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[Title of Invention] —

METHOD OF PREPARING REGENERATED HAIR FOLLICLE GERM
FOR TRANSPLANTATION IN WHICH HAIR COLOR IS CONTROLLED,
COMPOSITION INCLUDING REGENERATED HAIR FOLLICLE GERM FOR
TRANSPLANTATION, AND METHOD OF TRANSPLANTING REGENERATED
HAIR FOLLICLE GERM

[Technical Field]
[0001]

The present invention is related to a method for producing a regenerative
(bioengineered) hair follicle germ (primordium) for transplantation in which hair color
is controlled, a composition including the regenerative hair follicle germ for
transplantation, and a method for transplanting the regenerative hair follicle germ for

transplantation.

[Background Art]
[0002]

Regenerative medicine, in which a body part or organ which has been rendered
dysfunctional due to various diseases or traumatic injuries is replaced with a regenerated
body part or organ, is showing promise as a next-generation medical technique to
complement medical transplantation (Non-Patent Literature 1). In past research of
regenerative medicine, advances have been made in stem cell transplantation therapy in
which stem cells or precursor cells are transplanted into an injured tissue or a partially
dysfunctional organ to restore its function.

[0003]

In regeneration of two-dimensional tissue consisting of a single type of cells
such as skin or corneal epithelial cells, cardiac muscle cells, a tissue regeneration
technology in which cells are organized by culturing the cells in a sheet form using cell
sheet technology is nearing practical application. Therein, it is now possible to
regenerate a functional skin tissue by stratifying fibroblasts, which are mesenchymal
cells, and skin epidermal cells to artificially reproduce a histologically-appropriate layer

structure, and this technique has been clinically applied in the treatment of severe burns.
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[0004]

Meanwhile, it is known that in an organ, multiple types of functional cells take
on a three-dimensional arrangement to express a unique function. Almost all organs
are generated by interactions between epithelial cells and mesenchymal cells during the
fetal period, and exhibit unique morphology and organ functions. In current
regenerative medicine techniques, it is difficult to arrange multiple types of cells in a
three-dimensional fashion, and a regenerative organ construct that can immediately
function ex vivo has yet to be developed.

[0005] .

Recently, research is being conducted with the goal of organ regeneration by
regenerating an organ germ and reproducing its developmental process for ectodermal
appendages such as teeth and salivary glands and skin appendages such as hair follicles.
These organs are not directly related to the maintenance of life, but they are known to
fall into organ loss or dysfunction. As an example, mention may be made of tooth loss
due to dental caries, injury, and tooth germ hypoplasia, salivary secretion disorder
associated with aging, and hair loss due to male pattern baldness and hair follicular
dysplasia. These kinds of organ loss or dysfunction have a large impact on QOL
(quality of life), and thus high expectations have been placed on functional restoration
by organ regeneration.

[0006]

Generally, in mammals and birds, ectodermal skin appendages such as hair,
feathers, and nails are ubiquitous in the skin and have species-specific functions such as
survival and reproduction. In mammals, hair functions to retain body heat and protect
against injury and ultraviolet rays. Further, in higher mammals such as primates, hair
produces characteristic colors and patterns on the body surface, and this is believed to
be useful in the appeal of rank and fertility within a reproductive population. Hair also
produces differences in hair quality such as thickness, hardness, and color in accordance
with its area or function on the body surface, and exhibits aesthetic and functional value
when it exists in large numbers in a specific area. Particularly in humans, the color
and quality of head hair holds social significance, and it is believed that changes thereto
due to aging or illness have a large impact on an individual’s QOL.

[0007]

In order to establish hair follicle regeneration medical techniques sufficient for
clinical application, the growth and elongation of hair in which the regenerative hair
follicle has a normal tissue structure and the hair shaft is suitable for the transplantation

site is necessary. Such ectodermal appendages including skin appendages such as hair
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| ayer and this technique has been clinically applied in the
" treat nent of slevehea pasts naftempts at hair follicle regeneration have been made by

regeneration of the hair follicle variable region by replacing the mesenchymal cells (hair
papilla cells and dermal root sheath cells), neogenesis of the hair follicle by
mesenchymal cells having hair follicle inducing ability, reconstruction of the hair
 follicle by epithelial/mesenchymal cells, and the like. Further, it was recently
demonstrated by the present inventors that a regenerative hair follicle germ
reconstructed from adult mouse whisker-derived bulge region epithelial cells and adult
mouse whisker-derived cultured hair papilla cells by the organ germ method (for
example, refer to Patent Literature 1) emulates normal development and can regenerate
hair follicles and hair. However, when regenerating a hair follicle using a regenerative
hair follicle germ derived from an adult mouse whisker, there has been a problem in that

almost all of the regenerated hairs become white hairs.
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‘10004] Meanwhile, it is known that in an organ, nultiple types of
functional cells take on a three-di nensional arrangenent to express a

uni que function. Alnpst all organs are generated by interactions between
eplthellal cells and nmesenchymal cells during the fetal period, and exhibit
uni que nDrphoIogy and organ functions. In current regenerative nedicine

t echni ques, is difficult to arrange multiple types of cells in a
t hr ee-di 9{{1@.&. Hi@gpi on, and a regenerative organ construct that can
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In addition, in one embodiment of the method for producing a regenerative hair
follicle germ for transplantation of the present invention, the second cell mass
substantially consists of epithelial cells.
In addition, in one embodiment of the method for producing a regenerative hair
follicle germ for transplantation of the present invention, the cell mass comprising the



10008] In the past, attenpts at hair follicle regeneration have
been made by regeneration of the hair follicle variable region by replacing
t he mesenchymal cells (hair papilla cells and dermal root sheath cells),
neogenesis of the hair follicle by nesenchymal cells having hair follicle

i nducing ability, reconstruction of the hair follicle by

epi thelial/nmesenchymal cells, and the like. Further, it was recently
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In addition, in one embodiment of the method for producing a regenerative hair
follicle germ for transplantation of the present invention, the mesenchymal cells are hair
papilla cells or dermal root sheath cells.

In addition, in one embodiment of the method for producing a regenerative hair
follicle germ for transplantation of the present invention, the epithelial cells are bulge
region epithelial cells or hair matrix basal epithelial cells.

In addition, in one embodiment of the method for producing a regeneratlve hair
follicle germ for transplantation of the present invention, the mesenchymal cells or the
epithelial cells are derived from an adult hair follicle.

In addition, in one embodiment of the method for producing a regenerative hair
follicle germ for transplantation of the present invention, the method further comprises
inserting a guide into the regenerative hair follicle germ.

In addition, in one embodiment of the method for producing a regenerative hair
follicle germ for transplantation of the present invention, a regenerative hair follicle that
is regenerated upon transplanting the regenerative hair follicle germ comprises a
melanoblast stem cell niche.

In addition, in one embodiment of the method for producing a regenerative hair
follicle germ for transplantation of the present invention, a regenerative hair follicle that
is regenerated upon transplanting the regenerative hair follicle germ is capable of
permanently forming colored hair.

[0014]

Another embodiment of the present invention is related to a composition
comprising a regenerative hair follicle germ for transplantation in which the hair color is
controlled that is produced by the above-described method for producing a regenerative
hair follicle germ for transplantation.

Further, another embodiment of the present invention is related to a method for



10011] As descri bed above, there have yet to be any reports so far
regarding a hair follicle regeneration technique sufficient for clinical
~application, and particularty a hair follicle regeneration technique in
which the hair color is controlled. In particular, when applying hair
regeneration techniques in humans, it is necessary to obtain regenerative
hair in which the hair color is controlled froman adult-derived tissue,
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cell niche can be formed in a regenerative hair follicle that is regenerated after
transplantation of a regenerative hair follicle germ for transplantation produced by the
present invention. Thereby, the melanoblast stem cell niche in the hair follicle can
maintain the melanoblasts and appropriately provide melanocytes, and thus colored hair

can be formed over a long period of time.

[Brief Description of Drawings]
[0016]

[FIG. 1] FIG. 1 is a schematic view illustrating the distribution of melanoblasts
and melanocyte precursor cells in a hair follicle. A melanoblast niche in which
melanoblasts are distributed exists in a subbulge region of the hair follicle, and
melanocyte precursor cells are distributed in a hair matrix base. In FIG 1, DP
indicates a hair (dermal) papilla, and SG indicates a sebaceous gland.

[FIG. 2] FIG. 2 shows photos captured by a stereoscopic microscope depicting a
transplant site in which a hair follicle has regenerated and hair has grown after
transplantation of a regenerative hair follicle germ produced under the following three

conditions (FIGs. 2a to 2c¢). FIG 2a shows a hair growth site upon transplanting a
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addition, in one enbodi nent of the nethod for producing a regenerative hair
follicle germfor transplantation of the present invention, the pignent
stemcell s are subbul ge region-derived nel anoblasts or hair matrix

- base-derived nel anocyte precursor cells. In addition, in one

enbodi nent of the nethod for producing a regenerative hair follicle germ

- for trans | ant.at i t e ' e Wele]l C nasses
t oget her’ B?Iheéat% I?%r h‘flgg ed;l'lce ﬁf%&qumoﬁ% gifi? qél&:ﬂfi%ll?\?ed @dl e

number ofeginel ¢msthikialtdels srataihdt wehse sids whiskeraddrived thalrmaellhmeﬂe(cqmrot)el | s in
the cel 'A@S%I@Ofﬂﬂgﬂo%&snghaﬁl?wnm ep%tnetrﬂrﬁﬁia{ﬁnéi @%édéhﬂw@ Haﬁnﬁ)ﬁm@é 0.1:1

to 100:1 I n_an ment e.net

produci n§FTE PEJRARt hy i fyrher adding, piylg Fr@"@%rsmef%hlshra%gﬁp%ﬁ%bﬁ% Iefion he

pr ets e n}] ¢dIéaD ladOR mduke side Sﬂﬁﬂd’é)/ detivaiebilge gt @itheRapidilk ané athhw nWuséler mal
root snea

ells eenbodl t hod f
produci nﬂaﬁ“ﬁ’é g?%qu\/}émh%ﬁpr%laf 8‘9' (Jéﬁgméj%er K fqggf'f’élge :fllg g\o&rrse% hg o
present haivgrowtbite tpen tegisplatingih regehératies baibfdlljde gegn prodeped byefurtier cel | s

or hair 5%1{1)# )éelgsa&?ﬂecﬁea di‘n{?}ﬁldnagd teHoﬁse side whisker! Qleﬁg&i hhﬂ’ Qn?thfé HA8 tO

embodi nent UCI ng a regenerative hair germ
for tranapilamonse @ﬁedf’hlﬁlfﬂé-dmlé@bhtﬂgc rf@élﬁtll Wﬁhehﬂéeﬂé%ﬁ(ﬁﬁi}l}fﬂpo‘é@l $1§e or the

Sghf Plelc)'n@hlsﬁgll é%wga %aﬁ'%bfﬂﬁ@eflg 1<'9rﬂat?1‘§1lﬂa§f]:c %tiriilﬁ?rg %3 C e‘ﬁbeaW}élte haérr whé) e hair
i v i
fol i cl eoRjatsd i th ?F&?&Oﬂe(giﬁai% S‘i‘eai Cbr}@ére% ﬁ\‘? dRt R ,ta&‘ﬁ{i lﬂiaﬁ“hod

further abpidedditionseghent@gna tlmhaimaﬂﬁxdaawedquewm (frﬂadﬂ@irrow alakk cl e
germ addit 1.0 [ ne.enbodi nent .of t for 2Pl cing a
7 egener aift §45n 3P ORGP0 oo R BETTRa I 106 P PREcaPeachERe

I nventi oregemra@wm ative hair follicle that is regenerat ed upon

transpl anti ng ghe BP@RACS %ﬁé&@ C}{kafésuﬁ&hhb& i sgﬁrhgbﬁ&%ﬁw 88 dBpdBRkaneb! ast

stemcell nich tion one enbodi nent of .the nmethod for

pr oduci nEutpmEE{EIch) W@hﬁauarmfflemth%srf diffreeniiation lingagedparkat M a AXI§MA he

![or esenlt fc{b‘{@ﬂéd{dﬁ df tie uUBBEIREragiby, ewﬁh@? ﬁ? |E1ﬁ>|al¥daqhawﬁ1blafa mﬁlaﬁ%fl@d’d%]fe&i eéll upon I
ranspl ant i ng enerafive rr follicle capabl e of permanently

For m ho- BPD esipthart 1 Fgereh par Rt gt b S50 e PR RS eBhT

i nvent i otransplanedtdhedf toregemapes hiir ofollderpeirsi ndha inmegenean afIGv 83 Ivaire

follicle ag;%d%gf“?ﬁbﬁ E@ﬁ?&é@?hﬁ&ﬂg rrhofee@gll;?pztﬂ%ng)r?ﬁh{tloﬁm iG! $A SRALL Q) | ed

that is {) ove- ducing a regenerative
hai r fol mageeofgemmumrham@ﬂm hviagibdaek hair, FIG. 3B shows an image of a hair

follicle having white hair derived from a regenerative hair follicle germ produced from

adult mouse side whisker-derived bulge region epithelial cells and adult mouse side
whisker-derived hair papilla cells, and FIG. 3C shows an image of a hair follicle having
black hair derived from a regenerative hair follicle germ produced by adding adult
mouse side whisker-derived subbulge region cells (subbulge addition segment) to adult
mouse side whisker-derived bulge region epithelial cells and adult mouse side
whisker-derived hair papilla cells. The arrow marks in FIG 3 indicate areas of
dopachrome tautomerase detection.

[FIG. 4] FIG. 4 respectively illustrates the colored hair ratio of hair that grows
first after transplantation of a regenerative hair follicle germ produced from adult mouse
side whisker-derived bulge region epithelial cells and adult mouse side whisker-derived
hair papilla cells (control), a regenerative hair follicle germ produced by further adding

~adult mouse side whisker-derived subbulge region cells to adult mouse side
whisker-derived bulge region epithelial cells and adult mouse side whisker-derived hair

papilla cells (subbulge addition segment), and a regenerative hair follicle germ produced



- Further, another enbodi ment of the present invention is related to a nethod
for transplanting a regenerative hair follicle germfor transplantation in
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cel | s of Ghb@niREARL i Gifdri @bt dliliRnGUpdend)y Mai ntaining the
sl hEREAREI Ve ARPBLE p'agusc@gfg Qb8

guide in a sta rotr s froma transplant Site. [Effects of
the Invention]lFi@025]FIG 5 showscher aesuls t epann @bprrealion: undredti gfctrop

regener agidtescbpé bf & BhirisbAfe o8 @Hakf @bwh 1S Rl i Rl tHah wab irédenbaidd Bihat

grows first féfr transpl ant ation 'tsl'cf)l ored hair can be {oduced. )y using

i gent  SRlA{ARtERP of Ao ey, Beln (aNigT i pridusel Prug aghlt dapyse S

mes enc hywhiskerederised! uigegregiond esithietial ofllst hdult egausersade whidkai-derfveld| hagt e ger m

Furt her, %Ji‘ﬁga LSRENG @élfsvc%llgal:& ﬁfom !1[11 ﬁhlﬁt Eﬁugé %]1‘&[3 .&Hiﬁ&%—gleﬁa{daﬂdﬁpﬂlag{)deCEd
sent g al

by the p‘? s I'hvention can regenerate r having not only hair color but
al so a neasainto fhe skinsgf gecipient mouse.| n additi on, in one embodi nent of the

present invent{ren,6]FI0ES SRR otostafir&EdY a SefddScdpidmRBodcapdBépitithgta
regenerative hair fol I,|cl_le, hat is rqeaenerated after transplantation of a
r egener afinFBlaRb ke #tayhick har fas gompy 3¢ daxsalies feathlgratinng SREL present
i nvent i mmsfhﬁﬁﬁbu ,olf tah@glaﬁﬂramblhagﬁfolﬁélergeﬁﬁl;irodhiaehemidar theefollawingf o¥d i cl e
can maintai.n.the obl.ast.s, and appr Lately .provid I t and
Chus ool erioiauar r 1R ngRarai i el AR, hSuh B dpoh e S afer

Descri pt framsphtaboavend gOp da@e bfter transplantatjoR| & a 1¢geRE@tive hai falliskthgerati ¢ vi ew
il lustrati ' ' ' n a =Wa]) or

cel s | nProBfect ¥, Rt pdihl QP oI G RORES B0l it A S ploeave Y

di st ri bubapmaiisbaseitp agdult gpense gider whisker-derived dulesiregion | spithelial cgllyand

el anoCyidulih66derssdy whiSkdrdepifed Hais bapillbcells (Hairanitaik bab@additorP&gment)n FI G 1,
P il 021502 A 81 PRV B30T i 805°Gd A G5 SRahSBAS SRS of ' 2

a regenerative hair follicle germ produced from adult mouse side whisker-derived bulge

region epithelial cells and adult mouse side whisker-derived hair papilla cells (control).

[Description of Embodiments]
[0017]

A first embodiment of the production method according to the present
invention is a method for producing a regenerative hair follicle geﬁn for transplantation
in which a color of hair that grows after transplantation is controlled, comprising:
preparing a first cell mass comprising mesenchymal cells, preparing a second cell mass
comprising epithelial cells, preparing a cell mass comprising pigment stem cells,
binding the cell mass comprising the pigment stem cells to at least one among the first
cell mass and the second cell mass, and subsequently closely contacting the first cell
mass and the second cell mass, at least one of which has been bound to the cell mass
comprising the pigment stem cells, and culturing them within a support.

[0018]

In the present specification, “mesenchymal cells” indicate cells derived from a

mesenchymal tissue and cells obtained by culturing such mesenchymal tissue-derived

cells, and “epithelial cells” indicate cells derived from an epithelial tissue and cells



TFIG 2] FIG 2 shows photos captured by a stereoscopic m croscope depicting
a transplant site in which a hair follicle has regenerated and hair has
grown-after transplantation of a regenerative hair follicle germ produced
under the following three conditions (FIGs. 2a to 2c). FIG 2a shows a hair
growt h site upon transplanting a regenerative hair follicle germ produced
fromadult nouse side whisker-derived bulge region epithelial cells and
adul t ?ﬁfﬁ d cells (control). Also, FIG 2b
shows a‘ﬂ%ﬁ?éigf é%hdgg%h’ %tﬂgh gﬁ?&%éig regenerative hair follicle

gern1prdBQEﬂd by further addlng adult mouse side whi sker-derived subbul ge

relg: on cells t}? et Eelﬁob&%ece‘ﬂsdﬁaﬁ"/ﬁ{jeshﬁ&r%ﬁ%d ‘éﬁ‘t‘ﬁnp‘tﬁeg@ 16@191?dll’rla o ﬁﬁgﬁ: i al
ce S a mou IS er rrve ce S ul ge
addi t i orﬁj @ﬁemr)o Slssnnc%n dopitla s pithRig 1%%%%@&@6 Oidélﬁ%‘éj’ﬁg‘ﬁﬂ ng a

r egener dlie/@ehaln plfodhbdd:bﬁ pgceﬁemt mendm&cbplgyufvut\tehan aaddmngf agik.| sABo) | ect ed
froman adul t use

-d h mat b t d
S1 de. whiBRarATE e O & AREFGHAE Y Rerietent Bopocelind M foftit ol e
whi sker -pementadllhai r papilla cells (hair matrix base addi tion segnent).
Wi te hair wasybt 'ﬂ‘l%d%ﬂe&:ntt QE%&H&Itloﬂl ;}ég{n@ngé‘%m mgr’Q%cQE%&aﬁ@y’i Was

able to be obtalne he su ion segnent. and the hair "matri x
base addiresustPrserend pplaneRlags I(m;nﬁafr Rtemncq&lsas% differeptiate 2nto PrEREILN t e

arr ow negelsi findthdacyiR).i N %?glﬁeﬂ@hktbﬂi [8NENRE afnkMbed)@bhe type of thd FI G 3]

FIG 3 shows the re uI onin situ br|d i on of d C

t aut omer3P¥®" Fﬁ@f‘)’ne‘ﬁfﬁlg g’e Ity aé‘rqoaoF’é 'Pred?# %‘g{" SRS SAP 8%86‘1 n‘észgge Hoar ker,

in an exaddrmmL nrebeioblkBanbicate stdne csﬂﬂ)huhgandlﬁ“grennatedkstatﬁthas damoahee i n

whi ch a (o] sf. . st | o] cle or a
hai r foIIf rr& t‘)"Hgt éavr\l/asd? f?%e%‘gthaé?a e%‘%osc ne’ssp% ?%%S’ge p?@c'uEso‘i- néeérlfaslt

hair fol Mleblheblgm pre Mhlatdimeigosni wdﬁife@ntsitmbmte@e{pt ylag mﬁpﬁ Oé tlﬁnqjl@rzescent

M Cr 0SCORRRE lseim bAl fichY iM% MalrdbARId, 0@urﬁ%ﬁméﬁa&?@vﬁeéﬁsdr%gﬁlﬂmca@e nat ur al
hair foll'icle having black hair, FIG shows an” i nage  of % air follicle

havi ng VITEEESA&EHS W mff?rﬁbtmtai ?téfgé%rdatq%a‘ﬁ‘amgmff@ﬂ amﬂc% Ftitoduced,
from aduihto feldaecysésde Ak, ?ﬁgﬁherﬂ%llé/ aflclanb@ees) aalicite Rhinalldafferegtidied and

adul t muse S|tge whi sker-derived hair papilla cells, and FIG 3C shows an

i mage of LS (At PAYNEMERL having bl ack hair derived froma regenerative hair
follicle germaAlsodudbe piegertdgecificacnl ta ndhmssccu@mmgmgmed‘estemwllsUbbul ge
region c I i gﬁgg

whi sker - éﬂrulﬁslsé?j ltiER‘Ilé &ere ﬂoctr?h% |St§% Fﬂ ygggugig%f@e %%ggeedescgbed

whi sker - Rigmicnletiehade p%qblusun@ %@Plls whigle S@ﬁhr dlistaerHgegin hasbgen pglated e ar eas

0{ | dOPacg[tilf@é?lﬁlaﬁ“ﬁhﬁgﬁglga%ﬁeﬁ%@Qﬁehﬁ’&bn}:ﬁ o;'] umﬁcatrl]&%: tréatfhlentd:Ghe 4ike ?&pc?@éll vely
illustrates e calo air io of hair a i a

transpl aMEERSRPRInG Py geRtEfugal oardop F g b of ek Fﬁobar‘%f{jff‘é]éd R
nouse Si deen/\ﬂnasl«mmpifstﬂg\@@nlauﬂ @gém Icells can epa bélehiaed subefahisalpnebnaidtihg ofiouse

si de whi sker - r|v hair papilla cells (control), a regenerative hair
follicl epl W\ S oﬁe ed by further adding adult nouse side whisker-derived
subbul ge[Oﬂé@] on cells to adult nouse side whisker-derived bul ge region

epi t hel i al Cellhsadﬁﬁﬂ)na%”tﬂe ﬁpaée%?l@eqﬁom Sifige f?gidnvqﬁdl@abg aﬂﬁﬁl fohiicel I s

(subbul ge addition sefgnment)’, and a regeneratl ve hai_r l1¢cle.germ produced

by furt hensiaatiesipndbatis belom the sehncequsralangd %h@eﬁﬁﬁ%@fé}iedﬁlmlﬂl‘éﬁn erived

hair mat £H(9('e BRSkaif reddk tusdRUSACIEhER sibl SkeihedQtd P& mdubgside adiigker or
epi t hel i lgk ells %é*‘gﬂ dul t nouse side whi sker-der.ived hair J)ﬁgl |la cells
F’I & t

(hair i gfedg fselys do not existy agnngyvugst GXiStSSHH AR # b
results mp@id&gmahe <ha1rtmdmcrr rauschd stichmentsiter osscmp;mﬁt ia ahrdigshaped t of a
hai h fpll th | ant f
nart O UGS, P AGF R, SRR LERgep! gl on o
whi sker - elgtonveest ko g 7 egieonhlelmrthm fOéllcleenV@anamngn rﬁndstblssﬁd@mre is

whi sker - %E‘ACY&QtIQadfr rogéﬁﬂ kiag \Qﬁglke?s afiflerefire, Smcﬂﬂel ﬁr‘ég&‘fl spEQfLAbnAGHE I MOUSE

side whi sker-derived hair matrix base Into the skin a reci pi ent nouse.
[FIG 6] Hulzsreginsingh debsiolish of aasigs ‘*étll%lfeéwédé%él&fﬁdnw@ﬁM@Hp@ea@b. cting
a transphabdlessdd wotakisMiidedatdRal regilda shl i OW&lowhhél sabacéviub lantl latacHhaitsid i on and
306 days after transplantation of a regenerative hair follicle germ
produced under the following two conditions. The left and m ddle inages in
FIG 6 show a hair gromh site 36 days9after transplantation and 306 days
after transplantation of a regenerative hair follicle germ produced by
further adding cells collected froman adult nouse side whisker-derived
hair matrix base to adult nmpuse side whisker-derived bul ge region :
epithelial cells and adult nouse side whisker-derived hair papilla ceIIs
(hair natrlx base addltlon segnent) Also the rlght |nage in FIG 6 shoms a

e NN S Y . g ]



‘A first enbodi nent of the production nethod according to the present
invention is a nmethod for producing a regenerative hair follicle germfor
transplantation in which a color of hair that grows after transplantation
is controlled, conprising: preparing a first cell mass conpri sing
mesenchymal cells, preparing a second cell mass conprising epithelial
cells, preparing a cell mass conprising pigment stemcells, binding the
cell rmas t t |1 e first
cel | s TR 00 TSRl BDBINSEL £ vl LSRR (ROR ARl 15t
first cedhdicatgss region tm‘@hlsbdmn@lamm changss in dte tlse@sstwn@e of thmhamfomb been
bound t Qo G5 GROTES feafUBY asidithidd 'R ik ETTHA %Ef%%ﬁt‘ﬁk'lﬁu RMEkIEY! T | N
then1wnth|n a support . 8] sent specification,

" mesenchyibulge regon’; lﬁﬁ%a&&@@wue&édwf iQfin04 arrégre%wﬁaxonﬁhe%% and

ceI S otgd@oe@aobuefdgidﬂd]thngmgmchynal tissue-derived cells, and
"epithelial cg&f dicate cel | s derjved fron&an eplthelial ﬁgye and

col I's  obtai nadisBy e RiFeRLWERIPTe g 1At At B8, R A e o 1 0019]

Pi gnent pmitiomedrbelc\el the Alber’ sgarlmedlrstthe thaire chawit hifna tiedr dyitdemmathi¢tayer and

der mal ‘gjtesst%t} é‘(ﬂ.fie%élﬂhﬂ %tg%ﬁ]ﬁéd al layer of hair follicles and

produce ne anit n produced by pignent cells is deeply involved
in a coll§P2 b]f hair. Al so, pignent cells are known to differentiate from

pi gnent stem qglthé p%seﬂ%%@élﬁéﬁfoncg|“¥&eﬁéraﬁbe§ﬁﬁf‘%lﬁ@l€" $neans a halr fﬁllﬁ:{b in the

present speci f| cation, ment stemcells" indic anoc ecur sor
cel | s argfrRaradusd é’é’t"smE%PgﬁBmmélpgn’f g Yg‘?m?%’é‘ﬁ adé“ls‘f g‘ﬁ‘e’ﬁ‘@?sa OénI? ¢ pi gment

cel | s (nmesncioyhasells\dhdna peginenicllsiesy cahprising epithedialidelts andheultyfiez of t he
above- ITEH'[I oned cel I srgan be used, and a m xture of both types can al so be
used. | n Br? YRR ™nobl asts indicate stemcells in an undifferentiated
state tl‘[é)ﬂ2’d]0 not have pignment and can differentiate into nmel anocytes and
nmel anocyte pr e I él?'m

undi fferenti a?ﬂg;r SZ%{OE (L)I\I(/)gerly tg&ﬂg ag{?{sgcér a&?dr(r)eﬁﬁﬁsl gqnéégn calgglésm cell
ni che i rand hsgcpnd gelf n@FSecomnmserrgemthﬁbalamBé poad cgiuingthen V&léhm§ SURBRTEat e

precur sok @&ctibed NnaMfot NXapR, EPdtert Eftebat el ! Dagande NMexbavedpiPgfRNt and

i cat eXPRRHiAG |} %??”EL%%B%% R357Rh I Tibese! [mekamnal ©PUss) so, in
the presgpplicafien; fHitsat Pablicatian cdlol 2GESS206500) | Ripmgespi Ymerdmiieé mParhi s
e adecaBpildshgHorRl: PEAAHoR B bA0LS0RATERE RPEIBEUISRED Bachl1®

above- des a tissue
or regi oﬁppla@nbe,eﬁlrstsBuldtoetion No 298:20757. uhhe éebgnmlnnemfyﬁashtqfeﬁxemnt or
uni fi CatdRnfchRATRRbrrRFatdd  thiik Enrirdly Br REbkn&OAIAHE pR<OR!BLARCL Y.

centrifu separation or the such isolated cells. Further, a cel
nmass cod% ng pi gnment sten1ce||s can be a cell nass substantlally

consi sting of Agi lgarﬁranesifﬂie a6t bl mbﬁmzﬁﬁl] the secofnd el n@e@ﬁihi b&ihd tbAhd bal pr eﬁent
i nvention, a u region ndi cat I r c onst ant n that

i s bel oW f¥e® % ﬁgg&%’%’t ?n&ccﬁ S@?Sfegue&ﬂy’t h’é 51 1 |%‘fl§§%fﬁd above
t he hai rwahiact sippom scgethen twtithctheretiter seli enasd 1 prbéucrceasmegﬂferaiwdmsefoﬁlodke

whi sk th t
oS B e R ot QUL POy SV gkl 0wy o
Ari ng\/\mfsthe fisstagel impags %gﬁmesqndmlluness(; onthesell mpse comprisial thy elgmeubr i ved
nmesenchydigh e bah }%Ecﬁaﬁh@@b&tﬁ o R et &&m@@tana@@e éét:oﬂﬂ &0Gayhi sker hair
follicle i nvar ant gﬂlstpand this stru gg is.ch ar??c erl st.ic of rodent

si de whi skers. I’Fﬁ% (FX{sh&n ﬁbeesgﬁt ¢ ok abpgollide Whin Wing egi on®

in a haimelabblagth eiso;ﬁlgﬁheﬁﬂ gremVablid ot 19I’préihﬁ1bld ke biiritl okl qhasiaawmpﬁmg or

nmuscl es do, nat, exi st nlcatesare on. h i s below.he. s eous gl and
atta Chrrelﬂflag&l)lg&s t6 cell Tass comprising egltheri'lai cg s betatse the' function of the temn

cells can be maintained.
[0024]
In the present specification, “binding the first or second cell mass and the cell

mass comprising pigment stem cells” includes entirely or partially mixing one cell mass
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of the hair follicle and above the ringwrst. A constant region (invariant
region) indicates a region in which there are no changes in the tissue
structure of the hair follicle such as growh or regression associated with
. the hair cycle of the hair follicle. The "subbul ge region" indicates a

bott ommost end portion of a constant region that is adjacent to the regi on
bel ow t he bulge region Al'so, in the present invention, "hair

T X DR pl ) G BRI TR cbaRaR &) pREH PRLONADR Apetc 1ine

in the ha| anoc produce
el ani n messenty e@hﬁhqrbuTMCfOF@(DlZQLﬁrst or second ¢qil mhss which dns beqyebﬂumi éation, a

"regener g Ak rcoxfnghtlhgt lgﬁeﬂestentt%ut i 9'4 tt&tteen SR R QRUREH shim @

nmet hod corrfn sing ose cont acting.a fjrst nMass conpri sing
mesenchy®gs wétbeendneeéoseeemr%d }nt?tﬁ@scegé?ﬁéﬁl SI ng epithelial cells and
cul turi ngopbpm wi thin a support. [0022] The step for "closely

t act f d cell
mass conpri oi i EBITHERS B U e R e AOE AT P S OPE 1 o
descri bedf the, firkbeelemasspire], theatentd tdlt masst theeratip afdhamembetnealsiingble Pat ent
Appl i cat ﬁl%'t' celih{aﬁ gﬂ%lﬂuﬁﬁ;& af cﬂgs 1n2tggg %ngég%g Iﬂgsgqgﬁﬁge H"%%ﬁ%@' 8P at ent

Application I rst 't cation anese Unexam ned Pat ent
Appl i cat ¢8ls, inFthes eelbmsiss campsisingotheopgrerpeEsEs celé‘-h §a1 Dsarrpserniaidy a5¢f ned

Pat ent eh&f;%)f rbonEitlroﬁli SLPdl'lbis' &L oNR usd@0BHIR &5et; fof RRaBRC tHeRbii®NS Of

each of the e jnhcorporat i.n ir entir r ef rence

into the' $§° Wighin g feodl ltotlBSAt mloé%tgrte?%%{myélfmtsrﬁg First

cel | rnasbe afithirt hear%ecm?mdl ted Ilomaaﬁd ifiertioes umnate tpoefetal ycadjlstedhssbe emithin 81 ng t he

pi gment stem bsequently, this cell mass is cultured within a
ﬁes tto

suppor t tané r"wth'the other cell mass to produce a regenerative hair
fol licle germ Howevesi the ratieeofthe humbesofceshp ini therdiystdell myisgwe the mmher o€l | s can

be bound 4R igithd&lcoRd ¢ ﬂhﬁlagé Ireﬁttlv@% khd BSsh @ cENEinshe @BE neRd ko sing OF t he
cell mass caonprising é&gs temcells can_be bound to bot of t he

first cefhe meeentaﬁteneﬁlés 1§ rttamtf'ét to tha ganges described sb%‘easfw@maﬁéﬁhfaétlé exi st

in the e&lbh@tmategea&eﬁv@ﬁalﬁfdmadlé Ietthacisq;rodute@ catsb@eoﬁmmeaobl asts as
pi gnent stemc refera Shto bi n

nel anobl ast s t%&lﬂte ?Féls"ga ESAPPISIg eeB’igfnr?BPftg‘P C@EF 15 %’83%{32@ tﬁ%ﬁt Sincti on
of the stedhmesd dnsl thapecoad well ntass, tiedlcell] 108@4Jomprising the pignidné stemeseis fcan

speci ficgl b&ihd Pﬁ%é‘%c}\}éeqegérﬁ?%hc ﬁﬁﬁg %?é’élﬁ’:sﬁé’(# }ela{{R/%%o %{:‘&, éﬂ”{ge B LSS

COerrl sing piLg em cel s entire y or m Xi ng one
cel | massecond cell masses.

Further, at this time, the shade of the hair color can also be controlled by
adjusting the proportion of the number of the pigment stem cells that are bound to the
first cell mass or the second cell mass.

[0026]

Also, when closely contacting the first cell mass and the second cell mass after
binding the cell mass comprising the pigment stem cells and culturing them in a support,
the ratio of the number of cells in the cell mass comprising mesenchymal cells relative

. to the number of cells in the cell mass comprising epithelial cells can be appropriately
set depending on conditions such as the cells to be used. However, for example, the
ratio is preferably adjusted to be within a range of 0.1:1 to 3:1, and more preferably
adjusted to be within a range of 0.3:1 to 1:1. During the culture, it is preferable to
raise the proportion of the number of epithelial cells because this enables the growth
rate and hair quality of regenerative hair to be improved.

[0027]

Further, when incorporating pigment stem cells into one of the first cell mass
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W t h”anot her cell mass, and al so includes contacting or adhering the
surfaces of the cell masses to each other. Therefore, the first or second

. cell mass which has been bound to the cell nmass conprising the pigment stem

cells is in a state in which the pignent stemcells have been m xed or
I ncorporated into the cell mass. [0025] When binding the cell mass
conprising the pignent stemcells to at | east one of the first cell mass

and the SACANdEBhl B Shast e Bl Qi HAEs WHPEsOhiAR) Sndd b63nfy TSt

cel | mas®%r < A2°Rt e Seco atlvetoth
nunber ohessafhyanal ncetllheom@lnly @aglsehabrqﬂlii si hy thm@r@egtrmmen@@lbmh@eph@s%an be

ap p ro p rie %Pﬁétéfntﬁlﬁkpcgﬁﬁﬁg dip BHWC&BQMM %ﬁs’sﬁﬁ%}lsatﬁatt he 081? Ha§s bathsused.

o 1s preferably adjusted t evmthlparange
y

of o 1 1 p@lmdemlcam%c?d}m@m onssfsuafady F@S‘H\Qhwnﬁlh?qlulsa hareferaby 0. 1: 1

to 10: 1,inandtel Histaiein WRICE thy @%%'%e@ﬂbﬂiﬁ&l@de hﬁ)ytbﬁig\/Mtﬁdilltlﬁhnaceﬂaﬂsgﬁclﬂf 0. 5I III.
fst ce

to 2:1. ti th nb f | | th

nmass or ?rﬁén?ﬁ?ﬂ‘ﬁﬁ?n\l%fceﬁﬁlaﬁge a rrarsz'itpﬂgs1 Ecoﬁgs nglﬁ g%ﬁg%asggﬁléﬁ?‘%}ﬁdet §° {Sh% nunber

of cel | sdifferenhgpeshd lorgas tioeynge insdsamchlymal peltpre Athe stuamapplidsstoithe plfasd i mi t ed

to the ray ﬂgﬁﬁntga‘ﬁ?%hﬁﬁgof"@f?%eeggﬁeﬂa‘?@&lsas the hair color of the regenerative
u

hair foll ced can be controll ed. When t he
cel | nasid0 a%hprlsmg the pignent stemcells is bound to both the first cell

malsls and t Be g?&@fﬁdacc%{l kn{@t%an bEEﬂ aCsQJatE 1m%c}PﬂWell§ laROclb&dy tadlw?r&pgr stem
cells can ound sq tha above-descri be e satisfie

rel ati ven(tt(‘}? slyrpdgered yandsit F%ab’%&r‘i‘cf‘sélé%&ﬁ& g O%"&gé g@“’hahas been S‘&H?Ctt‘f‘f]er

t EI S ting,a hhﬂicﬁ?@ﬁ&eﬂfnehngaﬂbﬁbdﬂldﬁﬁbmrﬁ‘mm tidsaq drea celhtapglebad poypanet] ust | ng
the propgrti e pi e ound to
the Fi ropomiierdl sty ARIRE of o s R o Rthe- S RLERN :d B8 SpRaRCHTC

cl osel y crgan adth n@Tth@CﬂlmchBbﬂlt amhdla@ndbumélesﬁemmd)ecmﬂstrm@somﬁhfer

bi nding $h6,d h t TR $eC Q&Eﬁ'eﬁ' n@%ﬁap&@@ﬁ% afssnaec%kéoe t@@ﬁlﬁ%@ tugdng t hem

in a support eratio e nu s in the cel SS conpr|S|ng
mesenc hymre&@éq lagd raegehl a8gEegate ieelatiygbesasyito @btain whentysimecgylfurdpgells,

conpri si pakigpichiteled akliCktaiant lléQstfﬁQJM €Hi$ péﬂsﬁéc}ivé etMeﬂedjehtﬂ@ théicell
conditions such as the cells to,be us t.he ratlo i's

o1 of 1 abTYSER IR, BUPRPThEnh H Sorarge GRghe eultifing FRAE i orPc
pr ef er abprpdac asdgederativdrrainifollicie germatigecetif mbss8s dretpoeferably fesuesngr té¢lk

cul ture, aggr%%afﬁs%%fh%h%&%@%saré%io% agﬁ?rﬁﬁoportlon of the nunber of

epit hel i because € growh rate and hair quality of
regener afd0¢8] hair to be inproved. [0027] Further, when incorporating

pi gment stem cgl ki 4iBhenCREm ellt N6ed’ infBE ppRbht P& ion, it is preferable to use
pigment stem cells derived from a hair follicle because this facilitates the orientation to
hair follicle regeneration. For example, when melanoblasts are used as the pigment
stem cells, melanoblasts that exist in the subbulge region of a hair follicle can be used,
and when using melanocyte precursor cells as the pigment stem cells, melanocyte
precursor cells that exist in the hair matrix base of a hair follicle can be used.

Also, as plgmentstem cells that are derived from somewhere other than a hair
follicle, cells which are distributed in the epidermal layer in the skin can be used.

[0030]

At least one of the mesenchymal cells and the epithelial cells used in the
present invention is preferably derived from a hair follicle (including an organ, tissue,
and cells that constitute a hair follicle). Thereby, an organ can be easily formed using
cells which are already oriented to the hair follicle. Further, in order to produce a hair
follicle more reliably, it is most preferable for both the mesenchymal cells and the
epithelial cells to be derived from a hair follicle.

12



and the second cell mass, the other cell mass can substantially consist of
.only nesenchynal cells or only epithelial cells. In the present invention,
- the phrase "substantially consists of only mesenchymal cells" neans that
"~ the cell mass perforns a function identical to a cell mass that consists of

. only nmesenchymal cells. It preferably indicates a state in which the cell

mass does not include anything other than cells which are nmesenchynal cells
as far 3 ssible. Also, the cell mass can include cells of different

types a P g as they are nesenchymal cells. The same applies to the phrase
"subst ant i al | yincethet swerdsf whehypiogheing| # alegensrative, hfloofzﬁ}ce germ, hairein, a

Cf' ! lrmsi%g%?éqd%}?veﬁr}n@seﬁaﬂﬁr@alld&l%f epithdial e&lsl Gn¥Wefused. ?Spioye e @y, ﬁr ngt

cl osel y adhered, an ssue, rou ce $q|cg as been
subj ect it RapHla ells; ‘é"ﬁffiag?f’of F}e‘-'éa}h%ﬁr\]ts Baseat SEB‘I’% &BW‘ETIIC " or a
Cgl | aggd’aﬁ%ﬁ%e@ﬁ@ﬂ&ﬁﬁéseh&l@ﬂnﬂlcﬁni ahé eg@iis rodtisheats eumhnestnam eells lsfl
advant a s because.it is, ea n or. correc

arrange %uéﬁ?dr?hoi‘pela‘rb{?ﬁn}xhg%@@ ﬁﬁ&%@ &8 Sstafn gtﬁ?smg hee anoufi %}ehat can
be obt ai epittieliadletlar elh aigiticn, bain fellisk heseusladnal oePls eparel fowedd iFdgepllegat e,
and a cel 'anaeeéeg@éleam bé %catakﬂ?é He&AskyhA ceﬁé 2hd h‘ﬂ?%‘lh@l%'e@ﬁhéli&l taied

cells, makin ture referable at ledst fromth per specti ve.
When i njiadegeddrammen RS relher et epnzalsq broesed ag e %’ltb%léllﬁe@ont acting and
then culfogssng themin order to produce a regenerative hair folli cI e germ

the cell nass | es or cell at e

cells are clo Blaad‘é’d’ ef ar?c%égéqr collecting IRSSCPFF&“%%@%@%FP@F&W :,Q,% sed in
t he pr esgipinentsternt éedls,is prefemb]}yrmfthe apbwtht stagese Hyi gsimgoelixt éﬂ:n\cadlﬁremdaer i ved
froma hair O||IC because thi.s t . | ' hai r

ol 11 o1 dpLURA bt PSR e, 1P ad SR I RS iR oy Behialut BuRh |

pi gnment h;lgbrfrflgebllcs’ rdscartbb haistiollickatare ke gienwd fige snlgmbryse of égiadnltof a

hair fol teﬂécﬁng%gllsbﬁoﬂxsﬁfjemﬁi@g -RoBd Ysir TSR 1@%%&@1695’6@%@%& f%ﬂic'leg as the
pi gnent stemc , el anocyte precursar cells that XIS{ qthe h

matri x beedle igfthg negeent fSEﬁgPl%cl the g Indliglg cgan can be effcigntly, collsctrdesnt st em

\(/:\E! I ﬁ th@idlﬂl‘r@nt‘i’eﬁéd ek tard B beRNdier ©mtiebthehand d@ﬂbdftlrfgobéllsCfr@m aells
I C ar

t t.h ' | | i n the ski
o030 " S-Sy e oiglec BreFnle e AT S DereoS Sl Ema RS
cel | s usedlizimg theerepioasiétytofi the eeit distribugiopriefasraany derpavtenhldry fomclintval r
follicl dj d I
orte e:)q(ﬂ 1%%'1&1 ({))Me es%ﬁgﬂlgenﬁdns%%nﬁl@ ccqg JfShd g\ﬂ)gec? QA 5{3 tllltﬁl e(]:lﬁpar .

follicle an can be easil or ned
al ready g eswtpe@fetablq wetlhacspe¢totq |a<ypréhn$umm1eplogilqw t@p fntg Fﬁﬁiﬁ“@&u%‘éj a hair

fol i cl exypdige re@thbaﬁbﬂ:r}ﬁblehis duh RStsidY 8h ERbbie fRirtHRAhS! Rerddaen byl
cells angpgrfgéa the?lathr;uer %0?11016 a érstra'{n%plbetaggrrl I1§/ ?n%Imulo oglcalpy olerat%ldl( Cl Solds [0031]
et. al., Trans-gender induction of hair follicles. Nature. 1999 Nov 4; 402 (6757): 33-4).
Alternatively, if immune suppression is possible by other methods, surgical materials
and the like derived from an adult of another family produced by cosmetic plastic
surgery or the like can be used, and this is preferable given its extremely high value for
industrial application.
[0033]

" Cells derived from other mesenchymal tissue in vivo can also be used as
mesenchymal cells derived from somewhere other than a hair follicle. Preferably, such
cells are bone marrow cells or mesenchymal cells that do not include blood cells, and
further preferably mesenchymal cells from within the oral cavity, bone marrow cells
from within the jaw bone, mesenchymal cells derived from cranial neural crest cells,
mesenchymal precursor cells or stem cells thereof that can differentiate into such

mesenchymal cells, and the like. Japanese Unexamined Patent Application, First
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1n other words, when producing a regenerative hair follicle germ hair
follicle-derived nesenchynmal cells or epithelial cells can be used. Mire
specifically, hair papilla cells, dermal root sheath cells, nascent skin
mesenchymal cells, and the |like can be used as the nesenchymal cells, and
external root sheath outernost |ayer cells of the bulge region, hair matrix

" basal epi thelial cells, and the like can be used as the epithelial cells.

| n addi tll’l%i.fca{] E\%f beé e‘EEl-?ﬁL‘é%' ’e in’ ﬂl‘séﬁ b '%QII %Fé' or an

ES cell ‘can a as t S hesench alr
epi t hel igsed cas| the mnmelednafquyﬂs,amd #@aeeﬂel Umxaann@sPe@m Apphcationp Hiyst used as
the epi tﬂ‘lﬁJlicﬁﬂlo&q{IeSZO(ﬁ@Q%% descrlbes I %Qﬂhﬁglboﬁl vﬂnaﬁ'dellg Od)ﬂthl(ﬁé@ E}Qr

col | ecting. mesenc I , .epithelial_cel ghent_ stem ls is
prefer aMI%efqatlew grrdaﬁklw of é@eotm st 151l érq gseéeais v@dmﬁe@ﬁmnﬂa? Sf ollicle
in the griesviesceiptigns in thebs piislicatiGhL arteOintar@uatedninOfheli Uakirdty foegsfarRhed | ve
hai r at hh%% féﬁgan%§ %lso the hair follicle can be derived from an
enbryo or © P 5P ﬁF%EPlng cells froman enbryo-derived hair follicle

i s prefel08b#e because hair follicle cells in the nascent stage of the hair

follicle or ga”cgl‘f’s”dé?ﬁeﬁfﬁfohﬁbﬁlgI ls—ylo ‘IBLJ 65LEY, 9:‘9? Hx?%f)fb%rlﬁ%' ?Eﬁi&xe@ﬁi I's can

be obt ai ned ecting roman adu erived hair

~ follicl ecdlls dsrived rfzam sopswhgeseother than %élmrsfowlﬁ bPrEisERbAY, etch rellp 3 %i ned
utilizi n&)lﬁl@ﬁalr EdIsOsrdkif, YmatodsNR emBldnesl ivtHin Rl &wy rbra@nﬂi O fulrfher

- particula fqr .clinical Ilcatlon 0 res vent.i o

D ettt bt R G e b B a oot Brsreebmhelilon: 1o
avoi di ngceﬂlmun 1s6eno gelts ﬂleanﬂ [air aln hke;}mct:ammf&mjltmedmch agthetibll edls spelobd ens
Such. as 43) B8 Aol dhirand L AETIRR Sy K HRLE ARG RERE L LRARGdaat, 3 hait
follicl ter transpla i on s i mnol 6 ] ds et.
al ., Tr apesakgsatitazed. ndlapanese Ghexagiined dﬂatanclesphcammr Elrstlg‘gbhm\meMoz
(6757): %@975@' H&LARS! Xt?leXamee wwa %kh‘?%a‘%ﬁ?' hbl%alIO@eﬂ%' &J Snﬁ‘ﬁér;pt her

met hods, surgjcal materials an | 1 ke derived from an adult” of dnot her
famly praeedeellsthesefate \ésemaastbﬁ @psmleérc?ls@rané e descaiptigns B@rfa%élae and

t hi |S IS fpeefpefadd & Bicheontirts Eﬁ(tréﬁi’@ﬂcb‘ 1ﬁlogﬁhe\/jﬂ|3§éﬁt kpdcificids! r Fm the
application.

r|ve nmesenc ssue in
TPlo canbSfisshYeonbedsa sl MatRespHA S | & ERLRT vO T CoRes e her
t han a haidrepithelialckBs oPr dsee atludingthese ik lfionathe tirgeteofrimnsplantadl.s or
nesenchygg? ells that do not include blood cells, and further preferably
nmesenchy ells fromwithin the oral cavity, bone marrow cells from
wi thin the j awionecsenghymal eehial epighdlial dels,vpigntenb ritem agellal onedrtisuer est

cells, npsrpaaykele cEHll@%lf BRUuSRY kise %ge%rﬁmecl?iul ﬁ)llﬁé’l@ l08Rh chBE cBAfted
dlfferen iate 1nt h nesench ma ike. Japanese,

Unexami nédMpataae SA&B‘ﬁ 28 e ( F1gr L"‘?ma‘FfulSrFq &5 GWe)NBl d weytatesdefodisgfescri bes
an exanpt@vs, hovdek cacamﬂhndﬁrmaeduaehi Sodth® (@Sednias, fabe rabtsgneleymad cel | s,
and Japan e gnexanu ed Pat éPF |cat|(ﬁct igﬁt nghicagi%p %ﬂ

2008- 200033 *4&EEPTHREC SOFhFh 8 | EISEHEY O 8PP EP8ht i at i on
i nduct i oeellsf elvldtdhpbt:dlst pgneemt (stﬂni selly, eorus iskuasin¢lhdingetbesecénllsadhould bs. The
descri pt t o i y for
referencgﬂﬁﬁﬁgHE%¢3ﬁ§ggg%Ph§%é%| ?@%@?g%Bgﬁggg% ngnaﬂabgg?ﬁ S%FI %d from
ot her eptolwan, yhite am!neng the, conditens rargwliyaisad dor adiseyst eollactian vadiops
derived §fagpr.somewnere other than a hair follicle. Preferably, such cells
are epltﬂ@%6 cell s of skin, nucous nmenbranes within oral cavity or guns,
and furt ﬁreferably immature epithelial precursor cells, for exanple
non- ker ati ni zeﬁhemeidmehymdﬂ ceti$ hisd epitteliaicetlefiomn & heir €oiliclecire phaeaﬂe'dlbey t hat

can dlffF;thl eﬁrpto e qfllan ellsh%gﬂ1 s ski t8 nucous ranes or
the Iike Wi chPiave %FPF? & bt fpniicie whidh has peenis 15" ed ffom, E%%“%m%u zed.
Japanes etisgne xuiita axtsechpmial gspé amhcpldmllalFtlssett lnmbd)rriemelwmﬂl itbshazeOS 29756
describes an eP‘xﬁ%Hé'reld Ehe“@feﬁ'ﬁ'ra%ﬁ' fcﬂﬁ'hlte)ft SRehd Reld Fonf &l hair %lhféfé Bt Y

cul tured ceIIs thereof are used as the epithelial cells, and th

descri pt $ewple.nuhe isolafing thecybpyea region mqlmg mglanpblasty, it gan beﬂi@ﬂ?é%e i nto
the presgithe $BR6inhi08BENdUT.a donSEht fdgioRGhARE &djhoeAt &S theBAlgeSBgioh usiigakd 0genous
tissue, it is preferable to use nesenchynmal cells and eplt%EIlaI cells or a
tissue including these cells fromthe target of transplantation. [0035]

The mesenchymal cells, epithelial cell&s, pignent stemcells, or a tissue

i ncluding these cells for producing the regenerative hair follicle germcan
be collected frommammal s such as prinmates (e.g. humans, nonkeys, etc.) and
ungul ates (e.g. pigs, cows, horses, etc.), small manmmal s such as rodents
(e.g. mce, rats, rabbits, etc.), as well as various other aninmals such as
dogs and cats The col | ection of nesenchynal ceIIs epithelial cells,

o,

o o I N - T o,



1 0036] The nmesenchymal cells and epithelial cells froma hair
follicle are prepared by, for exanple, first separating the hair follicle
whi ch- has been isolated froma surrounding tissue into its mesenchynal
ti ssue and epithelial tissue in accordance with its shape. Furt her,
in the preparation of pignent stemcells froma hair follicle, for exanple,

* when i sol ati ng the subbul ge regi on including nelanoblasts, it can be

i sol at edseBgcdolle ghiRlid QRS e?&%r%u&léé%ﬁi%ﬁﬁﬁcﬂb@&p%oﬁsﬁﬁaﬁbﬁ a@%aﬁﬁ&@t to the

bul ge region using the sebaceous gla hair erector s¢l es under
ni cr oscoPlses UB%FS\?E’PPSI? heyr mairiXehase npalgcgng FrAnOL KIS I BEETURPT £elinitt CaPelS i x base
i ncl udi ngoRRIdaraR meebcntoaﬁhw @hd ©€h|v&nablé régidn Beloiwsthk Auder’§ tiaeusihg the

bot t t he Aub I h h
bul b of B R o A BE PP e PeaRaR ROsSReipt 3 eonees , Hahiih” 1
addi t i onwhaeh esing seltgderblell Srahe i \aain blr armoudinresndetialin (Whlduh@n@dlt@&ml@l i n
uhi oh 2 8eP%al Bhth b FEDLAS DBEM IR AAIRCY AdALr 3r HidarbRUR! €

is f B uce

whi ¢ asts eeh intro as a naterlal

nel anobl h@t@e@, arrtrqﬁ@wdm nmeterighmglangblastpiande ughergselatediapquesdiusing 3 om

cells ‘r’]méé}hs&fé}‘ l@’rol?&%almh{chqlﬁv%ea@ uRITENBY B @ﬂiﬁw&eaﬁeﬁo A6 nw?érD' aL ing
nmesencnyna ce S ell a a Su e reglo a al matrj X ase,
and t he 1Splaing mssene %@Q%Féls %m%shi‘ﬁ?élscaa %38@58%*03’0 ng m%ﬁ%s € ﬁ‘éd
ijso' at i othe ihs ﬂdﬁeaﬁwm erlByifel caf beayed® faeitieatotheksulitivoren Amths eszymie, as

i spase,

trypsin, and .t ho ski | | t A+ use an

appr opr i Qtegé%th B?adf Iﬁ’gﬁo‘xﬁgnzcym < S(])lﬁlgﬁ dfspase, co@g 1H%e a!ﬁﬁatgﬁcnt(sa g[nmass
i ncl udi nthosesiehethiprtbe art edrl wse wmppmhﬂwen@mnbgfﬁmr ghotpgent st em ceI | s
i sol at ed;do8 ]*na hair follicle is preferably subj ected to a unification
treat rren[ passage through a filter for cell segregation before it is
used in t he prE‘éﬁhf’F,l peelbmass inslding messpshyanl Cqﬂéi erithebialyeslls, onpigmept cat i on
t r eat mengteinnoenk YRSatéRH6mSd Rdr fdmclad@pﬁef@ﬁblp ghyecrd wh |u$11ﬁdat1bﬂﬂ'aﬁttnehhem with
fluidity, and this treaii % pr ef ertabl fcarél ed %ecag % nabl es
~ added ce"Y?afsﬁg%g“?Hﬁhf’b E%yo Cﬁlé&e%rﬁgla ERapies ! ésl'ilsf T foéldo Wth a

“m cropi p&tgbﬂemdm:mrfoﬂm fgma rﬁegmﬁeat&ml txmtrhmtnn?cdhts re]eemggtlmadhimw ilter

L2 o AR A UG L L gty i

segr egat mass ‘I nc nese

pi gnent beaanscitidngbles addedtdedls t@ ibs swéformty wiedrandetriabl eSTﬁBS & hﬁéﬂ@ﬂe‘%f t he

filter f%thC@chréﬁiQE@Q%bl?'ﬁr&ﬁﬁuﬁea 4L 8 Wélhﬁllr)foﬁi%leegérﬁﬂ PhheafilRRr fHPN
skilled in the art for each_ cell to be collected. For exar‘rgacelfa\fllter

havi ng acell afgeeions ismpt grarigilarho lighifedats IRngyaed campeespeat MRSt g |

?ggr egat ﬁxdlddlﬁg‘lﬁlepéneﬁﬁﬁﬁl ¢dm\geéﬁ1tlﬁnaln&‘h1@§oxaplgﬂg@t egal cells ﬁ:&ﬁma&hérsusie?l ved .
roma nes i-Ssue _or, an i ssue regation a ce

group coftaP ﬂiﬁ% r:r@‘ﬁt(?g E%Fes%ﬂgr o] Sgelgée&gl %r?alg?’ "%é’e‘m ate}(’)

cont ai ni m;eo:ted bs adpmsanesklﬂe:cbm ﬁlenaarsécnrcd:uplmdellttoslmjwltnctedn Epi tXmlhpla,l at | ssue

and pi gnﬁn&ﬁ%‘,ﬁ{g ac&ilmln%terﬁﬁgo hﬁl‘:tﬂ |05§|g% %%@S gell aggr egate can be prepared

by, for ex aggregati ng al ned by di spersing a mesenchynal
tissue, #W38pithelial tissue, or a region containing pignent stemcells

into discrete G&lli1Sipafe@8TH ﬁgzgsrbmt ﬁﬁbht%mbﬂs@ﬂaggyegahbﬂmyen.stﬁehueaa or
subcul ture of such ceIF I n 01i iar to di sgerse cel Ifs aj enzgrre such
as di spa?@m @Olinp%@ tlS& € OF ra, gpithelial tissue, an ggregatlon of"a ce

containing pigment stem cells, or an aggregation of a cell group containing cells derived
from a mesenchymal tissue or an epithelial tissue and pigment stem cells, and the like.
Such a cell aggregate can be prepared by, for example, aggregating cells obtained by
dispersing a mesenchymal tissue, an epithelial tissue, or a region containing pigment
stem cells into discrete cells or aggregating cells obtained by primary culture or
subculture of such cells.

[0039]
In order to disperse cells, an enzyme such as dispase, collagenase, and trypsin
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can be used. Wen performng a primary culture or subculture of dispersed
cells before preparing a cell aggregate in order to obtain a sufficient

nunber of cells, a mediumthat is generally used in culturing animal cells
such as Dul becco s Modified Eagle Medium (DMEM can be used as the nedi um
for culture. In order to pronote cell growth, serum can be added, or as an
alternative for serum for exanple, a cell growth factor such as FG-, EGF,

d PDGF . t Wh
di ng. <@g o AL "y REL MPGRIRE " BBl Gutirs 0P ARG of BltaBSed GBS | " on
t he st atleef@'re preparingl @ el aggregate in nedeoftoadmmmnufﬁbwm inpmben Oﬁ@cﬁﬁla y be
set to %e&iﬁﬁﬁ tﬁlaQP/es ,&fe,%ralll@:euéeﬁ'lh atthfikg %mnmrdzﬁé sG&H BUDRIYEREN MRifedr ©

applied, _for_exanp fure_in an 1 ncubator having 5% CO2 concentration at

a t enperZaglé Mf‘éf“%&@MEM7€an b usebas thﬁﬁn%ﬁﬂ*mbﬁobf’?]é“@uchl rdentoy IPEE/ci n can
?I so be @@ldgdw@s sﬁiﬁﬁ%ﬁﬁlbﬂi £ddel 0648 an alte?atlvé fﬂoﬁﬁdﬂiﬁh 1253 @@ﬁfl | phgal eelr:tel I sf

or exa e | can ntri n a ce regate O
roserenyaarty Sfd ek BOFOR LB B P B EERE serth, SufifimenE SRS S 0L
i n a higirardéensn cyn be adckd n Wheteadding sersmy éhet dvatcenttetion edah derapbrophihtely nt er act
with eacfi, 8’itﬁ|3§ ddeg@é?d}n%%%yﬂfér &atl%rgfu%t +1H}r9 a?ltﬂé‘%lrﬁgv\gaaﬁhltloﬁ‘ Lok 98{15' ty

state neans nsity eq conét|tut|n

tissue, nqsmaﬂxéwpﬂeé te, aJ@l@dﬂ%{ | Esoqﬁhet ¢l cylturgoneranal splyre @péﬁ@pa@w 1 X

108 cel | gipikd,t %rle:&mhﬂ@ GfttukS /i an FNADEHRS Lhairf S%ifd(yz %offcelaﬁgn&ﬁ'altsi m to 8

x 108 cells/m d for chi evi ng . hi gh en5| of the ce aggregat e
is not ptﬁF‘ﬁ’F@H%rﬁﬂ?f P\nn?? CT, {4y algg’é 1c. PRy CAR [FAR ¥ a

met hod iamdullhsiipprhmatel s are aggregat ed by centrl fugation and then

pr eci pi t Centrifugation is preferred because it can easily achieve

hi gh den wi t hout conmprom sing the activity of the cells. Centrifugation
can be car r| ednguderftoraggragatel@llyi fontesample, a callisbepensipn can e iconfsifugedt

provi des i lo£f r 00 x g
P 1000 - T phpElae of AEERegma NI o Eiciddod 4 tﬂé“’ﬂsﬁéﬁfv% ety

t ends no@regeaahhéatﬁ highsdgmmity istatg inyomdpte Frsves thaw%)érCéblgr glfbbhaterasitwitlf ugat i on
I's great@ichtdiigt WrOthey thre tUi‘@.lgihehﬁtS dIBye btsbamagegh [d@ﬂﬁtﬁbf] state means athen
preparing a hlﬁg densi t 9 ate by, centri.fuga
B spens! dhefeeo o gt spuliebih to AT VAR SRR < Heonter el 36407 or
cent ri f ugdlisitrtoof xcief Icsllsimd, proferatiing x:em sclavmal aehtx | 6°ugdid/mlAbbd most

e iRy 2RI R (R [hARGal! °ThP R B @Egclﬁévl{%ﬁ&hocfenglﬂgonem .

super nat fCco

ot her t hefrthe pell ageregate isaiof Barclguieﬂy limited) ang; forsspuplentt capbe a@rleveéthy a) is
pr ef er abjh¥thedua! whizhOthe! @e‘ﬂ% zir@ aé'gng?é'g%te@n’g rﬁenﬁ“ffuéenﬁ)nc gld Then@Pflc

preferab y nQ conponent an_t he s, are i n¢lude If t hese
ki nd of W tly B €Frre SSE it oCHY qéﬂqyech{gge E’bsr‘lttya(‘,"flt thin a

suppor t a)amfrbmisﬂg/ﬂﬁ armtzhp@ftﬂﬁb bﬂlsef({)jeﬁtrffﬁgathﬁ!@wbd Mnecebht_sfoﬁrlak@ tohgg_t .
contact wt an ce I nter [ 1S ctiyv exnil bl t eq.
Co0aa) " MirutesHR § B br BUions tnat Boiacsd Shfthibalhnc? 0B a0G L d b0 & s or
epi t hel i @ld wefetablyahed pi gwe}ﬁOOsx gm Heh¢ sewafugation ivlespthepadec gyhe tdl

exanpl e, 4 s{tf@érfd'sﬂTb@%'r@Qcﬂ L &Ry b néﬁ el S5E 1Pt BRME u

Speci fica mass conprisin encﬁilma cel Fs or epi i 17 cells
and pi gn@satesthaml 200 x s, thﬁ@pllam@ybﬁdamag@ﬁ in preferred proporti ons
respectipehy, is prepared and incorporated into a cell suspension to be

used for centrw& ation, and SgL/bn cell ension. is thep centrifu gd to
produce a cell 5%@52&%1% Rt SIERHDORYi ﬁ‘ﬁt gEqgats by pPetigaPed. © % 043]
suspension is normally prepared in a container such as a tube used for centrifugation of
cells and then the cells are centrifuged. After centrifugation, the cells remain as a
precipitate and as much of the supernatant is removed as possible. At this time, the
amount of components other than the target cells (such as culture solution, buffer, etc.)
is preferably equal to or less than the amount of the cells, and most preferably no

components other than the target cells are included. If these kind of high-density cell
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“The support carrier to be used for the purpose of culturing the first and

- second cell masses is not particularly limted as long as the cell culture
can be carried out therein. For exanple, gel, fiber, and solid support
carriers are preferred. By using such a support carrier, excessive pressure
on the regenerative hair follicle germin vivo can be further prevented.

As the support carrier to be used in the present invention mention may be

made of, I r g é’nﬁ%h

gel atin, &:S %‘ﬂ%@ht fifto a?fen%@g?x& pgloguggpﬁnaneggi‘y bi E%ghqk)pr oduct
nane) , mtp aiug@t be(l<pw a@«@llmﬂﬁ tight| cgatachwithjcpeh ether mcrﬂlrpellamteéa@tlpae@ | ul ar
mat ri x ngﬂgcg{,él eRRibigaycol ic acid (PGA), polylactic acid (PLA), lactic
acid/gly § ic aC| d copolyner (PLGA), and the like. Therein, collagen,

agar ose @ 1” car boxymet hyl cellul ose, gelatin, agar, hydrogel, Cell Matri X,
Mebi ol Gel, MHurilggla célhagutbgade ebitbindig ﬁi&kd‘nichylﬂithéd]lS or epithsltal rell ald i n, and
| am ni n, V\/m cththavelap%{J bate har.dness z)a{nd et egtliéll ﬁ ﬁe ene rred.
For exanFBentstem gl %g% ¥ PERAEA Y- 101 $X P 338 R & i sposi ng
a regenethat desribed rabbet.| | Speifipatipn eosrdli stasngoulprising miesentchypmal s@lﬁomd cel |
nmasses t 8lidl: cdIR’ afk ¥iRhént Qé’mp&%a{h‘a{‘%@ 16@hd QIR pHgLr &Y %Po;%%&hscm ture

di sh, di smqthere erative hair ITicle ermlnthe colgge drop,
and therfeéltﬂctlﬁ‘? YndS reRdred &nwwrﬁe@tﬁﬁ é‘Pthﬁ ‘?HCS“SP%SI%IW Bfesehiobe

gel | ed. éeﬂ%fﬁkanon and sucTh@eusdtlgls@fstonqartmeneéen&sfa ed @ profiecellEdIDSErOSate

cul turin irst and se cell, masses preferably has a retentivity
suffi ci ﬁ‘c SNSRI 6§ gsaéeE‘Hfﬁdact state of the cell masses without
di sper si @ﬂ43)]f the cells. Herein, the "close contact state" neans a state in
which the hig e i { al
cells descri bgl‘aﬁie %%yéxr?agﬁlne glgrﬁg glgesd {%frt @ﬁﬁgi}%@ultﬁﬂ{%ﬁlg\%ﬁt %gia%e%?%d
cont act ellr massss bem%enrtlcuhelyrieeé%hyﬁmg eelthecelhdultlﬁe cepitienedrried ogbl | s. | f
the SUPP@Efeif arFdrexafpRAYE Mer rﬁfdaédﬂdnﬂlp%oﬁldaﬁ?e@ﬁfkt ﬁt%ferfédat Byl Ssing OF
exanpl e, col l'agen, appropriate hardness can be dﬁd ’éfi/ usi nlgl t he

col | agens"éEJE1 B SUPBPIE SAFIER XGRSSLIG JITeISHER 0F Hig r]eg(ﬁlgr B il &M & Wem/ m o

3 ng/m cgﬁrbdfﬁrtﬁéﬂ]ﬁévé{@édjs a concentration such that the jelly strength is

1209to 250 g, accordin g i S rruttand in_accordance with

JI S- K6503- 1996 rc%aé‘tﬁpé)g‘ %"é“%r E’E %l“ﬁ%‘ﬁ 3% & Prepent JRRTROD FOHYOT AN % anet er

pl unger ﬂnydetofmjor Ratmpie, topfegenpfagaropp eel, @drqueﬂlyb&nllﬁesq@rgimpg% used as

t he su r & t t &oN h
pg@{&rs Al ELEMAtHx (ﬁlﬁ;dﬂ&@ﬁﬁﬁ@h A VBTN Gﬁt W@éddcppgméf I\I‘[Qﬁéel @Y&duc

eCIUI val ren th acco (1UI va eval uatTon

support Rame)i @lastm\ﬁ.bﬁg lanwandwe@@raé@}t Hargpati migture rohelysalisnaiddPleb) y

st rengt hpQoRche o DAY tmlén 261 dIglye61E Q61dnE6®1§M&e$P]9GA§UEﬂ@rthe qﬂter iers.
[ 0045] The nethod for, di 03| n %{“ﬁ‘@aSt and sec sses in

t he suppB]i“tre‘BaF?]ilae%cn agqipte §r £40 33?? vh ¢ gelptin, rPe%atzg‘M%%F &l are
cel | aggMagat, esiebiobrGelx avimtigel, anpexsteicplltlat enaibik amixearebplaseimt fibfingatd on as
descri bed _above, c be_di s r support carrier
wth a nfag]l}%lgyrlhlrtcﬁg] % a?ﬁtrﬁrllﬁ?(ﬂarlaﬁ? aﬁg r%:tgﬁq@w{r?}e %&glltr gga ti ssue, such can
be di sposed atFamexanipile, ragkiquidl supporoeertiar tanede umdomd @aed pler @lsp%glgt he tip
of a Syriageaerdhsar ?611151'35%’& k&ms{sgﬁ)é"@]f the first and SeBortBLdIPthabRE tHERROSI NY
the first ané second sses_In tlqgse contact jn the support carrier in
the preskEoR ex#mRig: bynpiepamng apsellagen| g6l gropi AR te g “Fﬁrd‘ébvaﬁ’épgsmg Hae cel |

masses cwgext&atmowhtoulatwgeehqaethsQatlag‘én &opd s afehn@ltongg efithiha ce |
masses in the su 39¢t carrier an a?q%ad'SpOS' ng the other cell mass so

that it proaiyat riof cpllipgep gan pag More specifically, one of the

cel | masfi¥d4ran be pressed against the other cell mass by appropriately
changi ng the o) support
carrer. when (3 RO et By e pufpRe BB B MEPHEadtnd S LD

cel | masw@sses ptefcrebbrleafsetrlatﬂnevmo sefficisnt to retan §1m¢la@ecomac‘t pletecqsi thpefll aI

Li ssue_Ofalies GRHBHITBADArLiSE e Rl o] CHeldi thi SAUR: OthcbaR i memeniaal it h
. the nesenchynmal ti ssue or _epitheli al t| ssue, respectively, ri gi nal

organ (i WcMigshdhe ltlstséwtbsewéln graseest of tReseBelymal aelist eptth%@htféﬁf s the
ot her celi¢sciB&Babove maintainl dn éguaBy Bixhdeabiey atdinenehpthieRohtadiesusfake Bethyeeng t he
support carrier after disposing the cell masses. Thereby, the cells
aggregate further and a state of even higher density can be achi eved. For
exanpl e, when using collagen gel, it &an be solidified by allowing it to
stand for several mnutes to several tens of mnutes at the culture
tenperature. At this time, the fewer conponents other than cells there are
in the cell masses, the higher the density which can be realized.

a



10047] The culture duration differs depending on the nunber of
cells disposed within the support carrier, the state of the cell masses,
‘the culture conditions, the type of animal, and the |like, and the duration
can be appropriately chosen by a person skilled in the art. By

I ncreasing the culture duration, the formation of the regenerative hair
follicle germcan be further progressed. In order to obtain a desired

condi tiqfe rBereg | &nist iy e %ﬁi Jféhﬁﬁ’&eﬂ?se GRrthd %‘dgg&ft Jaﬁ‘ierlcagﬁbﬁe%f more, 2

days or nore ays or nore, 100 days or
nor e, orTCQ’GEn%Ié’y%lO%Fr COR5E Stk iS- TR emlam@}w%mp@m@%herdpﬁ%r@nc@n be

changed pibﬂh'd@& b&h@n{gtthé dbBagen at a conEéh"traﬁéﬁ@BﬁHheﬂlaM@ Firfal @&ﬁi&hﬁ«ﬁﬁdnnﬁ 2
regeneratééﬁ ||IC|§1 in order.to talﬂP %Pctlon gg t he
regener PR 4 1 PLIBI %m% 3 COCEREILAN %‘fc JallY 6‘?""%& jsd20€ one

day, andorthlOeg pcce)frﬁngbé v methddi madatisomuandis inaceordayes. w1E}O(DI$8]](6503 1996 For the
culture h M A S di ng the
First affasiad 84 il b pRe dooRll i £L1 R RBRIG BRdGr Ry Wk

pr esenceOter dypresrofagvppet cagldrs can behprefersbdy used as theNyepporu bmur:r mrgthehe
support fr%e'hk ?x{veﬁ{l&p Gs lcﬁl%néy Ehle? %%v%hﬁbal@ﬁ@stﬂ:ﬂ@ﬁlr @écbﬁﬂlﬁg%j a Qﬁm@h‘lleﬁtur e of

aninmal cells can usedas the culture condltlons erived
serum ca&iY? tla’éld’é?}h?‘b t/hEOC R ISHRRET AT RAYing A éféPFSSf%B’feéP%“dk%th % be

ef f ect i Viatended edyRirohdth esdbé otamed B hfiemgrint at inofe Bpesofduppsttcarriean al so be
added. ﬁﬁﬁﬁﬁ'es of such cell factors can include FG~, BMP, and the |ike.

[ 0049] From t he perspective of gas exchange and nutrient supply to
the cell nasseBye mettiod fardisposingdhs fisst tnd secohd ball mgssebirethecuppgort carrierl |

steps in.v ]%H% t agf 1O | I t he
cul tur eq\%n IH% &I%H‘Sgﬁa cgit Pfee?él?;ﬂl%?ées %ﬁ% %\%ﬁ Qgﬁ%gﬁés ?\ﬁgu j)?e' ﬁsn

organ cuiTe¢ipgate ph@l@dlhymeemfggag@n@saﬂ|e$<gnb§é|ab@‘&pa@lhe dagpos%by msgrtlag plor ous

membr aneinRthd supsirtifara %ﬁi?'aeimfcﬁfsyﬁﬂgé’f@ﬂ the §ikk. OIfaué BelfRfdsdbare Ptidwkng the
support cajrier acﬂcl udi fi rst and second cell nmasses ﬂ%t he rrerrbrane

The por cliSh (faRhe itranylafationginy the sUPRATH Garpst BEngthe B 0.3 to 5
i.tm amynﬂgahemcema&eheerrade of, for exanple, Cell Culture Insert (product
nane) aqﬂohéppore Filter (product nane). [0050]

The method for disposing the first and second cell masses in close contact in
the support carrier in the present invention is not particularly limited. For example, the
cell masses can be brought into close contact by disposing one of the cell masses in the
support carrier and then disposing the other cell mass so that it presses against the one
cell mass. More specifically, one of the cell masses can be pressed against the other
cell mass by appropriately changing the position of the tip of the above syringe needle
in the support carrier. When using an epithelial tissue or a mesenchymal tissue as the
cell masses, it is preferable to dispose the surface of the epithelial tissue or
mesenchymal tissue at which the tissue had been in contact with the mesenchymal
tissue or epithelial tissue, respectively, in the original organ (including a tissue
belonging to the organ) so that it contacts the other cell mass.

It is also preferable to include solidifying the support carrier after disposing the
cell masses. Thereby, the cells aggregate further and a state of even higher density can
be achieved. For example, when using collagen gel, it can be solidified by allowing it
to stand for several minutes to several tens of minutes at the culture temperature. At
this time, the fewer components other than cells there are in the cell masses, the higher
the density which can be realized.

[0047]
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‘Al so; according to another enbodi nent of the present invention, a guide can
be inserted into the regenerative hair follicle germconsisting of the
first and second cell masses after disposing the first and second cel
masses in close contact in the support carrier or after the culture. [0051]
A."gui de" which can be used in the present invention is inserted into the
~regenerative hair follicle germduring culture that was constructed by
organ culture d e fh si de
porti on of t helFeguAL brmBbe BifGERGRLAR SEhY HAP oP LI BnRta Gt 2

epi t hel ithe suppqrtscaamreihetstaafnebﬂhan@lémasswsdiletcwéumagedi@pa&, itlmatyhapf arflm|a1,| cle

germ T t t has
The apovindiie ke AR, 4t Sl apBRlpafely Bddin by 8l pcRGp SRk ORI | T2
made from a poPYyriBereasing thes CHW@ndwn%p,sg‘hﬁtf?évpafeorbrofntaﬁ UEESCRALYSLRHT babl e

pol yner, fo@hdletgahﬂl icén fbeb@hhaﬂgfbgaassed ailnl @8&r ot 66thin a déafémaorfdlﬂixﬁr, ,foRl
chemcal fib I ass. f ani ma | ant fi ber,

ber a nat ur
onat b erapTe. it SHRE che Bearged Aier Sty Bt S o GRafhbrag. o
st ai nl esmosdt, 861days pemoos, S0hdaykiokenorenl (Padayisculmore, on3¢0 degemenare] wed hai r

ot oy @l 3hd oI K5ifiORAA HelckhfiRaathie (R LiRrysed as the oul de
Further, the use resent ent| n can take on the formof a
hol | ow t hr ead. Forrexamplenwhen tWSPIH@I@Ja degeagrative hais fplbisle garmy n ewder iy a

person S&tbllneﬂnbﬁbntahﬁa@rthe rgéhrneﬁa?ﬁ@mlaﬁ follftge ?éﬁﬂ"ﬁ? efdriblpr@ftffeafoy b to 100
um and nore prefer 0.t ddi he | ength of the guide

used in ¥AY Ped é%éf“gﬂ%l"?‘?g‘?r? fyé’f"ﬁ\‘r@fl gi?’h’i“& YFso be appropriately set
by a per@od8pkilled in the art. For exanple, the length is preferably 1 to
10 mm and nor ef abI 4 tQ ] |nserted
from the epl tnaT AF CGURE Bpisst Grtfabe. spPOManie: pupaLsae! febfuind

r egener athievishaid sdcohd icell engieqcsrwalubeh cultired ahmegirr adtueadeinothetptesenegyeher at i ve
hai r fo'&t‘hﬁﬂﬁ&ﬁ”&s&"‘f%‘lﬁ&' arly the contact surface between the first cell
mass and the secon hI mass, is not damaged by the insertion_of the

gui de, and t heWgan galtwang the suppor eaer abég ¢omdiiogn WiHeh piergeperally usethss and
the SeCOﬁﬁ' @@lkﬁrerr@ﬁs%mmal cells MObeth@dg;usF?a&fdmﬂaﬁe lmm&a lnAQ;otPe cell
masses t hat ereeer ir follicgle.germ after
The ot ar Pogmaly BHve L ot et b ackind Gt M ulyrerand il S LIAyRar RafdiShos ng
the epi t beletfattiveein éleam@hfmfstﬁmn oy rifferetidtoni of tindh oeElbth can aMhe]:n: addedr t i ng
Lhe 9! B ARAE: bf i8n 8L Bled:DEu L Ale PLICHMIGRg afige the strength of fhe
epit hel i af i regenerative harr I Cl'e géermincreases due to
cel | adhié¥¥8h by organ culture t he penetratl on of the guide can be

increased by usi RO pehdpRBh B gzis' &ch éd?lem&Héﬁies %ﬁl&cﬂa 8 call AL 355
steel wire or the liKe) and ét?ar penla{)]% 20 top of _the guj de_and the |ike,

enabl i ngalldneﬁ"{j%u 3 P‘Efsl?fétwﬂs el i @lly SRS 8t Xt d\‘lﬂE’EF ture.
The ggl d@ﬂt&t/]@élﬂﬁﬁ&&ﬁbﬂ wlﬂset][hfeedmhmrebl elllsatﬂeé yulafré @«u}m &masf wbberagfertihe organ
ger m because .at a flexible mater | ow

enct | orgrerabty e Opgmysilred, n S o MU Wi collyh s Bt Bl S 00Ye

i nsert i nfoathee gpochars sSoerebianewna tneeditrh esustablet foo fanomdlt @ﬁllegnosvthtlasd theref er abl e
because RS ond cel |
mass bec%%glggqrr%%e %?Ir%g%&%? %ﬁ&lﬂggﬁ ﬁ%FarLdeg%grﬁ&g%ﬂ su?f0 ggge #gﬁir?g%&darmged
by the i hBeperioghmembrane uged Hereir] prefzgbly has mapy, potes of abgut k3 tons B PRy t he
gui de i nh@nﬁmmra%@G@é&tdﬂ/ﬁ)rmahmpfeoUe116¢ﬁu9@nﬁ§ent(ba>dheg@£@é)%awgoﬂm
follicle (\i;ermg(g_‘Jc %ultured in a state in which the guide has been

i nser t ed" THFRPrAIHAD of culture after insertion of the guide is, for
exanpl e, [q@seferably 1 to 4 days, and nore preferably 1.5to0 2 days. By
culturing for ter ingerti t he adhesi q0 bet ween t he
qui de and 1 he ReiErDindl AR poPPBtet GErE ARt SRR ok A b <

hel ps t oingertademto Myreg@wraitwednsr fohladle igaym wounsistinguel thg firstaarsipseaomdarélbn.

Al 0, CulfsWek ReteAfis ' ey hSEAlif 1o RRELEHARESBRGRUSE the
portion onH{elEle gp{httﬁlge ﬁi%ﬁj %;cooc? tl11e regselneratl ve a|{r HP?&Fe germ
can be e%ﬁ@ra@reaétea r?@ttnl‘?e gui de Thi s el ongation can inprove the

ef fici enmosanpd stability of the autononous adhesion between the epithelial
cell-side portion of the regenerative hair follicle germand the epithelial
cells of the recipient after transplantation of the regenerative hair
follicle germ 19




- 10054] I n one enbodi nent of the present invention, the regenerative
hair follicle germfor transplantation produced by the nethod for
production of the present invention is a regenerative hair follicle germ
that is capable of form ng a functional nelanoblast stemcell niche in the
hair follicle which is regenerated after transplantation. This nel anobl ast
stemcell niche is formed in an external root sheath of the subbul ge region
simlar to a nat » |4 nal . n 18 stem
cell niche in Jg{lﬁfe hgﬂ%lf }érﬁ%é L%ldcﬁeEl}%hglfesﬁnésMg ftﬁ)ﬁc{gi 18%@{6% l?flg(} n

mel anobl r&g@@rféw@ hairfioHisl¢ perm diureng‘ fubtuenthiabwes senpplgtedbly anganyqubyrg amda
portion f,Rdkat&OBGHnEHIE Betwien %C&ﬁ‘thy"ﬁ EANSHE 'b@ﬁio%eoﬂ‘ﬁabrreéé}l&dtﬁzle%&er m f or

transpl a iatl on i n one _enbodi nent of the. present Inventioh can regenerate a

hair foliollle gEmpanpd g aeqlm%ﬁ%aplth%lvaénB?JISa@fterstt@ﬁlmlém?tl?ﬁ Hehend t hus
t he hai rregaidratﬁieelaiﬁonﬁwgér@l ofrhla@hmrterbfehmed Rrrst partie@lafy Siehitedias 100 055]

Al so, accarg ng tQ anot s}(}{rb di melrj:t of th resent invention %bmet hod is
oot dacirth e fhel DaPd At &l AR Hor Ryafife, MeRBFT May dbegBide fup Bl

t ranspl amadd from a polwiniec Isud:hhms don ocaolsynthetsc onnatnml bidbgdnbidblé polymeduced by
the net hr‘ﬁ?t ff&rﬁﬂ%'{- Clsl $PhiniRls &8 ao{] bz}r af}:&rh%i ﬂb@# Suich A %ﬁ%} e.

By transpl anting e regenerative hair follic ermfor trafsplantation in
whi ch t h@dh%mﬁtuwamm@lsordamtrﬁhqre@dt thgtlikes M@@@e@aﬁ@ﬁ}lyt Fentien may Beor

product Iﬁad@foftmymlﬁsﬁeﬁdl AVENhIeS stedl GVikd) &f thaiikel ”IrY\’f]iaFtlibu‘l:ﬂe nhad r col or
is controlled ca

ai ned at .the anspl ant_ sjte. cul ar, even
when_t helCEEEHOR e ot Borig i 4 edc i AL e Bk b Sebhis b v an
adul t - deFurtted] thapuidé akdd ialthe pteeérmrlmdanhan care tike b tldfoamdd llotvhdread.
transpl rans | ant t|on of. enerat i air foII| | e germ
The r ogents TS beriefs B B aBaPhab Bl LR AR R i B P+
col or i sexaople, dhd didmeten 1&31erefqrdﬂs§|tad0@dm,@né mae getfersbly0i ta Saowr dbmce with

met hods ﬁ&%drlclt}i/e 1%9@%#% b0ias Qs tlh@qle%\éﬁlef %%5 folife %ﬁar@h%m e can be

transpl ant ed usi a harir trans i zes Iro hair
transpl a@ﬁprmta}{ﬁhy éﬁté)yOar pf‘ersqaqﬂiﬂlfrdamrth@ ﬁﬁnsBPra‘?ﬁaI%% .tlaeeleagthaﬁprqﬁw@mler whi ch
utili zestoauormﬁr g&;m@ﬁa@ef&myhltdgg mmhe Shapiro hair transplant technique is
a met hod g whi ch a graft wound is created at the target transplant site
using a Wio th scal pel or the like and then the transplant is transplanted
usi ng tweezer sTheV\gmxieapph;drwg fromsthiei eydthefialhegll sideaoiSthleacd]] teséwsi thae, since
the reg rati L i 0 i it is
possi bl oot A rp@hbralih Haff SIRR Pk St A2 eﬁ%*u?*edréé 3 rReftuite

follicl ehegre iclargarm hpart pelpdy |t1m10m§¢pt tsgrfaqmeb@tWGth lrst yelpardso and the [ 0056]

The trangpb@ntdat 4 had, %e;p&tmaﬁlfa LBy HRORESTBA 'oY@her?Jl(ﬁe fagl kHeC%Lﬁdcg%rﬁbélﬁa for
exanpl e, prefer to mm nore preferab nm and “nost

pr ef erabﬂ"?‘e@atﬁs &’6"%}’5}11 §tiqelbaass and the seqprd ekl Fé?ﬁ%pl antl ng a regenerative
hai ][ foIb: icl e glen mthmtg@ucae rc@ﬁl‘t}rilﬂ Qﬂierteﬂhﬁilt@ @eec@g&ﬁ@msn tmha:c BétogTe lt}$eb ]
pref era into t c.la and.nore prefera above the
Dounn yebT e st Risle ghin ARl doet MG APt PRet Bl bhmihe ba 1
follicl eWbIdlsnatlmedlaiabdaﬁubéleppsarg tﬂammthghdmdﬂsdrlﬂlmesndwnm’l eecbxdreltheent . The
regener ab Y6y ha'WhérP'xrlseﬁ g B’ %1 bx’ﬂg tﬁrﬁ I”aZt% ?é 1OB¥ E\?lt&ée%ﬁ{:@ .

transpl ante cel e regenerative hair
folli cI estrpagtn qfab@gpltlwalr@ hswéthscrager@mtrvad@lrsfpliwleogermhecne@&,eis grefrcdhd t he
mesenchy iesi6f Ity &EQ@ cefmﬁehaler FARASHEA bY ehd18lide f@h [WeCinredRidby asiag 4 oward
the inside of th é gg' reci |ent bec use this ligabl es the hair

gr owt h d?W&t’P%}ﬁnﬁlcfob eC%H ¢ ek gs Féﬁé‘? gss; e %EFyors‘iHFf band $harpening s g so
pr ef ﬁr iabﬂhe tip(bf&ﬂjs geidetane t?ds ﬁlra]ég [Enhatslirg! the rgudcﬁpﬁoh f‘beslﬁ?drfbldtl flfoi'lzediﬁlﬁhf%lﬂ%d)f t hg
epi t hel i rti-on of, t.he nera e _hais .f.ol lLLicle expose
o the t o SRGUREY AT e8e f B SRR R et R darsiO et R e SR he
cont i nui ergamgenm bmumttthlsltma& a flexiblke mhaterinkbwitk dowpifensign-body reaction on a

living body such as a nylon thread can be used. Further, inserting the guide some time

after the start of culture is also preferable because the contact surface between the first

cell mass and the second cell mass becomes more strongly adhered and the contact

20



1 0057] In addition, after transplantation of the regenerative hair
follicle germprovided with a guide, the guide can be fixed to the target
si'te using a tape or band for skin-bonding, or the like so that the guide
does not fall out. After the continuity between the recipient-side
epithelial cells and the epithelial cell-derived side of the regenerative
hair follicle germhas been secured sone tinme after transplantation of the

regenergst,*f\ége {%ﬂoﬁg}%r%%édcﬂyethg Sg}mm%g%; &_can be renoved fromthe

transpl or renov t he gui de can be appropriately
set, and0Pd¥] exanple, the guide is preferably renpved fromthe transpl ant

site 3 to 7 depyiiRf, Lfffer tu&s%ﬁ Rty lePé 16 WRd rég@ﬁéfau&éﬂﬁalg%mglecg@malﬂw be
left so that it naturall al sout fromthe transplant sit ui de of a

bi 0abs orBEBICEALIE: s Eﬂlh%ﬂ% CRRPE UBUTESt il i arhich dhe S‘Pg?nhf‘?\ een
tr anSE| ARterteld! e TAE dﬁfh’&lbh off tulélee eﬁaomeaﬁex}i of ﬁle@bﬁhl’@&‘dr ?){aﬂﬁﬁ&]preferably In this
way, by u in e regenerat,i ir ation
with o of b BRYang Biock PHRRERS Y B 0 Bk | B Lol Wl MATIRY

i nsi de off thheguﬁdearthq:)ladlmsicmi bawatmotiy giide god dhe sezgea@ratxv)e bhir foigteegdror _ei gn
subst anlctfe%cﬁne mgh‘ing%fshﬁél alio le}lc:lzerﬁiea{d va&&%ﬂssthfaf rﬁzﬂﬁ oE@lQe&%liﬂE Ive

hair fo el ongat e a her eb the_ c ant
§

bet ween tffﬁ’épltaé@ﬂﬁpe nflsg; %Félt"é'ﬁ‘igtaﬁ@ thei g‘E@? h%s bo?ﬁﬂ l’tsﬁ@e‘%tﬁ RIRET3ble DERPE si de of

t he r egetﬁerp%)trﬂmﬁ@ ofiathe dpRthblidl! R11088NcE the redenamnsipt datrafolidde C‘g%ﬂn beni gor oved.
i de because .t he..mai nten

I f bl.e t t
poI :’i?l ? Yasi é) i rg% fhr%eg‘ﬁ?%ei " rl? Elog%loplfén TRRENEAN ificenry and § ’1!)13' P{Tpr oved
in the rthgemmmtnoue ddhesior betweeh ehgepithafiat md@sxdal;tanM@ of ter ffkgyneraﬂm:

Sor | ot 808 deph okl Gl Sl REITRNAAR of 3R REBAT ARS Sfhndfichifign OF WD 21T on

durlng transp an i on can be aC| en using a
gui de i rregeneegjedrainfoliislagdrm. fol licle germ the hal r follicle formation can
be sti m.ﬂtogg in an intended direction because the continuity between the

regenerative hair follicle germand the recipient-side ithelial cells can
be secured. AdpgMe TRodim e OF His Rre@nbmvr?nﬁ%éherIfesﬁeemverq@gegﬁrcéq B8 hai r

fol l'i cl efog @fafizpl@fiating, propucedes) tBandthod ﬁorqirs@cﬁoﬁsfuieqn’esbncmnﬁdm ishe hair
growt h direction. sed o flcatlon

t h
are used® tgf(')neé@‘?b‘ieahal[‘lr ‘?ﬂé&%gﬁ@i} fe lse‘??Beb&Fr?é% ?lﬁégmcggggl 3“‘?1&%25 are not
i nt endedeelo nidhei in tthe lpieJelhiclei mbécit iiprregenerated Tdf@rttemsplantatlon This

"conpri Srsﬁfa%]&%lﬁg%negl? @Elﬂlﬂ:be lI'ssﬁ)gmle&] g} gr? Q{eﬁf)a?mot §H§‘@ﬁ Bf ﬁl%ts'uﬁl‘;hlgés Ee él (m ended

t o nean ters as descri ers
etc.) exsimilapie @pnatigfeé haiintollicde. Lﬂqsnstaaﬁmcngn%lﬁeelé@qbla% st Geli Palclfer om t he

cont ext , ingfddtes Id%h:rﬁ 861TRi cHOtHAPhasX®hbiilh foRaifMiSeRASbIAdts AL furldabA & S

(menbers el enent nunbers, etc 0060] .. .
dlﬂ%rengate/supply melanocytes 1n 'a portl(gn tLat coLstltutes the niche. The

regenerative hair follicle germ for transplantation in one embodiment of the present

invention can regenerate a hair follicle comprising a functional melanoblast stem cell

niche, and thus the hair follicle is capable of permanently forming colored hair.

[0055]

Also, according to another embodiment of the present invention, a method is
provided for transplanting a regenerative hair follicle germ for transplantation in which
the hair color is controlled that is produced by the method for production of the present
invention into a target site.

By transplanting the regenerative hair follicle germ for transplantation in which
the hair color is controlled that is produced by the method for production of the present
invention, growth of hair in which the hair color is controlled can be obtained at the
transplant site. In particular, even when the regenerative hair follicle germ has been

reconstructed from an adult-derived hair follicle, colored hair can be obtained at the
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. Unless a different definition is gi veh, all of the terns used herein

~(including technical terns and scientific terns) have the sane meaning as

R t Hose. wi del y understood by those skilled in the art in the technical field
to which the present invention belongs. Unless a different definition is
explicitly given, the terns used herein should be interpreted with a
nmeaning that is consi stent with the neaning in the present specification
and the hni ¢ and they. shoul.d.npt be idealized nor

I nterpr ef‘gll’ds%lia%?ﬁltteg %ﬁ%%glsag ‘?1\t/1j€e(;}'l Oflﬂbe TR e lvﬁ hﬁlr fdlhf O%ETP Sone of the
enbodi ment s of Thheegpn@s‘re\rﬂhannﬁmﬁmh germhtoy @ab@éémtaml iniwldch thefhairdoher is 0
schemat i o ARAH, b@%n%%téptw%@h%@% aae@orgﬁyceb@nﬁ&ﬂaﬂs&%ﬁﬂldw or der

to clarify the expl anat i , "second
li ke ar eKRRER by shesg skidied iy ghe Ftis Bareprample, Hejanibe, trangplanted by usinget bmbod that

these el ghamplamt amcm@ﬁlmeglttﬁrﬂﬁ@ubqlah&rdnlsﬁlhﬁﬁ@ch@m U6 Rair trhepeint €r N5
are used onI to distj % "@g onelel enent from ang gﬁ@ elé@ g@@ ang f or
exanpl e, IPHE d oF e iple o, ditiliges. @i Presyire, ot | Bediks dde Shapdoghaigng
si m | ar | grandplent ebcminte isabahetlodsn" whichnd grafarwdmd| Bbedeatddast thei tagdet

i t hout al Q I n
\z,amddl t:Jon{:}%E)%ﬁa[nhgge fruélg trggcrig&? %la({r t%%ﬁkp a§& {hg\fﬁggl%ali%%rlgs%ap%plantﬁgbove
or "bel OWIPS)VWPMQ t ovfhen rﬁpmheng]ethls kind| ot hair tffvmsp]@l@h\?@hhmee since théie
structur Feg@ﬁerﬁtlmhélr i‘cﬁ ile %leﬁn P&&E&Mdn%h/ HaQal Alflle, ling f(ﬁglgﬁa @B dFdbOon in

whi ch the hair  pa a eX| ove |nd|cates t posite side of
the hair ptgf:m ?lge ﬁﬁ topRk rF%fmeraavs agg folliele gerap andt %oaerav%ew B% in
whi ch hatherdforeveabity perfhained. [ 0062] The present invention will now

be expla g in further detail below referring to Exanpl es. However, the
pr esent nv ktlon can be enbodi ed by various aspects and shoul d not be
construed as | The¢ trembptantatios depthnf] ths ragenaratitedthihfollédla gefnisa ipleasiple)063] 1.

Mat eri al 5:28801YR). 0S5 mm, more preferably 0.1 to 1 mm, and most preferably 0.3 to 0.5
mm. In particular, when transplanting a regenerative hair follicle germ into a recipient,
there are cases in which it is preferably transplanted into the dermic layer and more
preferably above the boundary surface between the dermal and subdermal tissue at
which the hair follicle formation and subsequent hair growth efficiency are excellent.
The regenerative hair follicle germ during transplantation is preferably transplanted so
that the epithelial cell side of the regenerative hair follicle germ faces toward the body
surface side of the recipient and the mesenchymal cell side of the regenerative hair
follicle germ faces toward the inside of the body of the recipient, because this enables
the hair growth direction to be controlled toward the body surface side. It is also
preferable to adjust the transplantation depth so that the top end of the epithelial cell
portion of the regenerative hair follicle germ is exposed at the top end of the graft
wound because this can further increase the continuity with the epithelial cells of the
recipient.

[0057]

In addition, after transplantation of the regenerative hair follicle germ provided
with a guide, the guide can be fixed to the target site using a tape or band for
skin-bonding, or the like so that the guide does not fall out.

After the continuity between the recipient-side epithelial cells and the epithelial
cell-derived side of the regenerative hair follicle germ has been secured some time after
transplantation of the regenerative hair follicle germ, the guide can be removed from the

transplant site. The timing for removal of the guide can be appropriately set, and for
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'(1)' Experinmental Animals Hair follicles were collected froma

 C57BL/ 6 rnouse (CLEA Japan) and a C57BL/6 6-TgN (act-EGFP) nouse at 7 to 8

weeks. of age. Also, the regenerative hair follicle germ produced by the
experinental nethod described bel ow was transplanted into a Bal b/c nu/nu
nmouse (SLC) at 6 to 8 weeks of age. The animal care and experinentation was
~conduct ed under the approval of the Aninmal Experinentation Ethics Board of

Tokyo U d ty

i 7 ot or Ve e Suidicls SHerdely CETRIAICRGR ) I’Mgg% SHESTR b s afen

Cul t ur e transpl ant Aeilteémat@akyh&m gyide) can asq e/ left e tBet latnatrlrztlky gllﬁ/@ékﬁowf age by
cervi cal thd 'tx%hﬂﬁéﬂt 'sﬁ@ &Ighldeaaf%rbﬁoﬂa‘somaslehﬁﬁeﬁal c%hlva 1afeb ﬁmraﬂ?tmmbameous

tissues re col ed so as_not to ﬂ%F ir bul bs renoval of
t he subci? ﬁ‘é%ﬁ%“SP aggﬂ@sorlgu IQS‘GFI‘H?I’f&ei i skers, the hair follicles
were isoloasgd. A side-whisker ha| r foI I icle i n growth stages | to IV was
sel ected from t ted .hair and coI I th _was
renoved from tlﬂeﬁlgéwaé’t? SquEIEg\Hh rseﬁgneriaﬁéﬁerh Oﬁhc(i usflog% IQ 1'ilorﬂ ection
needl e twithxpeguise! Hke medipichbsitle cdpﬁhcltaéxctellsuﬂengm rto‘bandbthmammd@obﬁtﬂmj from
the exp%gﬂé?ﬁﬁf Gitel ¥l d I‘flk%ﬁid% s%fsrtéleﬁmm@e Hﬁélgn eatpgddc@s mletheﬁafehxﬁt i on

sol ution reserV| e isolated hair l'icle and the extracted hair
papi | | a &Rl qﬁ@/e el Mfg BursgenerapyERpireieilifls (ﬂSRIEI\/EIG?g"é%r?tI%ﬂ&n}IFggE@Cm\/I of
HEPES, 1Dferét) @le bty b&wesn tiRNEcipfénpsidt %pithmd &éllﬁamdqw'é?mlesﬂl tdll on was
used. Thelslated hai r Jj a. . was s ded u e plastic
i eh” (14 6T BecEsmentvg MR Rl Em G ST fod i 6 bimauEd e dbi
envi r onnasd pmferﬂ%: mserBZ@mdarixéczﬁﬁ%ﬁummdtdnyncemmpﬁlﬁnqmﬁthe epithglidD ng/ n
of FGFZ I lLLur 9 da S
whi |l e excenangl ng %ﬁ%ﬁl@%&ﬁ ceil?gﬁﬁé Efﬁ ﬁmv!s& ﬂ’épﬁ ﬁgén%??tﬁ)é htd#l 1jr?g{r%lef gé y
hai r papduring eptires  videeebpisthg eﬂ’@mmdlfd@rafdl@éfeﬁ@matlwemh rnCFQ?IS‘Pd @I(b ger m

The pri ”ﬁEYOrf‘eH{a'hHﬁ Qﬂnhé'tfan?ﬂ%thﬁ@n c&l be mdiligfed Nan FafttilUlvhed @sigre washed
3tinmes with | a sol uti on _contai ni ng

0. 05% t r§Hds i a fteg?&?tweﬁ@u IaIICIez&famp Hleﬂzeﬁ%gblcl%m%%m%ﬁ spEsied mnd t hen
preser vesh infghded dizectiohtbebarisk filge écﬁﬂhnﬂﬁﬁbetﬁh%ﬁﬁie fegnebatine it ﬂomblcogerhm r

Fol l'i cl Epi th al,licl
of de- v SROFEBERCTA Bl Gs sm b s el AEa PRM Rt Bl e oy
using a @6 fhejregéncmtivaded llidei grahatan bhémprdvge andgit o alsdhpossiblge regi on

tissue nrp e ofSkinf Bl nutes at 37C in a solution of Dispase ||
havi ng a |r(1)a conc%ntrat%r% of 4.8 UmM (Becton Dickinson) and 100 U ni

Col | agend¥8% Wor t hi ngt on, Lakewood, NJ). Subsequently, the bul ge region
tissue was surmecwnhy vSEP I WHe rdséﬁtch cilfightith hROUMA ©BPdxpNeh ithd spdcsfidie and a

nmesench i ssu t he e usi ectlon needl e. The

S0l at e4oBUEERSGPSHOB ek .nggméer%ag € DB BT I hob; anoyme
treatnment in dhhd mmbatoompmsé/hlcmcﬁﬁ:%lfﬁlry’pmd {d v Ipresgﬁnspeaﬁchﬁdﬂadre us),
and L nenipasseds LG A e SRaBRl RO Gl GAMSL R SREALR, YALEERT Co! | S

Furt her, T mmedi fore producin eneratirve hair fo germ
the cul t@tpé@xtsacxcepawhbm anethér mdmesrt@dm thersod ds wnlmtofr@a%erc«)msxtnand

(I'nvitrogen. ety hishade é#&ie ﬂ?cnflugtgﬁa PESHEA nfRERUI bR HPsPOlchichif! |

strainer to obtain un|
numbers, etc.).

[0060]

Unless a different definition is given, all of the terms used herein (including
technical terms and scientific terms) have the same meaning as those widely understood
by those skilled in the art in the technical field to which the present invention belongs.
Unless a different definition is explicitly given, the terms used herein should be
interpreted with a meaning that is consistent with the meaning in the present
specification and the related technical field, and they should not be idealized nor

interpreted with an excessively formal meaning.
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- Japan)

10066] (4) Production of Regenerative Hair Follicle Germ A
regenerative hair follicle germwas produced in accordance with the organ
germ net hod. The detailed procedures were as follows. The unified bul ge
region cells and the unified cultured hair papilla cells obtained as
descri bed above were individually transferred into 1.5 m m crotubes
(Eppendorf) coated with silicone grease, and then centrifuged. A
supernat in the culture solution after centrifugation was conpletely
renmoved u5|Ag CELoader Tip 0.5-20 ml (Eppendorf) in order to collect the
uni fi ed bul ge Sosfl off the| ¢mmbasliments efnittd @esenf| inyieadom diave dwgen | ¢xplaieed s t hat
had precleRinigd &5l schiigndtR &iﬁgxtafdsf BG@%HeoibheMﬁﬁ& dider&Rd hgere 8Rigodf AR WRS

_prepared g 30 of Cel matrix type I-A (Nitta Gelatln Csaka,
&{Sétﬁc%ﬂ‘eo‘?@ﬁn%% ed with silicone grease (Dow Corning Toray).

Appr oxi mat el y Iheaeﬂihs tfirst h€sdeond’l, @dd chid like ek ined o pﬁpiekd Garivlk lefenpenepar ed as
describ de ealb 4en4t cfﬁxd nté) 1Its Oa|1r| a mtgéae ﬁjnsll ng,a .o 0. 1 to 10
m pi pet 2 Y a'IHf W © S) 0 pro By %ggregat e.
Next, appmoxi rﬁteeet ferfhs Zarerused onlryetobdxbtgcglm@gomelsmlentsfrpmemlm demedscri bed

above WEIn@, fd?leﬁﬁhﬁl‘i {RlRorb O 14315 4 Shird? 9:91 b@laﬁ&le@a@“élec&&i”%d@imﬂ tte tip

(Quality Scienti f Plastics) so as to cl osec% contact the cultured hair
P

papi | | a’ tBeclemgng dahsladeas f‘r‘i’é?@oycaﬁr‘?ﬁﬂi'@ielﬁé s ‘dupt” wighpub gspating frome they| t ur ed

hai r papich @of}tﬁébﬁesaﬂdn{xmobm ge region cells. Further, a nylon thread
(Mat suda Medi ndustr nm was . nserted from

t.h
e bul o eoiB gt Ed pisdn] shecifieBon BB halhe BBy P e S5 dr op
was | ef t“belvgloaed/bbtsom? imtheuagSohicle3 7€ doaveméncd] iythe streomte oliethetry i t

ST enat NBIRIL bl BORURSR RG-S SElaiBp et oo, Gig o hai

papilla ce ener a accordingly
pr oduced: abpmjgnthates the Oppﬂstmftb@halbmmuﬁ illnth@?el}ilrafﬂldickeﬁ?r ingfisul ge regi on

cel | s angofaghiirdBidd i WaSEh&E blows/@bfzalisepared and used in the production
of the r%ggner ative hair follrcle germ (5) Preparation of Subbul ge Regi on

Cells Usi ng the sane procedure as described above in (3) for the

acqui sition ofTHehﬁedwi @eeﬂitem‘ Wil nddw B@B}Sﬁl&ﬂﬁéd [re@lirtthér &gV BclbWeefetrigpar St
roma.side- air follicle of, a C57BL/ 6

attach e

mouse attymiey e e gsert e SRR P il B "o
that i s swjilomhbe tonstiued buligéted eythe Exampléssizbatbed hamsit.he subbul ge regi on.
Subsequent |y, unified subbul ge region cells were obtained using an enzyne
treatnment and a filter for cell segregation. [0068] (6) Preparation of Hair
Matri x Hizamplss] s |

[0063]
1. Materials and Methods
(1) Experimental Animals

Hair follicles were collected from a C57BL/6 mouse (CLEA Japan) and a
C57BL/6 6-TgN (act-EGFP) mouse at 7 to 8 weeks of age. Also, the regenerative hair
follicle germ produced by the experimental method described below was transplanted
into a Balb/c nu/nu mouse (SLC) at 6 to 8 weeks of age. The animal care and
experimentation was conducted under the approval of the Animal Experimentation

~ Ethics Board of Tokyo University of Science in compliance with the related laws,

ministerial ordinances, and guidelines.
[0064]
(2) Hair Papilla Cell Culture _

After euthanizing a C57BL/6 mouse at 7 to 8 weeks of age by cervical
dislocation, all layers of the buccal skin and the subcutaneous tissues were collected so

as not to damage the hair bulbs. After removal of the subcutaneous tissues
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The col | agen sheath and the dermal root sheath were renoved fromthe hair
bulb of the hair follicle of the side-whisker tissue froma C57BL16 nouse
at 7 to 8 weeks of age that was isolated in (2) above, so as to isolate the
hair matrix base tissue that is adjacent to the base of the hair papilla
using a 25G injection needle. The isolated hair matrix base tissue was
treated for 10 mnutes at 37C with 0.25%trypsin, washed with DVEMLO, and

t hen pass%ﬂguﬁ&'hg ugh sfHeSwhilkdls, PAE Eha?re hhhél&g @Jeﬂe Esoia@e@bt@'sfﬂe%lgk&%alﬁa' r
matri x base ce In he net hod

r egener dpllifte th‘?‘)"Y"%ISFng‘F & QdVnv @pegr@?qt%gogbg\;ésqlﬁte@ 2’)3“ %ﬁé‘rllesc tdtirating
t h?f !Jn:jfdoﬂg%éwblﬂﬁt}f fas @@n&[%lki@ormthéi e¢ledted bxtgalw}ﬁﬂqoer ihﬁif@ rft@I;IlicImﬁsﬁlhg/aéﬂ(SEi of the
uni fied su on cells or r e .uni.fied hair

mt 11 oateueRAredicth Sihes Bsh G e R i it bU e o E MSced wi th
appr oxi nipesed hairOfdlidé tb hextinat gbe rhagi papibai t Asl & gireeetdtionaswutidre for

centrif I e 1 A6l I.£iged
subbul gggrg%a‘l’% ?ie ﬁg%{%;%é{%g@#j%ﬂ%h hélgal &%ﬁ%@;@i@ﬁ%ﬁfiﬁgﬁﬁ% %e uni fied
bul ge r gMEMorediym Cagtgtreg&t robt & n t VWeessergflect ed
into theygehod 'b@ﬂcilﬁﬁ %@é}ﬂoﬂ%h hﬁmm&gevars egle@n T8E |iSolsRd Atit Papill@SWAY

i thi . 6 PR b PG PUBYE et E Ut NiARgE Bein Dorirere BeF My

Wi thint r

obt ai nedcudtaré waild Rddnlig@ed efiaaNerSAlohmadd of 1595 DL BI°Of aid 9814 hﬁﬂﬂidltyxlrbase

or oduced WO e Bisime ) ¥im! EFiEad RS AR CRCARRL HouARL LifYy RRETT
t oget herculfutingtfhe9clalys adiln eyehhangimgotha r@eddunﬂonp'dlpei "sinde8"bany, tBuptimary | nser t
(Becton @1&&% aglné dﬂﬂ %\Q{)sc\ber@ wSed'R) %rgml e% GhNE Ignc%ﬂllnccl brh O Y ch 1 i

of DMEMLO was a een set jected to cu ure for 2 days

Under  coPimENGHuEH BF@apitcclipaterc Qﬂwwulfﬁlrmwe wegpd1] tipgy with PB
Tr anspl any, abblaredofwiffe g@nerRt i BBTAR(GIB@D) I@hﬁloﬁercahﬂaﬁﬁ]og I\@sta%l\/tﬁ%gnSkl n

A nude npuse was ane ent ob in accordance. mth a
convent i GYRSI-AgH gﬁﬂgMﬁﬁ% é'jl]cé ?ﬁbe&IprP%Yﬁ‘?b is6&rtl on

after ditmeafeatseng its back with |sod| ne The nouse was punctured using a
V-1 ance ﬁg scal pel (Al con Japan) to forma graft wound fromthe skin
epi der ma aI/)er to the I ower |ayer portion of the dermal |ayer. The graft
wound ex¢Adauisitiopaf i fdligle Butdedipthebale«Calspt h of up to 400 gmin the

verti cal di r eobipn RndipRatklel o Md Bidkienifies | KON Noldd 8 (2P Reoth@reol | agen

gel was renove Wgeneratlve hai r l1cle germinto which a guide
made of RHagen shgatihwansEevedistnes aﬁdnxeﬁtéon @a@#’emsp te thgibulgegieeion e germ

\NanI nserﬁﬁslulgfer% ti¢she wepirédeeldi fat f&?'nﬁmﬁt@:ﬁﬁp{rﬂ’mmmlﬁtﬁﬂ cﬁg)ﬁsﬂtmgbpdyt hat
sSurt ace e o0 e ran n e ste SO a
Phe tor By ipcconfitiation af Aaa i EiesRnaRBto AR T T hmf GoltBecihad

fol licl e(Wethmgtes, Exposed, a).t htultsequentig e Huhge pgadnt tissoandss saungiclie
regener age'p}a{r%t&laln 0 aolg\{lgé: lr%c%? epithciial ?i@silft ér&lng qnésgn%h:}ﬁ{al ttﬂ?uen%]o ?é' ead

gui de was”exp ose urtace he nélon U|de was
with a Sdes tuelslg & 2pEipnjegtign lf19€<ﬂ<he Ehd isolatedr bielge megien epi @méftnssuﬁomﬁ and

then theg@hiidd tWAUNHour enzyme treatment in an incubator with 0.05% Trypsin (Invitrogen,
Carlsbad, US), and then passed through a 35 um pore cell strainer to obtain unified
cells.

Further, immediately before producing the regenerative hair follicle germ, the
cultured hair papilla cells were collected with 0.05% Trypsin (Invitrogen, Carlsbad, US),
and then passed through a 35 pm pore cell strainer to obtain unified cells.

[0066]
(4) Production of Regenerative Hair Follicle Germ
A regenerative hair follicle germ was produced in accordance with the organ

germ method. The detailed procedures were as follows. The unified bulge region
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was protected with Nurseban and Surgical Tape (3M. The protective tape was
renmoved 5 to 7 days after transplantation, and then the transplant site was
observed over tinme after the adherence of the transplant had been
determined visually or with a fluorescence stereomcr oscope. [0072] (9)
Hair G owh Observation Over Tinme and Hi stol ogi cal Analysis The
transplant site of the regenerative hair follicle germwas observed

i sual | d t
oroven T8 9% plgkh 4 %ﬁﬁ@wﬁa PhLPOCERaRRTe BBl bt W™ g
Whi sker gnswldu@ﬂlwar@nsfane@ & plienatubes (Epmg qatad Wwish silicend gréaS@, Germ
The whi sk@r gheh f&hﬁ@@g& I 0 SRR RY%ht IANER! MR SferOfentdiBg 5&9@%5 ative

hair follicle germp duce |onadth halr

cel | s defammigte WES’H%Oéfﬁ &Efﬂgl%éllrﬁ?g'@r E}P&Eg&% PSF 819 "écfor?ﬁug‘é t{?\fe

V\hhl te ﬁt wiilfiéd balge Iiéglo@f:el%oﬁ%ﬁ uhified. cu&&iedhlfﬁr SdpilincelR tthtQaaderedlpltated knOWD
that t e tem cells. that, contr air co ntation
2 he T Rl R LD Nekt e alreeh el b FeRied B FBRaRE ROCRESE L 50 "
r egi on @dlmaldmttyml -An@itm bclatia, Psalcydamn) orfol spetrialisi smtal withisbhiebrel i n t he
hai r %ﬂgéseb @wo(f:orrnﬁfg 84 bUAP% oﬂﬁﬁatglkyf 69r§1'i‘tdfa&1% hilEed rE%ltﬁfé%lCHélPS

withint halr matrlxtoc e hair ~shaf The regenerative hair
fol i cl epapiiinealismrepaged %ﬂﬁsarhbe&cnhowe s\feaf‘euuﬁﬁt@@ﬁo thecolagm gRd dranusing bul ge

regi on Whpqhodoes! pipdtte tﬁfsithﬁﬁtyrg&@mm Plaétfes) @ ;ﬁ@@@cierat&m g?ﬂagﬁ@ge'ﬁ&&ﬁt ive

hair follicle ener |ve hai.r [ 1] ermdid not
nave ol ey 0 bf e bufes BRRRGtllpephat as, Srsed dESE ey
become wvinjdceedbinta tise sdne ghlhdropmating xa @fl toh) mdggpettatiod ality Saiehiifi¢ e does

not cont ﬁl'a&c%? désf i cFo%E:lé/a&%lg?cﬁe h@n&cf%}eefls hal[r 0&%)141 a cglp %ggégatecma&clg e dnt rol

by Addition o rrent
regar di nlgomngercetlrmmgaﬁe Qfdh@pul@ireéhmeg@péhaaqellwnchaherbwla@ regidreedllsd when

uni fied gghles MaLRnARIAH r‘(ﬁﬁtsfddﬁ%&‘ﬁ@al%ﬁ@é&ﬁ@m’tﬁg't@f&l I1éhgfmbfsh HR Qhed hair
mel anobl asts exi 5t and t hai r ﬁ%l‘l X has€é’'region |n fy mel anocyt e
5

pr ecur solserd oy the B}l@? FP&%B’B &glls af s ol AgeredEse glv%f‘éuem ther g¢l gdrop
folliclewag W@fgtan\ieibys riidtes REB 7O @ sBlidifyed a@@tﬁesebsat Stréfbgiads e Bnicel |

nmass th cons es_a.regene ve .hair. fol li erm on anal.yzi ng the
Cor o - antePap e TS Ticn SR oty Fulbted o anp Do el (e REAPREY:
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in whicht subbul ge region or_the hair matrix_ base cells were added
(bl ack As described below in (5) and (6), subbulge region cells and hair matrix base

cells were prepared and used in the production of the regenerative hair follicle germ.
(5) Preparation of Subbulge Region Cells

Using the same procedure as described above in (3) for the acquisition of the
bulge region, a constant region above the ringwurst attachment site was isolated from a
side-whisker hair follicle of a C57BL/6 mouse at 7 to 8 weeks of age, and a bottommost
end of the constant part that is adjacent to the bulge region was isolated as the subbulge
region. Subsequently, unified subbulge region cells were obtained using an enzyme
treatment and a filter for cell segregation.
[0068]
(6) Preparation of Hair Matrix Base Cells

The collagen sheath and the dermal root sheath were removed from the hair
bulb of the hair follicle of the side-whisker tissue from a C57BL/6 mouse at 7 to 8
weeks of age that was isolated in (2) above, so as to isolate the hair matrix base tissue
that is adjacent to the base of the hair papilla using a 25G injection needle. The
isolated hair matrix base tissue was treated for 10 minutes at 37°C with 0.25% trypsin,
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arrow mark in FIG 2b and FIG 2c). [0075] : Herein, in order to

- confirmwhet her a nmel anoblast stemcell niche is fornmed in a hair follicle

that was regenerated froma regenerative hair follicle germand that forned
bl ack hair as sinmilar to that of a natural hair follicle, in situ
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a Steritest strip (3M) to the skin surface near the graft wound, and then the graft wound
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{0078] From the above results, it was denonstrated that it is
~possible to control hair color by adding cells of a region that includes
mel anobl asts or nel anocyte precursor cells to a regenerative hair follicle
germ ‘Also, it was denonstrated that colored hair generated by a
regenerative hair follicle germproduced by adding pignent stemcells has a
hair shaft w th normal norphol ogy. Further, it was denonstrated
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? i
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cel | mass coMpiyesh Bkl Gndt e MgeRbEBdoS) rinspPthuSH 0FYid Aded I LN N &

support.
PP follicle germ produced from the bulge region and the hair papilla cells derived from an

adult mouse side-whisker of a colored mouse were white at a frequency of 95.5% (FIG.
2a). Asshown in FIG. 1, it is known that the pigment stem cells that control hair color
by melanin pigmentation in the hair shaft are distributed in the subbulge region below
the bulge region. In addition, melanocyte precursor cells are also distributed in the
hair matrix base of the hair bulb, and differentiate into melanocytes within the hair
matrix to color the hair shaft. The regenerative hair follicle germ derived from an
adult side-whisker was confined to the bulge region which does not include
melanoblasts to construct the regenerative hair follicle germ, and thus the regenerative
hair follicle germ did not have melanoblasts, and it was suggested that the regenerative
hair may become white because the hair matrix of the regenerated hair follicle does not
contain any differentiated melanocytes.
[0074]
(2) Hair Color Control by Addition of Pigment Stem Cells

An examination was conducted regarding whether the hair color of a
regenerative hair was affected when unified cells were obtained from the subbulge
region in which colored hair melanoblasts exist and the hair matrix base region in which
melanocyte precursor cells are distributed in an adult mouse side-whisker hair follicle,
respectively, and then the unified cells were added to a cell mass that constitutes a
regenerative hair follicle germ. Upon analyzing the color and properties of a hair shaft
that grew at three weeks after intracutaneous transplantation of the regenerative hair
follicle germ, regenerative black-colored hair was successfully obtained in both
segments in which the subbulge region or the hair matrix base cells were added (black
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2. The nmethod according to claim11, wherein the first cell nass
substantially consists of nesenchynmal cells. 3. The nethod according to
cllaim 1, wherein the second cell mass substantially consists of epithelial
. cells. 4. The nethod according to any one of clains 1 to 3, wherein the

. cell mass conprising the pignment stemcells.is subjected to a unification
treatnent. 5. The nmethod according to any one of clains 1 to 4, wherein

t he pi IMEN a‘f‘lmncdlld §P%§Fﬁ|§1?ggl ge region-derived nel anobl asts or hair
y

matri x base- er ve anoc jrecursor cells. 6. The nethod according to
any one [@07&l ains 1 to 4, wherein the pignent stemcells are hair matrix

base- der i ved nﬁéﬁﬁpﬁyéﬁepfoecgdﬁ"ﬁ%rwﬁéhérsa meifnobliE sf8Bt BAPnRAEY Mhhed i° any

one of clains_ 1l to 6, wherein when_ binding the
a hair folhcle that was regenerated from a regenerative hair follicle germ and that
formed black hair as similar to that of a natural hair follicle, in situ hybridization of
dopachrome tautomerase (Dct), which is a melanoblast differentiation lineage marker,
was carried out. As a result, in a hair follicle that was derived from a regenerative hair
follicle germ produced by adding unified cells of the subbulge region to a cell mass of
bulge region and hair papilla cells derived from a colored adult mouse side-whisker and
that formed black hair, melanoblasts were detected in an external root sheath of the
subbulge region, which is a location at which a melanoblast stem cell niche should exist,
as similar to that of a natural hair follicle. This demonstrates that a hair follicle
regenerated from a regenerative hair follicle germ produced by adding unified cells of
the subbulge region forms a melanoblast stem cell niche and melanoblasts are
appropriately stored. On the other hand, in a hair follicle that was regenerated from a
regenerative hair follicle germ produced from the bulge region and hair papilla cells
derived from a colored adult mouse side-whisker and that formed white hair,
melanoblasts were not detected in a location at which a melanoblast stem cell niche
should exist (FIG. 3).
[0076]

Also, the frequency of changes in hair color depending on whether or not
subbulge region cells or hair matrix base cells were added was measured. As a result,
in the subbulge region cell addition group, 65.4% of the hair was colored, and the rate
of black hair was 14.5 times higher than the control which used bulge region cells alone
as the epithelial cells (FIG. 4). Similarly, in the hair matrix base cell addition group,
31.6% of the hair was black, and the rate of black hair was 7.0 times higher than the
control which used bulge region cells alone (FIG. 4). In addition, upon collecting hair
that grew from a regenerative hair follicle germ produced by adding hair matrix base
cells and then analyzing the morphology of the surface of the hair shaft under a
scanning electron microscope, it was observed that a cuticle structure similar to that of
natural hair had developed (FIG. 5).

[0077]

Herein, in order to confirm whether the melanoblast stem cell niche replicates
the stem cell maintenance function such that the hair follicle can permanently form
black hair in a regenerated hair follicle that produces black hair, the black hair formation

capability in a regenerated hair follicle after a long period of time had elapsed since
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cel | “masses together, the ratio of the nunber of cells in the first cel
mass or the nunber of cells in the second cell mass relative to the nunber
of cells in the cell nmass conprising the pignment stemcells is within a
range of 0.1:1 to 100:1. 8. The nethod according to any one of clains 1 to
7, wherein when closely contacting the first cell mass and the second cel
mass and culturing themin the support, the ratio of the nunber of cells in
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[0078]

From the above results, it was demonstrated that it is possible to control hair
color by adding cells of a region that includes melanoblasts or melanocyte precursor
cells to a regenerative hair follicle germ. Also, it was demonstrated that colored hair
generated by a regenerative hair follicle germ produced by adding pigment stem cells
has a hair shaft with normal morphology.

Further, it was demonstrated that a hair follicle regenerated from a regenerative
hair follicle germ produced by adding pigment stem cells is able to regenerate a
melanoblast stem cell niche in the hair follicle. In addition, it was demonstrated that a
hair follicle regenerated from a regenerative hair follicle germ produced by adding
pigment stem cells can permanently maintain the formation of colored hair. This
demonstrates that melanoblasts can be maintained over a long period of time in a
melanoblast stem cell niche within a regenerated hair follicle, and that the physiological
function of a hair follicle can be replicated so as to supply melanocytes to the hair

matrix.
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wherein a portion on an epithelial cell side of the transpl anted
regenerative hair follicle germand epithelial cells of the target el ongate
and connect al ong the guide by maintaining the guide in a state in which it
protrudes froma transplant site.

CLAIMS

1. A method for producing a regenerative hair follicle germ for transplantation in
which a color of hair that grows after transplantation is controlled, comprising: '

preparing a first cell mass comprising mesenchymal cells,

preparing a second cell mass comprising epithelial cells,

preparing a cell mass comprising pigment stem cells,

binding the cell mass comprising the pigment stem cells to at least one among
the first cell mass and the second cell mass, and

subsequently closely contacting the first cell mass and the second cell mass, at
least one of which has been bound to the cell mass comprising the pigment stem cells,

and culturing them within a support.

2. The method according to claim 1, wherein the first cell mass substantially
consists of mesenchymal cells.

3. The method according to claim 1, wherein the second cell mass substantially

consists of epithelial cells.

4. The method according to any one of claims 1 to 3, wherein the cell mass

comprising the pigment stem cells is subjected to a unification treatment.

5. The method according to any one of claims 1 to 4, wherein the pigment stem
cells are subbulge region-derived melanoblasts or hair matrix base-derived melanocyte

precursor cells.

6. The method according to any one of claims 1 to 4, wherein the pigment stem

cells are hair matrix base-derived melanocyte precursor cells.

7. The method according to any one of claims 1 to 6, wherein when binding the
cell masses together, the ratio of the number of cells in the first cell mass or the number
of cells in the second cell mass relative to the number of cells in the cell mass

comprising the pigment stem cells is within a range of 0.1:1 to 100:1.
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8. The method according to any one of claims 1 to 7, wherein when closely
contacting the first cell mass and the second cell mass and culturing them in the support,
the ratio of the number of cells in the first cell mass relative to the number of cells in the

second cell mass is within a range of 0.3:1 to 1:1.

9. The method according to any one of claims 1 to 8, wherein the mesenchymal

cells are hair papilla cells or dermal root sheath cells.

10. The method according to any one of claims 1 to 9, wherein the epithelial cells

are bulge region epithelial cells or hair matrix basal epithelial cells.

11. The method according to any one of claims 1 to 10, wherein the mesenchymal

cells or the epithelial cells are derived from an adult hair follicle.

12. The method according to any one of claims 1 to 11, wherein the method further

comprises inserting a guide into the regenerative hair follicle germ.

13. A composition comprising a regenerative hair follicle germ for transplantation
in which hair color is controlled that is produced by the method according to any one of
* claims 1 to 12.

14. A method for transplanting a regenerative hair follicle germ for transplantation
in which hair color is controlled comprising transplanting a regenerative hair follicle
germ for transplantation that is produced by the method according to any one of claims
1 to 12 into a target site.

15. A method for transplanting a regenerative hair follicle germ for transplantation
in which hair color is controlled comprising transplanting a regenerative hair follicle
germ for transplantation that is produced by the method according to claim 12 into a
target site,

wherein a portion on an epithelial cell side of the transplanted regenerative hair
follicle germ and epithelial cells of the target elongate and connect along the guide by
maintaining the guide in a state in which it protrudes from a transplant site.
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