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a nethod for inducing the differentiation of stemcells tot
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Bl OARTI FI Cl AL ORGAN TECHNI CAL FI ELD [ 0001] The present inven%Mmm.umumwm mfo

using cultured cells.
produci ng a bioartificial

ti ssue engi neering has received *G00002*

The present invention also relates to a metyged for
organ conprising differentiation-induced tissue

cells, and further relates to a material for nedical purposgimmm ‘Mmmmw
the obtained bioartificial organ. BACKGROUND ART [0002]1In r

DESCRIPTION
Title of Invention: PROCESS FOR PRODUCTION OF BIOARTIFICIAL
ORGAN
TECHNICAL FIELD
[0001] The present invention relates to a method for
inducing the differentiationof stemcells to tissue cellsusing
cultured cells. The present invention also relates toamethod
for producing a biocartificial organ comprising
differentiation-induced tissue cells, and further relates to
a material for medical purposes comprising the obtained
bicartificial organ.
BACKGROUND ART
[0002] In recent years, tissue engineering has received
attention where a function is recovered and an organ and tissue
are regenerated in the organ and the tissue whose functions
were lost or reduced due to disease or accident, etc. Culture
conditions and factors for allowing stem cells and
undifferentiated cells to proliferate and differentiate into
objective cells have been studied in this tissue engineering
field. Tissue engineeringfgenerally'requires three elements,
that is, a cell, a.growth factor and an anchorage on which the

cell can be engrafted. An attempt has been made that cells

are cultured on the anchorage and the growth factor is bound



attention where a function is recovered and an organ and tissue are
regenerated in the organ and the tissue whose functions were | ost or
reduced due to di sease or accident, etc. Culture conditions and factors for
allowing stemcells and undifferentiated cells to proliferate and
differentiate into objective cells have, been studied in this tissue
engi neering field. Tissue engineering generally requires three elenents,
that is, a cell, a growth factor and an anchorage on which the cell can be
engrafted. An attenpt has been nmade that cells are cultured on the
anchorage and the growth factor is bound to construct a regenerated
tissue. [0003]Chenica||y synt hesi zed articles such as polyners are used as
t he anchora gl prollferaé an f f.ar nDrphoIoglcaIIy reconstructing the
or gan anBo 8nF §§ﬁ FnrtPSREEYERg id&FNg, and are also referred to as a
_Scaf f ol dopp¥pt hods Raye it ensHReALERAN! 8t Rabs0BLERLAY ORI €

seeded o scaf Ured under - an appropriate environnment in
vitro to,prol {fepatgsandndi figrrptigbe theminto pequiresheabhs gnd t hat
the cells are proliferated in a three dinensional structure to regenerate a
desired prgphobygaraltiyngetbassealiiand ithed dlefactaraf w@re orgasuorini ssue to
be regenerated to proliferate and differentiate the objective cells into
the requcieduecthgineeying, (Ral ente bilser atfieesed ames2p “seievkd,” it is
very difficult to proliferate the cells in a three dinmensional structure

wi t hout Msithgdsuwdvent has heragespFo ¢ déha ttdte) ateri e aeblys syt sradeed
scaffold has a drawback that it cannot regenerate the organ and the tissue
even t hogghthis @é?@fl’?loﬁqdca@@éfqlfﬁlé‘%e%}lﬁéﬁQ%ih&lppé’ﬁﬁé”tlr?‘&@t‘?%\ﬁl’f?ﬁr??%"sl cto
l'iving bodies. Under actual condltlons even thou%gﬁa bioartificia organ

is constﬁHcYéHrﬁsF%g?§9k9%ﬁ%ﬁ??ﬂ%P 19%?%%ﬁ%ﬂq%ﬁ?QJ HelBFgah=®4nto
| ted ff nd t f t, .t st
bi oar 11 FELAF ORI ?eEZSeﬁrﬁ eEelofornbopasta ittty thehifonat (e
ffol d. 0004 nh i f d
o s anseESSRUTE L FRICR g FE SRk ch B PR RS RE SR R o L) e;fe

enmbryo rq%ﬁiﬁ@@e&?cﬁ?aﬁo?%ﬂﬁ&ﬂp¥§ésu@QQ>Eér@g@%é&a&@@ﬁxﬁ§§oiQEéﬁgﬁénCy for

self -replication and differentiation. The cell can differentiate into

all typegef a¢ekbschnehudi ik gpyjacaahies cenhy bytsuldireagiasdatenssenbl y
mass in vitro. When the ES ceIIs are differentiated into functional cells

requir ed ifor ikegenerairty e i Lduree Suchagg ) celdowdresapyitfisstery is
necessary to forman enbryoid body havi ng the t hree di nensional structure.
Met hods @i feuldulrd ng thwo ESeedts tbe Fediisngrt e EBmbryoddmpodyonat| ude a
hangi ng drop nethod (Non-Patent Literature 1) a suspension culture, a
cul ture istracseries ol ithomtdi usiogntidii n@nrrélﬂ@ylloééllglem osRUIrtdigr, | thad

conbi nations thereof. [0005] The nunber of patients with chroni ¢ renal
failure Wé@mmléafséwntheﬁéé@ﬁtsy%&fgldlfrﬁ%ﬁr SrpELRehaANF QilituF @ PEnal

di sorder caused by a_renal disease or a disease |qﬁgn or.,gan ot her .than a

kldney PrEGRESEESe FORcPFERE ?Hgttgeh%+%%Teﬁ?ﬁﬁé cF2Es™tH& f unct i on
t t bl d

L ooy LSR5 PR BLEP- o Sk A0 e o, et pon ond o

progresses, . functi gs%o fg T 8£gale\}<élg%§)éggr tg][scP r@f@lé{‘é‘f SReh 9Lgan in

t he body 1 afPe cause uf em a cent
constructedusing the scaffold, the function of the organ cannot

be elicited sufficiently and that it is difficult to construct
the bicartificial organ itself regardless of the presence or

absence of the scaffold.



ner vousdi sorders, peri pheral nervousdi sorders, cardi ac/ cardi ovascul ar

di sorders, gastrointestinal disorders, visual and ocul ar disorders, blood
coagul ati on di sorders, imunol ogi cal disorders, endocrine disorders,

cut aneous di sorders, bone and joint disorders, electrolyte disorders,
aci d- base bal ance disorders and the |like are caused. Chronic renal failure
is progressive and its cure is inpossible. Therefore, treatnent has focused
on a conservative treatnent that delays the speed of |osing renal
functions, and finally requires treatment such as artificial dialysis and
ki dney transpl antation, which alternates renal functions ( for exanple,
Patent Literature 3). [0006] However, it is difficult to perform kidney
transpla é b n because _t he nunber. of Kki.dne S, V:ﬂfd H%Q?O|Utely
i nsuffici ﬁ 4?Artif i § I“%a% fysi §5°8 bcreolnglg/i1 ealsrg tPéeIgal{ i al ysis

and peri{gpeal. .4 d@é %{é'a% i 8 J&W al %éndf%%%?é‘ﬂ&é‘ﬁéé‘%iﬂ%&@ed” t he

bl ood are renpve reatment cannot be carried out to replace the endocrine
functi Onﬁ%ﬁl M%a&q@uéﬂng fnotion c£hE a Ehgs%t:ly%@t h8arieqHi & t o
undergo henodi al ysi § about three tinmes a week, etc. whichis a gr eat

bur den oehbhmwtbeﬂp@tageytmgélmzaéymsaaaanmdrmrmmlamomat| ent by
hi msel f, and thus the patient can reduce the frequency of visits to a
clinic, ltht g8 eklémsandddfersaurth aae fheopeatl epbeeast kg lisdengbeding

met abol i ¢ di sorder and the burden on the peritoneum becones great.

[ 0007] Cogeemmiaigl ackilgrimy culittrbag been alisvivokedashatn vehap - stiénen

cell s/ precursor cells capable of high proliferation were_isolated froma
rat ki dnéreahdl ceRd srxse (idif agadidyp ek ifEel fung hkynah ceefE F¢He &9 abl i shed
fromthese was acquired (Patent Literature % In Patent. Literature 4, it
has' been fFSEPBERETE haY © e+ KB LT i RSty dIRIRIRY of 1TSE 1t 28

Sol um SPERCEaBEartS SEFI i 'gééﬁ%ﬂ%w?g% aviy %é%%%?ﬂgaé fefafoiate)
marker wag %tt%%;eleglﬁ&ﬁgggecﬁ cﬁﬁ RAsH %" %@é ngg%fgemhgnehénto

vascul ar “endot he been i scl ose at t r KS56 cell s

can be di E\F;F‘ré/%%' A& h%l%dgzaoé’ ?&B '3"1’91'99 &P&;%;_‘Ome@h% of OBy 0d it ed

t ubul ar nd co ectlng wever e nmethod i s not

report edrihat-atheer K556, eeld fp%ﬂ’&r&l @hflft@&%r}t had @O uFe LR aSysSh £80 D04
contai ning a support cell eder cells) . It is also not reported that a

blOartlfh@ﬁdhﬂﬁdﬁﬂtéﬁﬂmQ§eﬁeﬁﬁyﬁcéhlﬁEodéneesbonManﬁrcmmhiﬁamESn@roduced
usi ng the above differentiated cells. The disclosure of Patent Literature 4
(Japanesehkualdfshed Unexam ned Pat ent Application No. 2004-275079) is
i ncorporated herein by reference. RELATED ART REFERENCES PATENT LI TERATURE
[ 0008] Patl@mtoslli t er aflinee ntimbgapah ezt Femt $ shidd Uhemtionesgnal failure

has increased in recent years. Inchronic renal failure, renal

disorder caused by a renal disease or a disease in an organ

other than a kidney progresses, functions that a normal kidney

has, such as the function of removing urinary toxins contained

in blood, an endocrine function and a regulatory function and

the like are lost. When chronic renal failure progresses,

functions of a normal kidney are lost, and thus each organ in

the body is affected to cause uremia. Specifically, central



nPatent Application No. 2008-049146 Patent Literature 2: Japanese
Publ i shed Unexami ned Patent Application No. 2009-039401 Pat ent
Literature 3: Japanese Published Unexam ned Patent Application No. 6-142193
Patent Literature 4: Japanese Published Unexam ned Patent Application No.
2004- 275079 Non-Patent Literature [0009] Non-Patent Literature 1: J. Cel
Biol. , 126 (3) : 701-711 (1994) . SUWMARY OF | NVENTI ON PROBLEM TO BE
SOLVED BY THE | NVENTI ON [0010]It is an object of the present invention to
provide a nethod for inducing the differentiation of stemcells into tissue
cells and provide a bioartificial organ conprising the obtained tissue
cells. It is another object of the present invention to provide a materi al

for medical purposes comprising the,produced bloalkiLicial; o00alls,
cardiac/cardiovasculardisorders,gastrointestinaldisorders,
visual and ocular disorders, blood coagulation disorders,
immunological disorders, endocrine disorders, cutaneous
disorders, bone and joint disorders, electrolyte disorders,
acid-base balance disorders and the like are caused. Chronic
renal failure is progressive and its cure is impossible.
Therefore, treatment has focused on a conservative treatment
that delays the speed of losing renal functions, and finally
requires treatment such as artificial dialysis and kidney
transplantation, whichalternates renal functions (for example,
Patent Literature 3).
[0006] However, it is difficult to perform kidney
transplantation because the number of kidneys to be provided
is absolutely insufficient. Artificial dialysis is broadly
classified into hemodialysis and peritoneal dialysis. 1In
hemodialysis, althoughurinary toxins in the blood are removed,
treatment cannot be carriedout toreplace the endocrine function
and the regulatory function, etc. The patient is required to
undergo hemodialysis about three times a week, etc., which is
a great burden on the patient. Peritoneal dialysis can be
managed by the patient by himself, and thus the patient can

reduce the frequency of visits to a clinic, but problems occur



LMEANS FOR SOLVI NG PROBLEMS [0011] As a result of extensive study for

achi eving the above objects, the present inventors have found that stem
cells can be differentiated into tissue cells by culturing stemcells in a
culture nmediumcontaining fetal calf serum a hepatic cell growh factor, a
glial cell line-derived neurotrophic factor, a basic fibroblast growth
factor, a bone norphogenetic protein 7 and an epithelial cell growh factor
in a base mediumin the presence of a three dinensional scaffold, and

conpl eted the present invention. [0012] That is, the present invention
relates to the method for inducing the dif f erentiation of stemcells into
tissue cells , and the above nethod for inducing the differentiation is

characterized in.that stemcells are,cu d_i ree. dij i | manner
in the crftrd® #é'tﬁ @l‘?\t&(‘?ﬁtta?%lshgyt%ned%re %%%(;% E:nglgfaggtrlg\%t ﬁlgggfa(%? a?{I—)CIEEJIEF) , the

glial cell 'kﬂ?§g§2é¥egh§e§E85Egﬁghﬁ %@%b%%sﬁggﬁﬁk.,_the basic fibrobl ast

growt h factor h one nor phogeneti ¢ protein 7 (BMP7) and the
epi theli %86%']' QrO%BcE%&HP {EGRey N ithe: H3sen Aediuskia dke paesence of
e

the thre i mensi onal scaffolfd. [0013]{ Here, in one enbodi nent of the method
for indugipg ¢deldjpfesensidatdaan sotaphpipresenigh prentfenatibniweps ef erabl e
that the three dinensional culture conprises a first step of culturing stem
cel I s i nitbeatelt Bremnediatmiciaiear rirmd tHEF rKSDNEaandidne@saen @esecond
step of culturing in a culture medium containing HG, GDNF, b-FG-, BMP7 and
EGF aft edifet 05d@eddy’ihavestpasisisthdd dmorhehesamasohcgHéredl tkreerh t he

first step. , .
Literature 4). In Patent Literature 4, it has been disclosed

that the rKS56 cell line is capable of self-proliferation and
when cultured in a system containing a culture medium with
supportcells(feedercells),avascularendothelialcellmarker
was detected to suggest the possibility of differentiating into
vascular endothelial cells. It has also been disclosed that
the rKS56 cells canbe differentiated into a loop of Henle cells,
proximalconvolutedtubularcellsandcollectingduct(CD)cells.
However, the method is not reported that the rKS56 cells were
differentiated in the system not containing a support cell
(feeder cells). It is also not reported that a bicartificial
organ composed of a three dimensional structure was produced
using the above differentiated cells. Thedisclosureof Patent
Literature 4 (Japanese Published Unexamined Patent Application
No. 2004-275079) is incorporated herein by reference.
RELATED ART REFERENCES

PATENT LITERATURE



[ 0014] I n one enbodi ment of the method for inducing the differentiation of
the present invention, it is preferable to culture under a condition where
HGF, GDNF, b-FGF and BMP7 in a concentration each independently sel ected
from 100 to 500 ng/nmL and EGF in a concentration selected from 300 to 700
ng/ mL are contained in the culture nedium Al so, in one enbodinent of the
met hod for inducing the differentiation of the present invention, it is
preferable to further contain the serumin the culture medium In the
met hod for inducing the differentiation of the present invention, the stem
cell is preferably a renal stemcell. [0015] One enbodi nent of the nethod
for inducing the differentiation of the present invention is the nethod for

i nducing the differentiation conprising 1 Ste f forming a three
di mensi oA&P 08¢ | na?étﬁP6$%qﬁ¥%ﬁ¥ﬁﬁaélq%?a%%ﬁaéLS%lgﬁgééhif%EF%ﬁg
culturing the cell -mass.in t hr di i.onal manner in the culture nmedium
cont ai ni hg-AGE, “EBREC2 }E&Fgonﬁg%gﬁng S

In the presence of the three

dimensional scal{old, ; [QR1PLERTS, 54180 200 VR, BB AL OB baeehie 1T st

step of culturing the ce nass in ree di nmensional manner in the

culture gg%ﬁq@bgqgha&gLngOH§E03@@NE and b-FGF in the presence of the three
di mensi on scaffold (Step 2A) and the second step of culturing in the

three di mensi opad e ARNACE rbBuEEIUS LoAREE & PLBQAshied UTgeHEH, ndeDNE: e bt FGF,
BMP7 and EGF after O to 10 days have passed fromthe start of the culture

in the finpgh ishenonSep 2Bp42198017]In the above step 1) , it is preferable
that the cell mass is fornmed by the hangi ng drop nethod.
' Patent Literature 4: Japanese Published Unexamined Patent

Application No. 2004-275079
Non-Patent Literature
[0009] Non-Patent Literature 1: J. Cell Biol., 126 (3):
701-711 (1994).
SUMMARY OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0010] It is an object of the present invention to provide
a method for inducing the differentiation of stem cells into
tissue cells and provide a biocartificial organ comprising the
obtained tissue cells. It is another object of the present
invention to provide amaterial for medical purposes comprising
the produced bioartificial organ.
MEANS FOR SOLVING PROBLEMS
[0011] As a result of extensive study for achieving the

above objects, the present inventors have found that stemcells

can be differentiated into tissue cells by culturing stemcells



+[ 0018] Accordi ng to anot her enbodi nent of the present invention, the present
invention relates to a tissue cell induced and fornmed by the above nethod
for inducing the differentiation. [0019] Here, the tissue cell induced and
formed by the above nethod for inducing the differentiation of the present
invention can be a renal tissue cell in one enbodinent. [0020] According to
still another enbodi nent of the present invention, the present invention
relates to the bioartificial organ conprising the above tissue cells.

[ 0021] According to still another enbodi ment of the present invention, the
present invention relates to the material for nedical purposes conprising
the bioartificial organ. [0022] According to still another enbodinent of

the present inyention, the 'present i ven el ates t th
pr oduci ngTtthEUbE b‘étet‘T’?c?Jc‘f‘&lcoé‘rt@&ﬁungn i%?&%ﬁarfl@ c%g‘ﬁiéggﬁ éz)ee

conprisi n% w{hafgétegr of fS_)r gllncqefl (ieilnle rHalesrsl'\rmcd %Eae@og% bﬁlc factor,

a basic fibroblast growth factor, a bone morphogenetic protein
7 and an epithelial cell growth factor in a base medium in the
presence of a three dimensional scaffold, and completed the
present invention.

[0012] That is, the present inventionrelates to the method
forinducingthedifferentiationof stemcellsintotissuecells,
and the above method for inducing the differentiation is
characterized in that stem cells are cultured in a three
dimensional manner in the culture medium containing the hepatic
cell growth factor (EGF), the glial cell 1line-derived
neurotrophic factor (GDNF), the basic fibroblast growth factor
(b-FGF), the bone morphogenetic protein 7 (BMP7) and the
epithelial cell growth factor (EGF) in the base medium in the

- presence of the three dimensional scaffold.

fo013] Here, in one embodiment of the method for inducing
the differentiation of the present invention, it is preferable
that the three dimensional culture comprises a first step of
culturing stem cells in the culture medium containing HGF, GDNF
and b-FGF and a second step of culturing in a culture medium
containing HGF, GDNF, b-FGF, BMP7 and EGF after 0 to 10 days

have passed from the start of the culture in the first step.



».2) a.step of seeding the obtained cell mass on the scaffold, and 3)
a step of culturing the cell mass in the culture nedi um contai ni ng HGF
GDNF, b-FG-, BMP7 and EGF on the scaffold. [0023] Here, the artificial organ
of the present invention can be a bioartificial kidney in one enbodinent.

[ 0024] Al so according to still another enbodi nent of the present invention,
the present invention relates to a nethod for inducing the differentiation
of the stemcells into tissue cells having a pol ycystic kidney-Ilike

nor phol ogi cal feature, and the nethod for inducing the differentiation is

characterized by conprising 1) a step of formng a three

di nensi onal cell nmass fromthe stemcells; and 2) a step of

culturing the obtained three dinensional cell nass fromthe stemcells in a
three di AEA3kdnal mEAneRei AOPREIBEPEUPE ﬁBél@ﬁFB8ﬂt§?ﬁ|h@dﬁﬁﬁﬁgaﬁﬁeEGF and

t cont | east f_GDNF h
v oo i ASASFAREE | SEaFFoPE. OBZSPFR ' RBVRBENGE  { b 1HACTRGSENE £0

dlfferentlggiogeggéggthﬁ?éﬂ fye ceIIs h ¢] %4y% %1¥%%sghg gMggeynllke

mor phol o§* ¥ D fure“rmedr um
a concentration each independently gselected from 100 to 500

ng/mL and EGF in a concentration selected from 300 to 700 ng/mL
are contained in the culture medium. Also, in one embodiment
of the method for inducing the differentiation of the present
invention, it is preferable to further contain the serum in
the culture medium. In the method for inducing the
differentiation of the present invention, the stem cell is
preferably a renal stem cell.
[0015] One embodiment of the method for inducing the
differentiation of the present invention is the method for
inducing the differentiation comprising

1) a step of forming a three dimensional cell mass from
the stem cells, and

2) a step of culturing the cell mass in a three dimensional
manner in the culture medium containing HGF, GDNF, b-FGF, BMP7
and EGF in the presence of the three dimensional scaffold.
[0016] Here, the above step 2) can comprise the first step
of culturing the cell mass in the three dimensional manner in
the culture medium containing HGF, GDNF and b-FGF in the presence

of the three dimensional scaffold (Step 2A) and the second step



“in the step 2) contains BMP7 and EG- and contains none of GDNF, b-FG- or
HG- in one embodi ment. [0026] Al so according to still another embodi ment of
the present invention, the present invention relates to the tissue cells
which are induced and formed by the nmethod for inducing the differentiation
into the tissue cells having the polycystic kidney-I|ike norphol ogi cal
feature and whi ch have the pol ycystic kidney-1ike norphol ogi cal feature.
EFFECTS OF THE | NVENTI ON [0027] By the nmethod for inducing the
differentiation of the stemcells into the tissue cells of the present
invention, it was possible to induce the differentiation of the
undi fferentiated cells into the tissue cells and further construct a three
di mensi onal structure. Specifical

prleise/nt Pﬁ\Féflf?than‘—rlquL ﬁ&ﬁeb?é%?ﬁl%gf%g% rr% ;[g te gﬁggﬁgﬁnﬁlﬁ ©
cel | s/ precursor . ce
cells , PPOkFBF-E %@%IB%QggtEbﬁ#gpgq#@;ngﬁh%FﬁgEFF%glg?t?ﬁgbk ﬁﬁ;arand

furth
BRI EF DESCE) YRR AW RES [ Do2t ?fpf e T et vt w Shawi ng 2

structur egpfaokidney. FI G is an outline view show ng the nethod
for |ndUC|ng the differentiation of the present invention (Exanple 1).
[0017] In the above step 1), it is preferable that the cell

mass is formed by the hanging drop method.

[0018] According to another embodiment of the present
invention,thepresentinventionrelatestoatissuecellinduced
andformedbytheabovemethodforinducingthedifferentiation.
[0019] Here, the tissue cell induced and formed by the above
methodforinducingthedifferentiationofthepresentinvention
can be a renal tissue cell in one embodiment.

[0020] According to still another embodiment of the present
invention, the present invention relates to the bioartificial
organ comprising the above tissue cells.

[0021] According tostill another embodiment of the present
invention, the present invention relates to the material for
medical purposes comprising the bioartificial organ.

[0022] According tostill another embodiment of the present
invention, the present invention relates to a method for
producing the biocartificial organ, and the method 1is
characterized by comprising

1) a step of forming a cell mass of stem cells,



“FI G .3 is a photographic view showi ng a cultured norphol ogi cal feature on
Day 21 of the three dinensional culture. (a) shows the norphol ogical
feature of the rKS cell mass on Day 21 of the three dinensional culture,
(b) shows the norphol ogical feature of a netanephric nesenchymal stem cel
on Day 21 of the three dinensional culture, and (c) shows the norphol ogical
feature of ureteric bud cells on Day 21 of the three dinensional culture
(Exanmples 1 and 2). FIG 4 is a photographic view show ng cul tured
nor phol ogi cal features of rKS cells on Day 21 of the three dinmensional
culture. A shows a state where no |unen structure was observed, B shows a
state where no assenbled calices-1ike structure was observed and a
gl onerul us-like structure plus a urinary dyct-Like structure bserved,
and C shows a %'t aS&oRfel EeﬁfiFnﬁftrteh%bb?%ﬁ%ﬁgGle&&‘ﬁlaﬁseogté?l&c?%ar%?os]t(ﬁ’e urinary
duct-1ike gtructure and the calices-like structure were observed (Exanple
3). 8Ndr1G 5 is a view showing a ratio of each norphol ogi cal feature,

uni o changed gened pg o, e uotate o1eld s, unehuiaon chiradchian e TS

cell mass, on ree mensi onal culture of the rKS cells.

Descri pt Lgns .0hiAg BeandcBne e pLhersammeas Grs tdbesh ithdlsGa st dixanpl e 3).
FIG 6 is a photographic view show ng the cultured norphological features

of the offopkS)cel | eryBay:de abay ricard Hayarbiotht heddereeinvernsonnal

cul ture when the nunber of cells was changed upon produci ng the rKS cel
mass ( Exagpl ®e3h biocartifichhG Kidneya iphatregreaphicimdrgw showi ng t he

cul tured norphol ogi cal features of the rKS cell on Day 21 of the three

di mensi oralo2adl t ur e Alsceachordlingr eocobdl T iagm tIRe edaddmed tnBE pRdE ogi call
feature on Day 4 of the three dinensional culture is shown in m(Exanple 4)
. preis@nt8inyeatphot oghaph essR evi BTV HP tife A §Ped ‘ﬁ%F‘é)‘H%l ogi cal
features of the rKS cell on Da of the three dinensjonal culture (Exanple

4 .
5) . for iF@G:iggi@eadéﬁ5€6éP§5ﬁit&% Btv SHofi-RE St tAcE ak k&P on the
cul't ured Cf)ellll_ss hg.pfilplgya %gyc&}gseq chh %e de{yf‘[%_l’}_alﬁ(zfq\golr%%%ll% rj.%aﬁf 5 &%ﬁ%ﬁg,s cell's

(Exanpl e © ogr eW ShOW n
Pﬁ;paggﬁgﬁﬁggéﬁgéﬂég%éyiﬂéﬁ%fﬁ%Lﬁe%& ot sLies di pRRSLpaligukture for
by comprising
1) a step of forming a three dimensional cell mass from
the stem cells; and
2) a step of culturing the obtained three dimensional
cell mass from the stem cells in a three dimensional manner
in the culture medium containing BMP7 and EGF and not containing
at least one of GDNF, b-FGF or HGF in the presence of the three
dimensional scaffold.
[0025] In the method for inducing the differentiation into
the tissue cells having the polycystic kidney—liké

morphologicalfeature,itispmeferablethattheculturemedium

in the step 2) contains BMP7 and EGF and contains none of GDNF,

10



“FIG::11 is a photographic view showi ng the norphol ogi cal features of rKS
cells after the three dinensional culture for three weeks (Exanple 6)

FIG 12 is a photographic view showi ng the norphol ogi cal features of the of
rkS cells after the three dinensional culture for three weeks (Exanple 6)
FIG 13 is m crographs show ng the norphol ogi cal feature of a distal

convol uted tubule after the three dinensional culture of the rKS cells for
three weeks. The arrow in the figure indicates primary cilia (Exanple 6)
FIG 14 is mcrographs show ng the norphol ogi cal feature of the gl onerul us
after the three dinmensional culture of the rKS cells for three weeks
(Exanple 2) . FIG 15 is m crographs show ng the norphol ogi cal
feature of a_ proximal  convol ut ed tubuke after the three dinmensional culture
of the rksF%l PE FG6F o hEekY PeRYETBFe 6) . NDDES FOR CARRYI NG OUT THE

| NVENTI ON 9] The resent ipventio a f ivnduci ng

t he di ffépégg ati on™ F’Ot% %deln%etl 5%1{ ﬁtlogglr%&g% ce FHBE{H%HFh%’f pﬂrr{agsient

i nvention idd epentididg into a
speci fi c? ce%?ﬁwhen I rect egkgoﬁr%a%%%&?!rﬂeg&ggjglgle%l??%gctg . Thle stem cel |

is classpthed jion %@%Wdcaﬁﬁef%f’ﬁéb KES Heehk} hodapoadindusiem cel |,

an enbryonic germcell , and the like, and the stemcell of the present

i nvent i ophaBY dre @t ioft 1dtesatealHest i €ousicdanisngat iveg ehsepd Iy diggidid ng, it
is suitable to use the adult stemcell or the enmbryonic germcell.

[ 0030] Theiadult 1skemaeiHo refiersl featucelndosii@rhedeftherpeicystsste in a
l'iving body and before being differentiated.
kidney-like morphological feature.
EFFECTS OF THE INVENTIOW
[0027] By the method for inducing the differentiation of
the stem cells into the tissue cells of the present invention,
it was possible to induce the differentiation of the
undifferentiated cells into the tissue cells and further
construct a three dimensional structure. Specifically,
according to the methods of the present invention, 1t was
possible to differentiate the renal stem cells/precursor cells
intodistal convoluted tubule cells, glomerular cells, proximal
convoluted tubule cells, and the like of the kidney, and further
itwaspossibletoreconstructakidney—likestructureinvitro.
BRIEF DESCRIPTION OF DRAWINGS
[0028] FIG. 1.is a schematic view showing a structure of
a kidney.
FIG. 2 is an outline view showing the method for inducing

the differentiation of the present invention (Example 1).
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“Undifferentiated cells, i.e. , stemcells as well as already differentiated
mature cells are included in the tissue. The adult stemcell can produce
any individual cells to be present by being differentiated in the tissue as
wel | as being capable of replicating and producing the sane cell as itself.
The stemcell or the precursor cell isolated fromthe tissue in the living
body by a conventionally well-known nethod can be used as the stem cel

that can be used in the present invention. Specifically, for exanple , the
stemcell of the present invention includes the renal stemcell/precursor
cell described in Patent Literature 4. The description of the "stemcell™
herein and clains in the present application is a concept construed in a

broad sense and ncludlng not . onl ste | t 4l so th ur sor
cells. The des%¥¢pt|on 8fEihghpgpéﬁPg%lI/pg%%ﬁr§%Fjoﬁf §1séag%€%%$lately

used for qgﬁf%ﬁ% e§¥4 eéngQ%&héP@He%%ﬁ%%dﬂﬂgﬁguéggi@@iﬁ@f@ medi um

for a thP@gp S|ona ure use or the method for inducing

differentigti festembephbsobitbait ksauareeblkscat +he peesembssnyention is
characterl?egggy%cgﬁ%rﬁgﬁgg fg?al cal f sefun1(hereinafter, "FCS'" ) , the

hepatic eghl 8fowsh {Ret @hreker@imahs eonal Hadltlre t hébpl isdowsel the

| i ne-deriveéd neurotrophic factor (hereinafter, "GDNF' ) , the basic

fi br obl asforgrenmdy ifcaat deatheredhad trertarldplEGR mesenchynisdnetempephbgenet i ¢
protein 7 (hereinafter, "BMP7" ) and the epithelial cell growh factor
(here|natteoay"Emfﬁf)the1thheeba$eenedpuﬁﬂ Putoweentand i on 6hoFEStEBnt ai ned
in the culture nmediumcan be about 10%/v. HG- can be contalned |n a
concent r acirphosalsictadd fﬁla@hhl’footfousg'eeﬁgF MR e brefdt ARYy 230685t 61200

ng/ m., and nore preferably in concentration onggég ng/ mL. GDNF can be
cont ai nedNne e EERIEHIR] éTr\”sté%r@ct@d‘q“f S10o & 0 ng/nmL and preferably
200 to 400 ng/nL and nore preferab

Al'so, b-FGF cahlfie c%nté?ne hategﬁegﬂﬁfaf§§§322% %ggggﬁca§?888?0 500
ng/ m a”gctcfé;ﬁ-fg;ab" f70 & 400 Hl‘gb 51‘? IPéff e{abkychl @nree

concentr e COI’l alned 1n a concentration

sel ected { fn%ns]l%ahoc%%uw rrLA %m%w@,r 8l orbl 208 10 AR MELFLcrand more

preferably I'n a concentration of 250 ng/nL EG-F can be contained in a

concent r Q«;déé)%b%%lx%%tdedBfél%ﬂr@%ostgtzoﬂhéﬁé Mo G cpibaler ablly c4801tRe600
ng/mL, and nore preferably in a concentration of 500 ng/mL. [0032] As

descri bedsahowauire ivhd b Rivhed Mm@ 3, glonehe Inet-Nddef errunduciengluke
differentiation of the present invention conprising 1) a step of
form ng therthaee duaensilonalt roelcirensss folerantves  sarthEehbys amggate 2)
a step of culturing the cell mass in the three di nensional .
where all of the glomerulus-like structure, the urinary
duct-like structure and the calices-like structure were
observed (Example 3).

FIG. 5 is a view showing a ratio of each morphological
feature, which changed depending on the number of cells used
upon producing the rKS cell mass, on Day 21 of the three
dimensional culture of the rKS cells. Descriptions of A, B

and C are the same as described in FIG. 4 (Example 3).

FIG. 6 is a photographic view showing the cultured
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imanner in the culture nedium containing HG, GDNF, b-FG-, BWMP7 and EGF in
the presence of the three dinensional scaffold, when the above step 2)
conprises the first step (step 2A) of culturing the cell mass in the three
di mensi onal manner in the culture nedi um containing HG-, GDNF and b-FGF in
t he presence of a three dinensional scaffold and the second step (step 2B)
of culturing the cell nmass in the three dinensional manner in the culture
medi um cont ai ni ng HG-, CGDNF, b-FGF, BMP7 and EG- after 0 to 10 days have
passed fromthe start of the culture in the first step, for exanple, the
preferabl e concentrations of each conponent in the culture mediumin the
first and second steps can be set up as follows. That is, the culture

mediumin the first step is prepared by c ining F G- F and b- FG-
so that PﬁéRﬂ&&ﬂ?%%%HégﬁﬁPégédﬁgéﬁF?é¥§5%gp5Fger88ﬁ§%é§? ?ﬁgﬁgh??%re

medi umin _the second, ste an_also b r e dj ¥/ G- into
The. oul t 0P BRATLRET RS T1Tele Srup oITRRe FheX sESrhRepPE e, 25 *
concentratio r | ] it.d r e the

ONEM P12 B Se T R oBA e St 1o the il Turs tod i ™ veder .t he
base medi umisppgt ki mded therel@ait avbase shediug Wid - kadwaréa the art
can al so be used. Further, antibiotics such as penicillin and streptonycin
can appr @R log ke 1addadut-est be the e cerdi vm Bay needei the] 6084¢ The

i nduction of the differentiation of the stemcells into the tissue cells of
t he preserimdmyienislorutanrkeiacda ey e byutdedritiga adi .mefsieonul teuedur e
using the above culture nmediumin the presence of the three dinensional
scaf f ol dmodfpéro lidus datlr Beatuneesi banl4 eblthe ehige phinfegrsaanal £uL§UERi t abl e
to first conprise the step of formng the three dinensional cell nmass from
t he st emicelghpwinvsire ispdeiamdal [4Y,- the fol | owi ng steps are included:

1) a step of formng the three dinensional .cell nass fr nlthegﬁtenlcells;

and 2)FaGst &p BF BulRARSIEF HHE ObY 4P Fe FROM P IesaE i FUtHEITHY ee

di nensi onal ner. in the cultur di upg,cont ai ni FCS, b- FG-,
BWP7 and MEEPIN AHE P dEETEE S6¢ O?hgthF Gf ren Iilonfﬁ’d}"“‘:%f (i?c?af:j oedERPgSSS] In

t he above,, t he nethod f.r.pro i t hree di nensional cell nmass is not
parti cul aq’llnilerfsllngl a@d,cual%&ﬁeor&éiaé%éerge)the t hree di nensional cell nmass can

be produced bygthe bangi QngBQngEFHQQ- v1B& Bapghing duepadet hadkemrel udes a
met hod, for exanple, 1n which a“cell suspension containing the stemcells

of the present LhVentd@rcNNePsheshPY s5ithe theesal d showaubelew for
produci ng the three dinensional cell mass is placed on a lid, etc., of a

cul ture pattansgksudured ripsigiee down so that the placed cell suspension
i s hung down.
FIG. 10 is a photographic view showing the morphological
features of rKS cells after the three dimensional culture for
two weeks (Example 6) .
FIG. 11 is a photographic view showing the morphological
features of rKS cells after the three dimensional culture for
three weeks (Example 6).
| FIG. 12 is a photographic view showing the morphological

features of the of rKS cells after the three dimensional culture

for three weeks (Example 6).
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*Specifically, it is possible to prepare the cell suspension containing

| x104t 0 1x106 cells, preferably 5x104 to 5x105 cells and nore preferably
1x105 to 2x105 cells in 50 }IL of the solution for producing the cell nass.
A culture time for formng the cell mass is suitably about 6 to 10 hours.
When the culture tine is shorter than 6 hours, a sufficient cell nass
cannot be obtained. When it is longer than 10 hours, the fornmed cell mass:
breaks up. Thus, it is preferable to culture for 6 to 10 hours at 37C. The
cell mass produced by the hanging drop nmethod can becone an enbryoi d body
when the stemcell is an ES cell. Here, the enbryoid body refers to an
enbryo fornmed to induce the differentiation of the ES cells into various

ti ssues. The formation of the embryoid body is a first ste f_inducing the
i ffer enti at | GLof 18nes B4 CERSEAT SROPEnS| (1S BOEBROIAGASE 1t HEt Tt Te

f ti f the th . . | i ° e i | |

for el | S FErgrHt FaRTBh FEO S 1h 175F BREFIEE TN S cer FaeheT e °

casi |y. [Q030LWien, the (e, diEnsinaks celindmss:dis it oduoed; qie  he
e, € sol ut

above, I exa it s prefera 0 use a I on cont ai ni hgFCS,
insulin, transterti n,Sehed wmdexamebhasene,) HG- and b-FGF in the base
medium Here, It iS preférable to use a DMEM F12 nedi um as the base nedi um
However, the bgse. Madiymiic-ditagridishedihberies aorphdlaghase fealtune
wel | -knOm in the art can also be used. A commercially available ITS-m x
( manuf actosr edeby1 &nbea) usadt edsocibe tinetk as nidis isolalt icod taoet af ntng
insulin, transferrin and selenium The concentration of serum (for exanple,
FCS) cont&isneelils tlloer shingtel orpeden (Fecaatyout 200%v/v. Al so, insulin can be
contained in a concentration of 1 to 10 g/nL and nore preferably about 5
g/ mL. Al so, trBR&fdsr in wiardgrawit aherdngnthke sorddlcglicdd 6824U¥8 5 g/ m
and nore preferably about 2.75 g/nL. Al so, selenium (sodiumselenite) can
be cont aiafed Pﬁoélﬁéﬁc6ﬁFV89P6ﬁ%oFu?u96 8Lh§rnERENE RBF eI pPERRIBDBRY about

3.35 ng/nL.. Al so, dexanethasone c be contained in a.concentration of 1 to
10x10- 8 MUdrfdthforcd ﬁ?’@f&@bl%ﬁrﬁﬂ%?}g NN S X HP e %ontained in a

concentrag]| 1 erably 5 ng/nL. Al so, b-FG-
can be c%kggﬁhggﬁ ﬁE%R%g%%gntﬁggﬁgﬂIgﬁh%ﬂﬂgﬁgoo ng/ nL and nore preferably
25 ng/ L. j,bi ot i S el p j | 9
appropri a[tdg{%/d]be adggq(f %%%%é@?g}ﬁ%r}%in%?%le%%éeﬁﬁ?g%%%]nrp%@??lg rrefhod for

i nduci ng jthe diff erent irabirencahctibe St eALcAldnScini g ithe digsueetekls of the
present invention, the stemcells can be cultured in the above culture

medi um f oy the ghueetdinesst 08l i tuee ddl 1 befpresenae«lfl thpabheee

di nrensi onal scaffold. Mdrre preferably, the three dinmensional cell nass
formed fraimiibeeabnyeasirmicedd 8 sgavibel coklivéterudingetetieatbaegent i oned
culture nediumfor the three dinmensional culture. [0038] The three

di nensi onialtc W tspec i besper f Sthredstigm cell is classified into an

embryonic stem cell (ES cell), an adult stemcell, an embryonic
germcell, andthe like, andthe stemcell of the present invention
may be any of these cells. Considering the ease in handling,
it is suitable to use the adult stem cell or the embryonic germ

cell.

[0030] The adult stem cell refers to a cell collected from

the tissue in a living body and before being differentiated.

14



“t he above-described culture nediumof stemcells, i.e. , the culture nedium
contai ning FCS, HG-, CGDNF and b-FGF, as well as BMP7 and EGF, or can be
performed by dividing the three dinmensional culture into two stages, i .e.

, culturing in advance in the culture medium containing FCS, HG, GDNF and
b-FGF in the above concentrations and further cul turing under the
condi tions containing BMP7 and EG-F in the above concentrations in addition

to the culture nedium containing FCS, HG-, GDNF and b-FGF after 0 to 10
days have passed. Wien the three dinensional culture is divided into the
two stages, the second step (step 2B) of culturing in the culture nedium
contai ni ng FCS, HG-, CGDNF, b- FGF BMP7 and EGF can be perforned after

f bl 8 d f 4 7 f h
Ctart of UPHSEHFFEPCabopa  SPobE2A) Bf - chFFlr (RO Frt RS bbl Farshretntm
Contalnlagf%g§8nglat GORE Sggronfﬁgaf%rfﬁéidgeiqu%h@gt%ggugtff@ﬁgnt'at'on

can be i nprove anglng e culture nmediumin t first stepto

the cultypg, @9&#&“&\3@# FSEEORG SLeR kAdlhecaRoVS PTETes 8Bl prpesiod. The

concentrations G- to be added can al so be gradually i ncreased
inagr agy%lélﬁ@rari&rfe%r&slat&& inadhy dieaate bRewe TDRGEBEL AL @NSaishown
above. For exanple, the culture nedium containing HG, GDNF and b-FGF is

~ added i nog@ teyEIcHEnid andoprad@olmy e hehaahercd1dr asulttarlef . t Maecst¢mr e
medi um cont ai ning BMP7 and EGF is added in an upper section thereof, and
i ncl udes cert hndshs pole cas sprcoatentpratiten g:rcarditeﬁtti&aud)fenrmwelbvi@g adual |y
transferring the culture nmedium containing BVW7 and EGF in the up
secti on bodyhey |owemvesdtiana iyt Weddl Mﬂwﬁgmﬁﬁéoéf%@%%ﬁsﬁ%ass@@n cells
in the culture nediumin the | ower section. t%ﬁSBQ ]As the serum contained in
the cul t §EEMREE LM USRS f G2t heenethed fo? cPﬁ@SFHE dtfYefeheFati on of

the stemcells . into the tissue celk descr.i bed hgreln but
the serufP§SedirAliie IsT<HRR am- §%ﬁﬁm??ﬁ&gg&%ﬁ¥ﬁﬂ§?n ahd" FE 1% possi bl e
t th b h whi ch
by capabr THRCediT HaPRRc L FFoh PEEaLT AHY SkA Cpmbrateateatefe [000) A
mterial ok LaeLhiee diounsiongl. sealdolg,dised o Lig pPhesenh bayenti on

i s not partlcularly Ilnlte ng as t ey are publicly known in the art,
and for exanplee,, gleag%sgﬁ%eg pBt e6i-abs, 1BObYBBA-basedonBtenEal gnsuch as
polycaprolactone an l'yglycolic acid, or conposites thereof can be used.
lts nor pf&ObQ%aageﬁsat Hh& iﬁc%é@n@%o@&fﬂlﬁlﬁkpﬁ sy i Fetled, bandal el udes,
for exanple, a sponge-shaped structure, etc. The three di nensional
scaf fol d thRy heddiasesidwl sanpl esider ideeshof fmndrhe ¢f vi vige botigtéhor
exanpl e, extracellular matrix and basal nmenbrane, etc . ) as the materials.
Speci f i calelly,/ pvitcuirgelrTMe(Béc i s rapir ad Pasoal arussdMsanyeantiyge "6t evl | agen
gel and type IV collagen gel and the like can be included. [0041] The
present icaldrit ilgn tdlssdbroakemenNs the tissue cells obtained by the method
for |ndu0|n% the differentiation of the stemcells into th%th sue cells,

and al so @¥Rddds to Til??ecl&llB&FtelrFe‘ihc‘F‘&If% G ¥ o7 MEdSBYF LORE b8 Cel s .
F | wh th |1, d t. t. ||/ I,
The obt arifss FPEdiie Betots ar e s A LR SPRd S biar F I ehr an <
f d fr, the t |1 bi fi | .kid f

orned Tro ﬁ§ﬁ§%§§?& & of F%Fa bioart| '%E%tloh ngc I@S g?%Edi or

acqui ri ngtfe etrser cefl “I's Tnot par rcu Imted,

and the rg Tg}df %Elelcaﬁ%fa%fsgér&ﬁ' hegegng%tengsrc%d JA0eRE ﬁbggttle t he

met hod de Cri atent Literature 4, tor exanple he present invention

al so ext %GLSH grw@hn@a&w&l fHérE?HhE%lerpur‘F}Rﬁ@’s) CORBEI fTith1 heell
bioartificla rgan produced in this way.

line-derived neurotrophic factor (herelnafter, “GDNF” ), the

basic fibroblast growth factor (hereinafter, “b-FGF”), the bone
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*{0042] Herei nafter, the present invention is specifically described with
reference to Exanples for pronoting better understanding, but it is a
matter of course that these do not |imt the scope of the present
invention. [0043] Two ki dneys are present in a dorsal side of a peritoneal
cavity in a human, each of which has a urinary duct extending to a urinary
bl adder , produci ng and secreting hornones and producing urine, and mainly
havi ng an excretion function, an endocrine function and a regul atory
function. Approximately a mllion of the basic structures referred to as
nephron are present in the kidney, and conprise the glonerulus that
filtrates water including waste fromblood to produce primtive urine. The
primtive urine produced in the gl onerul us._i arr i P, a kN duct
t hr ough 5}06?1?95&5?%&&\/8%?8&% ubul G1C5e ELB%%‘S% ' Hen?lg?%a) di S031 e Vol ut ed

tubul e and.e,6olloctl g ke, Sod UNAIL Mt Gl @bGrr ) 3 AkhehgadI Of bed

and erytﬁ oporéfin and are activated in the proximl convol uted

tubul e (ggaiﬁﬁgmﬂtcohce%%ra%qgﬁegf FoAREN 531 n8€AHEAke Ju Lt Urkent@ppmof Henl e
and the distal convoluted tubule. The nephron is surrounded with

interstithal peeibsut etezv/Fhe pGENEaHVSe Wdmenirsed dncantoatedt tat about 100
times until being carried to the urinary duct, then carried to the urinary
bl adder thnewgkd beomrinawysdoaig/mncrekpretedablyn? @ heariofany/wladder out
of the body (see FIG 1) . [0044] The kidney is devel oped frominternediate
mesoder manalo £ e roves ¢ riplug h nt drcssastrages’ 19n ©f 25 prsedhr o §PNFeS®Rephr os
and netanephros . In nmamualian animals, the pronephros and the nesonephros
are subsb®guepRFyinedriy adegeperhrabionnP e sd 5O 1808 A0 RSfHEd from

t he met anephros. Mesenchymal cells assenbl e aroundprocesses referred to as
ur et eri c aBGdPrFARGPed t He ﬁ%%tnBéWP'sP&Q(ﬂOHQN?§ﬁ£§ﬁéh#%o%nt% f orm

th t h . Ih ' i nt it h ] - I

col 13- and PHEAREREATY Al 2681 18/ Bre ohi Thelt 208 L6 BEn 3 Srana d Body.

th by d | opi h | [ I 1t h

of Honl e i L RECAPECST ENear i S TlnsR o R P E R R et | o

urinary dugf %Dh%@gﬂg?kn%cegha ae%et Beckbkarae di bf gopBLhakadibroget he

ureteric buds. Exanpl e hree di nensional culture using rena

stem cel LL$/PHEORESOrsl@eY |dan be conthenkhAr £€ ickpreneral iew tulecwad carried
out by culturing renal stemcells/precursor cells by a hanging drop nethod

and cul t yridig1bber®toal ngdmceldd peeseiraba yseab ftal d ocamposid aofd werei gel TM
(see FIG 2). .

preferably inaconcentrationof 250 ng/mL. EGF canbe contained

in a concentration selected from 300 to 700 ng/mL and preferably

400 to 600 ng/mL, and more preferably in a concentration of

500 ng/mL.

f0032] As describedabove, inthe embodiments, in themethod

for inducing the differentiation of the present invention

comprising

1) a step of forming the three dimensional cell mass from

the stem cells; and

2) astepof culturingthecellmass inthe threedimensional
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*{ 0046] 1) Renal stemcells/precursor cells Cells were isolated from
the S3 region of the proximl convol uted tubule according to the nethod
described in Patent Literature 4, and an SV4 0 gene was incorporated into
the obtained cells capable of high proliferation by a |ipofection nethod to
establish a cell line. The obtained cell line is conposed of the renal stem
cells/precursor cells of the present Exanple and is hereinafter referred
to as an rKS56 cell. [0047]2) Production of cell mass of rKS56 cells

A solution containing FCS (final concentration: 1096v/v), |ITS m X
(manuf act uredbyG bco) (200 pL), dexanethasone (final concentration: 5x108
N), HG (final concentration: 5 ng/nL), and b-FG- (final concentration 25

ng/ m.) in DVEM F12 nmedi um was ared. A cell sp g about
1x105 r KSBE1EE| 113 tihﬁ %El’bﬁir%fmeﬁfép GO 23RS B ﬁiﬂ @%e%a%é D aﬂed on an .
i nner surf

6nlthe et Pﬁ%ﬁe@ T e A R L R SRR i ka
56
(see 6o 8 h) ﬁ&Qe%P%'ééth% PLOCUICE .8 66l TRE S0, 9G: K556 cel |

di nensi onal cult KS56 cel

culture %ﬁ@' e@l@%&@g N NG HRCS Hfd @i RGO 18 kia@me rl QWY L1, cldGFuté | nal
concentration: 250 ng/nL), CGDNF ((final concentration: 250 ng/nlL) and b- FG-

(final coRrEERN &bh©Nin 259 HeY, EDNF Bndl 15 oFOF iient b tpaiawecthdayo friaxt ngea

DMEM F12 nedium and lvlatrigel TM (Becton, D ckinson and Conpany) at 1:1 was
pr epar eddikierstiorad $def f61Stnst eipe EBlcem28y epf(stthegp 2B) @ divhewsiopal
culture, one cell mass produced in 2) above was seeded in one well of a
24-wel | Thanseell méSer i righe Catree JUTENUSINR MREEFova EBPt GREtWERI um
containing Natrigel TM as the scaffold, and cultured at 37C for 5 to 7 days.
Subsequemediumasonita 18a86nHGFst 6pNFst BpFEE) BMPThenfhEEE afhehsP ohal
culture, the cell mass was_ cultured at 37C for about weeks ip.the culture
nedlunlaé@l@PMHaW?VeéBﬁ¥§¥%?ﬁﬁmBRF9 ???%%Fﬁ%EHEeﬁ?}%Ff%ﬂllf%ﬁ Eb?ﬁf) and

EGF (final_ conc tratlon g the cul tur i cont aiping FCS
HGF, CONELTdy- FegE R&2BRES Exgﬁﬁi b? ure e %ﬁgﬁgn ?i?é?hstep

2A h d 2E) b
gggfgg Ve il %%B hQ tumet&#éﬂq%f Lmﬂ%u LNe fhe: s¢ %gagg@ ;shapséb@p ) by

concen a I on so utlon at 2 pL of

an EGF hi n th I on 1 ldm @f the 24-wel |
Transmelfggb%%égandefgg%caqéﬁkiheTg%Ftggepﬁégrﬂ%pggﬁfgrﬁﬁﬁglFCS HGF, GDNF

and b- FGgi A Culday ed ﬁPéﬁQ%Q%iﬁz%orﬂEﬂﬁm & ks DaysrR1 qoivrt badt br eeF

di mrensional culture is shown in FIG 3a. [0049] (Exanple 2) Three

di mensi o tBHttiHeLabor 8 ref@table concentrations are realized. The
culture medium in the second step can also be prepared by adding
BMP7 and EGF into the culture medium in the first step so that
the preferable final concentrations are realized.
[0033] Here, it is preferable to use the DMEM/F12 medium
as the base medium for the culture medium. However, the base
medium is not limited thereto, and a base medium well-known
in the art can also be used. Further, antibiotics such as

penicillin and streptomycin can appropriately be added to the

culture medium as needed.
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*stem-.cel | s/ precursor cells Met anephri cnesenchymal stemcells or
ureteric bud cells were used in place of the rKS56 cells, and cultured in
the sane manner as in Exanple 1. The cul tured norphol ogi cal features on Day
21 of the three dinensional culture are shown in FIGs. 3b and 3c,
respectively. [0050] (Exanple 3) Mrphol ogical features of cultured cells
dependi ng on cell nunber used for producing a cell mass of rKS56 cells

The rKS56 cells were cultured in the sane manner as in Exanple 1, except
that the nunber of cells upon producing the cell mass of the rKS56 cells
were various |y changed. A frequency of various cell norphol ogical features
that appeared at that tinme was confirnmed. In FIG 4, no |unmen structure was
observed in A, no assenbled calices-like structure was observed and a

gl oner ul U§0B#ke strEBeuiedpriaacr afi karylybEereRkaast PRcRbr &%t Yhser ved
in B, and all of the glonerulus-like tructure tge.urinar Qggé-géke
struct ur §2ahd LRECCEPTcEISPEReCSE1Bc?hr ENGePESBhY rb%%ﬁ??ﬁ%é As a
result of the ahove .and as shown i.n_Fl i
differen?FéﬁFSﬁg%MﬁRﬁ Br%?oﬁgFFﬁl?ﬁﬁ?%%é%ﬁ£{ﬁggﬁéghgéﬁqy%é¥%§ﬁﬁ?rned as

the numeL el N1ecfell:Sdiset KRAhPLAGUEI e Gol1 SBBEScOR . { NedKSSE

cell s was I ncreas ereas the sufficient differentiation frequency into
the renalyti s5HEe | ity MR the thisbek péreelthed] sid QW suitable to
Specifically, the norphol ogical features of the cells showmn in FIG 6 were
confirmedirkh Ebfprbsettee ndebrofoeeihg tiponpreeddenagstbeai KSSEL cel |
mass was 6.25x103 in a) , g) and n) , 1.25x104 in b) , h) and n) , 2.5x104
inc) , mhsandrojp the s@eil4elisd) , j) and p) , 1.0x105 in e) , k) and q)
, and 2.0x105 in f) , 1) and r) . The norphol ogi cal features on Day 1 of
the culture ardoshioswesnfayallp) the)folldpwing)shppsfaye, ingbu@dfphol ogi cal
features on Day 7 of the culture are shown in g), hé, i%}gg)’ 6% and 1),
and t he norpholbgi eaeprfeatered nent Ry eSO 1PRESLRPRAre ar 83SKFoth°T'n ),

: 1] (Exanpl e 4 hol ogi cal
n), o), %%k %%e%P%e&hs;[gggl]( anpl e 4) Morphol ogi cal features of cultured

2) a step of culturing the obtained cell mass in the three
dimensional manner in the culture medium containing FCS, HGF,
GDNF,b—FGF,BMP7andEGFinthepresenceofthethreedimensional
scaffold.

[0035] In the above, the method for producing the three
dimensional cell mass is not particularly limited, and for
example, the three dimensional cell mass can be produced by
the hanging drop method. The hanging drop method includes a
method, for example, in which a cell suspension containing the
stem cells of the present invention prepared by using the
solution shown below for producing the three dimensional cell
mass is placed on a 1id, etc., of a culture plate and cultured

upside down so that the placed cell suspension is hung down.
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~cells when culture condition in three dinmensional culture was changed

The norphol ogi cal features of the various cells were confirned when the
cell mass of the rKS56 cells produced in the sane manner as of the cel

mass described in Exanple 1 was cultured in a two di nensi onal manner or
cultured in a three dinensional manner by changing the conposition of the
cul ture nmedi um The culture was carried out under the foll ow ng
condition a) to Penicillin and streptonycin (1% ) were added to each
culture nedium In this Exanple, the two dinensional culture using no
scaffold was carried out when the cells were cultured in the cul ture nedium
a). The three dinensional culture was carried out when the cells were

cultured_in the culture di th h ._TIh ' ' I

and the SREEGLAFAOASI ol TELPPUrSoof RNt fmcit wral Nt 2 i nto-

E‘r’]"o Stag?:%nt%ri‘gxiﬁgfxf@“r E%;e_&lcbutcéﬁé‘,g ijé?e Ibtlg/r xBdtym.cotainiag all
e vari ous compositions fromthe start of the culture. [ 0052] 1) Each

culture g‘ﬁ)gir@ore referd . M FLQ ot 1 %G +nENGL(2PQhegdl  fok- FGF
(250 ng/ i) + HGE (250 hgfml) + EGE (500 ng/ni) + BMP7 (250 ng/ i)

b) DVEM E12 $rdQUrkES the cell MaddVEMAFLEAItUIRULEGS foEDNPr(2hg tige m)
d) DMVMEM F12 + 10% FCS + b-FGF (250 ng/ ) e) DMEM F12 + 10% FCS +
HGF (250 cegAmuhss is suitably about 6 to 10 hours. When the culture
time is shorter than 6 hours, a sufficient cell mass cannot
be obtained. When it is longer than 10 hours, the formed cell
mass breaks up. Thus, it is preferable to culture for 6 to
10 hours at 37°C. The cell mass produced by the hanging drop
method can become an embryoid body when the stem cell is an
ES cell. Here, the embryoid body refers to an embryo formed
to induce the differentiation of the ES cells into various
tissues. The formation of the embryoid body is a first step
of inducing the differentiation of the ES cells in vitro. It
is considered that the formation of the three dimensional cell
mass allows intercellular signals for cell differentiation to
act to differentiate the stem cells more easily.
[0036] When the three dimensional cell mass is produced
in the above, for example, it is preferable to use a solution
containing FCS, insulin, transferrin, selenium, dexamethasone,
HGF and b-FGF in the base medium. Here, it is preferable to

use a DMEM/F12 medium as the base medium. However, the base

medium is not limited thereto, and a base medium well-known
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+f) DVEM F12 + 10% FCS + GDNF (250 ng/nm.) + b-FGF (250 ng/nL) + HGF (250

ng/ nm.) g) DMEM F12 + 10% FCS + EGF (500 ng/nL), change in this

medi um h) DMVMEM F12 + 10% FCS + BMP7 (250 ng/ nl) i)

DMEM F12+ 10% FCS+ EGF (500 ng/ mL) + BMP7 (250 ng/ mnL) j) DMEM F12 +
10% FCS + GDNF (250 ng/nL) + b-FGF (250 ng/nL) + HGF (250 ng/nmL) + EGF (500
ng/ m.) + BMP7 (250 ng/nm) k) DVEM F12 + 10% FCS + activin (250
ng/m.) 1) DVEM F12 + 10% FCS + follistatin (250 ng/niL) m DVEM F12
+ 10% FCS + EGF (1000 ng/niL) +BMP7 (250 ng/niL) n) DMVEM F12 + 10%
FCS + HG- (250 ng/nmL) + activin (250 ng/mn) o) DVEM F12 + 10% FCS +
LI FsRa (250 ng/ nlL) p) DVEM F12 + 10% FCS + nephronectin (250 ng/nlL)

[ 0053] 2) Results of norphol ogical features on Day 21 of
in the art can also be used. A commercially available ITS-mix

(manufactured by Gibco) can also be used as the solution
containing insulin, transferrin and selenium. The
concentration of serum (for example, FCS) contained in the
solution can be about 10%v/v. Also, insulin can be contained
in a concentration of 1 to 10 g/mL and more preferably about
5 g/mL. Also, transferrin can be contained in a concentration
of 1 to 5 g/ml and more preferably about 2.75 g/mL. Also,
selenium (sodium selenite) can be contained in a concentration
of 1 to 5 ng/mL and more preferably about 3.35 ng/mL. Also,
dexamethasone can be contained in a concentration of 1 to 10x10°°
M and more preferably.5><10'8 M. Also, HGF can be contained in
a concentration of 1 to 100 ng/mL and more preferably 5 ng/mL.
Also, b-FGF can be contained in a concentration of 1 to 100
ng/mL and more preferably 25 ng/mL. Antibiotics such as
penicillin and streptomycin can also appropriately be added
to this solution as needed.

[0037] In the method for inducing the differentiation of
the stem cells into the tissue cells of the present invention,
the stem cells can be cultured in the above culture medium for
the three dimensional culture in the presence of the three
dimensional scaffold. More preferably, the three dimensional

cell mass formed from the above stem cells can be cultured using
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wculture The observation result on Day 21 of the culture under
various conditions are shown below (see FIG 7) . Under the condition of m
, the observation result on Day 4 of the culture is shown because of

| ogi stics. Under the culture condition of a) , it is shown that

nor phogenesi s did not occur unless the three dinensional culture was
carried out (the norphol ogical feature of the cells was changed, suggesting

that the cells were differentiated) . Under the culture condition
of b) , it is confirmed that the norphogenesis did not occur if no growh
factor was added. Under the culture condition of c) , it is

confirnmed that several long |unmen structures were fornmed when GDNF al one
was adde

d, Under the culture condition of d it.is confiymed that
a thick Fﬁﬁeﬁng?WEPEF8nﬁgsCF£FH§8 Wﬁéﬁuﬁ- 5P8n8%ﬁ%§ é&ﬁﬁ%ﬁlona{
Under theugglture condition of e) , it is confirnmed that a |lunen structure
and the FP'REYWEs formed but its nor phol ogi cal feature was insufficient when

HGF al ong wag,added., three é{mgﬁﬁigﬁagqgﬁig&%gqﬂg{ lc0BePEolhea {4 IS

! 2 &
relatively co%flrnea‘that e nor phogenes Is occurred ih the culture nedi um

cont ai ni RYHEEEDNEsaRdLRaFEG1 LhireSmakisamcorf beamdcthat, i L. vas tinel ear
whet her the |unen structure was thick or thin and that those closer to the

nor mal Kkicgney.reemediomeceasiliynihar red, ween cberFcehbsbweGe, castwe®d in the

subsequent cul ture nmedi um contai ni ng EGF and BMP7.
as BMP7 and EGF, or can be performed by dividing the three
dimensional culture into two stages, i.e., culturing in advance
in the culture medium containing FCS, HGF, GDNF and b-FGF in
the above concentrations and further culturing under the
conditions containing BMP7 and EGF in the above concentrations
in addition to the culture medium containing FCS, HGF, GDNF
and b-FGF after 0 to 10 days have passed. When the three
dimensional culture is divided into the two stages, the second
step (step 2B) of culturing in the culture medium containing
FCS, HGF, GbNF, b-FGF, BMP7 and EGF can be performed after
preferably 1 to 8 days and more preferably 4 to 7 days have
passed from the start of the first step (step 2A) of culturing
in the culture medium containing FCS, HGF, GDNF and b-FGF. A
rate of inducing the differentiation canbe improved by changing
from the culture medium in the first step to the culture medium
in the second step in the above preferable period. The

concentrations of BMP7 and EGF to be added can also be gradually

increased in a gradient manner so as to finally reach the
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“Under. the culture condition of g), it is confirnmed that a bended | unen
structure tended to be fornmed when EG- al one was added. Under the
culture condition of h), it is confirmed that many gl onerul us-Iike
structures were formed on tips. Under the culture condition of i),

it is confirmed that cystic structures were forned in the mass, and a

pol ycystic kidney-Ilike norphol ogical feature is confirned. Under the
culture condition of j) , a norphological feature close to a norphol ogi cal
feature of the kidney was confirned. Under the culture condition of
k), it is confirned that there was no change at all. Under the
culture condition of 1), a bended thick |unmen structure was confirmed (no

gl onerul us-1ik tu I [
confir neggflﬁ%?gﬁggfg%ssﬂ%‘&’ PR Swer g%g)r rreg\pc'Llé tﬂﬁégn%gg@u}é %%T@ar elrt e
”Drphogengﬁkglhgﬂa HBE Q%h%?%ﬁki% ?b@“?! é&&éd”ﬂﬂ@PQB@chéécﬁﬁéhuéﬁ ini)

was conf i e culture condition of n), it is confirned

that the | ygen,stLyghyes eoul dubeupar tind! yuf onfednédi dhecsntd i engredi um
contalnlng HG- and activin. Under the culture condition of o), it

is configped ih@tEdrhes esawmsi ne shapge rateatlion thereoinded thelwedds ure

condition of p) , it is confirnmed that there was no change at all.
methods such as a concentration gradient canbe made by gradually
transferring the culture medium containing BMP7 and EGF in the
upper section to the lower section with culturing the
aforementioned stem cells in the culture medium in the lower
section.
[0039] As the serum contained in the culture medium used
for the method for inducing the differentiation of the stem
cells into the tissue cells, FCS is mainly described herein,
but the serum used in the base medium is not limited to FCS,
and it is possible to use sera, such as other bovine serum,
human serum, and the like, which are capable of serving the
desired roles and well-known in the art.
[0040] A material for the three dimensional scaffold used
in the present invention is not particularly limited as long
as they are publicly known in the art, and for example,
collagen-based materials, polymer-based materials such as
polycaprolactone and polyglycolic acid, or composites thereof

canbe used. Itsmorphological feature isalsonotparticularly

limited, and includes, for example, a sponge-shaped structure,
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*As descri bed above, it was confirnmed that the degree of the norphogenesis
was different depending on the condition. In particular, ini) and m , the
nor phol ogi cal feature such as a polycystic kidney could be confirmed. The
ti ssue cells having such a norphol ogical feature |like the polycystic kidney
are useful as a pathol ogical |esion nodel. Such a pathol ogi cal |esion nodel
can be practically applied as a bioassay tool in a site to be defected in
vitro before testing a newdrug in renal lesion, etc . , by admnistration
invivo, and is available as a material for screening and assay of a novel
drug as a therapeutic drug, etc., for the treatnent of the polycystic
ki dney, for exanple. [ 0054] (Exanple 5) Confirmation of norphol ogical
features on 4 of the. three di [ I | f.ur i j of
vari ous %Fkﬁhe three (?Weerﬁsjt%réﬂgg’ﬁﬁsﬁ\%grde&c Héut%é |H%?% Er’s%%ifr@anner as
i n Exanp i r e c&endickiianikermd©fm ng t he
polycyst%igr VﬁﬁgéxﬁfEéé§$$ﬁg¥ﬁ€%§%#%gﬁg@%%ﬁ%%§iS%Qfor formng the
ki dney- | kg $LiHat WetASind heteuht We epndhitenials. t heeec df neasipnal
culture. As a result, ureteric bud cells (UB) and netanephric nesenchynal
cel I's (Mdhtahgen® thectBne @i dkiresabaesvesembay t4pefI thé legerugel (see
FIG 8) . An MM condition refers to the condition for formng the
ki dney- | ke stpactiur eclandea YBlcandi tihen lidfeercairnt dpet Harcdarwdid-i on for
form ng the polycystic kidney-like structure. Various nmarkers on the cel
surface dbowBland MVWhsepeesenti LpEdntdiongathe RFLPERSt EehhiguelSPrfmers for

performng RT-PCR for various markers are shown in Taple 1. 0055Table 1 _
Gene nan@e@ﬂisn@}ptqa:ipeﬁrﬁy the method for inducing the differentiation

of the stem cells into the tissue cells, and also extends to
the bicartificial organ formedby the tissue cells. Forexample,
when the stem cell used is the renal stem cell/precursor cell,
the obtained tissue cell is a renal cell, and the bicartificial
organ forﬁed from the tissue cells is a biocartificial kidney.
The method for acquiring the renal stem cell/precursor cell
is not particularly limited, and the renal stenlcell/precuréor
cell can be acquired according to the method described in Patent
Literature 4, for example. The present invention also extends
to the material for medical purposes comprising the
bicartificial organ produced in fhis way .

EXAMPLES

[0042] Hereinafter, the present invention is specifically
described with reference to Examples for promoting better
understanding, but it is a matter of course that these do not

limit the scope of the present invention.
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~aquapori n-1 CCTCCAGGCACAGTCTTCTC (SEQ I D NO 1) CAGTGGCCTCCTGACTCTTC (SEQ I D
NO 2) Na-Ca transporter TGGAAGCTGGTCTGICTCCT (SEQ I D NO 3)

TGATGACATCAAGAAGGTGGTGAAG ( SEQ | D NO 4) nephrin GCTCCCACCATCCGTGC( SEQ | D NO
5) | GACTATGTCCACACAACCCCCA (SEQ ID NO 6) pax- 2

[0043] Two kidneys are present in a dorsal side of a
peritoneal cavity in a human, each of which has a urinary duct
extendingtoaurinarybladder, producingand secretinghormones
and producing urine, and mainly having an excretion function,
anendocrine functionandaregulatory function. Approximately
a million of the basic structures referred to as nephron are
present inthekidney, and comprise theglomerulus that filtrates
water including waste from blood to produce primitive urine.
The primitive urine produced in the glomerulus is carried to
a urinary duct through a proximal convoluted tubule, a loop
of Henle, a distal convoluted tubule and a collecting tubule.
Sodium and water, etc., are reabsorbed and erythropoietin and
vitamin D3 are activated in the proximal convoluted tubule (S1:
segment 1, S2: segment 2 and S3: segment 3), the loop of Henle
and the distal convoluted tubule. The nephron is surrounded
with interstitial cells, etc. The primitive urine is
concentrated to about 100 times until being carried to the
urinary duct, then carried to the urinary bladder through the
urinary duct, and excreted from the urinary bladder out of the
body (see FIG. 1).

[0044] The kidney is developed from intermediate mesoderm,
and formed through three stages, i.e., pronephros, mesonephros

and metanephros. Inmammalian animals, the pronephros and the
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" AGCGGCATCTGCGATAATGAC (SEQ I D NO 7) CTCGCGITTCCTCTTCTCAC ( SEQ
CCCGAAGATTATCCTGACCA (SEQ I D NO 9) TAGCCCAAACCCAAGTCAGT ( SEQ

| D NO 8) gdnf
I
GCGTCAGGGAGATGGTAAAG ( SEQ CATCAGGGAAACAGTTCCAG (SEQ 1D NO 11

D
D NO 10) ret
)

mesonephrosaresubsequentlynearlydegenerated,andthekidney
is mainly formed from the metanephros. Mesenchymal cells
assemblearoundprocessesreferredtoasuretericbudsdeveloped
on the most tail side of the mesonephros to form the metanephros.
The ureteric buds are interacted with the mesenchymal cells
and the mesenchymal cells are epithelized to form a sigmoid
body, thereby developing the glomerulus, the proximal
convoluted tubule, the loop of Henle and the distal convoluted
tubule. The collecting tubule and urinary duct epithelial
cells and the like are differentiated from the ureteric buds.
[0045] (Example 1) Three dimensional culture using renal
stem cells/precursor cells

The three dimensional culture was carriedout by culturing
renal stem cells/precursor cells by a hanging drop method and
culturing the obtained cell mass in a scaffold composed of
Matrigel™ (see FIG. 2).
[0046] 1) Renal stem cells/precursor cells

Cells were isolated from the S3 region of the proximal
convoluted tubule according to the method described in Patent
Literature 4, and an SV40 gene was incorporated into the obtained
cells capable of high proliferation by a lipofection method
to establish a cell line. The obtained cell line is composed

of the renal stem cells/precursor cells of the present Example
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/D NO 12) ncam |D NO 13) ACGICCGGITCATAGICCTG ( SEQ CTATGGGITCCCCATCCTTT
(SEQ I D NO 14) W -1 ACCCAGGCTGCAATAAGAGA (SEQ I D NO 15)

GCTGAAGGCCTTTTCACTTG (SEQ I D NO 16) AQP-2 GIGGCTGCCCAGCTGCTGEG (SEQ I D NO
17) AGCTCCACCGACTGCCGCCG (SEQ |1 D NO 18)

and is hereinafter referred to as an rKsS56 cell.
[0047] 2) Production of cell mass of rKsS56 cells

A solution containing FCS (final concentration: 10%v/v),
ITS-mix (manufactured by Gibco) (200 puL), dexamethasone (final
concentration: 5x10°% M), HGF (final concentration: 5 ng/mL) ,
and b-FGF (final concentration: 25 ng/mL) in DMEM/F12 medium
was prepared. A cell suspension containing about 1x10> rKS56
cells in 50 pL of the above solution was prepared, placed on
an inner surface of a 1id of a 96-well microplate, and the 1lid
was taken back on the microplate to perform the hanging drop
culture. The cells were cultured at 37°C for 6 to 10 hours to
produce a cell mass of the rKS56 cells (see FIG. 3).
[0048] 3) Three dimensional culture of rKS56 cells

A culture medium containing FCS (final concentration:
10%v/v), HGF (final concentration: 250 ng/mL), GDNF ((final
concentration: 250 ng/mL) and b-FGF (final concentration: 250
ng/mL) in a solution obtained by mixing a DMEM/F12 medium and
Matrigel™ (Becton, Dickinson and Company) at 1:1 was prepared.
First, as the first.step (Step 2A) of the three dimensional
culture, one cell mass produced in 2) above was seeded in one
well of a 24-well Transwell (Corning, Cat# 3470) using the above
culture medium containing Matrigel™ as the scaffold, and

cultured at 37°C for 5 to 7 days. Subsequently, as the second
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“bf - 2.. AGGAGACAGACATCGACGTG (SEQ I D NO 19) TGACGAAGCAGTCGITGAG SEQ I D NO 20)
gapdh TGATGACATCAAGAAGGTGGTGAAG (SEQ I D NO 21) TCCTTGGAGGCCATGTAGGCCAT ( SEQ
I D NO 22) [0056] Aquaporin (AQP) is a protein present on cell nenbranes and
having fine pores, 13 types of aquaporin have been known in mamalian
animals, and 6 of themare present in the kidney. Anong them AQP-1 is the
mar ker of the proximal convoluted tubule, and AQP-2 is the marker of the
distal convoluted tubule. Nephrin is a protein localized in the glomerular
epithelial cells. The above markers were detected in the cells on Day 4 of
the culture, suggesting that the rkKS56 cells could be differentiated into
various tissues of the kidney by the above culture (FIG 9). [0057] (Exanpl e

6) Cbservation of cultured norphol Qgi cal .
step (step 2B) of the three dimensional culture, the cell mass

was cultured at 37°C for about 4 weeks in the culture medium
additionally containing BMP7 (final concentration: 250 ng/mL)
and EGF (final concentration: 500 ng/mL) in the culture medium
containing FCS, HGF, GDNF and b-FGF. Asone Example, the culture
medium in the first step (step 2A) was changed to the culture
medium in the second step (step 2B) by adding 2 pL of a BMP7
high-concentration solution at 50 ug/mL and 2 pL of an EGF
high-concentration solution at 100 ug/mL in each well of the
24-well Transwell containing 400 ulL of the culture medium
containing FCS, HGF, GDNF and b-FGF. A cultured morphological
feature on Day 21 of the three dimensional culture is shown
in FIG. 3a.
[0049] (Example 2) Three dimensional culture using renal
stem cells/precursor cells

Metanephric mesenchymal stem cells or ureteric bud cells
were used in place of the rKS56 cells, and cultured in the same
manner as in Example 1. The cultured morphological features
on Day 21 of the three dimensional culture are shown in FIGs.
3b and 3c, respectively.
[0050] (Example 3) Morphological features of cultured
éells depending on cell number used for producing a cell mass

of rKS56 cells
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»feature 1) Cells cultured for tw weeks The norphol ogi cal feature of
a bioartificial kidney cultured in the three dinensional manner for two
weeks in the sane culture procedure as described in Exanple 1 was observed
under a m croscope. Many | unmen structures |ike the convoluted tubule
formed fromthe cultured cell nmass were observed, and such a structure was
constructed by cells having polarity. A spherical structure |like the
gl onerul us was observed on the tip of the lumen structure (FIG 10).
[0058]2) Cells cultured for three weeks The nor phol ogi cal feature of
a bioartificial kidney cultured in the three dinensional manner for three
weeks in the above culture procedure was observed under a m croscope. A

change was observed in the_|unmen strycture .The.lunmen_s r at were
similar but difrereht>q r '%:Wﬁé?écgﬂ'Lﬁﬁﬁhé&'EﬁﬁeﬁagFrhégﬁ%gssge%%., wer e
observed,, The.thjck and bended u | d h L pal nvol ut ed
tubul e i FPARR] néV?“%ﬁa%Fﬁg E#%gﬁgﬂﬁggnﬁkt ?r%% ﬁﬁéﬁlngEgFgggstﬁfke t he

struct Ur es1afdfieck 008 saledionl oy and.bhendisaly epavalut och tubuhenver e

observed s cultured for three weeks (oObservation of

spher e- | ke, 3thBEEUEE)1 morpholdiei d@T phed gh&dlt Hegabwbe aakd he that
bioartificial kidney cultured in the three dinensional nmanner for three

weeks i nttihe aboweniulivdde pracemur e, was lfumerhet robsery eds Cependé@g on t he
condition, a sphere-like structure was observed on the tip foll owedby the

| umen st HECchUr Bo, assen hed e iatked 1 iles senblat wrel Wwiat ebseired and a
calices-like structure to produce a kidney- like structure. It is

consi der exl conteatulivisi S idter gEructurs Blws|aritiganye AREphidket AAFUFEY¥Re basic

structural unit of the kidney_and pIuraIitX of such itructures assenble to
exhi bit t™es @t@@ﬁypﬂkénsgrLﬁﬂq”%;%Jqﬂathfzg_omerulus— ike structure,

the urinary duct-1like structure and the calices-1like structure
were observed in C.

Ag a result of the above and as shown in FIG. 5, the more
sufficient differentiation-inducing property into renal
tissues could be confirmed as the number of the cells used upon
producingthecellmasscﬁftherKSS6cellswasincreasedwhereas
the sufficient differentiation frequency into the renal tissue
is low when ﬁhe number of cells is low.

Specifically, the morphological features of the cells
shown in FIG. 6 were confirmed. In FIG. 6, the number of cells
upon producing the rKS56 cell mass was 6.25x10° in a), g) and
m), 1.25x10° inb), h) and n), 2.5x10* in c), i) and o), 5.0x10"
ind), j) and p), 1.0x10° in e), k) and q), and 2.0x10° in £),
1) and r). The morphological features on Day 1 of the culture

are shownina), b), c), d), e) andf), themorphological features
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[ 0060]4) Cells cultured for three weeks (observation of distal convol uted
tubul e structure) The norphol ogi cal feature of the distal convol uted
tubule (lunen structure) in the bioartificial kidney cultured in the three
di mensi onal manner for three weeks in the above culture procedure was
observed under an electron mi croscope. Lunmen cells with primary cilia were
observed, and it is considered that the cells were present with polarity,
and the cells did not sinply take the |unmen structure, but had polarity and
confirnmed their | ocation of one another to exist and function (FIG 13).
[0061] 5) Cells cultured for three weeks (observation of Bowran's

capsul e-1i ke structure) The norphol ogi cal features of the gl onmerul us

in the bioartificial kidney cultured in the three di nensi onal r for
three weBRsPRH ?h%fa%%%eCEﬁFFH?eaﬁ?o%ﬁaﬁ?elﬂa%{oggérv%b’u%hbﬂcﬁﬁ eiectron

m croscope. In_the sphere-like structure at tip,of-t I Bowman' s
capsule-E?keaggrEE?u %rﬂggiegﬁg?#ug?%gugﬁgaﬁﬁgg? rP%i%% gﬁ% tﬂé gl omer ul us
- i ke structure havi t | upen_st r ugt s observed there in under an
eIectronaEFcﬁgggSpén(E?G.HTA)g)EOBZ2]g§ %%?lggdultured for three weeks

(Observaﬁb%@ of pro%hﬁﬁhp@%”%@'Uﬁ@%bﬁ@pééfcéirﬁéb@ths of cullihgred
nnrphologlcaﬁ feature of "the proxinmal convoluted tubule (lunmen structure)

in the bianti {ihehaluikddneyosdituoadi hnelihee tdimemsdiorels cobabreemeer f or
three weeks in the above culture procedure was observed under an el ectron
M Cr 0SCOR®anged Further, the same structure as the proximal convol uted
tubul e structure having many villi was observed in simlar |unmen structures
at an el ectronrie cnospgbploglieadl fEREGres5PL |NBUIERIIRUAPFE CABYEFTY

confirmed when the cell mass of the rKS56 cells produced in
the same manner as of the cell mass described in Example 1 was
cultured in a two dimensional manner or cultured in a three
dimensional manner by changing the composition of the culture
medium.

The culture was carried out under the following condition
a) top). Penicillin and streptomycin (1%) were added to each
culture medium. In this Example, the two dimensional culture
using no scaffold was carried out when the cells were cultured
in the culture medium a). The three dimensional culture was
carried out when the cells were cultured in the culture medium
other than a). The two dimensional culture and the three
dimensional culture of the cell mass were not divided into two
stages,andwerecarriedoutusingtheculturemediumcontaining
all the various compositions from the start of the culture.

[0052] 1) Each culture media
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[ 0063] As described in detail above, the differentiation of the cells can be
i nduced by the nmethod for inducing the differentiation of the stemcells
into the tissue cells of the presentinvention. Specifically,the renal stem
cells/precursor cells could be differentiated into the distal convol uted
tubul e, the glonerulus, the proximl convoluted tubule, and the |like of the
ki dney, and the kidney-like structure could be reconstructed in vitro. This
can produce the bioartificial organ, and can further provide the nmaterial
for nedi cal purposes conprising the bioartificial organ. [0064]Using the
bioartificial organ, it is possible to analyze what segnent of a renal

| esion a drug effectively acts upon or perform screening or an assay for a

| d di | _dj der th i . i th
St em cel o/ pr LB BB £ o 13 0hn Bt cu DN | [oBbCOREEL poseh BTE £ bt ploduce an
t ol bi tiflicj LE th ti hi I
b1 oar (11 PRV AL of A ol § RETR P &PF b7 >Rt U pLre2ed 67 TRE BT esent

i nvention are yer | . beca t hey can be provided for a disease to
which only an %%d%ﬁﬁifg%gp aﬁ€°g§€?d be conventionally applied. Further,

aut ol ogous bi oay thfke) Al > 0L gans ARE PegsrFal ssbongped) cal purposes are al so
excellent in safety because no rejection occurs.
d) DMEM/F1l2 + 10% FCS + b-FGF (250 ng/mL)
e) DMEM/F12 + 10% FCS + HGF (250 ng/mL)
f) DMEM/F12 + 10% FCS + GDNF (250 ng/mL) + b-FGF (250
ng/mL) + HGF (250 ng/mL)
g) DMEM/F12 + 10% ¥CS + EGF (500 ng/mL), change in this
medium
h) DMEM/F12 + 10% FCS + BMP7 (250 ng/mL)
i) DMEM/F12 + 10% FCS + EGF (500 ng/mL) + BMP7 (250 ng/mL)
i) DMEM/F12 + 10% FCS + GDNF (250 ng/mL) + b-FGF (250
ng/mL) + HGF (250 ng/mL) + EGF (500 ng/mL) + BMP7 (250 ng/mL)
k) DMEM/F12 + 10% FCS + activin (250 ng/mL)
1) DMEM/F12 + 10% FCS + follistatin (250 ng/mL)
m) DMEM/F12 + 10% FCS + EGF (1000 ng/mL) + BMP7 (250 ng/mL)
n) DMEM/F12 + 10% FCS + HGF (250 ng/mL) + activin (250
ng/mL)
o) DMEM/F12 + 10% FCS + LIFsRa (250 ng/mL)
p) DMEM/F12 + 10% FCS + nephronectin (250 ng/mL)

[0053] 2) Results of morphological features on Day 21 of

culture
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“CLAIM5 1. A nethod for inducing differentiation of stemcells into tissue
cells, wherein the stemcells are cultured in a three di nensional manner in
a culture nediumcontaining a hepatic cell gromh factor (H&) , a glial
cell line -derived neurotrophic factor (GDNF) , a basic fibroblast growh
factor (b-FGF) , a bone norphogenetic protein 7 (BMP7) and an epithelial
cell growth factor (EGF) in a base nediumin the presence of a three

di mensi onal scaffold. 2. The method for inducing the differentiation
~according to claim1, wherein said culture in the three dinensional manner
conprises a first step of culturing said stemcells in a culture nedium
contai ni ng H&F, GDNF and b-FGF and a second step of culturing said stem

cells in a culture nediun1containin€ HGF, GDNF, b-FGF, BMWP7 and EGF after O
to 10 days haveRPaSRBBrYRbHYEhESSEAFt OBf PRKe2tuPf uFBSi RULFBYE| PFRE St ep. 3.

The nethod for inducjng the diff ti,ati i ng .t im.1, 0r 2,
wher o n S iob SR ARE SRR ot EREn T b g e

b- FGF 07 i ' i 100 t
300 g/ ncin b BE Y ERE e O £AEn RO T 405 SHEGULERT 0D e

cul ture medidBwn becHid®IMad fiQciidducing the differentiation according
to any one of clains 1 to 3, wierein serumis further contained in said

cul ture medi unyn§eFheneethad Jr@r ddiuct fent be dif f arentd aghewnaenatding to

any one of clainms 1 to 4, wherein said serumis FCS . 6. The nethod for
i nduci ng ridierdiddrarint 454 hon cacwarndi gs $ chamhrered Dfiend aomsl tuf oube wherein
said stemcell is a stemcell in a kidney.

was carried out (the morphological feature of the cells was
changed, suggesting that the cells were differentiated).

Under the culture condition of b), it is confirmed that
the morphogenesis did not occur if no growth factor was added.

Under the culture zondition of c¢), it is confirmed that
several long lumen structures were formed when GDNF alone was
added.

Under the culture condition of d), it is confirmed that
a thick lumen structure was formed when b-FGF alone was added.

Under the culture condition of e), it is confirmed that
a lumen structure and the like was formed but its morphological
feature was insufficient when HGF alone was added.

Under the culture condition of £f), it is relatively
confirmed that the morphogenesis occurred in the culture medium
containing HGF, GDNF and b-FGF. It is also confirmed that it
was unclear whether the lumen structure was thick or thin and

that those closer to the normal kidney were more easily formed
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7. A method for inducing differentiation of stemcells into tissue cells

conpri si ng; 1) a step of formng a three dinensional cell nmass from
the stemcells; and 2) a step of culturing said cell mass in a

t hree di nensional manner in a culture medi um containi ng HG-, GDNF, b-FGF,
BMP7 and EGF in the presence of a three dinensional scaffold.. 8. The

nmet hod for inducing the differentiation according to claim?7, wherein said
step 2) conprises a first step of culturing said cell mass in the three

di mensi onal manner in a cul ture nedi um contai ning HG-, GDNF and b-FGF in

t he presence of the three dinensional scaffold, and a second step of
culturing the cell mass in the three di nensional nmanner in a culture nmedi um
cont ai ni ng HG-, GDNF, b-FG-, BMP7 and EGF after 0 to 10 _days have passed

fr om t he wiiear £hefcehbs eieneuFeliENTeRelni Pt SHRESIUEThEUHEUAEI™ES+ U nduci ng
the differentiation accordin to claim7 or 8 wherein the cells are

cul t ur ed CERF& 1 "o FG POA gﬁialnlng HGF, GDNF, b-FGF and BMP7 in a

concentration each i endent | l.ect ed 0 100 1 50 / EGF
a concentrati on® %Fé3? puﬂr %@ngﬁ ﬁé/%ﬂ]ln fﬁg gﬁﬁggghﬁﬁggnl |n
The methadfofy dnCilaﬁfeagsftp‘ac%&f Lerentieat i nb@c%e&%agwh@naﬂmog@oe& cl aI ms

7 to 9, &rein serumi s further contained in the culture mediumin said
step 2) .aslLgge method for inducing the differentiation according to any
one of clalns 7 to 10, wherein said cell mass is forned by a hangi ng drop

met hod i n sai dystep die culkdhrAdonssie seblf hnduced ardrifarmed byathe
nmet hod for inducing the differentiation according to any one of clains 1 to
11. many glomerulus-like structures were formed on tips.

Under the culture condition of i), it is confirmed that
cystic structures were formed in the mass, and a polycystic
kidney-like morphological feature is confirmed.

Under the culture conditionof j), amorphological feature
close to a morphological feature of the kidney was confirmed.

Under the culture condition of k), it is confirmed that
there was no change at all.

Under the culture condition of 1), a bended thick lumen
structure was confirmed (no glomerulus-like structure).

Under the culture condition of m), it is confirmed that
cystic structures were formed in the mass, and a clearer
morphogenesis than the polycystic kidney-1like morphological
feature in i) was confirmed.

Under the culture condition of n), it is confirmed that
the lumen structure could be partially formed in the culture

medium containing HGF and activin.

32



«13. The tissue cell according to claim 12, wherein the tissue-cel

and fornmed by the nethod for

cell.

i nduced

. met hot inducing the differentiation is a renal tissue
14. Abioartif icial organ conprising the tissue cell accordi

ng to

claims 12 -or 13. 15. A material for medical purposes conprising the
bioartificial organ according to claim14. 16. A nethod for producing a
bioartificial organ conprising;, 1) a step of formng a cell mass of

cells;

bioartificial

f eature,

2) a step of seeding the obtained cell mass on a scaffold,
3) a step of culturing said cel
GDNF, b-

stem
and

mass in a culture nedi um contai ni ng HG,

FGF, BMP7 and EGF on the scaffold. 17. The nethod forproducing the

Tke®

tﬁgggrbié”go change at all.

Under the culture condition of p), it is confirmed that
there was no change at all.

As described above, it was confirmed that the degree of
the morphogenesis was different depending on the condition.
In particular, in i) and m), the morphological feature such
as a polycystic kidney could be confirmed. The tissue cells
having such a morphological feature like the polycystic kidney
are useful as a pathological lesionmodel. Sucha pathological
lesion model can be practically applied as a bioassay tool in
a site to be defected in vitro before testing a new drug in
renal lesion, etc., by administration invivo, and is available
as a material for screening and assay of a novel drug as a
therapeutic drug, etc., for the treatment of the polycystic
kidney, for example.

[0054] (Example 5) Confirmation of morphological features
on Day 4 of the three dimensional culture and confirmation of
various markers

When the cells were cultured in the same manner as in
Example 1, the cells were cultured under the condition for

forming the polycystic kidney-1like structure or the condition

for forming the kidney-1like structure as the culture condition
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organ according to claim 16, wherein the bioartificial organ

is a bioartificial kidney. 18. A nethod for |nduC|n di fferen f
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«1) a-~step of formng a three dinensional cell mass fromthe stemcells; and
2) a step of culturing the obtained three di nensional cell mass of the stem
cells in a three dinensional manner in a culture nedi um containing BMP7 and
EGF '‘and not containing at | east one of GDNF, b-FG- or HGF in the presence
of a three dinensional scaffold. 19. The nethod for inducing the
differentiation according to claim 18, wherein the culture nediumin said
step 2) contains BMP7 and EGF and contains none of GDNF, b-FG- or HG-. 20.
Ti ssue cells having a pol ycystic kidney-1|ike norphol ogi cal feature,
mhichareinducedandfornedbythenethod for inducing the differentiation
according to claim 18 or SEQUENCE LI STI NG <110> National University

Cor por at i on Ckayama Unlver |t <120> met hod for differ.en ti or gan
conposed tRetreE CefMeRsicdili itthttFecel 4% 2 T8R3Nst iH T HE 3 Bﬁg | ongl
organ str

t her apy

be observed on Day 4 of the culture (see FIG. 8) .

é?%é) Y rr&ﬁsgaafp Ircl%l md & é:rg)cr}?}gxﬁé Ptc'erig. Saﬂﬂv[ f %Q%ﬂ%rdaﬁﬂé] 9B &a’?\i‘é for

An MM condition

refers to the condition for forming the kidney-1like structure,

and a UB condition refers to the condition for forming the

polycystic kidney-1like structure.

Various markers on the cell

surface of UB and MM were confirmed using the RT-PCR technique.

Primers for performing RT-PCR for various markers are shown

in Table 1.

[0055] Table 1

Gene name primer F primer R

aquaporin-1 CCTCCAGGCACAGTCTTCTC (SEQ | CAGTGGCCTCCTGACTCTTC (SEQ
ID NO 1) ID NO 2)

Na-Ca TGGAAGCTGGTCTGTCTCCT (SEQ ; TGATGACATCAAGAAGGTGGTGAAG

transporter ID NO 3) (SEQ ID NO 4)

nephrin GCTCCCACCATCCGTGC (SEQ ID | GACTATGTCCACACAACCCCCA
NO 5) (SEQ ID NO 6)

pax-2 AGGGCATCTGCGATAATGAC (SEQ | CTCGCGTTTCCTCTTCTCAC (SEQ
ID NO 7) ID NO 8)

gdnf CCCGAAGATTATCCTGACCA (SEQ | TAGCCCAAACCCAAGTCAGT (SEQ
ID NO 9) ID NO 10)

ret GCGTCAGGGAGATGGTAAAG (SEQ | CATCAGGGAAACAGTTGCAG (SEQ

34




+<150> JP 2009- 188578 <151> 2009-8-17 <160> 22 <170> Patentln version 3.1
<210> 1 <211> 20 <212> DNA <213> Artificial <220> <223> Synthesi zed forward
primer for detecting auaporin-1 gene <400> 1

l ]
ID NO 11) ID NO 12)

ncam ACGTCCGGTTCATAGTCCTG (SEQ | CTATGGGTTCCCCATCCTTT (SEQ
ID NO 13) ID NO 14)

We-1 ACCCAGGCTGCAATAAGAGA (SEQ | GCTGAAGGGCTTTTCACTTG (SEQ
ID NO 15) ID NO 16)

AQP-2 GTGGCTGCCCAGCTGCTGGG (SEQ | AGCTCCACCGACTGCCGCCG  (SEQ
ID NO 17) ID NO 18)

bf-2 AGGAGACAGACATCGACGTG (SEQ | TGACGAAGCAGTCGTTGAG  (SEQ
ID NO 19) ID NO 20)

gapdh TGATGACATCAAGAAGGTGGTGAAG | TCCTTGGAGGCCATGTAGGCCAT
(SEQ ID NO 21) | (SEQ ID NO 22)

[0056] Aquaporin (AQP) is a protein present on cell

membranes and having fine pores, 13 types of aguaporin have
been known in mammalian animals, and 6 of them are present in
the kidney. Among them, AQP-1 is the marker of the proximal
convoluted tubule, and AQP-2 is the marker of the distal
convoluted tubule. Nephrin is a protein localized in the
glomerular epithelial cells. The above markers were detected
in the cells on Day 4 of the culture, suggesting that the rkSs56
cells couldbe differentiated into various tissues of the kidney
by the above culture (FIG. 9).

[0057] (Example 6) Observation of cultured morphological
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"cctccaggca cagtcttctc 20 <210> 2 <211> 20 <212> DNA <213> Artificial <220>
<223> Synt hesi zed reverse prinmer for detecting auaporin-1 gene <400> 2
cagtgacctc ctaactcttc 20 <210> 3 <211> 20

feature

1) Cells cultured for two weeks

The morphological feature of a biocartificial kidney
cultured in the three dimensional manner for two weeks in the
same culture procedure as described in Example 1 was observed
under a microscope.

Many lumen structures like the convoiuted tubule formed
from the cultured cell mass were observed, and such a structure
was constructed by cells having polarity. A spherical
strucfure like the glomerulus was observed on the tip of the
lumen structure (FIG. 10).

[0058] 2) Cells cultured for three weeks

The morphological feature of a bicartificial kidney
cultured in the three dimensional manner for three weeks in
the above culture procedure was observed under a microscope.
A change was observed in the lumen structure. The lumen
structures that were similar but different in thickness and
bended lumen structures, etc., were observed. The thick and
bended lumen structure like the proximal convoluted tubule in
the kidney, and the straight and thin lumen structures like
the structures of the loop of Henle and the distal convoluted
tubule were observed (FIG. 11).

[0059] 3) Cells cultured for three weeks (observation of
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n<212> DNA <213> Artificial <220> <223> Synthesized forward prinmer for

detecting Na-Ca transporter gene <400> 3 tagaagctag tctgtctcct 20 <210> 4
<211> 25 <212> DNA <213> Artificial <220> J J

sphere-like structure)

The morphological feature of the biocartificial kidney
cultured in the three dimensional manner for three weeks in
the above culture procedure was further observed. Depending
on the condition, a sphere-like structure was observed on the
tipfollowedbythe1umenstructure,andthesegraduallyassemble
andgatherintoacalices—likestructuretoproduceakidney-like
structure. It is considered that this structure is similar
to the nephron that is the basic structural unit of the kidney
and plurality of such structures assemble to exhibit the
organ-like structure (FIG. 12).

[0060] 4) Cells cultured for three weeks (observation of
distal convoluted tubule structure)

Themorphologicalfeaturecﬁfthedistalconvolutedtubule
(lumen structure) in the biocartificial kidney cultured in the
three dimensional manner for three weeks in the above culture
procedure was observed under an electron microscope. Lumen
cells with primary cilla were observed, and it is considered
that the cells were present with polarity, and the cells did
not simply take the lumen structure, but had polarity and
confirmed their location of one another to exist and function
(FIG. 13).

[0061] 5) Cells cultured for three weeks (observation of
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<223» Synt hesi zed reverse priner for detecting Na-Ca transporter gene <400>
4 taataacatc aaaaaaataa tgaag 25 <210> 5 <211> 17 <212> DNA <213>
Artificial <220> <223> synthesi zed forward prinmer for detecting nephrin
gene <400> 5 gctcccacca tccgtgec 17

Bowman's capsule-like structure)

The morphological features of the glomerulus in the
bioartificial kidney cultured in the three dimensional manner
for three weeks in the above culture procedure was observed
under an electron microscope. In the sphere-like structure
at the tip of the lumen, Bowman'’s capsule-like structure was
constructed on an outer side and the glomerulus-1like structure
havingthelumenstructurewasobservedthereinunderanelectron
microscope (FIG. 14).

[0062] 6) Cells cultured for three weeks (observation of
proximal convoluted tubule structure)

The morphological feature of the proximal convoluted
tubule (lumen structure) in the biocartificial kidney cultured

" in the three dimensional manner for three weeks in the above
culture procedure was observed under an electron microscope.

Further, the same structure as the proximal convoluted
tubule structure havingmany villi was observed in similar lumen
structures at an electron microscopic level (FIG. 15).
INDUSTRIAL APPLICABILITY
[0063] As described in detail above, the differentiation
of the cells can be induced by the method for inducing the
differentiation of the stem cells into the tissue cells of the

present invention. Specifically, the renal stem
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“<210> 6 <211> 22 <212> DNA <213> Artificial <220> <223> synt hesi zed reverse

primer for detecting nephrin gene <400> 6 gactatgtcc acacaacccc ca 22 <210>
7 <211> 20 <212> DNA

cells/precursor cells could be differentiated into the distal
conveoluted tubule, the glomerulus, the proximal convoluted
tubule, and the like of the kidney, and the kidney-1like structure
could be reconstructed in vitro. This can produce the
biocartificial organ, and can further provide the material for
medical purposes comprising the bicartificial organ.

[0064] Using the biocartificial organ, it is possible to
analyze what segment of a renal lesion a drug effectively acts
upon or perform screening or an assay for a novel drug regarding
a renal disorder therapeutic drug. By removing the stem
cells/precursor cells from an adult, it becomes possible to
produce an autologous bioartificial organ specific to the
patient himself. The biocartificial organ and the material for
medicalpurposes of the present inventionareveryuseful because
they can be provided for a disease to which only an organ
transplant could be conventionally applied. Further,
autologous bioartificial organs and materials for medical
purposes are also excellent in safety because no rejection

occurs.
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<213> Artificial

<220> <223> synthesized forward primer for detecting pax-2

gene <400> 7 agggcatctg cgataatgac 20 <210> 8 <211> 20 <212> DNA <213>
Artificial <220> <223> synthesi zed reverse priner for detecting pax-2 gene

CLATIMS
1. A method for inducing dif ferentiation of stem cells into
tissue cells, wherein the stem cells are cultured in a three
dimensional manner in a culture medium containing a hepatic
cell growth factor (HGF), aglialcell line-derivedneurotrophic
factor (GDNF), a basic fibroblast growth factor (b-FGF), a bone
morphogenetic protein 7 (BMP7) and an epithelial cell growth
factor (EGF) in a base medium in the presence of a three
dimensional scaffold.
2. The method for inducing the differentiation according
toclaiml, wherein said culture in the three dimensional manner
comprises a first step of culturing said stem cells in a culture
medium containing HGF, GDNF and b-FGF and a second step of
culturing said stem cells in a culture medium containing HGF,
GDNF; b-FGF, BMP7 and EGF after 0 to 10 days have passed from
the start of the culturs in the first step.
3. The method for inducing the differentiation according
to claim 1l or 2, wherein the cells are cultured under a condition
containing HGF, GDNF, b-FGF and BMP7 in a concentration each
independently selected from 100 to 500 ng/mL and EGF in a
concentration selected from 300 to 700 ng/mL in the culture
medium.

4. The method for inducing the differentiation according
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*<400> 8 ctcgegtttc ctcttctcac 20 <210> 9 <211> 20 <212> DNA <213>
Artificial <220> <223> Synt hesi zed forward priner for detecting adnf gene
<400> 9 cccgaagatt atcctgacca 20 <210> 10 <211> 20 <212> DNA <213>
Artifical

to any one of claims 1 to 3, wherein serum is further contained
in said culture medium.
5. The method for inducing the differentiation according
to any one of claims 1 to 4, wherein said serum is FCS.
6. The method for inducing the differentiation according
to any one of claims 1 to 5, wherein said stem cell is a stem
cell in a kidney.
7. A method for inducing differentiation of stem cells into
tissue cells comprising;

1) a step of forming a three dimensional cell mass from
the stem cells; and

2) astep of culturing saidcell mass ina three dimensional
manner in a culture medium containing HGF, GDNF, b-FGF, BMP7
and EGF in the presence of a three dimensional scaffold.
8. The method for inducing the differentiation according
to claim 7, wherein said step 2) comprises a first step of
culturing said cell mass in the three dimensional manner in
a culture medium containing HGF, GDNF and b-FGF in the presence
of the three dimensional scaffold, anda second step of culturing
the cell mass in the three dimensional manner in a culture medium
containing HGF, GDNF, b-FGF, BMP7 and EGF after 0 to 10 days
have passed from the start of the culture in the first step.

9. The method for inducing the differentiation according
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©<220> <223> Synt hesi zed reverse prinmer for detecting gdnf gene <400> 10
tagcccaaac ccaagtcagt 20 <210> 11 <211> 20 <212> DNA <213> Artificial
<220> <223> Synthesized forward primer for detecting ret gene <400> 11
gcgt caggga gat agt aaag 20 <210> 12 <211> 20 <212> DNA <213> Artificial

toclaim 7 or 8, wherein the cells are cultured under a condition

containing HGF, GDNF, b-FGF and BMP7 in a concentration each

independently selected from 100 to 500 ng/mL and EGF in a

concentration selected from 300 to 700 ng/mL in the culture

medium.

10. The method for inducing the differentiation according

to any one of claims 7 to 9, wherein serum is further contained

in the culture medium in said step 2).

11. The method for inducing the differentiation according

to any one of claims 7 to 10, wherein said cell mass is formed

by a hanging drop method in said step 1).

12. A tissue cell induced and formed by the méthod for inducing

the differentiation according to any one of claims 1 to 11.

13, The tissue-cell according to claim 12, wherein the tissue.

cell induced and formed by the method for inducing the

differentiation is a renal tissue cell.

14. Abiocartificial organcomprisingthe tissuecell according

to claims 12 or 13.

15. A material for medical purposes comprising the

biocartificial organ according to claim 14.

16. A method for producing a bicartificial organ comprising;
1) a step of forming a cell mass of stem cells;

2) a step of seeding the obtained cell mass on a scaffold;
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+<220> <223> synthesi zed reverse priner for detecting ret gene <400> 12
cat caggaaa acaattgcag 20 <210> 13 <211> 20 <212> DNA <213> Artificial

<223> Synt hesi zed forward priner for detecting ncam gene <400> 13

acgtccagtt catagtcctg 20 <210> 14 <211> 20 <212> -DNA <213> Artifici al

<220>

and

3) a step of culturing said cell mass in a culture medium
containing HGF, GDNF, b-FGF, BMP7 and EGF on the scaffold.
17. Themethod for producing thebiocartificial organaccording
to claim 16, wherein the biocartificial organ is a bioartificial
kidney.
18. A method for inducing differentiation of stem cells into
tissue cells having a polycystic kidney-like morphological
feature, comprising;

1) a step of forming a three dimensional cell mass from
the stem cells; and

2) a step of culturing the obtained three dimensional
cell mass of the stem cells in a three dimensional manner in
a culture medium containing BMP7 and EGF and not containing
at least one of GDNF, b-FGF or HGF in the presence of a three
dimensional scaffold.
19. The method for inducing the differéntiation according
to claim 18, wherein the culture medium in said step 2) contains
BMP7 and EGF and contains none of GDNF, b-FGF or HGF.
20. Tissue cells having a polycystic kidney-1like
morphological feature, whichare inducedand formedby themethod

for inducing the differentiation according to claim 18 or 19.
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+<223> Synt hesi zed reverse priner for detecting ncam gene <400> 14
ctataggttc cccatccttt 20 <210> 15 <211> 20 <212> DNA <213> Artificial <220>
<223> Synt hesi zed forward priner for detecting w-1 gene <400> 15

acccaagct g caat aagaaa 2@5&%%%5 &%T§%11> 20 <212> DNA <213> Artificial <220>

<110> National University Corporation Okayama University

<120> A method for differentiating organ composed mature cells from
immaturecells, reconstituting 3- d1ment10na1 organ structure, and medical
reconstituting and regenerating organs Tor therapy

<130> OGTP1002F

<150> 3P 2009-188578
<151> 2009-8-17

<160> 22
<170> PatentIn version 3.1

<210> 1

<211> 20

<212> DNA

<213> Artificial

<220>
<223> synthesized forward primer for detecting auaporin-1 gene

<400> 1
cctccaggca cagtcttctc 20

<210> 2

<211> 20

<212> DNA

<213> Artificial

<220>
<223> Synthesized reverse primer for detecting auaporin-1 gene

<400> 2
cagtggcctc ctgactcttc 20

<210> 3

<211> 20

<212> DNA

<213> artificial

<220>
<223> Synthesized forward primer for detecting Na-Ca transporter gene

<400> 3
Tggaagctgg tctgtctcct 20

<210> 4

<211> 25

<212> DNA

<213> Artificial

<220>
<223> synthesized reverse primer for detecting Na-Ca transporter gene

<400> 4
tgatgacatc aagaaggtag tgaag 25

<210> 5
<211> 17
<212> DNA
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+<223> Synt hesi zed reverse priner for detecting W-1 gene <400> 16
gctgaaaggc ttttcacttg 20 <210> 17 <211> 20 <212> DNA <213> Artificial <220>
<223> synt hesi zed forward priner for detecting AQP-2 gene <400> 17
gtagetgcce agetgetggg 20 <210> 18 <211> 20 <21, > DNA <213> Artificial <220>
<2235 8yt Tré ]Cz“gg reverse priner for detecting AQP-2 gene

<220>
<223> Synthesized Torward primer for detecting nephrin gene

<400> 5
gctcccacca tccgtge 17

<210> ©

<211> 22

<212> DNA

<213> Artificial

<220>

<223> Synthesized reverse primer for detecting nephrin gene

<400> 6
gactatgtcc acacaacccc ca 22

<210> 7

<211> 20

<212> DNA

<213> Artiticial

<220>
<223> synthesized forward primer for detecting pax-2 gene

<400> 7
agggcatctg cgataatgac 20

<210> 8

<211> 20
<212> DNA
<213> Artificial

<220>
<223> Synthesized reverse .primer for detecting pax-2 gene

<400> 8
ctcgegttte ctettctcac 20

<210> 9

<211> 20

<212> DNA

<213> Artiticial

<220>
<223> Synthesized forward primer for detecting gdnf gene

<400> 9
cccgaagatt atcctgacca 20

<210> 10
<21i> 20
<212> DNA
<2313> Artiticial

<220>
<223> Synthesized reverse primer for detecting gdnf gene

<400> 10
tagcccaaac ccaagtcagt 20
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*<400> 18 agctccaccg actgccgccg 20 <210> 19 <211> 20 <212> DNA <213>
Artificial <220> <223> synthesized forward prinmer for detecting bf-2 gene
<400> 19 aggagacaga catcaacqtg 20 <210> 20 <211> 19 <212> DNA <213>
Artificial <220> <223> Synt hesi zed reverse prinmer for detecting bf-2 gene
<400> 20 :

<210> 1%
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Synthesized forward primer for detecting ret gene

<400> 11
gcgtcaagga gatggtaaag 20

<210> 12

<211> 20

<212> DNA

<213> Artificial

<220>
<223> Synthesized reverse primer for detecting ret gene

<400> 12
catcagggaa acagttgcag 20

<210> 13

<211> 20

<212> DNA

<213> Artificial

<220>
<223> synthesized forward primer for detecting ncam gene

<400> 13
acgtccggtt catagtcctg 20

<210> 14
<211> 20

. <212>..DNA ... S - . .
<213> Artiticial

 <220>
<223> Synthesized reverse primer for detecting ncam gene

<400> 14
ctatgggttc cccatcecttt 20

<210> 15

<211> 20

<212> DNA

<213> Artificial

<220>
<223> synthesized forward primer for detecting wt-1 gene

<400> 15
acccaggctg caztaagaga 20

<210> 10

<211> 20

<212> DNA

<213> artificial

<220>
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*tgacgaagca atcgttaaa 19 <210> 21 <211> 25 <212> DNA <213> Artificial <220>
<223> Synt hesi zed forward prinmer for detecting aapdh gene <400> 21
t gat gacat c aagaaagtaa tqaag 25 <210> 22 <211> 23

<223> synthesized reverse primer for detecting wt-1 gene

<400> 16
gctgaagggc ttitcacttg 20

<210> 17
<21i> 20
<212> DNA
<213> Artifticial

<220>
<223> synthesized Torward primer for detecting AQP-2 gene

<400> 17
gtggctgccc agctgectgag 20

<210> 18
<211> 20
<212> DNA
<213> Artificial

<220>
<223> synthesized reverse primar for detecting AQP-2 gene

<400> 18
agctccaccg actgccgecg 20

<210> 19
<211> 20
<212> DNA
<213> Artificial

<220> .
<223> synthesized Torward primer for detecting bf-2 gene

<400> 19
aggagacaga catcgacgtg 20

<210> 20
<211> 19
<212> DNA
<213> Artificial

<220> ' _ _
<223> synthesized reverse primer for detecting bf-2 gene

<400> 20
tgacgaagca gtcgttgag 19

<210> 21

<211> 25

<212> DNA

<213> Artificial

<220>
<223> Synthesized forward primer Tor detecting gapdh gene

<400> 21 )
tgatgacatc aagaaggtgg tgaag 2>

Page 4



+<?12> DNA <213> Artificial <220> <223> synthesi zed reverse prinmer for
detecti ng aapdh gene <400> 22 tccttagagg ccatataagc cat 23

<212> DNA
<213> Artificial

<220>
<223> synthesized reverse primer for detecting gapdh gene

<400> 22
tccttggagg ccatgtaggce cat 23



