lar.2U13Se.H- Pe:triH.:# - 1 - DESCRIPTION COMPOSTTION FOR REGENERATING HAIR
FOLLICLES COMPRISING CD36:EXPRE$SING DERMAL SHEATH CELLSITEGHNICAL FIELD
[0001] The present invention relates to a composition comprising dermal sheath (DS) cells
expressing CD36 antigen mbospondin receptor) (to be referred to as 10"CD36-ex aDSc" @nd
arbitrarily, dermal papilla (DP) cells (to be referred to as "OPc"), a method For regenerati g4nzair
follicles using such a c.csition, and an animal or three-dimensional skin model having hair follicles
regenerated by such a methhd- BACKGROUND ART [0002 Hair is viewed to be extremely
important in terms of aesthetic appearance. Thus, Hai-oss §ed by congenital or acquired factors is
a serious problem for many people. in today's society having a large elderly population and containing

numerous sources of stress#k patigulas there ate srarowingnumper of epportunities forfeing at risk
to the loss of scalp hair due to varigys,acquired factors. In order Jo.deal with s situation, various
attempts have been made to provi emonstrate hair growth
effects including the promotion of hair growth and:tAiEk 31 30 Hair follicles are exceptional
organs that continue t8%epeatedly self-regenerate throughout nearly the entire life of a mature living
organism. Elucidation - 7p¢ present invention relates Q‘%B?&Fﬂ%”ﬁ%l% of this
self-regeneration arece>r<rpercitgg 19 Igad to clinicaltagp{igations for which there are 35considerable
demand, such as haif 1058 freatment Using fiesie or Cell'traepiants  4iid tha' onstrtiction of natural
and functionally supéridrisigh sheetsEantaialifg. nmiE VAP hair foflidles anbissalsstdoussglands. In
recent years] tesearcithas-progressed.capidiyticularepitheliatari 1y, dermal papilla

+

(DF) ¢ells (tc be referred to as "DPc"), a method for

regenerating hair follicles using such a composition, and
&n animal or three-dimensional skin model having hair
follicles regenerated by such a method.

15 BACKGROURD ART
[0002]

Hair is viewed to be extremely important in terms of

aesthetic appearance. Thus, hair loss caused by
congenital or acguired factors is a sericus problem for

20 many people. In teday's soclety having a large slderly
population and containing numercus scurces of stress in
particular, there are a growing number of opportunities
for being at risk to the less of scalp hair due to

various acquired factors. In order toc deal with this

b
i

situation, various attempts have been made to provide
superior hair tonics that more effectively demonstrate
hair growth effects including the promotion of hair
growth and thicker hair.

[0003]

Hair follicles are exceptional organs that continue

{a)
<

1o repeatedly self-regenerate throughout nearly the
entire life of a mature living organism. Elucidation of
the mechanisms of this self-regeneration are expected to
iedd to clinical applications for which there are

35 considerable demand, such as hair loss treatment using
tissue or cell transplants, and the construction of

natural and functionzlly superior skin sheets containing



stem cells (epithena cells) accompanying the growng interest in stem cell research, and the properties
of derma 'rapild celis! which afe follicle spetifiesneserichiymal cells, have alsdbééit gradually’?
determined. Dermal papilla cells fulfill the role of a so-called control tower that induces activation
signals to follicular ep'thelial stem cells for self-regeneration of 10hair follicles, and have been
determined, along with follicular epithelial stem cells, to be essential cells in follicle reconstruction
evaluation systems (Kishimpto, et al., Proc. Natl. Acad. Sci. USA (1999), Vol. 96, pn7336734l:
Non-Patent Document 1). [0004] Dermal papilla (DP) and dermal sheath (DS) surrounding the
periphery of hair follicigs ot diffét front EpitheharEaiis c8nfitling tHE majorRy of BafrJollicles in that
they are composed of4nesenshymal £ rived eel poprdations. IWitharestectltorP Sy humerbas findings
have been reported ig-recent 1ears shggest: itsimportance withrespect 1o hair follicle formation. DS
has been reported to.he é?gggec%tegggomcgflin an experiment involving transplantation of hair bulbs-
25removed hair follicles 0 _rat“wﬁlék“érs‘?l),”and follicle reg’eneratioh% been reportéd to be induced
in mice by transplanfifg S of fairlfbllicted Hom WHiEH théSower hafifasbeenSsvered (2). In addition,
Jahoda, et al. (Developrrent; 1892, Aprikld () ypp=883-83&ENonatent Pacitment Axreported that

follicle regeneration eanbeindugediby rapsplanting OS g, bumans (Home, K4, and;Jahoda, C.A.,
Development, 1992, No%11§(%)év|%3. 5@_3:?71; Non;Pater%t,Document 3). Moreover, the Tobin, Paus at
al. group reported that 8eﬁ§ migratlgn oCeur B‘éfi\}v'}ézé’ﬁ DS and* Biffj,r};\rf’d1 C’\t/ipsroﬁf"'ération of dermal
sheath cells (DSc) béginsisiicrt BPctiat beyin (6 proffetatetaaring e Hadegrovwthiphase (Tobin,
D.J. at al.,, Jiinvest. l2Sa Bermatak,s12@pp h89%-904: 2003 NenRatent Dacyment4). [0005] In this
manner, althou_as achigh:possibility.of fulfilling an impogtant role jngbe formation;of hais flicles, the

mechanisms ofhave ﬁ?t 'be]I well kwnaown, %ng even thet FFI”OP,eItJes of DSc are not urn‘der_rstood.
Therefore, we investigated the géne exprasdish profile’tiat tharattetizasBEc | Bha anAlysed the
properties for 19the phrgdse of Ekfifyifgtthe Meehanisth of G@dtiohlinCthe foflicle fGfmation. Prior Art
Documents 7336-7341: Non~Paten* Document 1).

[0004]

Dermal papilla (DP) and dermal sheath (D$)

ped
n

surrounding the periphery of hair follicles both differ
from epithelial cells composing the majority of hair
follicles in that they are composed of meésenchymal-

derived cell populations. With respect to DS, numerous

b
>

findings have been reported in recent years suggesting

its Importance with respect to hair follicle formation.
D3 has been reported to be regenerated from DP in an
experiment involving transplantation of hair bulbs-

25 removed hair follicles of rat whiskers (1), and follicle
regeneration has been reported to be induced in mice by

transplanting DS of hair follicles from which the lower

half has been severed (2). In addition, Jahoda, et zl.
{Development, 1992, Apr:114(4), pp. B87-897: Non-Fatent
30 Document 2) reported that follicle regeneration can be

induced by transplanting DS to humans (Horne, K.A. and
. 563-571:

aus et al.

Jehoda, C.A., Development, 1992, Nov:116(3), jaje;
Non-Patent Document 3). Moreover, the Tobin, P

group reported that cells migration occur between DS and
35 DP, and that proliferation of dermal sheath cells

[a
ot

(DEC)
begins prior to DPc that begin to proliferate during th

M

hair growth phase (Tobin, D.J. et al., J. Invest.



Non-Patent Documents [0006] 15Non-Parent Document 1: Kishimoto, et al., Proc. Nati. Aced- Sci.
CS.; (1999); M61.2965 pp, 7336-734: Neh-Patent Docimmeht 2 'Jahode, et al., Dévéldpment, 1992,
Apf:114(4), pp. 887-897 Non-Patent Document 3: Horne, K.A. and Cahoda Development, 1992,
Nov:116(3), pp. 563-571  Non-Parent Document 4: Tobin, D.J. et al., J. Invest. Dermatoi., 120, pp.
895-904, 2003 Non-Patent Document 3: Linder, J._etﬁl._, Federation of American Societies for
Experimental Biology, 14(2), 25319 (2000) SUMMAFY OF THE INVENTION Problems to be Solved by
the Invention [0007] ____ An begt of the prggegl%nvention is to provide a 30novel follicle
regeneration system “MEXH<for 'Solvig i Problents [0G0B]°° A&'a FaSa bf ivadigating the gene
expression profile of ©Sc using microarrav, 304 genes were RRidentified as genes with two or more
higher expression ratisoB$Hc in como rison with that in DPc and fibroblasts (FBc). As a result of

categorizing these 2013E (JoSeialert & 3'4L 3:5470191H0 U0G4P.. 4.gencs by function using
GeneSpring's GeneOntology, many of t e genes be onge to thq cate mygf/vascu]qar-refated factors,
thereby suggesting iﬁ\fol@éinelmlblé‘t%e@h BEaAd Bidod Vesstls. Afongthase DSt wefe found to

I
highly follicles, the mechanisms of action have not been well
known, and even the properties of DSc are not understood.
Therefore, we investigated the gene expression profile
that characterizes DSc, and anzlyzed the properties for
10 the purpose of clarifying the mechanism of action in the
follicle formatvion.
Prior Art Documents
Non-Patent Documents
[0006]
Non-Patent Document 1: Kishimoto, et al., Proc.
Natl. Acad. Sci. U3AR (1989%9), Vol. 96, pp. 7336-7341
Non-Patent Document 2: Jahoda, et al., Development,
1922, Apr:114(4), pp. B8E7-847
Non~Patent Document 3: Horne, K.A. and Jahoda, C.A.,
20 Development, 1992, Nov:116€(3), pp. 563-37L

[
53

Non-Patent Document 4: Tobin, D.J. e
Invest. Dermatol., 120, pp. 895-904, 2003
Non-Patent Document 5: Linder, J. et al., Federation
of American Societies for Experimental Biology, 14(2),
25 318 (2000)
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0007]

An object of the present invention is to provide a
h

30 novel foilicle regeneration system.
Means for Solving the Problems
[0008]
As a result of investigating the gene expression

profile of DSc using a microarray, 304 genes were

ey
42}

identified as genes with two or more higher expression
rate in DSc in comparison with that in DPc and

fibroblasts (FBc). As & result of categorizing these



5express 0036, and this expression of 11036 by :'Sc was determined to he correlated with expression
of NSF.(hépatdcyte growth facter)ythat deménstrates-hair grovith promotional gffectg (S.Linder; et al.;
Federation of American Societies for Experimental 5iology, 14(2], $19 10(2000): Non-Patent
Document 5). [0009] Thus, the present application includes the inventions indicated below. [1]
A composition for regenerating hair follicles, 15comprising 0D36-expressing dermal sheath (DS) cells.
[2] The composition for regenerating hair follicles of [1], further comprising dermal papilla (DP) cells.
[3] The composition of [2], wherein the ratio of the number of 0036-expressing DSc to the number of
DPc is 20about 10:1 $6115F0°Y TYAFFRE EIHPBEiItBFGRRT BRI3F VAsEi. the 8036 "éXpressing DSc
and the OP are both @erived. frommicelombeth derived fromaats:y of vadbhThe-camposition of [2]

or [3], wherein the 0036--25expressing.PSs.and dhe.nPc are heterojegeus cells, and gagh of them are
derived from mice, rats or umans. NJ A. method for regenerating hair follicles, comprising
transplanting. the co%nb%%ltioﬁ gf’f%aﬁ?of [ﬁ"% ]%t%@é“ %Urr?é’% 30077 A‘F’nueriﬁo%“’fo%’?e’dghe?r\i,erating hair
follicles by transplanirg ¥7€ TompdsitidAof dmFof FR 116 J5Ptb af rédipfertaniiifal s [8] The method
of [7], wherein the redipiemtranidalkis areimmurksuppiessed animed: <35[9 The method of [7] or :83,
wherein the recipient aajmalJs arimmunosuppressed animal sgiscted fram the groyp consisting of a

nude mouse, SCID mouse and nude . x
promoticnal effects (J. Linder, et zl., Federation of

American Sccileties Zor Experimental Biology, 14(2), 319

10 {2000) : Non-Patent Document 5).

[0008]

Thus, the present application includes the
inventions indicated below.

[1] A composition for regenerating hair follicles,

15 comprising CD36-expressing dermal sheath (DS cells.

[2] The compesition for regenerating hair follicles
of [1}, further comprising dermal papilla (DF) cells.

[2] The composition of [2], wherein the ratio of the
number of CD3é~expressing DSc to the number of DPec is

20 about 10:1 to 1:10.

[4] The composition of [2] or [3], wherein the CD36-
expressing D5c and the DPc are both derived from mice or
both derived from rats.

(5] The composition of [2] or [2], wherein the CD36~

25 expressing D3¢ and the DPc are heteroclogous cells, and
each of them are derived from mice, rats or humans.

[6)] & method for regenerating hair follicles,
comprising transplanting the composition of any of [1] to
[5] to a human.

30 [7] A method for regenerating hair follicles by
transplanting the composition of any of [1] to [5] to a
recipient animal,

[B] The method of [7], wherein the recipient animal
is an immunosuppressed animal.

35 (2] The methed of [7] or [8], wherein the rscipient
animal is an immuncsuppressed animal selected from the

group consisting of a nude mouse, S5CID mouse and nude



rat. [10] A method for regenerating hair follicles, comprising producing a thtee-dimensional skin
model corftainify the: édmpositionsef any of [2] te5]: S} A chimeric animal iip&rted wA_thi £,/5)
regenerated hair follicles by transplanting the composition of any of [1] to [5] to a recipient animal.
[12] The chimeric animal of [11], wherein the recipient animal is an immunosuppressed anima'. 10[13]
The chimeric animal of r111 or [12], wherein the recipient animal is an immunosuppressed animal
selected from the group consisting of a :node mouse, Scll mouse and nude rat. [14] A
three-dimensional skin model imparted with 15regenerated hair follicles by producing a three-
dimensional skin modéi-containing the composition of any of [2] to [5]. Effects of the Invention [0010]
20The hair follicle regeneratiohl cémpositioh 6fthe presentanvention tantbeé usetein,transplant surgery
for regenerating hair folligles-and in research-and development on-hair fallicle reconstruction. BRIEF
DESCRIPTION OF IHOE»%RIALVQ/LN%% 25[0011] . F:G.1lisa s%hql:p]atig _dig(am showing the
structure of hair follicle tissde. ° FIG. 2 hdicates é‘)ép(r”ess‘?gﬁ I6Vel ‘G vario S types of vascular-related
factors in varidus cells. 30FIGL 13 {5 &f iiageolitifsd by 0D 36%hd 0027 iRRSRSKISESEhemical
staining. FIG. 4 is antimage of Whdle smbynt stained heairi folliclas obtaipediby 6056fanth003%
ImMunostaining. 1] <o [5] to a recipient animal.
[1Z2] The chimeric animal of [11], wherein the
recipient animal is an immunosuppressed animal.

[13] The chimeric animal of [11] or [12), wherein

[
L)

the recipient animal is an immunosuppressed animal

selected from the group consisting of a nude mouse, SCID

mouse and nude rat.

[14] A three-dimensional skin model imparted with

15 regenerated hair follicles by producing a thrse-

dimensional skin model containing the composition of any

of [2] te [5].

Effects of the Invention

[0010]

The hair follicle regeneration composition of the

e
«

present invention can be used in transplant surgery for
regenerating hair follicles and in research and
development on hair follicle reconstruction.

BRIEF DESCRIPTION OF THE DRAWINGS

25 10011}
FIG. 1 is a schematic diagram showing the structure

of hair fellicle tissue.
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{

1G. Z indicates expression level of various types

S

cular-related factors in various cells.
I

immunohistochemical staining.

of va
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S

30
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is an image obtained by CD36 and CD31

FIG. 4 is an image of whole mount stained hair
follicles obtained by CD36 and CD31 immunostaining.

FIG. 5 indicates the results of co-culturing CD36-

<r

Ll
(93
-

posit D5c and vascular endothelial cells.
F

n CD36-positive DSc.

e
G. & indicates the results of HGF expression lavel

[

-



FIG. 5 indicates the results of co-culturing 0036- 35positive DSc and vascular endothelial cells.

FIG. 6lindicates théfrésults of 4514F expredsionlévelitl 0036-positive DSc. BEMBODIMENTSTO
CARRY OUT THE INVENTIC [0012] The present invention provides a composition for
regenerating hair follicles enticing DSc and 5arbitrarily comprising 5Pc, a method for regenerating hair
follicles using such a composition, and an animal or threg-dimensional skin model having hair follicles
regenerated by such a method. [0013] 1000536 antigen is also referred to as thrombospondin
receptor. 0026 is an integral men%%rBaggl%roItei,n found on the §Turfrac§sT%tfn%rp§ gus cell types of
vertebrate animals, and is also k : 33+ “giyeoprotetrv-(gplV) and
givcoprotein lllb (apiitBP ¥8B36 is a member of the class a scavenger receptor family of cell surface
proteins. In addition to thromfzospendin: 0036<alse hings withiaemerousrotber ligands such as
collagen, erythrocyt%ggg@esi%@qlgygggp%rm Mmalaria_parasites, gxiddgéeg!l;gw density lipoproteins,

naturally- 20occurring Ii:p‘oplgtqins‘, oggidyiﬂze,d‘phos holipids émq[lop chain fatty acids. In recent
research using genetitally Mddifidd ToHRMS 0536 Was dbi&to5E confirmedr o il & Hefinite role in
fatty acid and sugar higtabblisiy: heast diseases sehse oftasteahdthe 2Btrarspdrt ohweégetable fats
and oils in the intesting} fract 3236 canzalseihe imelved iR impgirediglueese tetesance,
atherosclerosis, arterial hypertension, diabetes, cardiomyopathy and Alzheimer's disease.
Furthermore, the relati r?é%écbeetWee% 6036 aahtlmg%lt'n%dd'
‘ [0013]

10 CD3¢ antigen is alsc referred to as thrombospondin

receptor. D36 is an integral membrane protein found on
the surfaces of numercus cell types of vertebrate
animals, and is also known as FAT, SCARB3, GPEE,
glycoprotein IV (gpIV) and glycoprotein IIIb (gpIlIb).

CD36 is a member of the class B scavenger receptor family

et
n

of cell surface proteins. In additicon to thrombospondin,
CD3¢ also binds with numerocus other ligands such as
collagen, erythrocytes parasitized by felciparum malaria

arasites, oxidized low density lipoproteins, naturally-

Rl
w

20 ccecurring lipoproteins, oxidized phospholipids and long-
chain fatty acids. n recent research using genetically

1
mocdified rodents, CD36 was able to be confirmed to

rh

fusfill a definite role in fatty acid and sugar
metabolism, heart disease, sense of taste and the
25 transport of vegetable fats and oils in the intestinal
tract. (CD36 can also be involved in impaired glucose
tclerance, atherosclerosis, arterial hypertension,
diabetes, cardiomyopathy and Alzheimer's disease.
Furthermore, the relationship between CD36 antigen
30 and halr growth is completely unknown.
[0014]

D5c are cells that compose the sheath portion that

5]
o

surrounds the periphery of DP in hair follicles, and are

¥
mesenchymal cells in the same manner as DPc. DP are

P

35 considered to ke derived from DS, and since DS
proliferates prior to the proliferation of DP during the

hair growth phase, DS iz thoucht to supply DPc (Tobin,



30and hair growth is completely unknown. [0014] DSc are cells that compose the sheath portion
that surfolmds the deriphery of DR:irt hair fdllicles, a@ndiafe tesenchymal cellginithié sarme rhariner as
DPC. DP are 35considered to be derived from DS, and since DS proliferates prior to the proliferation
of DP during the hair growth phase, DS is thought to supply DPc (Tobin, 1 D.J. et al., J. Invest.
Dermatol., 120, pp. 695-904, 2003: Non-Patent Document 4). [0015] Althoughe are no particular
J.imitetions thereon, DSc that express 0236 can be sorted from DPc and other cells by, for example,
commonly used cell sorting techniques using antibodies, and preferably monaclonal antibodies, to
CD36. [0016] 10The'D&¢ ot thé preseént ivEriion S Btderived fiom the skirof A mammals, such
as humans, chimparZéeés; ofverprmates Pdomestic animals such as dogs, cats, rabbits, horses,
sheep, goats, COWS es 1igs, and experimental animals such as rats, mice or guinea pigs, 15and
preferably nude SCID mice, ot pgde rats. In_ addltlon the %pldermal slte emayt be a site where there Is
hair growth such as the scalp, or a’ S|te S Where tﬁere IS nol:nalr rowth such a5 the foreskin. [0017]
20DPc (dermal paplI%t%rﬁf%'thh%%reffﬁésérféhﬁﬁél EQW&IoﬂeE‘ﬁn tRe 16WeSE portitirofRair follicles,

and fulfill the role of aSw:cakled tontrol téwer by:rgrisducingractivationssignalsltosfolicitar
techniques using antibodies, and preferably monoclonal
antibodies, to CD36.
[0016]

10 The DSc of the present ilnvention can be derived from
the skin of &ll mammals, such as humans, chimpanzees,
other primates, domestic animals such as dogs, cats,
rabbits, horses, sheep, goats, cows or pigs, and
experimental animals such as rats, mice or guinea pigs,

15 and preferably nude mice, SCID mice or nude rats. In
addition, the epidermal site may be a site where there is
hair growth such as the scalp, or a site where there is
no halr growth such as the foreskin.

[0017]

20 DPc (dermal papilla cells) refer to cells that are
mesenchymal cells located in the lowest portion of hair
follicles, and fulfill the role of a so-called control
tower by transducing activation signals to fellicular
epithelial stem cells for self-regeneration of hair

25 follicles. Dermal papilla cell preparations containing
only activated dermal papilla cells can be prepared
according to, for example, the method described in
Kishimote, et al., Proc. Natl. Acad., Sci. USAE {1999,
Vol. 96, pp. 7336-734%1 using transgenic mice. However,

30 in consideration of yield and the like, these
breparations are preferably prepared by, for example,

preparing a cell suspension by treating a dermal tissue

Hw

ction, cobtained by removing epidermel tissue from skin
tissue, with collagenase, followed by destroying the

35 follicular epithelial cells by subjecting the cell
suspension to cryopreservation.
[0018]



epithelial stem cells for self-regeneration of hair 25follicles. Dermal papilla cell preparations containing
only activited/deérmal papilla céls«eart he prieparéd-actording to, for example,thée ifiethdd désetibed in
Kishimoto, et al., Proc. Natl. Acad, Sci. USA (1999), Vol. 96, pp. 7336-7341 using transgenic mice.
However, in consideration of yield and the like, these breParations are preferably prepared by, for
example, preparing a cell suspension by treating a dermal tissue fraction, obtained by removing
epidermal tissue from skin tissue, w-th collagenase, followed by destroying the 35follicular epithelial
cells by subjecting the cell Suspension to crybpresarvationi [0018] HO. (_The above-mentioned cry
preservation method can spa&ificafly Carfied Ul BxanipleP it fife Hidrdr Maidated Bélows 1.
Mammalian skin is aégaireéd:cal D THe skindisthen diowed o:stand Undistarbed:ferra suitable
amount of time, such: as overaight=in-a protease solution such as a trvpsin solution as necessary, the
epidermal portion is subseqqe@%&%mgggdsv%igg aifsprg% %gn(g the like, and the remaining dermis is

. . reda, . . .
“iOtreated with a collagenase to prepare a cell suspension. 3. The cell suspension is then filtered

with a cell strainer as neceésary and'the sédimént i8 refiGired By SRwing 6 ‘stard R fdidtwrbed.
4. After measuring the aufiberief cells the célls are -susperdediearcrygopreservation solution at a

suitable cell density such agskxJ05/mk tonl %108/, ane hg suspension is dispensed into small
aliquots as necessary al d ggen plagaed in crcyopreﬁervation in accordgnce with 1grdinar cell storage
etensar The = TInE Tion, 25 subsed ol : LV &

methods. 5. The cells qreﬁgt'ore To?%lsﬁta{%ie Aef)rﬁéuﬁf 8{ fime 3ndeu%é%qa r ﬁﬁ?V%l%gﬂOOl%
Although there are nb*partitulZrIFARELGHS t7e #He freeiity RiGthbRFConKisE GFsBiifg et a
temperatureldf -20C ordewed, preferablyc50&ern owert andrmorepreferably sBrepanarilower in an
ultra-deep freezer, or in liquid Rittogesm Althoygh, there are ng particular limitations an the ec -tion of
cryopreservation, it is a Beriod of, for examgle lday . . , .

strainer abs necessary, ant the sediment iz removed by

allowing to stand undisturbed.

4. After measuring the number of cells, the cells
15 are re-suspended in a cryopreservation sclution at a

suitable cell density such as 1 x 10%/ml to 1 x 10%/ml,

and the suspension is dispensed into small aliquots as

necessary and then placed in cryopreservation in

accordance with ordinary cell storage methods.

5. The cells are stored for a suiteble amcount of

8]
<

time and used after thawing.
[0018]
Although there are no particular limitations
thereon, the freezing method consists of storing at a
25 temperature of -20°C or lower, preferably -50°C or lower
and more preferably -80°C or lower in an ultra-deep
freezer, or in liquid nitrogen. Although there are no
particular limitations on the duration of
Cryopreservation, 1t is a periocd of, for example, 1 day
30 or more, preferably 3 days or more and more preferably 1
week or more to ensure that the epithelial cells are
killed. Furthermore, dermal papilla cells have been
confirmed to remain viable sven after storing for 4
months in liguid nitrogen. An ordinary cryopresarvation

-~

solution used to store cells, such as Cell Banker 2

)
n

cryopreservation soluticn (Catelog No. BLC-Z, Nippon



300r more, preferably 3 days or more and more preferably week or more to ensure that the epithelial
cells ace kiled{ Furthermore, dermal papiltaicelisthaie beehiconfirmedremain iiakileleven aftefstoring
for 4 months in iguid nitrogen. An ordinary oryopreservation solution used to store cells, such as
Cell:Banker 2 cryopreservation solution (Catalog No. BLC-2, Nippon HkalLaw:.i1-3-5470-1;t'(.; )(,611r
_ 9 _Zenyaku Kogyc Co., Ltd.), can be used for the C[ycgprg,-servatdon solution. [0020] Measurement
of the number of cells can be c--,r'ed out by a method co.emionly known among persons with ordinary
skill in the art. For example, the number of cells can be measured by placing a cell suspension
obtained by diluting the"¢aIEWIR AT eqtiar voltime of G896 T ry-Ph bitfe §f4in (No. 15250-061,
invitrogen Corp.) 100t a2 heafocytemeter Eosinophil Counter, SLGO Co., Ltd.), and calculating the
number of cells in accoodgnce with the method described in the instruction manual provided with the
hemocvtometer. [0021] 1Simila 0. pc, the OFg of the presentinvention, can. be derlved from the skin
of all mammals, such as humans, chimpanzees, other primates, domestic anlmafs Such as dogs, cats,
rabbits, horses, sheél goats?cORE GipigsTaRa expatiantRIdHinREs Stk a8 rats, mice or guinea
20pigs, and preferably Aldemice; SOILL mitewrenude rdtsr [6822) 1, Preferalulythe cdmposition for
regenerating hair follicles ofthe preseptinvention,further comprises epithelial.cells, Epithelial cells are

cells that 25C0mpos%g@,%;{?l%jgri%p&&q%\gfé@i%}% egéq%.rsmvv?l%fhsgg’ equal volume of
0.4% Trypan blue stain (No. 13250-061, Invitrcgen Corp.)

on a hemocytometer (Eosinophil Counter, SLGC Co., Ltd.),

[
<

and calculating the number of cells in accordance with
the method described in the instruction manuzsl provided
with the hemocytometer.

[0021]

Similar to D8c, the DPc of the present invention can

-
on

be derived from the skin of all mammals, such as humans,
chimpanzees, other primates, domestic animals such as
dogs, cats, rabblts, horses, sheep, goats, cows or pigs,
and experimental animals such as rats, mice or guinea

20 pigs, and preferably nude mice, SCID mice or nude rats.
[0022]

Preferably, the composition for regenerating hair
follicles of the present invention further comprises
epithelial cells. Epithelial cells are cells that

25 compose the majority of the dermis or epidermis of skin,
and arise from a single layer of basal cells in contact
with the dermis. In using the example of mice, although

epithelial cells derived from newborn mice (or fetuses)

. be preferabl & i sl cells
an oe prereraply used as epithelial cells, they may also

)

30 be cells derived from mature skin, such as the epithelium
of resting phase hair or epithelium of growth etage hair,
or cultured cells in the form of keratinocytes. These
cells can be prepared from the skin of a desired donor
animal eaccording to methods commonly known among persons

35 with ordinary skill in the art.

[0023]

In a preferable aspect thereof, the epithelial cells



and arise from a single layer of basal cells in contact with the dermis,. In using the example of mice,
althoudh &pittiélial cells derivedfrem aewbdrn mice (ar:fétusés) can be preferéblyitsed as epiihielial
cells, they may also 30be cells derived from mature skin, such as the epithelium of resting phase hair
or epithelium of growth stage hair, or cultured cells in. the form of keratinocytes. These cells can be
Prepared from the skin of a desired donor animal according to methods commonly known among
persons 35with ordinary skill in the art. [0023] in a prefeF%le aspect thereof, the epithelial cells 27.
Ma3-5470- - 10 - can be prepared in the manner described below. 1. Mammalian skin is aoc-uired.
2. The epidermis of thit’s&if i5 Irddtedwith tVpR. ARy RwiRGI6 taRE didistirbed overnight at "):: in
PBS containing 0.25% trvpsin dsmetessarykin 3.sAfierpeetidg off only the epidermal portion with a
forceps and the like and sligingrinto thinsections; the;epidermal tissye is.treated by suspending for
about 1 hour at 4C in a suitable culture broth (such as 10keratinocvte cultureh), 4. The suspension
is passed through a CélBitathérthaving'a Bhitable pare sizetiiotwad by SR cang t6 tehthifugal
separation and recoveririFthecepithetiabeells. %55, Tthereelt preparatioresrsuspended medium at a
desired cell density, and then allowed stand updistarbed endge Wil justhefore the time, of yse. [0024]
20Similar to DSc and DRG, C_IQ Se.ghge@?ilecelkskgf gq,gdpg%sent inv%tci%n %lnnbe Qe1i¥eg from the skin of

i J 1011’1% . SFCL, s,
all mammals, such as humans, chimpanzees, other primates, domestic animals such as dogs, cats,

rabbits, horses, sheep! Ydits EoMaorPigeLandextgerihentdl anmnine LitnhdPts 2RAEE of guinea
pigs, and preferably hode mice; °KIQmige=arinyde £ats; 1nadditionthe @pideraal site may be a site

where there g hair QF%\Q’Q%§H8I§}>{a§eth&§(&‘?‘;l9e%§o%ihq where there is no hair growth such as the
foreskin. 30[0025] Although there are no particular limitations on the ratio of DSc to DPc used, in

the composition of the presentinfefiGR BBt End DPEaFE Lomdined afa tatto of préfktably 1:10 to
10:1, and more prefdrablyn§:3tguitable pore size, followed by subjecting to
centrifugal separation and recovering the epithelial
cells.

5 5. The cell preparation is suspended in KGM or SFM
medium at a desired cell density, and then allowed to
stand undisturbed on ice until just before the time of
use.

[0024]

20 Similar to DSc and DPg, the epithelial cells of the
present invention can be derived from the skin of =211
mammals, such as humans, chimpanzees, other primates,
domestic animals such as dogs, cats, rabbits, horses,

sheep, gocats, cows or pigs, and experimental animals such

g%
82}

as rats, mice or guinea pigs, and preferably nude mice,
SCID mice or nude rats. In addition, the epidermal site
rmay be a site where there is hair growth such as the
scalp, or a site where there is no hair growth such &s
the foreskin.

[0025]

)
<O

Although there are no particular limitations on the
ratio of DSc to DPc used, in the composition of the
present invention, DSc and DPc are contained at a ratio

T preferably 1:10 to 10:1, and more preferably 1:3 %o

ad
n
WO
2

Moreover, epithelial cells are contained at & ratio

number of DSc¢ and DPc of 1:10 to 10:1,
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erably 1:1 to 3:1 and



353:1. Moreover, epithelial cells are contained at a ratio to the total number of DSc and DPc of 1:10 to
10:7, preférably!i:1%o 10:1, mérespréférably 1:86-3:14dnd 227. Mar, z _ 11 Most frefefacyi47. [0026]
The combination of _,Sc, DPc and a epithelial hells may be from the same species or different
species. Thus, the composition for regenerating hair follicles of the present invention may be, for
example, a combination in which all of the DSc, DFc _a_mg epithelial cells are derived from a human, a
combination in which all of the DSc, DPc and epithelial 8)cells are derived from the same species of
mammal other than human (the above combinations are combinations of the same species), a
combination in whicH'H& DSEARITIPE aré derived from a human while the etoithelial cells are derived
a mammal other thari ®@#éan, a combination in which one of either the DEc or DPc are derived from a
human, and the other and the-epithelialcells-are-derved from the same species,or different species of
mammal other than a h{@%q,,and 2 Qrgwb‘_i‘p\gti%rp[ iﬁvo%ca ogeqofm eith:erptg,‘epl;a)sccyor DPc are derived a
mammal other than é%u‘mlaﬁjzﬁlanJ i6 other and the epi“tkﬁéliéficéells“’gr"e derived from a human (the
above combirfations &té coribihafioRs bt tiffereht spekies) - fou2r3 £ 10TheHethod used to transplant
the composition for regeaesating hairfolliclés bf the presénttiimwentiondnto aneeipientanimal can be in
accordance with a kpRwntransplapt method.- Reference can be,made to, for,examplgsWeinberg, et
al., J. Invest. Dermam¢.¢Vor!. 1go ;9 .969@&99.“ 2??;;236. Far exgmcgli,’_in. the case of 30 transplanting
into nude mice, the cells tﬁa?ha}\ale een ‘acq‘U?réd‘arGérr%b?éacf f‘usgf efore or within 1’ héur before
transplant, the culture ot is témotedvby: eBnfriflgafion (9008%g, PEMiHI} &id Bfer férming a

10 cells are derived from the same species of mammal other
than human [(the above combinations are combinations of

rt

“he same species), a combination in which the DSc and DEc
are derived from a human while the epithelial cells are
derived a mammal other than human, a combination in which

one of either the D&c or DPc are derived from a human,

}._l
(&3]

and the other and the epithelial cells are derived from
the same specles or different species of mammal other
than a human, and a combination in which one of either
the DSc or DPc are derived a mammal other than a human
20 and the other and the epithelial cells are derived from a

human (the above combinations are combinations of
different species).
[0027]

The method used to transplant the composition for

regenerating heir follicles of the present invention into

[N
5

a recipient animal can be in accordance with a known
transplant method. Reference can be made to, for
example, Weinberg, e% al., J. Invest. Dermatol., Vol. 100
(1883), pp. 22%-236. For example, in the case of

30 transplanting inte nude mice, the cells that have been
acguired are mixed just before or within 1 hour bhefore
transplant, the culture broth is removed by
centrifugation (%000xg, 10 min.), and after forming a
cell aggregate of about 50 uL to 100 plL, the cell

35 aggregate 1s promptly poured intc a silicone dome-shaped

s 3 . g - 3 4 ? s ~ ) 5
chamber embedded in the skin on the backs of the nude

40

"

mice. Two weeks later, the chamber is carefully removed



cell aggregate of about 50 !.J., to 100 11,, the cell 35aggregate is promptly poured into a silicone
dome-ghaped tharmbei embedded:in thenskin .artthé Hhacks df the nude mice. Tividiiveeks ldter; the
chamber is carefully removed and starting an additional 3 weeks later, the presence of hair formation
at the transplant site can be observed macroscopically. Transplantation for the purpose of growing hair
in animals including humans can be carried out by a similar method, and an appropriate method may
be suitably determined by a physician or veterinarian. [0028] In the case of transplanting the
aforementioned composition into a re_cipien(%apimal,kthgt transplantation 10may be a
homctransplantation Ramaly ah AGtotrarsplantation. iSJot‘r”fgr?&gaﬁ?a‘t%ﬁ or BfiofARSHIARTation, or may
be a heterotransplantgtion Jncthetéase of at honictransplantatior; ahesderpralpasita<ell preparation
and the epithelial celisare from the 15same speeies:as the recipient: i the easeofar
heterotransplantation, eifher.fhe.dermal panifa.cell prenasation arfe enifhelial cells are from &

J gy | : ,

different species than thex’reél,plent while the other may_he from the same species as the recipient, or
both may be from a S3diffefefit SPECILEthAR tREGeciiignt EXRMpPREY f FéciPient ZhiMals itlude all
mammals, such as hemans lohitiparzees other printatessdomesticvanipalsasticinas dogs, cats,
rabbits, horses, shegmagats, cows or pigs, and experimental animals such as rats, mice or guinea

75pigs, and preferably nudfnm{%eé SCID gycg éoéi%';ﬁeal@ %%?Q'ane] In %?rq:j}[i]%tg C():rhimeric animal

having regenerated hair follicles can be provi transplanting the a orementioned composition
according to the PreSERPvENOH intt 8 SuitiiéRéepfertdnittal. FRetreStiiiRy CAhéic aRimal can
serve as a useful animal kdel fordor example tresearchimgrand elucidating the mechanism of hair
follicle regeneration, Qrseregning drugs opherbs sffective for regengrating hair follicles, 35growing hair
or preventing hair Io%ﬁ.l'cl'}@% ﬁg%ﬂ%@t%mmal IS ggeferab!y an |r}1)1murllooﬁ%%%rsecg§aegtqry£nal regardless of

the source of each of the cells contained in ’sysferrnnatyanseplante%ti%to e rec'l“plentgé‘ni?nnal In addition,

an animal species capabSof5éiRgitséd A BRPERATEHIAL dffnal-tan Berised Fsithtdhimal
species, and althougteahyramprat speciessniy-be used-proVided itells are from the
1t samé spécies as the recipient. In the case of a
heterotransplantation, either the dermal papilla cell
preparation or the epithelial cells are from a different
species than the recipient while the other may be Ifrom
the same species as the recipient, or both may be from a
20 different species than the recipient. Ezamples of
recipient animals include all mammals, such as humans,
chimpanzees, other primates, domestic animals such as
dogs, cats, rabbits, horses, sheep, goats, cows or pigs,

and experimental animals such as rats, mice or guinea

8]
82}

pigs, and preferakly nude mice, S5CID mice or nude rats.
[0029]
In addition, a chimeric animal having regenerated
halr follicles can be provided by transplanting the
B

aforementiconed o

O

mpesition according te the present

30 invention into a suitable recipient animal. The
resulting chimeric animal can serve as a useful animal
model for, for example, researching and elucidating the
mechanism of hair follicle regeneration, or screening
drugs or herbs effsctive for regenerating hair follicles,

35 growing hair or preventing hair loss. The recipient
animal is preferably an immunosuppressed animal

regardless of the source of each of the cells contained



5coincides with the object of the present invention, preferable examples thereof include mice and rats.
- -Among theése dnimals, examples-ef immunosupnressed-animals when using the example of mice-
include those in having the trait of a missing thymus in the manner of nude mice. 10Furthermore, in
consideration of the object of the present invention, particularly preferable examples of recipient
animals include conmercially available nude mice (such-as Balb-c nu/nu strain), SCID mice (such as
Balb/c-SCID), and nude rats (such as F344/N Scl-rdn). 15[0030] Moreover, by incorporating the
composition according tg the present invention in.a three-dimensional skin model, a three-dimensional
skin model can be provicIe\f(f' that has regenerated Hair follicies “in this Case2BRowever, dermal papilla
cells serving as a coRftBlfolfer for haif grwthears ésseAfiak Al three-difiérsivAaFskif model can be
produced in the manaepdescehed belowfar example .aecording ta.a methed copamoalky, known
among persons with ordinary;skillin the art(Amanq, Set al.,.25Exp. GellRes (2001). Vol. 271, pp.
249-362). The three-dimensional skin model resggcﬁvely contains DSc and DPc at 1 x 506 cellsirm2 to

| x 108 celTs/ém.2, prefatablyat T0°% 107 cEMeI67(2 t6 15'% FI7 86lis/m3 "&Rd mhbre preferably at
about 1.27 x 107 oalt5khiZa{pb3 13 Methiotsior Preniticing Thrée-DinsensioAal Skin Mddetng A
suitable number of humarn fieraidasts, aee-dispersed in DMEM soptaining 0. Lhicellagermand 10% PBS

followed by dispensing jto a et s and,immediatgly. gligwing (g 17 stand yndisturged in a 502

incubator at 357C. After the medium has gelled, the gel is scraped from the side walls and bottom of
the Petri dish so as 70 845p8hdIhE g 1 thé Patdish. Fhe G are therPEdifuretFRhile shaking the
collagen gel'te contriertHeegeltoeabont onadifteits biigihalsizé antbobtzin @fdeimal model. The
de”na“ﬂOde“Sthe@@&%&ﬁkomﬁhéﬁﬂﬁ@ﬁ$Eﬁﬁﬁkicularly preferable examples of

recipient animals include commercially available nude

mice {such as Balb-c¢ nu/nu strain), 5CID mice (such as
Balb/c~5CID), and nude rats {such as F344/N Jcl-run).

[0030]

Moreover, by incorporating the composition according

Y
[#2]

to the present invention in a three-dimensional skin
model, a three-dimensional skin model can be provided
that has regensrated hailr follicles. 1In this case,

20 however, dermal papilla cells serving &s & control tower
for hair growth are essential. A three-dimensional skin
model can be produced in the manner described below, for
example, according to a method commonly known among
persons with ordinary skill in the art (Amano, S. et al.,

25 Exp. Cell Res. (2001), Vol. 271, pp. 249~362). The
three-dimensional skin model respectively contains DSc
and DPc at 1 x 20° cells/em® to 1 x 10° cells/cm?,
preferably at 1.0 x 107 cells/cm® to 1.5 x 107 cells/m?,
and more preferably at about 1.27 x 107 cells/cm®.

30 [C031]

Method for Producing Three-Dimensional Skin Model
A suitable number of human fibroblasts are dispersed
in DMEM containing 0.1% collagen and 10% FBS followed by

dispensing into a Petri dish and immediately allowing to

(]
(%2}

stand undisturbed in a CO; incubator at 37°C. After the

medium has gelled, the gel is scraped from the side walls



grid, a glass ring is placed thereon, and 0.4 ml of cultured human epithelial cells (1.0 x 106 cells/mi.)
disperselizin KEM! tkeratinocyté growith mellitin) are ihjectéd'into the ring antlclittfred P AtthisZtime,
DSc and DPc are simultaneously mixed and injected. Mouse neonatal epithelial cells can also be used
instead of cultured human epithelial cells. Medium consisting of DMEM, KGM, 5% FB3 and Ca'+ is
placed in the Petri dish to a degree that the upper portion of the dermal model is exposed to air
followed by culturing, and after about one week, the skin model is observed and assessed for the
presence or absence of gidimentary bait follicle formatian,and regeneration. [0932) 20Similar to the
aforementioned chimeric animal having regenerated hair follicles, a_thrée-dimensional skin model
having regenerated Hiir fofifcies Eatfve L%%% fot re8edréhing Hhd Biucidating the fnechanism of hair
follicle regenerationgsbe sereering drogssarsherbsl25effective fortgrowingshair or preventing hair loss.
[0033] The followipgprevides atnore-detailed explanation-efthe presentinvention: by indicating
examples th%reof. @@@@é&@@%@%ﬂ%hgg; r@elhlggl%tig% and QU'}%@Q@ 5 _Slgggnoval of the dermal

s

portion of human scalp tissue was carried out with & scaneIJin BMEM !conntalnlng 1‘{()J% fetal bovine
serum (Gibco/ :nvitrdgehr CBrY J 2ad heliffolifcIBs fréie extFacR fréffthe deleredsurface.. Hair
shafts containing outer reetsheath-cells:(ARS, : 2115« fallicular @pithelial €glls) were removed from the

hair follicles using n(g%%@rggé sf%agég e&g%%tgg Oa\ér%g g_)Sf f‘[‘@%%soqlggeldugf %ée statLCOuL tured in

a 35 mm collagen-coated, tissue dish containing Me um- lesulfow-serum ibroblast medium
containing 10% fetat BOVeE Serdim® 1850 MNEGEI 20T brEE, 35 00075% P-inértBptcetinol, 100
units/ml(titery penicidird (VEmghmj @iter) Steeptonsycinrairced. 25: gl €titer) amphotesicin while the
isolated DS were treategbwith collagienase fofe11s can also be used instead of
cultured human epithelial cells.
Medium consisting of DMEM, KGM, 5% FBS and ca*t is
placed in the Petri dish to a degree that the upper

porticn of the dermal model is expesed to air followed by

[}
&4

culturing, and after about one week, the skin model is
observed and assessed for the presence or absence of
rudimentary hair follicle feormation and regeneration.
[0032]

20 Simiiar to the aforementioned chimeric animal having
regenerated hair follicles, a three-dimensional skin
model having regenerated halr follicles can be used for
researching and elucidating the mechanism of hair

follicle regeneration, or screening drugs or herbs

SN
{811

effective for growing hair or preventing hair loss.
[0033]
The following provides a more detailed explanation
of the present invention by indicating examples thersof.
Example 1
30 [0034]
(Method)
Cell Isolation and Culturing
Removal of the dermal portion of human scalp tissue

was carried out with a scalpel in DMEM containing 10%

Cod
o

.

fetzl bovine serum (Gibce/ Invitrogen Corp.), and hair
follicles were extracted from the seversed surface. Hair

shafts containing outer root sheath cells (ORS,



1040 minutes at 37: followed by similarly static- culturing in a 35 mm collagen-coated tissue dish. After
confirmihd(the growth of both DP and DS orle week Jatér| the'fesulting DPc and DE¢ wefe iséd as
experimental samples. Commercially available cells (Toyobo Co., Ltd.) were used 15for the fibroblasts
(FBc). The DSc, DPc and ?Bo were static-cultured for 7 to 10 days using Medium-1. Subsequently, the
cells were subcultured using tryps n. Culturing conditionsg cansisted of culturing in a collagen-coated
flask (T-75, lwaki Glass Co., Ltd.) at 2037C and 5% 002. In addition, each of the cells used in the
experiment had been§li cultured ane t%éhreg times, . Normal human adult dgﬁma]lqgli%rovascular

endothelial cells (Hmi'/%, f%ffrggo?ﬁd&stri*eéalftd?)e\?‘ve?é uSed as Vascuiar endotfisfial ¢etis, ande cells
were cultured 25in loW2serimSgronithiHediim (FRMEGREMVG ZRufsb G Tiidustrie 8 BtdRNand then
subcultured five timeSiprior4oluse:ih the experimentif0035)ured 1:CemparisencefiGeneExpression
Profiles of DSc, DFc 30and:FBe MsingdheMicroarray;Methad Tafak RNA coptaining mRNA was
collected from.the c%prl?vgg?g rEc us{jg the RNeasy Micro Fit %%ia}gerl Corp.). The pollegted RNA
was subjected to doublé strarded CONA Syhthesis Usiify Agileht & prototor folliswet 35by synthesis of
cRNA, labeled with cyanée IEF Thellabeled cRNA was bybridizdi-fortAhoues at65C, onac- 1 6 -

microarxay chip ind%@gigmiWQq@e@y@,%ﬂﬂrgg’ (4x4A K0 FA1740)-sing a two-color assay.
els

Comparisons of the gene. expression levels of two types of cells each consisting of DSc and DP-,
D.7-c and Fac and FBY"&RG D8E S widie darfied GufEn eatheehip i ti§ingtivo §pes each of RNA
derived from the DS ehiwe individuals {tatdl 0B 4vtypes); twottypesicachof RiVAderivetidfrom the DE of
two individ ?n%gFt {total 95 4ymes)=aqd t\éf@aypﬁﬁ%%gf@éﬂ%i}g%v%% the EE gfopg Indiyidual
in a 35 mm collagen-coated tissue dish. After confirming
the growth of both DP and D$ one week later, the
resulting DPc and DSc were used as experimental samples.
Commercially available cells (Toyobo Co., Ltd.) were used
15 for the fibroblasts (FBc). The D3¢, DPc and FBc were
static-cultured for 7 to 10 days using Medium-1.
Subsequently, the cells were subcultured using trypsin.
Culturing conditions consisted of culturing in a
collagen-coated flask (T-75, Iwaki Glass Co., Ltd.) at
20 37°C and 5% CO:;. 1In addition, each of the cells used in
the experiment had been subcultured one to three times.
Normal human adult dermal micrevascular endothelial
cells (HMVEC, Kurabo Industries Ltd.) were used as
vascular endothelial cells, and the cells were cultured
25 in low-serum growth medium (Humedia-MvE, Kurabo
Industries Ltd.) and then subcultured five times pricr to
use in the experiment.
[0035]

Comparison of Gene Expression Profiles of DSc, DPc

o]

D5c, DFc end FBc using the RNeasy Micro Kit (Qiagen
Corp.). The collected RNA was subiected to double-

st

H

anded cDNA =ynthesis using Agilent's protocol followed
35 by synthesis of cRNA labeled with cyanine 3.5. The

labeled cRNA was hybridized for 17 hours at 65°C on a



10slides, images of fluorescent signals (cyanine 3.5) of the DNA on the chip were obtained with a
dual-lasef!micidarray scanner {Agilent Fechnolegies1rcd): Thé image data wal. duahtified Gsing
Feature Extraction Software Var. 9.1, and at that time, taggings were made 15(tagged) to indicate
abnormal values and low values at about the same level as background noise followed by analyzing
the data. Each expression level was compared by compaging two sets of guantitative values of the
acquired signals. 20(00361 (Analysis of Microarray Data) Gene Spring GX 7.3.1 software (Agilent
Technologies Inc.) was used to analyze each gene expression level in greater detail using
bioinformatics techniﬁﬁ%géfbﬁ&m%‘7%v°aﬁd§§9 aF[}e g16§f€%lhe§§?§b£ﬁﬁ% é%er%%ﬂ%vel as background
noise were tagged in{d préteduie isihy Feansre=Extraction Softsarey’Var 9y andanalysés were
conducted. using those=genes thatwere not tagged sThe genesfaravhich there was aylifference. in

e L e T N T

categorization by using GeneOnto ogy (hitp://Www.deneonto
statistical significancBSwAs téstecPdsing Fichera @kact 18st B5{60 371 TelF Staikiif EefiaStaining using
=56 antibody consistetl 6% 8ar,Scen & four wiekd-Charter sito (Nalgeneheige todNund fnternational
Corp.) subjectedagen girtace trgatmept ysing::an acidig collagen sopytion {Kokep C¢-, &, gells after
Culturing for individuals (total of 4 types), and two types each of RNA
derived from the FB of one individual. After washing the
10 slides, images of fluorescent signal's (cyanine 3.5) of
the cDNA on the chip were cbtained with a dual-laser
nmicroarray scanner (Agilent Technologies Inc.). The
image data was quantified using Feature Extraction
Software Ver. 9.1, and at that time, taggings were made
L5 (tagged) to indicate abnormal values and low values at
about the same level as background noise followed by
analyzing the data. Each eupression level was compared
by comparing two sets of quantitative values of the
acguired signals.
20 [0036]
(Analysis of Microarray Data)
Gene Spring GX 7.3.1 software (Agilent Technologies
Inc.) was used to analyze each gene expression level in
greater detail using biocinformatics techniques. 2Abnormal
25 values and low values at about the same level as
background noise were tagged in a procedure using Feature
Extracticon Software Ver. 9.1, and analyses were conducted
using those genes that were not tagged. The genes for
which there was a difference in expression level between
30 twe types of cells were extracted and subjected o
functional categorization by using GeneOntology
{http://www.geneontology.org/) . At that time, the degree
of statistical significance was tested using Fisher's
exact. test.
[0037]

Cell 5taining

[o%)
w

Cell staining using CD36 antibody consisted of



After washing with P29, the cells were fixed for 30 minutes with 4% PFA, washed with PBS and
treated fora0 ininutes fvith PP$:selution cofitainitg /2% Triton X100. After bldckirig forf30)mirutes
with PBS containing 10primary antibody solution obtained by diluting 3% ESA, the cells werelowed to
reactfor :t_h:jur with a 36 antibody (ab17044, Abcam50-fold with PBS containing 1% ESA- After
washing four times with PBS, the cells were allowed to react. for 1 hour with a secondary antibody
solution obtained by diluting Alexa 594-iAhnied anti-mouse 1gG antibody (Invitrogep Corp.) 200-fold
with PBS containing 1% : r reacting with DAPI solution in order to. carry out nuclear staining,
the cells were Washede{f%o%lr%'g‘g\méét %vifh%P‘Bg%%a geee%?gjcv%\}i? an anti-fade tﬁ(%‘e‘?{agg‘r%/’[‘(‘F’ro ong Cold
Antifede Reagent, InVitffger EoFp3 arid alcdveiRylass “PHE Cetd Wwere obsefast asimirs fluorescence
microscope (Olympusr@2imE{003S] fissue Staining Hubianscakrtissue waskembedded,in a 'Frozen
tissue CSembe ding agent (L Gampound, Sakiua Finetek.Japan 1.11dJ, and frazen section slides
were prepared with %frggen %(aicg?n Qro%qction syﬁskteg] Cryostat, Leica Camera AG). After fixing for
15 minutes with 4% PFA. the fisste was washéd with PBS and alfowéd 6 téactord fi6ir using a
blocking solution obtathéthBy Efiifg 5% SkimEilky 296 ednkey setii and 0.196 Teitorf %100 to PBS.
Next, the tissue was Hllowed: te: readttfor Axsogwatroom temperature;onovernight ab4&-using a
primary antibody solytien objained! by diting 0336 anthely soluyn (apLE044, Aegm,ho.) or 3031
antibody solution (Alf3 Og’fﬁ&%g:eo"cl‘tgﬁ 50-fold and 100-fold, regpect_icvelbe|tﬁ the bﬁogking solution.
Furthermore, 3331 antibody'was - used to [AbeT CO3T {RBd"4s BVascul&r endBEREijEI el Marker.
After washing’3 timeBiiith PBS MheA85ue Wax alowedtolesdt for € houratTodhs temperature usina
a secondary antibodyrsolaticly obtainegklay. 1abig:Alexa:594abetadianti-+nouse 1gG antibody Invitrccen
Corp.) or Alexa 486-abaled.anifralibit g anfizady (loyliragen Gorp) 30 foldeacg with blocking

solution. After reacting with P%\P!_soluti%%iethe tissue was washed 3 times wit BS and sealed with an
anti-fade reagent 10(Prolong GoliFARtifade Kehgentf aida Eover g Theissue was observed
using a fluorescence ftiefsstaperfOianes Sorph)i (0.089t Eard dllicleiWholedaartStaining Hair
fol7'cles isolefied fromphumasetissue wererfixedwhije shakeseulfuring for 2hpursal AC with 4% PFA.

The follicles were seguentially sH_ngc%tocgg@g@%gé;/tfg;gggrllt(fgggig,}inge%f ggta;%tén% fiotrhS minutes
o ethanol (to'be

each using 0.1% Twee,r&PBS containing -% 50% or
DAZI sclution i order to carry out nuclear staining, the

?

cells were washed four times with PBS and sealed with an
anti-fade reagent (Prolong Gold Antifade Reagent,
20 Invitrogen Corp.) and a cover glass. The cells were
observed using a fluorescence microscope (Olympus Corp.)
[0038]
Tissue Staining
Human scalp tissue was embedded in a frozen tissue
25 empedding agent (OTC Compound, Sakura Finetek Japan Co.,
td.y,

Q.

I

v}

frozen secticn slides were prepared with a
frozen section production system {Crycstat, Leicz Camera
AG). After fixing for 15 minutss with 4% PFA, the tissue
was washed with PBS and allowed to rezact for 1 hour using

30 & blocking solution obtained by adding 5% skim milk, 1%
donkey serum and 0.1% Triton X~100 to FRBS. Next, the
tissue was allowed to react for ] hour at room
temperature or overnigh:t at 4°C using a primary antibody

solution obtained by diluting CD36 antibody solution

Qo
5t

(&b17044, Abcam Inc.) or CD31 antibody solution (AF306,
R&D Co., Ltd.) 30-fold and 100-fold, respectively, with

the blocking solution. Furthermore, CD31 antibody was



20referred to as PBS') and treating for 5 minutes each using 100% ethanol. The treated samples were
storedin éthardlbat®2@C, At thie time of:use} aftet réhydiatilag with the same &théalridl setie§ PBST, the
follicles were treated for 10 minutes with PBS containing 5% Triton X- 25100. Subsequently, the
follicles were sequentially reacted with the blocking solution used for tissue staining, a primary
antibody solution containing CO35 antibody (ab17044, Apeam Inc.) and CD31 antibody (AF206, R&D
Co., Ltd.), a secondary antibody solution, containing 30Alexa 594-labeled anti-mouse IgG antibody
and Alexa 430- labeled antj-rabbit 1gG body, and DAPI solution. Furth re the licles were
washed. 8 times each Ut usﬁI:]]C?Dg ceg‘ntﬁr%lrﬁlg f/o Thitoh X00" t%ofﬁ Ee'f\i/\ifeen hé anT% y reaction
procedures and aftepﬁﬁfﬁrReaétfor‘FEoﬁ?jﬁfdﬁ%?cornéﬁs?&f of tédctithy oveRfight aF4€ ifitRe case of the
primary antibody solatidrwand tSewaen: BotalV)o6'l reactingfor 2te=3 hiours at 4G in the case of

secondary antibody selution.. The folligles were,ohserveds- i neq 1§§eecmlﬁ%5%%%0'ympus Corpj
after sealing with an @ll fade rez?dgentlt e eagent and a cover glass. [0040] RT-PCR RNA was

collected front the cella USIAG TRIzof (invittogern Corp. )i Cco‘fﬁan%@%ﬁﬁ ﬂ?g Protocdt 10pfovided.
The concentration of the*colfeétied FNASR a3 theasared withed nueleieedid Glantificaten system
(Nanodrop, Thermo Scientificzine-): Afteramaking the coneeatiatiens of RINA targetes for comparison to
a same level, CDNA was synthesized 5@@9 Qllgo(dT),prirgts from the RNAUSIng geverse
transcriptase (Supergcrlgt I, ln |tro % ?f %cord nce with the Inwtrog %J_rotocol Quantitative
RT-PCR was then carried our" G8ink \%1 3 a%r‘te%laté AR d §3fightCyclera
FastStatt DNA Mastéﬁi’fl@@@ﬁ(@?i@ré)éﬁ{Ré@ﬁe@@@ﬁ@*‘sﬂcéﬂd Jorethee reactFfreagért and
LightCycler (Roche RiagneosticsGmBH) {ardthesreagtipnrdeviee s Compositionconditons were in
accordance with the g%qocﬁgg rotocpl, RCP. conditions consisted of initial denaturation for 10 minutes at
95C, denaturation fo conds at 95C,

I_:: 4

I

Follicle Whole=Mount Stairing

)

follicles isclated from human tissue were fixed

Ix.,J
5
o
QJ

s

i
while shake-culturing for 2 hours at 4°C with 4% PFA. The
follicles were sequentially subjected to dehydration
treatment consisting of treating for 5 minutes each using
0.1% Tween PBS containing 25%, 50% or 75% ethanol (to be

20 referred to as PBST) and treating for 5 minutes each
using 100% ethanol. The treated samples were stored in
ethanol at -20°C. At the time of use, after rehydrating
with the same ethancl series PBST, the follicles were
treated for 10 minutes with PBS containing 5% Triton X~

25 100. Subsequently, the follicles were seguentially
reacted with the blocking solution used for tissue
staining, & primary antibody solution containing CD36
antibody (abl7044, Abcam Inc.) and CD31 antibody (AFE06,
R&D Co., Ltd.), a secondary antibody sclution containing

30 Alexa 594-labeled anti-mouse IgG antibody and Alexa 4B88-

—

gbeled anti-rabbit IgG antiboedy, and DEPI solution.
Furthermore, the follicles were washed 8 times each using
FBS containing 0.1% Triton ¥X-100 both between the

antibody reaction procedures and after staining.

(&)
on

Reaction conditions consisted of reacting overnight at 4°C

in the czse of the



annealing for 10 seconds at 60C, and elongation for 10 seconds at 72C. The primer data used is as
indicated'beloW..G3PBH: Forward:prirher: $1-6CAre € 'GGCTGAGP1AC-3SEGIDB0NO: ) Reverse
primerP GACGCCAGT-3' KSEQ ID NO: 2) COP 6: Forward primer:
5'-CAGGAACMTATTGTGCCTATTC TTOGC-31 35(SEQ ID NO: 3) Reverse primer:
S'-CAMIA.P.GCAACAAACATCACCACACCRPNC-3-ulNa HicaY. 292 (SEQ ID NO: 4) OE61.:
Forward primer: ID NO: 5) Reverse primer: ID NO: HOE:
GP,AAGOAGATACTOTRGOTGIGTICTGTSOGA...,, Forward primer: - .
5'-GAGSGAAGGTGACTCTEAATGAG S (SEW TN 7} TOREVERe Bifter®™ e
5-AATACCAGGACGATTTGCAAGCEDAC-3(SEQID-NAE®) folthe bspressiondedesticach gene
were measured usingithe software-provdded. Rurthesmore, 032DMwas usedjasandaternal standard,

and this was used to.carregt.the. 1pamount,of GDINA of a control group when guantifying each

5 Reagent) and a cover glase.
[0040]
RT-ECR

RNA was coellected from the cells using TRIzol

(Invitrogen Corp.) in accordance with the protocol

10 provided. The concentration of the collected RNA was
measured with a nucleic acid guantification system
{(Nanodrop, Thermo Scientific Inc.). After making the
concentrations of RNA targeted for compariscon to a same
level, <DNA was synthesized using ©ligo(dT) primers from

15 the RNA using reverse transcriptase (Superscript III,
Invitrogen Corp.) in accordance with the Invitrogen
protocol. Quantitative RT-PCR was then carried out using
the synthesized cDNA as template and using LightCycler®
FastStart DNA MasterPLUS SYBR Green {(Roche Diagnostics

20 GmbH) for the reaction reagent and LightCycler (Roche
Diagnostics GmBH) for the reaction device. Composition
conditions were in accordance with the Roche protocol.
PCR conditions consisted of initial denaturation for 10

minutes at 95°C, denaturation for 10 seconds at 953°C,

25 annealing for 10 seconds at 60°C, and elongation for 10
seconds at 72°C. The primer data used is as indicated
helow.

G3PDH:
Forward primer: 5’~GCACCGTCAAGGCTGAGAAC-3' (SEQ ID

30 NO: 1)

Reverse primer: 5'-ATGGTGGTGRAGACGCCAGT-3' (8EQ ID
NO: 2)
CD36:
Forward primer: 5'-GAGGAACTATATTGTGCCTATTCTTTGGC-3"
35 (SEQ ID NO: 3)

Reverse primer: 5'-CATARRAGCAACARACATCACCACACCAAC-3!



gene. [0041] Cell Sorting The cells were sorted using the Cell Separation 90Magnet (BD Eiosciences
Inc.). @pelating eonditions were itaceortiafdce® with thé protocol provided by BO Bidsciencés rc. After
separating the cells using trypsin solution, the cell suspension was passed through a cell strainer
having a pore size of 70 um (Falcon Inc.) 25followed by counting the number of cells. 5 million to 10
million of cells were suspended in 500 ml of PBS solutiatbcentaining 3% fetal bovine serum, followed
by the addition of CD% antibody (ab17044, Abcam Inc.) so as to be diluted 50-fold and allowing to
react for about 15 minutes ogrige; After reqgvering the cells by washing and centrifuging using Iximag
Buffer (BD Biosciences IncC)D%hﬁ cells were re-suspended in 30 RI of anti-mouse IgG1 magnetic
particles (BD Biosciences Inc.) and allowed to stand undisturbed for 30 minutes on ice. 500 ul of
IxImag Buffer (2,"0, Bioscierite& e, Fwets added follewed 6 pta&htGn the TR Separatidi Magnet
(BD Biosciences o le-1F , Hi! 321in¢.)NO. 0664 tHin)

5 Reverse primer: 5'=-AATTGCTETGTTCTGTGGEAGCAG-3Y (8

ID NO: &)

53]

Q

Forward primer: 5'-GAGGGAAGGTGACTCTGARATGAG-3' (SEQ

10 Reverse primer: 5'-AATACCAGGACGATTTGGAATGGCAC-3'

(SEQ ID NO: 8)

The expression levels of each gene were measured
using the software provided. Furthermore, G3PDH was used
as an internal standard, and this was used o correct the

15 amount of cDNA of a control group when quantifying each
gene.
[0041]
Cell Sorting
The cells were sorted using the Cell Separation

[N
Lol

Magnet (BD Bicsciences Inc.). Operzting conditions were
in accoxdance with the protocol provided by BD
Biosciences Inc. After separating the cells using
trypsin solution, the cell suspension was passed through
a cell strainer having a pore size of 70 pm (Falcon Inc.)
25 followed by counting the number of cells. 5 million to
10 miillion of cells were suspended in 500 ml of PBS
solution containing 3% fetal bovine serum, followed by
the addition of CD36 antibody (abl7044, Abcam Inc.) so as
to be diluted 50-fold and allowing to react for about 15
30 minutes on ice. After recovering the cells by washing
and centrifuging using lxImag Buffer (BD Biosciences
Inc.), the cells were re-suspended in 30 ul of anti-mouse
IgGl magnetic particlas (BD Biocsciences Inc.) and allowed
to stand undisturbed for 30 minutes on ize. 500 pl of

35 lxImag Buffer (BD Bicsciencesz Inc.) were added followed



and aliowing_ to stand undisturbed for 8 minutes. The supernatant was recovered while being careful
so as not to dislodgé célls adhéred:td the faferalurfaces bl the magnet, and thelfééulting 0/77
supernatantused as 0135-negative DSc. Continuinc, after again500 tl of ixlmag Buffer (BD
Bioscjenoes Inc.) and suspending cells adhered to the lateral surfaces, the suspension was placed in
the Cell Separation Magnet and allowed to stand undistyrbed for 4 minutes followed by removal of the
10 supernatant. This procedure was further repeated once and the cells adhered to the lateral
surfaces were used as | 036-positive )SC, Ther cQue ed 0036-positive.and 0036-negative [Sc were
suspended in mediu;?;lg f.;?’”oe\i?\./%%%‘i l.g%ri% t§74%z%islcgtu§% Sa(éndtoglff/o(1 C%f ugglrrlad' %ufgcso'llagen-coated
flask (T-25, Iwaki GlassTSIRTdFor tHe EaRuFS Fe¥&&r folidiwed }AGSEE iF tié Expefifnertt. [0042]
Co-Culturing Experimerit to An expérimentiwasctnducied using the 0034t pesitiveand 06-36
negative DSc derived.fronneagh:spegimenforNs2 and.4 times. tespactively, 300,000 of the sorted
0D36-Positive,and 0L36-negative DSc were respectively seeded to a collagen-coated flask (T-75).

Subsequently”after culttifing o7 2°dayS T Mediti-1% 2067006 HIAVES Wwére?Sdded and’cdteultured for
1 day in Humedica-MviG [Kirabo dnddstriesHitde) Sudisaequenthy, ¢the naedium wyas raplaced with
medium obtained by agding 199uts/m) ¢henatenieilin, 0. mg/maiten. af.sictiomyeip 025
4g/m1 (titer) of ampho}_gricin B and 0.1% ESA Sﬂigrpaﬂ,Cor%o vascular endothelial cell basal medium
(numed,a-EB2, Kurabo ifdustries t1d.); After filfiet - c8ruIfFHg- o1 Uy thE TR IsWereSparated
with trypsin solution fellBhet sy proéeadihgnwith taralysislasir SACS e tell§ wére then passed
through a 700dri. cellsstraines 85¢Falcorhinc prauspended i PBS selutiongentaining-fetal bovine

serum, and allowed to.feact for 20 minutes an ice using a primary antibody solution, i.e., CO31
antibody solution (AFBOS, R&D Co., Ltd.). rAfter‘Wasfk}Fl%g tf?é c'a%[é wﬁﬁ Pgé”soﬁﬁﬁgn lésoencfiaining 3%

fetal bovine serum, tA& celid e alidWed o Teact f6r 7S MIRTEES onHéé WittF se&BRd&RFantibody
solution, ie., Alexa 488-abetsd antierabbit & antibodyr(firvitrogensGonmy anderetsuspended in 0.5 ml

of PBS solution followgd-dy. proceeding with @n@;}@'s g@irgg]&%elg}fgbs%)ugggaéq[@egkman Coulter

Inc.). Preparf;ions, including laser 10accuracy management, were made using the protocol and

working reagent designaté By Be&kmAn-Cotftel. TH 'n&ﬁﬁgﬁo?éﬁﬁ-%%sitidetéel s Was measured
using the FL1 channel&GZB hity rFurthesmbre ebirectioniwas swade t6 elinsinate autofluorescence by
using endothelial cell23that did not react- with CE31 antibody. Following measurement, the number

of 0031-positive cells was %Igg@@gp&sgecg% ég@‘lwber of cells obtained and the ratio of
CD31-positive cells. [0043] ]

An experiment was conducted using the CD36-positive

20 and CD-36 negative DSc derived from each specimen for N=2
and 4 times, respectively. 300,000 of the sorted CD36-
pesitive and CD36-negative DSc were respectively seeded
to & collagen-coated flask (T-75). Subsegquently, after
culturing for 2 days in Medium-1, 400,000 HMVEC were

25 added and co-cultured for 1 day in Eumedica-MvG (Kurabo
Industries Ltd.). Subsequently, the medium was replaced
with medium cbtained by adding 100 units/ml (titer) of
peniciilin, 0.1 mg/ml (titer) of streptomycin, C.Z5 pg/ml
(titer) of amphotericin B and 0.1% BSAE (Sigma Corp.) to

30 vascular endothelial cell basal medium (Humedia~EB2,
Kurabe Industries Lid.). After further co-culturing for
1l day, the cells were separated with trypsin solution
followed by proceeding with analysis using FACS. The

lls were then passed through a 70 pm cell strainer

L
N

alcon Inc.), suspended in PBS solution containing 3%

etal bovine serum, and allowed to react for 20 minutes



20(Results) Table 1 shows the expression level of some vascular-related factors. Although
vascular-telateld factors were determined tofbe: ighly @xpréssed in DSs, 0.038aid EGF wéres )
determined to be specifically highly expressed in 25DSs. FIG. 2 indicates the expression level of
various types of vascular-related factors in DSc, DPc, ORS cells and VEC (vascular endothelial cells).
0336 and HOE' were determined to be expressed extremely specifically in DS. On the basis of cell
staining results as well, 0036- 30positive cells were observed to be present only in isolated DS

il

cultured cells, while 0036-positive cells were determined to be absent in DP¢ or Iél%
le *J.:(=19:NO 144F Py [Teab\l‘e JZLTC%/éf‘s(?Lﬂar-i—"-ziegfated actors ~hlg*h“]ly .gibres's“e'd In

FFS/DP 024 10.97 393 HOE2G193 2810545 §a5R4B% 2., Ltd. ).

(data not shown).

¢
éc DS/DP3E1E3
After washing

the cells with PBS szolution containing 3% fetal bovine

serum, The cells were allowed to react for

wn

ice with secondary antibody solution, i.e.,
I

20 minutes on

Alexa 488-

labeled anti-rabblt IgG antibody [(Invitrogen Corp.) and

re-suspended in 0.5 ml cf PBS sclution followed by

proceeding with analysis using Cell Lab Quanta SC

{Beckman Coulter Inc.). Preparations, including laserx

10 accuracy management, were made using the protocol and

working reagent designated by Beckman Coulter. The

number of CD3l-positive cells was measured using the FLL

~

channel (525 nm). Furthermors, correction was made to

eliminate autofluorescence by using endothelial cells

i5 that did not react with D21 antibody. Following

measurement, the number of CD3l-positive cells was

calculated based on total number of cells obtained and

the ratio of CD3l-positive cells.
[0043]

20 (Results)

Table 1 shows the expression level of some vascular-—

related factors. Although vascular-related factors were

determined to be highly expressed in DSs, CD36 and HGF

were determined to be specifically highly expressed in

25 b8s. FIG. 2 indicates the expression level of various

types of vascular-related factors in DSc,

DPc, ORS cells

and VEC {vascular endothelial cells). CD36 and HEF were

determined to be expressed extremsly specifically in DS.

Or: the basis of cell staining results as well, CD36-

30 positive cells were observed to be present only in

isolated DS cultured cells, while CD3é-positive cells

were determined to be absent in DPe or FBc

shown) .

{data not



4.45 c.4.14 4.47 2'70Cp i0,La00.674.68 8.0 EGFA (vascular endothelial cell growth factor) _5.12 0.50
4.37.40/F0.48(27224.16 0.52 2:684.55 60 EDGEA(plateélet-Herived growth fadtor)i8i221L3.67 /57

- 23 -
[Table 1]
Vascular-Related Factors Highly Expressed in DSc
08 /0P DS/FB FB/DP
CDh3g 40.24 10,97 3,53
- 20.18 3.28 10.34
HGE 14.52 4.33 4.45
17.85 4.14 4.47
TEXZ (T-box2 (transcription factor)) 20.87 4.68 6,07
3.41 5.12 0.50 L
VEGFA (vascular endothelial cell growth 4.34 7.40 (.48
factox) 2.22 4.16 0.52
2.68 4.55 0.60
PDGFR (platelet-derived growth factor) 5.82 2.67 1.80
CO¥X-1 (prostaglandin =zynthase) 11.73 2,24 4.88
9.64 1.60 5.83
[0044]
5 Specific staining of CD36 was also observed in the

o]
dermal sheaths of hair follicles, namely DS == a result
of immunchistochemical staining of CD36 and CD31 on the
sections of hair follicle (FIG. 3). Moreover, the
results of haeir follicle whole=-mount staining indicated
10 dense areas of blood vessels in a portion of the DS, and
CD36-positive D3c wers determined to be localized in
those dense areas. Thus, CD36-positive DS¢ was suggested
to be intimately involved with bloed vessels. In
addition, although CD36-positive DSc cells are nearly

always co-localized with blood vessels, CD36-positive DsSc

ot
o

are absent in the vicinity c¢f some vessels (FIG. 4).
Thus, CD3é-positive DSc cells were suggested to
promote vascularization by, for example, preomoting the
proliferation of vascular endothelial cells.
20 [0045] |
In an experiment in which CD36-positive D3c lsolated
by cell scrting were co-cultured with vascular
endothelial cells, the CD3¢é-positive DSc were indicated

to significantly promote the proliferation of wascular

Q)
n

endothelial cells in comparison with CD36é-negative DSc
{(FIG. 5). Moreover, isolated CD36-positive DSc were also
HGF in comparison with CDZ6~

indicated to highly express
G. 6). As mentioned above, HGF is

negative DSc cells (FI



2.80 COX-1(prostaglandin synthase) 1L.3 2.24 4.8 2.64 1.60 5.83 [0044] Specific staining of
CD36 wa$ilsd observed in theé dernial shedths«of hair4ollickes, namely OS adla fesult of. 53/52
immunohistochemical staining of OEi36 and 2031 On the sections of hair follicle (FIG. 3). Moreover,
the results of hair follicle whole-mount staining indicated 10dense areas of blood vessels in a -Portion
of the DS, and 003E-positive DSc were determined to-bedoecalized in those dense areas. Thus,
0026-positive DSc was suggested to be intimately involved with blood. vessels.. In addition, although
0036-DSc cells are always eo;logalized with blaod vessels, 0038:pasitiveDSc.arg ahsept in the vicinity

of some vessels (FIG. 4).  "Thus, 0036-positive ESc cells were suggested to promqte
vaacularization by, fdFF&alfiple, THenting e Broliferition’ 6 ascUisr ehadthelial cetls50(0045)

In an experiment in Whieh=0036-positive DS iBofated by éel sbitihg Werelco-culiared withvascular
endothelial cells, the Q036-positive-RSewere indicatecstossignificantlyrpromaterthe.praliferation of
vascular endothelial gells, in comparison with 0036-negative DSc (FIG. 5). Moreover, isolated
0036-positive DSc were also indicated to highly express HGF in comparison with 0036- negative Tzz
orll=, (WIG. n. As rng,n+Hflnd .-=binv=,, HP:7 is



- 24 - cormonly ‘clown as a factor that promotes the growth of new hair and hair growth. (Non-Patent
Documént5)..Thus Strénsplantation of CD36é-psitivie DRc(inté! follicles is clearlyletfective forlth@growth
of newhair growth. 2H3 'FL '6Se:wNNO, 3064F31-/5 CLAIMS A composition for regenerating hair
follicles, comprising 0D56-express q dermal sheath cells (DSc). 2.The composition for
regenerating hair follicles according to claim 1, further.comprising dermal papilla cells (D5c). 2.The
composition according tO claim 2, wherein the ratio of the number of 5036-expressing DSc to the
number of DPc is about 10:1 to 1:10. 104.The compogitgpﬂ@ccording to claim 2 or 3, wherein the
0036-expressing m5c and the DPc are both derived frommice or both derived from rats. 5. The
composition according to ctaim a’dr 3 eéreir tHe H036°8RAFESSHIG DB Eand the DPEHié -
15heterologous cells¢andreach of them-arerderived frore mica, ratszahhumahs. (D5c6.-A method for
regenerating hair follicles, comprising trapgplanting-the.compasition. acegrding o any;efclaims 1 to 5
K)afnﬂnan.%97A1n%ggg¥g¥gggggegyg¥%h?yfggg%}%r comprising dermal papilla
cells (DPc).
3. The composition according to claim 2, wherein
the ratio of the number of CD26-expressing DSc to the
number of DPc is about 10:1 to 1:10.
10 4. The composition according to claim 2 or 3,
wherein the CD3€-expressing DSc and the DPc are both
derived from mice or both derived from rats.
5. The composition according to claim 2 or 3,
wherein the CD36é~expressing DSc and the DPc are
15 heterclcgous cells, and each of them are derived from
mice, rats or humans.
6. A method for regenerating hair follicles,
comprising transplanting the composition according to any
of claims 1 to 5 to a human.
20 7. A methed for regenerating hair follicles by
transplanting the composition according to any of claims
1 to 5 to a recipient animal.
8. The method according to c¢laim 7, wherein the

recipient animal iz an immuncsuppressed animal.

M
w

9. The method according te claim 7 or 8, whersin
the reciplent animal is an immunosuppressed animal
selected from the group consisting of a nude mouse, S5CID
mouse and nude rat.

10. A method Zor regenerating hair follicles,

(8]
Lo 3

comprising producing a three-dimensional skin model
containing the composition according to any of claims 2
to 5.
11. A chimeric animal imparted with regenerated
hair follicles by tramsplanting the composition according

35 te any of claims 1 to 5 to & recipient animal.

H

12. The chimeric animzl according to claim 11,

wherein the recipient animal is an lmmunosuppressed



transplanting the composition according to any of claims to 5 to a recipient animal. 8. The method
according/to. dlaim 7, wherein the redipient dnirmel is drf ifmidnosuppressed afimali259The méthod
according to claim 7 or 8, wherein the recipient animal is an immunosuppressed animal selected from
the group consisting cf a nude mouse, SCID mouse and nude rat. 10. A method for regenerating
hair follicles, Sccomprising producing a three-dimensionat skin model containing the composition
according to any of claims 2 11. A chimeric animal imparted with regenerated hair follicles by
transplanting the compasitien according to any of claims 1 to 5 to a recipient animal. 12. The
chimeric animal according to_claim, 11, whrein the recipient apimgl is ag(oruygr]os%qpreﬁsed - 26 -
animal. 13. The chimeri¢ anitr%%l‘a&h:é?“d?ﬁé ToTHaitfT 11°6112, Wherein therecipient animal is an
immunosuppressed arimalselééred-fiény tHe §iGUtTcaisiSting of afAudeBmMeEsErSETD Mouse and
nude :at. 14. A three-dim ensionalskin snodekimparied with regenerated hairfodlicles by producing
a three-dimengsional %QE{Qng&ggn%ﬂL@ the composition according to any of claims 2 to 5.
14. B three~dimensional sxin model imparted with
regenerated hair follicles by producing a three-
dimensional skin model containing the composition

according to any of claims 2 to 5.



