fAJJ 1 111111 121121 12111 12111 112171 11211 1111 1111
111111111E11112112112111211211 11111111111 *G00002* DESCRI PTI ON{ Tirtt e 6f=--
| nvent i on] METHOD FOR PRODUCI NG RECGENERATI VE ORGAN PRI MORDI UM _ _
PROVI DED W TH GUI DE FOR TRANSPLANTATI ON, COVPGSI TI ON CONTAI NI WWW m”m””“m
REGENERATI VE ORGAN PRI MORDI UM PROVI DED W TH GUI DE FOR TRANSPL
PRODUCED THEREBY, AND METHOD FOR TRANSPLANTI NG REGENERATIVE-ORGANsisaicox -
PRI MORDI UM PROVI DED W TH GUI DE FOR TRANSPLANTATI ON [ Techni Ca“-m"ﬂlmmnmlmmml]

The invention of the present application is related to a net

producing an organ germ (prinordium for transplantation in whichyhe
regenerative (bioengi neered) orgdESERIRTI@NCtiIi ons i n appropriate conneetion
with the epithelial tissue on a recipient side in an organ replacenent and
regenerative medi cal technique using a regenerative organ germ as well as
a conposi {TdaoEweHioni ng a regenerative organ germ provided with a gui de
for transplantati on produced by the nethod, and a nethod for transplanting

a regenerative Paah9edR RPRODGEN A REGENEKATR E YrEARPRIMORBIHA™
PROVIDED WITH GUIDE FOR TRANSPLANTATION, COMPOSITION
CONTAINING REGENERATIVE ORGAN PRIMORDIUM PROVIDED WITH
GUIDE FOR TRANSPLANTATION PRODUCED THEREBY, AND METHOD FOR
TRANSPLANTING REGENERATIVE ORGAN PRIMORDIUM PROVIDED WITH
GUIDE FOR TRANSPLANTATION

[Technical Field]
[0001]

The invention of the present application is related to a method for producing an
organ germ (primordium) for transplantation in which the regenerative (bioengineered)
organ germ functions in appropriate connection with the epithelial tissue on a recipient
side in an organ replacement and regenerative medical technique using a regenerative
organ germ, as well as a composition containing a regenerative organ germ provided
with a guide for transplantation produced by the method, and a method for transplanting

a regenerative organ germ provided with a guide 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 cell, a
tissue regeneration technology in which skin or corneal epithelial cells, cardiac muscle
cells, and the like 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
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From these research results, it can be said that the feasibility of functional

organ regeneration by transplantation of a regenerative organ germ or an organ
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[Non-Patent Literature]

[0006]
Non-Patent Literature 1: Sharpe PT, Young CS. Test-tube teeth. Sc. Am. 293,
34-41, 2005

[Summary of Invention]
[Technical Problem]
[0007]

It is generally known that epithelial appendages such as hair follicles and
sebaceous glands, lacrimal glands, and salivary glands are generated by interaction
between ectoderm-derived or endoderm-derived epithelial cells and mesoderm-derived
or neural crest-derived mesenchymal cells during the fetal period.

A hair follicle, which is a skin appendage, repeats growth and regression (the
hair cycle) over the individual’s lifetime. The regeneration of a hair bulb during the
growth period is known to be induced by a molecular mechanism similar to that in the
nascent stage of the hair follicle organ. The regeneration of a hair bulb during such
hair cycle is believed to be induced by hair papilla cells, which are mesenchymal cells.
In the growth period, it is believed that hair follicle epithelial stem cells are
differentiation-induced by hair papilla cells, which are mesenchymal cells, to regenerate
a hair bulb. Since niches of neural crest-derived stem cells exist in the bulge region
and the lower region, it is believed that hair follicles keep multiple stem cell niches and

function as a stem cell pool. A method for culturing hair papilla cells that keep the



i[ NonsPatent Literature] [0006] Non-Patent Literature 1: Sharpe PT, Young
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[ Techni cal Problen [0007] It is generally known that epithelia
appendages such as hair follicles and sebaceous gl ands, |acriml glands,
and salivary glands are generated by interaction between ectodermderived
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nerve. In the past, attempts 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 Iike. Therein, hair follicle
reconstruction and regeneration of hair follicle germ are understood as models of organ
replacement and regenerative medical techniques, and it was recently demonstrated that
regenerative hair follicle germ reconstructed by the organ germ method developed by
the present inventors emulates normal development to regenerate hair follicles and hair.
However, there has yet to be a report of a clinically-applicable hair follicle regeneration
model in which hair follicles that are fully functional in vivo have been regenerated.
[0009]

Hair, which is a skin appendage, is formed by skin changes, and it is produced
from hair follicles formed by the interaction between two loosely-classified cell groups,
that is, epithelial cells and mesenchymal cells. Therefore, the basic strategy is to
regenerate hair follicles by transplanting these two types of cells onto a target skin
region. In one method that has been reported for realizing this basic strategy, the entire
skin including the hair follicles is regenerated by a method (graft chamber method) in
which cultured hair papilla cells and newborn rat epidermal cells are mixed and

transplanted onto a graft wound formed by removing the full thickness of the dorsal



[ 0008] In order to establish hair follicle regeneration nedical
techni ques sufficient for clinical application, the formation and

el ongation of hair that has a hair shaft suitable for the transplantation
site and whose regenerative hair follicle has a normal tissue structure is
necessary. Further, it is expected that the maintenance of stemcells by a
hair follicle-specific stemcell niche and the induction of hair follicles
by the hair cycl e can occur, and that the hair follicles have the
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skin inclgebing the hair follicles is regenerated by a nmethod (graft chanber
nmet hod) in whic | ture api | | eIIs and newborn rat epidernal
cells are ni xedpa?{gerttro g‘ﬁ’l ﬁtagg epﬁiFts‘br%%gﬁr%tP EMGotin @828r8588 Bhedhtsvi ng t he
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the entire e (Jéln it dlfflcult Pedi cal
t echni queaaﬁjélall $-Pre eﬂg 6"’?? GEANL &S e ARitogth regqyg@g])n it has already been
shown that normally-functioning regenerative teeth erupt in the oral cavity from a
regenerative tooth germ transplanted into the jaw bone. It is believed that eruption
occurs autonomously due to the growth of the regenerative tooth without any direct
connection between the epithelial cells of the regenerated tooth and the oral mucosal
epithelium. However, when connection with the skin epidermal layer is necessary as
in the case of hair follicles, it is necessary to grow hair on the body surface from the
regenerated hair follicles, and there has been a problem in that cysts can form if hair
fails to grow from the transplanted hair follicles.

[0012]

Skin appendages such as hair and sebaceous glands are ubiquitous in the skin
and exist in extremely large numbers. In particular, hair exists in large numbers at
specific sites and thus it exhibits aesthetic and functional value. Further, hair follicles,
which are small organs that produce hair, are connected within the skin with appropriate
directionality to the epidermal layer via pores, and function to grow hair (stems) from
the body surface.

[0013]



+Anot her met hod has been reported in which epithelial cells and nmesenchynmnal
cells are simlarly m xed and transplanted to subcutaneous tissue or under
t he ki dney capsule to regenerate the hair follicles, and then the
ectopically regenerated hair follicles are intracutaneously retranspl anted.
In this nmethod, it is possible to transplant the regenerated hair follicles
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[0014] and enaﬂl%a%ehggoex\%gtgg %&n tc% Eﬁ)rgg 1§£l9oldnkt r\!vat errécf‘pleﬁggger atl ng

epi t hel i al_ appen a sallsary
connect i oﬁuwlﬁlliﬁuaﬁmeémaiedt e directionality and manner between the
reci pient {gidp epithelial tissue and the regenerated organ is extrenely
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regenerative organ germ provided with a guide for transplantation, comprising:
preparing a regenerative organ germ by closely contacting a first cell mass which
substantially consists of mesenchymal cells and a second cell mass which substantially
consists of epithelial cells and culturing these cell masses within a support, and inserting
the guide into the regenerative organ germ.

Herein, in one embodiment of the method for producing a regenerative organ
germ provided with a guide for transplantation of the present invention, the method

comprises further culturing the regenerative organ germ for several days after inserting



o[ Sol ution to Problem [0015] As described above, in order to
regenerate epithelial appendages such as hair follicles, sebaceous glands,
salivary glands, and lacrimal glands and enable themto exert a prescribed
function, several transplants nust be connected appropriately with the
recipient. As a result of keen exam nation in order to solve the
above-described problems, the present inventors discovered the
inter-epithelial tissue-connecting plastic method, in which an organ germ
regenerated by the organ germnethod is connected to a recipient tissue via
a guide. ﬁh%c%?%sent inventors further discovered that this nmethod enabl es
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In one embodiment of the method for producing a regenerative organ germ
provided with a guide for transplantation of the present invention, the regenerative
organ germ is a regenerative hair follicle germ, and the epithelial cells are bulge region
epithelial cells or hair matrix basal epithelial cells.

In one embodiment of the method for producing a regenerative organ germ
provided with a guide for transplantation of the present invention, the regenerative
organ germ is a regenerative hair follicle germ, and the mesenchymal cells are hair
papilla cells or dermal root sheath cells.

In one embodiment of the method for producing a regenerative organ germ
provided with a guide for transplantation of the present invention, the regenerative
organ germ is a regenerative salivary gland germ, and the epithelial cells are salivary
gland-derived epithelial cells and the mesenchymal cells are salivary gland-derived
mesenchymal cells.

In one embodiment of the method for producing a regenerative organ germ
provided with a guide for transplantation of the present invention, the regenerative
organ germ is a regenerative lacrimal gland germ, and the epithelial cells are lacrimal
gland-derived epithelial cells and the mesenchymal cells are lacrimal gland-derived

mesenchymal cells.

In one embodiment of the method for producing a regenerative organ germ



sIn one enbodi nent of the nethod for producing a regenerative organ germ
provided with a guide for transplantation of the present invention, the
regenerative organ germis an epithelial appendage germ I n one
enbodi ment of the method for producing a regenerative organ germ provided
with a guide for transplantation of the present invention, the regenerative
organ germis any one of organ prinordia selected fromthe group consisting
of regenerative hair follicle germ regenerative sweat gland germ
regenerative sepaceous gland germ regenerative salivary gland germ

r egener at inBV‘a‘EfEﬁ‘ﬂ&‘ya giuilsdfog eramsplansgiame plathey prepeah dnventphr ba gyétenis a
regener at i chemiicatfibeial gl and germ and regenerative endocrine gland germ

I n one enbodi ne nethod for produci ng a regenerative organ germ
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epi t hel i albiessdbatié.e bul ge region epithelial cells or hair matri x basal
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present i riveyid¢dowith & fpuidedgemanplantagoroofyhn pgaerminentdor, eliepadalsi amgylbai r
follicle grferd. and the nesenchynmal cells are hair papilla cells or dernal
r oot sheat@ ﬁgl | s. I n one enbodi nent of the method for producing a
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i nvention, the Msgegecrog({hilv or gan %%rg\ i S afregenerati ve lacriml gland
erm and the epithelial el FEUSF SMOEFREPT Gl amtrcaknvaeipnePiettieteral cel | s
g .€plL X ) .
and the neRERBAY iatelages fosa methol der tramsblagtation of e riegemeraries erpahygerh foel 1s. In
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organ germ provided with a guide for transplantation of the present invention, a portion
on the epithelial cell side of the transplanted regenerative organ germ and the 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.
Also, in one embodiment of the method for transplantation of a regenerative
organ germ provided with a guide for transplantation of the present invention, the
regenerative organ germ is an organ germ intended for regeneration of an organ having
a conduit, and during transplantation of the regenerative organ germ, the guide is
inserted into a conduit existing in the target site and a portion on the epithelial cell side
of the regenerative organ germ and the conduit are connected, and thereby the portion
on the epithelial cell side of the regenerative organ germ elongates along the guide and
connects to the conduit of the target site.

[Effects of the Invention]
[0018]
The present invention can provide a regenerative organ germ for

transplantation that can improve adhesion while ensuring the direction of the polarity of



I n ome enbodi nent of the nethod for producing a regenerative organ germ
provided with a guide for transplantation of the present invention, the
guide is a nylon thread. [0017] Al so, according. to another

enbodi ment of the present invention, the present invention is related to a
conposition conprising a regenerative organ germprovided with a guide for
transpl antation produced by a nethod for producing a regenerative organ
germprovided with a guide for transplantation. Al so, according to
anot her enpodl ment of the present invention, the present invention is
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[Brief Description of Drawings]
[0019]

[FIG. 1} FIG 1 is a schematic view illustrating a production flow of a
regenerative hair follicle germ for transplantation using mouse embryonic
epithelium-derived epithelial cells and mouse embryonic epithelium-derived
mesenchymal cells, which is one embodiment of the present invention.

[FIG. 2] FIG. 2 shows the state immediately after, three days after, and ten days
after transplantation of the regenerative hair follicle germ for transplantation produced
by the mouse embryonic epithelium-derived epithelial cells and mesenchymal cells into
a recipient epithelium. The upper row shows photos of the epithelium, and the lower
row shows the results upon HE-staining a section of the transplant site and observing it
under a fluorescent microscope.

[FIG. 3] FIG. 3 is a schematic view illustrating a production flow of a
regenerative hair follicle germ for transplantation using mouse adult whisker-derived

bulge region epithelial cells and mouse adult whisker-derived cultured papilla cells,



»Al soy since the epithelial cells of the regenerative organ germ and the
reci pient-side epithelial layer (epithelial cells) are connected al ong the
gui de, the formation of cysts derived fromthe regenerative organ germ can
be suppressed, especially in the course of hair follicle formation. Al so,
in an exocrine gland or the like having a conduit such as a salivary gl and,
the epithelial cells elongate along the guide, and thus the connection
efficiency with the recipient-side conduit can be inproved. Furt her
the regenerative organ germ produced by the present invention can be
appl i ed t oVegh s Res pabodippend tseresenchvaiting hair fol licles, sweat glands,

sal i vary gl ands [FIan4)] FIUE4A|SK&NS @B dratet oflifse A df'afguta%qntbq rEﬁh%efaﬁg@{.‘ﬁf ation of

a body surface and .can plied jin th eratign_of ans at are
connect ed F ﬁl cfg & SeUmaring tu"aep ?18 AReshgWaf ec“%%?l{]?m Stt?l@“‘i“?ﬁt%l?)i hapTeWhct , or
an endocr |lme1€ﬂla§¢émeﬁermaaspaankamwn roﬁthesrtgeuemuvehauﬁohm& deha. pFE}sthshdJ\wentl on

can be apﬁﬁd@sﬂ]sf)lﬁnttslftgzﬁ%%Weﬁfrérﬁﬁlaﬂtfaflgﬁ"ﬁzf or lggntsoaggl i ssues dgge\sﬂerLt it

prOVIdeS a tech H!g\lje I'S a %
al so to regener Hiitv2l Sﬁhﬁé’sf“?fr regul{y ypon\iAEseinngos tisyug saeiioarmt a haisues.
[Brief DedeliiclptregmentedDnawamsgihtaliod bl mouse adult [wHidker-ddriveld Gegeherafived
schemati c h\élr%\ﬂlbll | ﬁﬁr( B rQQ aanHrtﬁ)edf'églﬁlls%oE o%ggrs}tw ?tleréﬁlerf'l%{)raet lye hair

a t95875 Uit deri ved

follicle (%erm or trans I on usi yoni'c epi
epi t hel i al ‘Si"éISF%“OQr?étl}?ﬁﬁ@@‘”@%#‘%r@@‘é%ﬁ%éﬁ“ﬂm derived mesenchymal cells,

V\,hhl ch ![ rs] one enfridi 6TEHIG. 64 sHole aﬁih@ﬁa&it hfta dro¥éRBELIoRDS a regeneratel] Fé@nergt]we': ]Ic tG 2
shows the hEdiake 88 after
transpl ant@%%%ﬁ ch flurt% vﬂrhel‘ﬂ%n |n{1/18 a&{iﬁﬁaﬂﬁpia“&é‘roﬂ] ‘goar MOHEh g‘fﬂ"ant ation
produced BYpitkpederiyad éeg@msawmaer feldncteh@r tr@mp@etatlvmdwew ishat iembodisiehts and

mesenchymak tieeprbsent ﬂlTv@ntﬁ\)nr eFI@'&%o@/Q'atﬂPl@{d Mhe sih Ih@ac@%@%rhafroéﬁa%r%?}[@e phot os
st al ni ng a
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usi ng nous E adult Sl“@ erived e region and nouse
adul t whi Ské&r" ég}cﬁ}'é’a i foflicley T Yapinspaniager. sWh‘C'WIﬁfi ene iembpdimestrpbdhenent  of
t he preseptesémviemdrition. The growthFofGinddidal CegedraOWsirs (e Sdigdinguighed Nserti on

of a gui d?eg'eﬁ'érﬁ)m% ﬁaqge&grsﬂéévx hﬁkranfongylr{ ﬁ(egn@% %rlan%l:grgrg?g L tur%ﬁi FIG 4B

shows t he transpl ant site cated arro ‘er
transpl anf&PFEXe¥f the regenerative hair follicle germ FIG 4C shows t he

transpl ant site[FRG a6, &id £Eraph ANBRh@AY @E A cycle of a regenerative whisker.
The growth period and the regression period from the first hair growth through the third
hair growth are illustrated, respectively. The “Control” indicates the average of three
hair cycles tracked after transplanting a natural mouse whisker onto the back of a nude
mouse and regrowing it.

[FIG. 9] FIG 9 is a schematic view illustrating a production flow of a
regenerative salivary gland germ for transplantation using mouse embryonic
submandibular gland epithelial tissue-derived epithelial cells and mouse embryonic
submandibular gland mesenchymal tissue-derived mesenchymal cells, which is one
embodiment of the present invention. In FIG. 9, the epithelial tissue isolated from an
extracted submandibular gland germ is shown in the upper row of photos, and the
mesenchymal tissue isolated from a submandibular gland germ is shown in the lower
row of photos. In the photos showing the regenerative salivary gland germ produced
in FIG. 9, “E” indicates a cell mass of epithelial cells and “M” indicates a cell mass of
mesenchymal cells. As shown in FIG. 9, submandibular gland primordia at different

stages of development (early, mid, late) were obtained from a mouse embryo at a

10



[FIG 5] FIG 5 shows the results upon HE-staining a tissue section of a
hair follicle regenerated by transplantati on of a nouse adult

whi sker-derived regenerative hair follicle germ (top row), and the results
upon observing the GFP fluorescence in a tissue section of the regenerated
hair follicle (I ower row). [FIG 6] FIG 6a shows a photo of a
cross-section of a regenerated regenerative whisker captured with an
optical mcroscope after transplantation of a nouse adult whisker-derived
regenerative haiy follicle for transplantation, which is one enbodi nent of
the presedESPHRABHIGESH 13 21days-6b shows a photo of the surface of a hair shaft
of the regener afFIGel WHIGK B stoaRtpho®E ciptlildd aithednesphit £lMnidiosEpe @ePitting

[FIG 7] G £inS 7 frer, 31 days after, 41 days after,
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t r anspl antt@es dHab Pl epliueg efierr ik hopes dfaiubure pafter 2 dotirg of eultuns pftamitaliduon, whi ch
i's one enbgdulRatafief 48 ReurPbL&ARke, ¥ 8T hdibs of BuL! %!72‘#0&5'1#%“&&9?'
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[FIG 9] Bh&n 9 is a schematic view illustrating a production flow of a
regenerative salivar |.and germ for transplantation using nouse enbryonic
submandi bul ar g[%lﬁd“éﬁﬁ@hb‘l shaws pnates saniered Wil aasiptipad Imigloseopk [depiging nouse
enbr yoni c tsudaranti Rigbmetatiyk 3t anegdanciymat sdve@s elgpde tinée thiREsERGhy SRl cel | s,
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gl and germ for [FIGNER Bet @ipeo Fowp 0 GUGEL bisiwa0pHoRI4SRpRIY WARia6 sphbarandi bul ar
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[FIG 12] FIG 12 shows photos depicting each step (fixation, exposure of
parotid gland conduit portion, extracijon of parotid gland, fixation of

gel, and suture) when transplanting a regenerative salivary gland germw th
a guide for transplantation produced using nouse enbryoni c submandi bul ar
gland epithelial tissue-derived epithelial cells and nouse enbryonic
submandi bul-ar gl and nmesenchymal tissue-derived nesenchymal cells into a
conduit portion of a parotid gland of an adult nouse. In FIG 12, -el”
indicates a lacrinmal gland, -m" indicates a masseter, indicates a parotid

o, o " o .



[ FI G+ 13] The upper rowin FIG 13 shows photos captured with an optical

m croscope depicting the state imedi ately before transplantation of a
regenerative salivary gland germwi th a guide for transplantation produced
usi ng nouse enbryoni c submandi bul ar gl and epithelial tissue-derived
epithelial cells and nouse enbryoni c submandi bul ar gl and nesenchynal

ti ssue-derived nesenchynmal cells and the state 34 days after
transplantation into a conduit portion of a parotid gland of an adult nouse
fromwhich the paroti | and was renoved. | n these hq?tf)s, -A- indicates a
condui t t HaYs aefséfé%agolwagwptlw@ at?%ﬁglmpamoacpfrae@éﬁé% gend el anpdyfameu and
germ i ndifioat ehichhiee pareid plaadvasl renegyeder it these phatos,atr ymgicatﬁdageuidmt and " pd"

i ndi cat es tﬁa?%xt@f%s f}](l)rg tlgé E{}gPlaiﬁég ri rgltl\;eoé’xb\/{l}é rglaﬁd a%grnBZ‘ﬁ) lihesm ts

upon HE-stal ene Ve 5 s
transpl anﬁravsp&mtedméer&rwwalﬂw éiar‘i i ge8nc ance “rET @d@ata@:rthﬁapare@d |g1a|niike cells.

[FIG 14] Tht Gow&fl r@thi\fVSFIUJOIZD%h&ﬂ@TtW esbulip Apoh rIﬂB-@iahﬂ@ Ev&m@ebéru@vef romthe
condui t SI% s afte

t.o,a erati e 38 30.d
P nnap! ansimaleii? o SASHR AeE 3P PR L PRSI IR K ¢ o o
Evans bl uacinajebtlikewelind "B" indicates the transplant site of the
regenerative SUH‘T@”FM]@tﬁM HAbhotos. captured[@o@mﬁé]nol:ﬁ@ns bRiel ffort tgr @ph
|IIustrat|n arlson of. transit S in and survival rate
bot e o Ot Rl Rehaatyd FDNEY e Gt 3B e s RS © o
gl ands wermdult mnnwed laridiGa 14pUAs® ifidicieswihic cliteadfl Evdns thiee $gédtivarandgiBinds were
removed ang; éa*fl%@h@trzfn‘éﬂ?ﬁl%h%f%ﬁ@r héré(ﬁ\fe)/suﬂrb rmnwth a guide of the

pr esent 1 nvention was trans Su lﬂ ar | and site.
[FIG 16] FIG H8G BI4] Qc%m& grepmllé\ﬁrr%tm?s‘fqné&arlﬁ@ of tﬁ%a@ei inoWeightow of a
regener at iaué@ shadval Mk lgherd genlinatygldndalefipib@ninatieofromsivhigh rmUSE tl&nbr yoni c

lacrimal %lﬂ!&% glﬂlil&sn%r,: ?émcg\,eﬁ SaHﬁ a%{ds? ?lgme&hgn%llio?gh Cs%ﬁ L'zﬁz

enbryoni c "Tacri t{c};ﬂé{gnd nesenc i ssue-derive eel | s,

whi ch is #&¢moedbudi ta E?Bellelﬁ%lVSrS@bw QIWemmbwthTmuqﬁlmfot erpr@sq@t left was
capt ur Eddhk]f\ﬁéﬁﬁorﬁwﬁt@dnelﬂﬂmgdMB@naﬁdl&Jlﬁieg%r@tsﬁea lacri matl6 gl andlger5 mOI
extracte rom e 0 at a statl a t ays.

The other phot o el e ERRClR 8o srhurts o DiimelRs ackptesitn fhp ote an

epi t hel i alregenergtne lastwnalt gland gaym fon drahspdanitatioh ugingridouge rembgydnéc lappmel phot o in
the m ddl la@n@'éﬂ‘fﬂélxal a.sgn%s(ﬁncswrg&kheﬁlms@a@ Alﬁoma&de&s@m& hecrlRardimd 9l and
germ(theIo%/{ve};ﬂ[”%gl he;a m ddle c rﬁn Bdare QeJatlveIacrlmaI

gl and ger MTH4EY “?58?: 1) uE’F%P('j‘C'Pﬁ’Wg & Whis ‘tsl‘éﬂ?t?r.n odiment of the g 17]
FIG 17 sipossntphangsn.cdfitewhetb on the laf v@ptcamatedmnderoas stopgemibegrcopd @gl t he
state of @ rg@&ra' nqahmg'ﬂm &%@xﬂ@@l?@ﬁfoﬁlge?g% !f»ﬁ{ﬁry%;aa%'c%ﬁht Hap sk %ﬂ;r m at

sever al s (start of cufture ure o atter 2 ys of

cul ture, alﬁt efo &7 M%s ofThe thesr Rhotoss wese C&pwaidsuwer @UHETEPBICIeEPRen#% he or gan
cul ture ofdelact: @oerpltmalial ghsan dofppsdfiren tlicdlat rtlalfglawh g@rmiGihe @ppdiiphyto ianmst a
regener at i 0 n e mouse
enbryoni c g%‘??&m@f"q& rgécfg&%y ?‘%fﬁ@s{lﬁ {S?l%%gg%md@r ?a\%{ghﬁp lglt“ﬁg#ﬁ] @qu}vfs and
mouse enbPheiRi B thgcpliddls cgluai. #ad e EeaPReRtiTtY é@ﬂ@labéh}n@eﬂelﬁeé@ﬁc‘ﬁml

cells. [Flrgéons‘ltﬁkteﬁl@ol@msh@ hghot os captured with an optical m croscope
depicting the befo transpl ant.ati an of a regenerative

| acri mal gl and @ﬁ?nﬁlﬁﬁeg} %‘ﬁ heigs ¢ ‘éfﬁ%bvlltg %Efﬂ TIFONIRE RIS Hy nouse
enbryoni c theagiaterpdla grramal gpid g@m ald 2 regsoeratisr laoedalegandhgdrinait sse¢rils and

nouse errbrt;yrg:gl Gtark %‘Prchﬁ?rE H{e@rlddzﬁ;emhm{ierti %1§§f§eofd8ﬂt'ui/ee%9fe§%§§§”'¥ffm| cells
and the st fe 20 da s aft r trae(?lgjan afion Tnto a_condit gqortlon of a
t

lacrimal §PAHE fferah davfuh g nEuorean creaet Adrcrionl i1yl &M he
| acri mal gkmmkd/\ﬂmm esmon@cde émbitybeawd phat@derative ladrihadagkad aoqmr tforon at

heCh e bRl R, SALARAEN AL Whodso isblondl A UM E LRt o 0ot o
gl and. tissue-derived eplthellal cells and mouse embryonic lacrimal gland mesench)mal

tissue-derived mesenchymal cells.

[FIG. 18] FIG. 18 shows photos captured with an optical microscope depicting
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[ Deseription of Enbodi ments] [0020] The enbodi ments of the present
application will be expl ained below in detail. A first enbodi nent of
t he production nethod according to the present invention is a nmethod for
produci ng a regenerative organ germfor transplantation into a mammal (for
exanpl e, a human being), including inserting a guide into the regenerative
organ germduring culture produced by organ culture of nesenchymal cells

and epithelial cells. [0021] In the present specification,
"mesenchynmal cells” icate ceIIs deriyed fromnesenchynal K tissuye and
cel I's obt &¥de wmes!me rﬁeﬁ SrBtPlaNAien © mﬂenff?%‘éeulécr&ag sl BT With ang

"epi t hel i al guidel fos trahspitincaibe peelucal owiig medsef ¢robnyaric éqeritlakklaad epittedinle and
cel | s obt fili'héh%ddeweac‘ébﬁ%ﬁlhﬁgeﬁ %K'd q%l},sgeérhlﬂ'g?ﬁl& 51§é+ﬁnaqe beae%e%QA #12ma1
re to organs

Al so, in resent a es
formed by tismeéka&%d awsqyéhm@nceéétaaééhwa&er P%iaysma @nawehamau@*r iR

epi thel i alcoﬁ&inl @n@d}ﬁoﬂmﬁmﬁalr@dﬂrdﬂ@d@@m nﬂﬁbtr ﬁcbmw&}ﬁa{ the a&mmqsbrtms&mc hymal

Crtoer i otk BN B B serhis e?raﬁa%e iskteca cloRBRs ¢ REHORS! Fhish ARPCT 290

via a condwahsplanted: iegerieratioe lmm@ ghadigeine adhgred, "8 indiestesathe adisetinnagfe s

i ndi cate, thedyeei@natandi€RéLEonBhit aPRENLABEFgIaMch as hair follicles, sweat
gl ands, lacri'mal glands. and sebaceous gl ands, as well as organs that are

connected to a lunmen such as in the oral cavity, the intestinal tract, or
an endocr i[Pesctipgsud, Embagiraerits]m nal st ruct ure. Al so, in the pr esent
speC|f|caqb@m -ectodermal appendages.' indicate ectodern}derived or gans

anong t he eplthellal ap endages- such, as epi der nal Eendages | i ke hair
follicles, swealh @?fawémem%ef%t fratesgt é?ﬂi@atloé'e‘ﬁlélé&?égla@lf’% glew iydetaid-ne 1 ke.

[ 0022] A first embodiment of the production method according to the present
invention is a method for producing a regenerative organ germ for transplantation into a
mammal (for example, a human being), including inserting a guide into the regenerative
organ germ during culture produced by organ culture of mesenchymal cells and
epithelial cells.

[0021]

In the present specification, “mesenchymal cells” indicate cells derived from
mesenchymal tissue and cells obtained by culturing such mesenchymal tissue-derived
cells, and “epithelial cells” indicate cells derived from an epithelial tissue and cells
obtained by culturing such epithelial tissue-derived cells.

Also, in the present specification, “epithelial appendages” refer to organs
formed by interaction between ectoderm-derived or endoderm-derived epithelial cells
and mesoderm-derived or neural crest-derived mesenchymal cells, such as endodermal
epithelium-derived organs, ectodermal appendages, endocrine glands, and exocrine
glands connected to other epithelial tissue via a conduit or the like. More specifically,
“epithelial appendages” indicate, for example, epidermal appendages such as hair
follicles, sweat glands, lacrimal glands, and sebaceous glands, as well as organs that are
connected to a lumen such as in the oral cavity, the intestinal tract, or an endocrine
tissue, via a luminal structure.

Also, in the present specification, “ectodermal appendages” indicate
ectoderm-derived organs among the “epithelial appendages™, such as epidermal
appendages like hair follicles, sweat glands, lacrimal glands, sebaceous glands, and the
like.

[0022]
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'Next + the regenerative organ germused in the nethod of the present
invention wll be explained. The regenerative organ germ can be
produced by a nethod including: closely contacting a first cell nass which
substantially consists of nmesenchynmal cells and a second cell nass which
substantially consists of epithelial cells and culturing these cell nasses

within a support. [0023] The -closely contacting a first cell nass
whi ch substantially consists of nesenchynal cells and a second cell nass
whi ch substantlally consi sts of ep |theI| eIIs culturlng t hese cel
masses within a ?ﬂp‘ﬁ‘ﬁf?ge“?@“ﬁe%ré?'l | ‘i‘sﬁ *éf%pq ghe PgseghinVERYQLr at ures 1

to 4 as welill basxplépanese Unexani ned Patent Appllcatlon First Publication
No. 2008-29757, lf;f‘eﬂgog&?at %?%a%s glﬁscarﬂu ??o%ncé?fcbrjpﬁfe oﬁqmlh(ﬁﬁ% CQ&§lyare

incorporated in SPF ent | re ence
speci f i cacPwpcting a first cel] mashav gfme%@ﬁfﬁntsaﬂiécqw@ato dresenghenalpsedlaefig, for

exanmpl e, geddad Eelf @labs which S&ystnbly Rsiel oY epitiREslIdeneehdRiltAgg tHehecdir oduced
hai r fO||IC e hﬂlaﬂmﬁﬂge referred to as a "regenerative hair follicle

gernt. [0d% first cell mass and the second cell mass each
substanti@Nﬂ@]conS|st of only nesenchynal cells or only epithelial cells.

In the present TRYeBbid, cohﬁeufjjaaﬁet cswb;ﬁas@nkh@hlgabgmﬁmt&m@lfstsom y

mesenchymal ce Is- ans  t hat el | for a func dentlcal
oo I Hadehiman S5 e o Sead Soif ok BB Rt el 16ty Sh el e

i ndi cat es cellssirait euliuringhthest ctlhenaseds| wittis @ dippart'ndtdesarddedde, fanykinplg, ot her
than cell ?’a@é’F’f gﬁexﬁ{uﬁsnﬁ%@ﬁg&y@@ﬂl agqgl%a?leésUfl&ra dpl@aﬁéltb/i llCﬁt(ﬁlO’FlrrSpe cell

mass can inc e ce fferen es as as. they are mesenchynal
cel I's. Th&ubligaon 2088287 ﬂaenawhasdésc %étOérﬂaF*aPif yhesg ubligatiops agsy) v
epi t hel i alincdgdored in their entiretyiforettBrenée ®el the prRSaht ERbiicatidnro a state in which

cells are cl Oseinythgg&%nqq,f)?c?fnc%hﬁ »%% ;J?(?du%m%i for "é?anq lead ﬁ:ﬁJ tolliaccl’éygr ate

prepared from discr ‘advant ageotls because
it is easyytlr doveidescahebmghadaihe nrOémdé@tr fe@ucle @rmdﬂgéﬁéﬁﬁrr%@ atape, but

t here may «R@ekeRitvlemair fifcleRednhe amount that can be obtained. Cultured cells
can al so E& %ied to prepare a cell aggregate, and a cell mass is relatively
easy to o Q*h when using cultured cells, making cultured cells preferable
at |east from thhsfiperdbmassiand.th g0 cell mass eachsubstgnisallygoasigfoltonky

mesenchy malecGRhlma@BdIst Be ofR ERBk]if! cs! | fn li'ﬁeegréséht iAGerRibRS &t phayention is
preferably erlved fromthe or inclu sue ﬁelon to the
organ) whi SfpsieudyeropsiFg et oply n?t’é@f&ﬁiéwa'ﬁe f. e ge éﬂ%sa%gfrél? MSrigan can
be easi | y function identical to a cell mass that consists of only mesenchymal cells. It preferably
indicates a state in which the cell mass does not include anything other than cells which
are mesenchymal cells as far as possible. Also, the cell mass can include cells of
different types as long as they are mesenchymal cells. The same applies to the phrase
“substantially consists of only epithelial cells”.
Herein, a cell mass refers to a state in which cells are closely adhered, and it
may be a tissue or a cell aggregate prepared from discrete cells. The use of a tissue is
advantageous because it is easy to obtain an organ with correct cell arrangement and
shape, but there may be constraints on the amount that can be obtained. Cultured cells
can also be used to prepare a cell aggregate, and a cell mass is relatively easy to obtain
when using cultured cells, making cultured cells preferable at least from this
perspective.
[0025]
At least one of the mesenchymal cells and the epithelial cells used in the
present invention is preferably derived from the organ (including a tissue belonging to

the organ) which is the target of regeneration. Thereby, the target organ can be easily
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fornmed using cells which are already oriented to the target organ. Also, in
order to produce the target organ nore reliably, it is nost preferable for
both the nesenchymal cells and the epithelial cells to be derived fromthe
organ which is the target of regeneration. [0026] One exanple of a
regenerative organ germwhich is the subject of the present invention can
be an organ germ of an epithelial appendage. However, the present invention
is not limted thereto and ot her exanpl es can include regenerative hair
follicle ger m ir ative sweat gland germ %ener ative sebaceous gl and
germ reg ﬁr«‘:’?eéit‘f F|W)‘é‘fl3/ar§|aé{ﬁ%ijg‘eﬁ‘er‘i‘fedrtég}€ﬁéﬁf gt ioyganpraivagr ¥ gIdEhE ger m

r egener at ipvaluce thel tangepdreanmoey m:atﬂggeneﬁ@t pregerhiide Ifcbrr'&)lth &b&ﬁ&em&ﬂihl and

regener at i g Q:‘I‘&jglﬁ{/%@ﬁ;e%la G196 8 4 rlve|rc]I arrgg hel n s{?gdlsftﬁ?)ﬁ?et’ﬁe € organ

prinordia, nesen cell's or epl ar get
organ can r%"%@%ﬂ- and nesenchynal cells or ep| t heI ial cells obtained by

t he i nductoeps]of undifferenti at ed cells can aI so be used. For exanple, when
produci ng areg nerati air follicle germ apil.la cells, dermal
root sheath cel ge e’ﬁaé%p\cj%ﬂF §‘fﬂeﬂerf‘févsee?fgm/gfé1“ ‘(",‘lé’ tg%ﬁbblﬁél ?ﬂfeo‘rr?ﬁem e
mesenchynahvegaorn San hel ao extgdr perm PBaw ebitlsliok aﬁﬁndaglel sHowavenethageekeas t he

mesenc hy”ﬁiﬂlveﬁﬁ‘ér{ $s n8NAMALE RherEBOhind RERE RxAHPIRE '@B?tmcjl@déef ogr?elra{tﬁleqxaut he bul ge
regi on, Egéﬁlmitrlx basal .epithelial, cells, and hair Flceeplthellal

cells ind ST "EESNEAY Y SyFat gRlands gpEn. clggensEatiye egbaggoysh alapgdigerm i al
cel |'s. Al segeneratve salivatygland gernt, egpenarntitel rusmsusalangl @ﬁﬂ rggdnitatine f@ac hy mal
cells of 'ﬁ@ﬁ‘ﬁ&'ﬂgerﬁm ené?%l\fe 1@l ga g dz%géﬂgp G E! chfdcrlﬁ ar?ck bdlm

s’ ofr ell's g% the

mesenchy celT uced from] P can use
mesenchy heagprp uc‘%@”@pi%ﬁ@ﬂ“&l& oEZAN| El%qfdﬁaﬁ‘@éqwhﬁmlrﬁeﬂhar spithelialgl and
epi t hel i alelteddrived Middc @ thrgoMmiighScaitbé asddl aﬁSnﬁ@édcﬁyrﬁﬂr\:ehﬁ oH%ﬁﬂleﬁﬁl t he

epi thel i al, ?sedbltﬁﬁ Tystﬂe m‘ﬁ@&&n%rf%g%ﬂ eregtlaqec{ & erc]a(lanr %ﬁl%ee Eg %) and germ

rresenchyrra nascent sal i var l&nd
nesenchy ndyheg gradycing duegspemivnhairllic g@rn‘ohalESamédl b@lscéemiabrq@s gbaths t he

mesenchy maklisg fdstént slaﬂdne@aichmw lls, %ﬁJj h&ir ﬂi‘ulae &eie'nz«!wnyal QeI1RNAdcBE RbmAl at ed
portion arps ngsl Yapy (t%Land FI t h({e cells 'rgag rom i PS cells or ES
cel I's can be‘uded &8 The “Epi°t H&r1 & WF?“CW Rd g UePh gheat

r egener at pviermest dayenicellyl efndie duige reglea,ehmhymalx hashll epithklid celis cadthairacr i mal

gl and ger @iQ&le eﬁi@l«fe'lﬁ%ellglnﬁﬁgecﬂﬁ%qp§'¥%l G Lél cQH"BQ%QﬁMsC}H% b theﬁgll I's or ES
cells can %ﬁ lrié‘l? ; t he rresenchyrra ? epit a
nascent i mal'SOgMARY P Fﬂf‘%ﬁd"g%?&'faf'ﬁ%lswﬁﬂt &Fﬂ?déﬁfff‘h@ﬁea?hy@@ll callsi ¢fduced
fromi PS ogdck¥ shin, EG fodlidlsdannl dempsets, asl slkhﬁmés’,éh&ﬂ}ﬁ{all adlisGeducsd from

Al'so, the;my 9%\11 & ES“C\QPA Gﬂ-n Bg%sz{}fa&senlg}x%hchﬁ/%al Telft anéa%hﬁhe?la‘ ceélgcefl I's are

taken preferably, re ain 1t body
fromthe PerEpskinapd syrat glansdmsnithelal selts ln@#ﬁs@éwm th$ deHs phES gelly can be
di f f er ent ugdiaonhesépielial ALISO. AdgD, meggwdwhabré@ﬁermaﬂ%p%dmh the

art i Lo BerBRRTGILE B bl R M G S SH G pinemat o

derived fEdin igdused fme&fch«;lhmr E$ §Sliﬁecannbwus¢d ag ghe alesanchpnalsets,amd

nmesenchy mepitheRhll 1166 4 36@¢ark SRERYBRE Eoﬁ’foh @hd Eahﬁ/grytéT&doer gﬁala‘f\,@él{érs i ts hté.{]e

target of nerat.ion. Pre s ar rrow ce
do not i ntlﬂdﬂgcg %?'Bo'hg <&ty or ??3§eﬁ‘b%§r’r‘é? E%F}le epltgﬂ&?fcﬁ]rlst heéHsdhreiedr abl y
mesenchynatode@hg 8 régenernnict lagrimal legandrgatm qassehghymabeis ol a masveelhérémdlr om

within thglah@ rgp('SlQacrﬂﬁaﬁ %Bméncﬁ%blsceq?mdﬁgﬁg fdrd ?che{fllg ?ESlelljsrﬁl crest
cells, enc aga]?frgr ecuyrsor cel or stem ce

di ffer ent Qb EREnC eﬁﬂﬁy‘h"éil epitheliad cellyrpd atf}"}éCCM leerimmaglangt germt er at ur e
3 descri besl lacrirealasipidepithelishiath indWedfomaPs vellh G @Y Gliace bsedd asttehe
mesenchy ith%féil'e@lﬂs and Patent Literature 4 describes an exanple in which
cell s obtal ne differentiation induction of totipotent stemcells are
used, as the meAExchy REgancEpnswhivh dheimesenshymalscelln anfleepishgliabicelbsaricons ar e

i ncor ]E)or ataReh ippeféraBllyr re@it itieebbilifyoto FRERIRBCA 4 BbAndINRIUR BRENFrom the
speci fi Ca})ér?pectn[e of2 Jul/emllty and homogeneity in the cell differentiation stage. Also, an
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+Cell's derived fromother epithelial tissue in vivo can al so be used as
epithelial cells derived fromsonewhere other than the organ which is the
target of regeneration. Preferably, such cells are epithelial cells of skin
or of nucous nenbranes and guns in the oral cavity, and are further
preferably immature epithelial precursor cells, for exanple,
non-keratini zed epithelial cells or stemcells thereof that can
differentiate into epithelial cells which have differentiated, e.g.

keratini zed, or, parakeratinized, |ike the skin or nucous menbranes or the

li ke. Pat Q2 Vhich bps, beer cqpinped; ik the, ailiidn eegenerdipi bynasifigil sugicel)

epi t hel i alopéreihd»rs doug adminieirayionWr toeiecidtrodiction tdefi@de BE€ used as t he

epi t heli al :l and the disclosures therein are incorporated in their
entirety 1Ior ef er ence into the present specification. Fromthe perspective
of the use of alitlgderbigd from ker m@SCP@WWEﬁ'éW&bZI"e”Wb ceis alspekrenssdy#fal cel | s
and ep: t haidsaichymbll@u@ﬂerweasm sd?qﬁ?dmﬁterkﬂhérhﬁéiﬂhégHalﬁ \Jmaﬂktﬂlftetaieo%fgfet ofI |
transpl ant atlon n s, an cells
or tissue ﬁ%c?raté‘) %%rgl%ly’cse‘ﬁcpgqo?re;g?o Wf%a ?eﬁé%aééi@r{’é’Féﬁ F‘Vt@mg?%j:n germ
can be coICPlécherde*n@mmhmibl andsfictheraprefsrabiamesengleynepl chilmfiom, witlonideys, etc.)

and ungul @Eaﬂ??ca(l@' Bonephﬁ?rowcdé“@ froROWRRS- th@ﬁeﬁv l)ones rﬂ%séncﬂ?ﬂﬂﬁﬂ%éls AdfaPed@s
rodents ( bits. etc. as varl

g g1 E a} % !; B ot fg ani mal s
such as dfgd Sgfacagusal ofgsee eSS s easencel e el hirme Bet hel | al
cell's or tasslifferemteuditngutthessersblisl nels. ed che rliked Batenbyitexsturadt i ng

under aseBEicﬁb&%défonBI&% VhthSInidd Gerived @dl1s Pﬁé%ﬁ ab #leSn&t {h 91%1 ée‘PlE“t lon,

whi |l e appl yi conditions nornmally  used for tissue co [on wi t hout
change. [ Ge%g%emmterat”r‘?ﬁed%ék@h6%§WPIEé’l Wélchﬁﬁllse?}?‘{”ﬁ%q b f@Eanlét'q‘ﬂr om t he
organ (i néddudiisigofatotipaaingtehedetingienged, Qsttl’ihemé)sregaﬂf)na‘h/&lﬁh The HRGlodudésget of

regener at i;op Al gulﬂfcgﬁcﬂ{ sefle t?é{coq{o%t?cﬁ %P © en)u];‘c%,\% e ?e? eiig\{rzl)gth% he.Qrgan

(including a t| sue ongi ng e org i ch ated from
sur roundi ABFCt ficgdere into a mesenchymnal t| ssue and an eplthel ial tissue in
accordancgoomsih its shape. Wien doing so, an enzyrre can be used to

facilitate th f
eﬁglyn;asasﬁch :Ségl s({)eggeé)ﬁg@ﬁ%éée?ﬂgg%'ay{iﬁae g VB aq%%l&e ‘fsr‘?gs%é e%'alef‘ialggwinn t he
art can usellsaderiaghfroprsomewhem ojtree thoh thé eigan ethaihce the[t@@tlc}f regenerationA cel |

aggr egat e pidferhhi9, mesantare emﬁ@nm@uma&% 8NoAFAIRY MehPranf afhims feri ved
fromarreench}[/ lial tissu dit ca e prepared

or _an e n
by aggr egalSi g c,céY Ps aB%taé? H{éﬁheﬁyprgéeéaﬁ r dmimgtuge ﬁ%‘gﬁﬁa]hi?’f?ﬁﬂ“s?‘i §§Ee f§r an
epi t hel i akxdmgsumniketatintted epidicBalaells sr vem aeldy theradl they celdifferabiai ined by

primary Cubiniiigl Qils SHRGUAIETREFQEn BN e.%?l(!:rﬁtiniLQQ %?Larakeratinized, like the
skin or mucous membranes or the like. Patent Literature 2 describes an example in
which oral cavity epithelial cells or primary cultured cells thereof are used as the
epithelial cells, and the disclosures therein are incorporated in their entirety for
reference into the present specification. From the perspective of the use of autogenous
tissue, it is preferable to use mesenchymal cells and epithelial cells or tissue including
these cells from the target of transplantation.
[0029]

The mesenchymal cells and epithelial cells or tissue including these cells for
producing the regenerative organ germ can be collected from mammals such as primates
(e.g. humans, monkeys, etc.) and ungulates (e.g. pigs, cows, horses, etc.), small
mammals such as rodents (e.g. mice, rats, rabbits, etc.), as well as various other animals
such as dogs and cats. The collection of mesenchymal cells and epithelial cells or
tissue including these cells may be carried out by extracting under aseptic conditions

and storing in an appropriate storage solution, while applying the conditions normally
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«In order to disperse cells, an enzyne such as di spase, collagenase. and
trypsin can be used. Wen performng a primary culture or subcul ture of

di spersed 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 Mddified Eagl e Medium (DVEM can be used as
the mediumfor culture. Serumcan be added in order to pronote cell growth,
or as an alternative for serum for exanple, a cell gromh factor such as
FGF, EGF, and PDGF or a known serum conponent such as transferrin can be
added. \helehipatipye seliasHpn wHBow shanest r ati on can be appropriately modifi ed
dependi ng [0gB(M)he state of the culture at the time of addition, but it can

normal |y be set 49 around ]10(V Foc{ t.&%.qelh ?ult re, nornpl culture
conditions are appll&d. ¥ 0} ng%% gpithgligl fells framathe ogan dEldingA bissye 506 cop
concentr ath_elmgmg e theemgsam) whishas ik tarpo wf r@E@ratieurari preparadibfor dxamiplec such as
Strept ony Girkt &pftafeStheRBzAddRAudAD: FRRERPEdH g 1088 3kean) which, a8 KREfer O
aggregate.ciltlds for exapple. a.cell suspensicn can beé centriftuged. In a
cel | aggr éfat' B“P%%%@H%%HFS“E&“P? EENEyimah &55ug| and @p epithelightisste pact i ve
cel | s are apemfacabiith itnstephi gWhetedsing \sostrakrzyine @nder used 1€ fsdilitge tthat t he
cells reli MionNt &k et endd 40 into close
s@PJr ion S ¢ en‘ﬁ'lﬁl@, rﬁ@rﬁf‘&n%a&% AML%%f%P%%&@E Qﬁjcglhats dllsg%s[e, to that

contact. A [‘%ﬁ%h densjty state neans_a degree nsi equi va
when constPIFENHS> andi FEnsiie ang Boseskalisd ia the art par usecan appraprigts enzymd 0
cells/m, tiniedheicably 1 x 108 cells/m to 1 x 109 cells/m, and nost
pr ef er abl 3{0%1 108 cells/mM to 8 x 108 cells/m . The nmethod for achieving
hi gh density of the cell aggregate is not particularly limted, but, for
exanpl e, it canAs&ll aggreaied By Peesent isatiommedis ¢h aggregationlof celfsalediyet egat ed
by centri ffrogas inesendiind] Rigsue Rk a6 bpitHeAhIRHsucCRRY # LA Gt ORed B &fo?eféﬁﬁged

e

because itC fah,Sas ngaschieve hi gh denil.t wi t hout fg.o rom.sin

activity oF t REYEET Py ISPHRTE % MERPFmal §irus o @ epitheliablitsup dpto lisceste o

m nut es atccls aggnepaingstlly ditzingdomsprimary cpltwe bdedcatweof suclh ugal force of 300
X g to 1208p3219 and preferably 500 x g to 1000 x g. If the centrifugation
is less than 300 x 9 the cell density tends not to reach a sufficiently
hi gh 1 evel, whefe¥4 P HRErse Srils: P gigatmeotich as diseate-ciollegeanses ambirypsyt ¢ he
cel |'s may cye bdausedje dVh¢rDP&ddrming a primath enltpreeqasibogae bif ghspdeesictlys cel |
aggregat e I i a I ensi: I rmal .y prepared in a
cont ai ner bg% Eﬁﬁ&ggﬂgéflg%&ll%g«%g”?tgﬁhc%%#?‘?f(lgjﬁ%ﬁi%o%\uﬁ&g%e né%zrar?g cgﬁsena t he
cell's are™ Wﬁ?&g%&newﬂlvw%éhmurlﬂgam ,cellfaucheds| Rulbesgals Madified

preci pi t attaglardedisn (DMEMS canhte WP es thetniddliunh Sor' @IBEdSaSmPAs belalged At this

time, the; ot her than the target cells .g., .culture
sol ution, ' gﬁé gtrtcf Bén%o?{%?l@%pé%p ’e%)rag §" é ﬂg?tlvteo}%rsgrlug‘sgort ?‘?ﬁ‘ﬁ%ﬁ%g’ lbacity of
the cel | sgroxl fassen Suﬁhéﬂﬁéﬁ(ﬂgl@ﬁﬂa@né&ﬂﬁ)ﬁ@n@smewmrhanmph@nt audpeds cel | s

are incl udessfertih chi6s addedndwafen hidgiiy da0RI, the GakdnuIBGSER B HpRY H!ﬁggi into
I gl_ ned bel ow,

cl ose conta ithin.a support carrjier by a nethod to be. ex

the cell sEnr%(aaLfée\AHeé’ﬁ?d'%ﬁPéEf S\E/ﬁtet ﬁgéléecﬁmf%ﬁéf then M el aqditiqn. b4t dr % i on i s
ef f ect i vengroeaklyitsi seedo afo@0@3P%. For the delleciduppontmaaruituer cdngitions are

parti cul aapplick] frt 86hndie QARG b G§nEBhior ?ﬁbfnurﬁ%céﬁ bc%nge‘fi]ﬁréfrl(?ld P Yt

t herein. For exanple %el | ed, fibrous, and soflid-stafe supp carriers are

pr ef er r ed CTHFTEF 0 Ao 7aCs uppaier anpibitic wikh s siroriomyes san alsorbet he

r egener at rdded@s ggmogyértan i n vi vo can be further prevented. As the

support ctagor3'5 r to be used in the present invention, nention nay be nmade

of, for exanple. collagen, agarose gel, carboxynethyl cellulose, gelatin,

agar, hydrogel ,Incafier tvaggrsatq pelbsd fretexpmaple) 2 colbiispénsi@s| cat jpe seurdfugadime) ,

Mat ri gel (rp? leiuaggfegdfe))f _rr?kéh‘ghyd)‘lal d‘enlbrailam cpi!t}%ﬁhlnéergls, ﬁﬁtréé'ﬁ&l?flvle WeAg oiRt ri X

m xture, ol Lc | ol ylactic ac actic .

aci d/ gl ycg'lgl% alt%:ll?ndll (It:" h%ﬁ"@é“%ﬁ@%f’r én%’s?rﬁéh?tit&ee?e(ngr?@%i’al}b'tnf‘?é‘?‘é Withg| | agen,

agar ose géch abarhepnibeyre brehghilinveclosgedoatacn, Aabigh. dehgitir sigrelmeaBielal  Mat ri x,

:\/E‘b! ol GeHeng%tL iGRlty e@ﬁ‘i%l@tﬁ%&)|tHit%laéﬁB$Jnk€&ugh%(E;{fs?\{e, %rta&tahgle fibrgm, agd
amnin, \c,\érHanq toalvs lspgerlgpngll, gre?ergﬁ}rf lnxesl(%8 &Tls/mletoelnx I1\6d ce:){l’s/ml,r gn rrngster red
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*For exanple, a liquid support carrier can be used by curing after disposing
the regenerative organ germtherein. For exanple, by preparing a coll agen
gel drop on a culture dish, disposing the regenerative organ germin the
col l agen drop, and then culturing within a CO2 incubator at 37C, the
col l agen can be gelled. [0036] The support carrier used for the
purpose of culturing the first and second cell masses preferably has a
retentivity sufficient to retain the cl ose contact state of the cell masses
Wi t hout dlsperS|on of, the c terein, the "close contact state- neans a
state in WHTEROWHex HO gqef“ﬁ&‘rhé‘? ?y 10eFs!isfrals s dhe Brethed Serrrehighial highl dessitind

epi t hel i alof delceB ag@rsgaté Redt pdraisidariypliriited, Butafbreﬂajﬂibll: Mt Cin@R adlﬂ@ﬁddt &ven near

the cont a%etl?olflr T a%lcli{e{h\ée&ﬂ% alpg' gpr%ge{lgcp% cent(%lef"u atl slgnaggtF eé%pge I al cells.

If the support carrier ca i for

exanpl e, pirefggagion aﬁpP@fﬁﬂT@ét éeqaan?ed rile $8n cfalﬁll)beaCbllemnfdgd d@yslt}s |w1tjpouthe

gol I ??ﬂen abmpromgmemer@hmylosuféftetm?tc%nhﬁufrdﬁaﬁlcaﬁ%@Q@H.’fea%ht fR 3 1%t12) mg{ E‘ to
ny or a.concentration su y strength is

B R e R IR IR A G N

JI S K6503~g3@99®re(f¢relds éﬂ@d gie 1800 vad Hebesmaifugdtiondelessaban 30012g, theralldi anet er

pl unger b)deﬁ’snmndsCEd%QB rEé/dHe§ s@f&ic&H@@Wgth elr \Nﬁ&%ascﬁ‘nthp%eﬁtﬁﬁf figPly used as
ave

t he support carri sent i‘nvention as long as t
equi val entgrcﬁfefgﬁﬁﬁhogééoﬁhaicﬂ& t&‘rfiaé&&i’ dal ent eval uation method. Al so, a
support c@d@er having a hardness corresponding to the intended jelly

t th b .
[o0a7) o PTHASh JpRElingY o T W ATC o] SEPleBut B RRMARECH R ccos i n

t he supportSPEEHM 'ér“OY‘%ale%reR?é‘fdt IF‘é‘LHOa?a!"g‘Fr pychias @dube) yseqd fps certrifugabersels are

gel | agg(rj edat agl, thbonhexalpdre cemrifigeél pAfiat &nqhngduaﬁdthbycenemémdnﬁ gation as
escri be C S ertin into ort carrier

With a mi 8?513 yrgtlenagg agﬁ'nl%ﬁ oqqﬁﬁgupbeﬁaltatn is rerqogeci 0551 e%&%ﬁl?glg&e e hey can

be di sposémougt oA [FomPBRanEsagther tb@hthﬁéwgﬂweﬂhée mmﬁ@rq SOélatqm blrffqnsﬂtm?ngt he tip

of a syri @&Gerﬁ]lﬂ?dilqﬁalofo blh(ﬁ:sk ithe tl{eo&%&]lt of the cellIhQnMOBP reffé?ﬁblg'n%pos' ng
the first and arrier in

sses ar
the presefit T on\? ff%t eﬁ%i'aél o al%eélc'fl’ SAf éﬂcf‘&?eg Elltft%?a?ae L'Iﬂﬂrorf]gki P‘%‘tv the cel |
masses camapses frobghughi ito oidse sen@onwithin b)ﬁuphostpoa'ne’rgbpmemelﬂmﬂ he teel |
nMasses | neiﬁl@in@@@@@\bhh@@é’lﬁ'rﬁd’ke@@qt ddneR: Qi AR d?}gertanc?cgl Call 1{1&?40 o RSS SO

that it pr ssesl agﬁ the one cell nmass. More speci one of the
cel | massg CXRY b sed agai nst the other cell mass by appropriately
changi ng {®B85position of the tip of the above syringe needle in the support

carrier. V\hen u?l‘lensgl @HIEPQ'nb?;L éﬁ&tﬁﬁ?ﬁuﬂ{]edaasquiéﬁctﬁg ?8[ %l}léu%s S the

-cell masses, era epl hel i al
ti ssue or C?‘FE%‘%HE‘hVﬁ’EI“ t iF9E granaple. gl é‘l‘) fieus; pad; plidhgale ISeRNITt qartiashEECt Wi t h

t he rresenph:ﬁeiﬁld t By SuséhgOsucpd Edi}ﬁ)bi’tadarlﬁdrSSXthaneeﬁl@%‘&Fd ¥elthe rdgendritcor i gi nal
organ (i nﬁ ydi, anl%vth!oc%}il%e?rlhcépgre &P the organ) so that it contacts the

ot her cel preferable to include solidifying the
support carri erAafheetupgps sasien o tbhelS@fbM thegewst invhwiospynentidre mag|bes

aggr EPat enfaté ohefor @Rsn eSE(ﬂtagerpfagﬁx‘é%‘ ai QQ%BXWI]E%H%I@&: %@laﬁﬁ higyed. For
cramle. WG OBV, G950 el il 8 e L W e *°
t enper at uname)Atlasti, dibtinnlaminineexitevdula ongorenksirg tpobelcblinadé (PGAY,her e are
in the cepbyRBssasid Eﬂ%)hilwﬁ%racti&"glyg@lzsgéix %B&ReF?pLéﬁ),r gl e tie.

Among others, collagen, agarose gel, carboxymethyl cellulose, gelatin, agar, hydrogel,

Cell Matrix, Mebiol Gel, Matrigel, extracellular matrix mixture, elastin, fibrin, and

laminin, which have appropriate hardness and retentivity, are preferred.

For example, a liquid support carrier can be used by curing after disposing the
regenerative organ germ therein. For example, by preparing a collagen gel drop on a

culture dish, disposing the regenerative organ germ in the collagen drop, and then
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[ 0039] 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 |ike, and the duration
can be appropriately chosen by a person skilled in the art. The culture
duration can also be appropriately nodified depending on the organ that is
the target of regeneration. By increasing the culture duration, the
formati on of the regenerative organ germ can ble furt]her Iprogressedb In
order to obtain desired condition, for exanple, the culture can be
carried o&tlh‘f“b‘"rg ‘6‘“859§%rmﬂ’g’?‘€r at3y°Gethe clagerpeas besollethys or nmore, 100 days

or nore, df0BP0 days or nore, and the nedium and culture conditions can be

changed during *rh@ F\(%f)lofthaﬁler used for the Opq{a*%ose orf’(gulgu[rm\l/gﬂﬁﬁn ﬂ ?F%E%Pn gjr;lE at he

regenerative hair to 0
r egener at iMAsseidireferbly hag |aéetg@trwu S§ff;§|*fé'f & wghsliny the el ase centadt stateaef theasdlt one

day, and nmdseesprigfoar &bﬂ)ek‘m@rilbtt fHe i@@ilsz (Pferdl"iprtﬁe f’@d’s@ contact state * MOEE alst/ate L acrimal
transpl antjn ner e iva an gener a

gl andpger m t‘gh% ttg‘?ﬁl fz"ﬁ? & arf]asssfa‘%/oge{ﬁf'e‘éq M’ § F”SI é?: “elﬁi &RE t he

r egener at idgecribed plvaye ynagitandngemaih)dmglr degeines\ah inve thtamntaasai;ur@babdwger mis

pref er abl yh@%e%élfcﬁ@nﬁloliel@t addeﬂq%t e;ﬁt’ﬂ@haqiaéélls anl(# tHPrsﬁppWr@t:ﬁﬁ@lblcy Bl bpred 2 or
nore days 21 he culturg Pibg cess Wth he support

carrier, éetélﬁtﬂgo PIOE%FW%CF aﬁecfs farfgkemg agen, aﬁ?ﬂ“&’é‘é‘@rfﬂ‘r%ﬁﬂ CafpRSes can
be cul t ur gdvadedriey wingctht toliagen bna theemreideRGEh thht tﬁé sl cntdmatiéelsls or the

I ke. m /meeﬁmnglllt erlh%gle% %rcﬁ"é%%etn FS Cgé‘gﬂ iealy s?rn?%ﬁ i tg\ul\'t_"eCh are

EETRIRA R Nl ot A
cel | fact gmsaskiredvas 4 OoddEn@fzisg@g foV @eprdds tah €2. Wrﬁllnl alﬁﬂhé‘t%} ?l’hn@ér gy ff ﬁfﬂrf);nlt In?lt ng
g&sugrl\]/PC%tL% t? ﬁg} ?tl i"g)p Q'S[?(fg%’ffs can BE PR ﬁergbﬁ tuﬁ% ﬁ }fgpsé‘é’?? éa’B‘F’r anh %exchange
and nut ri @FSCRUpNior @s {dne asehey havssagivalendstiengiin acherdiverts pecyiivelest bei ng
abl e to peviigitionahtthed.enslsb,Ma VigpbR dMrdddHaling a hardness corresponding to the

intended jelly strength can be obtained by mixing one or more types of support carriers.

[0037]

The method for disposing the first and second cell masses in the support carrier

is not particularly limited. If the cell masses are cell aggregates, for example, a

precipitate obtained by centrifugation as described above can be disposed by inserting it

into the support carrier with a microsyringe or the like. If the cell masses are a tissue,

they can be disposed at an arbitrary location in the support carrier using the tip of a

syringe needle or the like.

[0038]

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.

19



scontact/contam nation with other animal cells, the culture within the
support carrier is preferably an organ culture. In an organ culture, the
culture is generally carried out by floating a porous nenbrane on a nmedi um
suitable for animal cell growth and then placing the support carrier
including the first and second cell masses on the nenbrane. The porous
menbr ane used herein preferably has nmany pores of about 0.3 to 5 gm and
menti on may be nmade of, for exanple Cell Culture Insert (product nane) and
| sopore Filter product name [O After constructing the
regenerative or dhalge prefearetl Cﬂﬁ@“@bﬁ iddying thesappast easderaiisedispopmgltheel | s as

descri bed calhaassesa Wr&lﬁ/ th cbllea%giegﬁie ifiiHRr hrh'tﬁa §t§l@%ﬁ‘@i}e@1tﬂlg’ff‘er QErQﬁ? cgfrm

[0043] res i nven
parti cul arl’ ac}i"f:g%at eggﬁgsxa 2‘%“ ufm%g‘ﬁla s'éF?“el&e 19 i‘figng by é‘gBWé‘tng ive
organ ger rif éliarlfﬂ ey Semrelun@uwm@smraﬂ ¢ahs fof mmlacrs gribanulond temperaane. fAci | itate

connect i onhib&keean f&ﬂer%h{pbﬁédtsaéth&qhin @11@%&@5&'19%e@e11%s€se@1§'ﬂfgﬁ% Ia;/:aon of

organ ger ient-side epithelial cells after transp
the regend? a{]lnffiy‘gp'fj ‘glé t#lizedy exanpl e, mention may be made of a fiber
made froml[8039b1 ymer such as nylon or a synthetic or natural bioabsorbable

pol ymer, a met afrhd sulfdré)gﬁraﬁdl{:&]ﬂ@é &F&ldmf&?tﬁhﬁﬁllber &t Q?Boseb Qsﬁtrhm[ fiber,

chem cal fjber such ? ass nat ural ani nma
and the i ‘ikeesupm %argffeﬁ'FF a&"‘aﬂfltv CeHé’f‘ﬁSF%nthFrﬁymH% C?fﬁ’éfé’"éfthatym Pf)ﬁllmhlr ead,
st ai nl ess asd eellikej ard, thoduratien danke. appmpﬁaeryucﬁbﬂearb,y a%ﬁd&n WRille@ irtthgwide for

the regeney h@tchf‘ﬁ% %ﬁ{?ﬁofq Q:H {JJQA Fe g;g{SBnaP% [nogﬁ"red 45 end{nérrﬁnl I%I %’;gﬂ%{ pody can be

used as th resen i nv &A% on the
f orm of atlFﬁ)tP'lgSW trﬁ%e@%tm“Fhe di anmet er and | ength of the guide can be

appropriately dBgiigses u@emertdltﬂ@ &Hatﬁdﬁe Ry ﬂﬁ«ﬂam 6D theSreg iR rdtRE Afar0f
regeneration.

as to, a enerative hair
follicle germ r{he?uﬁ npn%’iogresﬁeﬁerglo? s top?bg lgtaaf{? dgcot"g 1PFoIog Fraaple: mor e
pr ef er abl yhexpltugs 030 bp carried\petdor Gidays or mog |3Gdaysscedndror30aiayeqenakat(]0ve hai r
follicle ﬂ@ysnbr kbR, log b hiay hef %fre iadd Rhe bR ¥nd chifurd QoM iodNdn

pr ef er abl so, if It I's necessary to Insert 't e QUIde
into a re)épﬂgg?ﬁfiuréthe‘é‘ﬂw&lt during transplantation as in the case of a

regener ative saFornexamplyl wheh gansplanfing a eegengrhive lidiefollickngdrey, ibrdeh® gui de is

fer abl ypi feniall Yor th
Ip(raﬁgﬂ]aof )S%JIE éﬂ%ﬁﬁi;@?%ﬁﬂt%@% anﬁz{tﬁziﬁﬁﬁ' fgflﬁ% %@m]% fgrgblgz curgcg]lfed'?lgrb?y 5 ﬁ,m to

3 nm  Fur {93&on ag‘&l‘?é‘c’dge%fabbﬁé‘“&?idéé’r|“$0r®13@15erabI y snmooth so that it can
be easily inser Wehdn|tfﬁnq;15mmoc@rrdgunérauaﬂdalli\hey %llurﬂeoé}hﬁﬁ)ﬂaabég)énér%@' nS a

degree of |AapdnesHdt fak %O%ﬁtfanpta U%Etﬂ}n% %‘alEvl nfﬁstlifaflfil%néaﬁflmﬁgtcgﬁp’af esuch as a

monofi | ament materiaf I's preferable
braid. [ ¢gsagrative salivarypgland,geten jog r¢g¢9€fﬂ'tl‘e€dlafcrlmﬁi thad egoith helprefbrablel | - si de

of the cekhinpbdispatibat oRek9RY ridie p feea@afeawra/@z 8F @8k @S m such that the
structure @T“ 1he cell mass that beconmes the regenerative organ germ
y

parti cul aF he contact surface between the epithelial cells and the
mesenchymal cel o th sultise powessgeithithyhet $suppom sanrier, ansupport barriguinctidingnd t he

gui de ver tHeCfarkl édPRBSAd dieSiadshy O4Obe tDR&PALAEDLE BlinC&] |n the %?és!sr?c@ &nd the
masenchymalhercz?nllrlnalfcre g(t)rl e like.
When culturing the support carrier alone, conditions which are generally used
for culture of animal cells can be used as the culture conditions. Mammal-derived
serum can be added to the culture, and various cell factors known to be effective in the
proliferation or differentiation of such cells can also be added. Examples of such cell
factors can include FGF, BMP, and the like.
[0041]
From the perspective of gas exchange and nutrient supply to the cell masses,

and from the perspective of being able to perform all steps in vitro without
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‘Al so; the guide can be inserted into the cell clunp that becones the
regenerative organ germimedi ately after the start of organ culture, in

ot her words, right after disposing the cell masses of epithelial cells and
mesenchymal cells in the medium Also, since the strength of the epithelial
cells of a regenerative hair follicle germincreases due to cell adhesion
during organ culture, the penetration of the guide can be increased by
using a strong material for the guide (such as a stainless steel wire or
the like) an fhar pening the tip of the guide and the |ike, enabling the
gui de to KenpGSeRpmiation yith oty animal sells, e ltyre wighin tha suppert cakisr ui de i s
pr ef er abl ]brdfeﬂslﬂy 'rae drdafaeldirat e]ln)anai‘rgaenrcunmepane atiinoe identaly oirgad ogetym because
at this t I rial i a living
Pody ‘such a1 pFRRE iR L st AUETE) BRPC RERAE LAT AR

i nserting piaﬁ@aghﬁ ﬂ@p?lﬁﬁmlﬁh@ch‘lékyér‘i’éﬁrﬁﬁ ol sequureel anassestandhe @g@h@uﬂatu ve

% gag ge[ %@@&fob@nﬁtﬂb?aﬂé agletdl Herein §1te?e{rﬁ)ly Has\/‘{ﬂh@b&@ﬁ)f&%ﬁ&) PRS5 PACshd NS ?r It ed.
e uratli on.o cul tu r inser ropriate
set dependlHHCHREY e g ah ‘ShetAis el flyr Bied i Gst el dningly  *' 'Y

exanpl e, Witen(pedutnimg. a regenerative hair follicle germ the culture is
pr ef er abl Yom!ried out for 1 to 4 days, and nore preferably 1.5 to 2 days.
By culturing for_ .2 days afteyr insertion of the gui d% thﬁ F Eiﬁs bet ween
the guide and t BT SYERUGFIIE; % resPRAl e WaaL €18t F1omgthe sruhelhT ge s to
prevent ameserehyratli @hs ag Hescribslyatoeeur gudde isnigsdrted nstp | thentegtnepative Alrsm,

cul turingegfter the guide has been inserted is preferable because the
regenerative organ germon the epithelial cell-side can be el ongated al ong
t he qui de 0051 s el ongation can inprove the efficiency and stability of

aut ononous adheShoTguiiet weehintthepefint iekntédn is abd pa‘iﬂndﬂ:@r@d [rhikedMms 0bngt 43

Fegener al oA, AD Lokl &R DB Ltk S8 Byt A RRPhGgal e

transpl antation o e rege feratlve org
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‘Al so,;, for exanple, when transplanting an organ germfor which it is
necessary to insert the guide into a conduit on the recipient side, such as
when transpl anting a regenerative salivary gland germ it is preferable to
conserve the the recipient-side conduit for |ong because this can prevent
the guide fromfalling out after transplantation. Also, fromthe
perspective of inproving the nutrient supply, it is preferable for the
transplant site to be near a large vein. In doing so, the transplant site
beconmes easier to adjust if the recipient-side conduit is conserved for

| ong. (0044} 5o, after transpl antation of the regenerative organ germ
the gui de can behd iguidd it Onidried tfasrgethe spttieliaf ctll-aids pifatht adelloclumpi thet a t ape
or band f e [ does not
a1 out . Fiooag e By oih sk P dhitint cKferd SORE dRllCwBl AR S0

epi t hel i abeeasids sthe Heenpratienorass| geam, @@Flpularéx |thﬁeem§%¢<9e%ua°ﬁcet heweaydifer at i ve
organ ger@bﬂﬁﬁah@ﬂﬂaﬁﬁ&@h&@mﬁﬁ?ﬁahﬁﬂﬁ1aﬁ&Qﬁan&H@&®kaﬁh@thHﬂQﬂmﬂbe
regeneratlv rg e an he reno: m transplant site.
The ti m ng™ df¢ ur‘r%eg Vlem(?f“ﬁ)i eﬁé{ age e%]cr%’ b sh lbe(lé?l at ftrac‘ao %nggfll’ldl ng on

t he regen@ﬁavwhﬂndﬂgﬁﬁagénn1 For exanpl e, when transplantlng a regenerative

hair follicle ggIs8) thdguitdi elﬁl 'b§ Pi&tear ald Ythé Q!?EHV@ldmfprﬂth&@orﬁésaﬂ&p' ant
S|te3to7dasaftertrans ui de anasg be.left so that it

nat ur al | y "$ESPFTAUVSPrERT SFAY (R @pﬁ’ﬁﬁﬁe I of Rraan;cyliutgs in, OREr WA, hap) e
mat eri al cight bfger| difposing tieatalk alla:tsys bakpittelial detloamd Imesenchyrspll @hls isithee or

until it &?eg%poslﬂéo %ﬁncbsheaaﬁqume&thé BoitRlidll el 8f a relBfRadRehaGUblIRId S

enbedded er the skin of recjpl ent toget her with the regenerative
organ ger #FE {ISFpqsARS P SRY a@lileawn fie oxgan; chltyg othe pepetigtion of Bettideat i ve
salivary ghabéingeasad byt usirgg @ftﬁfngmdnéreal f@r thes guide tsudammtbml:ebsastgajivde: [0049]

I n thi ; re L
wth b guone e 9‘%’@?"'%“ B Bhiay End D el e AANERRTL SO0
germ el ong@?@ecblloﬁ)g t fays gqﬁegéhe 'FWéfr @f)yu tyrpe BeshEridg) is ypreferarive insetiesl
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continuity can Reof Lhrﬁtehelhserﬁrmg qu@dglh&cau@etﬂeh@ecreﬁ&!ameerurgasll demepitkehel i al
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to elimndf% n?%ﬁl@aﬁ%mcaﬂésgu “1“6 In SR8 i+ bish Sspias ag bsicinfre gui de
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cul ture. There%(| ficiency Tegenerative .organ fornmation can be
i ncr eased regsacrete kag forlicla som- H‘Grci“lﬁ'g“etlsr BRI FiehPutdan! e? Aaxs M4 ated. In
parti cul amorypeferstdy N ta 2giaysle B}Oculanrmgg@med@ts bfte ihgitionf eflthd glide,gler m t he

hair foll 'a‘d‘lk<;‘[3s1onC'Jeg%e!nC%i?et 60 By &L g%&\ bx'?ra OH‘lt S‘rge,r hd ﬁlgsf fi"ﬁ@g whi | e

the conti nul Re Fegener al r" m an
reci pi ent 1 Pfféeférf‘inv Iﬁ‘éYliﬂ%ﬂnsdbﬁltIr%aYC%ﬁ“fb@r%dtfﬂﬁdam%?“a uFltltU“PEéﬁﬁral r

growt h ef ftlhnglﬂﬂéSMasf bé2 ihdeeted egpﬂa&rrﬁﬂé ua:ahaa the frédehéraliee @@EMMcE@nohehd Mpr oved

and it is ner air ction The
o L o TR Rl 7 ol e P a8l S50 b PR e £
enmbodi menteffickask pnd edbikier di amonamdumcéxeﬂm b¢tweemidie @pithelinf eelltsidehporieresent

I NVeNt1 ON.of the regenerative organ germ and the epithelial cells of the recipient after

transplantation of the regenerative organ germ.
[0046]

Also, according to another embodiment of the present invention, the
regenerative organ germ provided with a guide for transplantation produced by the
production method of the present invention can be transplanted to a target site.

The regenerative organ germ for transplantation into which the guide has been
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»The ternms "conprise/include/contain” used in the present specification are
I ntended to nean that the matters as descri bed (nenbers, steps, elenents,
nunbers, etc.) exist except when another understanding thereof is explicit
fromthe context, and such terns do not exclude the existence of other
matters (nenbers, steps, elenments, nunbers, etc.). Unl ess a
different definition is given, all of the terns used herein (including
technical ternms and scientific terns) have the same neaning as those ﬁﬁdﬁly
understood b hose skilled in the art in the technical field to which the
present i h'\‘ﬁ@%‘f‘{ é'faB FRignted §q adargetssitg py £ grethpd ke ke thoggskilleddn thejass ¢ | y

gi ven, thdot araﬁmmseﬂn hmn@lamtmgmtdgdndmmerﬂaerf@llhelb%dnw1t tandenrasplaged hat i s

Cone! Stentoy kit 4 Rk %ﬁs@um%ﬁmizgg AR Hap AP G il el B o) 2t ed

t echni cal not reted wth an
excessi velqhof BARANSRgRTd er‘i@e or an implanteowktcipitikizes ais prrseirerenthe like- tﬂ@ present

i nvent i on Shapig meﬂargmhtaueaﬁﬁhdea@ arnﬁdtlﬁtgi ﬁamlﬁ@lh@r@dﬂ @oﬂida@rc?di&:d A@me the
schematic dia exa(g%erat ed gder t % the I anat i on.

'
The ter ns "4 n?"sne %%'}?oﬁdm'cr G2 1P O t}ff'e ?ea"ﬂs rtégrlf tous
el enent s hl@rlmlamedb\!ﬁmg twiegersndWihen epplyinBahist kied of é\lalert@nslslarartedlnoluel imted

by such t @[nd® the TB@meratifs @alasanuﬁma% avuatt@ngrosvtideaqayltﬁ@ Rt @lvepmdH from

anot her el ement, . and, for., exa as -first- can be

| abel ed ad@s 2equldeqiit is Rpsebls;tp %Fﬁ?te YVHEO‘EIdgrﬁE%f tqug@gg &b Ereengt@dE P can be
| abel ed adolitler girth by tpidirtg dppbe tguing, indnhd leerstapeamnet therefire sesity

i nvent i on pefrQRY] The present invention will now be explained in
further d @ Il below referring to Exanples. However, the present invention
can be enE @ d by various aspects and shoul d not be construed as limted
to the exanpl esThesgaisplheadtibed&ithn of hexegeatatie drgfdgdrnd ¢an RRrpPtiptiaery of

Regener at inYo%imi nﬁepgr?clilllgi 811 (?l)m organ which is the target of regeneration. For example,
when transplanting a regenerative hair follicle germ, the depth is preferably 0.05 to 5
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, 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 is excellent. 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 increase
the continuity with the epithelial cells of the recipient.

Also, for example, when transplanting an organ germ for which it is necessary
to insert the guide into a conduit on the recipient side, such as when transplanting a
regenerative salivary gland germ, it is preferable to conserve the the recipient-side
conduit for long because this can prevent the guide from falling out after transplantation.
Also, from the perspective of improving the nutrient supply, it is preferable for the
transplant site to be near a large vein. In doing so, the transplant site becomes easier to
adjust if the recipient-side conduit is conserved for long.

Also, after transplantation of the regenerative organ germ, the guide can be
fixed to the target site of transplantation using a tape or band for skin-bonding, a suture,
and the like so that the guide does not fall out.

[0048]
After the continuity between the recipient-side epithelial cells and the epithelial

cell-derived side of the regenerative organ germ has been secured some time afier
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1. Materials and Methods (1) Experinmental Aninals Hair follicles
were collected froma C57BL/ 6 nouse (CLEA Japan) and a C57BL/6 6- TgN
(act-EGFP) nouse at 7 to 8 weeks of age. Al so, skin containing a body hair
germwas collected froma C57BL/6 6-TgN (act-EGP) nouse (SLC) at 18.0 to
18.5 days gestational age. Al so, a regenerative hair follicle germ produced
by the experinental nethod described bel ow was transplanted into a Bal b/c
nu/ nu mouse (SLC) at 6 to 8 weeks of age. The animal care and

experinmentati Was duct ed under the approval of the Ani

Exbor | mentARPTEOR |G dMBsHEGU At eTog BT BF Sy O B Tesued B il ance
wi th the mehgladsitanwdhe iiningfoe rdnadvabsfdhaguidesin tengdpgptitelyisaetepeddd}b3] ( 2)

Hai r Papi |
o Cor of oo et Wi, FTay For RabiBle, SHED AMIAfnGa SOUeRalve ST TOL08
tissue wereliglsgemoithegude aﬁsprﬁ%ta boreaamedyBomrbe Hansplaputitss® toat days aftehoval of

t he subcthnaﬂ . U THeSdifdeSehh ot 186 sb hl@at 3t iheurity fakle &t frblh&hehﬁhﬂ’spfaﬁﬂ licles
were |1solate

ir fo icle | V was
ol ot oq. ShEq A Rulte S A BLREfbab okt daf o RS SR fhort Sad
i nj ect i on tmewding stoorwd sedachmpdrgs or fsottisprbbd.  Imtpartisalar, \mﬁnbhmgldﬁ sml ated to

extract tRgbbddetd AR the akinl BEtheXbéi meal,o&ﬂelr witRlthd eéoen@mehﬁbin papi | 1 a were
preserved tal ni n .10% f et al it newierum and

1% peni ci |a?tfrnt.r§ft%maméw$ oM Mecsis® Fha TetorHidt sHuep p‘aﬁ EPEWhS seeded
onto a 3. praferablultd usee tpdabsdrbabldgwhe.(Ni ppon Bect on Di ckinson), and primary
cul ture wagygenducted in an environnent of 5% CQ2, 37C and 95% humidity in
DMVEMLO cont al ni ng 10 ng/ M of FG-2 (Wako Pure Cheni ustrl es, Ltd.).
After cul turingl¥$e ‘Qayd9¥/§qwll‘%th§>€egfélﬁ'€j‘?'ﬁ@O'Ecﬁ’é Eﬁr@af Maaw %%aém&twhand 8th
day, the prguia; shecapithellabdelbadrivepaplild dfathe edgdeseritivecorgsegermldlengatd didgy

cul tured Rﬁé éllug plfhe%&?%b%%oconfté%m%gél? %&)ﬁ?&lt WdE Qpl’?l%%aﬂ ce)ll’s aﬂpl A ed with

10 mM EDT i ning ypSI n- neut ralized
i n DVEMLO epiheiipl callsittelof twggm@ratlamrg@%éwf& éruaw&ntﬁﬁla@ﬁan Reinpsensdr at ur e

until timm bmlcmsﬁwhw%@ude@m&aaxmealohtsm di’fthe"@idenﬁﬁbt tmlt@nﬁyuahﬂe.te
Epithelia extracted ker t|

|
col | agen SHISEH A sas5af Gl oG & O sBehE ke B TRy o Fiet T ssue
was subdi vindeded roecaush dhd uecentegleoepittithd krllsgeongats em thd $usids whshe eact ed

for four m.ayiges &k aAdfg R @un%@'s*dt b O QfimAatP3S8igh! subBasdedn A gkiigson)
having a final,k concentrat.i.o

and !
(Wor t hi ngtPBHC2pISRRNSTH ERgS Qe%%é%ﬁ@éﬁfﬂﬂ@ﬂﬁ%@%%@ ?fgﬁ BRI S6LS was
surgi cal | yand sh)d atesohchynbd @libehybe rimpicond epithd elgeadrativessya gerth dumresenchymal

tissue ar Quﬁﬁet hfhé?éﬂ ﬂ‘xelé?ﬁé?éhcg o¥$§eh&h§&tdrgz§h f%?;ﬁ&’t'icﬁl cahfig 1h&945@& Gtk bul ge

reglon ep|t eI| sue Was S hour enzyne treatnent in an
i ncubat or P%Grmatt?s%uwlgrsgamplfmtwmaag}snfamé&ﬁqu by parisylar, 3 (U8 Hassed
t hr ough a gdhie[fbia f@eweraik lhaitioléitle gerrh,aho hiiafolidle fdrinadort &dnl t%. stiffuatedl| t ur ed

nai  Pap! i Gl A0Sl d ShaRARLER FOLLEREEe it ffly 09T yPST 1

(I'nvi trogen, m pore cel |
str ai ner tagd dha ggcpplmsfdpeqﬁuth@;aﬂ sells can be secured. As a result, the halr growth

efficiency from the regenerative hair follicle germ can be improved and it is possible to
control the hair growth direction.
[0050] _

The terms used in the present specification are used to explain the specific
embodiments described herein, and are not intended to limit the present invention.

The terms “comprise/include/contain” used in the present specification are
intended to mean that the matters as described (members, steps, elements, numbers,
etc.) exist except when another understanding thereof is explicit from the context, and
such terms do not exclude the existence of other matters (members, steps, elements,

numbers, etc.).

24



*[0055] (4) Production of Regenerative Hair Follicle Germand Organ Cul ture
A regenerative hair follicle germwas produced by the organ germ net hod.
The detail ed procedures were as follows. The unified bulge region cells
derived fromthe bulge region epithelial tissue and the cultured hair
papilla cells obtained as described above were individually transferred
into 1.5 m mcrotubes (Eppendorf) coated with silicone grease, and then
collected as precipitates by centrifugation. Supernatant in the culture

solution after fhe centyifugati.on was. conple r eno usmg GELoader Tip

0.5-20 m ( Eppehﬂ'ﬁ?sfﬂ di ffﬁé‘iﬁt% é\ nEER 1agEF- g’l Oflo‘ﬁﬁberWéélsif’reg‘H B oppi ng

30 M of Gehhicdtterms anyt paeiti teiis) haveGbe sanamedDirekas, thaka padgly omdemst@ocpet ri

di sh coat r ' 0.2 m
8¢ sk Qlﬂﬁk& hFéHE'%PQB %Sr]QT}{nQ%YVﬁQ‘a t@éﬁx@c tgé g%)serbﬁg%ﬁ&{ b&S y

of the culfured halr S prepare cri ove
i nj ect ed iUess thdiftesnt égﬁnmgm is xgicitlE | giyena the terms usgd hergip shpyld ltq p
(Qual ity GQaeprddd mdthPhamiehring the pr @dmseena wmh | th@ggEmgiat én thkax;iresent

appr oxi natsgelé:}/ﬁcgtlgn @Ld q;ne rQ%teg) l{e 1caf%le Sa eh\elsllaar gtl l)e 15’%?18 ?

descri bed were injected in p usin 10 m
pi pette t|"}5¢@(9£@|W1ﬂy318t>409ﬁ$t‘4€mfeﬂmlamah@g) so as to closely contact the

cul tured hair pgght ot @eldmRAFHECALE, thé t}ﬁéseba/uﬂéﬁmm%m Beehehiplaggr egat e of
t he cultur halggﬁqollla cell s .an

th onelthellal ells.
Furt her, Sl?ﬁnlgﬁ ic idgtams. it heels?%ﬁfnaﬂg%fa(’& eMgY °f ﬁéa%gﬁfqtedg{jlgr egat e
of the cuIOtderJdclmethqmplahbtamcel | s and the bulge region epithelial cells, a

nyl on thread w th @rhotsel egae&da oéndﬁhsnmké Matsuda MediseqbridRAustidy) Was
i nserted ile, confi rﬁﬁrsgquin er I’eOSCOpI c.m¢cC e so as_to

sco
vertical | Yei5En&pt L dsu H i“htéest‘? s %rﬁr“PbE'é"tﬁég eHes- c Uihetsr ed hair
papi | | a cedrinsfreactd onlyandistihguithudmgelanagt Gomepmiothaetic@bnicald, fdrreamhplon w t hout

damagi ng Rﬁ%eeléﬁléﬁ{%%@d RF &6lde ABALEY ?ec&x?cﬁ’r&ddcéﬁlnﬂ le H‘@ cftidft act

t.
surface between the e |9{1 1]&" al 4Is and ?he nmesenc
Subsequentabg! edtaﬁeSfej@P d?a@pb%}aéel%ﬁ st svisht ﬁ@ﬁartylgr#mttbes sgppe yf@et 0
sol i dify ipteserith@feation.f urt her strengthening the link between the epithelial
cells and nesenchynal cells so as to produce the regenerative hair
follicle éerr‘rivvlth a guide. [0056] (5) Acquisition of Enbryonic Skin .
Epithelial and Nesseratenyims¢ntion|Wil now be explpxmed i fugthendeigaldebooy tegastingitof r om an

EGFP rmusgx@.ﬂplreyo 18wehBr, Qhd Breddhi %»@au&] e8SbabnBAAd BPRaridRthshhies &l thel i al
| ayer and a di spase treatnent

under cond ‘fuil%}t]l%t bSFX’iStrHV\%?Seh gﬂa ‘%Bﬁ]ﬁgﬁ‘f&&%gﬁﬁsed on a parti al

nodi fication of the nethod reported by Nakao et al. (Nakao K et al., Nat.
Met hods, Aﬂﬁ;‘b}n lgs 7-30, 2007). The dermc |ayer was further subjected to two
treat mentT L 00 units/m collagenase | for 40 minutes at 37C, and then
subj ect ed 0% 2lni fication treatment to obtain the mesenchymal cells. The

epi t hel i akl. Payettionas RekbarraivbHadtRedlide) two treatnments with 100 units/nm

col | agena es at 37C, and then the mesenchymal cells m xed

t herein \/\/Z‘rsﬁ}adlatreilgl aﬁ@M%%ld% owed by treatnment for 10 mnutes at 37Cin a

0. 25%try}§@|ﬁ¥P§%‘Pﬁl‘!‘P'oﬁfpl@éht aining 100 units/nm collagenase | and then a

uni fication tredhirgollicled vaké abmectdmefre@l 4 ltsl7Bale ﬁ@héé(CLEA JapanfNagi@.a a cel |
200" gt ol e SRR BRSNS T SO TGN
t hat body hair germ was collected from a C37BL/6 6-TgN (act-EGFP) mouse (SLC) at 18.0

to 18.5 days gestational age. Also, a 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.

[0053]

(2) Hair Papilla Cell Culture
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‘described in (4) above, in which the enbryonic skin nmesenchymal cells were
injected into the collagen gel drop instead of the cultured hair papilla
cells and then the enbryonic skin epithelial cells were injected into the
col l agen gel drop instead of the bulge region cells so as to closely
contact the enbryonic skin nesenchymal cell clunp. [0057] The cel |
aggregate of the epithelial cells and the nmesenchymal cells produced in the
gel was transferred together with the coll agen gel onto a 0.4 mM pore size

Cell Culture In Bect on RLcki in ich a fe Beton

5 cki nson) o whREre e vifB HaE mbsehy o Raluiouwsel g ey

subj ect ed theobucha shingad ticudubuutencbos tiduelays: dotickeed soasdiot todesnagt ik Mair 5% COZ
and 95% hypjdi { Xpehe moegﬁumhg SUBARRSEA fike P@A@E@ythggﬁﬁﬁ%ﬂse%l (6)

Transpl antati on o egenerative Ski n
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made of ”%L@g 5‘5 if14 &g “(e%)&s g&’?@%@%&%"s{’) QML 8 withl) %W?Mtﬁﬁfﬁgolm?o'%o”t m
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wound. Th(—i: nspl ant depth was adjusted so that the top end of the
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exposed af3quissioneh dlaifollivls Bula¢ EpvhslirlCelland t he regenerative hair
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pr ot ect ed regidrhtidsue %bmcmddoﬁwughmaitesTaﬂiﬁé°Q &M soliitien pf Dispaseill Bdcame was
renoved 5Ij18<n?sog)3‘¥1§v1ﬂ%t:?rﬁntaf @mh@moﬂt bR @mh tH§ mo' Mnf o nf I de was
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Over Tine and I'ca
to a I-hour enzyme treatment in an mcubator with 0.05% Trypsin (Invitrogen, Carlsbad,

US), and then passed through a 35 um pore cell strainer to obtain unified cells. The
cultured hair papilla cells obtained in (2) were also collected with 0.05% Trypsin
(Invitrogen, Carlsbad, US), and then passed through a 35 wm pore cell strainer to obtain
unified cells.
[0055]
(4) Production of Regenerative Hair Follicle Germ and Organ Culture

A regenerative hair follicle germ was produced by the organ germ method.
The detailed procedures were as follows. The unified bulge region cells derived from
the bulge region epithelial tissue and the cultured hair papilla cells obtained as described

above were individually transferred into 1.5 ml microtubes (Eppendorf) coated with
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*The transplant site of the regenerative hair follicle germwas observed
visual ly and under a fluorescence stereom croscope to evaluate the hair
grow h. After the hair began to grow, hair growth and regressi on was

eval uated via periodi c photography. Extracted tissue was fixed with

M | df orm 10N (Wako Pure Chem cals) and then a bl ock was nmade by enbeddi ng
in paraffin or freezing in accordance with a conventional nethod. Serial
sections were prepared and subjected to HE staining or Hoechst fluorescent
nucl ear stal ning for histological analysis. [0060] 2. Results (1) Hair
Growt h By Slifopearsasenawt henr ?Qﬂ%ﬁt}gd ahpre@ipltﬂe&jen@matfug@omau $upealatancingh&er m

I'n order toaltaradoyzen tfter ﬂ}é&:@ﬁtﬁhﬁ!@ﬁoﬂ Qﬁ@%brﬁﬂe@fy ﬁmro@&?[?ﬁﬁﬁ ohlgrrzf ol licle
ger m t hat yes, |nn Eacutglr t&é reg egei)dat ve halr Tjolllcle
germ was pr epar E4EPRESS T2 SBé”aétpre_PSr drerniestdiml 6hal  age
and then tGamagivanredA ﬁ‘{ltoa Clalatis] k(i)srak@,fJapan) wde xS dish Tosted kiith ssnext r act ed
after tranﬁéﬂs@-@@&'@ﬁmnaq@ra?) p@(@fr&uﬂaé@%% otftﬁ?er(gﬂ[furemlr &Sﬁ Argfs and HE

stai ned. As a é{? b ebtrans ant Jaocatlon was termn e wthin
the skin d’é?%f"éj PAagribgd g ‘E‘P‘?ewecr imessedinio the seliagsagelidrop upinaed- bie Hver age to
be 393 pmrhl @metthetlmdﬂyalswSaaeLﬁcThhstﬁce;ubtﬁrodmdléﬁllehg/graéaft@r Neanspl ant,

3d f tapro ! o n c ed 45 descr FIG 2.
3 days @ Igp &rné’j;a%t? oamﬂ P'&Q: %efe’%gﬁ)afaf ftfidlia Llrér"’lﬂs }: dI sc? %&gy "

t r anspl ant"&d° HEGE % 'AQ tg?(ﬁﬁﬁ“e £H dropusing Z\A&é t¢ ilQed pllmftta tth(Qtl@llt}/ Scishiifih it was
pr ot r udi gg’ldstlosm dohes o djosslyr doneet (tlieheulﬂiﬂéﬁ (rl?allr papilg ?anﬁggré W, Qferliy O; the
arrow i ndi Iy ring the tra ant regererative
hair folli g(?&u%ﬁlg J‘%elgga ?r%éatﬁ )e%gl pI en ured i PePIRt uliﬂ \‘@Eearﬁio heclb‘ﬁﬂeeé 2 (the
phot o of teRihaliel elly; n@dt%&orrbﬁhe ibrlge mwrmmuhelnamlbsldeagnhe celhagdrate?) . By

the 3' dayfafetcalturted A5 PAFIM cells BS] BB bLIREkdodn @QHBPJ‘ @éﬂs QﬁlePﬁlréa%Qﬁﬂler ative
hai r folllq$ ayer were connected

re i n epi der ma
via the gli dtgl‘? moﬁé"t"&“@f“?%ﬁ?@ aéthé‘r“ﬁ'é}j) g@d’c‘?"*&ﬁd PRI penfireingrundery of Day
3 in FI G azsterg¢ssopie rroqumnecspt &std Merticdlynpateeate ptbromglom)e cBitadt harfdédt h day

after {r anslcaptne LORubRIGi SplILCLA YISKHEGRNRLA0L (g LoRSEr Bl ve hal

began to (i;rotw F\ X surface on .t 10 in
FIG 2) wth'd Wﬁ ‘?“téiraﬁ’\ﬂﬁ'ﬁ fheHHSHES, Of)fhegl?%aggregate (Parmtkl%ﬂy thlﬁ‘ecoﬂ@Stul ts upon
t r anspl ansinfiege dervege terepithalial beisrand diel mcsleﬂclgﬁfamaﬂl@)’l \S%dsehﬁ&iﬂvaﬂﬂe gul t side

whi sker i @Pcﬁ’) \Leﬂqal?%’gtaﬂft fo@S%ﬂ@[emLﬁS?egﬁés haaflt¥| é;hheﬂ AW elrgﬂtéqgghe@t h was the

sane as d above are shown in g% cting
the i nsertt getf"ﬁ"é’ i sihsligd Selish@dr@Q@F%?@hymél ¢edlfs iso fag|t) iprddmegdrem " E”

i ndi cates r¢ghﬂaerp10rethamfolﬂierelo\tﬂﬁiWﬁth@rgtutdée bul ge region epithelial cells, "DP"
i ndi cat es (;dgg] portion derived from the cultured hair papilla cells, and G'
i ndi cates the guide. FIG 4B shows photo that tracks the transplant site
with a fl (Dreqdisiica Oﬁﬁ@lbé@mcoﬁkm@mﬂ@llalmhdMesmcampll@aﬂm ng the adult

whi sker - der i vedDsegaRer whd ¥&tleb@l trohPhd ECFS ;H&Iséﬂem%%%eﬂelrsaﬂ Vﬂ@t ?tﬁéf b(elng‘g to
antation

T T R KRR
Regener at B \iésprigi treaﬁod:ﬂtnmtiq conditions of 1 hour, 4°C and 55 rpm shaking based on a
partial modification of the method reported by Nakao et al. (Nakao K et al., Nat.
Methods, 4(3), 227-30, 2007). The dermic layer was further subjected to two
treatments with 100 units/ml collagenase I for 40 minutes at 37°C, and then subjected to
unification treatment to obtain the mesenchymal cells. The epithelial layer was also
subjected to two treatments with 100 units/ml collagenase I for 40 minutes at 37°C, and
then the mesenchymal cells mixed therein were removed, followed by treatment for 10
minutes at 37°C in a 0.25% trypsin solution containing 100 units/ml collagenase I and
then a unification treatment to obtain the epithelial cells.
Also, a cell aggregate of the embryonic skin mesenchymal cells and embryonic

skin epithelial cells provided with a guide was produced by a method similar to that

27



‘A regenerated hair follicle was extracted and carried out for tissue

anal ysis. The results thereof are shown in FIG 5. Enlarged versions of the
portions within the square boxes in the | ow nagnification m croscope inages
on the left are shown in the photos in the mddle and right col ums. The
regenerative hair follicle was distinguished fromthe surroundi ng nude
nmouse hair follicles using GFP fl uorescence (the lower |eft-hand photo in
FIG 5). The epithelial tissue of the regenerated hair follicle was
connected to ient s epi dermal ] ayer, and the reci pi.ent-derived
cells wer é'eﬁé‘hfcﬁﬁ‘nﬁe O‘iehlan ¥ icgéfﬁen%ﬂ’ rB%%‘&ISk'Pa[?@F“WmPh%e ls ovfrRe i dpor ti on.
Al so, in ftie thﬂlcafl@d ghadros indteatihef’ thepeyorddi hair phpillbecellegadenat ihee hair,
regener at i, n h rked with
regenera| .9“% rfthict ik §ﬁhgﬁ§%%§ Qe Mfeckgaﬁ%tggﬁé bdIIERg, bl a%?&%{ea&%g%
Sebaceous by gaﬁ%@ow 1F et tprcmlv ﬁ@macéglaerrémtmmes%mesméhxm% cell glamm wer e

m xed w t ljoasrpse der| ved fromt he reC| p| ent cells, but t he sebaceous gl ands
bel ow t hose of Hé] eneor at 'ftﬁ { dQ Luer e Erl vled”fror(ri] he

transpl anted re ey "{}e WG g hlecﬁ e Se? ERCHsPY el REYEEdon t he
right sidenihe gl &as Srasﬁewdmgﬂhtruwbls the] gpllpagrn gedwero 7 Ddhml h(arndmpr(éﬁllo si nce
GFP f | uor gxdi@Rdasdrt(Beb®n wmns(oﬂ)ernrwﬁ&h 9%%1! a&@éct&i DRKWASN)Ge WhHidhmed, it

was denonst t the erlvdfromthetransplanted
r egener at ﬁ\}Bla ‘I’fj:i(’jM 10 W28y aélgﬁ‘u;ar‘fl. th S‘fth"il wag shbigeled 4o tierganecuigter
follicle dxhizbdayedindethistdtiongi afab1°¢, riés red., rmdr%%IHmmdhe/ $d4 rpoedud¢ @, and t he

regener at iy Qgﬁ\re }faqlf{)!hgfe fAgrived froman adult side whisker was clearly
| aner tha i@f hai r . e]g[0062] (3) Analysis of Regenerative Hair Shaft
The regen ve ha| r derived froman enbryonic body hair was 100% bl ack

hai r, and (6)}ansphendombi Regehahtved®tit Faliclé Germ ano Ndud Moﬁsdﬁthl sker was
95. 5% uhi te_hal g, FLGno8usha RGOS, GEP RO, ABFETHA LA B Ayoptf cal

m croscope and scanni ng el ectron m !fn hai r
shaft (M e?lﬁw!lah cells rpad 4t empayopie sin Wﬁ$e§Rlefrnal|CRlés waﬂ dhmggﬁnqmvedwsrer ved

i nsi de t heoltlels heen ! pro@ged E}dm u&abulgari@gl&l ‘ég&he(lilblecell%t drdcthdrRIteRUI sl ent to a

i sker - exri ol Ser MR aBRE, MFCRpkey €% hmprnlledr B ki LR o Chose

of nat ur amdysg #s desgribedbelowpr esent ed a cl ear whi sker-1like structure. [0063]

(4) Hair Cycle ﬂf nl@gﬁﬂﬁea{»vhé/ @néelized with pRRELAISIAE KA rbgcérbﬁcgrﬂl‘m h and
regression of t .0f the regenerat whi s t he haj r shaft

regr essed 81%Veflh‘elaheff‘?t['?:‘£ ot S eBlagsd iy ”PWéﬁ geha “ﬁaP‘fS‘tgﬁaf‘ 'gr ew from
t he pore dlisirdeciing\itsi bmbk wma ibadime. f dlhk noatse (Wak @unctyred Alsimg,a VHancelumiatoi on of

the hair cygle XRSn ?aﬁ)'dh)vtglf&% a LR Waindfork shm%&%@%lg%t@u@%w&a'

whi sker and no sig cant ference was observ rom such
resul ts, |"’t‘e¥/\ﬁf§1'8'? ghthe dpogic tlzﬁér r dgemEthrpyd sxssnded Eom;theBody wirigemivect i on
with the hedepih ehdboapiolepnain thayertichlodike@fiedtindabdut gr owt th thechotig@itglssi on,

even if i{;Pagge SThJ]EOCng& éerl]%wag?érhov%xcftlo%‘i the regenerative hair follicle germ into
which a guide made of nylon thread (corresponding to 8-0 nylon suture thread, about 5
mm in length) was inserted, and the regenerative hair follicle germ was inserted using
acuminate tweezers No. 5 (Natsume Seisakusho) so that the epithelial cell component
was facing the body surface side of the graft wound. The transplant depth was
adjusted so that the top end of the epithelial cell component of the regenerative hair
follicle germ was exposed at the top end of the graft wound, and the regenerative hair
follicle germ was positioned so that the nylon thread guide was exposed at the body
surface. The nylon thread guide was fixed with a Steritest strip (3M) to the skin
surface near the graft wound, and then the graft wound was protected with Nurseban
and Surgical Tape (3M). The protective tape was removed 5 to 7 days after

transplantation, and the nylon thread guide was left in the transplant site. When the
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'[0064] (I11. Production of Regenerative Salivary G and) (1) Production of

Regenerative Salivary dand Germand Organ Cul ture A salivary gl and
germ was produced using the organ germ nmet hod for the purpose of
regeneration of a salivary gl and. A submandi bul ar gl and ger m was

surgically extracted froma C57BL/6 nouse fetus at 13.5 to 14.5 days
gestational age. The extracted submandi bul ar gl and germwas reacted for 1.5
mnutes at 25C in a solution of Dispase Il (Becton Dickinson) having a

final concentration qof 50 .U n_ . Subsequentl] the s ndi bul ar nd germ
was i sol at"é@’“itﬁ?ﬁ)‘P &“‘gﬁEﬁ%Wtﬁ‘ﬁ‘Fé?neg‘Pﬁ%dgép'f %H%Fﬁ“bﬂve# is ee“a‘ffé‘%?“g"fa
submandi bMheatrargblamdwaméemnhryedahsuaﬂlssmemderl nfuareXdhisel sgremhicmacapesatide.

Furt her, jected to a 10-m nute enzyne

t r eat ment R&ﬁt@@%@%ﬁl\%@% “Iag ger:to ution of Collagenase having a final
concent ral?®{lof 50 U'm (V‘brthl ngton, Lakewood, NJ) and a solution of

Trypsin (I(m)vﬂiatlmgﬁﬁh OBaérbab)ad)veUSDrn&aaMimgoa)ofdan&halﬁwcentrati on of 0.25%
ai ner to obtain.c

and t hen passed a.22 letely
i 11 ed mosenchi e EnCsiE H e SRt vy AR IR MCpRE B S
15- mi nut e apeh pydes atfhuerdsensne sterenmaprmo))mrmbanehhwavh Rt tﬁﬁe@)rﬁheolialr

EOL| agega Badnail g\g\«\ahfuk %Wﬁod?ﬁex@éfet?stiélpﬁamevéll@ﬂedy\m pe:[(r\éefct}m bat h
akewoo ut e re nen rm pa
wth 8 soIEtl’\fé%‘gﬁJ R SRR HE TN I MGt o IR Cfr'P

concent r awasrmafe )y 2G%¢ddampdint paaffipacs frekziny mugdtoaa®R with ploc(mvemldnabt rai ner
to obtain.coml etseliy é’e@h&dseGaex%prteB&‘rHi &hd C&bJeSred to HE sthfiing%ort ﬁ%eéﬁ?ﬁ ai ned

epithelial, cells and nesenc regenerative salivary gland germ
was pr odud¥aresTFIEnYS ar%t@'@wg %lihlsg)los% W@éﬁ germnethod (FIG 9). The
detail ed m@&&@@dur es were as follows. The unified epithelial cells and the
unified negenghymal cells obtained as described above were individually

transferred |n 0 1.5 mM mcrotubes (Eppendorf) coated with silicone grease,
and then ¢bria Grayaly Byén%ma@%tTraqapl@mf@ch&gwraéwsbﬂautﬁoawlea@qr@r t he

centrifugati on m«a@rdelotrasmnatveé yhermmaﬁi 1usdurag o%h@gaﬁfateﬁl Hhuofoﬂrc?eOOdﬂn
( Eppendor f uni fied e i ed nmesenchynal

R was mt acutapeouslglt ans C}C alsa reg%n&ratwf a}.lfaqubﬁ ﬁEeX%erm Was(ﬁrfpé'léedﬂ gel

cell's were Tespec
drop was rﬁfoépéﬁ@delb?y‘)fcﬂ WP pieray 13(5 ddyk g@ftat@@bl mwndxhqwtp@splameq Nite the Gel at i n,

Osaka, Ja@%ﬂ)ofanhedeamraﬁgerl wlé %i@mC\Q@sI 8dradch Mhfidt hh&@rh%ta%@aﬁﬂ JP%HQW ni ng
Tor ay) . rom%ég Q rﬁ%e undfiﬁ F g ¥ Lq re ared as
descri bed “55'G0¢ %Srﬂ“a’éfe i S steigd . ot ageshitglr rﬂ?‘%’&“h o 1 to 10
m pi pet t determin¢dtrabd withiBcheskin ﬂemuPlaasrt argisthe trangptaotdepeh a/as:éétémagsgir egat e.
Next, appr gxmpatygltx % 30 - %;Lfg,fmttme beay ar@éﬂceep;rw%guﬁk lﬁlﬁiehatag,r QR@r ed as

descrlbed above “were injected intq using a to 10 m
pi pette tifHn EESE S@‘?ré‘ﬁ‘f‘fﬁl‘?"(‘i aPFithde%*)ﬁeé Ha'&glaﬂbarﬁ s 1 FdGnd: acﬁS t he
mesenchy mshowrein FiGgy vegatle: regdreratiby hiir tdiicde pgmowaatdnsglgaeiae ke oifint he

submandi bll‘llneaéulgél_%g LIRS 9‘%{a'ce ﬁldwﬁl% H{‘ﬁLé ?ogﬁ?hg?@ﬁf r%@g@gi}x&e% cell's.

[ 0065] “deri ved
epi t hel i a|phete|m§h%mﬂpwgyn@fh19mp e areov inslanates dhe lg“ltdh)e g’éw gng thensferred

t oget her Wahipldnhetheokgeaaaﬂvegﬁbu lealeageanélanm th@Qé&pl@ﬂtZ®1tE&idm Gékd Wb | nsert

(Becton Di_ckin .ate (Becton ich 1 m
of - DVEM ORI ERdts Rl tiabs FESeRed R UFL R hEdSefoab i §H FIE Hgan

cul ture umdehe 35day aftwnengflarg s emttebiRomproend 554k mmedcmly\etl@qupbrsttece a
regener at ig¥en 8@l ¥ }NpiGhtARF PRlehal layer were connected via the guide (the photo of

the HE-stained section in the lower row of Day 3 in FIG. 2; the arrow indicates the
connected portion). By the 10™ day after transplant, the hair follicle was regenerated,
and regenerative hair began to grow from the body surface on the 14" day on average
(Day 10 in FIG. 2) with a hair growth frequency of 90%.

Also, the results upon transplanting a regenerative hair follicle germ derived

from an adult side whisker into the back of a nude mouse so that the transplant depth
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[ 0066] During the organ culture of the regenerative salivary gl and
germ it was observed that the epithelial cells began to invaginate into

t he nesenchynmal cell side 24 hours after the start of culture (FIG 10).
The top two rows of photos in FIG 10 illustrate the state at several

el apsed tinmes when a subrmandi bul ar el and extracted from an enbryoni c nouse
was organ cultured as is after extraction, and the bottomtwo rows of

photos in FIG 10 illustrate the state at several el apsed ti mes when a
regenerative salivar |.and germ constr e t he. erm hod was
oo et ol S 18 Sainp o desPrieiChe BV AP RE BT gt IR e AR By i e

it was coifsemtiordf the@nide lito thepsgaikratine hainfodlgnlgdtrad éE’i’ mldezlateathetpostmme wer e
branched é%rt\nglﬁcﬁn ﬁ'fetl:ﬁlrloet J%gloﬁt gftﬂeég %e(flgl A-LinGlch& th%ggé)rtlon derived frbfa0M the

above res It regenerat| sal 1 var titg1 and germ
coul d be fe cférheréé halépﬁg"% PFéISO%f@a:@ g@‘?‘?ﬁt‘?ﬁé{‘ﬁé‘dde FIG 4B shesvsetRhale P FI G 0.
submandi buhéls tid @adplad sl fdihaa Adorebcérfce kRRonfiéragepe. ofAﬁte\nahmDamng theer e

obt ai ned { rﬁp]wﬁlsmydserlve eognera e}lagqsfhc |§Iz(‘%|;]r%| %ﬁlVﬁéalr%egg#?O Ur()r efer to

t he photos 0 até'st , a feg Jenerative
sal ivary @oan@eg@rimswéwr@t ¢aYét08cPVﬁliaé¢rla@?:!' trarmémlialstlaﬂ@eml@ %)dwrﬂwémrhyrral

cel I s was gafiltk flegudaty pr(d,gced by the above-described nethod fromthe
subnmandi bﬁdog gland prinordia at every stage of devel opnment. [0067] (2)
Producti o il Regenerative Salivary dand Germ Wth CGui de Thread A
bi oabsor béblTasshhAedssif GUhegendtative Wit Folbcleot al |1 ength of 3 nmwas inserted

fromthe epit he}\ir@%engtea&eld lﬁlxdﬁ)ll'id"é Qrak QQtch?&iemr @a;fl/‘r'w}léélpoﬁaﬂolf }/@Julé HhRGd ger m
i e confirm a

pr oduced t he cr| nde
ster eoscoﬁ%& oiilts eregpare 8“’5%“ P[¢ ver q@f‘lf" yeﬁ&?éwféheer’%?ftﬁa&% H@ cont act
surface beqlwaaabbﬁehm #pilbhehdgalficasdd mpwoscogninages i ehertes erecshywalin ded |

portion 8 HEEHifde L M Fioht! ChHintns O €y AVedhhif Sfot léV g glan
: WIPB& %jarl %le el {g Ll %%ﬁe epit thlﬁ @{ 't

germ (particu contact “surface bet ween ella s and the
nmesenchy rrétstle@ml@si from ther surmqanding Byde BAussthairrielligles dsingt Gl ﬂé@éﬁéﬂ%@t ive

salivary ghanswéeleMmhans phbid) iaCkIed 5§.0 Thaeepdthgai tigsilet 6ff Be frogenB@tedaisirs. [ 0068]
follicle was connected to the recipient skin epidermal layer, and the recipient-derived
cells were dominant in the epidermal basal layer of the connected portion.  Also, in the
enlarged photos of the top portion of the regenerative hair, regeneration of the sebaceous
glands was confirmed (the portion marked with the arrow in the top and bottom photos
in the center column in FIG. 5). Sebaceous glands derived from the regenerative hair
follicle germ were mixed with those derived from the recipient cells, but the sebaceous
glands below those of the regenerative hair follicle were derived from the transplanted
regenerative hair follicle germ. Further, the photos on the right side in FIG. 5 show
hair bulbs. In the lower right-hand photo, since GFP fluorescence in the hair (dermal)
papilla (DP) site was confirmed, it was demonstrated that the hair papilla was derived
from the transplanted regenerative hair follicle germ. In this way, the regenerative hair
follicle exhibited a histologically normal hair follicle stfucture, and the regenerative hair
follicle derived from an adult side whisker was clearly larger than the body hair.

[0062]
(3) Analysis of Regenerative Hair Shaft

The regenerative hair derived from an embryonic body hair was 100% black
hair, and the regenerative hair derived from an adult side whisker was 95.5% white hair.
FIG. 6 shows photos depicting observation by an optical microscope and a scanning
electron microscope. A spiral medulla of hair shaft (M) that is characteristic of
whisker-like hard hair was observed inside the dashed lines (Fig. 6a), and a cuticle

30



*As a'result, it was observed that after about 24 hours had el apsed fromthe
start of the organ culture, the epithelial cell side of the regenerative
salivary gl and germ began to nove/ el ongate al ong the gui de thread, and
after 60 hours fromthe start of culture, a conduit-like structure was
exhibited (FIG 11; the arrows in the photos in the bottommost row indicate
the conduit-like structure). [0069] (3) Transplantation of Regenerative
Salivary dand Germto Parotid dand Conduit Portion The aci nar

portion of a parot.i | and of an adult nouse.was surgjcally.renoyved to
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r egener at iragenaaivevaliiykeg kesinblitgies medu!/talpfahagushafe apd @ doreexdeqoivatenetontbodeod

descri bed | i culture for two days was
tog Qatt%%? l;[neﬁlggﬁ/oealw gf%g%%ie%pw @kérnﬁ(eg{rga&e. y

transpl an par ot conduit portion together with the
col l agen 631 During the transplantation, the position of the guide thread
was adj usipdisocCydasl Répendautivedldif ace of the conduit and the epithelial

ti ssue of the rgge LV j I i ch ot her,
bnathe gui de vaEoT rediafe MK ARY BB IRIAL HEE St Fh TR echa®ACT O
Al so, t he whidkemgherhaigehaft regressidrag thhbair exgénprearcsspd and|thepag yevghainshagier m and
}\/23. Wassclitg%rw WBMEthE b#é"s‘ﬁt@ﬁt ?mﬁl]]hﬁf hivr tfdsnl &tQnglnn Ambyt{h_e dhfuﬁellafd»f&@earl .

|1 C, I DA, apan SO r,ansp nt.e regepnerat| ve salivary gl an
Sorm woul BRI REE Bt i o gh B G E O E el P SARLE ol oS RniAghY S Sarm
was hi st olddftprowt was ebsivedt(EG. By Hifomssueli reswity, BOvad alesr it e regengrateant . From

the HE st §hinedaihdPIESONNERHH With hEkdcHidh dpia&inl fyBCloNefeat Blit grlokifare! | s
uﬁ;ar gl and were confirmed in the

simlar to those in a natural Séfr‘.b Fdl b
r egener at i'¥ESS'QN; V&R lbmaaﬁ‘a%g@v tg& #WPS®the arrows in the photos in the
bottom roWwoad] FI G 13 indicate serous acinar cell-like cells). I n

this way, (Y2 ' e reconstructed by th ti
A L e pegenerative

organ ger | s al ) e’'to reconstruct a submandi bul ar
gl and everlBredicson ebRessnerativecSalinany fHrid Geranndddiess seltirged from a
submandi bul ar ghaadvay dandageini Wagpmddcedi distng Wai drpan geranaictiRd fBalhevary
gland. [ O%l?nlp]ose of regeneration of a salivary gland.

A submandibular gland germ was surgically extracted from a C57BL/6 mouse
fetus at 13.5 to 14.5 days gestational age. The extracted submandibular gland germ
was reacted for 1.5 minutes at 25°C in a solution of Dispase II (Becton Dickinson)
having a final concentration of 50 U/ml. Subsequently, the submandibular gland germ
was isolated into a submandibular gland epithelial tissue and a submandibular gland
mesenchymal tissue using a 25G injection needle. Further, the mesenchymal tissue
was subjected to a 10-minute enzyme treatment in a 37°C warm bath with a solution of
Collagenase having a final concentration of 50 U/ml (Worthington, Lakewood, NJ) and
a solution of Trypsin (Invitrogen, Carlsbad, US) having a final concentration of 0.25%,
and then passed through a 22 pm pore cell strainer to obtain completely unified
mesenchymal cells. The epithelial tissue was subjected to two 15-minute enzyme
treatments in a 37°C warm bath with a solution of Collagenase having a final
concentration of 100 U/ml (Worthington. Lakewood, NJ), followed by a 5-minute
enzyme treatment in a 37°C warm bath with a solution of Trypsin (Invitrogen, Carlsbad,
US) having a final concentration of 0.25%, and then passed through a 22 um pore cell
strainer to obtain completely unified epithelial cells.

Using the obtained epithelial cells and mesenchymal cells, a regenerative
salivary gland germ was produced in a collagen gel by the organ germ method (FIG. 9).

The detailed procedures were as follows. The unified epithelial cells and the unified
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(4) Evaluation of Salivary Secretory Pathway of Regenerative Salivary @ and
For the purpose of clarifying that the submandi bul ar gl and-derived
regenerative salivary gland germand the adult nouse parotid gland conduit
were connected and the salivary secretory pathway was being retai ned, on
the 30th day after transplant of the regenerative salivary gland germ the
transplant site and the parotid gland conduit were exposed by a surgical

met hod, and an Evans bl ue solution was injected by mcroinjection towards
the regenerative salivary.gland germfromthe conduit nore toward the oral
cavity si desenthymelelly Pa%glﬁﬁéﬁ@egcrlp@ Broverert dyiyidyally; o] \1;5?3->g| and
germ [ O00%H] microtubes AEpgendedil doatedndith eifis@tev gtdass) whd hthen stestridggdopi ¢
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andht he p@hmrgh Om@deA Bl nfd n%isuistwmr ﬁ:sﬁeﬁﬂn@yt eflicang dsheresiplihnear yNsggret or Y
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salivary galﬁ&%nmryeo.z IRy ekt amded RRBerRhyBAICRAE PrdpdfdSal de¥@itgd Gbantd germ
with a gui de was %{anspl antlglg to @ subnmandi bdalLar gl apd.5| te. (the transpl ant
mouse) ,  t KETS AVFeH iyt golipses Seb AP 2 bhi? Hlel! PPl (1Rt on each
day that Wentifiafkedcsaftd eprodube adayl adgregatel v aleyt, gbprodimatetp\lad pl wheleeas t he
vei ght  of uhﬂﬁ-dtefrmm &t gﬁ?!ﬁ%ﬁ’ aQH%@H@éd'a%oﬁ@&@x’é‘?ﬁj@&ecf fn@U‘@hlE @Em@Qé?‘éi}roﬁ he 3rd

or 4th day after_ transpl ation and recovered to a nearly normal weight on
about t heUsing adhl to H) ml pipste tip(Quplity Reientifioflgstics) sgras to£lopdy canpstyh y
gl and- def ingdsethymBlust aygfeg0thereb) @aslutihgm delleagdichatd ay tlendibhaydibglaaf t er the

day of sal i var Liand ,r ival rate of the transpl ant
nouse was g%"%@&%"‘%fi%?éﬁ?‘?ﬁ@ %1%’5‘@%@.@%%& beaif}génl "after the day of transpl ant
(FI G 15) .[00§50073] (111. Production of Regenerative Lacrimal @ and) (1)

Production of Regesar agdrv@id 3£ tHeNRibnigh@BlalClaid FBfn-Pe@aa &pithélisl @ells
0T 1 T ) L R 0 A et o

gel onto a 0.4 ml pore size Cell Culture Insert (Becton Dickinson) in which a 6-well
plate (Becton Dickinson) to which 1 ml of DMEMI10 was added had been set, and then
was subjected to the organ culture under conditions of 37°C, 5% CO,, and 95%
humidity to produce a regenerative salivary gland germ.
[0066]

During the organ culture of the regenerative salivary gland germ, it was
observed that the epithelial cells began to invaginate into the mesenchymal cell side 24
hours after the start of culture (FIG. 10). The top two rows of photos in FIG. 10
illustrate the state at several elapsed times when a submandibular gland extracted from
an embryonic mouse was organ cultured as is after extraction, and the bottom two rows
of photos in FIG. 10 illustrate the state at several elapsed times when a regenerative
salivary gland germ constructed by the organ germ method was organ cultured. Upon
analysis by hematoxylin-eosin staining (HE staining), it was confirmed that the tips of
the invaginated epithelial tissue were branched 72 hours after the start of culture (FIG.
10).

From the above results, it was demonstrated that a regenerative salivary gland
germ could be produced using the organ germ method.

As shown in FIG 9, submandibular gland primordia at different stages of

development were obtained from a mouse embryo at a gestational age of 13.5 days
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*A lacrimal gland germwas surgically extracted froma C57BL/6 nouse fetus
at 16.5 to 17.5 days gestational age. The extracted |acrinmal gland germ was
reacted for 1.5 mnutes at 25C in a solution of Dispase Il (Becton

D ckinson) having a final concentration of 50 U . Subsequently, the

| acrimal gland germwas isolated into a lacrimal gland epithelial tissue
and a lacrimal gland nesenchymal tissue using a 25G injection needle.
Further, the nesenchymal tissue was subjected to a 10-m nute enzyne

treat msnt 7C war m_ba th sol uti.o f Col] agenase having a final

concent r a{ref?ﬁ tQfhegphoigs af e(‘ﬂt;%r‘?‘ﬂl ﬁ‘tﬁf s, St‘f_gék‘é\rkég‘dg,)' Nyf’wg?‘ﬁ Y IESPGE 6N of

Trypsi n ( kaivaty gdgrehgen@aedopbadiedfBS)m kpivhehgl @llf anhinecociyerd cdtsiveas ablfe 0. 25%
dth | et el

an en P@ﬁé&gd&c'ép ‘Bgﬂf& a%o@%ﬂe]s'cméaorhé‘tp%frhm%é &fbﬂﬁfldlt)@azg?g@[ %} Jﬁ%ﬂ etely

uni fied rresenchyrra e epit tissue was su to two
15- mi nut e 26§YEPREagcoE devRlaTEnt-n a 37C warm bath with a sol uti on of
Col | agena@(meh]aw ng a f| naI concentration of 100 U nl (Worthington,

Lakewood, 0duc9 eoen rat a,rlrllve?ru e nrﬁe\é’%th %El;h aéicl ﬁgsch :Nﬁ;{n bat h

vvlthasol( tion of zwgs Ao

concentration oft biap ﬂquaﬁdﬁ?Up@ged withroiotsh I%EQQOfgWWDWéS wetrredst r ai ner
to obtai nfl‘éﬂmle%bﬁllldhalléﬁllfdl@éjmﬁptlfeh@dnéﬂatlﬁ@kdlﬁary gland gerPré@ictd1By elet ai ned
epi t heli al eI I enerative | acrimal 0gI and germ

o D ot Rs e P SRR Wity %Oﬂh"%ﬁpéan Gt e R
procedur eo mhrelllm’etﬁa:odatedhs)ugﬂ'tle cantia¢ti ssdaedictweshitled epethéliad cedhgbrtiéreandni f i ed

oo LT Rl N ordon (PRI, MthaBRe e MEhRuleT ol Wikl el on
centri fugéﬁwaéf @frﬁ%ﬁr@r{é i Eﬁfq?pétheapreta‘ftéugme&etwnéffete@ﬁtﬁ?'wi dapd a*reugat. on
was conpl etesdnghyraaimoetls). ugifieg tHebhsead@r ofTihp gide: 3O reden¢rapipesuliondy)glardnd t he
uni fi ed_ e MQL e%faegltéth@% ahf}ﬁltl&{@lf(gtjé% Upssenchymal cells were

respectiv as precipitates. xt, a collagen gel drop was
pr epar ed 15 6§}opp| ng 30 pl of Cellmatrix type I-A (Nitta Gelatin, Osaka,
Japan) onto a pﬂﬁﬁiresdit,ﬁhwﬁ@éﬁseﬂle&\kﬂahaﬁérhb&ﬁﬂ!@ l@uﬁaﬁae(am\a/f@m fhiel’sglrtTOF ay) .

Appr oxi mat ?tl¥e oro?n cc‘ultuOrF Fhegl{ﬂeqa' cgll 51d I}Ctgé/ reﬁgeneratlve saﬂbarg anccji as descrl bed

above wer & ihj e¢ pi pette

tip (Qual |b@ganseur9®|\te/eﬂ¢ltgarel geng &ls)gwdﬁ ib‘i‘f@du@;@ aftes 0] hcalgsgfre@am staNe@ft

appr oxi mab@lwe Ox @nBuil-1iRé stfrlil‘ilxrbl Rak Iegmbﬁem trne! i1akheCRiohs iR FRAMORA iasedescr i bed
above vverE ectedldg Be srgj % drorp u5|nga01to 10 M pipette tip
(Qual ity SEYURPPYLrew pdicarq g sonditlke sEUCiTEk o'y contact the nesenchymal
cel | aggr é¢®O¢, thereby producing a cell aggregate of the lacriml gland
ger m deri YﬁdTﬁﬁéptlﬁ@thoﬂlofCI@Je%rﬁ‘t% %ﬁ/@ﬂc@}'ﬁﬁlG@rﬁJ PGS GIAR) Cob A7 4]

The cell aggregate of the [facrimal gland germderived epithelial cells and
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nylon suture thread (Bear Medic, Chiba, Japan) so that the transplanted regenerative

salivary gland germ would not move (FIG. 12).

[0070]

The regenerative salivary gland germ was histologically evaluated by HE
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“A bi oabsorbabl e thread (GQunze Co.) with a total length of 3 nmwas inserted
fromthe epithelial cell side into the regenerative lacriml gland germ
produced by the nethod described in (1) above, while confirm ng under a
stereoscopi c mcroscope, so as to vertically penetrate through the contact
surface between the epithelial cell portion and the mesenchymal cell
portion without danmaging the structure of the regenerative lacrimal gland
germ (particularly the contact surface between the epithelial cells and the
mesenchymal cel li_ﬁ% After insertion of the guide, the regenerative |acrinal
gl and ger nitiBige floet dier ttepnseantor E]r@m thel Hbir gaihat idagiaysonduit cells afdit er
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reci pi ent Uemnd it was clear that the organ function via the conduit could
be exhi b| By providing the above-described effects, the
regeneratl ve 1) an germfor transplantation produced by the present
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transplanted regenerative salivary gland germ (FIG. 14).  This suggests that the
regenerative salivary gland and the parotid gland conduit were connected and the
salivary secretory pathway was being retained.

Upon comparing transitions in weight and survival rate between a salivary
gland-deficient mouse from which all of the salivary glands were removed and a mouse
from which all of the salivary glands were removed and then a regenerative salivary
gland germ with a guide was transplanted to a submandibular gland site (the transplant
mouse), the salivary gland-deficient mouse continued to lose weight on each day that
was tracked after the day of salivary gland removal, whereas the weight of the
transplant mouse gradually recovered from the about the 3 or 4t day after
transplantation and recovered to a nearly normal weight on about the 6™ day (FIG. 15).
Also, the survival rate of the salivary gland-deficient mouse was 20% or less from the
4™ day and beyond after the day of salivary gland removal, whereas the survival rate of

the transplant mouse was about 70% from the 4 day and beyond after the day of
transplant (FIG. 15).
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‘CLAIMS 1. A nethod for producing a regenerative organ germprovided with a
guide for transplantation, conprising: preparing a regenerative
organ germby closely contacting a first cell mass which substantially
consists of nesenchymal cells and a second cell mass which substantially
consists of epithelial cells and culturing these cell masses within a
support; and inserting the guide into the regenerative organ germ 2. The
nmet hod according to claim1, wherein the nmethod further conprises culturing
the regenerative organ germfor several days after inserting the guide. 3.
The nethodoggﬂording toclaiml1l or 2, wherein at | east one of the first and

second cel(lILPesdirton 6f Rgehdt@ibellla0AmanGRr@an which is the target of

ol | mmes Cherod ot dEBRmaaly EBL By i dad L GHUM an or gan whi oh i s
the target of rédegraertivolacrimal gland germ was produced using the organ germ method
for the purpose of regeneration of a lacrimal gland as follows.

A lacrimal gland germ was surgically extracted from a C57BL/6 mouse fetus at
16.5 to 17.5 days gestational age. The extracted lacrimal gland germ was reacted for
1.5 minutes at 25°C in a solution of Dispase II (Becton Dickinson) having a final
concentration of 50 U/ml. Subsequently, the lacrimal gland germ was isolated into a
lacrimal gland epithelial tissue and a lacrimal gland mesenchymal tissue using a 25G
injection needle. Further, the mesenchymal tissue was subjected to a 10-minute
enzyme treatment in a 37°C warm bath with a solution of Collagenase having a final
concentration of 50 U/ml (Worthington, Lakewood, NJ) and a solution of Trypsin
(Invitrogen, Carlsbad, US) having a final concentration of 0.25%, and then passed
through a 22 pm pore cell strainer to obtain completely unified mesenchymal cells.
The epithelial tissue was subjected to two 15-minute enzyme treatments in a 37°C warm
bath with a solution of Collagenase having a final concentration of 100 U/ml
(Worthington, Lakewood, NJ), followed by a 5-minute enzyme treatment in a 37°C
warm bath with a solution of Trypsin (Invitrogen, Carlsbad, US) having a final
concentration of 0.25%, and then passed through a 22 pum pore cell strainer to obtain
completely unified epithelial cells.

Using the obtained epithelial cells and mesenchymal cells, a regenerative
lacrimal gland germ was produced in a collagen gel by the organ germ method. The
detailed procedures were as follows. The unified epithelial cells and the unified
mesenchymal cells obtained as described above were individually transferred into 1.5
ml microtubes (Eppendorf) coated with silicone grease, and then centrifuged.
Supernatant in the culture solution after the centrifugation was completely removed
using GELoader Tip 0.5-20 ml (Eppendorf), and the unified epithelial cells and the
unified mesenchymal cells were respectively collected as precipitates. Next, a
collagen gel drop was prepared by dropping 30 pl of Cellmatrix type I-A (Nitta Gelatin,
Osaka, Japan) onto a petri dish coated with silicone grease (Dow Corning Toray).
Approximately 0.3 pl of the unified mesenchymal cells prepared as described above
were injected into the collagen gel drop using a 0.1 to 10 ml pipette tip (Quality
Scientific Plastics) to produce a cell aggregate. Next, approximately 0.2 pl of the
unified epithelial cells prepared as described above were injected into the same gel drop
using a 0.1 to 10 ml pipette tip (Quality Scientific Plastics) so as to closely contact the
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*5. The method according to any one of clains 1 to 4, wherein the
regenerative organ germis an epithelial appendage germ 6. The nethod
according to any one of claims 1 to 4, wherein the regenerative organ germ
is any one of organ prinordia selected fromthe group consisting of
regenerative hair follicle germ regenerative sweat gland germ
regenerative sebaceous gl and germ regenerative salivary gland germ
regenerative mammary gland germ regenerative renal nephron germ
regenerative lacripmal gland ger % and regenerative endocrine gland germ
7. The net®oancdyeal enlidperegat dierpbs progueingi ancellneereggierndthe lagimak glard germ i s
a regener geinvdefiaddrepithdlial cdlie ag&maienalingndl belsqpic.he).i al cells are bul ge

regi on epi E)Mhi al cells or hair matrix basal epithelial cells. 8. The

met hod accgord' n% to claim6 or 7, wherein the regenerative organ germis a
regenerative hailhe £l pgg¢gategelrthe laenichal Blendrgsmndénwrdlepildliabcallsenbiahe papi | | a
cell's or |seimmlglsn@OdermiRAVE RRLdNShymal cells produced in the gel was transferred

together with the collagen gel onto a 0.4 ml pore size Cell Culture Insert (Becton
Dickinson) in which a 6-well plate (Becton Dickinson) to which 1 ml of DMEMI10 was
added had been set, and then was subjected to the organ culture under conditions of
37°C, 5% CO,, and 95% humidity to produce a regenerative lacrimal gland germ.

[0075]

During the organ culture of the regenerative lacrimal gland germ, it was
observed that the epithelial cells began to invaginate into the mesenchymal cell side 24
hours after the start of culture similar to the lacrimal gland germ extracted from the
fetus (FIG. 17). From such result, it was demonstrated that a regenerative lacrimal
gland can be produced using the organ germ method.

[0076]
(2) Production of Regenerative Lacrimal Gland with Guide and Transplantation

A bioabsorbable thread (Gunze Co.) with a total length of 3 mm was inserted
from the epithelial cell side into the regenerative lacrimal gland germ produced by the
method described in (1) above, while confirming under a stereoscopic microscope, so as
to vertically penetrate through the contact surface between the epithelial cell portion and
the mesenchymal cell portion without damaging the structure of the regenerative
lacrimal gland germ (particularly the contact surface between the epithelial cells and the
mesenchymal cells).  After insertion of the guide, the regenerative lacrimal gland germ
was subjected to the organ culture for 2 days.

After performing the organ culture, the acinar portion of the lacrimal gland of
an adult mouse was removed to expose the conduit portion, and the regenerative
lacrimal gland germ was transplanted to the lacrimal gland conduit using the same
method as in the case of transplanting a regenerative salivary gland germ.

[0077]

As a result, upon confirming the regenerative lacrimal gland germ 20 days after
the transplant, it was confirmed that it had adhered at the transplant site and had grown
significantly (FIG. 18). Also, it was visually confirmed that the regenerative lacrimal
gland germ was connected to the natural lacrimal gland conduit.

[0078]

As explained in detail above, the regenerative organ germ provided with a
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‘9. The net hod according to claim®6, wherein the regenerative organ germis
a regenerative salivary gland germ and the epithelial cells are salivary
gl and-derived epithelial cells and the nesenchynal cells are salivary
gl and-derived nesenchymal cells. 10. The method according to claim®6,
wherein the regenerative organ germis a regenerative lacriml gland germ
and the epithelial cells are lacrimal gland-derived epithelial cells and
t he nesenchynmal cells are lacrimal gland-derived nmesenchymal cells. 11.
The nmethod according to any one of clainms 1 to 10, wherein the guide is a
chemi cal f§Wraccorting tphige riavention af ¢lor prieseyt applaayoroomnedted kaiably th the 11,
wher ei n t hecigighdgdd Spitiefadsalsbahl se t rding, 4o any one of
clainms 1 ta :qu vvhg{gi n the. ggli de icgmgsan ﬁi’%ﬁoﬁrlggééégﬁig.ogéfgc%éneﬁo@fti on
conpri si ng' & pr%rﬁ‘en BYPOHRA G AR TERnRSAEY O iE &R liGlE tgarm ifiNasisleppthat hair
t r anspl antgevénfrpmothe cledly bsurfabe otmtrh ad aakighritiqoency0 THY r@RBerdfiveChai M 1 to
13. 15. Aonmelchréhifr ; I ti . eper at.ive or.gan rm provi ded
with a guide for téﬁﬂg%n{t?ﬁ?&v?ag%}f:% E%Eﬁ%h&néﬁ t? r{gﬁsrﬁ 'BISDY ﬁ%{g%f"}ag fkrati ve
organ ger ‘BP%QH“&QH%&%(CI&@ﬂi’irééeaFeélrhaﬂrr%ﬁ‘é'ﬁll A theatamsrogation wee dbiryvadhe met hod
?ccor di ng R?lm,&@rmplamﬁﬂ@i @thmsquk df@ rdg@nkratie Rait RIGRE ge{inigtv?th a %ﬁde whe. gEt POd
or transpleand : at .Qrgan ger.m provj ded wi a guide for
t ranspl ant aﬁﬁﬁ}’?%gg?‘g?%gf%{%@%i rﬁl‘ Iég mV\a%f: eé'ig'ﬁ{l%le ‘%5?'1 lilad’f'f‘g&“’tnﬂ%‘t’é t hel i al
cel | si de Bithe!iRk cell-dersisd aneriéenn plgeniseencrarive orgrangaymr mdarhd retipicapsiddiel i al
cel | s of tchadiiacged el amgat@nadedCNBRG! otfikORGert (A tgatﬁg]q%tptyonn’ﬂ}tgﬁg ning the
guide in %c?ﬁi@ﬁtear{drlt%i&&ritﬁ H{fotrug,es from ﬁ transpl ant site. . The
met hod for transpl antation of & TegeHFRr A %F‘ﬁgH‘tﬁ%‘HﬁPﬁF’H\ﬂP'ﬁé‘d with a
By providing the above-described effects, the regenerative organ germ for
transplantation produced by the present invention can provide novel organ replacement

and regenerative medical techniques which can be widely applied in the field of medical
industry.



‘gui de for transplantation according to claim15, wherein the regenerative
organ germis an organ germintended for regeneration of an organ having a
conduit; and during transplantation of the regenerative organ germ
the guide is inserted into a conduit existing in the target site and a
portion on the epithelial cell side of the regenerative organ germand the
conduit are connected, and thereby the portion on the epithelial cell side
of the regenerative organ germ el ongates al ong the gui de and connects to
the conduit of the target site.

CLAIMS
1. A method for producing a regenerative organ germ provided with a guide for
transplantation, comprising:
. preparing a regenerative organ germ by closely contacting a first cell mass
which substantially ' consists of mesenchymal cells and a second cell mass which
substantially consists of epithelial cells and culturing these cell masses within a support;
and

inserting the guide into the regenerative organ germ.

2. The method according to claim 1, wherein the method further comprises

culturing the regenerative organ germ for several days after inserting the guide.

3. The method according to claim 1 or 2, wherein at least one of the first and

second cell masses is derived from an organ which is the target of regeneration.

4. The method according to claim 1 or 2, wherein the first cell mass and the

second cell mass are both derived from an organ which is the target of regeneration.

5. The method according to any one of claims 1 to 4, wherein the regenerative

organ germ is an epithelial appendage germ.

6. The method according to any one of claims 1 to 4, wherein the regenerative
organ germ is any one of organ primordia selected from the group consisting of
regenerative hair follicle germ, regenerative sweat gland germ, regenerative sebaceous
gland germ, regenerative salivary gland germ, regenerative mammary gland germ,
regenerative renal nephron germ, regenerative lacrimal gland germ, and regenerative

endocrine gland germ.

7. The method according to claim 6, wherein the regenerative organ germ is a
regenerative hair follicle germ, and the epithelial cells are bulge region epithelial cells

or hair matrix basal epithelial cells.

8. The method according to claim 6 or 7, wherein the regenerative organ germ is a

regenerative hair follicle germ, and the mesenchymal cells are hair papilla cells or
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dermal root sheath cells.

9.. The method according to claim 6, wherein the regenerative organ germ is a
regenerative salivary gland germ, and the epithelial cells are salivary gland-derived
epithelial cells and the mesenchymal cells are salivary gland-derived mesenchymal

cells.

10. The method according to claim 6, wherein the regenerative organ germ is a
regenerative lacrimal gland germ, and the epithelial cells are lacrimal gland-derived
epithelial cells and the mesenchymal cells are lacrimal gland-derived mesenchymal

cells.

11. The method according to any one of claims 1 to 10, wherein the guide is a
chemical fiber.

12. The method according to any one of claims 1 to 11, wherein the guide is
bioabsorbable.

13. The method according to any one of claims 1 to 10, wherein the guide is a

nylon thread.

14. A composition comprising a regenerative organ germ provided with a guide for

transplantation produced by the method according to any one of claims 1 to 13.

15. A method for transplantation of a regenerative organ germ provided with a
guide for transplantation, comprising transplanting a regenerative organ germ provided
with a guide for transplantation produced by the method according to any one of claims

1 to 13 into a target site.

16. The method for transplantation of a regenerative organ germ provided with a
guide for transplantation according to claim 15, wherein a portion on the epithelial cell
side of the transplanted regenerative organ germ and the 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.
17. The method for transplantation of a regenerative organ germ provided with a
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guide for transplantation according to claim 15, wherein the regenerative organ germ is
an organ germ intended for regeneration of an organ having a conduit; and

during transplantation of the regenerative organ germ, the guide is inserted into
a conduit existing in the target site and a portion on the epithelial cell side of the
regenerative organ germ and the conduit are connected, and thereby the portion on the
epithelial cell side of the regenerative organ germ elongates along the guide and

connects to the conduit of the target site.
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