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color. The other, separately expanded cell conponents
can be added to a non-adherent cell culture vessel
delewophblad, behaey tifcouitrd-low aftecHnmot ofiturerveskets, mgvhid the neopapillae
hagrg%ééd]y%él?’ i 9%’3%99&409;?@%3 mixRuree myéﬁnmlsl @?ne anocytes

such ow attachpent CU ture veésse

af\‘?\ﬁf’%‘ﬁ' tPFR? Wét?ﬁ&ﬁ??qp%e atgRecife My ataaa inqublied téfﬁlh a Suitable
mE@iira in the Baft-Rihereal culling Veysels fafselerd abysnPejsratte @t are KC to MC

2: g’gée £ q ﬁ q 36“ 5&'1 %o %ﬁlﬂj?g% 2 gts apI%a% q ?'ﬁgtﬂ’s rb?%@rgﬁg Lé@g%qa‘} daay to 5

Ic mXin
WoRkS) 'mfe iprefaranly %éﬁusatq Rervaeks. neagt prateeablydlswegkor sgystantially 2 days.

TS B @b adﬁMﬁiayeFHdee%foﬁubi'eewﬁ@{ b@® LRk rKﬁdthé/ﬁanr fllidle structure

| t
a0 ot et b 54 e H B o RSP o S
papee bitirad bsle@eddisays 12 bo@'s e dk daysnpreferghhyef &r @ldays, tostgaéferably

suggtaméhgs&a&% au,hdér %&@@ndn&ﬁte eg.le ake rrahsreaddwbsg Iy 87 Bfcular

Stff’E}Prler Iﬂ”@'"gt“raucf?”lﬁ‘eetyp'aﬁ‘ucﬁeﬁ“ﬁﬁ%ﬁ“@h as dt""eé%?ﬁ’eBbc’ %t“ﬁ'ir [feaft. The
orgn-like atidige tshefeged er axt ravdromﬂlokdioh bk érmvitidn EaBRpHroximate hair
shg\‘?fah ned period of tine selected from 12 hours to 10
ays, preferably 1 to 5 days, nobst preferably
substantially 2 days. Under these conditions, the
In @ @ldferradeiibb@imeenee tHepsethdatad tha invehlidnGod padduciad halChinidfolllicie

a)dorg%ﬁl&nieb% [aea%lmgldgdtypi cal features, such as

shaft. The organ-1like
(bt r %0%@&9@)6? éﬁe@qn@&teﬂd\"@s*@n MEegTr A mixture of KenandhidC with a
prédeteffBihéd Rati6 fand o JEIRIFEAXih Bk -dBbrent &M@ tvesidl fok A Redetermined
"?) fﬂred enbodi nent of the nethod of the invention
unt
pro 'ucing hair mcrofollicle (a) de novo
(b’ papcntlb@ﬁﬂy,aﬁ@apﬂ@m/(bd@cbfer@this) whierein gells opa gifferlentecelirtvee are used for

co@@ama@h@go-&uuhhqdﬁﬁan@é@a@fm@fr@i rlSHrH:fe of KC and MC with
rman ure

C

O on SRRy SRS Ao ol SCHSbIPE Dol Brfbp sgeied win o
exmmﬂr neeftring protein, grefelablyptollageallV,\prior padior sitmeftaneblsly with step
(d)preferabl y wherein cells of a different cell -type are

d for  contactjng and co-culturing than used in

(d)t hecorl?rﬁgtdemm]aap"@@)of&&p. @hafpbj)?’ EDVAEF Seroradowil CTSF for 2
pregiaterrhihadcarodunsdfeime(ilod nar-adhetent adtorelyessebat ed wit h an

extracellular matrix protein, preferably collagen IV,

prior to and/or sinultaneously with step (d); (d)

covered de-novo papillae of step (b), (b') or (c) are
The presedt tirvedtidn v 1o GrESed foprodding & edheod fari preidciagrow Rdvoapillae

Cm;]g)rggﬁ]gi”pe QoAU adherent culture vessel.
(a) providing at least one dermal papilla (DP) from at least one mammal halr follicle,

(b) isolating dermal hair papilla fibrablasts (DPFs) from the DP by mechanically fixing
said DP at the surface of a cell culfure vessel, whereby the basal lamina is perforated

to allow said DPFs migrating out,



The present invention is also directed to providing a
nmet hod for produci ng de novo papillae conprising the
steps of: (a) providing at | east one dernmal papilla
‘E’@P?”M*BFH at | east one manmmal hair follicle, PCHEP2009/053363
i solating dermal hair papilka fibroblasts (DPFs) from
the DP by nmechanically fixing said DP at the surface

of a cell culture vessel, whereby the basal lamna is

perforated to aIIowsald DPFs m grating out
> B0 SrRardipg thepesintebDUGS MUBEBEYe! cplﬂqr@wte@egaﬂ@gwqem wherein

I SolsakEPFPRFRSpdsfage®anbay 8ficecul ture w thout col | agen

oA oMM Sihnaaf b oot REIRARS it LERRS and shape
aggoéthapbysiadgital & hitsrein seiteDETszare diffdrestiatgden naf-adhlent culture

phy sb£kRah @del ance\mﬁfoﬁ' r §@ésgl ch)fgc?e &t £000 to 100 000 DPFs/cm?,
ferentiated in adhe ture vessels In a

di f
cel PPUTALERT Ppendsd Eﬂfé: P E\Pe%@@?“%ﬂ F‘?’ gtleash#8M apho t o
130 cofibg Diers/ ron® papille Wit Retakstiutah matix patuitedprblefablyabiagen [V,

con%%gaina%m%mkﬁpst 48h, and (e) coating the do

novo paplllae wth ext racel lular matrix pr ot ei ns,
preferably collagen IV, fibronectin and/or |amnin.
Thélpeesphitas@ntion if ¥RG Hiraxed t8 padvRitiy i he&Rddedr froduaing \We o pabillae

coﬁﬁlgﬁs)gdth% Ok §fodu0| ng de novo papillae conprisi ng t he

roviding at | east one dermal. papilla
(ay DPPW'ﬁ'@%’dFaﬂt @&derr@ai@awﬁm% fromiat lefshohe whmmalfig)r follicle,
(b)l SOIsaubmriggdeaﬁal Mk daam& rﬂaﬂhété oLl Eremltﬁ’e%bﬁ t{yDRé:o‘ﬁ)am&Eamp Miking

of Lep P BE i Tiee SCaselathi bl hersnd sdhos i i gogates

per foclaw eaid DPBs migrating sefi d DPFs mi grati ng out, (c)
(c)BX p%ﬁhcﬁg_} ﬁw@ ‘?‘solaﬁs‘al sHradn PPE@aQeP RROLRYE coﬁééLeﬁ Wh&ling, wherein
wi t ho ép en coaLe wherein said s are
pas¥y ‘g Sa‘?lreP sﬁ@?e @stngs: condensi ng the expanded
(d)DPFsonidertsing dledl éxpanpipd d3Rdts digo télbdggesghieb tHat éxtéitshez@zeoard shape
shagqne ﬂ'fy&BlB&cé? BYBSRdSH 's&@lDPPEare é?w'ng}eosﬁ' ngn-QEIFe%WQ ﬁture

differenfiated i n non-adhesive cu
cel YeSEEhB&rfell SAopHrafian pej yessel sug ﬁﬁef%ié @D%FO 190@% DP 65/ sz and
100wi0én Diffexpanid@d DRFslare whiedeesad o leaxp@nded DPFs are

(e)C 0 ”&g%‘ﬁ? cgé? E%‘Me p%ﬁ hae ﬁ') 2 rﬁf:éllﬁlgﬂlngﬁllx %%%ﬁsn greferably

O novo p extrace

pr otolages IV ﬁP@F%@'ﬁBPS’/"”E’BWI”agen IV, fibronectin and/or

lamnin. It is particularly the expansion of the

i sol ated DPFs and the physi ol ogi cal adm ni stration

form that represent |linmting factors to the use of
It ig priticalaghethe expansing Pirthejiselaieth DPRgl ard the physiblopical @dministration form
that represent limiting factors to the use of these cells in hair growth induction of prior art. It
takes several multiplication cycles to achieve the required quantity of cells, during which
process the cells cultured in monolayer cultures, especially those of the dermal papilla
fibroblasts, lose their inductive abifities, namely, after 5-8 multiplication cycles as shown by
experience. The cells thus treated dedifferentiate and express stem cell markers, but can no

lenger be used to generate hair follicles.

It has been surprisingly demonstrated by the inventors that the cells reach the level of
differentiation and stabilization or regain their hair growth-inducing ability after several days



takes several multiplication cycles to achieve the
required quantity of cells, during which process the
cells cultured in nonol ayer cultures, especially
VR34W/144283 he dermal papilla fibroblasts, | of€TERNN053363
i nductive abilities, nanelyg after 5-8 multiplication
cycles as shown by experience. The cells thus
treated dedi fferentiate and express stem cel
mar kers, but can no |onger be used to generate hair
tof ssherpickesks under Hies sipeifin cgiwrepeangitionsl of toke inverdion. avtedeipthe DPFs

e:IpQRde'dn’Ml%mn@rc%Ii hking BR @éﬂs\‘e?red' Qﬁﬁal-ﬁéﬂﬁed %ﬁ@éntl@ﬁon into special
differentjation a F%@ on or, regai n the
oAb SRR R Ry P T EH SR RP PrRRGORBhas beon
sufisBgly ¥FAMYINRCE ER2DA I GbiRd6RI-c8I tantbyatdexcharlsSof signaling
e e
s, WP oSS il b £oF S bty vy vess
spegfic Eﬂ“id'lti@"saﬂ@ Gefig et dpated ccaldew& into approagtely the Shape and size
cobresHRAthd ad nr@npnyemg.sm%b@é of BCiRmA4l h@gma@» %ethd.r féml:lé YéIBwing

iso\é@%ég’ hIS oaﬁec’i1 qﬁl ra fcgﬁs “S§§{Flﬂﬁ'?esYeﬁ§€fq smjfaga H;d)tf rﬁxg?l nggorgnce

resul t of actlve ceII cell contacts and exchange of

Priok g@@ta) rbghalrrfahcﬁ‘é;idhﬁén frblh% h@hhs bS.HQ%%QMﬁ%H bnbOTRB sample is
rentiate. Under these

es an
esGSraly et o AUmot 2t Pa. ERE: Tkt S (i oo
préferably aplumeani iteit ebsentidlle pedfensd tarpther adissuposargsg by dkim giopsy,
esh&.ampeakahm&eodo% fe&tios nﬁﬂﬁeH{ rBhd %Feeah ;rweflmolq' o 44 Bélnﬁe of the

| ow n I sol at1 on. S e
hajr {elligeyisj Reeferpbly 4yithdraya &amaﬁﬁfé hpie Beads @Yebwsf a%la'. fsa'rcﬂf other
body bigii. &he whipiaviahbicte haiPbilios folidvepgdod medigallmadticd. ahd sarh@e may

oelgBrdBHE Rl BB diglng & patient or donor. The

anple 1's especl gathered from a human, rodent,
pi g, cani ne, nonkey, sheep, cat; or dog, preferably
Tha pPdvFRA .of DPs iSmEBRS Rélk fofitibsy/ ard thé @blatish 6fQJFg=&tah&:rrdlﬁg to step (a)

prc%ceg’z%ﬁ Elsocat eu mﬁfy d foF?tP i’rgrﬁ Sﬂ?viougss%ngarg er%t?w% (Uém{g tﬁ)% small
pquﬁ%offg.ﬁlmpioem@q therppideimis is spysired frgnethie gncﬁﬂﬂwﬁ@ﬂqml%@nd fatty t!SSUE
e. QNbf/ beligpaveealpen Wh@%&?‘tié&aé Is) slzé}fﬂﬁb&np@éfse@ y uQﬁ‘gEblﬁ@lrs so that

hai r

e Bl pilbs, REAF et s E??%P@g?feﬁ”ruasﬁn%ﬁa Lecfln | mfise. Such
isofeteg hefyefolfidkesi 4 diedt on therai shalt, st rblyi megns whsineane again. Ene the

corWe@tWeStisQJé Q’featPP S cAreRIN &Jfbﬁraﬂﬁ' ih af PhrhdtidafRsAB o %y means of

an%ﬁe?r&%ﬁ]loﬁg%egy %Pe\g ﬂg% ; dl n eB Foewg%sﬂg%e)glf%acﬂddhe hair shaft with
thegragtnuatrod b thilsiapghe brexumﬂla:lah of {hie dolb stogdthes kiith tHei coprsict, tissue

shéa‘fﬂaf lﬁ@diz@?sr @]1&3 th'e%eﬁﬁéf %EIﬁlgbfarré)g%é!? @edérb‘#é;cﬁr&r'} e rErﬂ&Hh? Fart of

ssue, using a sc
fhemagéqjﬁ*e émg 25 BhEsiRg %%ﬁ?ﬂ'ﬁ &k Saé‘ﬂ”*ae“if ﬂwaﬂ §haﬁgw'ﬂi?fh'8@‘|'%°s the
likesvsetrbqiired hdleméteik keritnbbges| aba adettiodylesr i@ ioptingalle peaarsd Yor further
cutfob §ared under a di ssection mcroscope. Such
Isolated hair follicles are fixed on the hair shaft,
e.g. by neans of pincers again, and the connective
Théres®tD stdpe(d), he iSolted edrimbil gepmw:)a*é ataRdertad idto di AMEdituFeC@ksel,

anJ %%?h‘ﬁ! allyq‘x lﬁe gﬁr?acg 09 {he %se Iﬁefergg}y tﬂé) BBE,%ngeec%Edmed by

I'S ever expose’t
me@}wglchlm grrestingf ﬂwe wioldted demmal papillae on the culture vessel bottom using a

pinpoint or scalpel rather than subjecting them to enzymatic separation. It is preferred to




the hair matrix. In this way, the proxi mal part of
the bul b, together with the connective tissue sheath
fibroblasts, and the dermal papillae are easily
V@ pup/atsess from the remaining part of the haP@I/EP2009/053363
follicle, such as by using @ needle or cannula. Also,
the hair shaft, which includes the |ikew se required
hair matrix keratinocytes and nel anocytes, is
optimally prepared for further culturing. Thereafter
induhate t1dp 8 OF'p pett dullure yedsat Bdrtiddarlya? topelpiPd dradrasf@red into each well

of %N\%ﬂ%F L \Knﬁﬂ:ell @Gllgreasléi% kor %@{ahblar Gnd/ ﬁé? Bh the pRibottom. As a resuit,

nﬁ% ani cal y I xe surface Q e vesse

thephapal laprg | st ﬂ@hﬁppgﬁc‘éﬁ’t%d oB‘ftaWHeBePB’? mﬁ@B‘H%ﬁif @aPP%FOX'mate'Y

makitaiesd, angtht DPFE sal @igeds olé oMbk dp@fil pdpaiae,aind bRedfeedtd. t ur e
vessel bottomusing a pinpoint or scal pel rather

t han subjecting themto enzynatic separation. It is
Culspringeaf thegDlefes Gtepolobis effiscted withor! £atiagrnoyoetiRi3e Standard medium,

préf&rablP HeRdibg tacre&ca?sn@@m ot Wth| ek sYemSEeLs), Féeg tib ekl |lrf31£dn}fast to

conven@oétab\gﬁs% onﬁﬁyaf%%p?erqegfelal ‘\f(@} gﬂtg)éoflc%rﬁj}c}'l as Tx
penitilie/streptomyhia. ﬁ¢llaweg bs;tlatlgmn the\dirsh nredisiod thangd seprbfasbilly effected

aﬂérafmé& dt theHahight! bl 2RGTF et he Rist. WEGoHARY Ae'llé"‘have grown out
%Io s approxi mately maintai ned, and

of {58 P GW%@W BB haoE Bere PR gereadis on the ool dority.

Whendhe¢ tellsabach 1080 % canfuente, tthey BPFRtachedstr@p tHecplate Dottom, for

rns%t‘né@%% Q%‘n‘ﬂ" tHEQWEQ?R | éta}ggrﬂ Jgr%‘é tﬂl% 'and Sp%?ﬂg@tf q]ty%%:ey Witure

pre e 81a re uce anobunt
Ve%'ﬁu?ﬁcw 7o ogll guituredlagks; [ the foyrss of QUiuring ol eplisican & further

exR0déd foCSrectunsd lﬁdﬁbehmeﬁtaJ dr)frozemp"lﬁlim AitrégbnVibr fiture use. Although
the%r'HbQ} 8t agssageﬁsgmt fﬁ‘ﬁ’t gtnée[fé J:Ancpry eﬁ(}) %88 90”%% high density if

ange
- viabjlite fige ﬂ%ﬂ?ﬂ yit f wrefetr%cu thaZafs@'é rDPFsvise apgaged et @aiitl twesttmes more
prebalvﬁblyaﬁtt IBdist AveVBRKS nddst bRRrdbA R84 thaASinsORiksaBorCe Hgﬁ troughput

procg‘c}ﬁ?e %%rg lpass gés ar%getferrea ngnﬁa?ur?awgw qnﬁk}er %rfgna‘:gﬁrgl?%ment of
the\mwnft ineentiast, the medaashis POHGBed/Py oprfdensinucen-induelve &4RFs. It is an

undBéds R ding IMstdheD Dt AbskingOhdRNe froferties R84 SMCKR ¥4 for tissue

endiSing trypsin/EDTA at roomtenperature, and passaged
9H€6™bt her culture vessels, such as T25 cell culture
flasks. In the course of culturing, the cells can be

Ne)ft W folRY is tr@%ﬁ&%@gloﬁ Phadd df gféb H%ér@n i Q@ﬁdr&}l@d" t|1§ﬂt|p§€rd DPFs

frozen in |i ni trogen use
are A s o ientcdling S LEE Wi mep i RabinG disipfopd cavogens.
i.e. sndde catupameliicn.tio tremnsystemg b splenies vésgelisfsurfacepdrid dpeialicsating
of tgé V@é@el él.ﬁ'faées Bl {h@q)ott&ﬁtsuﬁé?:'edre%fé II?J Sellp%ém%{j oPbven

times, nore preferabl

ProyPidie Call kpm ahiRgARg SIEASe. TRRFON, herer FbesVapfrg vessels
are magle df rgbisg atystyrof rand/ed  rsarfadeghiatddagdodesntiaiiResion layer. More

preﬂﬁt:jggg F’?IQE ?ﬁ&l? EEHW&LI& sur'fbcgl oa&]:\pl?erd uWh?fvgsrselg d'%he djse of uitra-

resent 1 oNn
low ﬁ&?(fhmenb@ﬂwy Véﬁﬁ?lﬂiéﬁﬁii'ﬁ@“ﬁﬁ'@ m’qu?ffﬁdd@ ihpesogyepaf the invangong which

are W XdRedurd byl Mh:ﬁ@ lhaaUsausﬁthEb‘HSadh@raMI VREsdINMCEa¥Rys are
knoRtr ?dD tﬁgtsikllﬁe% a%%gn Sétntlj can l?eeea%ﬁ'y purchasedt orS r%gn%facgjre%l heering.



Next to follow is the condensati on phase of step (d),
wherein the separated, nultiplied DPFs are cultured
i n non-adherent culture vessels w th medi umincl udi ng
webkdoodesiened conponents, i.e. standard cul t BEBEP2009/053363
medium In this system a special vessel's surface,
or a special coating of the vessel surface,
especially the bottom surface, reduces the cell
attachnment or even prevents the cells from attaching
A4 o rédué of treé¢ acrdactify, difiee callb laggregdie inta -dafiited sizeefoaving agasegates
afteF 3gferal dafd @lhﬂﬁqgse Ie%é‘%ﬁ%mﬂ@aﬁlﬁg WQ£9 ar@%a‘ﬂé ﬁ1e expanded

surface treated an an esi on é@
DiRfrsedre pefrrgely %P”WFSE" g5 at 'ﬁ%?tﬂs'mmzé‘béf’@t? ?efpé%f%r "=‘P'¥, for2to3
da¥P[thds® Prefefablysubmtastiary) 3 daybhanduspsoraly futther @ultivatast for 3 to 15 days,

pre era?ﬁrl?g%l% 18 lé!a)?s%’r t 513 gag) Ssi ie arﬁ\%hgﬁ h%%o)fdd%ﬁgﬁge{ r%q‘ormed

ikeliie dbasnd et they rqgmnmnege shlmewpsm@stmve SaRrhremosch@iTEs eHich are

reMBWerém %@Qrdc Bady ﬁ‘@ﬁ e@étﬁ’owek @@W&ll thair,t drenealfinalr £6hd subjected to
arti s

d
oo A eSS o5 e 2Pl Bsmen g rsppeyg v
shape, esizal and déngfh. Ewerc mateawudial ds the Haltiat eell BurEgy P atwatphinty the

\afe?:.‘seqj %Ih'icﬂ %Qs &) eSn ddeirBiondn *OBE SaRbIRSHacR] th %ﬁotﬁ&\éﬁ{b&ﬁlment of the
ch resenble the orl naI ?rgg' [la.in

m%'h%dp@"e sonseplatgeger ysppel e gradrdt int-4Podg r?ﬁ Bﬁ% Bﬁps cm? in
stépofd ), preféralsls B8.008 o20.600 FPRsomd, ro@y prefarahes. M a0a00 PPFs/cm?,

m%gére?ergbﬁ,dﬁ.gstgﬁt}gﬁ%?ﬁ&s pRy&ierabl y substantially 2

on urther cultivated for 3 to 15
days, preferably for 5 to 10 days or 2 to 21 days.
AtShigestagyl =S kapgro@ifced heatio hake Blsaide Solei ngrodndr e tcondensate. To

acHeltla(rgte tﬁ‘g Hro%@s%réqd %Qergﬁ@eﬁ%?\%?rg%ﬁ“@?:;tgrggtg%\?gri&ﬁ?&?%%aogic matrix
companants edgddedi tp thw@qﬂwémt thise APiBtato fomm ra cepsulpgBiEnicking the
préliitles ofd derﬁiéb;b@ﬂlh ad tﬁe(%ubﬁ%]p@ﬁ %ro@ébsfstﬁpr(épﬂhbwe novo papillae thus
ob?zﬁ%d rageil %o:ai%do%@d% (éorﬁnrog %n g’f exﬁ%ceY\Iqar magmﬁ prgtl'ej%n?] ‘lcril C%HFOQ &on is
marierse agtaiminai¢ physiolokisaliongs. |!ta$aydzé¢fﬁrawm aensist @ts:Oﬂqs@@ l)A fipregpctin
anti/at @ndrkte it lsz%‘Etﬁ:Sllaﬁly [YF@I’eﬁéh th@Shd dxtrB& i & rflifk d?ét@iﬁ@élbla%lxture of

colien, BERETE A TEBAEINEAEH Qi eP SheaLer PR pootpoH, most

preforabin thaving a 2atR0F subst&®iaky00 : DPFsTScpetsiper weighkipit (isihot excluded,
ho%@Jr etﬁﬁhlllé/ afgrg%gl S‘iﬁ@d gﬂlﬁg&glaﬂ%gﬁ& SFB?emeraﬁ %Is@ b8 LSRN dually

00
or yﬂ% gwﬁq Y%Lfm%,p%w@@gewgmgﬂgj me &l{n%ngatrg?%é’banogler embodiment
of ghelifveptionditie extrageitutar matmasrotdmswdiyorfaw copprisg alendoltabens (eg. 1,

1 OC R? d 4 Sﬁ@l e %&Egamlﬁ%yecg% %h(@ort @a‘ﬁ? S ﬁre Eﬂa aFan sulfate,

| uenc ereon 1h a targe nner [Sﬁ?/SI 0l 0gI C
dopify kgaiae é‘l‘ﬁé‘tﬂw é'ﬁﬁ’%a”aﬁ%g’%@ﬂe‘@mﬂe@"t e aE A kT syndecen.

Agai| Blicht dakrgr N the eedpapilia B daired iongint 1 aininatio aahdsive e fulture

ve?sﬁag %g%m%'maﬁéd? alté:c@lmehtnceﬁl b:ﬁltu‘?‘éj 9%5%849 eﬂ% a%%e§ %eﬁ&n%gd (’cﬁ)T to 5

talne e“coated wt
dags mreirsathy @h*éﬁ daver acel I uI ar matrix proteins. This
conposition is nade so as to m mc physiol ogl cal

ones pr e fe i st of oII |
b ) AL B Pl AP, i
obfsineblerbydie ploagsseh eccmdmate dhel lumltaomﬁm ipXorgeashiag m!; thgrnsesent
spéciffhtdhUcEn@fning the methods for producing neopapiliae and microfoliicles,




collagen 1V, fibronectin and lamnin in shares of 2-6

: 0.5-2 : 0.5-2 parts per weight, nost preferably

having a ratio of substantially 4 : 1 : 1.15 parts
weeooweisgsst . It is not excluded, however, thBECT/EPR809/053363

af orenmentioned extracel lul ayy matrix proteins can al so

be used individually or with varying vol une

per cent ages or conbined with other matrices. In

anot her enbodi rent of the invention, the
regpettivaty ok lcodsiticrentetsnvalid prdatpelicable aditodt irestrizlidng te teporedsets of the
pr&fdaﬁ‘an FAhdRUIRSediE: 1 10 A, 18 Al),

gl ycosam nogl ycans and/ or prot eogl ycans, preferably

heparan sul fate, decorin, keratan sulfate, biglycan,.

Boaggmeeeaﬂovwﬁa"pmh@ and/ompedir remmnc@%ﬂw& indentkdrocan be used for the

prgc%rc]tgo% o skln e@ aa'!erﬁts ﬁ#é‘ferllati‘ff % | %% é)c{uiv%@ﬁts %ﬁeotpo?iﬁii]c{e%,e Schﬁ as by
esive cel'l” culture

usmeé@é‘ldeme E{q Stmetarﬂaskﬂthﬁvf@latﬂaﬁﬁﬁéﬁ) asedrfling igl standard methods, and

the/ ﬁ§§ﬁ‘dnssutea_ hﬁ tHeORictoRflicleS aRE& QF @daa‘ .ﬁfervla:stb@ m%ang aw 2-photon
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t he anal ysis of conpl ex physiol ogi cal processes

WO SRbRlsess Such tests can be perforned by expoBEFg09/053363
the nodel structure to a substance of interest in a

bi oreactor. Follow ng a suﬁstance-specific

i ncubation period, which is particularly between 3

m nutes and 4 hours, the nodel is washed with

pddEak L{m m\%et%a&upée&us&&ﬁvx é%!éé‘t' IZ S sBNces Uyt aa!b%ungaasem two

exenp laril descri b 8%, or course of

SUBHTPH PSR DR PORPRCA BBETaHSS ALALHET D SEUPROMLFApated n the
aﬂsa&ehe&eauhﬁﬁnbﬁa:whemhc&meﬂﬁwmmgs Sapbsdsamcasqus\phiaaieters, e.g. the

ceﬂ‘%g}ék %tng tné"sénsﬂi(zﬁpgfr éét%ilcm Wr éﬁ:h%tr&whﬁliﬁselgﬁtin%f procedures

knmves kothestel sktﬂ%@ ﬂaanw dhe Erntifcatign p(/%ﬂeéme sybieices Rdha weaning of
thé et €8 tihdhBetly herfofthedd pdffatihe b efetekriifing SR RkRedsidh Oatterns

ol o B Bl 5 gD 1 Bl et
marfierthand coraigtest toi the signaltstrengtio at the heginning afntbe Isperiment and the

nel v 'c&ﬂrof I@@ﬁableﬁes@@&re khdWrHb #oS 8l siet bh tﬁ@ﬁrt SUBR beB&AP designed
rie e inventive nmethod naekes the

aﬁﬁd@ﬁ??%“@ﬁWPon and anal ysis of substances possible,
whi ch exert an influence on hair via the node

Fupthér! ui'h@e?ntl&f mal (e praMREd 'aQr& kitl Q&n&@ﬂ?ltﬁe d\ﬁ"ﬂo%" pafIe! hair

e understood tO conpri se certaln nunb

migiptolicies, slifbjedLivalenic (’:'Bﬁ"ﬂﬂtng“q/ct’i f"?f@plfaf‘fvéf'ﬁorw tq dhe invention,
patticibrlet drtddrQo rpgtbirpthe ip@hiiveomsthodat ofl tmsmg & wonditou b ebduced

an%r ﬁt &3y 'oqgg'eerﬁ@esdb&ah@gdreg tiv%%r NI {(lP&Ft, Le%tn%nfﬁay include

oﬁe serves’ as negat
antaﬁ@mbﬁm@wnr@ﬁs %tte@é‘rﬁrwg‘lom Pt djreglg éhsetagr tp waﬂermwg?ﬂom for how

to pRIGIdeChe ﬁﬂlhb@s of thés nddritiyn. FBHMHﬁ@Ld‘étaED@ Iréfrance radyebe made to the

g aloftySn B b AR BT RTOL e Fopre gecorang

fo the@vnottonr@smalmmlymmpgivioﬁhealﬁtcé#@dweﬁ@ﬁ\t of the
|nvent|on t he substances are selected fromthe group

I d di I b , . .
n s, e 8 raripisit PREOn BRSS! RafOhiR i SR pepiiee and hair
mlp'oﬂoﬂ'lcler whicts rapblies nibe enflesing hefvéxpgnded NPl intamhysidlagial cell
agQr@%;éﬂ%setgl m&hnd BﬂhéeQ%nQ@mal @tﬂﬁi/aﬁﬁnoén@ 'arbﬁptauwa% 3{ @M bdhcentration

i e s and. | ipocali
to Sghsel SHfes 1L BUGRY B e aat ) BS Ren Fo 41 Betipy of e shat
prquueifi micedbliictes, anddybedars af ginagine potarpepnasion aimlyses the DPFs

e
PrapAies pf Gglit eaniirde-cyfalishestin the cppectingp eg%nsgtesﬁe é%e pyyber of
paégaged al bipgn@hellsem riotvenatteil et 1C BSadvbabthgaousin @ossible to use

coxps%'nﬁ f’? 180 L#Bér@%F sl%MFigéllsoafnd %Hrw S@tc%m'rcﬁled Fuptph/ of media in a

sence
Tel%@ﬁ!)@'f’!ﬁ rRsBion W'I‘ﬁ‘é“ﬁ"?ﬁc‘ﬁ'@&‘ldlnlﬁﬁ‘s‘% Elé@ﬁngd% penRiowAt QUBYTe eRsels.

H?E@HQ& ®ther 38 cguurrh@ enembab liortgepersi ?ﬂf&lﬂerﬂlbl&)nsﬁﬁa'!n’ﬁdntél bich as
det ec zat ol 1 Q r .

il gt arisk Sl S g A T B s el b Gt ot e

inveelion @ief not ferded intaofell aplf @mtacv éutﬂm@bumt?@SW@atGH edividialty tadorm

ceupéggréglat%s lahY, §I¥he BVent & OPd ppfblive RRABSRERE, preferably
by det er mi ni ng the expressi on patterns



and/or the cell viability, which are altered. The
determnation is perforned at a specified nonent and
correlated to the signal strength at the begi nning of
womoexemsi nent and the negative control. SulGTa2en9/053363
tests are known to those skilled in the art or can be
easily designed as a matter of routine. Further, the
invention may be practiced as a kit conprising the de
novo papillae, hair mcrofollicles, skin equivalent,
Thie mrvaioh ofithd/dernotd papdilpk aivalr nsicrofolliclesgndt siint dueivalente s defined by

theﬁ%%%tjcgéﬁ ﬁéée%r ieg?lgrug%dnlén% %qﬂ’aﬁ%r emst Fé@péé:ﬂyeﬂm&r e mPrc}?hylac%tic or
themagentic teratraent eémnﬁ@owgechﬁe%gmou%gbwt Theeprgsent Aradygty of the
invahtioh Ngfokdy Qﬂﬁlb@rnoffmb(farht&gdsu Qﬁth i3 rﬂi’rt folidie ehﬁl@dlent and the skin

o 45 g Sencoiat ise Wes g, Tieseds 5 i Yohan ror
haimfdiiiced sndfare Heser tovtsatid eme siEgtion thae aey pribstagi megdel. The complex

thré@&%ﬁ@&%l Bd60R tﬂ@%nﬁ&\ &rﬁ@ate ft!f%r I‘%G%Ilﬁﬂa iRPSEMVBLHGRAFe and
on the treat nent net hod SCr

hisiiagcalrompediian; frgultinggn @ hiahy 'ﬁ«?bﬂtf?'%\f?mmﬁ%’"§rr§%'°'g518r"966 on
theagftwotivdhag andtcomplhibili &f aofivet fubstamesndll produdisnoft the iverdioe are

fur@lter &Q?ac%ﬂ%%etg} gl)( Eﬁf)ih@ Now %P@ﬁﬁnr‘]‘gocrostg r &q%ﬁe’ﬂg hgﬁlmg, and

novo papl mcro gl I es
are; Ryallahie b P8y ﬁ@eofTh%s@pEﬁatﬂlw oprdhg heds My%.f%ﬂr?i’g'rﬂ lg) action in
staﬁ@drﬂazecﬁﬂgﬁaaﬂ@taﬂﬁ fdrya FEREUNS and sdfd int@adlibinafls i@ ahatching effector
i Aok U 34 AoBE 3ol Akl ol B 31 s
cagséwr? dinegirand h@m?fbﬁtm‘:ﬂdh@ﬁﬂ@f symiamsshaf t - produci ng

mcrofollicles, and by neans of gene and protein
Th%ﬁ% %%F(%Qmﬁg 3% ¥|}Sé3‘i"95\108paé? tsl]l égle é?r vgﬁolﬂ%gtgl{é?ehons in the medical,
phmmhamwamctmsmsqu@@lsxweh aniduibe dewelopmeniné casimstic prpducts, or for

theCddovery 8adafe §L%s@§$e@m|t’(§d"lﬁgoiléﬁl Liet 5@%3\%1r ‘ﬁfflllctehﬁl influencing

sent,. net

e EIBBS A eE TR gt e B SR ey B EBaT i i viro

tespagserhs ertwragsieg worsieanttheaetd progting unfreratiorofon the effect of
su&ta‘%éé Wh&%lilée QB GR i YiBYblewRBd, rmblpﬁﬂlsﬁaHQPltﬁé @bducts thus

dia In reproduci bl e fashi on
fo"{“Fﬁ gef aaw% Pemgﬂ f”dﬂ'lg?ﬁﬂ‘% ffr?%'"ﬁé??tsaélh gl tBﬁ? c¥fre {ipRieved in
scre@HREprdceduies mpitabidiot nugmtlliremgthIﬁ to Uidentify i actiyenebterdss, f wractive

su&%ﬂgg &l map%% én%rftfﬁ&%vﬁﬁ hr%%off‘ H@gﬁﬁlblttwlﬂalﬁ%nd in toxicological

angi n
tesma ?f@elbslwes e@q shemicglst Fee @81’%‘?’1 W@“‘%Wé’f‘ﬁ"cﬂs at' igiag screening
metroWE Bf lh@rhvaﬁtfbnrt{éh bbQefietheld Nt @ sirBbld anefdst mamteadh additidn, the

appgép?n ge t,s\/\ﬁgogt,gdmean%ig%ﬁgée% individually to form cell

eSS an e event of DPFs, papilla-Ilike
condensat es. WD 2009/ 118283 PCT/ EP2009/ 053363 17 The

it |d°t'bcb\é|uﬁhé}§lo&f thhthRis dﬁerﬂ@?«(% re@fthiteldacthe f;haitibuiar methods, products Kit

or {4 Y5¢8 dﬁ?%’bﬁ%??"%’ﬁ Egr%lefi g?g?r @%’I}{ %\a coupstes 3 ifd I3 2lsg ?0 be Xnderstood
that the tespinalngisysed berpiacdy fovibk purppssrof ﬂeﬁgrllpjmwm@t@mt@pdments only

and E%aﬂﬁeH&éd%mrnﬁ M RBbe Qrfthé? Br@Qérﬁ ar@aﬁ.o@fwm&dy s:wl dENBYBY the
of hair. The present i nvent

2DRRPERS K TSP TR PR PR e, SHigigr orms of words

suchads| "B I"an, "eapudi "tral’ @wlldea their tchreespdaiding plural referents unless the context

clearly dictates otherwise. Thus, e.g., reference fo "a vessel” includes a single or more



substitute are nore standardi zabl e than the isol ated
hair follicle. They reduce the demand for hair
follicles and are closer to the in vivo situation
WO aWsaw8ipri or art nodel. The conpl ex PCT/EP2009/053363
t hr ee-di nensi onal nodel s of ;¢ he i nvention sinulate
the hair follicle in vivo in its structure and
hi st ol ogi cal conposition, resulting in a high I evel
of relevance of the information provided on the
vessdis othiiche pars be @ifierddentieally ir | diffeyendly sized,i shepesiubrs cammpesd. and
refék‘énc@rt@déi%ﬁlo@f inkitMes| refeRALL Qﬁecﬁf\ﬁlentf MtE3sh8Hd methods known to a

PRI oo S S A A o oo e gt APHAES Al dfchaRg anc

sdentifie. terfisesad liepcit baveshd sama ridaninh as cenrhanly understood by a person of
| i zed protocols, and
o@@@&%ﬂf@t@%ﬁ}@%@hﬁ@@% g”ﬁﬁ?@?a ?lon wth their
mat chi ng effector nolecules. Their use is a
AIPHEIH MdtRdlis aRe walerialp RiMIaCd? ehavaldht Y therd dBRRibéd ki tan be used
n SRCLBRE S SN Bl FEbn@R o P o FEHELERR boiow
T"@rfé"@mgt exsmplef gire \?Bwid% 8y aygplof d'aﬁtfﬁt‘jﬁs ancth n@‘h@ wayd pfclippitation.

Wmartﬁ'@ﬁﬁéﬂﬁﬂlé%mstaﬂﬂﬂd CreadeRisl Bnd b@ers thab WFN ra& oA cdnftfninating
netlg products, or for the
S

ac Y%‘%‘W@W"%Praﬁgﬁﬂ\%e Bt ances with a biol ogi cal
effect on the hair follicle by influencing hair
pi gmentation, hair growh, hair structure, and the
[ike, which nmay be perforned in in vitro test
H@V@%éns or screening processes, thereby providing
information on the effect of substances on hair
I e cells with in vivo relevance. The provision
Fé;*#¢ﬁé roducts thus fornmed is of particular benefit
A)f Bnch QP@%/ & @aq%Ors%Wéé'fﬁ”ﬁ@"‘t lifting supgery- dhe dasted ingrindisates the
editing Yisdlofitiie deBRbRBBItAGoPS b&édtfor ésthethdirddlick: iE&4tiohl gh
t hroughput to identify active substances, or active
subst ance conpositions for growth pronotion or growh
B)iThAi ‘aneytded” omdsspsted pir fOHclﬁ ébdgfé'ehfe@g pexilis diﬁ@e@teﬁ Yot novel

sremtqaaceﬁe abtheEBE Mis€R! SheathhR m@dtdcatﬁeaﬁawewaode a8ir shaft

rge}ultwgslﬁzl?r fp? n %Ps’a?éi&lgrinoé qﬁ%lhglr ts w‘tﬁ{ow&%nﬁgnl\l"ﬁeﬁt I’OOtn sheath
agtitingayies antheelapgnyies pn thgtas hand ari!csDermg*tpaeﬂa ansl aonndctjve tissue
yheskH ©F the difterhand. © be understood that this invention
is not limted to the particul ar nethods, products,
kit or uses described herein, as such matter nmay, of

C) d¥jsrested cormpgtive ligsup shealhewthtits fikreblasisignsadipodnt deivat papile, which
@R BEAROP bl &H of W@ihﬁhtéosbdcx? r the purpose of
descri bing particular enbodiments only and is not
intended to limt the scope of the present invention,

D) whdisdecied demniaypapitih itakenl bpylettioe miapgmemded cl ai ns. As
used herein including the appended cl ai ns, singular

the" include

E) t%fPW*Ed%f P@wbﬂ%ﬂ"ﬁd 'bfﬂblﬁ'ﬁfafr‘mr top ety §2Fa‘ﬁ'l'%’s%"dt%@“°fed dermal

GapillLXdaving kre&rcbgsmél s&n:ﬂmesln@:‘shmew se. Thus, e.g.,

reference to "a vessel" includes a single or nore WO

2009/ 118283 PCT/ EP2009/ 053363 18 vessel s, which can
F) sailtered Hermal erpilie fibrablpst obthe §1” prsspesip lugcogted éd’th%Yf@ﬁ‘é faske.

conposed, and




reference to "a nethod"” includes reference to
equi val ent steps and net hods known to a person of
ordinary skill in the art, and so forth. Unless
VP RUPAMSIE defined, all technical and sci ent PEPEP2009/053363
terns used herein have the jgane nmeani ng as conmonly
understood by a person of ordinary skill in the art
to which this invention belongs. Al though nethods and
materials simlar or equivalent to those described
GC)nlesranatrapiis fipyeblapt éxgming ﬁe&fﬂ@épﬂﬂ“'a@l‘? eandepsates o0 i layf attaglament
pPrReeMské.nventi on, suitabl e exanples are descri bed
bel ow. The fol | ow ng exanpl es are provi ded by way of
illustration and not by way of limtation. Wthin
H)tMagnéixatiop|oé ¢, desmainepiiial fibwbigentosdensationupadyr o hehprocesse! to a
frﬁ@o%aﬁnﬁ%h@ﬂ&%l%ét%an%@ﬁénﬁ ih 6@ lBW&&éEPMr%Ht plates.
practical) are used Fig. 1 shows: A) Punch
bi opsy of a donor skin taken froma lifting surgery.
Figikeshdashed | ine indicates the cutting line of the

)q@e[o I @Hﬁ%gﬁ%swiﬁl\oéﬂg e”%lglr mgtM gn@ Eu%héedf Ig#uth%y%s which

i
e PRancadied G119 R B Hesrmertelp SeDisD AT ERYURT ssodersate

techm que The connected tissue sheath is pulled

B) SI'—ldr? ng Og[trﬂ% to){mﬁ}é%%f %Ecul%%lnﬂctusr% aff{er QI{I}eﬁ HI ral r\}vgattaam%nt culture.
inner root sheath keratinocytes and nel anocyt es on

) N ichidie et e PEWEEN. CRAM) Jidide Bk BARURBE b aVRiritve Bbieshatt.
sheath on the other hand. C) Dissected connective
ti ssue sheath with its fibroblasts plus adjacent

D) dvsofeiiliclefamatibrajakeh by BIC ighhmizosorpatileistyating denntecttdeghdl papilla
(it Se 85 BfedR @ dutuld) A di ssected dermal papilla
taken by electron mcroscopy. E) Qutgrowth of dernal
papilla fibroblast fromthe slightly scratched and

E) aNeofubiclesinderteddn a si@pgditaient shewing rigfirted dnair fotlimledikd structures. The
%%1 %U&@st@lwggsci? ngfr@yqr'ig hdi folfiddé. bAEEle gﬁél{%ll miP@Bdopb Fou see

assage | n uncoat culture

HescRrpXimpl poftign of App @6‘6@#8&'18% 9ET/ EP2009/ 053363 19 O
Dermal papilla fibroblast form ng dermal papilla-Iike

F) %ng‘?n&ﬂﬁrg fcme eBFoglclhg\%ltﬁlhttﬁ&% %qug’zrgwe%ﬂﬁ#actmg @ clear

I frcati
@Bﬁu’éﬁﬂﬁé’ﬁh@ﬁa?@ﬁ'@? W@C%”ﬁ!ﬁd&ﬁ‘é@?@ed to a Neopapilla
with extracellular matri x conponents in 6well |ow

Fidh LRSGAent plates. Fig. 2 shows: A) Neopapilla (white
g 0 ;
arfro wth extracellular matri x and surrounded

Negfellicke praduopd eging WGRjanH MC derived from sources different than mammaiian hair

foilicle durich different stages of development and formation:
A) Stage 1: Neopapilla (without the addition of exogenous extracellular matrix proteins)
surrounded by Melanocytes and keratinocytes, which have been added to the uitra low

attachment plate forming a early multi-cellular condensate.

B) Stage 2: First signs of the formation of follicular structures after 24h in ultra low
attachment culture (Note the protuberance on top).The attached Cells adhere to the

Neopapilta and adopt a flattened shape



have been added to the ultra | ow attachnment plate
formng a nulti-cellular condensate. B) First signs

of the formation of follicular structures after 24h

YA 20090118383 ow att achment culture. C) Neof ol | PET/EP2009/053363
formation after I week. Cearly visible is the

formation of a primtive hair shaft. D) Neofolllicle
formation taken by DIC Iight mcroscopy illustrating
the intact dermal papilla structure after 1 week of

Cbﬂqggr%_qujnniqgonqufqlli tematiog ogfteed wpekg willk jhair follicle-like sheath
deRgidpmeitent show ng defined hair follicle |ike

structures. The highlited box shows a down-grow ng

hair follicle. Wth the inverted m croscope you see
DX RagprioxWithil theoNedfdliclefa charlyf dsiblie dbreyatién nf ecuiinvtive grr. shaft
pdedmENidiher culture of the Neofollicles within the '

skin equi val ent denonstrating a clear anchorage of

the hair follicle and continued growth. Fig. 3 shows:
FidjNgahows:i cl e produced using KC and MC derived from

j r ' he. follicle

F%ﬁ%oﬁ%? gjﬁﬁoﬁg n@?ﬁaﬂ"g@& tﬁgpmékhﬁhm&s

uric eren ages 0 evel opnent and formati on:
A)gfterBhges gondrpssigihianf a (wi t hout the addition of
B)GROOE 8D D! Cotldedmaedr; ul &fy Araierdgyrephitivh @F 88 is Muthimekie déde and

e BP o e B Pl R B Y . T or g

early multi-cellular condensate. B) Stage 2: First

signs of the formation of follicular structures after

24h in ultra low attachnment culture (Note the

pr ot uberance on top). The attached Cells adhere to the
EXRMNES: | | a and adopt a flattened shape WO 2009/ 118283

PCT/ EP2009/ 053363 20 C) Stage 3: Begi nni ng

[licle formation after week with hajir
EXAVHLE. 1. Bpificn Sl cultie S euEPs SHEHeT DBeSPagle HboREhIGPF)
Canhextide Gk |Sheath EibeobtHsBAETF)viKerativoeytésqK B ehdielafiocgtes (MC)
primtive hair shaft beconmes visible. Fig. 4 shows:
ormation of functional neopapillae at two different

Singlerpaip fligles ; werenpbigined aftarg Mistir-dssegfion et SwMap recalp igmples from
exadst ef liftihg dargeriesf recoredensatréquingd ryulatdys. To isolae matrix KC and MC,
cTR89%LG02%00 €leS defind™ %]:1!5”8 CNRE L <

T%or Rt i on o?,s se(ﬁf (?_er Pved E TF ac(_eFIIng_JI aF i r‘f’é(sh cut at fhe
demsshfuiancqus| ipéace EIRMVPISERpel aEARipLfeticles 3t pgan Yageatsepwing
phasda) wbiie@uib but Mt Balcdpe uhdet dldaEedirg Mittostidial | | @

Fi br obl asts (DPF), _

In contrast to previously described isolation techniques {e.g. Magerl et al., Methods Exp.
Dermat. 11, 381-385, 2002), pure fractions of the desired cell populations, were obtained by
longitudinally slicing the connective tissue of the upper part of the dissected hair follicle. By
fixing the hair shaft on the one site, the CTS can be diametrically pulied over the hair matrix
with forceps towards the lower proximal portion. With this technique DP cells were
automatically uncovered avoiding damage and mixing cell types. Thus, the CTS and the

dermal papilla as well as the hair matrix containing KC and MC cells were clearly separated

and can easily been cut off by a scalpel.



Connective Ti ssue Sheath Fi broblasts (CTSF),

Kerati nocytes (KC), and Ml anocytes (MC) Single hair
follicles were obtained after mcro-dissection of
worren/1s8283 p sanpl es from excess of |ifting PCI/EP200%/053363
surgeries, received under rgquired regulations. To
isolate matrix KC and MC, CTSF and fi brobl asts of

the dermal papilla (DPF), the skin was cut at the

der nosubcut aneous interface with a scal pel and hair
DP ahdl CTE émiates venagparattagitureg mtons-well cef lalteg plaves €2-pinldne well)
b;Pﬁ&‘ing%Jn'i‘ tof tQé EGRR piad ‘?-Jith ndbdie %Efn éé{ QRGORR bul ﬂaepmg the

contrast reV|ous %%{GSCFI 1 SO atlon teChan

ca(péula mom;g@py ar@:{ mglpe of t WBU%St E;(@e sama limst thelliln membrane was
sligal- %&cheﬂOQﬂ)qosaure&trédem:’i masix Ofonipbrente SECRX TrRl kells were
suBRRHeB W E BN B RIB oK 10k OB LA {5 L fan o

. connectlve | Ssue
fibgablask wae @bseaved dfief Hi2cwesks Byseds ¢rb<¢cmgr vaTiationsi Thes helistwesm then

mba 1 raezss.lnt Ruitdrd) Radke St eﬁﬂﬂheb@ecﬂd ABLdrd mhb;ypdas&des% a 75 cm?

ha rmatril orceps towa
e Mo ieer . yepitei P Raaden 4ie B Bie 8 g tasks
obdaitiegvh b + & alillion RRFcoVE@iSEdreapestivdiyng damage and mi xi ng
cell types. Thus, the CTS and the dermal papil I a as
well as the hair matrix containi ntg KC and MC ce
Thet e ARy isRaidpliteC warremamediam ihe f%%?i”%feﬂ" S&P'F and tha
attayhed safrainpteik . by\WBp20B3Stoh 1@28 3% PGhsiePaHA00.69 a8 D TAR lanBRvere
seBﬁ?‘e%E dﬁf%%lgﬁ'gl éﬂ%‘?%r? %Mﬁhl%h Yitfr Yta l§| g'w&grﬁ q]e h%?(lg ﬁg d%%él%ﬁd in
Topiy at fle Jc'ﬂY“’tsﬁr[g“’B?tQP%V thaﬁ%e%e To enable a fast
out growm h but keeping the capsul e norphol ogy and
ni che of the fibroblast at the same tinme, the thin
menbrane was slightly scratched to | oosen
EXAMALEC: FPimatien afe¥eopspile8nponent s (ECM). The cells were
subnerged with DMEM+ (G bco/ I nvitrogen) pI us 10%

Th]; %tgff‘m|6e c!o]:mts ({OF ZW?lj\/gtéﬁ%deg g\i sz dlglﬁ d?w at?acﬁment culture

ﬂasﬂ-aﬁqomngbmtaimmgew@w angywere allgwead to Ifﬂwl@d" 2qyrega@B.oAfer 48 hours
kebpihd e drnSkd ke 3 Qbéﬁés WRBK tRNSlza\Bi £ nhflet rh.ﬁ{an hair follicle

d.t k. Aft
ol BRI et s e BoREd lngt el s Cpagmaat Hete and
a whRid bhbkdminin dmaducmqegtrallors 14.52pg/ml), | RitponelOMF- (foal @hHiGHtration 10
pgfﬁ%@@dlé@%hw %f}m%orlﬁgn@é'ﬁgn Q@E&/ﬁ\ﬁ@stédﬁedq@'tﬁe \LQIQ | Af@|’ ?4J§g:hours

wer e renovg rom.t he re LNl N

I G S ECM SRS, e ARG it Pilh clblgahale srvelop and
Nebpappleé haanfdrn@ds 3o fd\z'lhEEéTﬁA}telaEﬂ:I\n wecuenulasienp amidaditieterkidtion, growth

facgirg ?cee %gitéﬁ%ehérgmqﬂa §§g¢dﬁﬁ%%ﬁ% %Mr% nfédT é%é Frowth Factor (20

t andar ods as I n et
ngfm%@a@t altematively baep @fdahin m%jGJ”BSThei@ESOPﬂE%ﬂvP’EEeQdY to be
imffanabihtoakin @f vibdeto payildpl hak intbaive plopertiesed count  of

500. 000 DPF were seeded into a 75cnR2 ultra-Iow
attachnment culture flask (Corning) containing DVEMt
and were allowed to formcell aggregates. After 48

EXARIPLE 3: Formation of Neofollicles

250,000 KC and MC (10:1} were added to the Neopapillae in ultra<low attachment culture
flask (6 well, Corning) and DMEM+ Medium was changed to Defined Keratinocyte Serum-



keepi ng them unnoved these aggregates shape the size

of a native human hair follicle dermal papilla.
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wi Igoarlssyy attachnment plate and a m xt ur e ofpdIAF2009/053363
(final concentration 11.5 g/ Fi bronectin (final
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culture flask (6 well, Corning) and DVEM+ Medi um was
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underlying fatty tissue and derm s were cut off and

the remaining epiderm s was digested overnight In a
Trypsi n/ EDTA sol ution (PAA) at 4C. KC were harvested

wig bavg1mesel | scraper and after passing thr oBQiyER2009/053363
70pm cel | strainer (Becton J? cki nson) they were
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chanbers were lifted to the air-liquid interphase to
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1;0||<9%Es and HS27 for fibroblasts) were tested for
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to culture and reduce donor variations. They were
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through a 7 I (Be 0
o Nl (et b OB S 401 Q250 v
culiredindMiM 10% KC53-1 agen | coated cell culture flasks

and Defined Keratinocyte Serum Free Medi um (G bco).

um was anged. tw ce week and the
%"L\Trﬁﬁ'&w{‘gg%ﬁ@]ﬁgmi & Sld or harvested at 60-80%
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flask was placed in a 37°C, 5% CO2 humidified incubator. The Melanocytes Growth Medium
was changed every 2-3 days. The cells were subcultured when the culture reached 80%

confluent.

Resuiting neofollicles are depicted in Fig. 3. were the different stages of development of
Neofollicles produced using KC and MC derived from sources different than mammalian hair



Mel anocytes Growth Medi um was added to a T75 culture
flask. The cells were thawed quickly by placing the

| ower half of the vial in a 37C water bath for
wigioosigssThe cells were the resuspended i n ROIWEP2009853363
T-75 flask containing Ml aggcyt es Gowh nedium The
T-75 flask was placed In a 37C, 5% CO2 hum di fi ed

i ncubat or. The Mel anocytes G owm h Medium was changed
every 2-3 days. The cells were subcul tured when the
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ra |l ow [ate formn
devalgprent ¥Yithin Ke e%sw%afleofowclﬁoas@eac{@gv'@ 8t %’*mlﬁwasha" shaft
pedd®E vielbeat ed. In stage 2, first signs of the
formation of follicular structures inultra | ow
attachnent culture can be seen. The attached cells
.adhere to the Neopapilla and adopt a flattened shape

EXARIPLE 52GBAROE hﬁf‘;i@tﬂﬁﬁhl)@%&)f BgeBnthuirah derhat gepilafieiivee cell
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OXI
sarn wa g e LT e G Sp reRp iete ian eon
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1 ﬁ%&ﬁ@y&ﬁgﬁé}ﬁmﬁ&{“ icle, aclearly visible prinitive

hatt beco
Twg,gaIs AP BT lot *hot PargAre ROE AP IR EPTaPkets
re-ct@tiensed Deahdl Pasmrﬁlbesalaasuaﬁgr #8) hdres tnd Neodopddngedh Rermal Papilla
( KUrREMsamples

iRl | 08y P SRR LR o ARG UL e foun g
Weﬁdb‘-‘r@l”ﬁ*é? SPQ@r&’DPmHﬂﬁ‘BF’%\%f cul tured Dernal Papilla

Fi br obI ast s, re-condensed Dermal Papilla Fibroblasts

aft ours a ndens Dermal Papilla
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aboVe. The Four RBman cell sarples were |ysed using

Supger AnpTM Lysi smBwid er. Sanpl2e no. Cell sanple ID 1

DP:;SL 2 MONO 2 3 KEND 1 3 4 KOND2 4 Tabl e 2: List

anpl es
KOND 2 4

Tahle 2: List of samples

SuperAmp RNA amplification was performed according to Miltenyi Biotec's procedure.
Briefly, the amplification is based on a global PCR protocol using mRNA-derived cDNA.
mRNA was isolated via magnetic bead technology. Amplified cDNA samples were quantified
using the ND-1000 Spectrophotometer (NanoDrop Technologies).



Super Amp RNA anplification was performed according to
MItenyi Biotec's procedure. Briefly, the

anplification is based on a gl obal PCR protocol using
WROAE28Yed cDNA. nRNA was isol ated vi a nmadGEEPY09/053363
bead technol ogy- Anplified cDNA sanples were

quantified wusing the ND- 1080. Spectrophot onet er

(NanoDr op Technol ogi es). WD 2009/ 118283
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Ts % 0 A viahDr i di zation of Agilent Wole
nom‘aj (pﬂgl go 'Rf Iyoarrays 250 ng of each of the cDNAs

were used as-tenplate for Cy3 | abeling which was

THaeihfegitiet thearD was¢hetiedMid the AgilerBi200® Bioanghizet iatikm (Agilent

T%nﬁolo?(é%% gh? pet%lﬂ?sdof 'ﬁ%%bt?aeﬁf£wwrgghgéé%qa8¥e%rﬂfn%gtgel u(aQ:Je and

aqwlgqtr@atﬁrw@n ysing the &gltepta%;pg Bp)analy@g[ werp@q)ftm@fﬂ The average length
of treaaghnEdmigifled WONA gloduatsiranyed betwbat 208a00aDN .
Experinent no. Mcroarray no. 1 1 251485031842 1 1 2
2 251485031842 1 2 3 3 25148503184213 4 4
2. pighridipatior o Agient Wialg IGeneme Pigerlfigoarsaayson schedul e
2501 rigadf ledich dfiee EDNASORAIE Byl AbQEMAPINE IoraT)304beng/WHith Was performed
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om t e erature seco
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usfhg RRHEAr Drdcarmmedea RSt charhbek afitt BvenThe | ast washi ng
step was perfornmed with acetonitrile for 30 sec.

—h

Experiment no. r- Microarray no.
1 1 1 2 485031842 1_1
2 2 251485031842 _1_2
3 3 251485031842 1 3
4 4 251485031842 1_4

Table 4: Hybridisation schedule

Finally, the microarrays were washed once with 6x SSPE buffer containing 0.005% N-
lauroylsarcosine for 1 min at room temperature followed by a second wash with pre-heated
0.06x SSPE buffer (37 °C) containing 0.005% N-lauroylsarcosine for 1 min. The last washlng
step was performed with acetonitrile for 30 sec.
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What can be deduced from table 5 is that with prolonged culture time, the expression Ie\_lel of
genes iriivol#ed in three dimensibnal .-arrang'emen,t and tissue formation is approaching the

expression level observed in native dermal papilla fibrobiasts.
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d ycl ne 7511 37.511 0.500 1 L-Alanine 8.9
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cydwe Tr ypt ophan 1611 L- Tyrosi ne di s{pdi um sal t "dsjnydr at &oe
La20411 111 L-Valine 941) Vitam nsjAscorbic Agif l
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Lapambtvotcierat e 11 47711 411 0.00839|1 Folic Ad%ll 11

L-Phenylalanine 66

LAkl 411 0.00907 i-1positol 11 11 7.2 11

L-Aspartic acid 13.3 ‘

L-Cysline 2HCI 63
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L-Histidine hydrochloride-H20 42 u

L-Isoleucing 108 E

L-Leucine 105 [I

L-Lysine hydrochloride 146 '

L-Methionine . 30 "
!
|
|

L-Proling

jiL-Sering 52.5
L-Threonine a5 ”
L-Tryptophan 16 f
L-Tyrosine disodium salt dihydrate 104 ) ‘
L-Valine 94 !
Vitamins
Ascorbic Acid phosphate 25
Choline chloride 4
D-Calcium pantothenate 477 4 0.00839
Folic Acid “ 441 4 l 0.00807
i-Inositol 12 '
Niacinamide 4 |
Pyridoxine hydrochloride 4 J
Riboflavin 0.4 ‘
Thiamine hydrochloride 4 |
Inorganic Salts
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nmet hod for produci ng mamalian hair mcrofollicle
conprising the steps of: (a) providing at | east one
e 20080 828%api | | a, (b) providing at | east one BEHER2009/053363
cell population selected frgmthe group of
fibroblasts, keratinocytes and/or nel anocytes, and
(c) co-culturing the de novo papilla with the at
| east one other cell popul ati on under non- adherent
ClAIMBure conditions. 2. Method according to claimil,
wherein the at | east one other cell population is

1. dBmievialis pr&ﬂ@%@ ﬁwaﬂﬁfahéf%irfnﬂlé}moﬁclmisma fmersteps of:
s sel ectﬁq fromthe group of
i

i
f%&PE?Bldﬁ'gtaémﬂa%P“? AR"RGPARER i ve tissue sheath,
k &) atavidiog \ett émstaore athernell anpdstive sele@ed Wenhod gaog of tirolgasts,
to %l@hr{@cgtegﬁd?or 8}t &R de novo papilla of step
(a .

I'sS coate extracel lular matri x proteins,
p?C F‘é‘F%itHf”iﬂ By re 5@‘@103["{9? with IS‘P Ghlegstione 8‘1‘1%!7‘?8F PPRUALIAR \"u”"er non-
4.  Mittdnaod caoetoddingst 0 one of clains 1 to 3, wherein
2, dﬁefﬂ&)’ g%cegmg' t{; i n?gﬁné!%géfmﬁ%ea‘i' :eaétgo%gr %ggeufso%p@la%n% derivable

nins¥as deriviep Eprag Fﬁ!ﬁ”@ﬂﬁj6é'dfﬂlﬂVe»twhﬁ%%%t?déf@&"dh%rﬁ@f’ ¢f §broblasts
Ofr@hedbonfédildBssde tH2ath, katinBoy i@ e eanddy@duci ng de

novo papillae usable in a nethod of one of clainms 1
to 4, conprising the steps of: (a) providing at

3. | Metbed agverditgrieralbinphpi 2. IvéreleiDRhe fie oaroatapile aktterofagis coated with
@&H@Aumﬁ%mi grh elrs! SefelBl) cb@aab.am mmcb%ﬁmd;d? frfinin.

papi I la fibroblasts (DPFS) fromthe
mechani cal ly fixing sai d DP at the surface of a cell
4. cMéthort ecopetirgeio, onehefr ditys tihe Basidreih alai /aro ipspillae are produced

pﬂc&ﬂ@?'ﬁ?&he Jfﬁme%%t%sgﬁ%ggo%o Btieithgs @tdong out, (c)

expanding the 1solate Fs 1'n nonol ayer cul ture
wi t hout coll agen coating, wherein said DPFs are
5. padisaigetlisles beasded @p e, mdtithd stosrdiag i ang of Hidme A pamnded
‘DPFs into cell aggregates that exhibit the size and
shape of the physiol ogical DP, wherein said DPFs are
6. ot NTeRYO8 igri REpBIging e rigre BRHBS jusarle (7l @ Getiod phersepfciqims 4 to 4,
c@hlprise@estepasi on per vessel surface of 1.000 to

](g&) g?g nggﬁ %ﬁ?e de?rﬂg % q @3923(%:’9% Igg?onge Qﬁ%gl hair follicle,

extracel rot
db)eiﬁ@ﬁiaxslqﬂrre@ilﬂam@ew"a Kwroblﬁt%@ﬁfébwrn ﬂszé?@w ‘maghanigay fixing

7. éhideb BoHe EQTac® bHiE ichBirdls 8 Wihe RBP ol bagal 145 8 péridrated
2t g@t gdsaﬁd oPEE mfgraﬂﬁc;!; gﬁtrrs 1to 4, conprising the

(c) expanding the isolated DPFs in monolayer culture without collagen coating, wherein
said DPFs are passaged at |east once,

(d) condensing the expanded DPFs into cell aggregates that exhibit the size and shape
of the physiclogical DP, wherein said DPFs are differentiated in non-adhesive culture
vessels in a cell concentration per vessel surface of 1.000 to 100.000 DPFs/cm?, and

(e) coating the de novo papillae with extracellular matrix proteins, preferably collagen IV,

fibronectin and/or laminin.

7. A method for producing de novo papillae usable in a method of one of claims 1 to 4,

comprising the steps of:
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| east one dermal papilla (DP) fromat |east one

manmal hair follicle, (b) isolating dermal hair
wapiop/iB243i br obl asts (DPFs) fromthe DP by  PCI/EP2009/053363
mechanically fixing said DR at the surface of a cell
culture vessel, whereby the basal lamna is

perforated to allow said DPFs migrating out, (c)
expandi ng the isolated DPFs in nonol ayer culture

Wa) pewnitling at |Ibaxd ene doabi pagila (TR freinrat leastiotle DRmMeabliatr follicle,

B@i%@@ﬁrﬁg @etrm%!er%ﬁ't gﬂ& %Progug%tﬁgt?ﬁﬂi%%f}ﬁe yﬁeby%%%@%:y fixing
shapid DBt thp éwﬁm@f @P%'géuwaﬁ vegeel, Wirrsehyithe kagpldarmpgrs paffasated
di ffoeems\ogé,gbeds h{grfnp,gna(dhem ve culture vessels in a

T6b OB e e Tl in VB Byer Sk ol collsgepyspatig, yerein
conekithBEGs érepassiagécatddasti@lee, 8. The net hod accor di ng
t(e) E&rﬁéﬁ&\né’thé"@&:‘éﬁde‘a BPER ..% Q@DQ@%@PE%%&.&W%% shape

or 3 to 15 days he nmet hod accordi ng
t o @it phvaIoBscH DRWWNR/RIN SBIHEIATS @& qifrsentigled Hidiongdigsive cllture
of . yesé®$ incomil icorgebiiation perivessal pafpcd ¢fae@00itd 100.000 DPFs/cm?, and
eXt wsbk&& &Earﬂﬁ@& Q.fe%ﬁ&é?éed f % 6&%¢zﬁhy col | agen

ronectin and ['am ni n. met hod
accordlng to one of the claims 6 to 9, wherein in

8. SttRpnditthy adeiidihddueeiinh v owHatns the ak@an6ay ORFsSRs conddnsedfr 2 to 21
no%q ?ﬁg' | ae produced by the nethod according to one
ct 6 to 10. 12. Skin equivalent conprising the
hal r mcrofollicles according to claim5, or the de

9. rﬂ‘?}\é@netr%%&dr@ﬁ’g @Ccca@ﬁ dlom Wrﬂbh%ﬁ]bme% lhe fsther btgpbant

{
PPN P ef ded Rt Rl hate: e, prtersy grtooen v,
noVibrgraginl dndfer @oinar.di ng to claim 11, optionally
together with pharmaceutically tolerabl e adj uvant S.

14. Trans t tive, i n ent

10,31 n100 @CesUD OB OIS § (TR e 6 GO B P
draconddBed.opti onal |y together with pharmaceutically
tol erabl e adjuvants. 15. Hair mcrofollicles

11 %éCrQng tl;ﬂﬂiab ArdaliGdBy e HEMAPNRoRMB S brdtor BiaRIedbR8. L O

claim 11 and/or skin equival ent "according to claim
12 for the prophylactic or therapeutic treatnent of a
12.Skmdkequivelantadompeshicthd hainpuisrbfolidleshadcording® 2180605, 14t 8283e novo

ot RN RIREA 1132

13. Implant comprising as acfive ingredient the hair microfollicles according to claim 5 and/or
the de novo papillae according to claim 11, optionally fogsther with pharmaceutically

tolerable adjuvants.

14. Transplant comprising as active ingredient an effective amount of the skin equivalent

according to claim 12, optionally together with pharmaceutically tolerabie adjuvants.

15. Hair microfollicles according to claim 5, de novo papillae according to claim 11 andfor
skin equivalent according to claim 12 for the prophytactic or therapeutic treatment of a
condition of reduced amount of hair.



16. A kit conprising the hair mcrofollicles

according to claim5, the de novo papillae according

to claim11l, the skin equivalent according to claim
wiRyoovhe2ssnpl ant according to claim12 and/ ACTIER3009/053363

transplant according to clapm 14. 17. Use of the hair

m crofollicles according to claimb5, the do novo

papi |l ae according to claim 11 and/or the skin

equi val ent according to claim12 for in vitro testing

hai r-nodul ating effects of substances. 18. Use of

16tm9<|t|'@h{pnfm§ kil Qi h‘ﬁc!r&&h@é%c%c@‘dﬁﬁ tboclaﬁfh% Mhe det n&odﬁaplllae

novo ae according to claim 11 and/or the ski
e’flfﬁ?"?'ﬁﬂ @H%‘a”ééé of®FHiy e‘l%va!ﬂ‘b?‘i‘f?’iﬁg foraimd 2\ ihe fmpiang §‘E‘P'iﬁ’5‘9 to

t airn @ 2 @hd/ecth & trafsplastesdraing ®sclaih94. A nmet hod f or

treating a condition of reduced anount of hair,

wherein the hair mcrofollicles according to claim
17 8Jserah the dair AEACHISERSIACFAENHIE StoIne PriBe Y7 BARMAE RCCOAHIHY 1§ claim

tReandfkitie SaHEqUNBRAL Sccaamg sl cash 1D 1de i i ledti®y Rair-modulating

iqfctBE gted into the skin of a mammal in need of

TERS PLERSBRES: 20. A nmethod for hi gh-t hr oughput

screeni ng substances, which nmodul at e hair properties,

18 Q%QE {neinGig mtct‘lﬁollﬁ:teﬁ f&écd?cf ling to cﬂfnpy 'tl%l J&vo@o 55}5‘!@5 ﬁc&f"drﬂgl'lﬁ claim
ccordin

o e i BireeRReBEr aengng 4o Eel T B dhire fe iigiafects o

egbstwakent according to claim 12, - dividing the

respective sanple into portions, - incubating at

| east one portion with substances to be screened, and
19.A oeatiedr fon gregtinca fe eR1iIoR fof gryced r aprupt job dair., whergin the hair

pwitrblolliclesrdebrdiab ¢d Eldim ) thetdeGiovd Bepilladé Scchdling td laichott adh/or the

hethogerﬁy Q(%Jomet%'claim 12 are incorporated into the skin of a mammal in
need of such treatment.

20. A method for high-throughput screening substances, which modulate hair properties,

comprising the steps of:

- providing a sample of the de novo papillae according to claim 11, the hair
microfollicles according to claim 5 and/ar the skin equivalent according to ctaim 12,

- dividing the respective sample into portions,

- incubating at least one portion with substances to be screened, and

- comparing parameters of hair properties in the portion with another portion that is not

incubated with the substances.



