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5 DESCRIPTION Hair Gowth Method Technical Field The
invention of this application relates to a hair growth
nmet hod by 10 transplantation of dermal papilla cells
and to a transplanting material used for the method.
Background Art 15 Hair follicles producing the hair
shafts are induced by an interaction between speci al
nmesenchymal cells, dernmal papilla cells and epi dernal
cells. It has been belpegegipteinder mal papill ae
deeply participate in the regulation of hair cycle,
which is a repeatedly cycles of hair follicle
devel opnent, 20 produci ng and el ongati on of hair
shafts, and involution of hair follicles. Wen the
hair cycle becones i |O0US causes such as
decrease of Dbl ood fﬁgﬁgﬁtl?%‘a%g{ordobul bs and
i ncrease of androgen concentration, nmale pattern
bal dness (androgeneti c al opecia) appears. At the |ater
stage of androgenetic al opecia, effect of hair
restorers is restricte nd, n.addition, 25 density
of hair follicles al so'gﬁ‘glb%ir?@i%éfaér se whereby there
has been demanded a therapeutic art for increasing
the nunbers of hair follicle tissue by cel
t r ansfieaitvehtion.of|thid heplieatdor réelessapedthdir gtdwtH tmdtasd by
been reported that a nmethod of 30 ) )
trapsRjaptatinapphdernalopepiilareedistand de & Fasrplagtipe magerial used
fbﬁ?ﬁéhﬁﬁﬁg fromoccipital 1 area to frontal and/or
si ncl pi a?'scalp W th al opecia were devel oped to
reduce the area of the al opecic site (Non-Patent
Docunent 1). A clinical nethod which hair follicular
units were surgically separated from healthy scal p and
grafted into the al opecic¢c site has been also reported
and a therapeutic effdtackgrpund At ap ¢ (Non- Pat ent
Docunent 2). In any of those nethods however,

Hair follicles producing the hair shafts are induced by an interaction
between special mesenchymal cells, dermal papilla cells and epidermal cells.
It has been believed that dermal papillae deeply participate in the regulation
of hair cycle, which is a repeatedly cycles of hair follicle development,
producing and elongation of hair shafts, and involution of hair follicles.
When the hair cycle becomes irregular by various causes such as decrease of
blood flow rate in hair bulbs and increase of androgen concentration, male
pattern baldness (androgenetic alopecia) appears. At the later stage of
androgenetic alopecia, effect of hair restorers is restricted and, in addition,
density of hair follicles also becomes sparse whereby there has been
demanded a therapeutic art for increasing the numbers of hair follicle tissue

by cell transplantation.

In the recent therapeutic art, It has been reported that a method of

auto-transplantation of healthy scalp skins with hair follicles from occipital
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al t hough normal hairs were able to be grown in the
al opecic site, it is still unavoidable that total
nunbers of healthy hair follicles or hair shafts are
the sane as before or even reduced. That is because
only healthy follicles are just noved to the al opecic
site. Accordingly, when alopecia within a broad 10
range is to be treated, it is necessary that nornal
afe@aoir&htall baadeF siRienli stals Wheslbpekih Qvede devBlo 'eéﬁo reduce
formation or, after the excision, donor tissue
thmpmw oh @hﬁaﬂlomtt pitskiNonaPatent ADocurpbhi d).esA chnlcal method

or & i's necessary that a nechanica
‘i‘f’ef’ eﬁgﬂ}cy Hr BOIS G5 SieAlE FePATAIq QR oAl He scalp and
g‘ﬁaﬁ%‘?‘?ﬁfﬁ W Lloekfe 0L IRL R s bRyt Bl hEuBR et
is3yvailabid QNO@&?a&émD Ddcantniti 2led thnd®y SEUBbaE rhétiReist Bowever,

wai t the expansion of the normal scalp skin. Thus, in
al%w@ aprmph hajst Wem ghleptahe arpwn, int Hee elanesint siée.aitus still

wiisitgis dRe RuaL Shbern 3t BRaliBg eyt Buicles afdmianiats are e
saih€ s Bfold ¥Levan Gelifadd. UHRANSR! BRLALE Uhly HeaRH ﬁouﬂﬁes are

very high surgical technique 20 and separation
just ahgvetli wstles alopdcivasite. f Aldcoediaglyh ywhan dl«xyelclaamethm a broad
demanded. Such a surgical method has a very

rangg 48tg hreligatedy it %ﬁép%ssa»wértpaWeﬁnglaWﬁlarfef Wé@h rapge is
t h hand t hat
B, G oo Rl FhalBAal e BRI dgpgp dissue

suMiy okial s¢d1p dkin %ﬂ? haﬁ&oﬁi&&ecmem;e@ﬁs id Ae&Q¥8FLthat a
by follicles in a healthy state and the normal hairs

mwhamcalsSﬂnaﬁChIey i$ ggtvibeshbirsettedbetprehppedtreviertissue under
osed to varjous _kinds, of ca ses faqr appearance of

the| petrlascalp rawivde Hé %v%n t%r%ﬂﬂa@ geshnally expanded
{N@ﬁ%ﬁgnf %ocﬁ[.'nrlér}ft' § L’ th%o lsl ai% cf‘e%n ﬁﬁgsééﬁégﬁegmes to

fromculture ce antatlon ere

wandtHaureg@ansibnt e aieoaﬁﬁncalpaéalpntsmrar e Thhds! giﬂ &pite of the
short supply of donors of normal scalp tissues Wth

awtedransplantations [the shereritsstablsyisdthan doingh scalp tissue donor is

trans L? tatian technlg? i%not negessar¥ E
nh SHOTEN G SYRRYI S SRaAY 0 17 CRe 6 oFgHn Hansplantation such
Ui i 5o ' - -
as B %ﬁ?&%bﬁénzﬁ‘gﬁﬁ% 28 BESAfeRh, Sehf hith Shteitiictenflique
anidnsgpat-adon of ecdlpeaisskien aavddhais follicles by handwork are demanded.

Such a surgical method has a very high invasiveness and compels
very much pain and burden to patients. On the other hand however, that is
effective as an only fundamental therapeutic method where the site in which
alopecia appears is covered by follicles in a healthy state and the normal
hairs which is hardly lost is able to be prepared even if exposed to various

kinds of causes for appearance of alopecia.

In view of the above, there has been a demand for artificial

hair-follicles constructed from culture cells for transplantation where pain
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made to conpatible to dermal tissue and subcutaneous
ti ssue. However, in such a nethod, considerable i mune
rejections and infectious di seases are -generated and
the nethod has been prohibited in the United States

al ready. 10 Under such circunstances, there will be a
net hod where the cells froma patient hinsel f/herself
are separated fromvery snall healthy tissue,

afdl Quirfieh JfitAR p&dt bakibhis ¥t ﬁ@ﬁ%ét%ahgh&%% of donors of
constituted into germof hair follicles using them as

narmalt ercalp thsnebywlithi hebbthlyi dads foblicles aiss ptantdat amd  high
are increased., Since hair follicles are forned from. ,
trepEplapatinte deph g alse B0t SrecEp Y o fWHE pERgAEA t ton PRt} hair

sl BTG SEUHERE B ETRELYY ol ere o

bi oconpat i
biadagladabR: afi@ Hied@hPaiBiaey polyasdie s anESRHE MStodthesitih and is
whereby repair of the transplanted tissues finishes
mgde dr| spmpeidle diordgrynal igsuiecand subcutapsioast tissuen Hyfwever, in
artificjal, hair, it . is not necessary tp.qive a high
it TG, aeeldstebls odRtns TEbeBopa e iterii iy Sgases are
RAEAl P ARIGY BLE eV Ponitiellin! e BMELLUNAED Afready.

of the artificial hairs beéecone epithelium For

exanple, in Patent Docunent 1, a nethod is disclosed
wherein hair dermal papilla cells isolated froma

pat i frdempnegle|diynanyanresrtbers oviH by a matbad iwhersnihe cells

e resuliin £ ur hair derpal papilla | s.are.
trbiCe 5Tt SRR BHLACIEER ol scpaleodit o R il PriBE Siosue
pro@iferatleh MY caBBLlthRtiodl leehWijuel AL cOLONNEY into germ of hair

i ncubation are transplanted to the skin, efficiency

foRigleshubinggtheat lrs 8 meteyidl ovlierahyl laiedollitldsafor tirgnsplantation
rown, the  state of the hair. is weak and the actua

ar%tl&f?{@*}? - tiRge Bairntolligles age ifarmeg drom b gulfgregepropagated

: | . i E rijfici.al.
oS AH AN el B8 e R 00, L EL By ana
inaad BtieAPkiteogiveay Highdidchrapaibilibalis akailihble! @o foreign body
devel opnent and a neans of tissue engineering are
regippsdeceappensnan el neliergbp wepain aif thé dfdrisplasstedrtissues finishes

oGO AR, SRR RS Rel 5k 25 L BBk iyt i o
w7, I CRME DS bl B8P SRS PRCPAED curing
sefralall idzlye stoasewgiishwieeks until the surroundings of the artificial hairs -
become epithelium. For example, in Patent Document 1, a method is
disclosed wherein hair dermal papilla cells isolated from a patient
himself/herself are grown by incubation and the resulting cultured hair
dermal papilla cells are transplanted to a patient. However, even when the
hair dermal papilla cells which are grown by incubation are transplanted to
the skin, efficiency for hair growth is very low, and even if hair is grown, the

state of the hair is weak and the actual status is that such a thing is hardly

said to be regeneration of natural hair,

For an artificial induction of the hair follicles, it is necessary that an
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able to be reproduced by an experinent where cul tured

dermal cells and epidermal cells derived from newborn

rat are m xed and transplanted into the back of

i mmune deficiency nouse (Non-Patent Docunent 4). It

has been also reported about a nmethod for the

regeneration of follicular balb by 10 transpl antati on

of human or animal dermal papilla with animal hair
ethBhyd164i€al fiRding ShMMeEhit Abllictl hatelBinln{ NRA- PbEMs of tissue

Docunent 5). Accordingly, it has Dbeen already known
engnbaiag| ert o dppliadpl | edst anthdohedatabent, ohairunfetlicles are

al opecia. 15 It has been also reported that the_intact
crRRrYALPSipalY | Aseelereknby  aps dnsstegtipRomfhaPidpmabs cglls  with

RS EA I0 TR BB AORBEL S DAL SCKIR! v

api s ’ar

rpBtdEeth A ethel iteraBlok Fbe ﬁﬁéﬁd%vé])éf()h{éﬁit D kit RS11i8kE s such is
with a pair of sharp forceps or knife whereby new
allgito belteprodiacest by abl exporipernitnghersd ciiltumed dermal cells and

i.nterfol licul ar epi derm s (Non-Pat.ent Docunent 6). .
enidiaipalofol, 5?*_&"%% 36@@ T ROy ?aatngfﬂ aHES oK Hebggiaed into
- . u n
B e L A i e U T
alko nieppettedi tbbas a hrethode far the tdgahemtioal bf ffollicutdre baib by
structures are induced and hair shafts were produced
trapeplantHiss: ef hyynam ez amimial desmial papdla withnanealdeqigdpllicle
pillae the 2 [ t i,ch cul tur der nal.. :
BERemeR e dbnicOT By o &l Bedtmrbt Bocifaingy, it has
bddaWaMBAdy IHhdWie t6a8€ Bie 0T PRl th@hd thQlthletlt &St A¥Mman

an interaction of epidermal célls with dermal papilla

algptdis, it is necessary that they are nade quite cl ose
each other until the interaction of epidermal cells
with dernmal papilla cells is able to take place. Wth

regar t j e Ve | e.t0
ac%i elge%% ?‘hegﬁ e['gl?'rgylD é’%dmrr@f‘%g&h ghlélr%gadgf:hrr%f’f% ag’é%".‘ﬁ Ik?lgesmy
is6latd fdf haiNS@IbaNbL GirtifibRl t @ nl efapilhé hedrplisitly cultured

under the epidermal cells. In conducting a
derah grinikia aello mroftratrplaetedaby geid frtoceispacé betwedre dermis
an??hggg}éri}ugg r{:tmh %g%%gqﬁg %Ikgrlh %&Sr’i(’?htallq %a%' %? esﬂalil‘lsat folf'lgedp(:"sr or knife
whereby new hair follicles are able to be induced from interfollicular
epidermis (Non-Patent Document 6). A method where allogenetic
transplantation is carried out to the skin of rat ear using a syringe and
needle has been also attempted and, although the result is limited, it has
been reported that a hair follicle structures are induced and hair shafts were
produced and elongated by these hair follicles to intact dermal papillae or the
site to which cultured dermal papilla cells are transplanted (Patent
Document 1). However, in the case of formation of hair follicles by an
interaction of epidermal cells with dermal papilla cells, it is necessary that
they are made quite close each other until the interaction of epidermal cells

with dermal papilla cells is able to take place. With regard to a method by

which the above is able to be achieved, there may be a method where dermal
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techni que where the position for transplanting the
cells wthout diffusely is <controlled with a very
high precision is required. In the dermal |ayer,
fibers of extracellular matrix mainly conprising
col |l agen constructed by fibroblasts are conplicatedly
entangl ed. When a carrier for a drug transportation
such 10 as mcrotissues, cells and collagen beads is
phpiligCleBd a‘r@ttpaﬂ%ﬂt@a%td)ﬁ{é afda WARHK 8Kule ubHet $he epidermal
inevitable to inject after suspending i'n a
cgllyysi ol ogi cal saline solution, medium serumor the
like. In that case, the interstitial fibers are
cl eaved by the pressure upon injection Therefore in
t he | £ el ar b
der ma g(gl]ri)# egf éﬁl%érlan? %Oens O(f) 4 NS etpé1p1 Uusi C%%S a]ln to the

pdditi6¥ thafes quitel GodL e @rafcfel ik tuddérttherbwdi@mmarasier a high
| ocalize to the place imrediately under the epi derm s

teghuiguet wheienthy aosm@n fost tneespldating| thanatllyesighoty diffusely is
cell.s can, be ex ed. Accordin f that is able to
cqirollat Wb v EERP TSRS el gn’rvrriqireﬂleqﬁrrr%w&ar%& fiers of

LR REES, HA S AUEHL, L s LIS (TR

are dfinplésitedly drahgled. atidech hQ:aH‘ier s diwg taewpbeRmAt such
and to the cost for treatnment. In a nethod where
asplierotivpacs, cellpandeeplipgeneedeis inineteRrintethminner part of the

ranspl ante us unde e |de s by ha
i eraatitr oy BieeF 455 SRuiding B2 A ePriglotieq) getine
sIRIBY e e sERRh Fﬂr%te Bk N rﬁhﬁ%@ ké)ﬁsé tth'esmterst1t1al fibers are
substantially i npossible to induce several thousand to
clemredr by thenmeshoesapah injectianr Thetdfete, an ehecajiediobyofintact
patient suffering from al opecia. In the neanwhile, the

dqriRAd egileco fartRp] dsprpt repdiace pad aFl’}Ye%YHW of :mlls etc using a

[ r gl
s R el BRSSO B
uiddrahe dpiddriek e dRE riﬁferﬁ@ﬁ’cbﬂ batwdd §erPAl and mesenchymal
transplantation isolated fromrat vibrissae are able

celly dse belgspéctad edc¢adingly) dripapes iabtk whén emluperedamm;rms of
of condrtroned nedrug%of primary cul tivation

the o taehmghecefiide o rlot Of] g ng geeded fa a%‘indd%(‘échw the
n ClUt B

Rl P ora thoy' o P Sr b Wl Bl ppgy oo o

result, that is added to the cost for development and to the cost for

treatment.

In a method where epidermis is incised by tweezers and knife and
transplanted just under the epidermis by handwork, there are required skill
and labor as well as a big damage to the recipient skin whereby it is
substantially impossible to induce several thousand to several tens thousand

of hairs which are needed by a patient suffering from alopecia.

In the meanwhile, the inventors of this application clarified by

transplantation of subcultured dermal papilla cells into the spaces between
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t hroughout the subcultures for several tens passages

and have filed a patent application already (Patent

Docunent 2). The inventors of this application have

al so invented a nethod where a predeterm ned anmount of

fine organism material such as dermal papilla cells

is discharged froma di schargi ng device such as

syringe in a sure and stable manner so as to

anspl e d Rauendd RaLe :

q%gp |ca?Pgn&§?%%a8§K%P§Pg%f Docuﬁ%%%ﬁg)&eAs ng%PP%hge s for
traasplianedtinee isdlatedsfrofc estsaibyiskad ard diltd it® meofubhduh@idr for a

follicles by transplantati on of dermal papilla cells
lopgperiog wépndem@anaﬁaﬁ. qf] C@@dlfe@nqshmqglﬁ@@ efepriglary cultivation

ceI near. the e
oAbt Bltral S, I PR BPEg S R, B e EOF™) ana
ﬂmﬂrtﬂe @.ubeutttieed a&rﬁéﬁﬁé ilth cellB detasial ﬂm@@&lﬁ:ﬁ%ducmg ability
efficient hair growh i's resulted fromthe

ﬂHDBQh@htameeﬁledﬂtmb fpapevdral talslmssaged acd dewt fléd a patent
|t has bee | so known that dermal papilla cells
eealf ¥ (Ragert Becpgentnducths ﬁnﬁ?mﬁ’?ﬁ f thiy peplication

f

h%\g%ggﬁ §ildr 0 gpﬂeg@ac{w gﬁbg gg(g&%{},@a%%g% ok 682 fanism

mBegitieiich s dWrh&l }saqgnactene i$ Badchat Rl froMeAtdIsch@king device
this application have invented an incubating art

sughen® spERgalin gapitd and stdlde anangerown asnddras@anPo ghe skin

L2 b ol i h f || |
arfciﬁﬁYﬁé (ja B@Fe,nztalgapl,]fg%tl@&ralre gygéfbtoeg& 06&%!( r i cl es

Docunent 3). However, even in the case of the dernal
papilla cells that are cultured and grown by the
met hods efentivtcRahe@rinatHovey ey ndeesahih@eigihduction of the hair

r gﬁgeratlon of hair follicles after the
folliclasshy siansplagHatips ¢lesmal @apillrecells thati iotaatidarmal eapillac

abilit ucti.pn hai r_growm h .30 d crease
ort ke By BB ol 2 5P e e B T g opidermat
lap@Ehd AREH FHor8loY thém! il tealMdNaRRA WA bﬁfﬁe‘i’ﬁﬁ?ﬁfe feipient
a method where transplantation is carried out under
1S$mwle smgllatnel tHaatefBcisnf hagigrnttiald tésttekiciroinailve tgaosplanted
pplied to the dermal papilla cells that are
de|5 Rgatlacadls subcul tures for a long period. On the
ot her hand, dermal sheath is a tissue conprising
dermal cells surroundi ng the outernost |ayer from end

of buh&ideRtdlly, OR hR8i ®ReAl altdl known that dermal papilla cells

decrease their ability for induction of hair-follicle regeneration and hair
-shaft growth by repetition of subcultures for about ten passages (Non-Patent
Document 7). With regard to that, the inventors of this application have
invented an incubating art where dermal papilla cells are grown under such
a state that the ability for induction of hair follicles is able to be retained for
a long period (Patent Document 3). However, even in the case of the dermal
papilla cells that are cultured and grown by the method of the Patent
Document 3, although regeneration of hair follicles after the transplantation
is possible, the situation that the ebility of induction of hair growth

decreases together with subculture and is lost is still the same. Accordingly,
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follicle. The dermal sheath connects to dermal papilla
at the |owest end of hair bulb (arrow heads in Fig.
7). Incidentally, when hair follicles wherefrom
dermal papilla and hair matrix are partially excised
are transplanted in renal capsule or hypoderm c
tissue, the hair bulb part is regenerated and
el ongation of hair shaft is observed. Accordingly, it
th28 Hagastehed bENRUhAld (R LAIKRO Wikt $rfsphaithiids ﬁyﬁgrned
papilla cells are distributed in dermal sheath. It has
owewndeesenh |y sfataritat hatyifivienn adilityxjoe tiaie gtowdheiseapplied to
dermal . sheath freshly |solated frommale scalp is
the deraajdiapdtla gelds that 4rs prepsgated Py BiGRlilEes for a long period.
formation of hair follicle is induced and hair-shaft
is outgrown fromsurface of recipient skin
( Non-@GattaslotPOcHARA! déimalldhehas iDaasAeSOmMBEHAE dedmal cells
t hat, when prlnarlly cul tured dermal sheath cells are
surrrah@émtfe@ outermaens leivere frommiesisl p k;uhbttouhulgr: teglon of hair

Il cuI derm s of the rat ea rmati on
5 e Pl LoRU RANEER ‘SnioTAR PRAL, Bufhe Towest end of
C
h“%“i’%‘“ﬁ’z%l?%e}% NI e, ) IRGRPRIDG? StleChr lipR8Wheretrom
daisd papilbpeahdlhdir anspixaantgidraallyrikeisedlart aransplanted in renal

regeneration of the hair. However, in the case of
CapsHify | Ofs Hé’aloﬁeewq stlssauet hthfg thaipi bulby mast =5 regenseategh and

ciGhest] o ShA% GRS Al edthdivud fef PeRBatie O mat

pre8hisorideat o%%ugaa%m%pw@e&ﬂg afeems&m@fea%edgrmaz sheath.
Docunent 9). Patent Docunents: 1. Japanese Pat ent

Lai d- Open No. 2001/302,520 7 2. Japanese Pat ent
Lai d-Open No. 07/274,950 . 3. Japanese Patent Laid-Qp
No. 2b&@s2aeemyserensly. oxndnthate sthashes: e@eilm%#owgﬁreaéemal

t I e t
ot el Befle REG ULE 510 1 Sl P BARE, pRlneg o, fomate
fofdaral skinyHbGhegb@ ol hiZ Rl1ad is WRdeHdenhd HainkNak is outgrown
Dermatol . Surg., 23, 757-762, 1997
from surface of recipient skin (Non-Patent Document 8). It has been also
reported that, when primarily cultured dermal sheath cells are transplanted
to the sites which is just under the interfollicular epidermis of the rat ear,
formation of hair follicle is induced and hair is grown (Non-Patent Document

9). From those facts, it has been believed that dermal hair root sheath cells

are also a hopeful transplantation material for regeneration of the hair.

However, in the case of dermal sheath cells, although ability for
induction of hair follicles and growth of hair is also noted, no significant hair
growth is noted in dermal sheath cells that are grown by subculture

(Non-Patent Document 9).

Patent Documents:

1. Japanese Patent Laid-Open No. 2001/302,520
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3. Weslander JB, Repeated tissue expansion in
reconstruction of a huge 10 conbi ned scal p-forehead
avul sion injury, Ann Plast Surg., 20(4), 381-5, 1988

4. Lichti Uet al., In vivo regulation of murine hair
growm h; insights from grafting defined cel
popul ati ons onto nude mce, J Invent Dermatol., 101(I)

1245-1295,1993 5. Jahoda CA et al., Trans-species hair

2 QT ddest TaYeh OAdYpdHINBNohARY4,08p Tol 1 cl e dermmal
papi | | ae, Exp Dernatol , 10(4):229-37, 2001 6. Jahoda

3 Ghapdneae Ratent fidf@pdr NbeQOﬁB!m’ﬁ @a0and hair growth by
vibrissa dermal papillae inplanted into rat ear
wounds: vibrissa type fibres are specified.

N ggng >(4), 1103-9, 1992 7. Weinberg WC et
5?%%& econstltu on of hair follicle devel opnent in

1vbtonigh 128 edell ¢1Stirgieki procetiuted forahe thatimhik 9P baltBidss, Cutis.,
*%gommh and hair quality by dermal cells. J. invest.

bt %P, 19860, 229-236, 1993 8. Reynol ds AJ et al.

ans, Nat ur

ender tion of. hair f cl es
2., B30 5RE5 ot 5 Mter i, S fan Qsubfe s ffpER, Dermatol
ﬁgglﬁ@lﬁ§f7@grq§b7sheath cells can induce 25 hair
follicle devel opnent and contribute to the dernal
3.sMaetlanded Jior Reypeat@hpidshia. exbarisivtesh . redensmtiotion df2d, huge

1267-1275, 2003 Di sclosure of the Invention 30 8 An
cogppiget S&ﬁin—f%ehwbﬁwléwnommsﬁra}aﬁlasém@n 201 381-5, 1988

p d t hod . mhere ener at,i an of
+PLRER, & 5 08 r® d8eiiatioD o ARaghS maf e?pufl sy, from
grigpid bansed lcen R pullgistd Bntcanhue%yceefj Irﬁﬂeﬁ@bé}ﬁia&ol 101(1)
growth is resulted and, further, the hair growth is’

134541208, 1898he state near the 5 natural hair and al so
ﬁ%ﬁ V|de a terial for the, transplantation
t

a MERTSRAGHICS O BEPWike IRdRRAON fpghuman hair
AL R SRR A T
6.COftEd=5 €A, t natepbansf RdlidleCRFRRGIch QAdCRAN airdWiE b &ibrissa

foll ow ng conponents

dermal papillae implanted into rat ear wounds: vibrissa-type fibres are
specified. Development., 115(4), 1103-9, 1992
7. Weinberg WC et al., Reconstitution of hair follicle development in vivo:
determination of follicle formation, hair growth, and hair quality by dermal
cells. J. invest. Dermatol., 100, 229-236, 1993
8. Reynolds AJ et al., Trans-gender induction of hair follicles., Nature, 402,
33-34, 1999
9. McElwee KJ et al., Cultured peribulbar dermal sheath cells can induce
hair follicle development and contribute to the dermal sheath and dermal

papilla. J. invest. Dermatol., 121, 1267-1275, 2003

Disclosure of the Invention
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10 to an incised epidermal site: (a) dermal papillae
or dermal papilla cells; and (b) epidernmal tissue or
epi dermal cells. The second invention of this
application is a hair growth nmethod, 15 which
conprises transplanting a conposition containing the
conponents to an incised epidernal site: (a) dernal
papi |l ae or dermal papilla cells; and (c) tissue which
const Ah Wrgset i ﬂleflﬁlvlahﬁbﬁ%fcthz§§bf)]§cét{b$f fofo pf&hag\éa ARthod
20 The third invention of this application is a hair
Wgﬁmmt n megérmiatimhi oh hadortyr itsessplamasiphaof | diggrmeal papillae or
osi.tion containing the fal.l ow ng conponents to an
Clﬁlﬁ n?%&@@ﬁ%@ﬁﬁﬁﬁa grllspto (e tdrns bighly qbagient bady ggowth is
I el ( t4s§H§ i.der
eh;én& ﬁ%éh?%)P%?ssue I'ch ‘cons f%ﬁtégtﬁg Q@ne near the

nzﬁ@irlal bhirsad al) té pkdradeal makeridiherahe rt@m@maﬁf‘a&dm therefor.
first to third inventions, it is a preferred

Aw peeamefor sohang the abaxe the felitwingtiheertiersart provided.
epidermal site is formed by incision of a part of
dermi s and whol e epidermal layer. 30 9 It is also a

pr ef em&ﬁ:-&nﬁ@&&t%%’lbf H*ﬁ@t( gﬂ?ﬁaﬁgﬁQS whesie ﬁtrgﬁ'th method, which

conmponents (a), n each of

cahprisse trianepiad tingy e Rbgsitisre coﬂeﬁni\t@dtl'fer folbolitig kodiponents
derived from human scal p and that, when the

tocaghtmsst %P@?’énﬂlﬁlﬁfed from human scal p, the

f f d
umar i asr il rifee 8 derdebPUnE FRhs S ai ment chat

huma calp so a

in the) éiﬁlaéﬁﬂﬁnﬁééﬁbeé’ré jaetmhPeelishi rd inventions, the
case in which the dermal papilla cells of the

conmponent (a) are ciltured dermal papilla cells. 10

The second invention of this application is a hair growth method,
which comprises transplanting a composition containing the following
components to an incised epidermal site:

(a) dermal papillae or dermal papilla cells; and

(c) tissue which constitutes hair follicles or cells thereof.

The third invention of this application is a hair growth method, which
comprises transplanting a composition containing the following components
to an incised epidermal site: |

(a) dermal papillae or dermal papilla cells;

(b} epidermal tissue or epidermal cells; and

(c) tissue which constitutes hair follicles or cells thereof.

In the aforementioned first to third inventions, it is a preferred
embodiment that the case in which the incised epidermal site is formed by

incision of a part of dermis and whole epidermal layer.
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In the aforenmentioned second or third invention, it is
a preferred enbodinent that the conponent (c) is
dermal sheath or dernmal sheath cells or the dernal
papilla cells of the conponent (a) are cells

subcul tured for 10 or nore passages and the conponent
(c) is dermal sheath or dernmal sheath 15 cells of the
hair bulb. In the case of such a nethod, it is a

prefefred apebodi pRAL LA aterrm?ﬁuggﬁﬂa{:haeth adkh e8! %iRke the

the conponent (c) are cultured cells and, nore
ctgppmhérits alaly (bt hnd def mal esthe af the edtﬂoseménﬁmct anpatteiis are
are cultured cells that are grown in a medi um

d%%‘fﬁda. T gheegam orpdetiyed Higm hpman scahpandyitheh, whga the

C({ﬂr}gnsp tggta} {cherr%{‘)ﬁgtn g{roi%ﬁﬁﬁksﬁég g2){:10?1 ofaf Ve %negs incised

epitieinl dtorsefobinedaAeimhn \6@alp. ons. Thus, the fourth
invention of this application is a conposition

contai ning the follow ng conponents: (a) dermal

paplllae r der cells; and
epi ot ARPT 8156 ealfe%eg?%eamn et s rpmgntioned firs to
S Ni1.G.0 [
e S8 FREE oy by LR AL it P OTRA Sffbonent
(af ade tiltsized dehmnahpapiliatdellst es hair follicles or cells
thereof. following 10 The sixth invention is a
conposition containing the followi ng conponents: (a)

der ngl i_l.l ae or. der,mal pilla.cells; .5 (.b).

cp! daPnille AR ioNE sl ot o8 mntic) (ligspapreterred
ethBb G GANSLE ttHE @SniiRinent @) llscckc@ﬁla@ IsHegtth oridehR®ishekhth cells

those fourth to sixth inventions, it is a preferred

orethizodiénmeadt parilla cellhef d:hmmnqmr&:n(t ), a(dﬁel%elubm)ltmed for 10
derived fromhuman or derived from 10 human scal p.
OTHRRFh BRSSAgES sl b comBRnEBhéd if slermiel best oR dermal sheath

ce Qvgfﬂtlllg rﬁ‘alr"t;ul'b?c’ 3n the case of such a method, it is a preferred
embodiment that the dermal sheath cells of the component (c) are cultured
cells and, more specifically, the dermal sheath cells of the component (¢} are

cultured cells that are grown in a medium containing FGF 2.

Further, in this application, the following invention is provided as the
transplantation material used in each of the methods of the aforementioned
inventions. Thus, the fourth invention of this application is a composition
containing the following components:

(a) dermal papillae or dermal papilla cells; and

(b) epidermal tissue or epidermal cells.

The fifth invention is a composition containing the following
components:
{a) dermal papillae or dermal papilla cells; and

(c) tissue which constitutes hair follicles or cells thereof.

10
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preferred enbodi nent that the dermal papilla cells of
the conponent (a) are <cultured cells. 15 Stil

further, in the aforenmentioned fifth or sixth
invention, it is a preferred enbodinent that the
conmponent (c) is dermal sheath or dermal sheath cells
or the dermal papilla cells of the conponent (a) are
cells subcultured for 10 or nore passages and the
conmponent (c) is dermal sheath 20 or dermal hair cells
of the hair bulb. In the case of such a conposition

it i sTha pixéeimedtionbdsi aerbripuaitidrhecalanirhg sbeat following
cells of the conmponent (c) are cultured cells and,
CofBPEN&YSei fically, the dermal sheath cells of the

conpo . ture lls that are grown in a
negPugfg%ﬁ%gg%%éba%ékdggngggﬁ%ﬂ?ﬁF@Sinvention, " der mal
papi | (bpepitRamsl disdes BRbpidRPInkl Belld; Slée Which is
isolated fromthe skin and "dernmal papilla cell"” neans
each (of tissiee whédh congtitobesclonis tfolligtes drhvelld ¢hemeof.
papilla. Simlarly, "epidermal tissue" is a tissue of
epiderm s isolated fromthe skin and "epidermal cell”

is e t C - Whi eh const.i '
i soug, R ag ogri e ST ikenfion SOk d el SEMERHIR thae
tHehadmipsnesl §d)edbf mam [Bhidrel Qbdived erandhigdennet &rRatihfrom
cell" means each of the cells constituting the dermal
humagntsealp.-Hair growth” in this invention neans that
hair follicle is induced into 5 the epidermal cells

by transplanted dermal papilla or dermal papilla cells

and haignheNald the SHRMANRME Yo dehetRLedn £ h-Bﬁs, it is a

follicle. Although "hair growh" neans that the hair
prefeated stedemane thdtr tre dérendlapapiflaldeils|of the comiriemnqd) are

bove sFontaneoust el ongates, the el ongation of the

cWipredgellsych  may al so be mentioned as "hair growh

i nduction”. 10 Other terns and concepts of the

inventions will be illustrated in

Still further, in the aforementioned fifth or sixth invention, it is a
preferred embodiment that the component (c) is dermal sheath or dermal
sheath cells or the dermal papilla cells of the component (a) are cells
subcultured for 10 or more passages and the component (c) is dermal sheath
or dermal hair cells of the hair bulb. In the case of such a composition, it is
a preferred embodiment that the dermal sheath cells of the component (c) are
cultured cells and, more specifically, the dermal sheath cells of the
component (¢} are cultured cells that are grown in a medium containing FGF

2.

In this invention, “dermal papilla” means a dermal papilla tissue
which is isolated from the skin and “dermal papilia cell” means each of the
cells which constitute the dermal papilla. Similarly, “epidermal tissue” is a
tissue of epidermis isolated from the skin and “epidermal cell” is each of the

cells which constitute the epidermal tissue. “Dermal sheath” is a dermal

11
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detail in the description for the node of carrying out
the invention and for Exanples. Except the speci al
arts which are clearly nentioned for its source,
various arts which are used for carrying out the
inventions are able 15 to be easily and surely carried
out by persons skilled in the art based on the
descriptions in the known docunents, etc. Brief

skRaA it @Rt ¥ idoGePrAnh sr &R1iflGndl detnA] %ﬁ@&@aecém Imeans
a m xed transplantati on of hair dermal papil cells

eanidofethiedellsmionstuting thendermeal shdanh(b) was separ ated
fromthe back of the head (a) of healthy male. The
skin was separated into epiderms (c) and hair bulb

( d) mf—leﬁp g%’]ﬂ'qﬁ ItﬁlS dlEl%gLHglqtﬂl%% 19%1 Iil[%_rl-.] d%% g lilgn}cﬂlced into

tweezers. erm s was nade

tireddidefrRdl de¥lsabyt fr@ﬂ&;ﬁlaﬁted/\ﬁéﬂnﬂ' YASilA or \e«i&kﬂn@l bhpilRaddlls and
bul b was further separated into dermal hair root

hajrieshait (i) Smmanhaﬂlﬁﬂy de¢mlatt?§h;fr¢matf(eg)foﬂl¢1¢e halthough “hair

R R R g@%%?ﬁ&@@ chio 3h8 Beiplaicte as
mteﬁugie_)l&l? abdld Qﬂa&lﬁﬁl&hﬁsg %@R@é V\@I{)ﬁgﬁn{ﬂ Hp{l‘f‘eis{igﬂtas such

to give DI - hal r
maylallsx) be manibnddrasihdmgrowthahdsbdesh cel | s (h) A
part of the 12 hair dermal papilla cells were sown on
a plastic dish to conduct a primary culture (k). The

pri tur hai r la cells . wet .
subjrrg(?:'ihe¥ & 0 sﬁ'ﬁg eSS ga h}eﬁ?‘rgvé’nﬂoﬁﬁswj(li)beaﬂﬁmtrated mn
ddtbil tifefheSaR PP RA 1R tRDPRIURDHVEdrDyifig Jdtu@feeﬁﬁ%ﬁhoﬂy&d for
to give cultured hair dermal papillacells (m.
Exignples| t Uisedpb thei dpecial artd lwvehith) ared e:tamly maentiommt for its
sheath cells (h), and hair dermal papilla_  cells (i)

S%F% TAORY i BRIt b A AHNiBE sy e dapentions are able
o BRI Sy S8 o GBS S Wl il on e

ddsbﬁpﬁdhi;hhﬁ@ﬂe Rabimdtddimhemapetd. a cell's (m were m xed
with the epidermal cells (n) which were freshly

prepared by the aforenentioned 10 nethod and simlarly
subjected to an autol ogous cell transplantation to the
forehead skin wound to which the transplantation is to

be done (0).  Brief Description of the Drawings

Fig. 1 is a scheme for a mixed transplantation of hair dermal papilia
cells and epidermal cells. A haired skin (b) was separated from the back of
the head (a) of healthy male. The skin was separated into epidermis (c) and
hair bulb (d) by an enzymatic treatment and by handwork using tweezers.
The epidermis was made into epidermal cells (€) by a treatment with trypsin

while the hair bulb was further separated into dermal hair root sheath (f) and

- hair dermal papilla (g). The hair dermal papilla and the dermal hair root

sheath were subjected to a treatment with collagenase and trypsin to give
single cells and labeled with a fluorescent dye Dil to give Dil-labeled hair

dermal papilla cells (i) and dermal hair root sheath cells (h). A part of the

12
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Fig. 2 is a cross-sectional schene of the
transplantation site to which a m xture of dernal
papilla cells and epidernmal cells is transplanted and
of a 15 cover after the operation. A forehead skin
under the hair-line where no hair was present was
previously selected as the site to which the
transplantation is to be done and then all epidernal

hhRY RN bR cefis Wr@asl.ovd'rﬁl‘;ﬁra (fflasttfleﬁ%h f 88RdUE & primary
trepaned to a depth of 3 mMm Thé m xed cell pellet was

ciltjuecfikpd Thdédermnatily. cil@Oudteidghaid demmasd palpilla eslis twere subjected
i cal study of a. cell-mxture transplantation of

%
tc’f ﬁIEQ?‘FIé‘é‘fﬂS f%r%’ﬁﬁ? dimgR Anaerncb éwthpra s&éuqcéed ttRelaleling with a

ﬂﬁ&%@%kt V\#e' E gg}ge&g?tg\%qﬁ' {H;%r ldo‘c‘i s P’ﬁ mﬁ\g%xacultured

epidannfl edlsafe], oferand Hdie rbd&ﬁﬂﬁéﬁtﬁrﬁeﬁﬁ (&) bed(Rai¢ideeil Papilla
with a broken line). Bis a histology of hair
calls] (i veare anixigd | andosubjhetedaioramyautalogats ¢diletranaplapltannrecb the

d h h |
foffighel 5 ol fo TR e HENSPIRRGROPDe (n D Jphecrdn the
mesh®hilk Ofﬂe Bkt Hair 'd%nfi ﬁ HOLIRS gﬁg%&@ Ol A the

on serial section of B Beént si are note
eptletrhal el t (npnwhRichD wa'eafrfebhlyl’ gRepedpbyt tie Abrdonentioned
which is simlarly 30 stained at nucleus. 13 Fig. 4

n@ﬂmﬁswﬁ%eSlrpé@thSLH?Jefftﬁérf@pwammlpwaafzelé tnalmlmta@pn to the
It It d
folslfeadihl Wea€f KRG i ERseBf o O haRPRElRr <

(arrows) mhlch were grown after three weeks fron1the 5
transpl antation and the transplanted site (a circle

wi t h Fag.h2 ekercrbssredctidhal schamstaflthe yrafspabdaitionl site to which
bulb of the hair grown at the transplanted site

e #f drrog! pa %609&)4% P RBideH@RhCelfs [ trappRignted and of a
009910 Ektleptﬁl@ggFM tioh a 5re%£&'s)fdr% %deiltﬁe l:ﬂaur-fl #owﬁér%e n(g hair

m Cr oscopy sectron o uorescen

wad Preseat ethsaprebirisDostlet@d &5 the ke Qofdrhi@ha'ﬁ%&%nsplantatmn
m croscopy of nucleous staining 10 of C. Fig. 5is a

is i deudeneofngd thahtalbépikieimel liyer endngiost of dbtmdklayer phighese

knife
areas were %repaned to a depth of 3 mm. The mixed cell pellet was injected

thereinto.

Fig. 3 shows the result clinical study of a cell-mixture
transplantation of the freshly prepared dermal papilla cells, the dermal
sheath cells and the epidermal cells. A is hairs {an arrow) which were grown
after three weeks from the transplantation and the transplanted site (a circle
with a broken line). B is a histology of hair follicular bulb of the hair grown
at the transplanted site stained with hematoxylin and eosin. P, dermal
papilla; HM, hair matrix; IRS, inner root sheath; ORS, outer root sheath. C
is a Dil fluorescent photograph on serial section of B. Fluorescent signals
are noted at the position P. D is a fluorescent picture of C which is similarly

stained at nucleus.
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able to be freely adjusted. When this device is used,
it is possible to form not only the circular incision
as Fig. 2 but also the epidermal incision on the 15
line. Fig. 6 is a macroscopy of the state of hair
grom h by heterologous transplantation of a rat
cell-mxture of epidermal cells and derm s-derived
cells containing dernmal papilla cells to nude nouse.
In the third week from 20 the transplantation, hair
gromh aligned on the linear line was achieved. As a
r esul Fig. régemerat then refulf | efiritreenspidrdationi of nownixture of the
i ble. Fi crqoscopy of a rat vibrissa

0S : . 7 is am s
sty derpbil et el fRd e CulBrerk pPisivemeh oflls in clinical

t-ed. I i
RSB R PR e Mo BB P A fom e
traheplds tafiord BhadWsk. trilspldftdtBite pRRIrclcawitBS: H6kém@line). B is

sheath; M hair matrix; 0, outer root sheath; I, inner
hisgrlogxs hé felleular b ofthe tagr seovehahdhhitsansriantest vite sfained

o8 AR TSR 3P 4 el ot e upirbA M

isl BUCHBEbridcd AehRPYscop§  draklil salidd Y 8d ﬁﬁ{d}@éceﬂgg\iédtaﬁs are

cells (p=6) derived ffomrat whiskers were m xe
néted sl theppepdoe d. e de anfihorestdrst microevdyr of hatleoandtaining
transpl anted by a graft chanmber nethod onto the back
of§f- nude nouse.  After three weeks fromthe
transpl antation, hair growh was observed (a: 5 shown
by arrows). Paraffin sections of these hair growh

ti SSUBeWBHEa RERRAIEH HHTE of kRO S3RPE engRSEDISMe 8f LAY knife is
staining wwth HE (b), fluorescent dye Dl (c) and

alladbdar irsehi adingtdd. udNbse aéhis dyectidsatsst], (tels pdssble to form
seri.al., section was subjected to i munostaining with

DY She LIEUTIngGHIPD 381 T8 2 Rt Alse Hire FPidermpy ncision on the

lidecogni zes dermal sheath |ayer (d). Positive reaction
of the 10 SMa-actin antibodies was confirmed in the
dermal sheath in d, shown by arrow heads. DP is
dermal papilla, DS is dermal sheath and Mis hair
mat r iBig- Fil§. agnsprersopy of dbhestatt pf hefir gadwthybywedterologous

tréx?sdplfgﬁpa%o%blo Iat }/ato(f:elillngglul}ée of epidermal cells and dermis-derived
cells containing dermal papilla cells to nude mouse. In the third week from
the transplantation, hair growth aligned on the linear line was achieved. As

a result, regeneration of flumina polorum is now possible.

Fig. 7 is a microscopy of a rat vibrissa hair follicle stained with H&E.
Dermal sheath is connected to dermal papilla at the lowermost end of the
hair bulb and surrounds the hair follicles (heads of arrows). DP, dermal
papilla; DS, dermal sheath; M, hair matrix; O, outer root sheath; I, inner

root sheath; C, cortex.

Fig. 8 shows histochemistry of hair growth inducing ability of lowly

subcultured dermal papilla cells at 6 passages (p=6) and tissues induced
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15 subcul tured dermal papilla cells (39 passages) and
ti ssues induced thereby. The highly subcul tured dermal
papilla cells (n = 39) were mxed with freshly
prepared epidermal cells of newborn rat and
transplanted by a graft chanmber nethod onto the back
of nude nouse. After three weeks fromthe
transplantation, no hair growth was observed (a: shown

tHYeBy.0K8Brihil esﬁ)bulﬁﬁ*eﬁaaéfrﬁéln papald QRfis V@EG) llePiRad ef}om rat

fromthe site to which cells were transplanted and
Wbiﬂ@rw ew,bra raéredawithc freslalyppreglred epiddnmal goallist of hidborn rat

aé% co-staining Wth quorescent dye D] and
ba“firf‘?Bha LI Fe mgflaod ggke ke begk of yaie mouse.
A@éll tﬂ%‘ Iuv'egﬁs (f\t%rhshh\’geﬁ%r?%ﬁfﬁ?{ éggn' %agjze 5?&1(&{’ %sl l)fi‘gerved (a

Ina site wt ’repre Ive

slﬁ)vajirpbge Sar@6®s)S hORardffin S8&dtlonar bdVhese 2haifhgrovaht itidead were
slice was subjected to i munostaining with an
Prepesecthenidnmigrpsceridyokteredd sfieti staindng wﬁl@ cfd@ nfb.e fuorescent

der | sheat Fbmever SLtI we
i (@280 "rhkis RS TstueBt ae dsiietjer The serial
d [
se%hbﬁ:’\g\rhs 13@.5 e%t%g ﬁolr gﬁtﬁkggﬁgtﬁté%n?n na?ith %r?tli PuL o&@cﬁlﬂ dtibodies
whittiuspenificaliy | retygritesldermad ualhteut}e thyeerdpl Pohrwtreaetidss of the
at passage 1 (p=1) and tissues induced thereby. The

SMtﬂ‘iaGFl@da%*élP 'f:s Sasaeonfangd in ghe jdergeali shegth igrd, shown by
S r [ e W th fre re
epl dﬁ érﬁ% o2 I g @‘%Aﬁﬁaﬁ%ﬁrl]lar >ajlfgalrsiddemri"i";\lnsp n? %Iaga]&[eés hair

metraf t chanber nmet hod onto the back of nude npuse.
After three weeks fromthe transplantation, sone hair
gromﬁh mas observed (a: shown by broken lines). Frozen

secti SﬁﬁF preﬁfred fron1the hai r _ growth S|te and
obse \}%d9 s Bistachegdsgpertdrae grevih Hi%cms @pildgrof highly
w1800 S BB T DIBEBRS R BT End e loroy
THd hightyp @abe@uafecm&m aqhﬂardeﬁd (hn= BQEWeE‘e btkéd patH freshly
whi ch 10 was formed by |nduct|on (c: own by arrow

prnéawsl) epl@ﬁrm@l eRdlsraf|ngyesirhn| rat andgragsplentl by hegrafi crdnber

glvhal ; hﬂ% F%ﬁel?.hl&tb? H‘{%&%Fm g}te Ch&rpeg t u)éeks from the
transplantatlon, no hair growth was observed (a: shown by broken lines).
Paraffin sections were prepared from the site to which cells were
transplanted and observed under a microscope after staining with H&E (b)
and co-staining with fluorescent dye Dil and nuclear-staining fluorescent dye
Hoechst (c). Many Dil-positive cells were observed in dermal papillae (c: in a
site with broken line; representative examples are shown by small arrows).
The continued slice was subjected to immunostaining with an SM-a-actin
antibody which specifically recognizes dermal sheath (d). However, no
positive cells were found except in capillary vessels (d: shown by arrows).

DP is dermal papilla and M is hair matrix.

Fig. 10 shows histochemistry of a hair growth inducing ability of

15



10

15

20

25

30

gromh ability by transplantation of a m xture of
hi ghly subcul tured dermal 15 papilla cells (p=39) and
cul tured dermal sheath cells (p=1) and tissues
i nduced thereby. The highly subcultured dermal papilla
cells (p=39) and the cultured dermal sheath cells
(p=1, derived fromGP rat) were mxed with freshly
prepared epidermal cells of newborn rat and
clilh@RSPI M A GHRY 1R cOllfht paSHARPE(,E tabﬂdu%ﬂé% ihdecb@ekereby.
of nude nouse. After three weeks fromthe 2
The andpiradt dtrinmal, sheath aelld Whadengscb\ﬂdmmﬁﬁ‘Péhsasgerdc rat)

Wi, R At TESHR] BIPRRRS! CBNRErigh STt  ahaphariBg rat and
f
RS PRGR! {0y BERL chef R WG bl B Ekﬂ?fng b ffouse

Aftet dires ceedksdfrermDille aghspluaheadk; §(t~1ﬁb Mdig ghbwe aaseshserved
dye Hoechst (d). Many Dil-positive cells were 25

(2pisberpe byi brogra u@?a}m Fpegsnl seationg: Were piepasiedefony the hair

oS AR B AP BREAGS R TR 1) o

coStlieaith Adodditchl e aRFP {9 JmRE hﬁ&eéﬁsteﬁﬁﬂ\@ﬂﬁb‘rescen’c dye

arrow heads). The conti nued slice was subjec
Hbemhmddt all?lua@smmde ah GH# sraacdbserveanin I@oﬂer\huhhpart which

speci fically recogni zes dernmal sheath Sc) Positive )
wab ARG PRgBCHAR (SNFRoWE tHh AR Bers vvaE)Pc’@n‘ﬂ‘FrFlh%ldPaPﬂIa,

ngsgglemg‘e %@atﬁ %Slgqlmfc»l&gggn by 16 arrow heads). DP

erma eTmar sheath and Mis hair
matrix. Fig. 12 shovvs the result of transplantation of
a mxture of cultured 5 whisker papilla cells and
frestig. pi egfurved hidpolemimnt lof cetdvery anidumhaseahent of hair

A A o ol s o

t e (0]
ﬁ]t%%ﬁ%eggu@ _t%f@ nsp nl%ﬁ%égﬁ (%?Iq'tafﬁuﬁ#a:ﬂlri I ‘ges!fg éf?-_tnl é 8? d tissues
inflated eBekebl. Bhy dighlyaaibcuifigel tdey i R pilBS c¥ed (5-39) dind the

After two weeks fromthe transplantation, 10 three

cutugedd desimal shwagh gisdler wsd, a&lerché fsomeGFE vt} overa mixed with
nspl antati o ed rmal sheth cells

e TR S o P T cedlsr R i (eSSl By a gratt

chm%euﬂ;d bheo $hd SaMReSenddd HAASR! aHAt iRBe \%ée@;e%om the

m xing wt
transplantatlon very active hair growth was observed (a: shown by arrows).

Frozen slices were prepared from the site to which the cells were
transplanted and observed under a microscope after staining with HE (b) and
fluorescent dye GFP (e) and co-staining with fluorescent dye Dil and
nuclear-staining fluorescent dye Hoechst (d). Many Dil-positive cells were

observed in the dermal papillae (d: in the sites of broken lines).

. Fluorescence of GFP was observed in the dermal sheath of hair bulb part

which was subjected to induction and formation (e: shown by arrow heads).
The continued slice was subjected to immunostaining with an SM-w«-actin
antibody which specifically recognizes dermal sheath (c). Positive reaction of

the SM-a-actin antibody was confirmed in the dermal sheath (c: shown by
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dermal sheath cells, only one fine and white hair was
observed even after three weeks fromthe
transplantation (b: in white broken line; a white
arrow). 15 Black arrows show shafts and pores which
were present before the transplantation already. Best
Mode for Carrying Qut the Invention 20 The first
invention of this application is a hair growh nethod,

afbar Beddd)| Z2@P 8 debalal Ifalﬁmmgsn id @erfhheheMQgid MPRs hair
of the fourth invention containing: (a) dernal

meink] | ae or dernml papilla cells; and 25 (b)
epi dermal tissue or epidermnal cells is transplanted to
an incised epidermal site. Dermal papillae are able to

pe. 1 PEANIHALI Il BUNIP of #RERES Aok a thitfuld Bbultured

hair follicles exclsed exanpl e

whisken papHlaceelbsadd fleshBnpepatdy) detthd Bheagacdlst o eemenl scalp.
papilla cells, those which are prepared 17 by
ab%ﬁmr@ﬂn@um@ escnalerprila walls frapd)| drub fiephly rephredultured

th
R O R TR RR "B tsgR el vty Shbieptse 1o am
a@&ld@hscﬁhh§pfa§1lﬂ§@o@5toaﬂie|: Faiaddede 149 @Jr@ltl@id REVA RBlunteer

serum cont ai ning Dul becco-nodified Eagle's nmedi um

(heaEN hale, nBdtvicenedld)n tAfer Ekeoplesl)s Frdnor then transplantation,
owed, i.f necessary, by

a riate period foll
thgh placis Heie avege &Rﬁﬁ“’ﬁ? atrigrteoro YHEGLR tesHlgRtation mixed

v t er t
B Bhal B SRCTRhy | G0C ARSSANGE (P, etk e, v
ar@bws)nOtHdwevar shatige efte avhéﬂeoakﬁdlép1&wadlohwumau§ Weiirdy with
state that the cul ture liquid, etc. are renoved as

dernsh &&@apbﬁlﬂsl entsheneffimmand owhite bhaie geasl obsentvied even after
i derym u and |de referred

the ‘{f&%k%b i Lrage .Wd*fv{nta MP{‘%% Tingop white arrow).

BMBR' 8HWR tdiRw d@l’im &?IP ' %Jn%@ %Iﬁcﬁx%}égdp?&gn'tt bkfore the

nore preferred to use epider tIssu
transplantation already.

Best Mode for Carrying Out the Invention

The first invention of this application is a hair growth method,
characterized in that, a composition (the composition of the fourth invention)
containing:

(a) dermal papillae or dermal papilla cells; and

(b) epidermal tissue or epidermal cells

is transplanted to an incised epidermal site.

Dermal papillae are able to be isolated using minute tweezers or the

like from hair foilicles excised from, for example, the skin of animal (such as

-~ human scalp). With regard to dermal papilla cells, those which are prepared

17



10

15

20

25

30

or cells thereof fromthe skin which is/are as close
as possible to the site 15 where the excised dernal
papi |l | ae were present. For exanple, epidernmal tissue
or dispersed cells thereof being adhered to hair
follicles excised for isolation of the dernal
papillae is/are used. A mxing ratio of the conponents
(a) to (b) in the conposition for the 20
by ldRREAR! el ORkidedl @thSathdiad 18 éﬁcﬁa&élﬁgs@l?té’t\ﬂﬁgenase or
about 1:9 and about 9:1. The conposition may further
try prina¢nthetshevhiskiare petparefishic mcabatiohriabdraap pragiriate meedium
ati o of the_conponent

kin of f le). A mixi
Tof LB RS (i Ab R OB} affied W PiAlOMIA] SeBpontaining
; Q00 1. .
o 2) ShaBeetfl S MARE Dl b BT e Prgpoles
fo sari @ppeopridtansgicantgdwedy ibaeéaisaBE BY s@KRcEhBGot HOwth by

whol e [ ayer of epidermis or a part of derms with a
mgans eofosubpeltnie dor Eeverak awpbeveral tems gprsisagés imay die used.

abput tg 5 mMml engt 1to5 mdepth. It is
e R ph ot R PO ed b e g By Co b Aot in' & state of a
A6AER MRl Pt SfiinSa kDL SRt Bl LS il des.

not n%#% thaﬁ 10 1| %er inc?gsgigﬁ%gh?hﬁgﬁgé#é #ﬁﬁ??éé%mias
moahasapassillt therefrob® t han about 107 to 108. The second

invention is a hair growth nethod, characterized in
that, a conposition (the conposition of the fifth

o 1V ieerPdd ThouieentioBt Tetl BBRcePRErde AR i 5

pre@rbéLt8sSue epRldrinié AT Rf saine {dBRRARLANCthdOwdBrefrom the
i nci sed epidermal site. The conponent (a) of the

decog) guipillanaot exdieed ahtlhitiinvente prefarsed to niseldpitiénirgal tissue
method is the sa s the conponent (a) in the .
Orc;ﬁ?}%o 'ﬁtéﬁ frgpm Fﬂg_%ﬁmcm@éﬁm 6?1.08‘@? Eh@oseikls to the site
Lo [ i i.cle- ng. .
whEd e SRELIRAA Pdifide Fore' Bidstfile PN TR, Whigermat

tissiieadh disirs@l cpBPithbreol dding @idherédo dedifBbllichRabXrif¢d for
cells thereof are particularly preferred. Wth regard

isqlgtipheof dbe Agrmehpapiiagds fare wssdponent 15 (c), that
which is derived froman individual wherefromthe
dermal papill ae

A mixing ratio of the components (a} to (b) in the composition for the

transplantation is able to be freely varied between about 1:9 and about 9:1.
The composition may further contain other skin cells (such as fibroblasts of
the skin of foot sole). A mixing ratio of the component (a} to the component

{b) and the fibroblasts, etc. may also be made from about 1:9 to 9:1.

The epidermis to which the composition for transplantation is to be
transplanted may he formed by excising the whole layer of epidermis or a
part of dermis with a knife or the like. For example, it is an incision of
about 1 to 5 mm length and 1 to 5 mm depth. It is preferred that the
injecting amount of the composition to this incised epidermis site is made

not more than 10 pl per incision. Cell numbers in that case are not more
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are isolated is preferred and, nore preferably, that

which is separated from hair follicles excised for

i solation of dermal papillae is used. The dernmal

sheath as it is may be nmade into a conposition by

m xing with dermal papillae or dermal papilla cells

of the conponent (a). Alternatively, a 20 product

after dispersing it into cells and incubating in an
{RRPABRLH Bd8o 1edi um for animal cells may be used. Wen

FGF 2 is added to the medium at that tine, the hair

root sheath cells are able to be efficiently grown. A

rati o of the cqonponents to (¢

m Xi ] ! (a ) inthe. |
conpgg'i‘ff pefPIdoinventop rlaﬁsbwar&raw.t% ety dpehayackrjzed in that,

Led: . het - 1 Qe X ; : psition
a§§§&§ ggﬁk n?g?ﬁﬂﬁgﬁg%lg&,ﬁqﬁgrﬁggTQ%%hzﬁgﬂﬁﬁ obl ast s
of tha) akimal Pdpitlhe of @etmaDpEpilladelsi Md d i nvention is

a hair growth method, characterized in that, a 30

conpds] tussie Whinh ecurmputas loair dpllicles ogicellh theseeht i on)
containin he f.aoll ow n 9 c onents: (a) dernal
papiPFggﬂgﬂhﬁ@Fﬂ&Pﬂﬁﬁﬂége %%3?8? ?%3 epi der mal

tissue or epidermal cells; and (c) tissue which
constitutes hair follicles or cells thereof 5 is

t r ansfieandmgoheniifn)i sfciirecoraposicionbdf et #fthTiwention used in

conponents (a) and (b) in the third invention are the
thiymeethed ishHae sema e Bunposivonent ¢#) ithdhe|gogpposition of the

i.nyention.and th onponen c).is,th sane as._t hat )
ol R R BRS¢ | o PN cO RSP oS o FORERBIIOR (o is

follickd-B8n $tduitigl QerPhall NEhGOAPBARIH BairSrodt $BehilE BB BSr root
that in the first and the second inventions and (the

sheatipodermal @ppilla hefts ortporadt débil | shéatbnmpabelis thedeof are
u whil e (the conmponent (a)); (th

t o, bout 9:1 : e
Pad’élﬁ’dg’ﬂ nPreferysd sWF'ibg?ﬁgéB‘SG? the gleymal, Sla%%@t a the gamponent
.der. ' .l s. ' .
ol P Rer R b, SRS N U Nermat papiee
areGB@lata] I prufetHet iRl (ABAY brdPrd1i§ Safa SwichMel §&eparfted from

t he conventional nethod or about 15 passages or nore
hgip fellicleseetrisecoffor isolation of dermal papillae is used. The dermal
sheath as it is may be made into a composition by mixing with dermal
papillae or dermal papilla cells of the component (a). Alternatively, a
product after dispersing it into cells and incubating in an appropriate

medium for animal cells may be used. When FGF 2 is added to the medium

at that time, the hair root sheath cells are able to be efficiently grown.

A mixing ratio of the components (a) to (¢} in the composition for
transplantation may be freely varied between about 1:0.1 and 1:0.01. The
composition may also contain other skin cells (such as fibroblasts of the skin

of the foot sole).

The third invention is a hair growth method, characterized in that, a

composition (the composition of the sixth invention) containing the following
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Pat ent Docunent 3 by the inventors of this
application) are used as the conponent (a) in the
nmet hods of the second and the third inventions, it is
20 preferred to use dermal papilla cells or derma
papillae of hair follicle/hair bulb part as the
conponent (c) for achieving an excellent hair growth
i nduction effect. 25 Advantages of the Invention
coopehéhfg to the nethod of the first invention, dernal
papillae or dermal papilla cells are transpl anted

t oget fa¢ demwnthpaypillde oralertnas papillarcellepi dermal cel | s
and, as a,result, the gosition and the distance by

whi chib} FRidssma) tiganegr epilarmahpell@ndal papilla cells
are ! raction each 2 her .are
aut oﬁ@L@ﬁé‘%%ﬁﬁnﬁ .Stggﬁ%efﬁgnglfgfglg PSSR0 e¥e(5)rf m a
isCirshsplaftdid@l Hgiscisel bpidetmapsi@erms) as well. As a

result, reconstitution of the skin and fornati on of
the follicles are achieved in the inner area of the

transpl anted | ayer and jr.gromh. fromthe
trans _%ﬁ?’é’d’%‘&?‘%l(a p%l‘bﬁ?m’)al‘%égif §p‘1r51 yeptigRpRiggthe same as
C .
RSSO HARpRoR O SRRl LR SETRRAIEOLLA o e
saine prlthpap tha coalgwitidie bethe Bedohddih@ehtion] NBHEM i@RindSratio

Pronnted and growt h of the hair generated from hair

off Hhe icempenients s salsg i thiecaame yap tbabtiedtheafirst aaduthe second

. flumna pi,lorumis for at the hair oW site ..

ing kT8 By, B¢ Bl ) Boe Bt SE, Bfmaart 119 to

aB&dt!9:¢ lvehild rRBIBhAYRLE ¢)): (tHR B rdiRfehel o) RPEOSUSESLt 1:0.1 to
hair is generated. According to the third invention,

alihg IcO@donents (b) and (c) are 15 transplanted

together with dernmal papillae or dermal papilla cells
whereby follicle formati on and hair generation are

ro b Welg! th c onent ..(b) .and e
Purt iyt el BERUET Bl Witerc BRCREDNof e iy is
elityinatdtE o gddiiie dOby hengaERARGMCultale (fiSo 1@ PUbiagek¥r more

ef fective reproduction of transplanted hair is now
inpiges¢dsiventiongbmpdhed oxi alputhkb pessagesi @nalore 20 the method of
Paqglgth ?)doséilment 3 by the inventors of this application) are used as the
component {a) in the methods of the second and the third inventions, it is
preferred to use dermal papilla cells or dermal papillae of hair follicle/hair

bulb part as the component (c) for achieving an excellent hair growth

induction effect.
Advantages of the Invention
According to the method of the first invention, dermal papillae or
dermal papilla cells are transplanted together with epidermal tissue or

epidermal cells and, as a result, the position and the distance by which the

epidermal cells and dermal papilla cells are able to exert an interaction each
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Exanpl es 25 This invention wll be illustrated in nore

detail and specifically by way of the follow ng

Exanpl es al t hough the present invention is not limted

by those Exanples. 21 Exanple 1 1. Method 5 1-1

Preparation of human cells for transplantation Skin

was collected fromthe hair-grow ng area of the back

of the head of healthy male volunteers of 32 and 44
oftRAr Sré0f1BAEGmMRIL GbRH4 0 BhhelAdruRselb not form a cyst

transplantation to the hairless area of the forehead.
(pRtleologiel dadidusferpiflemishes weHns plsantesilQ revmistita tparadtired skin

fromthe site as showy by 10 Fi 1 and used after

apdkiggratioro i fbr eldliiies a7 é#?hgéﬁffgné‘fli the ripacheftea of the
Bk bt Loy RoREHEL AN BSEEb Bl bt mgogtecote

istgrenekdl. transpl antation, scalp of 3 cn2 containing

hair bulb was collected fromthe back of the head. The
skin material for the operation was separated into

the skin and supcutanequs 15 .tissue using a :

i or GRTOF A Ret G ST OP LB RS HecSBRen ps pngplanted
t0B8itler WithNagrrhQY%3tR8 &8 AL DNEMABRIHA LOMD Getfor O b

0%ni tesr/ mdi spase%)taigﬂsepar ate 1 tg epi gler?hvs and alr growth
indectiva.is Prpimited ianglugrowals dfithelhait genémited Irominhair follicles is
squares, sown on a 3.5-cmplastic dish and subjected )
sigiifigagtly eropaqtads upe sarrsWlb lumiea pilgres fsoforpigdeat the hair

tiF cording to a_ uspal. hod.. From t he 2 .
oblriie e ahe B slmPeltih Ml e St Fraebiiader apd follicle
tr8REAhRBRINME TBoreSERAT A RProMMBROh4H e Abrapd .Ml  der nal

papi || ae were sown on a 3.5-cm plastic dish and

subjected to a primary culture and to subcultures for
three tinpes according to the nethod of Patent

DocurtiferaingciP the uid dnveHionethe ogrgsients dbl gmd () are

w2580 Bafl R o ARG Dbt APHRRDBRLAI Sy whereby
foBRPA iR oth N0 tHEr SehBratith 8 CHEANGREShY | hBUBetibth AN the

t he subcut aneous tissue, hair
component (b) and, further, elongation of the produced hair is promoted by

the action of the component (c). As a result, far effective reproduction of
transplanted hair is now possible as compared with the conventional

methods.

Examples
This invention will be illustrated in more detail and specifically by

way of the following Examples although the present invention is not limited

by those Examples.
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follicles were separated and hair bulb part was
separated therefrom Dermal papillae were separated
fromthe hair bulb part, digested with 035%

col | agenase and 0.25% trypsin EDTA at 37C for 1 hour
and the resulting 30 single cells were stored in a 10%
aut oserum DMEM of 4C until use. The 22 skin tissue was
treated with a 10% aut oserum DVEM cont ai ni ng 2, 000
units/nl dispase at 37C g@hmlpibour and epi derms
containing hair follicles was separated from derm s.
The epiderm s containing hair follicles was digested

m&%g?o 25@6tryp5|n EDTA at 37C for 1 hour to give

lg %ﬂcell Dermal papilla cells and dermal sheath
cells were subjected to a fluorescent staining using
Dil. Incidentally, all processes were aseptically

1<lodepaedionnof mmbﬁ@eubwﬁaﬁé?hﬁt@tﬁbxﬂsept ic
instrument. 1-2. Preparation epi dermal and der mal

i nci sPloin whs esllentier &t tha bairgnesphaarea phtheThadloof theshead
d th t t he, h I t f

off BRaliBit e "SaiRBRPcar P Nt (Bhotan: B ich sehiged ©

aﬂ\ﬂ?)%g%us' 84 Qaﬁgp@élﬁan% AR htRESs LS 2! eﬁ%dfdrﬁhéan@ The

ethanol. Picturés wth high resolving power of I'S
cedist nsed/\ﬁﬂetmr@anqulahyaticak @erel Bdparaded itginh ahe Biter sebpen by

(manuf actured by Keyence) 15 to record the
Flar slt F‘Pﬁu‘ﬁf‘éh afiet maqleingt intp sipglgycellsf by rang FaZRAYT Aregjment.

1%.e h
DY se(ﬁ1 £8 r%i%oca tcﬁr'l'g? ﬁﬁﬁ?ﬁﬁgll}r}é&?%@%{?ﬂﬁlemu%r
(manubaGhuIRE &y4 Ke@bks hR¥dreGhd &maﬂ?ﬁﬁ@@aﬁtatan)ﬁ JEHY Bf 3 cm?

prepare a bed for the transplantation (Fi
Cdirtesmlg( l'pme parlkedwaie raolibctedafioll dhedbdck of thellaaded The skin

der t%gl la cells, epidermal, cells, fibr obI asts and
mggs r#?ﬁ| heRATRUER| Was isparaiedethtasthentkin #Rd TaHitaneous

tl%?.‘l% ﬁglﬁgs %r&lgu‘e e gkl(ﬁeﬁgédef %Iv%% rgéteczl QLOQ’(‘I(? %11c " hour

nce It is necessary ransp

witBld $0%nadosémire DNIERS c@@mlelmgr@bed lﬁﬁtsr.y@@salbbsse to separate
transplantation to the incised skin was conducted by

ingo apidsoarisvaed dehmis. ur%mmaletm&meg\ws figelyl auténtal 1dom sguares,
bR SR an: BIL e o, ceny L ugstion as BUCh g
sultiRieRts BEUIRRE Blnes2cibMWAe | b F Jusual method. From the
subcutaneous tissue, 300 dermal papillae and dermal sheathes were
separated. Among them, 10 normal dermal papillae were sown on a 3.5-cm
plastic dish and subjected to a primary culture and to subcultures for three
times according to the method of Patent Document 2.

On the day of the cell transplantation, scalp of 3 cm? containing hair
bulb part was collected once again from the back of the head and separated
into the skin and subcutaneous tissue. From the subcutaneous tissue, hair
follicles were separated and hair bulb part was separated therefrom. Dermal
papillae were separated from the hair bulb part, digested with 0.35%
collagenase and 0.25% trypsin EDTA at 37°C for 1 hour and the resulting

single cells were stored in a 10% autoserum DMEM of 4°C until use. The

22



10

15

20

25

30

2, the transplanted site was covered w th tagadam and
nujel. After the transplantation of the m xed cells
to the transpl anting bed, they were observed under a
digital mcroscope for the proceeding until 28 days
thereafter and the transplanted site was subjected to
a bi opsy. The biopsy 30 specinen was fixed with 20%
formalin for one night, subjected to a paraffin 23

slefb gdslh & Gvdy thefOMVieh | 2NEhyMRLAREy ARIRIERL QodtdiifS: 2,000
of 5mthickness and wused for a histol ogica

uniis fml dispmse afabT € TorCelHouuaied repideehlis Toansipianhain fallicles
Transpl ant ati on Exanpl e 1Exanple 2 Dernmual, papilla_.

wad| jepargfed Foup doiiitr eGP DSHAPHEFINtRITEE| hay follicles was

- I e 3| | Epi,dermal, Cellsl.Q x
aipRsROVIR) 0 2807 ehrtsfh il o 3990 5P uIRBER s Five Sugle oelis.
Dbrrdal fResillktce1lEr-a1t5 QbanhRshQith el @ e lsubjfctblo a fluorescent

aut ol ogous transplantation of human dernal papilla

stailing ysing Hikhdadidemtalhs pllaprasessss Exmnpsapticp/ly tdoaduted in
tyansplanted site was .conpletely epithelized on the
a§%@£§Fﬂgﬁé§}nﬁ¥&%$ﬂ¥ﬁdP§ REfvati ons were conduct ed
on the devel opnent every seven days for six weeks. In
the Transpl antation Exanple 1, it was observed that,
1-@n tHrepddatiod okedpitieannl hantir aksplaantiatisisn  &ives f iand  cell
white hair sheaths elongated to an extent of 2 mm
trapsplantgtion On the sixth week fromthe transpl antation,

h ir- ' |l ected.ar .
hi st SRl e sREled et on 31 BF HBHens sitom,pf forhead o
wMRhe el SPEréadahplhAtedThamsR | Ratdld e Tirfe BARIdes of WiRIIn were

t hose
dissolved in 70% ethanol. Pictures with high resolving power of this site

- were previously taken under a digital microscope (manufactured by Keyence)

to record the distribution of hair of the body. After anesthetizing with 1%
lidocaine and 1% epinephrine, the skin was excised to the depth of 3 mm
using a Trepan (manufactured by Kai) having a diameter of 2.5 mm to
prepare a bed for the transplantation (Fig. 2). Freshly prepared dermal
papilla cells or cultured dermal papilla cells, epidermal cells, fibroblasts and
dermal sheath cells were mixed as shown in Table 1 and the mixed cells
were centrifuged at 2,000 rpm for 5 minutes. Since it is necessary to
transplant the cells in a state of as concentrated as possible, transplantation
to the incised skin was conducted by a method where hyaluronic acid gel is
layered during centrifugation and, after the centrifugation as such, the cells
were extruded using a micro-syringe (Patent Document 3). As shown in Fig.
2, the transplanted site was covered with tagadam and nujel. After the
transplantation of the mixed cells to the transplanting bed, they were
observed under a digital microscope for the proceeding until 28 days

thereafter and the transplanted site was subjected to a biopsy. The biopsy

 specimen was fixed with 20% formalin for one night, subjected to a paraffin
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follicles were subjected to a fluorescent observation,
a red fluorescent dye previously |abeled to dernal
papilla cells and dermal sheath cells was observed in
the dermal papillae (Fig. 3B, C and D). Although the
simlar red 20 autol ogous fluorescence is noted in
human skin, it is excited by the Gexcited ray only
and, therefore, it is able to be distinguished from
il : [ I F is ik -
o & oo AR, P B ST B1 B HPhnssg and
usal g aahistolopicatidbsdreationhe skin was conpl etely
excised to a depth where hair follicles are
di stributed. 25 Transplantation Exanple 2: In order to
confirmthe foIIicIe-indqu %4 ability and i nducing

ability for hair growh of e subcultured human

dermal papilla cells only tol human epiél Nusmberhe
Cellcul tured dermal papilla cel Tsanswestatiored Tarisplantation

epidernmal cells which were newl v Hxaepaedd from Ekemnple 2

Dakhal pdpillhabdtlsof t he head and trapgplkaopted to the 0

ChnughtBermal PupillAgCdie seven |days afger the 2.0 x 105

DEFRAS IR AIR, The develropnent wes, 1pPe sqnme as phat

JIITAT 9 Ot T U — o ornmgatr-Sco—— —o=-—9 ikt

observed (Fig. 4A). In the fourth week after the

transpl antation, the hair-grown site was collected and

hi st ol ogi cal |l y observed 10 whereupon four hair
29@%%&&Jes wer e observed in the Transpl antation Exanple

2. en those hair follicles were subjected to a

f1 uornaa8planthG69SELRYpld 4 1rf ItHET £86A8o Y SrafipthiWBsn of

previously |l abeled to papilla cells was observeg In
humenddermafl papilld aell{ FbgloreétadC(BratisPlantdGorxBrphple? 1), the

1. thods 20 1-1. Preparation of cells for
trensplapieshsite Mes tenpstelp spithplbzecern dha severthadagi rAfter that,

I g ' it Lk de Vi.N .

e Dol RE M BRI Yo ABRARHERL cB8 SoTALYER Tor six
weeks. In the Transplantation Example 1, it was observed that, on the third

Ebfel 81 ¢Eﬁ§18pi antatTom Exanpte 2 A, te o 6[)1 105
7003 AR Vo i e

week from the transplantation, two fine white hair sheaths elongated to an
extent of 2 mm (Fig. 3A). On the sixth week from the transplantation, the
hair-grown site was collected and histologically observed Whereupon five hair
follicles were observed in the Transplantation Example 1. When those
follicles were subjected to a fluorescent observation, a red fluorescent dye
previously labeled to dermal papilla cells and dermal sheath cells was
observed in the dermal papillae (Fig. 3B, C and D). Although the similar red
autologous fluorescence is noted in human skin, it is excited by the G excited
ray only and, therefore, it is able to be distinguished from the labeled dye.
Incidentally, in this hair-grown site, there was no hair before transplantation
of the cells and, in addition, the skin was completely excised to a depth
where hair follicles are distributed.

Transplantation Example 2: In order to confirm the follicle-inducing
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fromthe skin of newborn Fischer rat of two days age
after birth. The newborn Fischer rat was sacrificed
by decapitation and front and back |inbs 25 and tail
wer e exci sed whereby only a trunk part was renai ned.
Skin of the trunk part was exfoliated, sterilized
with |Isodine and 70% et hanol, washed wth a

physi ol ogi cal saline solution and stored at 4C until

ability Sna@Ghdaking ASEE; for BHBE PEANGOHSHHe SiiQ11RFBE TRANALR dermal

the skin of the newborn was detached by a mcro-knife

pamidlercedlsstEy costopian epideosopbei sulmnlasedtdeemal papilla cells

envi ronpent. 30 | ncjdental I_)il, all steps thereafter )

WEET BERG B gpidgTaal slsuwhigh WerangwhaRTaRssed ioogn dhe jskin of
td G ] [ e was cut in

bl 8@ héad R IRBland o Ut RotebBRER 20 10 1

| engtibusing theeavaddays 4ficf e BRRsPi@RhtibN, eSRASRpment was
di ssolved to becone 1,000 units/m ina
thpysarae @s- Wediin) be Fagsplantatian Brageplca? andg it the%pafth week
etal bovin er.um The skin.tissue treated with .
atlis i, BB RO SR e Y D Sy 14510 G CloBerind in 0.3
m#P il O3 AR eSERHAL st L OEOM $n 3NE fodRE TSk after the
under an aseptic environment. The ‘epiderms and derms
trapsplahtatédn, thethaisghgvia sitd vgacadlldentd and idstoldgd@diBdobserved

with a 0,25%trypsin EDTA solution at 37C for 10
wWhetstpes foyr bear iplliglas avere abssevest Bhthhdransdantatigay Example

fl.oat Th erm s was treate ith 0. 35% agueous
2o BEitogte Bt clicler Vet GERistled 0,3 Rhedr gt HHiETDpy, red
flldreStt BreCRhlcHSWRYPREViIBRsPNADEIeAab! SapiBs Selld kRt Sfkerved in
Since the cell suspension where the dermal cells are

thie| deatred papdiateaiFine dvByrC epddd) mal conponent forming the
hair follicles, it was 15 centrifuged at 300 rpmfor 2
mnutes to separate a floating fraction conprising
dermal cells only. Each cell suspension was
aseptically sieved with the nmesh sizes of 100 m and
40 pm and aggregates wheggamlplé @ cells were adhered
each other were renoved. 20 Epidermal cells and
dermal cells in the sane cell nunbers were

1. Methods

1-1. Preparation of cells for transplantation

Dermal papilla cells having a hair growth inducing ability and
epidermal cells having a hair growth differentiating ability were prepared
from the skin of newborn Fischer rat of two days age after birth. The
newborn Fischer rat was sacrificed by decapitation and front and back limbs
and tail were excised whereby only a trunk part was remained. Skin of the
trunk part was exfoliated, sterilized with Isodine and 70% ethanol, washed
with a physiological saline solution and stored at 4°C until it is actually used.
Subcutaneous tissue adhered to the skin of the newborn was detached by a
micro-knife under a stereoscopic microscope in an aseptic environment.

Incidentally, all steps thereafter were aseptically carried out in a clean bench
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m xed and centrifuged at 1500 rpmfor 5 mnutes to
prepare cell pellets. The nediumwas renoved fromthe
pellets followed by storing at ice tenperature until
transplantation. 25 1-2. Device where knife angle is
able to be freely adjusted A spare bl ade for a
surgical knife was used and a haft where edge of the
bl ade was able to be crossed at any angl e between 10

oPlad 2Qepié thstBdmeNBS prepared. As a result of this
mechani sm incision angle of the skinis able to be

fr eel Thesekin 86s26 wias3cutPire pirigds esxctobeirgein aAbosed i evidth
of epiderm s and cell tranqplantation On the back of

aph 1§y mop Jeagthnapd dreatat et 4 Guitkenagéght imeispage disgalved to
oRlont ST ORI D LD 00 it

10%BNeN fRdaMbBsviabtashinld Theas0tigkud tilatEDSYith Qﬁ@gl_a&fédwas well
the cell pellets were sucked into the syringe. The

washed widl 4 physiplpgigal saboatsobfticiDgndsepamsted dntodefidermis and

dthe S Q&pgﬁland transplanted to the incised site of
?rt'?élsé%f &P PG BYEEP Ry event drying, the site to

whi chridenebhss W8 adrhA8 W8 Thiely WaE uaRll h Bkl iddife and

cover where a fibrin paste was

tréfiedr wath an0af5% atrypgih0 WM DYsodutibx tatr 87ef fer Ml minutes to
papill a cellicontaininﬂ derni s-derived cells and

PrEpREReR PHSPeRSiP] vErgre cslls feere flgatad ant ati on, an

obsernyat i,on under 1 croscope,was, conducted to . .
conf i#{hrﬁ \?\lglérfllrﬁc'e‘rﬁfaﬁo ve i}m&bg %:égg"eﬁlﬂug?u? rPE‘@P?%@f%l saline
sdd€tiod nit §20S RIragd imELE 't ARE ot Beil WRsYEEKES I wRdeClells were
the transpl antation, observations under a m croscope
floted cBidocttbe coll chespertshen clhhageshe ndétdmeal cells are floated
transpl anted skin. 2. Results 20 . . . .
contained an epidermal component forming the hair follicles, it was
centrifuged at 300 rpm for 2 minutes to separate a floating fraction
comprising dermal cells only. |
Each cell suspension was aseptically sieved with the mesh sizes of
100 pm and 40 um and aggregates where plural cells were adhered each
other were removed.
Epidermal cells and dermal cells in the same cell numbers were
mixed and centrifuged at 1500 rpm for 5 minutes to prepare cell pellets.

The medium was removed from the pellets followed by storing at ice

temperature until transplantation.

1-2. Device where knife angle is able to be freely adjusted

A spare blade for a surgical knife was used and a haft where edge of
the blade was able to be crossed at any angle between 10° and 150° (Fig. 5)
was prepared. As a result of this mechanism, incision angle of the skin is

able to be freely set.
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On the third day fromthe transplantation, the fibrin
paste fell off wunder the normal |ife state of the
nouse wher eupon the transplanted wound was in a cured
state. Wien the devel opnent thereafter was observed,
hair growth was noted on the third week (Fig. 6). The
hair gromh as such was 25 distributed on a line and
coincided with the incised site of the epiderms.

1 B rpb&radiodbfihe MBEROM §itd 6f tpierhSPhalli @ tBikplantation

i ncubati on of whi sker papillae and dermal sheath of
rat Andhe Pacc bt BALR/Ohuding werlss (agdewdswealor age)pmblsed

siﬁ%e?é‘&%%?x%%éﬁé%%rgé“af%n&'eﬁ g 50k ol 19 dBmpferin. A 276
é&ﬁ)hn %eg&ﬁl va} §§| lll‘fg‘)fr&[ﬂtd u7 %%rgltri%%e(? ! w%@ dat '%%d tgm a{ thO -ul

pnysi ol ogl ca I ne Solu ae were

mb@OSFrithge) ainsio kind Qﬂllf péliats thereexatisrd i@ lthé Qiyldrfglees The cell
using a fine tweezers and sown on a 35-nm incubation

palless i garamaenti pbd0beBe exbHAB dkamdba syringp ringatrgnsplanted

| f 2 ks ; ;
toiffie Hickoed SR R AGE Erifern®S, 2 Srierb s Brranh drgingodhe site to
wﬁfeha{héo QM YT teRh 4 RaMUAC a5 G ;ﬁle\ﬂa%tﬁdg%v(apl\ﬁMréoa fibrin

and the nedi um was exchanged every five days

padte wasi suhidyfiezlil t ure, subcul tures were conducted every
seven to ten days. For the transplantation, cells of
6 and 39 passages were used. Male adult EG-P

t h. Labor.at .
1y, SROE A YL of bt B alopinll RGP A0 E 2 b b nine
ddrhﬁsxaleeﬁlsd\@aﬁs ax@l eptdermaieugxci sed cheek was

sterilized the sane as above and then hair follicles
wer e Belfeiestht tRerspidntgtient Anvelssersatiat echder gmmikepscope was

o GRS b v B 37 S8 Srtoent e S to be
.ugﬁﬁﬁanged 20 ev ryrlz’.orto2 &9 3 %?fe gﬂéﬁg ”E%mﬁﬂkﬁﬁéuOn

pri mary

obsehtations 1Sl hUERSCHBE Greﬁ@ﬁ&b@ﬁ@:@d t8\the¥k $BY @Rahfes in the
ten days. For the transplantation, cells of 1 passage

trapgrdan
2. Results

On the third day from the transplantation, the fibrin paste fell off
under the normal life state of the mouse whereupon the transplanted wound
was in a cured state. When the development thereafter was observed, hair

growth was noted on the third week (Fig. 6). The hair growth as such was

distributed on a line and coincided with the incised site of the epidermis.

Example 3

1. Methods
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1-2. Preparation of epiderm s of newborn rat 25 Dernal
papilla cells having a hair growth inducing ability

and epidermal cells having a hair growth
differentiating ability were prepared fromthe skin

of newborn Fischer rat of two days age after birth.

The newborn Fischer rat was sacrificed by
anesthetizing with diethyl ether and front and back
linmbs and tail were excised whereby only a trunk part
was 30 remai ned. Skin of the trunk part was

1-dx ledlatibr hndsinetnbhtiae df wmékdrqmiiﬂme and d2B8maD%heath of rat

et hanol, washed with a physiol ogical saline solution
and st dpals Bischer rafnef pix weeks age gvas yamf&fd by anesthetizing

wﬁﬂb%{%tﬁyle%lﬁﬁ drte Itagﬁjﬁ%gg d&%e&{d ‘}70 th %5' nI‘ eg{cff‘;ed cheek was

newbor n” wa by @ mcro- &' unde

st%hﬁb&ps;ﬁl@@llﬁomrﬁr PEEIAPSeikh) 314 &Wtdtﬁaﬁavhﬁ@nﬁﬁéﬁed with a
Incidentally, all steps thereafter were aseptically 5

rhysielogitabsaling swleliean Demuhl papillacaweses eptefielly isolated from
|nstru T kin tissue.was cut in stripes each

ﬁ@lsgﬁn]é%u{]ﬁ%aﬁ?n%”agha ne TEeAmS Rt AOXAgOon @ 35-mm

1nt:{18%{18 @i%h“’ﬁ’x&t&ﬁfagﬂﬁea' QPt é& i ﬁﬂzﬁﬁ%&[gﬁ”w ?ﬁgr%?dculture

ankyo Ju Kogyo) disso ved to
wmwdosaﬂnﬂcteim fdal\/EMol@ wethe @Kian Dhilbedtd-inbdifiedd Baglels medium
di spase was well washed with a physiological 10 saline

C%Pmm@rwg{mde@éﬂwmeeaeﬂm@ewhm HGE 2ndasiedded (AdEM 10)
a({;tﬁs%gtdé envi rOﬁrrent The erm s s..finely cut It
TR oo T FF%edaﬁ}ﬁe’?’r aYMt g the pagrary culture,
suitirBs ERQJAeS AldidiRe At 34§ feéveiao B ny,es dagspreg%e the
a suspension where cells were floated. 15 Each cell

tramnsgdentatmn wals p6sadl 39 pasghedsi wérenssedi.t h t he nmesh

sizes: of 100 mand 40 m and §%‘@Fe gates where pl ural )
cel | MalccadgtiEefPeliansestineVisiar aat dﬁo\;%dWYfﬂB Laboratories)

ng g%@:‘i %@%%ﬁg%ﬂh@@ﬁ{gﬁ&éﬁ Fﬁ'l:}]]{l %E@ .-_Smgfrcs gheek \];vas excised.

adu TR WeeKs age was

THASkEiEEC RUeBY AL SIdIRIZE1 thg WhbB asdhBb Y bnatiheh Hﬁ@' follicles
the skin of the sole was exci sed. The exci sed sol e

werki eraisesl. Jdemidli zdgath thad sedared fodh Thésexcisadohaianigllicles
an\?glt;]\?rg (;Q’Iil tah3‘§‘ n’i’xl}'ly§1'11%|119eg&§~,%| A primary culture was carried out on
an FGF2-added DMEM 10 for 2 to 3 weeks and the medium was exchanged
every 3 to 4 days. After the primary culture, subcultures were conducted
every seven to ten days. For the transplantation, cells of 1 passage were

used.

1-2. Preparation of epidermis of newhorn rat

Dermal papilla cells having a hair growth inducing ability and
epidermal cells having a hair gréwth differentiating ability were prepared
from the skin of newborn Fischer rat of two days age after birth. The
newborn Fischer rat was sacrificed by anesthetizing with diethyl ether and
front and back limbs and tail were excised whereby only a trunk part was

remained. Skin of the trunk part was exfoliated, sterilized with Isodine and
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saline solution. The subcutaneous tissue adhered to
the sole skin was renoved by a mcro-knife in an
aseptic environment. 25 After renoval, it was divided
into four equal parts and treated at 4C for one night
with a dispase solution dissolved to becone 1, 000
units/m in DMEM 10. The skin tissue treated with
di spase was well washed with a physiological saline
702 &thia08], IR wiBl 8 TR 80 8a 08 S s VR fiBn SERALALEH at 4°C
The derm's was finely cut into squares of 1 to 2 mm
uanliteiphantadlt vseda Fuertaneour tisatie erlhdirah to the skin of the
manuf act uc{ ed by Becton Dickinson) and a prinmary_ 29 i
neEPemy Wagrdetachad BY GhmdSHoskime UaKler idesteBrASCoRIC BiCTPRgPPe in
rj . . t he f.i S rime ] .
b AR iilofene, "ot BRBRYS MIF s MRS pt ATHRRL Bedpricaly

cdrdied dift it DEASSAYRECHRIrEnUseasdiiic inkhenidranspl ant ati on.
5 1-4. Mxed transplantation of rat whisker papilla
cel | sThagsliy tissyhivsieerut estripeshedoh beivgtin gedus3 mm width
newhorn rat epidernal .cel]s and fihroblasts derived
a3g I&th@gr%ﬁng&r%ataéﬁh@@m HEeihBippase{mgnulactured
bV8RKEy AIEn{HEY ﬁo%gé)%iggolpéfd b BROS ?éd(?ﬁnité?m'f!iﬂ %MFM 10.

was anest heti zed Intraperitoneal admnistration o
TiBoskopenbyt trexted witlerdibpasdwaist Well sadihied 'itth & hehyskelBgical
of the whole |ayer of the flank was excised in a )
sadinecsugpn angnsgparaded into egidermis b dermiss uaden emedseptic

his. site using a suture made of Nyl on. Rat
N |°sr%erntpapi Ila cells (6 and 39 passages), GFP rat

whi skigfe &jg88mhishRhd finbBgahft @hlk % dukeRaP RATE)andEVRREWith a

rat 15 epidermal cells and fibroblasts derived from
0.28W trypsin EDTA soéurtivis anBi7ed forel@ mipnees tupteparalediespension

W t h fluorescent dye (Dil) were mixed in a ratio as
wRersGslsiwere fopted and centrifuged at 2000 rpmfor 5

m nut t . e al, 0 .

T A L SR
of JIGTY {um GRAINPE Ik Aty a@Fng‘éﬁé’s‘ RitRed tural NRUBbACadhered each

operation was aseptically carried 20 out. During one
othgieerd rasmovelde transpl antation, the transplanted site

was

1-3. Preparation of fibroblasts from dermis of sole of adult rat

Male Fischer rat of ten weeks age was sacrificed by anesthetizing with
diethyl ether and the skin of the sole was excised. The excised sole skin was
sterilized with Isodine and 70% ethanol and washed with a physiological
saline solution. The subcutaneous tissue adhered to the sole skin was
removed by a micro-knife in an aseptic environment.

After removal, it was divided into four equal parts and treated at 4°C
for one night with a dispase solution dissolved to become 1,000 units/ml in
DMEM 10. The skin tissue treated with dispase was well washed with a
physiological saline solution whereby epidermis and dermis were separated.
The dermis was finely cut into squares of 1 to 2 mm and explanted on a

60-mm incubation dish (manufactured by Becton Dickinson) and a primary
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protected with a surgical tape (manufactured by

Ni chi ban). After one week fromthe cel

transpl antation, the graft chanber was renoved, the
transplanted site was disinfected with |Isodine and
breedi ng was conducted for further two weeks payi ng
careful attention to onset of infectious diseases. 25
1-5. Hair growth by cell transplantation and

c@lBSRS ofath Abroblashewhb akged Bat.t ranspl anted site after
3 weeks fromthe operation was observed under a

st er edteoibiecpnnnery subipee,(the dilirablastedetiyed foonjleanis of adult
iciures of the stat f Qﬁir gro&éh wer e taken.
TEAFYO8T WER% FHBC‘BHBT“F# EParis collf 'y famsin aritasiases Bereused for
] .f1xed for one night and day with M| df orm
ﬂ%@%ﬁgﬁghégggﬁ%edded in paraffin. The finely cut slice
(5 M was subjected to staining wth hematoxylin and
eosin (HE) and to fluorescent staining of nuclei and
1o n¥lizedp tiegsplantatient ¢luspte sdupkerdpepiia celpe I wat twWrisker
api.l.l ae _and, GER, of the rat i sker dernmal .sheath .
a3 pE AR rc e Fhus %l sPoa! o Fit fipPltig derived
fréMMBHINBFR SH18dephid he continued slices using
anti-SMa-actin anti bodies which was a marked for
der n&l nstie atlde miabbe 024 Gatdks Ngel{eramnBactured by Nippon Charles
Cel I sTranspl ant ati onTranspl ant at.i onTranspl ant ati on
Riggrnre anssihplized by aiftrapesitepealeadayinisgiationgpt. Somnopentyl

aﬁmgﬁﬁ%ﬁ%&g&i%éd%péb%g{the@uglo?tﬁgl l _OIQQa?%g?I?’% flank was

péssage asts derive rom SOl e

ex@eedl 5 7a XirtROdf ¥ hifdiamdieh Misske lchdekharSwhdialtakBOd to this
sheath cells (1 passage)3 x 1063 x 106 Wi sker papilla
sitpelbng a suture made of Nylon. Rat whisker papilla cells (6 and 39
passages), GFP rat whisker dermal hair sheath cells (1 passage), newborn rat
epidermal cells and fibroblasts derived from adult rat sole dermis which were
previously labeled with a fluorescent dye (Dil) were mixed in a ratio as shown
in Table 2 and centrifuged at 2000 rpm for 5 minutes to prepare cell pellets.
After removal of a medium from the pellets, they were injected into a graft
chamber using a micro-pipette. The above operation was aseptically carried
out. During one week after the transplantation, the transplanted site was
protected with a surgical tape (manufactured by Nichiban). After one week
from the celi transplantation, the graft chamber was removed, the

transplanted site was disinfected with Isodine and breeding was conducted

for further two weeks paying careful attention to onset of infectious diseases.

1-5. Hair growth by cell transplantation and observation of the tissue

The transplanted site after 3 weeks from the operation was observed
under a stereoscopic microscope {manufactured by Leica) and pictures of the
state of hair growth were taken. After taking the pictures, the transplanted

site was excised, fixed for one night and day with Mildform 10N and
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(39 passages)3 x 106 10 2. Results and di scussions

Wth regard to hair growh ability of the rat whisker

papilla cells, analysis using a graft chanber was

carried out. H gh (p=39) and | ow (p=6) 15 passaged

cul tured dermal papilla cells rat whisker (Fig.8, p=6

and Fig. 9, p=39) were transplanted by m xing with

newborn rat epidermal cells and fibroblasts derived
ethbOAUSIL i parfiinf, 0qhe S @y Qlut 'slike (A l8) wAB&UMGEHed 18 Btaining

the cell “transplantation, skin which was derived from

thehcmatxs;p’ﬂlanaedl eoeir $HRpendf tufldoteschnt fstaimb oAfuetei and

k th (1t t
TR RST B A pHrae e DIaPBBleg ovitie Rl Lol (FFR af the
T \Ma%ﬁ &Er H@HI Iai @hgﬁhl Eﬁgls(@aé):gﬁ‘ﬁﬁ&egf a@‘ﬁg g%éf l:%rrled out

Ut no hair growm h was observed in the case
amsmm;guﬁdsaahngg ofaB6 aghtinded Bhcepaping antiedMisu-Lltif. antibodies
9a). However, hair follicles were confirnmed of the
whishhwas agmarked for sisempl shg¢atih-wi t h H&E 31 stai ni ng(Fi g.
8b and Fig. 9b) and it was confirnmed that, although
the high passaged dermal papilla cells (p=39) have no
hair-shafts growh ab| l'i typapidiey have an inducing

(6 qngd riried-out usin

abilityv for haitr follicles In the vervy neatr serial
Yy | Seft-ai

R éclﬁl on, fluorescenceof—Ditta eFehYy '
APt previously tr a’?@gfs%lﬁ{“éﬁt}%‘n graﬂﬁglat%ﬁ'ﬂql} rrgﬁméﬁkﬁntaﬁon

Rledy ook b Example 2 | Epample 3

Epi er mal 19.Z-lpidl Lal cell :10{\7I:| g C r-mriquj

Whigl rPFlﬁi.Ha%"}l.s In t He hagg 1geol Iifcl es induced py those

Flbéffﬁli"StSM‘éerﬁféfll Tt |i body es gehi chl was73a yar ker | for 4 « 106

 footgledermisaat h in orlder to _ checkl whet her dernhl . sheath

w rf@‘?‘F%ia hafle TPidul t was that fa positi 10| r eaat,i
sh L RASIAER)) y iln the follicle \.A,hgrxe szi ¥ rO\.A,?h oo

Wh%"ﬁ’é%‘laicéasby He | ow passaged cells (p=6){ whernsbygs
—(—mﬁﬁﬁﬁ—bn—ei—d@m—sheai—h—was— i

in Fig. 8d and e) while, in the hair follicles forned
by the high passaged cells (p=39), no positive
reaction was observed (Fig. 9d). Fromthe above

f?lﬁllﬁts an&dmcus&%ns”ade clear that, in the whisker

With regard to hair growth ability of the rat whisker papilla cells,
analysis using a graft chamber was carried out. High (p=39) and low (p=6)
passaged cultured dermal papilla cells rat whisker (Fig.8, p=6 and Fig. 9,
pr=39) were transplanted by mixing with newborn rat epidermal cells and
fibroblasts derived from dermis of foot sole of rat. After one week from the cell
transplantation, skin which was derived from the transplanted cells was
found to be formed. After three weeks from the cell transplantation, hair
growth was confirmed in the site to which the cultured whisker papilla cells
(p=6) were transplanted (Fig. 8a) but no hair growth was observed in the case
of using the high passaged dermal papilla cells (Fig. 9a). However, hair

follicles were confirmed of the both tissues microscopically with H&E
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15 cells of rat, ability for inducing the hair growh
decreased and was lost and ability for formng the
dermal sheath was al so | ost as the passage increased.
Next, dermal sheath cells were added to the whisker
papilla cells of rat where hair growth inducing
ability was | ost by subcultures for a long period and
anal ysis was simlarly carried out using a graft

stalffbelie. 8P Ahd B B UbhIRE WRsCH ARG ﬁ?a(t”%lltl'ﬁltﬂl%ﬁt the high

cel IS (p=1) was solel'y added, hair growh tfo sone
passheed deasmab bapﬂlaecbl(sF(pgSQ)l ﬁaﬁre rlof legiirishafte kgetwvhatabdlity, they
of pictures stained with HE (Fig, 10b) and
hayusrescasens epilgy f%éaalr #vluskéscbhébe dﬁwarmlﬂ section,

ﬂﬁ’r‘é&béﬂ&d it ?_ﬁrgn'@ér %pbﬁéél‘l%. gélls kfgwé&s&tlt%ﬁsc‘plgﬁgatmn

was COI’] Irme gro

wafeahhireel lahd BiwWes cohfahes ¢6 Hechaik g%xﬁtwvaﬁ h&%r 8166le by the
observed in dermal sheath, it was confirned to be

trapspladtdsy detraal Paaﬂlﬁpb%ﬂﬂ ¢igd &cnahd sheadhFigel9cs (1B ghe hair
e _contrar in a group Wwhere rat whjsker
fOész i F‘%‘&“eeﬁ &?‘OF%\tC% 159 apimrioptainme: W fadgede Pt sing
artDe&M .- &8!1111 anfli)o&i%§stﬂ:9i%i1 S rhAHLE R V\%xﬁ&é&‘ﬁaﬂ %ttﬁ qé order to
an apparently S|gn|f|cant air gro was o serve
cHeekgwhéttey . ddrimaih dHeatlobsay Yedmheh OfheskaduietvaiOthat a positive

pictures of the tissue with HE (Fig. 1lb) and
reﬁpﬁa@m dgsepheeryel gnlylircyhe ﬁﬂhqﬂleu@h@@d@m @&rewtipwasgrggulted by

I Qrescence re.confir n_de a e
g P RRPeEh el (P eUp SUrTeY TRt | Gmals Sea® was
cd’n@iffﬂ{eﬁ d(ﬁf'ro“} AEMROR] ?ign IgiA0a s lePGthEt in 8 BaRGbilRles formed by
anti bodi es, formation of dermal sheath was confirned
therhighepagsaged webs dph3d®);, mr pusihiveasadooe Wwas a‘dsbmed)ﬂng 9d).
of the cultured dermal hair room sheath cells % .
Frppy the gheys irgaulty gy was r’%@’ﬂlrﬂé e |0@eqrsﬂw6wra§b§rvéhlﬁ £ Repilla

ceﬁlgr ltogl(o]ﬁ%;h gcfer" ﬂ%}ﬁé:ntb%e g\é’;;ﬂsn%ﬁ‘o %ﬁgasel ran& %Vés lost and

al:ﬁl‘iil@’elﬁr FOrrbing tHeld¥emal QE@MH waé %_'léoslolspﬁé Bige ﬁaﬁﬂig'e 1ncreased
growh ability, the hair growmh ability recovered.

Fr omNexthderthalcshedth ogdls wempgaddeti te the whikker gepilial cells of
b5 o uen pd0eadiet o el el ROOLLIREELl Sor o o
el a9f WMl i A SRMINAS BESSd I udi@PEEarf chamber. In a
group where cultured dermal sheath cells (p=1) was solely added, hair growth
to some extent was observed (Fig. 10a). From the observation of pictures
stained with HE (Fig. 10b) and fluorescence (Fig. 10c), fluorescence of GFP
was confirmed in the dermal papillae of hair follicles and it was confirmed to
be the hair growth by dermal sheath cells. Since fluorescence of GFP was
also observed in dermal sheath, it was confirmed to be formed by the
transplanted dermal sheath cells (Fig. 10c). On the contrary, in a group
where rat whisker papilla cells of rat (39 passages} and cultured dermal
sheath cells (1 passage) were transplanted together, an apparently significant
hair growth was observed (Fig. 1la). From the observation of stained

pictures of the tissue with HE (Fig. 11b) and fluorescence (Fig. 1lc),
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15 1. Methods 1 - 1. Preparation of human cells for

transpl antation Skin was collected from hair-grown

area of back of head of a healthy 20 nale vol unteer

of 33 years age and subjected to an autol ogous cell

transplantation to hairless area in the forehead.

Details of the preparation of the cells will be

nmentioned as follows. Four weeks before the cell
i 6RBSE RN At DAN andC AliBr&@cedcCME GFP YelirB IcortinteddUhb dermat

part was collected fromthe back of the head. The skin
papillac  28d nd¢mmnalalsheath,t hespeptvelyi onlnnwasldigpay atsech ireswlt of
. skin and subcutaneous tissue using a_mcro-knife. The
IRQRHROPIARIRG VENIE r 8BRSIM -G CaRBPodiere OrRRIvA of 1 epmal

. 0 [ S s

TR RN Bl A BT, ROy et M Bl Clyall ERRYGY Ellaiton
ofnitse tuhelted detmiahb@irl rédmSSHERE, cellSOfie.0N1é&). 3FPo®Mhe above

plastic dish and subjected to a primary culture and 30
resyBsuittismey fppargnt thatslogmeasioni dfglermal sboathowarampogtant for

E t 3 t ti , ..300. d I il
P SRRE GRS Selt o SRS el 1P aerma
pdAlh | deA8 185WBIa N8y %P&)éﬁq WekiGyS oM KA Brciwi GBIRY A%kbered.

i sh and, accCording to the nmethod of P&atent Document

Fi2m sushi aefiagt,citl ak esugpedtesiubeat], twiieas deomal hteath i cells were
were carried out, 5 On the day when the cell

addedn i) dermad i Rapilig scellsnhgng gan dedppings aBilitg pipr hair growth,
. Il ! I 1icl col |l ected again and the
hléﬁ?%ﬁ%iﬁ&g g‘vﬁ'gﬁg%%cf é’ﬁle%ﬁg%to:é\g%bee‘ were separated. Hair
follicles were separated fromthe subcutaneous tissue
and hair bulb part was separated. Dermal papillae
were separated fromthe hair bulb part and digested at
37C for 1 hour with 10 0_35% col | agenase and 0. 25%
trypsin EDTA and the resHf®PRIE dingle cells were
stored in a 10% aut oserum DVEM of 4C until actual use.
The skin tissue was treated at 37C for 1 hour with a
1. M8thadsoser um DVEM cont ai ni ng 2000 units/ m of
di spase and epidernm s containing hair follicles

1-1. Preparation of human cells for transplantation

Skin was collected from hair-grown area of back of head of a healthy
male volunteer of 33 years age and subjected to an autologous cell
transplantation to hairless area in the forehead. Details of the preparation
of the cells will be mentioned as follows.

Four weeks before the cell transplantation, scalp of 3 cm? including
hair bulb part was collected from the back of the head. The skin as a
material for the operation was separated into skin and subcutaneous tissue
using a micro-knife. The skin tissue was treated at 37°C for 1 hour with a
10% autoserum DMEM containing 2000 units/ml of dispase to separate into
epidermis and dermis. The dermal tissue was finely cut into 1-mm square,
sown on a 3.5-cm plastic dish and subjected to a primary culture and

subcultures for 3 times according to a common method. From the
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was separated fromderms. The derm s containing hair
follicles was 15 digested at 37C for 1 hour with a
0.25% trypsin EDTA to give single cells. The dernal
papilla cells and the dermal sheath cells were
subjected to a fluorescent staining with D l.
Incidentally, all steps were aseptically carried out
in a clean bench or in an aseptic instrunent. 20 1-2.
s RRBhSSkPAshe,| T0U a8Gnali %ﬁll@é 28R S HI Shakth defdkSparated.
and cel | transplantatlon ttoo was applied on the
Tqmgprmah dofmtahpapﬂllaclaensngtheeabove fverekewd drmoa 3ahiaph plastic

I1s were transplanted with_a e where fine carbon
1ﬁ raﬂdm%ovémg tooﬁhgslar?&@al ‘EP é%cr%%?nt Pi g AjiBary culture

almﬁb@aﬁﬁmrs% kﬂfe@q er@EaltxJﬂs[lcF oglte 25 vere

previ ously ta en un m croscope
( manubacherdeg hryleiieuaer&e]) trahgpram@m&l e ebredudtedit sitp of 3
of hair of the body. After anesthetizing with 1%
e desgrpinEng nbairodel phépﬁfﬁﬁnéoﬂm’c@d sigdinnwandethe seldnt gnd a
t.he . dept f 3 mm u3| a, Tr nufactured
SRR ot e SEPARFet: | ST eI Wh SPHATBIR figm the
sdﬁb%t&ﬁ@cﬁfso kRghat A i @buﬂ? Opar'ERﬁé@'s\é Qfs&@&” eﬂ)e%‘é\mapﬂlae

O papilla cells or cultured dermal papilla cel
Wﬁ}@l stpanatedCieoinsthef hair dlullagiart ahtsdigdstad it (ﬁP@Bﬂor Shhamh with
cells were m xed as shown in Table 1 and the n xed

0.8afq gollgganaseeang i %@"édtlapsw 560°A @mdf the sesulingeyngle cells
Sj el
w8 eld % LB AR R PR AL Rod e sn

tidstiel sl REda3Ed %IWoMﬁﬁqn%@&e%m A 109 heghosbRi® DMEM
hyal uronic acid gel was 5 | ayered during

copdaning Q@Qﬂi @nitafml obidispast hnd eptdeirfrug &bh trinkng hﬂﬁ@‘l’fOlliCICS
the cells gxtruded using a mcro-syri

WD RBHRIY) OB SHOM. | nThY (lermais. EREtREs B Bleies was
dlgéétgd ‘F%Q%'ﬁ%vﬁ)rreg q%&%ﬁﬁ%@%@a:‘%ﬁ%hﬁb?ﬁ% néwe é.mgle cells.

ransplantin transplant

THxe e fmMAE haplks e6NE dndNdRy dednall OsliclthNédilsoweaPeubficted to a
the proceeding until 28 days thereafter and the 10

fluaresenpit teiedns with Wik dudidentadly, vl stebs oyssg asFptically carried
lﬁ ps&. n was fixed. with 20%formalin for one
3R ELh i L s is s ding by a

conventlonal net hod, made into slices of 5 gm
t hi ckness and used for a
1-2. Preparation of incised sites of epidermis and dermis and cell

transplantation

Tattoo was applied on the position of the hairless sites of forehead to
which cells were transplanted with a dye where fine carbon particles were
dissolved in 70% ethanol. Pictures with high resolving power of this site
were previously taken under a digital microscope (manufactured by Keyence)
to record the distribution of hair of the body. After anesthetizing with 1%
lidocaine and 1% epinephrine, the skin was excised to the depth of 3 mm
using a Trepan (manufactured by Kai) having a diameter of 2.5 mm to
prepare a bed for the transplantation (Fig. 2). Freshly prepared dermal

papilla cells or cultured dermal papilla cells, epidermal cells, fibroblast cells
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hi st ol ogi cal observation. Table 3 Cell Nunbers Human
Cel Il sTranspl antation Transpl antati on Exanpl e 1Exanpl e
2 Epidermal Cellsl.67 x 1051.67 x 105 Papilla Cells (3
passages) 1.0 x 1051.0 x 105 Dernmal sheath Cellsl1.0 x
1050 Fi brobl asts01.0 x 105 Vol une of s planted Cells
(unit: 15.15.1 15 2. Results In order to confirmthe
enhancenent of hair growing ability by a 20

athd ARFRLAEHSAthORIR wékeTakicd! & ShowAGn Stupedh LA EthHITRE cells
dermal papilla cells and the dermal sheath cells, the

wstth ceh trimged der 200papnl foar §enisutesr e Siriceeit sttxhecessary to

Fl]g|derma cells and dermal sheath cells newly prepared
e kFYE 5t 2 siple HrkeUtcamdicd /g RSeS| AR R|aptation

1?1% el EP%‘?{[% aIQIC%gﬁhEW%F l‘ﬁ:%lrxyhgrf ﬂ?&ﬁﬁr&rﬂg LR }g& was

1ap=e]>ee1ddwlh§ cehtriflghtib thrid, fedd @t éer{tﬂﬁf@atm-ﬁhﬁs @abﬁathe cells
papilla cells (p=3) were cultured for 6 35 days and

wetgecHvadedusig] 41 mlméﬂsngfg (Rateet Bocumgnt Bat Aeshown in Fig.
40 hou trans | anted sjt compl, et el

2,0 e PRSI | NE (YR CRRPET Apil: Toghaian oRRd s piidonsAfter

trﬁﬁ&ﬁaﬁﬂﬂg%ttﬁg @ndA18nARY 8P TR &Y tﬁf&él@ e (ﬂ%\é?ved under

a restlt of the observations on devel opnent
a a:ﬁgnal fierdscaps (fbarthat pareeedingguawt RO fdayhréeré@tders and the
was observed after two weeks in a group where dernal

tr%féelﬁﬁtqﬁeﬁilt% "Wﬁérsélbé%@@l tmar biopsY ant e bms&mu@eq)m fixed
o r [e N

with oo F R Ik ot oenl iR tSs By Rt 4diggeby 2

co?ggi)aum bdtBOAY nfiel iHBedi@R bhe Lﬁi mcmﬁeéfs @Rld%used for a

histoloéical observation.

Table 3

Cell Numbers

Human Cells Transplantation Transplantation

Example 1 Example 2
Epidermal Cells 1.67 x 105 1.67 x 105
Papilla Cells (3 passages) 1.0 x 105 1.0 x 108
Dermal sheath Cells 1.0 x 105 0
Fibroblasts 0 1.0 x 105
Volume of Transplanted Cells (unit: pl) 5.1 5.1
2. Results

In order to confirm the enhancement of hair growing ability by a
transplantation of a mixture of the subcultured human dermal papilla cells
and the dermal sheath cells, the subcultured dermal papilla cells were mixed
with epidermal cells and dermal sheath cells newly prepared from the skin of
the back of head and transplanted to the forehead. In addition, in order to
make the ratio of epidermal cells to dermal cells 1:1, they were mixed with

cultured fibroblasts (p=3). The dermal papilla cells (p=3) were cultured for 6
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From the above results, it was now made clear that, in
the case of 10 transplantation of hair follicles, an
apparently high hair growmh induction was able to be
achi eved when dernmal sheath cells were added. 36
CLAIM5 1. A hair growth nethod, which conprises
transplanting a conposition containing the follow ng
conmponents to an incised epidermal 5 site: (a) dernal

dRaPahd aee BverdgE Bl 11@&@&5?11% 1§98k | Ririthat (ﬂé}lo%.pd‘rg@ ﬁﬂq{ours

tissue or epidermal cell 2. A hair growth nethod
whi cthm)mmnmuedamsqalvmu cogpketelyOepitnglzsiit ororthe third day.
&ontalnlgg t he f0||OMA onents. to an incised

B Htngpsergpiions weye oen 28 e ALVEIORIBS TV o5R SEY§Rdays.

VS SRl e,

gIounh rdemSeet haits phanbbdtgved aCerPRs ividedB 60N EAd Y Rherd@ermal
foll owi ng conponents to an incised epidermal site:

shegth or@ﬂlﬁaVerﬁadechéTr@mmm’ranopa@xamﬁec &) (Rg. 12p) while, in a

d_20
o R R S N RN A MR
orﬁ?%nléeﬂsﬁr a8 HrBuprbhafn28 %r@ier@mtcpw@ély (95, gy s 1 to
wherein the Tncised epidermal site |s formed by
| nC| dirom tlie abpae treshltsleitnivas nond mshiel eleepitdet, il the case of

| ayer. 25 5. The hair growth nmethod according to any

U%PSR}P%F%nl of hagr folljslepeian pRBarCHRYORE Sai Eroyehy m}mtm
T d t
s SR fe ol G B W B e R gt o o
derived fron1hunan scal p.
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37 7. The hair growth nethod according to claim®6,
wherein the incised epidermal site is forned in human
scalp. 5 8. The hair growmh nethod according to any of
claims 1 to 3, wherein the dernmal papilla cells of
the conponent (a) are cultured cells. 9. The hair
grow h nethod according to claim2 or 3, wherein the
conmponent (c) is dermal sheath or dermal sheath cells.
10 10. The hair growt h neidiagmpgcording to claim2 or
3, wherein the dermal papilla cells of the conponent
(a) are cells subcultured for 10 or nore passages and
the conponent (c¢) is dermal sheath or dernmal sheath

cel | slof the haitr epeiwth msthpd, which gomppisss Aransplgting a
i -1 .ai m,9 1 ' he d | _sheat
c@r%??% 4889 {:(%]I%:agllll%n%he ?(gll(ogggné\@o% ﬁlnirﬂent% o a]%lr %lsf%i g%h(%rmal

€ conponen rec ured cells.
sit@ r growt h nethod according to claim9 or 10, wherein
20 the dermal sheath cells of the conponent (c) are

cul t ulepdevahl papilee lor sleemal) papillai eells; ardi um cont ai ni ng

FGF 2..13,. conposition containi the follow ng

conpo@éﬁ?%demggflsag? ﬁﬁfép’ﬁ%ﬁﬂaﬁ]ﬁgﬂ%r dermal papilla

cells; and 25 (b) epidermal tissue or epidermal cells

14. A conposition containing the follow ng conponents:

(a) dernal Apapairl acowth desthed, pehidd aobeplisss anthsplinting a

tissue which constitutes hair follicles or cells _
Cqmpeipn gmtzming the &dlepans tqoampeaittai i9 Ag irsésed epidermal
SiLeqllomﬁng conmponents: (a) dermal papillae or derma

papilla cells; (b) epidermal tissue or epidernal

cel | si@) 88fnal papillae or dermal papilla cells; and

(c) tissue which constitutes hair follicles or cells thereof.

3. A hair growth method, which comprises transplanting a
composition containing the following components to an incised epidermal
site:

(a) dermal papiliae or dermal papilla cells;

(b) epidermal tissue or epidermal cells; and

{c} tissue which constitutes hair follicles or cells thereof.
4. The hair growth method according to any of claims 1 to 3,
wherein the incised epidermal site is formed by incision of a part of dermis

and whole epidermal layer.

5. The hair growth method according to any of claims 1 to 3,

wherein the components are derived from human.

6. The hair growth method according to any of claims 1 to 3,

wherein the components are derived from human scalp.
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(c) tissue which constitutes hair follicles or cells
thereof 5 16. The conposition according to any of
claims 13 to 15, wherein the conponents are derived
from human. 17. The conposition according to any of
claims 13 to 15, wherein 10 the conponents are
derived from human scal p. 18. The conposition
according to any of clainms 13 to 15, wherein the
dermal papilla cells of the conponent (a) are cultured
cells. 15 19. The conposition according to claim 14 or
15, wher ei MThdédairc gnpothe niethodl asoddigato shdmt 6, arherein the
.dermal sheath cells. 20. The conposition according to
masgdsridegralisite feraed i haimae spalP- papi | 1 a cel |'s of
the conponent (a) are cells subcultured for 10 or nore
20 passages and the conponent (c) is dermal sheath or

der me$. sheatke @eld grafth h{é@h&ﬂidt:cbtdiﬁ% t8lany b€ claims 1 to 3,

conposi tion according to claim19 or 20, wherein the
wheravalthe ideamal papills osilsofi¢éhe sapmosnnt (4 arecoltoned gels

cells. 25 22. The conposition according to claim 19 or

20, wherein the dermal sheath cells of the conmponent

(¢) age culuyr odiColobinWleflbRLe | Baith 26 :
contalni ng EoFS regljo e AEcH IR to ' dlaith g} WM wherein
the component (c) is dermal sheath or dermal sheath cells.

10. The hair growth method according to claim 2 or 3, wherein
the dermal papilla cells of the component (a) are cells subcultured for 10 or
more passages and the component (c) is dermal sheath or dermal sheath

cells of the hair bulb.

11. The hair growth method according to claim 9 or 10, wherein

the dermal sheath cells of the component (c¢) are cultured cells.

12. The hair growth method according to claim 9 or 10, wherein
the dermal sheath cells of the component (c) are cultured cells which are

grown in a medium containing FGF 2.

13. composition containing the following components:
{(a) dermal papillae or dermal papilla cells; and

(b) epidermal tissue or epidermal cells
14, A composition containing the following components:

(a) dermal papillae or dermal papilla cells; and

(c) tissue which constitutes hair follicles or cells thereof.
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15. A composition containing the following components:
(a) dermal papillae or dermal papilla cells;
(b) epidermal tissue or epidermal cells; and

(c} tissue which constitutes hair follicles or cells thereof

16. The composition according to any of claims 13 to 15, wherein

the components are derived from human.

17. The composition according to any of claims 13 to 15, wherein

the components are derived from human scalp.

18. The composition according to any of claims 13 to 15, wherein

the dermal papilla cells of the component (a) are cultured cells.

19. The composition according to claim 14 or 15, wherein the

component (c) is dermal sheath or dermal sheath celis.

20. The composition according to claim 14 or 15, wherein the
dermal papilla cells of the component (a) are cells subcultured for 10 or more

passages and the component (c) is dermal sheath or dermal sheath cells of

-the hair bulb.

21. The composition according to claim 19 or 20, wherein the

dermal sheath cells of the component (¢) are cultured cells.

22. The composition according to claim 19 or 20, wherein the

- dermal sheath cells of the component (c) are cultured cells which are grown

in a medium containing FGF2.
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