬁ(fo&&ﬁl\gbgﬁ)tmg)] and negative
cells %E@M@s &F'{&Psd m%llnéfﬁkg,l f(E'\é%th gf‘{lk g;ﬂo‘e In&blfagéé?, g?t, gs fa%\c}v IW (for

absence erenti I nto
PEMsgondelet hapoxaa aoﬂurp)lslngxlﬁosmheseapmbﬁem watIMAs maketi wat ebserved

i S Oy SHELBORBSEI LT LS ShUSeC I BEMFSL NY Spresionof
ECs M&BWa@hbﬁ%d%d% c%ﬁhﬂtﬁntv@la@év%f gleantth@! @aling gslgure 1F and 1J
phenot ype under a hypoxi c environment and second

(for Tmirﬁel @llpgevshignreotit ablls floc PEMs) Inadikating thont tatatedserige of cellular

GBI PGy DR CELL BILRE S S B

signattiR€fol tHegratdni@r 18 FvarthinP@tes MT ssihendtopd. IThese results suggest first
differentiation into mature and functional SMCs

S
the pc?t@@fmhﬂe@f ¥R Csutallsrte diffgrentints upp 8neMCatphsrotpe Hinder a hypoxic

env1r0§1?ﬁ%ﬁ ah(% zsg{?%)‘ﬁ‘ tge e? 1?% ﬁ?itgg%b%gg ni’e%%;rs 8?%5502% Rontractile

pheno%tpeaif th¢s20f8} [(PthlEGKaleQ.’b'JﬁPhyﬁﬁil RE B5::48528-79 88inilatOwr SMCs in
vivo). tIl{lJ ﬁ%ﬁ@?@%ﬁ‘gﬁe{%ﬂ gpe oégfgagérgggﬁ% W%fegqp%g‘{}&he g{tor ?Igugrre] and functional

SMCsel%q{?ﬁ&etjhb aliee! h&i@h %%ﬂl@nﬂﬂéﬁ h&hClebific g[-Jr_ h factors espemally

extracel lular matri x contributes to e control
PDGFeBBt[EenmIZD wWran. 2002t Cioculanah i 86:i W@#M@d angd Xie SZ, et al. (2008) J
t ai C s in adifferentiate tate
Zheiiqp by s SO0} 106y St REOTRAGITL 4Bt Praesospnecniration
tunmgadléineBAlﬁ)%% S;Jheﬁ@tyﬁenéim%r&t@ﬂef @%hh@%%ll&ﬂdeﬂmaooﬂh FRbdle SQis.

Duri ng bl ood vessel formation the SMCs
The eatr@ce&l@bﬂpon@hbl(@%} C@r)zctlb@t@@ lte Wheaconteal rafxthf rethalar dwnagioa and is
fibr necﬁ

invonBATh Syl By e Al SR B g 149 1t e

Cytol 23032522 dEBM R POSAAd BiyceREW Ho P W E'S(10R7 VI wllasw 8:1827-343].
vitro (tissue engineering

During blood vessel formation the SMCs are responsible for extracellular matrix formation

via protein (fibronectin, laminin, collagens...) secretion [Rzucidlo EM, et al. (2007) J Vasc

Surg 45: 25-32]. The ECM deposition contributes in vivo and in vitro (tissue engineering

approach) to arterial wall constitution and cell function via different signalling pathways

(kinase pathways activation) [Rzucidlo EM, et al. (2007) J Vasc Surg 45: 25-32 and Davis
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approach) to arterial wall constitution and cel
function via different signalling pathways (kinase
w@adokmsessl act i vation) [Rzucidlo EM et al. (200F)EB2009/057850
Vase Surg 45: 25-32 and DavisMJ, et al. (2001) AmJ
Physi ol Heart Circ Physiol 480: H1427-H1433]. The
MJ, et mN.ef00Y bAmVe@hys@éMﬂ ma”ccafb)amlt 98@f HIW27-H1433]. The Inventors
differentiated ditions to

under Xi c c
invest{ipliring 1o bat o R heenate SR uer JROt SORgRp o ynthesize

their &R BEO &hldOfe %V@M@rse&a'hﬁl@é?il bl §derdtioRt §F BSo (elxﬁfﬂéenl'u[hr proteins
and typé |V collagen), which play a major role in

(Lamlsylrﬂddetspgl\éndllwn) ritiaclt play @ mapntadé m EGM wnhqsaandlcentrlbute to

th £ f t | dl
mainBROLYB5CRl: bSaSk 5 FEHBLRS i BRHRAE Aot 4
Vasc 9&)@945\/ azc5L3)3]scsﬁi@wdntdf&c@l%xnessewa@lan@tsh&@édhth@fdepm of both of

e

proteins. The conpari son t ween both surfaces showed
these pgiaiesy dihe &ogwr@w@éaet\g bl perfages plEnyaghmereevered steonger synthesis
e ﬁé P e
of EC%E% r‘cl\’%&e@%){cﬂ@nﬁ %rléf lg%lglg ( P p 'Jliﬁgsse da%‘g@tfal%%a ?ﬁlﬁ]&%ypoxw
condltﬂd‘nl@Scdtﬁirdieﬂf ke odpaait ¢ dfhll\/ﬁ\IGM.TzS dgfchgnbiatel irgo aSMCs, exhibiting a
contractile phen?type S|gn a correcé physlol%glca
I

contragtile: RheapiyPe-ntigy Pl fycoFect P#é/s 10&h§.t8§e PRt dypgaty qfithy £(@M. This

tcrKOH5 LGl T AL W SR8 €800 SUOREP bl Lo

The pherotypgetabilitpevger loogerafmd j)lfﬂio@l‘cﬁShdjSzMGseidrlﬁiecbﬁDM Cs cultivated
ul ti.vated under h ais a or issue tp use thi

under R st DA dove LRI RG by e ST BT @ VRRPIS The SMCs

pheno%%n&mm@ whahbiJebtigatipst 10 @stHigab@ et cdRVhltioRl Niter the first
oxygen concentration. After the flrs% passage of

passageygiokyroxii diffsrantinicdteels ¢esillh pogitiet Ites SHYsi mavkery) otheMbsained cells

were %nig):ailléc%{ds%}qgr R%o{;)ot%{dh :éorﬁg?]?%ﬁhéigs\é@gﬁeaﬁzﬁ%) ﬁvd ett%&l,’l@gﬁgantlevc\{ocells under

hypoxi@édiidaionethdcel e JeBsHRI asby PO i1vaedts btach céRdn fneFmétie condition.
second assay the Inventors placed cells in nornoxjc

In ordesrigi ehosk. the rptabilifer of hech ph@l%mwmderyth@?e epslitangss several
\
passa%%gg?g) \Aéeéglg 1%2@ ?(H}g ﬁﬁﬁaﬁg{’/ é}%rp% eenga?(\égﬁ(ﬂ iof @ﬁ)%%% and normoxic
Condltﬁlﬁﬁ)ithhllﬁfbntdiy povar detetidd ok mackers cctuﬂaalncttl shown).t he
| nv entogg never detected ECs markers (data_not shown)

Under liygaxiagisenti charagierization shewied dheapqsiyeistnias fedM e paarkers with a
regulal @ otsbl‘i’cedﬁ{rﬁ}uﬁbﬁ‘ grh@ rob%‘?@d P'R’rd(;sglglgl;lé\e’lésg@ %ré %?}xgrffor both coating

cytosolic distribution ers
types (Fygul eolBfsedrpnd EMOt Whewsatatn ety pescl{dy pethl FAGS| aghmes which
indicagqr%i;tlpgtg a/fggrvm S pﬁ%?afggt gg{e? tﬁ%]? "8{)2} (?ftec[%ﬂf Vﬁg}re{] mstfaCVSe for both surfaces
(FigurB &3S 89 €Thd Rk Bntb RAddniaPod0ho e8| drshdVRIc@n Fsdrbdc¥foel 1Bfenbigy MFI) of

surfaces (Figure 7A-G . The Inventors conpared
SMCsmesmigecide mﬂli]éef&/é&meﬁll%®fé@@ eim%@emtnﬂt@hgﬂlltsym(h\/ma}rur@Sl\/SRmtracted
ression,.of .the differ

from E8PH adfth o RSB el PRRR hRudh b Pk TPk yqitions.

Maturé WMCY %%dcdmvattétﬁoﬁ &f&usﬂ@ltﬂy slmiplorye@ ek Xduttunsladtienaxfaée (TCPS)
condi ti ons. cultivated on the usually

[L Hezé%r Ned i é%QQé) e”lﬁSeE&ré lpﬁ a%ltfr%f‘] stipTieeng Fabepnce with a control
performed on type I collagen and PEMs. The expression of a-SMA, SM-MHC and calponin

for cells cultivated on both Type I collagen and PEM coated surfaces was significatively
higher for the differentiated cells compared to mature SMCs, although less important on the
collagen coated surface for a-SMA (Figure 8).
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[L' Heureux N, et al. (2001) FASEB J 15: 515-24]
showing no difference with a control perforned on type
wo 2e0hikagen and PEMs. The expression of a- SMA PSVERIH®/057850
and cal ponin for cells cultivated on both Type |
col | agen and PEM coat ed sur4%ces was significatively
Undethngpherxid omnditlimlsd ithdf expanticdcelts oetd slsc amahtraé&lely andaquangtatively

characgq}zfegéagll (}; ucgﬁ] g%],%so?c‘épgfﬂ régtgr?ttlon%n L gm I}f’l yseg a& gor hypoxic

conditsARditld PRZaliBLAXRANAGHsiEOL Ifor WRIG %ﬁ%cﬁ@ﬁaﬂé%é V&thYagain a
and quantitatively characterized by confocal

regulamcmmmpyd@bmlm(ﬂgn&%i)b%l?ﬂ@amsaﬂ siweed s fhat more than
s0% RPREGRUSRTEI BRI VoA BRG] P hguiRt 1M e

MFI oFYcoah@dhirie s for | dfirb @t d -t M veas caqumﬁgla@ahMﬁﬁﬁ mature
showed al so that nore than 80% of differentiated cells

SMCser &othosirfapesecopinSpct wetdritor diffeTanecsniar KEFosentriaguicds cultivated on

I n a : ! g r
type 1 dc?ﬁ]%ag%ne%?c} BENgFéoa dsﬁl\?\%éés ﬁit r l'TZ I%qsr ?ISB ﬁlﬁl&ﬂretarmt ttﬂ asl‘;]ate that no
significativetpdiffeecroMGgast und o lthesenprason (if(bhé ithrge @omtraskitehmactkers once

di fference for differentjated cells cultivated on

compgtifigehe %taplsvféaﬂ@ﬁ l%hﬂpwdcm@awscep HeBs (Figure 11) .

It is Wdl %gﬁ‘ov@lll $itht RS A rE OSHEQ%QUM?Q& B $i ?&k fsbv‘f‘t@ tl‘féﬂ Phenotype
d| erence was foun In the expression o

from a:cmttnaanlbl(halnhty} toex prohfm&\@o(molag@at)tpélenmm kﬂﬁaamm efd al. (2005)

ari Dt PR 70200 il P s bt LT B S € Ws09). This

w1tchS\6’bﬁ§ﬁ‘utE§‘ &l Grdhenetivpien f fopblgos %&Jemsglhee ¢ %@éﬂﬁgy)meo present
a proliferative (pathol ogical) phenot a JM et

differcuitiati¢re @B padhr alidwadr gratpsolgain azélmeaﬂhs” a @OBa@mﬁA‘EMC@twhlch could
al . (2003),.44in Pl ast . .Sur
const1 ué?] %1? ftl?ea*{l%téve flog tV?SSH% 1§s]]he%gtg ngﬁrn%go ;1%8 ﬁ%ve&tq}r% ggselrved er%fectlvely a
quite §ttSHEYE cGiedsHREF thE -coltdctild BHes &}rftﬁ@ derdrémiakiNcells compared to
Iﬁ&ioaCh all owed us to obtain a "healthy" phenotype o
maturgIECsHN AV il VassHi iipiuties. b Biflamppdenyigagtigns, involving MNC,
[ Loe
are 1mé)?1?ec{1 I%E/te eyﬁegﬂtg%ﬁ X %f r%%ﬂﬁgglre \;Ie- Egl}l%&ggtr&ﬁ(?de?ﬁ%ecllft\éreglbblt carotid
bypasS: ok Iira&tsﬂlgﬁed‘r@[ﬂ(ﬁftﬁhf‘oﬁfboghﬁc diofff eitk rstuteﬂilcedleclﬁdusal properties was
npared to matu { n vivo, after_vascul

1mp1a1i1tﬁ‘ji L[Jﬁ?rééoudi He sta IAa‘hﬁTEPWyMaE‘éCH’ 3RE7-20hY 0\97hé<€m@ldJ H, et al.
(2008)3!'1%11 LR @%%ﬁ in 1*5@@ 1567 g v@arllo%ﬁﬁsoeh TNYS: %’Qﬁ followed until 12

vascul ar renodel ing ‘after rabbit caroti ypass
weeksvvd&ss mhkmsmegatoem aftor anp]antatlombmg@ﬂugnca@ raaﬁllysw tehecaled graft wall

nero AT SRR RS LR AL TR 205 g sy

(respoﬁgigiyaﬁ vd§6d1 AjaQbiiriatio ®f HLaﬂ{eurél%QQ&) etJal ARLORIEW. @Qr 3’6 10365 (2006)]
: 1589-1597]. The wall graft behaviour was fo

and th@ np[rd:sbn@fmﬂkrgmat_og}g geltsrﬁgﬁogm@ngrﬁm\rﬁsgﬂ (Bigure 3). Twelve Weeks after

lmpla‘\%%nﬁn r?é??%?qﬁer?%c% i I‘%gé ﬁB%atB?/Si‘pz’Sér% ?a%ég@% ‘ fto the previous
obser@€bhs B&MD tehie abitabsereiffperaselyasobsl flow, the histological
(responS| bl e of vessel vascul ari zati on) [LHeur eux, N.

obserationy shongpd ihdotal esorpgon 96 thq mflgeyjatory cells, and ii) the vascular wall

recolonization. The cell identification demonstrated the presence of positive a-SMA cells

signature for the SMC phenotype. It has been showed[L'Heurcux, N. et al. Nat Med. 12, 361-
365 (2006)] that the formation of vasa vasorum after one month of implantation allowing

oxygen access (2% to 9% concentration range comparable to in vitro hypoxic condition).



10

15

20

25

30

and the presence of inflanmmatory cells surrounding the
vessel (Figure 3). Twelve weeks after inplantation,
waeeoonsp4di f f erences in the wall structure appePCEEPASYI/057850
conpared to the previous observations. Beside their
ability to remain perneabl & o bl ood flow, the
Moredviestthé HGiathinolgstowed thensedomoineteiof calldgeh an aalmt’itiqualhdaeiastin in
of .the inflammtory cells, and ii) the vascul ar wal |

media; Jhg| BR1e, QRSChToR, dvege nade din S5 afas el s s§hiestcsrng studies

w1thoﬁtrkf‘enﬂfn§§@cﬁfgeth@for gﬁlsd)it svie FM@M%d&e ISI et 3l gpedHrEyrfon astcr]ﬁldovasc
SMC phenot ype. has been showed[ L' Heureux, N. et

Surg. RB6IVEY. LH@JJG@GI\I <865 (20608) ] Mehat?, BB 36BN ot ol (2006)

Biom 3 SR o T S GnSR hb e uf iR Ak S hitus in the

healing @r(bd%ss\/‘lvhifcﬁ cBﬁh}BﬁﬁéH GvithoRE v 6y aclydEROWEIhe vafiRIdr&RIl participates in
stalnln? showed the predom nance of collagen in
i

the vagelasvalbicmodaldingl astin in media. The same observations
were made by several vascul ar tissue engi neering
studi es without denonstrating the origin of SMC
To cohdiedd tandeventdds der@bnsadated (tRAGDYgehmitor dlVaakriviiedan éh§pox10 conditions

and W% gutgﬁ@%?lﬁg %:1?0 ! afggtgH{e lélrrll%lill)c(mgtSI\gEts d?flﬁqyggfa%gg éiﬁsé‘iaé(:;/& apagphological
T t [ f

and p%%not%?ﬁprﬁﬁ%r%lgsr e @§ eﬁ[&n Slgﬁ\ée%hjg%%?% &Eltre(s)%glg SJ%@I(% contractile

markego Nomcedernicke tiif&rénmdeS'M@B rhiarl‘(ainedrthd:lh eomastld plrenotype when

articipates in the vasc renmodel | i.ng. ,To ..
replacgl b e e st RGeS et kSRR e gd Khetional
pheno%%'e'c%nﬁ)ﬂllable thﬁgislme RYPOMCS f&@Rdh tHnRAESnA Mo oM RQU.

speci f or enhancing SMCs differentiation

Thesedﬁmbis é@]@lghﬁh@ koicodrdabf ﬁndlsgltﬁefmmypmcntmnd@emcuaé@ th¢ O2 content

i e SRl IR RuGE PR FLPIAE] PSS GBI it wie
previdiBoRéAiBReMe e MPIN, cEONIIMSS HlieMalhe Tk YBR/-26ES] coell cdasttute a basis
i N nornoxi c condi ti ons suggestlng that these cells
for tisguaveaigssetingard elijtieal anpliqating sirafeaics fnenotrypssue figganspicdion. For
|
cxany 1 SRl AR o ol Ml o AL AR p ARGl pod sample
cultivitb@ ot PEMIendwith tleyyaanrtcuoct rﬁscpe,djua il yortriogicrdnhiypaxic tenditions
e differentiation process of vas

|
eltherté%qtv@ Eqhgdeo s aF gatrasHls %M%(ﬁ%v&ba ?@15? tgﬁ&%em %{, ifag than one
montH, a%retcﬁﬁ&%ﬁ%’ la?lerseﬁneala aI{dzﬁ)igﬁ)a RV 8s0afked %@%ﬁllgqglslaxample a

could constitute a basis for tlssue engi neering and

naturat b nafucd land pytblogats vascwbr @bfigi es for in vitro tissue
reconstruction. For exanple in vascular tissue
engi neering, starting from an uni que peripherica

ExamPlO FaiBlichat UbidodahedeLoRGMiAfh Wb hlfaPsiiBRetic stem cells
culture nedia, but in nornoxic or in hypoxic

differenfiatian. ons either mature ECs (21% O ) or contractile
SMCs (5% O2) can be obtained in |less than one nonth.
The different layers (nmedia and intima) could be

The pRS&MAtIxa ?Ié diSclbek ladl dxampRXeMRbRcal Rabullding annatwa@blood vessel,

and aut ol ogous_vascul ar %raft
according to the process of the invention.

his example is illustrated by Figure 4 and Figure 5.
Hereafter, “mononucleated” cells refers to normal cells that contain a nucleus. Thus, red
blood cells, apoptotic cells, and cellular fragments, etc ... are excluded of this definition.

Mononucleated cells are therefore stem cells and differentiated cells.
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Exanple 2 : Functional blood vessel construction from
hemat opoi etic stemcells differentiation. The present
wezaupbaidi scl oses an exanpl e of protocol for boi/ERI0g057850
an in vitro blood vessel, according to the process of
the invention. This exanpl eSlis illustrated by Figure 4
Matrianotepatioa (Suppdet)eaf t er, "nononucl eated" cells refers
. o normal cells that cont ai n nucl Thus, red
First, §P SBRPL LR ST ax RN donsi @ %ﬁ.ﬁaﬂte@lqnmna@pfqp&@wfgce
Cells &t Yeposited o sEppoxc! uded of this definition.
Mononucl eated cells are therefore stemcells and

The rédncfxfaé pk dtffeaﬁtn@dted@lells filvit supporscep&e at:huowd(ls}upqa"amg)lonic force (ion

ort bui | t ntio bo d
concelgfiB PRt ah Onpir St haveirdh FRRG Tl 8 8 4Hon R recovery of
functié@P OsinieeklBN support. The renoval of differentiated

cells from support can be achieved by varying ionic
force (ion concentration), tenperature or pH, or any

nnsthe art to allow the recovery of
Cell unc gtlwﬁfylg\l/%en‘pg cells. Cell differentiation (Figure

Hemat%)pletildesmh epilebnd neb@thpahtoss aooh ¢atls eac by ratdus tiss process. These
cells can be used in this process. These stemcells
stem celim cHebRI 1P ™r om - bl ood (B), bone marrow(BM), -
- \{%5 @gn jelly (W) - Unbilical cord blood (UCB), or -
| pose tissues (AT). The followi ng protocols
- boht nstrmost(BMr ocesses for purifying the above nentioned

tem ce These protocols can be easily nodified by
- a%ﬂPmJFlé}ﬁfWé son, in particular by nodifying serum

- 1GQBTRAt do?d bRBd (@@B?)r(ﬁll ng to the manufacturer
i nstructions. - preparation from bl ood Bl ood was

Adipesganisdas@il).ndi vi dual , and placed into a

nt.rifugatio econta| .a. densit [
The f@ﬁwwaﬁwk Mg RS SRR A Sl i s Hfio B0 sccns
Thesclpt6BbAPEPLE BdsilWRRTIIEEDY 8 kkillbl pefsok Sftpattiou@athlyaRodifying serum
50Qg, 10 m n%@t nononucl eated cells were separated
concenﬁrfﬁmnt #reopskng wrthe senaiapiury Rdiyciensod cel |'s (b).

égﬁ&geﬁg}ﬂﬁw%}eﬁé&g cells were t_hen pl aced on a
sur

covered by a support, in an
Blood was removed from individual, and placed into a centrifugation tube containing a

density gradient (a) (for example: Histopaque 1077 for rabbits cells, Lymphoprep for human
cells). After centrifugation (500g, 10 min), mononucleated cells were separated from the
pellet containing red blood cells (b).

Isolated mononucleated cells were then placed on a surface (c), covered by a support, in an
appropriate culture medium [endothelial basal medium EBM-2 (Clonetics, Belgium)]
supplemented with 5% serum and comprising growth factor (VEGF, R-IGF, rhFGFb,
ascorbic acid, thEGF, heparin, Hydrocortison).

Cells were left in the culture medium for 4 days, to allow cell attachment (d1 and d2).
Unseeded cells were then removed (el and e2) and seeded cells were placed in an appropriate
O, containing atmosphere, i.e. in an atmosphere comprising a low concentration of oxygen
(5%, hypoxia, f1) or in an atmosphere comprising a normal concentration of oxygen (20%,
normoxia, f2).

- cell preparation from bone marrow
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appropriate culture nmedi um [ endot helial basal nedi um
EBM 2 (Ol onetics, Belgium] supplenmented with 5% serum
wa@pahoasapr i sing growh factor (VEG, R3-1GF rbhEREP2009/057850
ascorbic acid, rhEG- heparin, Hydrocortison). Cells
were left in the culture me@ umfor 4 days, to allow
Bone owtrbwaw dsadttareet by dpomndnd@ym alrge boledo ftbt Henawetypichthg the pelvis,

oy R 1 S e Bl S SR o Bl
acentﬁﬁ%gﬁ&hﬁfb@ (HRri sing a low concentration of oxygen
(5% hypoxia, fl) or in an atnosphere conprising a

- atbemnentrdogateh(08g. dhmoY) torsitpe mohooye cates qpbix cantainig stem cells,

R RS SI RS RS SaMHLRYSE gfcd om

k¥ pioceadlctlys.t he pelvis, through a | arge needl e that
reaches the center of the bone. Bone nmarrow cells were
Isolatqsl mewenuctratedcclemcrs thegaticsa onubeurfagy (@mdoedreby a support, in an

ri a . ' ] I d .

orroff} SRR GO LMD LRRRLLRY TRRONHE! R rumizon

(Gibceyrampfe® 2SS nilr, Peadillie S0rUknhber Stroptomlyti@qiGibeo, France) 50 ug/mL,
nmononuc) eated cells isolated fromred bl ood cells.

L-Glufagygpaf @gcendinerse P e end Faihi R evsieren Opingcal)-on a

: r ; r
Colls 3 39E okl SARYENERI Y e ) "0k At P RRARRREN® and 02
Unseeded vetls wernghenonmoy€d (@¢ and R parclesee &edscetty Avets plRemtl ioiahlappropriate

0: cof i BB b o5 Rt BBk rcion ofovyeon

(5%, BYpOkRME)) & NGy dlnbspHfead Eémfs\ﬁiiﬁ% b &fobmbNcdrdéntfdtloh Wrxygen (20%,
medi um for 2 days, Yo allow cell attachment (dl and

normak®d, 2)nseeded cells were then renoved (el and e2) and

seeded cell s re placed in propriate O
co eﬁg?wpﬁﬁath%glﬁ]h‘&? l,lcgl. cé’.mli%ﬂ00 at nosphere
UmbiG@MMidSHIEeH Fad oS00 RN padt inefl GbDwyO&Rd oY a Bymextidy mother,
or in an atnosphere conprising a nornal

and pfé%lm)@é eV dt CONTIBIRaERY Jube (RO raveRRely gdient (@g)(for instance:
HisorBf§030 7510 TP AR oS b ORI b i 2

monoructanrsianrtls ngrowpheted fesmd thel rilecdntiiting reeibed Edligdby. on

tube containing a density gradient (a) (for inpstance: )
Isolatqq %%%a[?@t Ved ,S“L%ﬂwa wpd108ra MR (?‘)eICP‘éSr?‘{] Ry geupport, in an

rLfitdeath QRuh4 thaflalMbBsal 2REiunlARONUE! ics, Belgi
appmlglg#%s wer e seplér at%%glofhr%o?n tbhséa pelg?hgt cont ai ni ng&?lgtsi clgium)]
suppldvhanoad! eethl $%( syrum sl atcaprivineo guoltbafaetbr @ BGF W8 -4GF, rhFGFb,

ascortiShd Ph RO n G, AYELESEsday) - covered by a support, in

Cells were left in the culture medium for 7 days, to allow cell attachment (d1 and d2).
Unseeded cells were then removed (el and ¢2) and seeded cells were placed in an appropriate
O, containing atmosphere, i.e. in an atmosphere comprising a low concentration of oxygen
(5%, hypoxia, f1) or in an atmosphere comprising a normal concentration of oxygen (20%,
normoxia, f2).

- cell preparation from Wharton jelly

Umbilical cord was removed from post natal umbilical cord from a consenting mother, and
placed into appropriate culture medium (e¢MEM (Lonza) supplemented with 10% serum,

Fungizone (Gibco, France) 2.5 pug/mL, Penicillin 50 Ul/mL + Streptomycin (Gibco, France)
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appropriate culture nmedi um [ endot helial basal nedi um
EBM 2 (Ol onetics, Belgium] supplenmented with 5% serum
wa@pahoasapr i sing growh factor (VEG, R3-1GF rbhEREP2009/057850
ascorbic acid, rhEG-, heparin, Hydrocortison). Cells
were left in the culture medi umfor 7 days, to allow
50 pgiel] LaGhienhimeiGiked! Feande)d2)mMUnseEGED (R&LD systems) 0Jjoeg/mL) (a).
Vein g o g R e B S et iRl Sl e Bufthe from
the dlﬁbgﬁﬁ&h BF VILABRG I RercahbPPabANGE R ilALIAR), Aovaxy %?rh support, in
(5% hypoxi a, r' or in an atnosphere conpri sing
an appropmnat cubm@efncctlaml OMI¥ dropgarsuppResenied rwmblx il 870 $621)rn Fungizone

(Give gnsBh Py bRode SalR U kT £ Sirpicrr bifte, FRe) S gmt.

L-Glug@fis€ (Gibbg Fdidaes mMRed FGIoaR & M s pst@&Rpooig/al pwul ture
nmedi u(rr(F(al\/EM (Lgnza) suppl efr(ent edﬁsvm ts‘g 1O<§gse}r3§9

Cells mergilefbre thaaewése mpdiwaelor 77 Qaw@/t@r@HOWeeﬁlb Mtaqhﬁleso (dl and d2).

N L T O L

appropiyat ﬁIB:bn&nﬁm@éﬂﬁdspKlﬁ}: i.eVeh an anﬂo@h&re rop npiBinzeawve concentration
and {he unbi | i caa1 cord was minced and the cells
of OXygI Y nBY R Em T haT df SEoRiMEsPlHic SPMAREINE Gh NPEN4lycapeprration of

h @(S%pllld’;}ﬁﬁ, pya surface (c), covered by a support, in
N Q appr oprlglaf e)cul ture medi um (aMEM (Lonza)

suqul prepataibndrom Adijosetissue ($eeradsozioonke(eGabdNZ Braurge/9 (2009)
5 2'%_. 5 mg/m., Penicillin 50 U/nmL + Streptonycin (G bco,
35~ f‘}ance) 50 ng/nL, L-dutamne (G bco, France) 5 nM and

Fat tlEF ﬁ%: Gvak BRSNS EERB hgmﬁoﬁﬂétmﬂ) of B indP@lLA fé@’it%ta{n@é tandl Blaced in a

he cul ture nmediumtor days, to allow cel
Centrlﬁtgﬁfauhnént (2 dResiherl g2yl . blowes seldfedrec Biskd byer @tanldelmi procedure (for

instan SR 30 VANEE G PP T E) ik, HRTOHT HCBMAREIE] Py vt o

Tris 20 i MNpHEL, mmgsenppmﬂ@mmm ﬂPU\M/EDme(Htlfy@éﬂeQﬁar@zfne tetra-acetic

en (50 hypoxia, fl) or in an atnosphe
acid) E‘bﬁ%ﬂ Ff@i’zrﬁ)g Qi ). Fabraedigesied byusng é@(@f’@éﬁ%e 28Bgr centrifugation

casoe 25 B8, B shpnony Rl RO RGN i LA, FRBS M sS Sfoved and

placedah d yigfide (mﬁ&o@@’balbyezd sﬁppmm an |alnpa}@3¢}ir'fa&t twlture fmekium ((xMEM
i ndi vidual for instance and g)lnacntrifu atjo
(Lon%%@pkeg)enteﬂe%ﬂaé%% Fegn, blf%bzoa% |(G Caf%famﬁg e BY , Penicillin 50

Ul/mﬁmt&as&g%m%&m@ﬁ)% eplahal 50@%@1@ ﬁm%n % 3@@% Blarde 1)19 mM and

FGF2 ZR&i\bypstds) 516@@12) (5) nivi or Tris 10 nmM pH7, 4/ EDTA
thlenedla e tetra

Cells {ERMGRRT ot SRS eiid: 86 oo dlios: sl bl pnd d2)

Unscc@8tdlisfwdatticdNemoved by washing (¢1 and ¢2) and sceded cells were placed in an
appropriate O, containing atmosphere, i.c. in an atmosphere comprising a low concentration
of oxygen (5%, hypoxia, fl) or in an atmosphere comprising a normal concentration of

oxygen (20%, normoxia, 2).

Cells were then leaved in their culture medium, under their atmosphere for 14 days, for the

achievement of cellular differentiation.
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20

(45Qg, 30 mn, 25C), nononucleated cells contained in
the | ower phase were renoved and pl aced on a surface
w@ ejog/1s@aver ed by a support, in an appropriate BCI/EP2089/057850
medi um (aMEM (Lonza) suppl enented with 10% serum
Fungi zone (G bco, France) 2% ng/nL, Penicillin 50
Cells that ave gsowe pimaley ciomm§xEt booaditibnarnce difi@emiptad_jn endothelial cells,

L- d ut am ne (G bco, France) 5 and FGE2 (R&D, .
whereg}, gyl B4 15V %gqvmn %)hyp@eﬂcgnég%s e gl ipgath muscle
cells, medium for 7 days, to allow cell attachnment (dl and

d2). Unseeded cells were then renoved by washing (el

and e2) and seeded cells were placed in an appropriate

Q2 cont aini ng. at phere, i.e. in an atnosphere
Blo"dcv(frsr?fﬁ)ggﬁﬂlé'gggfwnggncent rati on of oxygen (5% hypoxi a,
Smoothl thule téllsasbtahSPEPMEME peAARLsi stdpngte ahdtO§tiMRblated with growth factor

concentration of oxxgen (20% nornoxia, f2). Cells
such ageseorbisendid tozppbendering Aensity @fiithasreoatie dusehe cahel syt Adis treatment

allow S FPRBRE i RLi oA ybdior R, FERLEUETRHREY - e

Also, fidT0xiationeand tdngpesatarceyatliafibey et beatsed to nalensdiesmedth muscle
ells, whereas cells that have grown under hypoxic
layer zormdhe swRsC-are differentiated in smooth ruscle cells.
Then BlcOQfo B SFECILUIS ANG i§ FORY & RoundPRYAFoPREHE Stakllfob I
on HePSoATSHRACLILANT 1 O B Aound PR HoFHBEC HakEtof example
compaved by Jic@on i faakbor such as ascorbic acid to enhance

he density of the snooth scle cells layer. This
The i cpfiEip i e T Tk a_ﬁ?forf%or#aw)faa%_ sy and streteh) to
inducd ¥ &6rmidtiBAOT ARoRIHIHACE tbREnY 8 fidbal OMYdiq f)SO, 1onicC
vari ations and tenperature variations can be used to

Then, tlakstakst ib rerhevedrfoon theneensoledatesiytabe (d) amil ehéothelial adks. obtained from

Then the s th cle cell.s l.ayer is rolled up around
the previg S IO BT E o dlepEB T SYA MR Sk onmposed by Tof on
The t{lfe) witik c&déthelial Relld UbRA foolll weekuR ARUME t6vEY df8he lfinen by a

| aced in a_ bioreactor (generating shear and stretch)
monokegger; ef gnéethelizd cely hdtthoiigfe @-consol i dated tube and to

r. . . , r I :

The i HEURTEEA it Eibiort BT ot B S GHERAT G ] Formsion
of a cdtsohaldtétetupe anvd @udlost tap faheitiad d€ehn bricritéd®inuaR)g).of sai d

t%lbe (e). The tube with endothelial cells is left for
Then 3 fypstipndl yessel isfp1insd- recovery of the |unmen by a

nonol ayer of endothelial cells, i.e. the intima (f).

The tube is then placed in a bioreactor (generating

shear and stretch) to induce the formation
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of a consolidated tube and to allow the formation of
an oriented intima (g). Then a functional vessel is

wo ooooas4@ Al M5 1. Use of specific oxygen concepdT/BP100%1657850

for inplenmenting an in vitrf process of
differentiation of stemcelis derived from bone marrow
or bl ood or adipose tiss@d, AMSunbilical cord,

provi ded that said stemcells are not human enbryonic
stemcells, and seeded on a support, in an appropriate

.Cukt wre sﬂ@é‘ﬂicu Hkyé’é‘ﬂe&ﬁic@nt%ioﬁs dof fiRpRMdnBihi O i E\Qﬁ’o tRocess of

a first group of specialized differentiated ce
u dtf@remkaﬁwngf stemored]s tdinvigl, framcboing nearrcap pr blood at @dlpose tissue, or

roup .of specia
bieB Va8l et wft SRR DA E RS i PR i Sm celis. and
CS’éeku[ enNedippbofn iepsiapRatdduli® Bedite wheRinsad di@rentiation
obtaining the first group of speC|aI|zed
l%ﬁ%ﬁbntlated cells, wherein hypOX|c conditions are
di I f I
£ POl oh G ARR dirorp el B G nBRBAL cBARHBR. Ohd in an
z@pﬁ@hﬁ@nﬂhm@nmaﬁmhjﬁﬁiof the correspondlng speC|aI|zed
differentiated cells respectivel ned thr ugh a
%ﬁqﬂoga iZEop qfépaq,lglpzeg rd&fgg%ilatq%%e %b}@g?rg}ypgé]& con t10ns n a culture
c{ ‘]fnﬁro?rm alrd n&tﬁ{el 2 @E ohb %séd f tob?eflﬁ)iﬁg thyikp Brqup of specialized
ul ar unct|onal properties er ent fron1(kg
chiﬁaentaﬂtect erdllsdwhéremdm)oab ednchtabﬂmare fiffdnent S0 md)xgar, oup.

of .a bi set of .two ture nedia wt
O%@Fﬁt@%éi@w S Al oPesia B %ﬂjﬁﬂr?li}l"‘éedn‘?&? 5etalagtghthe functional
OxXXg6MicS BEChd EGrGPHERM sRlciMned autdttiRidiBeiIN Mespectively obtained

corresponding to a culture nediumw th specific oxygen
cﬁm@@ﬁmkbwk@nglnﬁmmlmheﬂEJfferentlatlon preferably in

f b :
el SLGebldaDi b A, RO L SRR T, S9N G fncrona
t b@be@@s diffeekitt Fromt shmsp@hdlﬁ:e@ dEfonetiatudraans 6Mhe ¥edding group.

stemcells and seeded on a support, respectively into:
- afirst group of specialized differentiated cells by

.Ctﬁ'gé dF & b%garf %étdofst(x«%“éu?t% offid v H%Etspé&ﬁé‘ c& ehh‘&t?ons culture

um un con econ
oﬁleameeacaldxgzgeh s;heélffe rc@ﬁ&eln&h&@hs&ﬁdlthﬁ: rbydmml doueq)oaﬁmgao d culture
ste cel I, %,support inacultu ﬂ? n1of th

MUk it SRS i BVARE. (e TASPTH ORI i TR DR preferably in

9 LAYP o?fst&h ll?ldréﬁﬁtﬂ%fﬁcﬁﬁ el{yn'e A& e(;rl Slood M€ dipose tissue, or

hypoxi ¢ conditions, whérein hypoxic conditions are
dulfnbfhcemordi,rmmidﬂbbhia'asaid adult stem cells are not human embryonic stem cells

and seeded on a support, respectively into:
a first group of specialized differentiated cells by culture of said stem cells on a support
in a culture medium under normoxic conditions, and
a second group of specialized differentiated cells by culture of said stem cells on a
support in a culture medium of the same nature as the one used for obtaining the first
group of specialized differentiated cells, under hypoxic conditions, wherein hypoxic
conditions are different from anoxia,

said first and second groups of specialized differentiated cells retaining the functional

properties of the corresponding specialized differentiated cells respectively obtained

through a biological natural process,



said first and second groups of specialized
differentiated cells retaining the functiona
w@eapasd4ies of the correspondi ng specialized PCI/EP2009/057850
differentiated cells respec%%vely obt ai ned t hrough a
bi ol ogi cal natural process,the specialized
diteef epeenfizad elifferehtigedfcetlhenff thes tirsyr gropp heavingg cellular functional
cel lular functi.onal properti different fromthe
SBieers Jutian fioa whohsrarred AiTepiadens ek Ghacsig v
3. Use according to claim1 or 2, wherein nornoxic

conditions are such that anbient air is constituted by '
3. olpgeecording emtlrm il onS, edwrsii sehoxioenndB¥wns eroasd ¢hiat ambient air

mol ar _content per vol ume (nct/v) of total.,anbiep ir

oRs DB PRy Eon e RS e cd Rl 13 Fp e ppbler conten

V BErUEUMBT(W) v )0bf tdddladmBieit giRtoad) pre@asbly il Mh&S 0% of molar

hypoxi c conditions are such that anbient air is

c errsentiar welumy (Heivg ehtosd nedint atrigehsandonpri sed from 2%

t % per. vpl.u lv) .of ;

SRR Bpd, YonGEBhE A BE {4 TEOLEF gty i bab Pt by oxyeen

codticemtatioas corapised fom 2% too2% of ablaaobitedttpeaidslug@sime/v) of total

and nore preferably from4 to g@b f nolar content per

vanbigat zflﬁggtq,})rqﬁrab%t xom Jnigi p ot H arg@g‘_[enhperuéq%ume (mc/v) of total

aAGGOLA 18 % sOarfH HBFY erera{-Bll frHﬁl Atoldv, %Em\@@a‘? rcﬁﬁt@nti‘l&? volume (mc/v)
ris y: CGelatin,

support conpri ses onstituted

f obrocrhembiont aicghd. agen, | ami nin, RGD peptide, or

associ ation, or polyelectrolyte nutilayers, preferably
poly cations and pol yani ons, preferably alternate,

4,588 RAIMERL lo0RSy0ABT SYICIBMOS € NtoABD RetdIE i QMFbort comprises or is
conprising: polyallylam ne (PAH), polyethylenei m ne
PEIsjitutggbbyvi nyl ami ne, pol yan noam de ( PAVAM),

( | ! . |
- Gl FR R R i) REDR Rl BEh PP s such
- PRSycRtBlyS 136, RefeySHAE pHIgEitdas aRepyiMehsy pffauglgdlternate,

such as chitosane, and sai d pol yani ons bei ng chosen

amlong the fibupolystinmssiteine pehapaer ;ﬁmoélgalcﬁfh@ (gPys) | comprising:
Cpssor SV nAahie { ¥Akn, PROUEIIIAORmAL BBDS, BEhSinvtamine,

pol ygl ut anpdyagindaaitd pol y@RapaamM)c aci polamdaylamide (PAAm),

pol ysacchari des gatively charged such as al ur. gnan
and” al gi naldy @llﬂa@l%b%?r@mamn cﬂg@@rﬁ A ,mtpggy charged

3, (PAH PS@Iyﬁ‘b‘pﬁﬁ& ﬁfchpaglp'o(ﬁﬁ%?éﬁﬁd polysaccharides negatively charged

such as chitosane, and
- said polyanions being chosen among the group comprising: polyacrylic

acid (PAA), polymetacrylic acid (PMA), polystyrene sulfonic acid (PSS
or SPS), negatively charged polypeptides such as polyglutamic acid and
polyaspartic acid and polysaccharides negatively charged such as
hyaluronan and alginate,

- and preferably chosen among (PAH-PSS);, (PAH-PSS);-PAH et PEI-(PSS-

PAH);

wherein the layer number of polyelectrolytes layers is from 1 to 100, preferably

from 3 to 50, more preferably from 5 to 10, and in particular 7.
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3. wherein the |layer nunber of polyelectrolytes |ayers
is from1l to 100, preferably from3 to 50, nore
w@e@basabl y fromb5 to 10, and in particul ar 7.Bei/@P2009/057850
support bei ng deposited on surface, preferably said
surface is a natural or artificial surface, nore
psaad enpirty bsiafgdd@mi'tefdi ai al swetactapefdreblngachestarcainomgatural or
ass, TCPS rene cell culture treated),
aﬁ%‘g 19@“@9& E%-?rfl dal kyl e pol yet hers, bi oconpati bl e

BRI HIREiS! su'rﬂﬂcepﬁélﬁg Gl%s@ﬁ atBRE gﬂl@ )TCI%OdeHfs%Ir%rt%ll culture treated),
pol ymet hyl si | oxane, pol yvi nyl” chlorure, “Si'lastic(r),

pekpdoxkad, pﬂﬂjabaﬂkylafﬁommlms fhld)cmmma@bl@ﬁi‘dﬁmelandl parylcular Dacron®,
material used for prothesis and/or inplanted systens,
podiugcthaticur apolsmethaseobdicng polysiasl an@h@uﬁﬂ, oodilississel ssxpanded

AP BLT hylirll CETEE] 08 a1 P e Vo 1 predieSs gnor implanted
sygemgl s, veins, arteries originating from human
organs. 5. Use according anyone of clains 1 to 4,
saldenatiml suiferesheang chodes m@gchbgéweaﬂmng/em%m;smﬂl intestinal
m.ce te

BOARET elnoh mte AT SR ORRAR uF Rl GRS T, Rl veins.
arfefigd o@giﬂattdgefrc&ﬁ@@ﬂldn ofg@ups of specialized
differentiated cells consist of cells chosen anong
endot helial cells and snoboth nuscle cells, and wherein
5.S hali f '
S oSE rEldrihe douR: R pRRRE 13\ £ b P UE TR sPEhdicp among
s pesdnghymeldstahn fcéllsr(MS(t)aetrﬂdlemkdp@mm R&INS teslso[HS@)D ot h
nmuscle cells. 7. Culture nediumw th oxygen specific
concentrations conprising : an appropriate culture

6. ”\?J‘éé ld@&or&&ﬂg &EB‘f BLIRSPHESS WIRRGR LS &ild ARG th@ s&3hé groups of
culture ne nmprised from2%to 12% of nol ar
cspttcaﬂlmcbdrffawitmm&i ¢alis/ aopsiof of otll claisen apoefemdbihyglial cells and
from % f | ar content per volune (nt/v) of
t JPaet a‘i]i“fsc E ﬁﬁnge preferably from4 to 6 %of nolar
CQRERM s FirsY QLR f(sPELiMize@diffGbbatd Eolls %@hﬁs@ BF Eadohelial cells
medi um Wi t h oXygen specific concentrati ons being
paf exid bEgondrerae of ispediairedvdificrentiaigsheslts wapissi afenanth muscle

ﬁprface 8. culture nmediumw th oxygen specific
conéent rations conprising :

7. Culture medium with oxygen specific concentrations comprising :
an appropriate culture medium, and
oxygen atmosphere concentrations in said culture medium comprised from 2% to 12%
of molar content per volume (mc/v) of total air, preferably from 3 to 8% of molar
content per volume (mc/v) of total air, and more preferably from 4 to 6 % of molar
content per volume (mc/v) of total air,
said culture medium with oxygen specific concentrations being preferably in

association with a support deposited on a surface

8. culture medium with oxygen specific concentrations comprising :

an appropriate culture medium,
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an appropriate culture nmedium- oxygen at
concentrations in said culture nedium conprised from

wa 3Motis64211% of nol ar content per vol une (nc/ v)POFEPBORDSTSS0

anbient air gas, preferably.Jrom 15 to 20% of nol ar
content per volunme (nt/v) of® total anbient air gas. ,
i N assagigah iaOmnmbnﬂnatimns t'upmd t:ukdlﬁp osddied compassufrdaciB% to 21%

9. Bi set of t tu oxygen

Spedi it SRisshpratyn (BEsRolTI G ishal tiitehrably fom 15 to

OXY OR, §PR61ak b&nt%%ﬁ%lhﬁfe'(ﬁﬁ/v‘} OF fRARAMMYirlQs an

appropriate culture medi umand specific oxygen

s esroentipmwithrrssupparhgenositetyon asurfgepr opri ate cul ture

medi um wi th oxygen at concentrations in said culture

medi um conprised from2%to 12% of nolar content per

9. VBIn4Re setBf Wo QulthRt akdidanPitedxyded spasfic Rogfcatratdny cach culture

from3 to 8% of nolar content per volunme (nc/v) of

t Bregiung Hitthegity 2em SPIfAlic cenrentigion gresreTslibg, tof foapRropigate culture

6 t per f total anbient

aﬁeaglg{;? Aaﬁsr &% 0§?%€in c%ncé’n? aﬁggs é u élyglflé) deposited on a

a&wﬁpmiateanduﬁ@ nagaling wltlﬁbeygeul dt WoRcdmBrdtioms ind §aid mﬁylge Medium

at concentrations in id culture medi um conpri s

OPBESABTE 7 104 o %mOjﬁr CHERIEAET YRYEMG GNENRL O nfml\%nb&fnt air gas,
. : g

PGS 2L b P8R bl ATR PR Ul g RN i s, and

Qe quréferabl;ofromnct tca6%ocrfsmakac omdimtqmt G’Ohlll’lw md/vpof ®1a1 camblent air

bi nar%ﬁoslgi. of .two cul t la W gen specific

EErE aeratPR N &%188?}? ?H?él %H?r?‘&a ein said

SRR Friafle BARIrE %d‘ﬁﬁn JvitHbi AR 4 UIRENB@BORY inl $aid culture medium
constituted by: Gelatin, fibronectin, collagen,

dogpiringch froRGD?%etptZl&/e of mol@rs@mﬁnapiebmolume (mc/v) of total ambient air
ol.yel ect mut | ers ref erabl LYy pol ycations and
1Y Giesnboh G kb S UGB FETASHEREY Dol veati ons

being chosen anong the group conprising:

al lyl am ne }(1PA pol yet hyl enei mi ne (PEl),
lﬂ?guﬁwenwaﬁmn@lt BBV GANPRRSHIA ERNCCTRNINY acwﬂylﬁctquAlam deor 8, or
I
Bﬁﬁ@ set %@&%%h%%%l@ﬁ)%ﬂ Qg&nﬁg E%noc HtFaq é/ls b 0 2 ggo‘édlgg claim
pQJ \ylsaemh,ardl suppornégmikitatbdya slréacy edmpu@ds oass ccdmstﬁm&alﬂgz
a d-s d pol yanj ons Felng chosen . nnng t he .group
%‘3 i rw&ctnbap agepylapinig RGD pspisie, o5 3psprtiaRiayi i ¢

e@ecﬁgy&%/muﬂﬁ %St Irefe%lyggé)l&%{o‘ﬁs %ﬂolggéé‘hsogre%r% alternate,

negatively charged pol ypeptides suc poly uta
acid and said polycations being chosen among the group comprising:

polyallylamine (PAH), polyethylenecimine (PEI), polyvinylamine,
polyaminoamide (PAMAM), polyacrylamide (PAAm),
polydiallyldimethylammonium chlorure (PDAC), positively charged
polypeptides such as polylysine and polysaccharides negatively charged
such as chitosane, and

- said polyanions being chosen among the group comprising: polyacrylic
acid (PAA), polymetacrylic acid (PMA), polystyrene sulfonic acid (PSS
or SPS), negatively charged polypeptides such as polyglutamic acid and
polyaspartic acid and polysaccharides negatively charged such as

hyaluronan and alginate,
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pol yaspartic acid and pol ysacchari des negatively
charged such as hyal uronan and al gi nate, - and

w@e@basabl y chosen anong ( PAH PSS) 3, ( PAH PSS) BeFRP206%/057850

PEI - (PSSPAH) 3. 11. Culture diumw th oxygen

specific concentrations or Binary set of two culture

nedi-a aid prefocylge ncheopac afibog dBAEERRSS )at (RMHRSS)-BARg et BEI-(PSS-

cl aiﬁnéﬁ), wherein said surface is a natural or

arti P8l surface said artificial surface bei ng

chosen anong gl ass, TCPS (polystyrene cell culture

treated), polysiloxane, perfluoal kyl e pol yet hers,
11hColtorpatdivme witd| gayges  speqifip aon¢antiatensDac bovafy pet of two culture

pol yur et.hane, pol thyl si |l oxane ol yvinyl. chlorure,.
St i Py Lo et ST ap o d BB el e Mgty surface
anch @yrahe! gfifidhl susfaek f or prothesi s and/ or inpl anted
systens or cultured system said natural surface being

seidosBhcianwigcobybe chasss emeng glishs ChYe@etystyseng! ell culture treated),

ek Y BaRRYs Pl GO Pt RS, i pit G Ducon.

p%%ﬁ#é‘[ﬁﬂlef ro 12&%91&15969%5' ﬁc?lyviﬁglpce&ﬁo@ e,! N SM%sttfcq expanded
It ron o S; one

erentfia stem cel ,“derived from

PEBEEMIRFo e YOEE, (cPTFBY i ddaS@ytrh &SH&, used foiTBrottcSig!an@ @i Gmplanted
provi ded that sald stem cel F,s are not human enbryonic

sypters eeFplgredhsgtoate preferably chosen anong

o) RS TGS Sl QAT B0 A i

roudo@a, rhatetiag plafenablyaiveclimanied uatbilidad adericar saadlivgsle, veins, arteries
tissue, provided that said stemcells are not hunan
d@ﬁfﬁ?#gﬂ@“ﬁa@rﬁr&@si s, wWith a support deposited on a
surface in an appropriate culture nedium to obtain

seeded stemcells on a support, varying oxygen

12¢ Brecesstafat vonsdiffierepahgorappstaproels, e deuv¢dufremrbede wmarrow or blood,

contai nin ai d seeded, stem cel.l n.the orf, to
B e ST S vt PSR SR R ot human
CemBiyohRNGcRQlNy Mdf € pRIFErabldRo3EP KB BRVEREyBBus stem cells
achi evenent of the in vitro differentiation of said

s@¥8edant kemaepdigtioviemivells@fgoracomprieingher into a first
spegi a

SRR BT S BiThaior SR B io o aBh iR, provided
thandidt dteells Ofc o thaman Lebeyshi@kteticctk, wRRaisappdedcposited on a
differentiated cells by culture of
surface in an appropriate culture medium, to obtain seeded stem cells on a support,
varying oxygen concentrations in said appropriate culture medium containing said
seeded stem cells on the support, to provide normoxic or hypoxic conditions, said
hypoxic conditions being different from anoxia
leaving the achievement of the in vitro differentiation of said seeded stem cells on the
support,
e cither into a first group of specialized differentiated cells by culture
of said seeded stem cells on a support under normoxic conditions,
e or into a second group of specialized differentiated cells by culture of
said seeded stem cells on a support, in a culture medium of the same

nature as the one used for obtaining the first group of specialized

differentiated cells, under hypoxic conditions,
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said seeded stemcells on a support, in a culture
medi um of the sane nature as the one used for
wobdoaiisi4ng the first group of specialized PCT/EP2009/057850
differentiated cells, under(gypoxic conditions,said
first and second groups of % ecialized differentiated
saelfirs anelt sicondgrdulpe of pedialordl differopattd esllsofetdimeg the functional

correspandi ng specialized.differentiated cells . .
DROREER a0ty RSBRRIIGE SRCHUGH DTG GG SFnatpegively obtained
tHRERHESBiolokE] SREGl flobdgd differentiated cells of the

first group having cellular functional properties

thdisptaulenst] diffommtidted eplssifahd fest griiupfhavmgt deltled fustipsal groperties
t . o P f i it f ti I
SR OBt irad T rrBRRs ot Br Y ettt v "

culture nedia with oxygen specific concentration, each
oxygen specific concentration culture medi um

13¢ Bracesspdridiviity fuctignabplood picsat oregtion paingedilnasy wittad two culture
S i f ] 1.ans saj S -
R R e e S R
prefnhaloyregivaddg anangappessied youtuau Snaliei wizh| §ecific oxygen
(Ms5C) and hematopoietic stemcells (HSC), derived from
bEMECHEIIOBNY or bl ood, or adi pose tissue, or umbilical

sﬁﬁgﬁma&&gﬁg?§%$gg?ﬁgﬁa&?i%&%n1ceIIs are not human

ryoni c a support deposited on a
- coutab@cestem ails,gppfcoply aimerc anbog enavedhymutons sebt aills (MSC) and

seeded. stemcel | s a,su t, varying oxygen . .
regiaaRis sershee ot 2D GG B8 Parouas ek gradivose tssue,
ot UM i1 NBr & §R6AHB HRMsSR! didin QRIIR aRURR A Umant SnBYyBMicd8em cells,

nor moxi ¢ or hypoxi c conditions, said hypoxic

veithnal suriporfsicpesited odiaf fugfaenin dnrapprepmiosd eulturd madinmg tt ¢lgain seeded
Sgghhg&ﬁygﬁt of the in vitro differentiation of said
&8 LEHPRRY s on a support, respectively into: a

- VabyisE o8y @ipcsicespRivndlih 26 Siphb@i@nti@ire dnédhmhScddyaining seeded
culture of said seeded stemcells on a support in a )
séam togHe amedi yRPUIHAEr PIRYIdeoRPIENCXHh @F thyoasic ewidiiomsy sgid hypoxic

(%58M8n§£d%$8§%§%%ﬁ§g}%#&%g{thiated cells preferably

ConsIsts and a second group of

- lspend dlc ahibvdinkhtesfetic iatedo ckfftsnttionud ft said sedfded ateth cells on a
seeded stemcells on a support in a cul ture nedi um of
SHPROTE APRCHECH B1%s t he one used for obtaining the

first group of ﬁr%P%‘P&fH bE %ﬂecialized differentiated cells by culture of said
seeded stem cells on a support in a culture medium under normoxic
conditions, said first group of specialized differentiated cells
preferably consists of endothelial cells, and
e a second group of specialized differentiated cells by culture of said
seeded stem cells on a support in a culture medium of the same nature
as the one used for obtaining the first group of specialized
differentiated cells, under hypoxic conditions, said second group of
specialized differentiated cells preferably consists of smooth muscle

cells,

collecting respectively the first and the second group of specialized differentiated cells,

and
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differentiated cells, under hypoxic conditions, said
second group of specialized differentiated cells
w@e@basabl y consi sts of snmooth nuscle cells, cedT/E&R1009057850
respectively the first and the second group of
specialized differentiated Cells, and- building-up a
- buddmglupcanssdict udeditliyd by sesmodd graypobhipcspdiced diffachtiated cells

differentiated. cells | ayer. aqutside, and. a first group.

e QREIea P B e BheG DU Rien g s omopn i danside, and
1fifing 18 [LideE, ddgichBRRwiADthe TERER Al JFAWIRGioh®lood vessel.
formati on of a functional bl ood vessel. 14. Process

according to claim12 or 13, wherein said nornoxic
cgndi tions are such .that ,anpient air is constituted by
1Rk SeBeie S8 FaAnTEER from 136 to. 2196 of
- sanl alor\exit €BénddednsV @tdufack MhhY )anilfiedtotal ianddneititedl by oxygen

gas, preferably from 15 to 20 % of nolar content per
oppeaptatiQrcgomprved fromal 3%ard 2 ttofanelagepntens per volymp gme/v) of total

: S o t . i
SR S 815 SO S I AIEL SR e e o
dntbidi? Yrafas,dar content per vol une (nt/v) of total
anhient. air gas, preferably from3 to 8% of nol ar
1

- sgidrbearicgerdifians 4 syqhcthit andfticnt 3ir-p constifued by p¥yegagoncentrations

; r f % :
c?o i % \??r{i}/ 2\% ?(E) ?ﬁﬂéyof n'licﬁgafl] n(f)ontéﬁt Ser, 90@{1}%15'%?@) 6Pk E ARG air gas,

ota lent alr Process
pacfembl)i figmt3atodty ofimobii cahtantrer $@lutne (nd/v)wii éotel amisentair gas, and

RGOSR b SRR e GBEVERH Bt ambint
gsoci ation, or polyelectrolyte nutilayers, preferably

pol ycati ons and pol yani ons, preferably alternate, -
sai d pol ycations being chosen anong the group

15((: E,g)r %ss%g%vfgnotb?/a?@%ego,afm g%%gl%&lgm%ﬁé%ﬁé%%ﬁﬂow cno%lprises or is
pednsaaitad @i de (PAAM), pol ydial |yl di met hyl anmoni um

chlorure (PDAC), positively charged pol ypeptides such
- shatigefilropestive @hﬂ@%d@%é{@@ip@@@qﬂ efssPEalian. ehar ged

e

pol yrret acrgalid ¢ palyicﬁﬁc(nE’M%)eingJObme; : éne)nguf:ﬁlenig@omi domprising:
(PSS polyallylamine (PAH), polyethylenecimine (PEI), polyvinylamine,
polyaminoamide (PAMAM), polyacrylamide (PAAmM),
polydiallyldimethylammonium chlorure (PDAC), positively charged
polypeptides such as polylysine and polysaccharides negatively charged
such as chitosane, and
- said polyanions being chosen among the group comprising: polyacrylic
acid (PAA), polymetacrylic acid (PMA), polystyrene sulfonic acid (PSS
or SPS), negatively charged polypeptides such as polyglutamic acid and
polyaspartic acid and polysaccharides negatively charged such as
hyaluronan and alginate,
- and preferably chosen among (PAH-PSS);, (PAH-PSS);-PAH et PEI-(PSS-
PAH);

said support being deposited on a surface,



10

or SPS), negatively charged pol ypeptides such as
pol ygl utam c acid and pol yaspartic acid and
w@odogasachar i des negatively charged such as hypdT/ERIA057850
and al ginate, - and preferapy chosen anong
( PAH- PSS) 3, ( PAH- PSS) 3- PAH PEI - (PSSPAH) 3. said
s sy surfacb diing piefpablyt echtoml ar atififiaceyfhat, dnsa ptdeably

bei nq.preferably a natural or artifjcjal surface, re

- Smdeafrﬂﬁ&ah %Wéa? Eglag ehaseR pRpng &lﬂﬁ%ﬁ@ﬂ&épﬁbﬂ%ﬁg@eﬁﬁéﬂ% freated),

tyh . . e : ®

gl R Bl A b ML PR B  pticylpr, Dacron”.
RN OB, | Bol@ﬁfe’éﬂyfsﬁlbﬁ&ne@?%@l%@l PHIYFLT hBNstic®,  expanded
pol ymet hyl si | oxané, pol yvinyl "chlorure, Silastic(r),
pekperdborgediy¢ret (BT FHprandtany| eateri{laRT# B)r, pratiedsarmpd/or implanted
materi al used for prothesis and/or inplanted systens,

SYeWSnat ural surface bei ng chosen anong bl ood vessel s,

- MR PsturalQ8fhee BERE | chbfnesthbAE bIY$A0FRscl @ s @Rart, small intestine
preferably decellularised unbilical arteries, said

nre®sa| asteriow ipreferablyt decelbdanseid ginrbaliGah grt¢nasnsadidiwessels, veins, arteries
or ggna ns.
otrigtating from human organs.



