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DESCRIPTION Hair Growth Method 5 Technical Field The invention of
this application relates to a hair growth method 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 special mesenchymal cells, dermal papilla cells
and epidermal cells. It has beempsiewerhttaidermal papillae deeply
participate in the regulation of hair cycle, which is a repeatedly cycles of
hair follicle development, 20 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 concerfiigifidarerrdie Matleed baldness (androgenetic
alopecia) appears. At the later stage of androgenetic alopecia, effect of
hair restorers is restricted and, in addition, 25 density of hair follicles also
becomes sparse whereby there has been demanded a therapeutic art for
increasing the numbers of hair fglligle tissue. hy, cell transplantation. In the
recent therapeutic art, It has befgﬁ %Bgr:tazydstﬁ%a method of 30
auto-transplantation of healthy scalp skins with hair follicles from occipital

1 area to_frontal and/or singipital scalp with alopecia were developed to
reduce. (AERHEEOTRB Aloput R (A P A ETIOC et BoRaERoc by

methed: amhiginhaik fediculardspts wesBssurgically. sepatipg framhealthy used
scalp and %é??fted into the alopecic site has been also reported and a

tHer dpETHE SRSt

Background Art

Hair follicles producing the hair shafts are induced by an interaction
betwéen 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 cvcles 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 alsc 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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5 is available (Non-Patent Document 2). In any of those methods
however, although normal hairs were able to be grown in the alopecic
site, it is still unavoidable that total numbers of healthy hair follicles or hair
shafts are the same as before or even reduced. That is because only

hglaéghé/fpl icles are just moved g the alopecic site. Accordingl wt}{e
e B & R A L L B reauce
ntrenatscalp didbraadecirange iNsuijentad Daskiadtap formationier, method

after excision, donor tissue to supply normal scalp skin with hair
OO PRI A Seedy TS N eGSR GFA scalp and

prexfess iy ioserted dpe-a: hpodasmigtissua urgpk e R mahseali 8P effect
to be utilized and the skin is gradually expanded 15 %Non-Patent

DSCHREAPS) 8 e G eritibRTEBRdet) intdrs bt abtinfes tomgtioge bowever,
eéﬁﬁ@ﬁig@ abthe-normal sealp skia. (Ehys, é?o%w{elﬂ)ftﬁ@ alopecic site, it is still

auto-transplantation, the current status is that normal scalp tissue donor is

nYEEH I Sipspptas Barkeas W irelthseheiofglivieamsphaitaisdts are the
Slé%@ﬁé'@f@x%d&e@%ff %ﬁﬁ@éﬁ@t'%‘a@i@dgé%gﬂ’sge(g}ﬁl@%mCi%hlicles are
technique 20 and separation of scalp tissues and hair follicles by

haneiwork edetdsiranderkc8utitea strgivalinsthodhivas domrgidighthin a broad
inyasiveness .and compels very much pain and burden tq patients. Onthe .
o R D  cerae e i
methie-where theskite ayhioh2italopecicaéppetirs isseosereddyntallicles:e to

in a healthy state and the normal hairs which is_hardly lost is able to be
prseup}ja}?lé]dng/%rﬁ | %Ck% se 1V‘fov‘r\l/ari%‘fj‘%r %H%Bec?f céjﬁl'éeerg CappERSRTES Ry that 2

alopetianireviewaithe abgvevihess hasdheen mdemanghinlcarificiaésd@ under
haijr-follicles constructed from culture cells for transplantation where pain

2 Hitf BUFEREN SFEHR aliPedit PatBHEERe 3flgHREdSSHbrss 8ppR 8HaorEranded
of nnatmat sealp dissHeswith beallby pirfallicles igiseivadiand Dighr a1 times to
transplantation technique is not necessary. With regard to artificial hair
wait the expansion of the normal scalp skin. Thus, in spite of the
auto-transplantation, the current status is that normal scalp tissue donor is
not enough o supply as same as in the case of organ transplantation such

as liver and heart transplantation. In addition, very high surgical technique

and separation of scalp tissues and hair 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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follicles for transplantation, a method has been carried out where a 5
biodegradable and biocompatibility polymers is inserted into the skin and

is made to compatible to dermal tissue and subcutaneous tissue.

However, in such a method, considerable immune rejections and

anfé ttiodsdlisé ase saérpege neratedsaad: tha npstiedd Kasrbeappobibiteddns of
the United States already.. 10 Under such circymstances, there will be a _ .
B ATFe et Fth SANaN: (e RISE afb S et
wanssmatlhealthydissidee peoliferationday cail-cwitivatiepatechpiquesiond hair
constituted into germ of hair follicles using them as a material whereb

Rliciohicles BrPaREIARERTon 2ar® MERhsBAS S h St etdrevnere 2
foseed fram dhe-cultweshprenaaatedboraells of aRatieat himseli/hesselind is

no immune rejection occurs principally and, in addition, since a very high

BlBeerHH AABIRS Sl El AlsTem Ab HEREiG RBEJT  REPBRSE HTaiBENS ddaever, in
wherebyranail ofshe;iansplanicd tissues Inishes. MG AREOWINAN. ¢ arc

unlike the transplantation of artificial hair, it is not necessary to give a high
gereitanfectibtisedisetizeb heahsatierauiing 2 nsdverabidey Stetsevérandy.

“weeks until the surroundings of the artificial hairs become epithelium. For

example, in Patent Document 1, a method is disclosed wherein hair
dermal phpila celis.isotated franees patient wihsiedf/hersethade ghewn the celis

incubation and the resultin ltured hair dermal papilla cells.are )
A R e e O Tt s,
eeliffhicbareygrenaliyincishatiomargueansatanmostoatiae sk, perm of hair

efficiency for hair growth is very low, and even if hair is grown, the state

SPHHERalt T Rk AN A e HAAFSEOS St Sac R iR g 95 AEfDRP eRigtion

terbafegeneration ef naty abinadles38-Eofcam artificial induction ot the ik eated
follicles, it is necessary that an 3 embryological finding about hair follicle

delleiBbmentiant imedRd6riRs U Engiveifg drécapptiey sarincipally and,
mentioneshabgye. hais follicles at8 compatibility is available, no foreign body

response happens as well whereby repair of the transplanted tissuves finishes
quickly. Accordingly, unlike the transplantation of artificial hair, it is not
necessary to give a high risk for infectious diseases to a patient during
several days to several weeks 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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embryologically developed by an interaction of epidermal cells with
mesenchymal cells, especially called dermal condensation. It has been 5
reported that the interaction for the development of hair follicles as such is
able to be reproduced by an experiment where cultured dermal cells and
epideraktalsdenved. fiom newbpinsal atsmixedand ransplanied @ scue
the back of immune deficiency mouse (Non-Patent Document 4). It has

SESH {58 $e ptitedatidifta meth6d formieqegenezativh of felliculailizatls are
Ry A0 anselantation sl  animal dermal papilia 1&13%9@61' DRY witn
follicle ?IE]S?I r‘ljg%toved?ol icula?%ﬁlb (Non-Patent Documg\fg’t 5). ceRs W
Aecorditighpat absbempatrelsly daibwin tetedblteibesapplied tditheas been
t t.of human alopecia. 15 It has been also reparted that the intact . .
R o A Rty el e
GOvIisirg owituodth cdérimal papika eetscane Wraasplantad-6y Manghint@dAls and
space between dermis .and epidermis by incising the skin with a pair of
AT RErR 58 5 U NTE g REWPR R OIS e SR Behaliatrd. into

frouen aterfol ieutan 0 Rpiorms N atent RacHMERLEIn MMt has been
where allogenetic transplantation is carried out to the skin of rat ear using

PEHAGEANE fRE RadbeBAILoT atfemnpregRFdtigm qigfeliispisuibdd by
lirpiteshithasiResn xaposted that ahainfolicle stustiresare indusasantiice

hair shafts were produced and elongated by these hair follicles to intact
dé‘r%ﬁa‘leﬁ‘é‘ﬁiﬁﬁef%&ﬂﬁ’éa%@ﬂé’ tO\WRitlemufeeruamdl Papilfsceelidingdy, it has
tiansplanied (Patent, Document;d) Hloeysrindhg case of formation of,,, .,
hair follicles by an interaction of epidermal cells with dermal papilla cells,
itlonedessary 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 30 which the above is able to be
achieveditthere aynbelsomethodavheresdeaimalndact dermal papillae freshly

isolated from hair bulbs or artificial dermal papillae comprising cultured

dermal papilla ceils are transplanted by hand into a space between dermis

and epidermis by incising the skin with & pair of sharp forceps 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 papilia cells are transplanted (Patent
Document 1). However, in the case of formation of hair follicles by an
interaction of epidermal cells with dermal papilia 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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papilla cells are transplanted into the area which is just under the
epidermal cells. In conducting a transplantation of the dermal papilla cells
into the 5 position that is quite close the place just under the epidermal
layer, a high technique where the position for transplanting the cells

wizheuk diffusely is.centrolied with, anveprbighprecisionds reftdragie IR rmal
dermal layer, fibers of extracellular matrix mainly comprising collagen
iltructed by fibroblasts are complicatedly entangled. When a carrier for

a drug transportation such 10 as microtissues, cells and collagen beads is
injected into the inner part of the skin, it is inevitable to inject after

suspendiing dnraiphysivlegicansalimetasiotion, thredrmmas apamlbr tditiketo the
In that case. the interstitial fiber cleaved by the pressure upo :
i?ﬁectioon. T%aéré%o e, E% t %Si%jg‘é% rg%:fe iﬂ?asétu e%,%a%gagﬁfgg%%ﬁg%ﬂ’ & hign
dexhal gapiliderarntapptypes dbcetsetolusing alld eyingattiosivatifusely is
difficult to transplant and.lqgcalize.to the place immediately under the
R L S TR Ut ETHAf i TEMERGEF Gofibers of

capthe-eltpeetetadbeardingly, dbthptis apledubeachiaves iktéarms ofhibBiasts
technique, quite a lot of time is needed for conducting the transplantation

ofEeTFAPIHGHERN i ks talRAB S SAT &I LAY ae 5 BoreReNiaiing such
issaddeddadbe-costiny deyelopment dnhioithe cost dom trealmeM el Hart of the

method where epidermis is incised by tweezers and knife and _ .
traRgpladhtétl fRSTiABET e BERRErAEehy RERIRBIREtHBrear pEiRlipatsakifaiine
23 ppddabor agwell asahig.damage to iedeginient skin wherehyihigrers are

substantially impossible to induce several thousand to several tens
tHAERerH Lot Huirgwhiith arenssetiiid dbipa-patierafstdfetingtfeomiafdpeciel .intact

I%@%ﬁeﬁgﬁyﬂgg ! g} 'i'fl\rlgln I%nogltgf Ak “,ng%na%l? gﬁ)g:sb}éf %gﬂs stc. using a

transplan ation of subculture erm %apl a cells Into the spaces

betwagrs, 5t is very difficult to transplant and localize to the place immediately
under the epidermis where the interaction between dermal and mesenchymal
cells can be expected. Accordingly, if that is able to be achieved in terms of
the techmique, quite a lot of time is needed for conducting the

transplantation of several thousand to several ten thousand cells and, as a

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

ut
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epidermis and dermis of rat soles. Furthermore dermal papilla cells for
transplantation isolated from rat vibrissae are able to be subcultured for a
long period when supernatant of conditioned medium of primary

cultivation of epidermal cells of rat sole skins or fibroblast growth factor 2
(PG ) anchB thattiie suboulteréesdermattpapitarcellsretalnmpin folitle for

inducing ability throughout the subgultures for seyeral tens passages and
D S L T2 B o e Db e poppared for o
lisweniers efiitisrapplcatiomaye @sainvaateda nethed Wheraa cultivation

predetermined amount of fine organism material such as dermal &“a%pilla
i

denBitegraahardeddoat adisekitging Hhuriat SuertdsepinTgd iIFaBFeand
and stable pannsladastaitmnsalantin the skin, and havertileda paleabity

application already (Patent Document 3). As mentioned hereinabove, 1t is

Huceshay feh mesetsinamionarvesticles bpacsrsshnrdidnos flrdhalpatent
papilla.gells thatintast derma) papillag é%orﬁ%'tﬁﬁ%gn%ﬁw Ra&lf"t%pg%'csaﬁm

are surely made to be near the epidermal layer and much more o
bradrahsplantaded erecbiuederttorthe reeipieatmisnrhdensmad| dngthatganism

eff,:il%i:ent h&ai(r:ﬁrowt erisr suéte grge Stk}gtiiré(?palgnéﬁ rgerrélacllj.gé':}_?iIIa.l(_:lellgémCe
% nrc’%lenltla y,aﬁ asr%ee% gso known tha? ern%a papi acalls Getrease
theih abil iy foreindiu ctienef hadr-ioliidle regeneration and thairspiaaftigrondhskin

b etiti f subcultures for about ten passages (Non-Patent
B R TS RO SR SR S AR have
invented an incubating art where dermal papilla cells are grown under
such 25 a state that the ability for induction of hair follicles is able to be

retained FOr A RIRPHEr O (PRARATD It dmSrCSF SHTW el QUEHIR tHethe hair
¢asriektbe dermat-papiisncalladhgkais-ehiiirediand oreuwn BYdhenal papillae

method of the Patent Document 3, although regeneration of hair follicles
afictHa trEn SpraR AR IS pERSH R s S Ya B AN dOthRe abily Bfe epidermal

inductioniabial; greyah, S0, decreasesogRIner YR SUPGUIRIE A0ds 108l pien:

is still the same. Accordingly,
is made small and that efficient hair growth is resulted from the transplanted

dermal papilla cells.

Incidentally, it has been also known that dermal papilia 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
papilia celis 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 ability of induction of hair growth

decreases together with subculture and is lost is still the same. Accordingly,
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6 there has been a brisk demand for a method where transplantation is
carried out under such a state that a sufficient ability for hair growth is
applied to the dermal papilla cells that are propagated by subcultures for
a long period. 5 On the other hand, dermal sheath is a tissue comprising

E%allq gl%‘, surreunding the qutermast layer from end of hulb, to.bulge :
B e M ST e X g
lowieshelrd sfidhair btabe(gnovwa hedfisitmFighl)cinfid éntallyoshendaipplied to
follicles wherefr dermal papilla and hair matrix are partially excised are
(RS SRR RPIAACI0 EAPetlE BFAYPHERTE feara HEAA ChlgpaRaEo
regenerated and elongation of hair shaft is observed. Accordingly, it has
been believed that precursor cells of hair dermal papilla cells are

distributétFir e AT shaath e Hag! bR R derftif FolR tRaRsHEh dgmal cells
expermenhwhere dertal 46 sheath figsblydselatrairemmale %@glgﬂs of hair

trans-gender grafted to female forearm skin, formation of hair follicle is

iffellickd dha KEFraRaRis BRI Cifofy steraeal apradigient Bignlowest end of
(bon-Patent.oeunent &) i bas beplalen LoROUEL AL R RIMAIN . trom

cultured dermal sheath cells are transplanted to the sites which is jus
uirtenahedpideoiicl fanie pidérinisof tactatls axdeddmmativmephaitfdlliclecnal

isc' q d anqixhair is_ grown. (Non-Patent Docyment 9). From those facts,
it t%%skgeger? be %%getﬁ%}tcdet%é%lehaﬁeoo%s re;ﬂﬁl ?:bellgggrelals%eﬁeﬁgﬁ%% and
trednsphentatiohimatesiadffors regensration‘atihelhgily Howewebeimtheitase! that

of dermal sheath cells, although abiljty for 25 induction of hair follicles and
G e B T R R SR U R AR LB PR ar ot

sheath cells that are grown by subculture (Non-Patent Document 9).

Patent Documents: 30 1. Japanese Patent Laid-Open No. 2001/302,520
7 It has been recently found that, when an experiment where dermal

sheath freshly isolated from male scalp is trans-gender grafted to female
forearm skin, formation of hair follicle is induced and hair-shaft is outgrown
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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2. Japanese Patent Laid-Open No. 07/274,950 3. Japanese Patent
Laid-Open:No. 2003/235,990 Non-Patent Documents: 5 1. Stough DB et

al., Surgical procedures for the treatment of baldness, Cutis., 37(5),

362-5, 1986 2. David Julian et aI Maicrograft size and subsequent

gury st%r@&t )l §m {g@ fg%.}g%y Wi.eslander JB, Repeated
tissue expansion in recons ructlon 0 ugé 10 combined scalp-forehead
Svulsipminieyarknn RliasCHerg N0 38435,9988 4. Lichti U et al., In

vivo regulation of murine hair growth; insights from grafting defined cell
populations onto nude mice, J Invent Dermatol., 101(I) 1245-1295,1993
NolaedaC Aehahedrans-species hair growth induction by human hair

15 follicle dermal papillae, Exp Dermatol., 10(4):229-37, 2001 6. Jahoda
CAHRHEELBR &Fﬂnc‘ﬁélfsm%ﬁaﬂcsﬁam#@% HEpURFRSal Bakdngss, Cutis.,
ranilag#mplantagkinto rat ear wounds: vibrissa-type fibres are specified.
Development., 115(4), 1103-9, 1992 7. Weinberg WC et al.,

Redonsitulishess hfaﬁlfelmécm&pwm%%b%mérwmmh Sfermatol.
fgl,gi:ée fosmadion; hain gegwth, and hair quality by dermal cells. J. invest.
Dermatol., 100, 229-236, 1993 8. Reynolds AJ et al., Trans-gender
|ﬁdu‘é‘l?@i@fdmlriBH|(R@s€aﬂmiut§8¢©26§m0m999 SedduEiweeitd of al. huge

R e R BN Sl bl 5 1088
idvestciDeriatola) 12h, $R67:22uBtRO0IDisclositehafthe daventioni 3t 8 from
grafting defined cell populations onto nude mice, J Invent Dermatol., 101(])
1248-12985, 1993

5. Jahoda CA et al., Trans-species hair growth induction by human hair
follicle dermal papillae, Exp Dermatol., 10{4}.229-37, 2001

- 6. Jahoda CA, Induction of follicle formation and hair growth by vibrissa

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

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

Disclosure of the Invention
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An object of the invention of this application is to provide a method where,
in regeneration of hair by transplantation of dermal papillae or cultured
dermal papilla cells to the skin, a highly efficient hair growth is resulted
and, further, the hair growth is induced to the state near the S natural hair
and also to provide a material for the transplantation therefor. As a means

for solving thB &Hovk e RSN HvVEHHEPREBitlet? PReVIFS 2 method
iRRtionof isanplicatiost isaibatgrowth frethedo whigh deemprisesiliae or
transplanting a composition containing the following components 10 to an

ifEiEErEpiErral Ritet (@) Gt papilfddror ehRalpaiicasanermyth is
%@@lﬁ&@@'ﬂ?&p%ﬁ@ﬁ&isﬂ%@ah%ﬁfélzgrw%ﬁe@@gdmé@aﬂ% htiState near the

application is a hair growth method, 15 which comprises transplanting a
corTpoEitiarconta ity theToNtivirfy toivpohémshe dreneisedepideriharefor.

sie:( I ' r | pap lls;.and fe)tissue which.
e T T O R T B et e
application is a hair growth method, which comprises transplanting a

compositjon containing the following components to an incised epidermal . .
e (2 R DA S der e e T ) Bt AR foegy which
epidesmelCetls; andr2ine ptisstmvdhicihconstiifigschaiefallicles oy cellgronents
thereof. In the aforementigned first to third inventions, it is a preferred
RGBT TITAE énéﬁqsélfﬁzwhich the incised epidermal site is formed by

incision qhpgeark of slepmis-antdavhale episierMalilayesB80 9 Itis also a
preferred embodiment that the case where the
b} epidermal tissue or epidermal cells.

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 constifutes hair follicles or cells thereof.

The third invention of this application is & 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

(¢} 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

mncision of a part of dermis and whole epidermal layer.
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components (a), (b) and (c) in each of the aforementioned inventions are
derived from human or derived from human scalp and that, when the
components are derived from human scalp, the aforementioned incised 5
epidermal site is formed in human scalp. It is also a. preferred

embodlfgerilé thﬁg§ Jn the afe e%rré%ntlongg [ﬂ%slte tr?t ttggd |n\€ﬁreltlorés, the case

. : . h
in which the dermal paapﬁa cells of the component ?5) are cilfared dermal the
papifarcells. 14, INtheaatbreméenticndéd séabiad dothirtkinventidnnités@ons are
referred._emhodiment that the c onent (c) is dermal sheath or dermal
BB R o HHE Horfton SIS BT P HHE G EnEs) ARAbolienen the

subgidtred forrd 0 dermer efRRsSages 81 dsha £ OMpoNgbt {6) ds BleRmBl incised
sheath or dermal sheath 15 cells of the hair bulb. In the case of such a
FratsEat ’g prdremsd EnBBarieeiRat the dermal sheath cells of the

component (c) are cultured cells and, more specifically, the dermal

sheath cells of the com&onent (C? are cultured cells that are grown in a
mediumltdhiiping PGEZegoe 15 s adp pcEoATrREFeNEWRs first to

IVeAYRDS RIQYIded %%é@%nt@ﬂﬁa@%@ﬁ%ﬁﬁﬁtﬁgﬁlﬁ%gﬂg SRl RS onent

methods of the aforementioned inventions. Thus, the fourth invention o
tlisaappiibation areahysesitioneldontaining the following components: (a)
dermal papillae or dermal papilla cells; and 25 (b) epidermal tissue or
epidermal cells. The fifth invention is a composition containing the

followingncompafienrtsicfa) derimakpaypdlae ortdetmakpapita, cellss anghB8Gerred
F%%%S%{%XV&'%Ea?é’%&t%&%@%%{%‘%?ﬂg?g 8121951”93. heredl AU I Mot cens
Invention 1ISa ComposItiori ¢ontaini e fol owing

or the dermal papilla cells of the component (a} are celis subcultured for 10
or more passages and the component (¢} is derinal sheath or dermal sheath
cells of the hair bulb. In the case of such a method, it is a preferred
embodiment that the dermal sheath cells of the component (¢} are cultured

cells and, more specifically, the dermal sheath cells of the component {c) are

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

Further, in this application, the following invention is provided as the
fransplantation 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 papiliae or dermal papilla cells; and

(b} epidermal tissue or epidermal cells.

The fifth invention is a composition containing the following

components:
{a) dermal papiilae or dermal papilla cells; and

(¢} tissue which constitutes hair follicles or cells thereof.
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components: (a) dermal papillae or dermal papilla cells; 5 (b) epidermal
tissue or epidermal cells; and (c) tissue which constitutes hair follicles or
cells thereof. In those fourth to sixth inventions, it is a preferred
embodiment that the components (a), (b) and (c) are derived from human
or derived from 10 human scalp. Further, in the aforementioned fourth to
sixth inventions, it is a preferred embodiment that the dermal papilla cells
of the cAhporerth(ajraren tultuied geltsribdShitidurthen faithes the following
aforementioned fifth or sixth invention, it is a preferred embodiment that
t?}oénéjoor%%%sént (c) is dermal sheath or dermal sheath cells or the dermal
papilla celjsief-ihe pamipanentdamase sepslsubay|tured for 10 or more
passages and the component (c) is dermal sheath 20 or dermal hair cells

of the hal? G G HRE H58E OF SRASRah 0GRSt is a preferred
embodimentdbat thaiderraaksheath cellsefithe companeptde are

cultured cells and, more specifically, the dermal sheath cells of the
component (c) are cultured cells that are grown in a medium containing

FGF 2. 25 indhisinpyentions;:dgrmalpapila” meansaHermal Ragildment that
tissue which is isolated from the skin and "dermal papilla cell" means
ehehwianencalls vidictonsdtute wwe déermet papilie. Similarlyoteprarrdalirom
t@&&e;#ssg issue of epidermis isolated from the skin and "epidermal cell”

is each of t?wl 30 cells which constitute the epidermal tissue. "Dermal

-sheath" is a dermal 11 sheath itself that is isolated from hair follicle and

"dermal sheath cell" mean . . : . o
%}\11?%161‘, in rghe a%oremennone:d fourth to sixth inventions, it is a

preferred embodiment that the dermal papilla cells of the component (a) are

cultured cells.

Still further, in the aforementioned fifth or sixth invention, it is a
preferred embodiment that the component (¢) 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 {¢] is dermal sheath
or derrmnal 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 (¢} 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 papilla cell” means each of the
cells which constitute the dermal papilia. 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
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each of the cells constituting the dermal sheath. "Hair growth" in this
invention means that hair follicle is induced into 5 the epidermal cells by
transplanted dermal papilla or dermal papilla cells and hair shaft is
spontaneously generated from the follicle, Although "hair growth” means
that the hair that is generated from the hair follicle as mentioned above

sPbiREhES I ety e A d@BhBato P it hdir S8 St Al afsy bieans

regptiQned as-IRatbgEemthnduction 14 Qtherterms and concepts of the
inventions will be illustrated in detail in the description for the mode of

carrying out the invention and for Examples. Except the special arts

which areicleagly,mentioned farils, SOUrae. MAQUs gris which a1e HR8HIY into
carrying out the inventions are able 15 to be easily and surely carried out
bihpeeiessllkedlinbhéransvdsatt o i than deserpiiors damtmalknepifa cells and
dﬁ umgnts, efc. Brief Description of the Drawings, 20.Fig. .1 is heme .. _.
S e A e it e et S MEOR i
celiswihanedrskinh@iy) was separtted fromdherback @hothetheatl4s) fllicle as

healthy male.. The skin was separated into epidermis (c).and _hair bulb (d)
o S RN AATE SATHE A By PRI G RIGRSEIS 20 TREP 1O such
epiderans wasmAademiciaepidarmabeetsite)dntiadtreatment 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 sheathwere sibjecteddor dfratmentwith, collagenageiand tiypsivded in
give single cells and labeled with a fluorescent dye Dil to give Dil-labeled

h&F'88 derthal feistiatensth &ht BAtaPhafroor sk Relie (RRRpaRd for
ofthen12-Rair germal papillg,celly weie sewRENAPlagicdish 1o GandMCt,: its

a primary
source, various arts which are used for carrving out the inventions are able

to be easily and surely carried out by persons skilled in the art hased on the

descriptions m the known documents, etc.

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 (¢} and
hair bulb {d) by an enzymatic treatment and by handwork using tweezers.
The epidermis was made into epidermal cells (e} by a treatment with trypsin
while the hair buib 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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culture (k). The primarily cultured hair dermal papilla cells were subjected

to subcultures for three times (1) and further subjected to labeling with a
fluorescent dye to give cultured hair dermal papilla cells (m). Non-cultured

5 epidermal cells (e), dermal hair root sheath cells (h) -and hair dermal

papilla cells (i) were mixed and subjected to an autologous cell

trams plemationapitiecftireiad skivmwonna astichlitie transprintatiopisnary
to be done. Inthe meanwhile, the cultured hair dermal.papilla cells (m), .
T R e Rypecced
the aidsenienttenta 1Bmrethodant simdlailySithjectbittoedntautatadoigs with a
cell transplantation tg the forehead skin wound to which the

PR A o o BEUOREEY: Mg 25 o BERILETGHA Geerbor Biamared
trapisplantation site teiwich ramixbutesel-dernalipapillacelisaandermal papilla
epidermal cells is transplanted and of a 15 cover after the operation. A

foreeaU™ERIA Tt B FRIPIRTESRHe R B HAIP RS frelbéraRpaiantation to the
previausly selectediasithe siteile which thedransilaptation:dsie be-donern the

and then all epidermal layer and most of dermal layer of these areas were
tréﬁ@%’&lﬂéﬁa @@pﬂ%ﬁsq%rﬁ@héw@dm%m}lﬁa@th@@@d%i%b the
Zgﬁ&rﬁaﬁk‘%ﬁéh%ﬂe%ﬁ&‘ﬂ”'&%k@t%ﬁé’sﬂﬁﬁ cellmbdyre, trapsplantation of,ned
the freshly prepared ‘dermal papilla cells, the dermal sheéath cells and the
epidenrdlaellsinilethaiss fanchrfow) whishiwegyrowdl aftersthiee sveekso the

from the trans Iantatign angl.t e transplanted §ite (r?cir le 25,with
i e e L T

transplanted site stained with hematoxylin and eosin. P, dermal papilla;
HM, hair .atrB(;. IRS, inner roat sgfgttgl;eORS,foute{ root ﬁheath. Cisa

Dil _ .
EShotS D $5-sSeCctin s of Hhe trans .tat}qn sgte to which
fluorescen %ho ograph™on serial’Section of B. Fluorescent signals are

nefediahihe qrasition Po iphis a dunyescespistuial of-Gbiefissgimilesly and of a

30 stained at nucleus. . , o ,
cover after the operation. A forehead skin under the hair-iine where no hair
was present was previously selected as the site to which the transplantation

18 to be done and then all epidermal layer and most of dermal laver of these

areas were trepaned to a depth of 3 mm. The mixed cell peliet was iniected

thereinto.

Fig. 3 shows the resuit clinical study of a celi-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 foliicular 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 sheatlhh. C
is a Dil fluorescent photograph on serial section of B. Fluorescent signals

are noted at the positionn P, D 1s & fluorescent picture of C which is similarly

stained at nucleus.
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13 Fig. 4 shows the result of transplantation of a mixture of the
subcultured dermal papilla cells and non-cultured epidermal cells in
clinical study. A is hair shafts (arrows) which were grown after three
weeks from the 5 transplantation and the transplanted site (a circle with a
broken line). B is histology of follicular bulb of the hair grown at the
transplanted site stained with hematoxylin and eosin. P is dermal papilla

and HM 4s haly matixs Gyls 3 R 1Ugreseant MIGIoSEoRY aF Serial SeGlion s .

of B. Fluoréscent signals are noted at the position P. D is a fluorescent
raigrostopyofinuciebpssthiniogs 0 &f@ngiibused pivdrenodlachBft of clinical
QSIS ANGE SRR LI K06, S, 201000 IREMALUSIRd IS e
this device s 1ise , ITIS"possible to form no?cﬁ%@v‘fﬁe circularincision as
Rigur2 fldhalsinthevepidermalingcisior drsthe (A bilide. Wit Gis@ken line}. B is
macrascopy. of the state of hair growth by heterologous transplantation of .

PSRRI E B BpidaPm BN GHHEMs2l Ry ed>RERERGRTa RS ained

dermakpapilla-peiistenesiermonse. dethethirdwrekfeommQdhesir matrix. ¢
transplantation, hair growth aligned on the linear line was achieved. As a

rESHEeYBRAE SHIH SRIRARAPR P SltETAIsSieW B0 BIe. Bigprriset signals are
migregcaPihef soatvibissahairfollice-stainedwith, Kermatsheathining
is connected to dermal papilla at the lowermost end of the 25 hair bulb
aPidsurrounds 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

30 subcultigred Wenrpaltpapitibeckié atf Gopdssayess(prgicarfbtmdees the knife is

;?%r‘%%reé‘% 18 RERPYaReTaly sphulturgd dermal panila gells (P8l detived ¢y
not only the circular incision as Fig. 2 but also the epidermal incision on the

line.

Fig. & is a macroscopy of the state of hair growth by heterologous
transplantation of a rat cell-mixture of epidermal cells and dermis-derived
cells containing dermal papilia cells to nude mouse. In the third week from
the transplantation, hair growth aligned on the lincar ine was achieved. As

a resuit, regeneration of flumina polorum is now possible.

Fig. 7 1s a microscopy of a rat vibrissa hair follicle stained with H&E.
Dermal sheath is connected to dermal papilia 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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whiskers were mixed with freshly prepared epidermal cells of newborn rat
and transplanted by a graft chamber method onto the back of nude
mouse. After three weeks from the transplantation, hair growth was
observed (a: 5 shown by arrows). Paraffin sections of these hair growth
tissue were prepared and microscopic observed after staining with HE

@bﬁrﬁ@rﬁres&@ﬁiauygsmb}lam reeteat-saipify fubredosht diasiobdhem rat
(ﬁﬂlgﬁ‘lﬁ-é%@e S[%ngg@ WAaR %&H%@e %#ggﬁ?%%?&%% \évgllﬂs of newhorn rat

anti-SM-a-actin antibodies which ‘speci recognizes dermal sheat
layer e Srositivel repctigndf thet® SMeadctih antibodiesavasrEonfitmetbuse.

in the dermal sheath.in d, shown by .arrow.heads. DP is dermal papilla, i
st s e el el el T e R

hdisgrovith inekicing abitity=0fihighlytidh subCullised dermalrpapilaccelis were

(39 passages) and tissues induced thereby. The highly subcultured

SRR S CENEL T 228) FE R PR FYEpariht dpradnarscens

aefls ofingwbernirahaneitransplantethby-asgraft ciambredmethed ontedhgerial

back of nude mouse. After three weeks from the transplantation, no hair
GERPPWES DISEN R ICR: S hBWR BRI SReH N S8 2 6 Piniiny sedfienan tibodies
w&{f‘cpr%p@g@@éqgmé e touhich cellswereydransplaniediante action of th
observed under a mig?%s%:ope after staining Wiﬁz I—EI%E (b) and co-satlgi]h(i}r?gO ©
vath-flueréscamtiBasi D e meslBamsthininghftudreseantidsetiHoechstifeyyn by

ManwPilReaitive gells were observad in dermal papiliae (e in.a . Jlie with, 1.,
broken line; representative examples are shown by small arrows). 25 The
coratiniered 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 deffnal papiliararidhbishaismatok h30rFgodthshoivs-histabliegmistrighly
Oefzu r(‘:%l{tg{’ggtgépxggflggp zialit e]?g, 83% passages) and tissues induced thereby.
The highly subcultured dermal papilla cells (n = 39) were mixed with freshly
prepared epidermal cells of newborn rat and transplanted by a graft chamber
method onto the back of nude mouse. After three weeks from the
transplantation, 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-g-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 1s hair matrix.
Fig. 10 shows histochemistry of a hair growth inducing ability of
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cultured dermal sheath cells at passage 1 (p=1) and tissues induced
thereby. The cultured dermal sheath cells (p= 1; derived from
GFP-Transgenic rat) were mixed with freshly prepared epidermal cells of
newborn rat and transplanted by a graft chamber method onto the back of
nude mouse. 5 After three weeks from the transplantation, some hair

growes dvasTarRIered et SHoAnPBy RSk dnlATEL R dH SR CHEMS WeerTeDy.
pigPpaiad from fae hair growth siig.and ebservedu @Hﬁ{la@%@f%&fagge(%c rat)

after staining with H&E (b) and co-staining with fluorescent dye GF
arcdenusleat- switingrisblescenreirs KHoedtnd). FElilorescassdof GFRt and
as ohserved.in a hair_bulb, part which 10 was f%)rmtgg ky,induction (e
e R R S R Bl IR s
isfhairthatrixdeigs Thshows histoghemstinnofseceveragbenhange mestrved

f hajr growth ability by transplantation of a mixture of highly subcultured , .
TRAEP S BarTS Kool o) RGPS arS A nE R e (1) i o
tigsues indyced bissehydMhndighlyrsuhauigredrdermakpapilaigellss:E (b) and
(p=39) and the _cultured dermal sheath cells (p=1, derived from GFP rat

) )
WWereATEE With FrecyraparsdEnidehmafcans srhalmtmg dgrgscent dye
transihlanted byraigraficchambesmethad ente:thedack.of BHABUINOYSEt which

After three weeks from the 20 transplantation, very active hair growth was

obserretned: SROWAUSHARJRsFRIvEz 8N Sreey werdprepiddsremmie sretia,
tgywhich.the. eells warke trangplanted angd,epserved 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).

viany DIsRoSTy e SSes o ohiened e Aemal Apias LBl S+ s

sites of bré%(e ines). orescence of GFP was rved in the dermal

sheatthofihdinbblb partsplhictatias siibjectetite inflittbiy antbforinatigndermat
i Berefeass: IR SO0l s s S0 o doue
recagbizeshdesmal sheatheto). Rosiiveredctiermed] papilia cells (p=39) and the
cultured dermal sheath cells {p=1, derived from GFP rat] were mixed with
freshly prepared epidermal cells of newborn rat and transplanted by a graft
chamber method onto the back of nude mouse. After three weeks from the
transplantation, 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
nuclea;—staining fluorescent dye Hoechst (dj. Many Dil-positive cells were
observed in the dermal papillaec {d: m 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 5M-c-actin
antibody which specifically recognizes dermal sheath (¢). Positive reaction of

the SM-c-actin antibody was confirmed in the dermal sheath {c: shown by
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30 the SM-a-actin antibody was confirmed in the dermal sheath (c: shown
by 16 arrow heads). DP is dermal papilla, DS is dermal sheath and M is
hair matrix. Fig. 12 shows the result of transplantation of a mixture of
cultured 5 whisker papilla cells and freshly prepared derma sheath cells
to human scalp. Subcultured human dermal papilla cells (p=3) and freshly

peeRareeeaulred resmalshenth.eells, wese mixedMath aridarmal callsis hair
and subjected to an autologous transplantation to the hairless site of

fotéHekad of a volunteer (healthy male, 33-years-old). After two weeks
from the transplantation, 10 three black hairs were observed at the site to
which a transplantation mixed with dermal sheath cells was conducted (a:

in white Bieker IiHewhitee arewsiHowewmlaretiersieé whererare of cultured
tr@ﬁ?ﬁ!@%ﬁa@*ﬂﬁ%%ﬂ?%@ﬁ% goeath gellsponlyone ing.and; ),

white hair was observed even after three weeks from the transplantation
(BuhonHiteddr dken dimelcawditpaarioagells Bk @rrbisstipwshaftsdanditured

pores which were present before the. transplantati n?{read Best Mode
S e o T e e i b
hairigtewis methed] aaharactetizatl dnithatcascampasditifondtha Compositinmteer

of the fourth invention) contajning; (a) dermal papillae or dermal papilla .
cHEHARG B8'n) %%ﬂa ?ﬁ‘?‘éi sue eépfav&n%?%éﬁlsffé’??aﬁgﬁlafﬁf@c?%aﬁﬁamn’

¥
incisedepidennial siterDermnak papiianag ahledonhe isolaied MsiGition mixed
minute tweezers or the like from hair follicles excised from, for example,

thE Ekif TEMinTarARcIFEiLs 35aTuSRRTECATS). Wit relhitP i adr ]I lme; white
p%%"%%%’@?h@%&@%&@ a transplantation without mixing with

dermal sheath cells, only one fine and white hair was observed even after
three weeks from the transplantation (b: in white broken line; a white arrow).
Black arrows show shafts and pores which were present before the

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

1s transplanted to an incised epidermal site.
Dermal papillae are able to be isolated using minute tweezers or the

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

human scalp). With regard to dermal papilla cells, these which are prepared
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17 by dispersing the excised dermal papillae into each cell using
collagenase or trypsin or those which are prepared by incubation in an
appropriate medium for animal cells (such as an FGF2-added 10% fetal
bovine serum-containing Dulbecco-modified Eagle's medium (DMEM 10)
mentioned in the Examples) 5 for an appropriate period followed, if

necessrisify subjectingitagrawtihbyiltaednsot stibeuliutaior sellaraliase or
several tens passages may be used., Incidentally, it is preferred that the

CHIRTEY etROsFe HEEth A SRS &2 PatBGHERRP BUR A G SR G RaF ™

the ewlittng liquid atenase wMoyed as daucivas pessiieitherirom-dhiaining
With regard to the epidermal tissue and e%%ermal cells, itis preferred to
Jeelbpigermisitia & irfididoal GMEM WRerersiHcire! derfhg) Examples)
Rapilige ised andhit i morepreferredJo upe Q%pakﬂ SUE efbwth b
cells thea?eylg? rom the skin which is/are as close as 1[j)%zops.s.ib e to tEe sit%p(gS d
whese thel exelzad eemiair papiitael wierespresehtiorer exapsgks epiderhtalused.

tissua o disparsed sells araafbeing adigreckio.alr llicies SACiEed el of o
isolation of the dermal papillae is/are used. A mixing ratio of the
chrapahénts {a)to (b)sndhe coatpasitionferdhbu?g liransplantation istabled as

t?n%e freel V%Elr?g %gtvve%?on about 1:9 and about 9:1. The composition
maycflﬁr?ﬁ rcontain 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
fibroblast§J etc. may also be made from about 1:9 to 9:1, 25 The

epidermid i wARHTHe Drposition FoPFAnEsiHtafio iR fa™al cells, it is

trangplastedoma: beformesk by exeisingriae iwhaleayer of @pid eimisedran the
part of dermis with a knife or the like. For example, it is an incision of

aBBUPEEEPHIAT 18R SiTa% 168G Thin deih. Mt sEprefelfed thaiigermal tssuc
injecting; amouat ofdhe aampositionite, this ineised gpiderpis Silgismade.e site
where the excised dermal papillas were present. For example, epidermal
tissue or dispersed cells thereof being adhered to hair follicles excised for

isolation of the dermal papillae is/are used.

A mixing ratio of the components {(a} to (b) in the composifion 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 be 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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30 not more than 10 ul per incision. Cell numbers in that case are not
more 18 than about 107 to 108. The second invention is a hair growth
method, characterized in that, a composition (the composition of the fifth
invention) containing: 5 (a) dermal papillae or dermal papilla cells; and (c)
tissue which constitutes hair follicles or cells thereof is transplanted to an

ingised gpidermabsitee. The component (a) of the composition of the fifth
invention used in 10 this method is the same as the component (a) in the
composition of the fourth invention. On the other hand, the composition

(c) is folligle-constitufing dermal sheath, gutenhalraghsheathRneLhal mas,

root sheath, dermal papilla haft, etc. and dermal sheath or cells thereof
apecparicatioly (Hreferrodowigrrefding foftheeismtninsieaticadale
compone t ich i i ro mdividual wherefrom the
dermal pg%il a%é&%;arlegi%%%%(}; fs%[%g{lfegrireg(% %’r%i,a(%g%é %%rlqe}fjerably, that which
is separateldifsont Wwaiclollicies exeisédforfidotationrofadiermatkpaipillae is
used. The dteg@gl gltlwg%theag,nit.iscgggg Qe. Snade ajlntlc,)mea composition by
mixing with 5erm%]l paepil aeordermal F%pl a celld 6f the component (a).
Alternatively, a 20 product after dispersing it into cells and incubating in an
appropriate medium for anima| cells may be used. When FGF 2 is added

to the meditint SEBERERE e Hafr FOBLRMRIERPCBlIS R e Baion used in

effigientiyarawis Aumixingdatio ahihesapnonants)(ahteds) Bt sition of the
composition for 25 transplantation may be freely varied between about .
194 End BoBtiothe coRfposifién rﬁ%/"élso}i?&ﬂain%erweé}%%ucﬁ) 18

agdifrpblasteofine sikBnphiheiRokaole) (the,third Jayentionds &bl hair root
growth method, characterized in that, a 30 composition (the composition

ofheasixtripiventicrpebntaffingctite folldwisgmal sheath or cells thereof are
particularly preferred. With regard to the dermal sheath as the component
(¢}, that which is derived from an individual wherefrom the dermal papillas
are isolated is preferred and, more preferably, that which is separated from
hair follicles excised for 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 mto 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 {c] 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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19 components: (a) dermal papillae or dermal papilla cells; (b) epidermal
tissue or epidermal cells; and (c) tissue which constitutes hair follicles or
cells thereof 5 is transplanted to an incised epidermal site. The
components (a) and (b) in the third invention are the same as those in the
composition of the first invention and the component (c) is the same as

thatithe.eemposition of the second invention. Each mixing ratio 10 of
the components is also the same as that in the first and the second

inventior8) afimnkresilssrientcay dmeedkpsient (b)) is from about 1:9

to aboUt(t%t;%ﬁ}’&‘é@r@ﬁ‘%S&Q&p&r‘@ﬁh@)&iéﬁh&ﬁ%%ﬁem (c)) is from about
1:0.1 to about 1:0.01. 15 When dermal papilla cells where hair growth

inducing (abilityis ehmmatetsorredubed byladen o-terts sbboedfure (about
10 E)rassaﬁes or, more in thecfonv ntioaraal.method or about 15 passages
18 s1{e

ted : . :
oF more M the method of Patent Document 3 by the inventors of this

application) are used as the component (a) in the methods of the second

and the thjrd inventions, it is 20 preferred to use.dermal papilla cells or
Gormal paBI S BPRRP TGN A DU DARCASHHE COMAIRELS ToF same as

aghieving an-exaelepithair grewshnisdustionteffect 25 Wlvantagas:of theis the
Invention According to the method. of the first invention, dermal papillae or

dBFMEl Papif RIS AP FRISHRE] (OGetREPITEpRIEhal Féshepixing ratio
epidarmabeellsands a3 aiesWhdhe-position and the distapce bynwhieh thecond

30 epidermal cells and dermal papilla cells are able to exert an interaction
eHEIF PP BthaP AreHuSHBRTS fohér EpfaeeRelcels i MettorRpat 1:9 to

C¥$lout 9:1 while {the component {a}):(the component (c}} is from about 1:0.1 1o
about 1:0.01.

When dermal papilla cells where hair growth inducing ability is
eliminated or reduced by a long-term subculture {about 10 passages or more
in the conventional method or about 15 passages or more in the method of
Patent Document 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 te 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 dermel papilla cells are able to exert an interaction each

20
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(pathologic solid of epidermis) as well. As a result, reconstitution of the
skin and formation of the follicles are achieved in the inner area of the
transplanted layer and hair growth from the transplanted dermal papilla
cells 5 is promoted. According to the second invention, the component (c)
is transplanted together with dermal papillae or dermal papilla cells

%ﬁe@%ﬁﬂ&?@w%cﬁgﬁl@%ymﬁ&é@%ﬁ@gwﬁw gpthechaferm a cyst
%%@ﬁ&%g& fom *2)%'Eé‘?ﬁl&'ﬁﬁgﬁés%éﬂﬂ'“ﬁ%ﬂ&'%é’iﬁm%&rﬁ%&%&* It the skin

umina pilorum is formed at the hair growing site and, as compared with
el sitimtransplanfatibe afvdifdiicleargamsplevetiom ntbre mangral atea of the
eproduced hair is generated. Acgcordin the third invention, th :
e
or plermalgdapilla cells whereby follicle formation and hair generation are
promoted by the action of the component (b) and, further, elongation of
the produced hair is promoted by the action of the component (c). As a

result, fareffastiverre preduciion ahviransplantedbatnisRew Rossileaslanted
compared with the conventional 20 methods. Examples 25 This invention

VARBBSHUSH A T RoRABEIEN SRdCSPREHENTHY RV o tHE TBHoWAHg growth
Exanelss althesghidhe presentdnvention is aot dinited: Ly theseair foliicies is

Examples. 21 Example 1 1. Method 5 1-1. Preparation of human cells for

AP ReAtHlioPr SKitHas dblldctsd Honf e IRiIrRjloWiRy 'aréarofahetbabr hair
oL thelead ot healty VOWINERES of 32:20d 44.¥8315,.398 8N na follicle

subjectéd to autofogous cell transplantation to the hairless area of the
foremaddn®ien, more natural reproduced hair is generated.

According to the third invention, the components (b) and {c) are
transplanted together with dermal papillae or dermal papilla cells whereby
follicle formation and hair generation are promoted by the action of the
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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cells used for the transplantation were separated from the site as shown
by 10 Fig. 1 and used after making into single cells by an enzymatic
treatment. Details of the preparation of the cells will be mentioned as
hereunder. On the day of 4 weeks before the cell transplantation, scalp of
3 cm2 containing hair bulb was collected from the back of the head. The
skin material for the operation wagssgaartied into the skin and
subcutaneous 15 tissue using a microknife. The skin tissue was treated at
37C for 1 hour with a 10% autoserum DMEM containing 2,000 units/ml
dispasgitgyseparate into epidermis and dermis. Dermal tissue was finely
cut into 1 mm squares, sown on a 3.5-cm plastic dish and subjected to a
primary culture and to subcultures for three times according to a usual
metoskEomL e 40 subeHangows Use, 300rmal papilae and
dermal sheathes were separated. Among them, 10 normal dermal
papillae Wwéfa sowrroleat8biomm phastieidighcarid sabfectédtto hapiieanpe head

C d to subcultyres for three times according to the method of .
il e S i SoN e R fo  S DETRE
centaloigg hairel? Sl bppatt avas: callette dnetide sagatr dramh the backefidhe The
heaﬁ and aeparatledt into the skin and subcutaneoys, tissue. From the

SUBCTtAREOUS iEATd HAIP S WeTE s AP ald Rair buib AR fiee™ by

separateshiheredoniibermalipapitacsivere separated-fronh lyemhals Bdbtment.
part, digested with 0.35% collagenase and 0.25% trypsin EDTA at 37C
foP T PGP AHF tRESRAGING 20 ST eI WerBsriiansH ae1pgreunder.

autoserumy,PMEM £f 4Csuptitusa,cfhe B2 <k issHenasdreatedWith & 3 cme
10% autoserum DMEM containing 2,000 units/ml dispase at 37C for 1

hSarEaegideihidebhtiringeHar folliEes: was dasarabditormedérmishe skin
The.epidermis sontaining;hairfollicles was. digested, with Q. 239 tyRsi0tancous

EDTA at 37C for 1 hour to give single cells. 5 Dermal papilla cells and
dérpraksheith eeliswekaidubjditedstora Heoveseant treated at 37°C for 1 hour

with a 10% autoserum DMEM containing 2,000 units/mi dispase to separate
into epidermis and dermis. Dermal tissue was finely cut into 1 mm squares,
sown on a 3.5-cm plastic dish and subjected to a primary culture and o
subcultures for three times according to a usual method. From the
subcutaneocus tissue, 300 dermal papillae and dermal sheathes were
separated. Among them, 10 normal dermal papillas 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 subcufaneous 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
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staining using Dil. Incidentally, all processes were aseptically conducted in
a clear bench or in an aseptic instrument. 1-2. Preparation of epidermal
and dermal incision sites and cell 10 transplantation Tattoo was applied
on the position of the hairless sites of forehead to which cells were
transplanted with a dye where fine particles of carbon were dissolved in

9% ethanQl. Rigtures:with High respiving, pover ok thisniter Wet8 aining 2,000
previously taken under a digital microscope (manufactured by Keyence)
1508 yEEe rell smasistibtition 167 Ha e therisb@yidetter amestsetizieghwith follicies
%é'@%ﬁ%e@f‘%&%'%ﬂﬁﬁhr'”?héh%iﬁgr‘ﬂﬁé RN HERI AR was
mm using a Trepan (manufactured by Kai) having a dlamegter of 2.5 mm
tolipreparevathed 36 the s plbtation (Fr§C2joFreshiyprepaied derphalcells.
papilla cells or. cultured dermal papilla cells, epidermal cells, fibroblasts

B S R 1 S R S e S e orescen
mikedice]ls siner®denfititigedtati, 000 ppoadesd minvteseSiealit isonducted in
nec ssalg/eto trans]ig)lant the cells in a state of as concentrated as

pBsSitte SFRRRSTARaRB RS e THEEed SRin was conducted by a method

where hyaluronic acid gel is layered during centrifugation and, after the
centrifugation as such, the cells 25 were extruded using a micro-syringe

(Patent DERARERES).CAs SHGRITIAIFIGTS, thisTrafspRTtatPRitetitgs and  cell

cevaregiwith tagadam and nujel. After the transplantation of the mixed
cells to the transplanting bed, they were observed under a digital

microscop &P tRED RRBERMURA Pedtys thdheaheklasg fites of forehead to
s s s et (g ok T DRI IASECIEANS e
erdisedivd by d@onvErtional Methods nvdtie tgslicesiving mahickmdsghis site
a%rgsfr%xfr?c{uas@i§ﬁggi%%cf()a?sa? rglagtzit%ﬁ]'glac?!:?sg'ope {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. 2j. 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% formaliin for one night, subjected to a paraffin
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Cell Numbers Cells Transplantation Tran splantation Example 1 Exam le
2 Dermal papilla Cells 2.8 x 104 0 Cultured Dermal papilla Cells 0 2.0 x
105 Dermal sheath Cells 7.0 x 105 0 Epidermal Cell s 1.0 x 105 2.0 x
105 Volume of Transplanted Cells (unit: 1) 2.1 2.1 5 2. Results
Transplantation Example 1: In the autologous transplantation of human
deimaldapita geits tedoiehdat{fransplantaiion Exemple 9 )thehitBness and
transplanted site was_completely epithelized on the seventh day. After
ENh 58%&%%8%55%@8 BAAIAEEY on the development every seven days
for six weeks. In the Transplantation Example 1, it was observed that, on
the third week from the transplantation, two fine white hair sheaths
elongated to an extent of 2 mm (Fia?‘é}@).lon the sixth week from the

transplantation, the 15 hair-grown site was collected &rtl histologisally
ébdbrved whereupon five hair follicles weteabsgpe@iipthe Transplantation
Transplantation Example 1. When those! folliekasgpdeel subjectedigaple 2

fRoresdanpdbséisition, a red fluorescent dye2 Srevidlisly labeled to ©

dewttiat esh pitteree | Baaidedesttial sheath cells was ®bserved in the2dermd®

gagilizad (FloedB, @Bnd D). Although the similafred!20 autalogous ©

fiipiéasepacedd hoted in human skin, it is excited byibe G excited? fay 108
ondyane offitretordaittisdabidisaeidistinguished f#om the labeled dyé.!

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. 25 Transplantation
Example2: In order to confirm the follicle-inducing

Transplantation Exampie 1: In the autologous transplantation of
human dermal papilla cells to forehead (Transplantation Example 1), the
transgplanted site was completely epithelized on the seventh day. After that,
observations were conducted on the development every seven days for six
weeks. In the Transplantation Example 1, it was observed that, on the third
week from the tfansplantation, 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
previcusly 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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24 ability and inducing ability for hair growth of the subcultured human

dermal papilla cells only to human epidermis, the subcultured dermal

papilla cells were mixed with epidermal cells which were newly prepared
from the skin of back of the head and transplanted to the forehead. 5

During the seven days after the transplantation, the development was the
saneyasihat dn thegTasanapldntaiion xamplef2ianduivciiefordthweek dermal
after the transplantation, two fine white hair shafts being elongated in 0.3

PR HACELES MY KR oBRIIRSH TR 4 AY THETohrtr WaEiRaRpar 2 cetls

therdransploptation:the-hair-grawnisite wascalastedrapd-istalogicallyskin of
observed 10 whereupon four hair follicles were observed in the

Trfspldiansatamplen P MHER thISE Faiif Fsifetes were subjected to a
fluorescent micrascopye (et filorescent dyg which was, previoushidabeled was

to papilla cells was observed in the dermal papillae (Fig. 4B, C and D). 15
Ekamptec2ad tvdtiods 90 ansPrsparmiv Fotuets forarshspldhatenrth week

Derm ill I ving a hai_growth indycin iljt [ l.
T e T e ant, LRE = 02
skim ofmeWiSomok-iseblervatoblvwordayd Eige after Dinthhd Heungwleel aifter the

Fischer. rat was sacrificed by decapitation and front and back.limbs.25 and
e R Bl T 28 Aol B BAERR e e
trehkrpaon s ex ivdiatdol)slet| Red:wits ésodingand: 70U e tanohtiwashedmple
with a physiological saline solution and _storeéid< at 4C until it is actuall

u%edW%%éﬁf%%ﬁe%% frRilirles dhere 18 fRSkil & ﬂ%é"ﬁ%%ﬁ’&?rf’%‘é‘éyscow’ red

detagheskhy @ydnigtaknifesupaes SusierRoscepicopsFIBE0Ra ik asepliced in
environment. 30 Incide_ntall%ﬁ, all steC{os thereafter were aseptically carried
othtarfiarerehrasEiien (Fig. 4B, C and Dj.

Example 2

1. Methods

1-1. Preparation of cells for transplantation

Dermal papilia 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 Iscdine and 70% ethanol, washed
with a physiological saline solution and stored at 4°C until it is actuaily used.
Subcutaneous tissue adhered to the skin of the newborn was detached by a
micro-knife under a sterecscopic microscope in an aseptic environment.

Incidentally, all steps thereafter were aseptically carried out in a clean bench
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25 or in an aseptic instrument. The skin tissue was cut in stripes each
being in about 3 mm width and 10 mm length and treated at 4C for one
night in dispase dissolved to become 1,000 units/ml in a
Dulbecco-modified Eagle's medium containing 5 10% of fetal bovine
serum. The skin tissue treated with dispase was well washed with a
physialgisahsalinetsattinn and separated into epidermis and dermis
under an aseptic environment. The epidermis and, dermis were finely cut

using a SR kMEAhd e Gtdd With 62596 trylrsit? BB FREBiuti s A 14t

234G fon 1Qamieuias tand0 prepare a suspepsion where eelsivate fleateted w
The dermis was treated with a 0.35% aqueous physiological saline

RACRIB 2t 87E F5HEY Pinkited 18RS EPCBIPSEEER TG WHE B Grsverining
flasieds Singe theipellsyapensienwhere faedermaliceligare dealed was well

contained an epidermal component forming the hair follicles, it was 15
cepshifiry sdtat3obpaidacal minme sed deparnd adsatieffiiattepiderms and
@m@@g&gr&aggggﬁ only..Fach cell suspension was aseptically sieved

with the mesh sizes of 100 .tm and 40 m and aggregates where plural
cells weréradbeikd machndthier mey evem diredy 20 Epidlearmakoettscah&nife and

dermal cellsin e same cell umperswerg, mixed and centrfuged at o
1509 rpm“flor 5minidtes to efbare ceﬂApeﬁ)e S °Th& meditm Was refove
frapptie pellets dakowed by storingeaircdidermperature until
transplantation. 25, 1-2. Device where knife angle is able to he freely . ,
adjusted A SpafE bR dEfor aHGIdE Rnite Wa 'ﬁs%‘algﬂﬁsaﬁmvﬁ%ﬂ saline

eslga@bnthe biade wassablaitohescrassrd al apy angie-hekweermieandis were
R ) P e naton whers bt tormal et 2 Sfloated
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 peliets 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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able to be freely set. 30 26 1-3. Preparation of the incised site of
epidermis and cell transplantation On the back of BALB/C nu/nu mouse
(male; 4 weeks age), incised site of epidermis was prepared in 0.5 mm
width and 10 mm length. A 27G injection needle where its front was
removed was attached to a 100-pd 5 microsyringe and the cell pellets
webe Bugkechinto tiiersyiingsed hizecofl epidletmin andmiuntob il were:

extruded from the syrin ransplanted to the incised site of the = .
epidermisﬁrrgé?d% %% 8?&%%2%@@1 UHE SRETSCWRIRI the WSFESyaRS). incised
teansplaatedtwas appliedapithea eaveswherewadibrian pastenvas selidifiedy 27
10 1-4, Observation of hair growth by a. mixture of dermal papill

a .
CONSESIRRIGG e iher8eitvel RIS/ EpraarRthl Fals BEIGhethde & 100-ul

tiansplantiation .an ehservatigaigd e&@f@igmg&p%%wg%ﬁgg 0The cell
confirm whether body hair was present at the site to be 15 transplanted.

Evaktere EPORE WEEK(S ) Bt aFefe raTEprah st sbserratonsd Frearsglanted
micrescopaware;condugted fo; chack the changes %@%&a&tﬁ#e@%%% site to

skin. 2. Results 20 On the third day from the transplantation, rn
pastsife ltuff calielevatre monsplblifecdtave ofathplimd ussiwhereupowtiee a fibrin
t[?crllstglanted vyo#)pd was in a cured state. When the development
Ste, was sohidilied, . . ;
thereafter was observed, hair growth was noted on the third week (Fig.
6). The hair growth as such was 25 distributed on a line and coincided
' inci i idermis. Exampl
Wit—hé%ﬂ}g}:!ggzl*%g (?At%folf;etapre; x&gt [yysa m)%tugeeo? dermal papilia cell-containing
dermis-derived cells and epidermal cells
Before the transplantation, an observation under a microscope was
conducted to confirm whether body hair was present at the site to be
transplanted. Every one to two week(s} after the transplantation,

observations under a microscope were conducted to check the changes in the

transplanted skin.

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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30 1. Methods 27 1-1. Isolation and incubation of whisker papillae and
dermal sheath of rat A male Fischer rat of six weeks age was sacrificed by
anesthetizing with diethyl ether and the cheek was excised. The excised
cheek was 5 sterilized with Isodine (Meiji Seika) and 70% ethanol and
washed with a physiological saline solution. Dermal papillae were carefully
isolated from the excised hair follicles using a fine tweezers and sown on
a 35-mm incubation dish (manufactured by Becton Dickinson). A primary

Cultuf&REET SRGUAETDRE 214G IRERE SraBrrRt Oshadgeagyrf gat
medium A Q.containing.1 0% fgtalibying serpmigavbichi FGE %X‘;Qﬁ%qgg‘gzmg

(DMEM 10) and the medium was exchanged every five days. After the

prifargietitlre tubcutdirésavehs dontiasteereined: sében edsndiayseforwas
tE‘ErH&QéF’@ﬂfﬁtiQQeiﬁféls(l\%ﬁi( a@éﬁ’ nassades wete Hsed. Maleagdult o 4

EGFP transgenic Wistar rat . Wyeth Laboratories) 15 was sacrifice
haredtgatidingivith shbttplethBrramditeehdble wasexcisethlliTheolated from
%cc:aisggc%she%e%vgs otﬁ?ir ihigse dutSQIel Saaan 1 ag t\)woe\é% %@d atpl%n EI;] %ﬂﬁollicles 3b-mm
were excised. Dermal sheath was isolated from the excised hair follicles
andisowivondasB5 imanatiitite edstuyAfsimaty Ioiditirasovas CArrathoatyonuiture

an FGF2-added DMEM 10 for 2 to 3 weeks and the medium was _ | _
o eR AU S0Pty 3 (5 4 GRS R e HINARS MG BhpEaresmecin

wete gomndicled, evelyisenes iamday syitentirsransplantation: qelfgofs 10
1 passage were used. 1-2. Preparation of epidermis of newborn rat 25

B P p ZpT E8IE A T Gresmth e aRe: aoifts e epiesmgulture,
cellshavingsa hal-growgh differgntiating akilifywerg, prepareg.fom the,: e

skin of newborn Fischer rat of two days age after birth. The newborn

Fistper ptiae s setifceidPnsiehe S thativaas itk gietssd ether and
Male adult EGFP transgenic Wistar rat (K. K. Wyeth Laboratories)

was sacrificed by anesthetizing with diethy! ether and its cheek was excised.
The excised cheek was sterilized the same as above and then hair follicles
were excised. Dermal sheath was iscolated from the excised hair follicles
and sown on a 35-mun culture dish. A primarv 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, subculiures were conducted

every seven to ten days. For the transplantation, cells of 1 passage were

used.

1-2. Preparation of epidermis of newborn rat

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 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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front and back limbs and tail were excised whereby only a trunk part was

30 remained. Skin of the trunk part was exfoliated, sterilized with Isodine

and 28 70% ethanol, washed with a physiological saline solution and

stored at 4C until it is actually used. Subcutaneous tissue adhered to the

skin of the newborn was detached by a micro-knife under a stereoscopic
MiCtostopeln vershse piit e v ipbiyeieingibedicehitad ysall Stepsitideseafter at 4°C
ers ascptically B.caniad outin g dlean bench or IMAL.ASERIG, . oy or e
inStrument. The SKin tisstie Was cut in stripes eachabelng i about 3 im
wiiektfboand::Q denalengthoans tréatedaifd Qfotene pighidscdisipagtcroscope in

(manufactured by Sankyo Junyaku Kogyo) dissolved to become 1,000
TGP GERV B e R FSebne et R SRSPBSE S ofPocpticall

washed withra pbysialegicah 1 saline.selptionandsaparated into
epidermis and dermis under an aseptic_environment. The epidermis was

finely cut B&iNGE Sitcarianfe Hnt thesRes it ToBatrghsmiED TR width
solidtion k3 16 foh LW MIRUIeS {0, PLepars: 3, AUSReRRign &é@}ﬂ@e‘{ﬁ'ﬂ%ﬂ%@ﬁmed

floated. 15 Each cell suspension was passed through filters with the mes
Size32pk100 W eHedoamyahdiagreg dredovnare piORD calissmlcdghepéBM 10.

each Qtherwere removed, =3 Risparation of fibroblasts from %ﬁ gﬁ%ﬁaﬁogicai

sole of adult rat 20 Male Fischer rat of ten weeks age was sacri
asraithetidinigowithn diethyduetiel ard the skimos thedalerwas excisedhrT heeptic

excised sole,skin was sterilized with Isodine and 70% ethanol and
CIIVITONINE:

washe Wltﬁt{a physiological saline solution. The subcutaneous tissue
adhered Ththepsiensidnwasirrdmnoved sy @ mierceknifacdnianpsepticed with a
ivided into four equal parts and

environment.. 2 r removal, it was ,
A TR NS FUTOAR oo ath Lo RO LSS EA RS Bet GHersion
1y@08-41pHSémldre floated.

Each cell suspension was passed through filters with the mesh sizes

of 100 um and 40 um and aggregates where plural cells are adhered each

other were removed.

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% ethano! and washed with a physiological
saline solution. The subcutanecus 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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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 30 60-mm incubation dish (manufactured by Becton
Dickinson) and a primary 29 culture of the fibroblasts was carried out.
Aftentheptimdiyrobltests tesfitrobtastsitierived from dermis of adult rat

sole werg.subcultured and the cells, u 4 sages.were used for.

the trans%%ﬁtgﬁo%??ﬂ.ﬁ?ﬁ%?tr%l%pgﬁ%%f%sﬁ%ﬁa‘%\/ igﬁgﬁ 3§p| a of adult
cellss GFRetat svhtiskin dermat haie shiiatmpelts 2newbaraskaicepidenaal sed for
cells and fibroblasts derived from adult rat sole dermis A male nude
ﬁ?b%gg%?%%%ﬁgrége (manufactured by Nippon Charles 10 River) was
anesthetized by intraperitoneal administration of Somnopentyl and,

sterilized with Isodine and the skin of the whole layer of the flank was

st d RIS BEP AR Rifhery. Wik AR Gl atdthedabo tidsker
siis-ysing A-sytergrmage of NyiprnRat \é’ﬂégﬁﬁxgﬁeg@sc&ug 0306 39 derived

passages), GFP rat whisker dermal hair sheath cells (1 passage),
NEWB VAL 25 Ehtdérhsaiscells and fibroblasts derived from adult rat sole

dermis whigh wergapraviouslytabgled with.a uoreaeant.dy e (DB WSEEChartes

mixed in a ratio as shown in Table 2 and centrifuged at 2000 rpm for 5
nifhee swe praparacbliqrellatsinfigerdwoval efamesitandromitigmnopentyl

peligts, thay were injeck 1n'£‘t8ﬂ§‘d9{f'i‘ét s%r@?%ﬁg%rﬂ%f% Tucro-pinglies The s
above operation was aseptically carrie out. During one week after the
transpdantationirtie tnsplantedrsiteewash pretéotdcdwithravaurgicaldape to this

(rgl%lnufactured_b l\ljch&g&% éft pne w ek from the cell t n_sp@ng%ion,

S BRSSOV E WS rariSPlalte Sie WA Hsibctdd o< 39

Withslsedie@rd hieedingwasceandutiedsheath cells (1 passage), newborn rat
epidermal cells and fibroblasts derived from adult rat sole dermis which were
previously iabeled 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 cell 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 sterecscopic 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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for further two weeks paying careful attention to onset of infectious

diseases. 25 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,
thetansplanted30sile was exsedulixedforonennightanthiay ithy staining
Mildform ION and 30 embedded in paraffin. The finely cut slice (5 m) was

et STaImn WitARntEfox gt at SBshT(RE} steifithicGlestsit! and
daining of by cletandcpatirmatioponhthefiiorascent dya iakeladiPp of the
the papillae and GFP of the rat whisker dermal sheath cells was
dohdtistelc TRRrE s aR8E catife puits R RTALINOSaHs epef alre carried out
cantnued 2icesHang ARl IWLa:aetR antibodies, whish was a marked for, .
dermal sheatgr@‘lr%%%g’fg%ll Numbers F%gtE g%ﬁisg%%\?%g a%\@lt?oﬁr%&{l ggﬁ%OdleS
Tvansh laatation Fhadshndttion heatiple 1 Exam le 2 Exam le 3
Epidermal cells of newborn 107 107 107 Whisker papilla cells (6 and 39
passages) 3 x 106 Fibroblasts derived from 7 x 106 7 x 106 4 x 106 foot
sole dermis Whisker dermis hair root3h<106 3 x 106 sheath cells 1

passage) " Whisker papillg celis 6 3 X 10 Cell Numbers

Rat Cells | Transplantation | Transplantation | Transplantation

t Example 1 Example 2 Example 3
Epidermal cells of newborn | 107 107 107
Whisker papilia cells 3 % 106
{6 and 39 passages) *
Fibroblasts derived from ,
foot sole dermis 7109 7> 108 4> 108
Whisker dermis hair root

8

sheath cells (1 passage) 3 10 3% 10°
Whisker papilla cells
(39 passages) 8 108

2. Results and discussions

With regard to hair growth ability of the rat whisker papilla celis,
analysis using a graft chamber was carried out. High (p=39) and low (p=6)
passaged cultured derma! papilla celis rat whisker {Fig.8, p=6 and Fig. 9,
p=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. ©%a). However, hair

follicles were confirmed of the both tissues microscopically with H&E
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(39 passages) 10 2. Results and discussions 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) 15 passaged cultured dermal

papilla cells rat whisker (Fig.8, p=6 and Fig. 9, p=39) were transplanted by
mixing with newborn rat epidermal cells and fibroblasts derived from

dernis gfigoBokngf Fag. Afeerare Weeksfropmiimed||thednspiimagiorthe high

skin which was derived from the t lanted cells was_.found tg be ...
B s e e B ey
wasecenfiimbinghebsite téowhieh thelatiturednwhiskerepapillarcelsialpséytion,
ere transplanted (Fig, 8a) but no hair growth was observed in the case .

S e i e S R BRSPS PR i o acion
feticlesnmiere-confitnied af thenbothdissuascntaroseopically WithrH&E131by the
staining(Fig. 8b and Fig. 9b) and it was confirmed that, altho%the high )
EES FermsTpapiaritits (PL39) WavenaHhif sHafts Grovih abfity e hair
theychaveandedusinghabilityfes hair felliclesndheyennedsaral out using
section, fluorescence of Dil labeling dermal papilla cells previously

PSP eator S M e a4t was ebatiivad tabal Hliegowtpsger to
hajefollicie by thetransrianted dernalnapilla eglls (EiguBcandidand Bigiye

9c). In the hair follicles induced by those cells, an inzmunostaining was
G DUV ESingsantdSMMa-aetirastibodiew e i wastomiarkeesoresulted by

dermalsheatflin ofderiQ h—%a}: Whether d%&@ﬁk%ﬁ%atﬁ‘fw35r¥8f5q‘_es?xeﬁ?§ was
result wasthat a’positive 10 reaction was o servedoonly in the follicle
wherle el growth nasisesulied By dnel loywassagethedilsi{goBicldscrelyad by
f?ﬁm%ﬂo{{ o %gém‘?{.%hﬁ?th was confirmed (arrow hieads In Fig. 8 %“gneg_ od).
W ﬁe, A e RaisoHices fg)rme by tﬁeshlg passaged Cails p—e§¥)§:, n
positiveieagtionwasabsarvedk(khigwOeade clear that, in the whisker papilla
cells of rat, ability for inducing the hair growth decreased and was lost and
ability for forming the dermal sheath was also lost as the passage increased.
Next, dermal sheath cells were added to the whisker papilla cells of
rat where hair growth inducing ability was lost by subcultures for a long
period and analysis was similarly carried out using a graft 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 papiliae 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. 1lg),
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From the above result, it was now made clear that, in the whisker papilla

15 cells of rat, ability for inducing the hair growth decreased and was lost

and ability for forming the dermal sheath was also lost as the passage

increased. Next, dermal sheath cells were added to the whisker papilla

cells of rat where hair growth inducing ability was lost by subcultures for a

|BHgrpesodeand dpdlysisiwas winsitargecasfied Bt wsirtg ecgfafteidanbetermal

In.a..20 group where cultured dermal sheath cells (p=1) was solely added
e e T o B et o

afpiciures astdine dusity HEn(FigMLOb) and fluoréscBace (Fignd@6), of dermal

fl oreﬁgence of GFP nfirmed in the dermal papjllae of hair follicles , .

as co
and it was contir B IR ERANPGTRNTT By de BTAT Sheih B8RS, Sinpadition

floforascenga iGRPmasbralsotbsea®d ingrrmrabsheath, itWas the above
confirmed to be formed by the transplanted dermal sheath cells (Fig.

16 this CONtraRPaARER grdtip SREiR Ol ARdBR peiff e STRs drpap gt for
and,quittred:germal. sheath calls.th RRESAIE) WRIB:d to the dermal

transplanted together, an apparently significant hair growth was observed

(PRPIR) cEFSMarie HissEratiane wHstamsd 30 prclunes SomEtisbilé withorgred.
(@gjrﬂb)a@m QU%%CQ“%éF%g'Ee)sté? @HQ{?%ﬁgﬁe&%frBiélaggeath celis were

fluorescence of GFP were confirmed in dermal papillae and dermal
shaatd, tespevmvdlypapiBeditdn, heanesalt ohdmemmaostdinindousigr growth,

anti-SM-a-actin antibodies,.. formation of. dermal sheath was confirmed in
th%%%%rulgﬁh r%%ﬁnéirl%%f\?vt O%vgsg Pagﬁg%%%'ddition 5 of the cultured dermal
hair room sheath cells (Fig. lle). From the above results, it is now
apparent that formation of dermal sheath was important for hair growth
and that, when the dermal sheath cells were added to the dermal papilla
cells losing a hair growth ability, thekais grewth ability recovered. From
such a fact, it was suggested that, when dermal sheath cells were 10
added to dermal papilla cells having an inducing ability for hair growth,

1. Methods

1-1. Preparation of human cells for fransplantation

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
matenial 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/m! of dispase to separate into
epidermis and dermis. The dermal tissue was finely cut into l-mm square,
sown on a 3.5-cm plastic dish and subjected to a primary culture and

subcultures for 3 ftimes according to a common method. From the
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higher hair growth induction was possible. Example 4 15 1. Methods 1-1.
Preparation of human cells for transplantation Skin was collected from
hair-grown area of back of head of a healthy 20 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
mentionedassfaliows, Folidaesks irgidiedhs:deldransplantationescakpatated.

%cmZ including hair bulh part was collected from the back of the head. .
B SR AT A REPLI o TRE MO NAS SEhARBUTRG kit dcPLastic

subguindeeuUsdissHE LSRG advismtkiieatthe skiddissye was theategatulture
37C for 1 hour with a 10% autoserum DMEM containing 2000 units/ml of
FreP P R e iHSE PGPS & HRFHiIC he dermal tissue was

finely cutjnterk-mg SAaHLSQWN m%&%@a%gié&mwi%&ﬁg of 3
to a primary culture and 30 subcultures for 3 times according to a common
rAethoth HrsRitEe h33 siplEgtanewas tissliec300 aarial Pupilldie aplin and a

dermalsheaily wate separaied, Teoanormal deimal pIlac AMORNA NG oy the

above were sown on a 3.5-cm plastic dish and, according to the method
of Patetardogantenti2, arptitnary buliureasndvsabeeiteres:for threstmhasapillae

were carried out..5 On the day.when the cell, transplantatign wa ,
c‘é’ﬁ‘dﬁu%?é’é‘f %Eéé?pi% tgtzlr% %%n gr%r?gaﬁa?ﬁgllf% %Ewgsaé(?f?ec\%e%%glallﬁmr with
and the skilmanthae subéulabEnustissite WBRASepal ated. ddail follickdagle cells

were separated from the subcutanequs tissue and hair bulb part was :
S Dol DSBITE UEHFS PTG tHS HaF B it ande skin

digrstedv 3 Heefeed hauswith 16-0.85%¢ellaganase and 0:45%edARSIMOMEM
EDTA and the resulting single cells , , o . )

containing 2000 units/ml of dispase and epidermis containing hair follicles
was separated from dermis. The dermis containing hair follicles was
digested at 37°C for 1 hour with a 0.25% trypsin EDTA to give single cells.
The dermal papilla cells and the dermpal sheath cells were subjected to a

fluorescent staining with Dil. Incidentally, all steps were aseptically carried

cut in a clean bench or in an aseptic instrument.

1-2. Prepération of incised sites of epidermis and dermis and cell
fransplantation

Tattoo was applied on the position of the hairless sites of forehead to
which cells were fransplanted 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%
Hdocaine and 1% epinephnine, 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

papilia cells or cultured dermal papilla cells, epidermal cells, fibroblast cells
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were stored in a 10% autoserum DMEM of 4C until actual use. The skin
tissue was treated at 37C for 1 hour with a 10% autoserum DMEM

containing 2000 units/ml of dispase and epidermis containing hair follicles
was separated from dermis. The dermis containing hair follicles was 15
digested at 37C for | hour with a 0.25% trypsin EDTA to give single cells.

e desrpal papita cells sisdctreltetraal Shetth celieerk sudjEeterieed cells

luprescent alaibing wibdd - eideptaly, gl eps weieaserticalycaied ¢
out In a clean bench or in an‘aseptic instrument. 20 1-2. Preparation of
imeised sitethof @pldermistatd deaniscandrelittrdrsplastation Tattoplwasition
epplied on he positon of the hairess sites of forshead o, which C8lls, ¢ g,
were transpﬁan ea with & t?ye whiere fine carbon par icled Were dissoivéd

Iy %d ethangl. deicitifegarith Righ reselyitgepomeridf ghitosite2SuwBrethe cells
previously taken under a digital microscope gnanufactured by Keyence) _.
f@efé’c%%‘ﬁrﬂ%eﬁiEt?rBétFoﬁﬂb‘Fﬂa?P’%eefﬁélgif? 98F‘éﬁléz§{héii'zin@sv§%’r‘?‘f%m Fig.
lidogainerandkifhepinephyinga the sikinarasexciseddadhe depthohR31mm After
using a Trepan (manufactured by Kai) having a diameter of 2.5 mm to

Srepariatied 1or e FaRSpRATR (Rig . FReh I HBsre Aty nde:
Rapilaselisonouliyieddermal panilagsls apidemal el sbohlast and e
S W

cells 34 and dermal sheath ce ere mixed as shown in Table 1 and the
rHixaartalsedvare cerfrifugedtad XOe0emstor S nbiersISmesgagvas fixed
NGeRSSARY (R, MAREPIAN the cellsin A SiAte AAS CoNeeRlARdaS cdding by a
possible, transplantation to theincised skin was conducted by a metho§
whereyahurbmic toid ,geladasib taysredsdafiny genttifugations and; afterd for a
the, &ntr.ig‘:%g%gggrgsusouch, the cells were extruded using a micro-syringe
(Paten Document §) AS shown in Fig. 2, the transplanted site was

covered with tagadam and nujel. AftBabfrmagsplanting to the transplanting

bed, the mixed cells were observed under Ceoll Numbers |
Human Cells Transplantation Transplantation
Examnple 1 Example 2

Epidermal Cells 1.67 x 108 1.67 x 105
Papilla Cells (3 passages) 1.0 x 108 1.0x 105

‘ Dermal sheath Cells 1.0 % 108 0
Fibroblasts 0 1.0 x 108
Volume of Transplanted Cells {unit: ulj 5.1 5.1

2. Results

In order to confirm the enhancement of hair growing ability by a
transplantation of a mutture of the subcultured human dermal papilla cells
and the dermal sheath cells, the subcultured derma!l papilla cells were mixed
with epidermal cells and dermal sheath cells newly prepared from the skin of
the back of head and transplanted te 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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a digital microscope for the proceeding until 28 days thereafter and the 10

transplanted site was subjected to a biopsy. The biopsy specimen was

fixed with 20% formalin for one night, subjected to a paraffin embedding

by a conventional method, made into slices of 5 m thickness and used for

a histological observation. Table 3 Cell Numbers Human Cells

FrAR SHIENtAt G T AR SPIBRRHTSAS X le M ERENPRE PeEpBHH A Clafyrs-

1.67 x 1’9?& t@Zﬁé%Qa%{éDdaQN@ %ggsc@rﬂﬁl%‘ct@ 2 ;'theﬁzJeQiS Jnotﬁé%ﬂd day.

Dermal sheath Cells 1.0 x 105 0 Fibroblasts 0 1.0 x 105 | Volume of

Nmﬁw\ant@@@eﬂ@t(mﬂ WeS: keupusted Resthtss daverderoréonfirm theen days.
hance rowjng_ability.b Jrans ati of a mixtu .

%@ he su% ture l%%an JEicegrlmal pé%%lllg cells” anéEE lhar}tttsfe(r)[r%al sﬁnaﬁgan aton,

@Hs;trhefsﬂbeulﬁmm dermabpapidid etls Weoewmeleadlmﬁrgﬁm@eﬁmaf@dldsmal

sheath c pared. fro the skln eb of h
ARG A S HAnT o o R R QA TOBIRS: 1 (e 6 AR or
epidermal eellsiedermal ﬁ@ﬂ%adédtweyawgﬁﬂaﬂﬂt&@@wlﬁkaﬁlpwtlﬁ}edgrowth of
fibroblasts (p=3). The dermal_ papilla cells (p=3) were cultured for 6 35

d?ﬁ&l% ahd Wd%?a@@%l?%f%ﬁ@%%&MWWSME%&MS 40
hours. Thedransplanted sikeanas gompletelwepithrlized pnrrthe thirddayase of

After that, observations were conducted on the development every seven

dé%sm@éﬁ*é%lt%f%@éfoﬁ%?ﬁioﬁ% G HTE Y| pthe RedTt&Ftah induction
tmgﬁ@t%'%@’achmved when dermal sheath cells were added.
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5 growth of three hairs was observed after two weeks in a group where
dermal sheath cells were added (Transplantation Example 1) (Fig. 12a)
while, in a group where they were not added (Transplantation Example
Aisinth of only one hair was firstly confirmed on the third week (Fig.
12b). From the above results, it was now made clear that, in the case of
10 transplantation of hair follicles, an apparently high hair growth induction

was ableSo%be SCRIBOSHWHOR R RTPSHEN Ay ARy SWReISEEdE 56 Claims

lnkisgoficampesitioneentainieg dheviallowingcompenarts i thenent to an
manufacture of a medicament for hair growth by transplanting the
MM % ai Sncised epidermal site: (a) dermal papillae or dermal
papilla cells; and (b) epidermal tissue or epidermal cells. 2. Use of a
compositionstenpaiaing: the-foll apiio cempanents in the manufacture of a
med'@gme tfogrLI airgromhé%ﬁtgns lanting the medicament to an

incis %Dﬁl Sral & :Ctraej‘pd ﬁ% llae or dermal papilla cells; and (b)
(c) tissue which constitutes hair follicles or cells thereof. 3. Use of a
composition containing the following components in the manufacture of a

medicamentfof Rl Houdh Dy ARtPIRBUAG IR RERIFERRARE f0:aD

incised epidermal site: (a) dermal papillae or dermal papilla cells; (b)

e TRIUPRAY 22 BPYFRIRTHIAPCRAE SXHEN O ERIRP RRTEN B QiRtiReERal o an
fotlnided epideitsahetiesof. 4. A use of any of claims 1 to 3, wherein the

incised epidermal site is funned by incision of a part of dermis and whole
epidermal layer. 5. Use of any of claims 1 to 3, wherein the components

are dé}igaﬂnﬁbﬁlﬁm‘fﬁﬁ&ﬁ_dermal papilla cells; and

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

3. Use of a composition containing the following components in the
manufacture of a medicament for hair growth by transpianting the medicament to an
incised epidermal site:

{a) dermal papillae or dermal papilla cells:

(b) epidermal tissue or epidermal cells; and

(c) tissue which constifutes hair foliicies or celis thereof.

4. A use of any of claims 1 to 3, wherein the incised epidermal site is formed by

inciston of a part of dermis and whole epidermal layer.

5. Use of any of claims 1 to 3, wherein the components are derived from human.
6. Ause of any of claims 1 to 3, wherein the components are derived from
human scalp.
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6. A use of any of claims 1 to 3, wherein the components are derived from
human scalp. 37 7. A use according to claim 6, wherein the incised
epidermal site is formed in human scalp. 8. A use according to any of
claims 1 to 3, wherein the dermal papilla cells of the component (a) are

culturedicalisaoRimgaRERAIIN G @iai fcl i haprRIGnha s empaRaNtn
(2% is dermal sheath or dermal sheath cells. 10. A use according to claim
f’\ﬁﬁ‘?é?ein the dermal papilla cells of the component (a) are cells
subcultured for 10 or more passages and the component (c) is dermal
sheath qr dermal sheath cells of the hair hulb, 11, A use according to
ol & 5115 SRRt A et VL G e TORE e B o e
cuttupedeaels) &2 .cAlusedaetiarding 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. A composition containing the following
cBmponénts: (a}edmgabpapita? or deviadipahpsoogisicantt) (s depicié sheath

tié?ng&%F&fggﬁ m%&scells 14. A composition containing the following
components: ag ermal papillae or dermal papilla cells; and (b) tissue

which constitutes hair follicles or cells thereof. 38 15. A composition

copraininghe Jolioying.campneniey RldetmA napliam AL deinet paeila

cells; (b) epidermal tiSsue or epidermal cells; and (c) tiss

coprsmeY (riffolrtlesube et thiveldf anTrEpes e Sitd A coBBmgoc) is
Y RALCIAMS L3494 WRSEIRINS COAMRAPERES

11, A use according to claim 9 or 10, wherein the dermal sheath celis of the

component (c) are cultured cells.

12, A use 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. A composition coniaining the following components:
(a8) dermal papillae or dermai papilla celis; and

(b} epidermal tissue or epidermal cells
14. A composition containing the following components:

{a) dermal papillae or dermal papilia cells; and

{b) tissue which constitutes hair follicies or cells thereof.
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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

o TBil cATe PORU e RRHAHE 4 SPRBTG M BBIET . The compositon
accordirlg) tdezﬂ‘aﬁwgnﬂéaelcs detreaepetil@ cetisponent (c) is dermal sheath
or derm%)sggi@gprgglk%ag o‘{@ﬁ,g@,@,@p@@j@n%cording to claim 14 or 15,

wherein the derm pilla cells of the component a) are cells
subcultufdd TsHe a%?%rf R N s AL RS 28" (c) is dermal

sheath or dermal sheath cells of the hair bulb. 21 The composmon
a%ordlnﬂlto claim 19 or 20 ein the dearlrglgllahea[tgw cells .of th

et
component (¢) ar SRR % 93N RES composition accof ing fo ((:’Imﬁﬁnems
19r9|dﬁﬁywh‘°e¢e1rh¢h@JHermal sheath cells of the component (c) are
cultured cells which are grown in a medium containing FGF2. 39
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 (¢) is

dermal sheath or dermal sheath cells.

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

{c) 18 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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