Pluripotent Stem Cell That Can Be |sol ated From Body Ti ssue
BACKGROUND OF THE | NVENTION Field of the Invention The present
invention relates to body tissue-derived Pluripotent stemcells.
Background Art Pl anari ans and newts can regenerate their
entire bodies even after their bodies have been cut. Such high
regenerative capacity depends on the presence of pluripotent stem
cel I's exi sti ng Pluipokest fesebahymd|CaniBeslselstetiney Body Tssuche case of

hi gher organi sms such as humans, the tissue regenerative capacity is
far lower than that of those aninals. An inner cell cluster (or |ICwm

i nner %ﬁﬁJi iﬁygﬁgvﬁkﬁgﬁublastocyst is recognized as a
collegﬁﬁ§%Gg© P ugﬁbo ent stemcells that is capabl e of

di ff en@lf batengvdiibe cells of ectodernal, nesodermal, and endodernma

cell lineages. However, such pluripotency becones limted as
devel opment Tigr mregadmyveitalnl rolsed tdBodyelidsuddériverd @hiripatdno stefnatells.
specialization resulting in each type of tissue. In recent

years, adult stemcells or tissue stemcells that can contribute to
tissu% r%%ene tion have been attracting attention. However, it has
r emai mAGHE whet her or not pluripotent stemcells are present

in mature ”ﬁ%la&aé‘?n?ﬁﬁ{v& cﬁ/ggs?ge%a&aié‘ﬁxeﬁ%ﬁreoﬁod% tarﬁéﬁ' g@fth‘%{r LRSI

Bone nmarrow strona racti ons havi ng anrlity to

di f f emewd bdh@ut. NtSuch OB, refeletdtiva @pacaf idpR@IE 66 theBENcONALL Mltipdent
skel etal. nuscles, and the |i ke have been reported as cells obtained

from awmadellt ekmtingign dihé f mesenchyatal gmspst edloyvefsrean Nba- daatt et higher
Docunents. 1 and 2). However, bone marrow straomal cell %ﬂg
conpr PEBEISEE syel ?S&H%“a%ﬁ ﬁh%ﬂ%ﬁue é@epe%waaﬁfﬂfdﬁé farm‘@erdb% top tth%SF. on

pot enc ra{l I\@&C %n@r ce t I OTr_E (fﬁ\fél(/f ?Igner 9&%’15 mass 1Ir1r?1‘ln[1]a brgzqy i} t{}a?sl:coec?ffst IJtSS

not claea y under St OO er nor e, requaires

speci tipg RPN ol FEHE o p1anpdtett sth célfketh;!lﬂ ik @afable cﬁ"dfxfff&Eﬁ[httﬂngtlﬁth

into speC|f|c cells.Specifically, there is a need to construct a

syst emelfsofofi evtloteimg, mesodermal, and endodermal cell lineages. However, such
pluripotency becomes limited as development proceeds, followed by cell differentiation

for specialization resulting in each type of tissue.

In recent years, adult stem cells or tissue stem cells that can contribute to tissue
regeneration have been attracting attention. However, it has remained unknown
whether or not pluripotent stem cells are present in mature mammalian bodies, as in the
case of planarians or newts.

Bone marrow stromal cell (MSC) fractions having the ability to differentiate into
bone, cartilage, adipocytes, neuronal cells, skeletal muscles, and the like have been
reported as cells obtained from an adult having differentiation potency (see Non-Patent
Documents 1 and 2). However, bone marrow stromal cells (MSCs) are comprised of
;\rarious kinds of cell populations. The differentiation potency of MSC population is
varied, but the main body thereof is not clearty understood. Furthermore, it requires

stimulation with a specific compound, gene transfer, or the like for differentiation into
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differentiation. Furthernore, iPS cells (induced pluripotent
stemcells) (see Patent docunent 1, Patent docunent 2, Non-patent
docurent 3, and the |like) have been reported as adult-derived
pluripotent stemcells. However, establishnment of iPS cells requires
an i ndpsdifiOneNPer 8péMicaliyi MBkrd iS PLGickd CtoS URBIrARCE, sysieah fasS inducing

i ntroduction of a specific gene into a dermal fibroblast fraction
(der maliffdredgrabhast ) that is a nmesenchynmal cell popul ation or

i ntroduction of a specific conpound. into somatjc cells. Patent

document 1 Dwpthegpens: Pocells {mdyoed nharirgient sEaLARASE (sse Yptepdaskpent 1,

Publ i i Kokali . 2008- 30700 - patent d t M

e B CBRL AR f and S BRI SRR

1701- ]az‘#igderﬁ\?egg;g)lripotmns'taﬁtc@ﬁkt. GREETRA tesbMhndEZ AW\ sedel @] el ENE
309, pp. 314-317, (2005) Non- pat ent document 3 kita

2005 July 8,

K. et igucti®@ChENaon 2908 aNpuciflc sBRZancEHM3) as pprdddH @53 SepdviaRYedoe THE
| NVENTI ON An obj ect of the present invention is to provide a
met hodntbor dirmel tfibyotdist afritivg Hleomilp beabiastt et del 2 gngserhymelyeell

ti ssue and pl uripotent sFLem cells obtajned by the nethod. The
pr es e REPHRANRRIGPEOcHEn AF & SREGEICSEMPRERD {050 $ieticeslSr ch process

concernijer&gmboggmgqur Oﬁﬁt&ﬁrﬁ’({ 4§?J7I42(IVBC: bone marrow stronal cell)
fracti ons, characteristic cell clusters are formed at extremely | ow

f r equenpyeft'BouME e atrephéM PuyRIatidH TRBK Vo CRIk $070d7EA appear ance of
initial cell clusters closely resenbles that of ES cells. However,

t he cel Noglpuishiedscudennodt MNDEZGWVA of dlni Tre Huowst bf ClinlcekbivESigead,s.
They stop growth when they reach a size within a certain period and
t hen tihdyl2f pr-rh’REtlEIddéMBus popul ations contai ni ng various cells

such as, hair cells an i |'s | t.ochem ry. was
perforngan'f’%trcms38?1“"&8&%200%‘;?%%%@%8}{t 'aEQS% &FM%‘TJ gﬁﬁ é/cjglﬁl g’m}éé’ .
314-317, (2005)
Non-patent document 3  Okita K. et al. SCIENCE, 2008 Nov 7, 322 (5903),

pp.949-953

SUMMARY OF THE INVENTION

An obj ect of the present invention is to provide a method for directly obtaining
pluripotent stem cells from body tissue and pluripotent stem cells obtained by the
method.

The present inventors have discovered that in the research process concerning
bone marrow stromal cell (MSC: bone marrow stromal cell) fractions, characteristic cell
clusters are formed at extremely low frequency from untreated (naive) human MSC cells.
The appearance of initial cell clusters closely resembles that of ES cells. Towever, the
cell clusters do not undergo infinite growth, unlike ES cells. They stop growth when
they reach a size within a certain period and then they form heterogeneous populations
containing various c¢ells such as hair cells and pigment cells. Also,

immunocytochemistry was performed for such cell clusters, so that different cells
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-2- positive for ectodermal, endodermal, and nesodermal markers,
respectively, were detected in a cell cluster. The present inventors
considered fromthe results the possible presence of cells

equi valent to pluripotent/nultipotent cells in untreated (naive)
human p¥EiGveetol detaietmanenihRimar eindemesodkinyal mabikea] negheadntlyG Ukvengr ed.
The present inventors then further intensively studied the matter.

It is deteoterd in hat!l oheer a The dyesi™ inygpirse donswlered s therregults theawssibliessue
stemcells in a dormant state are a%ﬁ{i vated, contri buting Sgwti ssue
r egendFr EETSP! cPHR S B EHt oI HRFENL B QUHRPLTH LA ‘St SRiehinaYs) oMmetr ess

to ne h | cells such as bone.m |1 C
(1 act 1o e BFhaer e sBall MRITRREE IS LIRRR! o aleurts ¥ hnaiers
accor gidiGuttReridlechQWsy RLPRAGSe fh8e&. . serumfree culture, culture

usi ng Hank's Bal anced Salt Solution (MSS), |ow oxygen culture, a
total of 3 haukswvofthitwksnnd badynt esfraed d strees br mpsed) teslet stene celarid 8
or 16 hours of long-tinme trypsin incubation), collected surviving
cel | s depmant tste e petoatadd caig b g to MstgIreganeralipn. neklipresent gy yders
(MC) -contai ning nedium (called " cul t ure” a result, fqrnation
of varr oS s B st 5 i Beuohnh chla bl pt Soh B eRs o]

maxi i : I : ' r id
Dody- 1166 aryiiohy dhd SeHpdThoithher BALEREhiIC Tufiite Fithf ook TBE 46

f r equeRGYus MethodB@ gdedefBh fdeluabteastinfre asihp AnSkaMhldnds@8alS6lution
fractions subjected to long-termtrypsin incubation. The

pr ese (BB B dow oxwzehavburexataled 3t hvergpelopermittest shbrtgahd gypsm ¢lierd, hus

obt ai ned enbryoi d body-1ike cell clusters, and thus_ they have
di sco9d Pt kpakousy ehlangrijrae Hapun irubytosperollpded servprng rilst et thetem

cells. The present. i nventors have fur i scovered..t hat | in
the oBrdr s EREish AERkg FrolBIGub oL 06 ShRSRAY SPubatbuE Mc,
pluri pekeRty MAlstd ROLIE NhrdRM SeddrRudiizeN o e BryBREFoSOMECRII Qiddrk Y
reported do not have. The present inventors have further exam ned
pr ot elujs t@xprasisedn bijagatbd of 1190t lne) obtsacaonéidmed| | Incpaursit s, endoingbidl hus
t hey have discovered that the cells exert expression patterns

di f f ebPpdiglike eakh dlmdydounaionarpsisgnibomsiet thednghast freaspet Bdupian dpigsd ent

t | | . E | | i.PS l1s. T t.
" vent BreThEtol epth i UsTarictom AP ek bregery redt B RLo
surface antyen.Qf HEusRMEe PLihRPIE Mo ? bl SipaRd b abtalnbE

above pluripotent stem cells can also"be isolated frombody tissue
usi ngeSbEAiBbaN PSS 10 sB& s,2dhd ThlikBEy have discovdiBe tipk es@indellk Avanther s
have al so discovered that the above pluripotent stemcells are novel
t ype ofoppitigs pppluaipetest semeelly. s hearesgnt megntdrs dayecmhendisenmerefl yhat
reported plurjpotent stemcells such as ES cells and i PS cells.
Speci f§lalipy the nabtaing eﬁfnbrw%n%#'ys-ﬂlﬁav%e ié%%?féré‘ag t REgPeriise  that

peci FriE e | . .
b ol Efon?hERefEn SeAAPELARE boen R ARG AR I BRHC

conpl ghedresdif iRVefReNhave AR QBmintdSrHERS @RbreisRY 8P Ol SinBY Bbtained
designated the pluripotent stemcells Mise cells

(Mul t tdll nkages, intif it eniidyahivegdiStavesd thad el tulis oaxlett S§xprekkion graaa@nt

invention is as follows. . .
differing from those exerted by conventionally reported pluripotent stem cells such as ES

cells and iPS cells.

The present inventors have further discovered that SSEA-3 is expressed as a

surface antigen of the above pluripotent stem cells and that the above pluripotent stem
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[1] A SSEA-3-positive pluripotent stemcell, which can be isol ated
from body tissue. The pluripotent stemcells can be isol ated
froma culture product of body tissue such as cultured fibroblasts
and nyeloid stemcells and can also be isolated in the form of

Si NGl ef€ldnSalsd 1lisdi@d Blow! bRRLUBNe SRRl kb capeoidh HtntBarkdd , Whi ch

is positive for CD105. [3] The pluripotent stemcell according to
[1] or [2], Thhpresent smvasgeat have afsordi€biet#@d (het e tapoandunggattisteen éadis CD
146. [4] The pluripotent stemcell according to [1] or ]{[1\%]2 whi ch

i s negdeg inpeelf ipe GHL Plnripatcghtsiare el tiory difer t GopEeHtignalijsyeported
negatiye. for CD34, negati far v and atid ve for CD271. 5
The. pIPFIRSG HERSe i LRI ERcsshF anht S S 1 [ STER s Hrehent Svamstidt i ve
for n i f , i ty £or

Cop 71 e SR BB G el RO 48 o Q) i nc BORLHE o
negat ighofi0anpPnaddction egRtitiea. f ahuss! g, praggatiivedtot O haly cppletvadihe
negative for Dct. [6] The pluripotent stemcell according to any
one ofprdsdft ineefifsl, Whe phedentsinventosr have desizosred dkwe phicippient ytem ¢efls The
pluripotent stemcell according to any one ofhgl] to [6], which is
capabMusgfceld G‘lﬁ@éﬂbﬂ?ﬁgaﬂﬁﬁ‘ﬁewﬁ’égtsﬁés%%}dégn%é?l | ayers. The

pl uri potent._stem cel t g}‘rﬂr esent invention are capabl e of

| s .of .the
di fferential 1R TRt SVEHE R ABETSE m | ayers through in vitro adherent
cul t un g §§§Ehfi~ﬁ@itli%’plﬁltf‘ﬁotent stem cell, which can be isolated from body tissue.

The pluripotent stem cells can be isolated from a culture product of body tissue
such as cultured fibroblasts and myeloid stem cells and can also be isolated in the form
of single cells.

[2] The pluripotent stem cell according to [1], which is positive for CD105.

[3] The pluripotent stem cell according to [1] or [2], which is negative for CD117 (c-Kit)
and negative for CD146.

[4] The pluripotent stem cell according to [1] or [2], which is negative for CDI117,
negative for CD146, negative for NG2, negative for CD34, negative for vWF, and
negative for CD271.

[5] The pluripotent stem cell according to [1] or [2], which is negative for CD34,
negative for CD117, negative for CD146, negative for CD271, negative for NG2,
negative for vWF, negative for Sox10, negative for Snail, ne_,gative for Slug, negative for
Tyrpl, and negative for Dct.

[6] The pluripotent stem cell according to any one of [1] to [S], which has low or no
telomerase activity.

[7] The pluripotent stem cell according to any one of [1] to [6], which is capable of
differentiating into the three germ layers.

The pluripotent stem cells of the present invention are capable of differentiating

into the three germ layers through in vifro adherent culture. Specifically, the

-4 -



pluripotent stemcells can differentiate into cells representative
of the three germlayers, skin, liver, nerve, muscle, bone, fat, and
the like through in vitro induction culture. Also, the pluripotent
stemcells are capable of differentiating into cells characteristic
of thenirhoest aemellayal &fishatiatkiaasdell ardpedehtttiv Mfahé tree §dim [b@si,i S.
Furthernore, the pluripotent stemcells are capable of surviving and
di f f eskint lized mgrvientmmsdeghers, (faf, gnd thkilike thnobglaln edrodindbétywayr cultunel
nmuscl e) when transplanted to the a%ha ?d or.gans, via_ i ntravenous

i nj ectilish thenplgrinotert ey opldire caqa@f 3 Tt tﬂstl@wt cellp ghgra@pyistic of
accor Lo any jone of 1] to [7 wWhi ¢ dos u

eop! 3 Pt 2B (BGy pgh trersBrakeCi i TG AR RO SR BRore, e

pr esegturipeyeﬁpgtleﬂrbeh@%% c@pﬂﬁ@@ﬁé’uﬁ'ﬁvﬁlgcalﬂdtdméreﬂtﬂﬁﬁg th@\%g@ﬁs &. %rﬁk‘(ﬁ h
rate of about 1.3 days/cell division by suspension culture but stop
t he gspwhicond,tiivien aah)@wtsclépwdayﬁampmnaakiso tiieada@nagepo@pey tiy ngtehbnduhat
when transplanted into the testis, they do not beconme cancerous for
at | eagectignigiofa liseag body[ 9] The pl uripotent stemcell according to

ol ur i R B Pt od <Rl o onP RO &1 BRR A2 PP ough

repetl (%p(mngf (ﬁﬁgﬁg{}fl on culture and adherent culture. Al so, the
pl uri p ent stemcells of the present invention undergo asynmetric
di vi si on asrligplift&RSRn IRk praseEt ihGenbiof Mh€ed propertyl shoh thhbthey
pluripotent stemcell according to any one of [1] to [9], which is
resi sweuw at @ gmtwﬂes:se of fickt 1 Bhéaypicell idposiemby stprmae] d:ulmc&:bmchtcvrgthteo

any one of [1] to whi ch has hi gh phagocytic ability 12] The

pluri Ismv@htw@% H‘PQ}’éllp 4&&% BhtiplpRy hets ARTPPETIE St that) wikey t[fm’lan iR s

p05|t|ve for Iea t one of the.22 fol odorant receptors:

ol f acflbr y trset(?g tslfecomf: Ca?femus f?r it lffasé %H‘élf] er 2 (ORB®R2);

ol f aCt[ﬂrTher;ﬁ&%tQ{t1stJn§géli ){cczrdxﬁé‘w Al (Hé G 1RMRerwidc MR7EPrenewal
capability.

The pluripotent stem cells of the present invention can be grown through
repetition of suspension culture and adherent culture. Also, the pluripotent stem cells
of the present invention undergo- asymmetric division as in the case of other somatic
stem cells.

[10] The pluripotent stém cell according to any one of [1] to [9], which is resistant to
stress.

[11] The pluripotent stem cell according to any one of [1] to [10], which has high
phagocytic ability.

[12] The pluripotent stem cell according to any one of [1] to [11], which is positive for at
least one of the 22 following odorant receptors:

olfactory receptor, family 8, subfamily G, member 2 (OR8G2);

olfactory reéeptor, family 7, subfamily G, member 3 (OR7G3);

olfactory receptor, family 4, subfamily D, member 5 (OR4DS);

olfactory receptor, family 5, subfamily AP, member 2 (OR5AP2);
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ol factory receptor, famly 4, subfamly D, nenber 5 (OR4D5);

ol factory receptor, famly 5, subfamly AP, nenber 2 (OR5AP2);
ol factory receptor, famly 10, subfamly H nenber 4 (ORLOH4);
ol factory receptor, famly 10, subfamly T, menber 2 (OR10T2);

ol f actopmytofyeceditd fanfiBnmid, yuZamBy bl afenlbgr MOREOEHr 2 (OR2M2) ;
ol factory receptor, . famly 2, subfamly T, nmenber 5 (OR2T5);
ol f actotiagtoryeeeqptar fanfignid, yutfamdy Bf member YORMOABEr 4 (OR7D4) ;
ol factory receptor, famly 1, subfam]ly L, _nenber 3 (ORLL3);
ol facP&fF‘EﬁO’FYerééiﬁ“Hr famrﬂéfrﬁ |Sybfamﬂ§%ffa?ﬁlw Zr@mﬁ%@%' 4 (OR4NA) ;
7 (OR2A7); guani ne

| fact
ﬁuc?ggﬁ%égrrygrféﬁ ?{gfaﬁn ot eﬁx"f%‘&“ié éafrlrlirtl’ s Q? pha actl vating activity

pol yp%ﬁ%&@ Qdph GO fn%)m nﬁJta bRYMay.eceptor, famly 6,
fam| ;%re f eral % 0R6A§ ol faectgry(%recepytor famly 2,

subf amithaton, remmefanﬂy(ioaﬂﬁﬁmilym teather ¥ (ORLENt or, famly 2,
subfam|ly C, nenber 1 (OR2CL); ol factory receptor famly 52,
subf am’ifhgtovix regaptdsefamily(OREEADlY Db Infeahent JORSIBBt or , family 10,

subf a H, nenbe ORI ol f act tor, famly 10,

subf a??r}tjlaéoﬁreﬁeé’ﬁ‘ﬁe @Y%Mgg%l?%meg@ﬁbw‘)%%or f ami I§ 51,
subf amj r 2 - fam :

St ety EroTEIRE ot QRS G, pRUAE S0 SRRERS bR hePidsy
subf a@]fh&()@tyﬂ@(m@m (OR10P1). [13] The pl uripotent stem cell
according to any one “of [1] to [12], which is positive for at |east
one obliadterygetapldrofaimily ¢ ebfokilpd, n@u@pti)(@MbEDenokl ne (C-C notif)

receptor 5 (CCR5); chenokine (C-X-C notif) receptor 4 (CXCR4);
chempRIfagoCeePist famyly e seife Bty B, (“3@@5 (8) R2B6);

olfactory receptor, family 2, subfamily C, member 1 (OR2C1);

olfactory reéeptor, family 52, subfamily A, member 1 (OR52A1);

olfactory receptor, family 10, subfamily I, member 3 (OR10H3);

olfactory receptor, family 10, subfamily H, member 2 (OR10H2);

olfactory receptor, family 51, subfamily E, member 2 (OR51E2);

olfactory receptor, family 5, subfamily P, member 2 (OR5P2); and

olfactory receptor, family 10, subfamily P, member 1 (OR10P1).

[13] The pluripotent stem cell according to any one of [1] to [12], which is positive for at
least one of the 5 following chemokine receptors:

chemokine (C-C motif) receptor 5 (CCRS);

chemokine (C-X-C motif) receptor 4 (CXCR4);

chemokine (C-C motif) receptor 1 (CCR1);

Duffy blood group, chemokine receptor (DARC); and |

chemokine (C-X-C motif) receptor 7 (CXCRT).

[14] The pluripotent stem cell according to any one of [1] to [13], which is derived from
mesodermal tissue or mesenchymal tissue.

[15] A cell cluster or a cell fraction, which contains the pluripotent stem cell according
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Duf fy bl ood group, chenokine receptor (DARC); and chenokine (C X-C
notif) receptor 7 (CXCR7). [14] The pluripotent Stemcell according
to any one of [1] to [13], which is derived from nmesodernmal tissue
or nesenchymal tissue. [15] A cell cluster or a cell fraction,

whi ch tgomnt &l {1 e [p4uri potent stemcell according to any one of
[1] to [14]. [16] A nmethod for isolating a pluripotent stemcell or
a pl ufidod entthakefdr ifolaoty oplutipotenbetdin ¢allseue plupippieht cdkefadion| lsamt
one of the follow ng properties (i). to (vi) as an index: (i) being
posi t bedy figsue, s@rzsab Bses @f le)istwgv ﬁ§th6 ellewipg Pfqyﬁms&)(li@s(“)(%slﬁn)m% ng

negat i for 1ggative for CD146; (iv) being negative for
CD117(\5§81§‘§tp v Vef Orr%g%fﬂ% negative for NG, negative for CD34,

negat |(1\Debef”ggpdgyt\f{,,e f@néDm@gét ive for CD271,;

(iii) being negative for CD117 and negative for CD146;
(iv) being negative for CD117, negative for CD146, negative for NG2, negative for
CD34, negative for vWE, and negative for CD271;
(v) being negative for CD34, negative for CD117, negative for CD146, negative for
CD271, negative for NG2, negative for vWF, negative for Sox10, negative for Snail,
negative for Slug, negative for Tyrpl, and negative for Dct; and
(vi) having low or no telomerase activity.
[17] A method for isolating a pluripotent stem cell or a pluripote_nt cell fraction, which
comprises exposing body tissue-derived cells to cellular stress and then collecting
surviving cells,
[18] The method for isolating a pluripotent stem cell or a pluripotent celt fraction
according to [17], wherein cellular stress is selected from among protease treatment,
culture under low-oxygen conditions, culture under low phosphate conditions, culture
under serum starvation conditions, culture in a sugar starvation state, culture under
exposure to radiation, culture under exposure to heat shock, culture in the presence of a
toxic substance, culture in the presence of active oxygen, culture under mechanical
stimulation, and culture under‘ pressure treatment.
[19] The method for isolating a pluripotent stem cell or a pluripotent cell fraction
according to [18], wherein the cellular stress is trypsin incubation.
[20] A pluripotent stem cell, which is a cell derived or induced from the pluripotent stem
cell according to any one of [1] to [14].

Examples of the derived cell or the induced cell include cells induced by gene
transfer or addition of a compound. Another example thereof is an 1PS cell from the

stem cell of the present invention.



(v) being negative for CD34, negative for CD117, negative for CD
146, negative for CD271, negative for N&, negative for VW,
negative for Sox10, negative for Snail, negative for Slug, negative
for Tyrpl, and negative for Dct; and (vi) having | ow or no

t el omesr GSR dadréntiated. celll ¥hioh igatdandiefiosd bsRldatddn@oa thd plukipolendteit em
cell or a pluripotent cell fraction, which conpri ses exposi ng body

t i ssueeltlerdovdol tednlynt of EHItb (144r stress and then col |l ecting
surviving cells. %18 The method for isolating a Iurleﬁhent tem
cel | 6#2]ad praimperatietcoraption getiphosr RIEET e MRS PLTF™ SRHEPeHing
ceIIuIar stre from anong protease treatnent, culture
under ?6Wi%§v§iHhBé§§ ?éﬁ . culture under |ow phosphate conditions,
cul tugfa %%rmﬁ@uﬂ%l%%ﬁi xahbﬁ)nwlﬁa{l%xhlsrps@&hewﬂf&eﬁ@ame@ a%u&arn to
starvation state, cultu der exposure to radiation, cul ture under
exposyzig. to heat shock, culture in the presence of a toxic
substance, culture in the presence of active oxygen, culture under
nmechani cal stinulation, and culture under pressure treatnment. [19]

Th t hod f at | 1 t |1 ] 1 1
oo ot b secetication ToduPasapart qironlidt BRecopin pa tiiaied %) G2
trypsin clfncaabat Qs d{rz&lﬂ @ PLY bp&ksggﬁag %g,@ma%h No. W58 788 ot 6|
deri ve%c 'n aD fr en |

uce pluri po em cel | according to any

one 0ﬁ>rc[v1-s]10ﬁaq) P[plaﬁ]:atlon No. 61/E5@0% 65hief atgriclalidoesment lof Qe plrSent

i nduced cell include cells induced by gene transfer or addition of a
conpoupdicadmrot her exanpl e thereof is an i PS cell fromthe stem cel
of the present invention. [21] A differentiated cell, which is a

cell derived or induced fromthe pluripotent stemcell according to
compr PRE! prsom BriobE R E PR Secordi ng 1o any one of [1] to
[14] and [ 2@& 1-1 shows the relationship among mesenchymal cell fractions, Muse cells,
and M-clusters (Muse cell-derived embryoid body-like cell clusters). As shown in Fig.
1, SSEA-3-postive cells are directly separated and then cultured by suspension culture
without exposure to long-term stress, so that M-clusters can be obtained.
Fig. 1-2 shows a method for causing the growth of Muse cells in large amounts.
Fig. 2 shows factors, the ratio of the expression level thereof in a M-cluster to
that in a naive cell fraction was high.
Fig. 3 shows factors, the ratio of the expression level thereof in a M-cluster to
that in human ES cells was high.
Fig. 4 shows protocols for MACS sorting.
Fig. 5 shows photos (stained images) showing the removal of dead cells when
human fibroblast (H-fibroblast) fractions were subjected to 16-hr-long trypsin incubation
(F 1g 5a), 3 minutes of vortexing at 1800 rpm-2200 rpm/minute (Fig. 5b), and then
trypan blue staining. A
Fig. 6 shows photos of various cells. Fig. 6a shows a single cell (Bar = 10 pm)

in a Muse-enriched cell fraction, Fig. 6b shows a human ES cell-derived embryoid body
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[ 23] A pharmaceutical conposition, which conprises the
differentiated cell according to [21]. The specification

i ncludes part or all of the contents as- disclosed in the
specifications and/or drawings of U S. Provisional Application No.
61/ 2137 SBsRNOBAL.-S25 P VFig] ON&o ARl dadtéraqBalNe 26 1/n200itH 2 Yjanvdidradt ar e
priority docunents of the present application. BRI EF DESCRI PTI ON OF
THE DREBWNGSum, Fig. 6dFplpwsla huglhnvigS-térered edelt dhomtigrhiop dayohigstained by
mesenchymal cell fractjons, Miuse cells, and Mclusters (Mise

cel | -&H‘@P%(B espbitges oy (Bance 0ot cindskigr sye-2 Abowngyprmolpeisay 1,

SSEA JPRRt RGPS AE SR by pARRADALBHANG. T hen cul tured by

suspeﬁ on C ure wt uret 'ong-term stress, so that

M clusters qun 708 s@@@v@' ﬁlﬁﬁios showfkJthel c@armé}\'{@xc@ C&EEQPQZIJSQE{I'S CRsai ng
the gromh of Muse cel in large amunts. Fig. 2 shows factors, the

rati ofbﬁbﬁohaseﬁxmﬁssam%dmﬂ/lsﬂ(ﬂ MSTC) ifractdony} cFigst ed atand tthabwicall a
nai ve cell fraction was high. Fig. 3 shows factors, the ratio
of t helustepy Esi-oA00 el spohi@newslyi fvr@eqk/lbaflm@re’r aghgrem aulting fop maive ES

o nohiman U8 Dradichs il TP s8R0 RESY s e SR HIH R stignppe &
when ngc)fmrd lyegatsu ol B R)?gqam tr;aggsﬁp%b@daﬁomweu%%é efhed:0

16- hr trypsin-inc ubats on m nut es of rtexing at

1800 g@mimﬂuﬁlpm Rh ab® Helrd & Fi2bY.1 andidaien MUcpedn. brige B1 aianil mg.
Fig. shows photos of various cells. Fig. 6a shows a single cell
(Bar shdvdMiofpsters fardvis&omrani Bifbdodait{l fraction borday Fiagf MG rubiirouBan=
humanS(I)ES %el | -derived enbryoid body

pLm).

Fig. 7-2 shows photos showing the characteristics of cell clusters from
H-fibroblast fractions and human MSC (H-MSC) fractions. Figs. 7-2 g-1 show the
results of immunostaining; that is, show the localization of Nanog (Figs. 7-2 g and j),
Oct3/4 (Figs. 7-2 h), SSEA-3 (Fig. 7-2 1), PAR4 (Fig. 7-2 k), and Sox2 (Fig. 7-2 1) in
M-clusters (Figs. 7-2 g, i, and k) formed from H-fibroblast fractions and M-clusters
(Figs. 7-2 b, j, and ) formed from H-MSC {ractions (Bar = 50 um}.

Fig. 7-3 shows photos showing the characteristics of cell clusters from
H-fibroblast fractions and human MSC (H-MSC) fractions. Figs. 7-3 m-o show the
results of alkaline phosphatase staining for human ES cells (Fig. 7-3 m), M-clusters (Fig.
7-3 n) from H-fibroblast fractions, and naive H-fibroblast-1 fractions (Fig. 7-30) (Bar =
50 pm).

Fig. 7-4 shows electron micrographs showing the characteristics of cell clusters
from H-fibroblast fractions and human MSC (H-MSC) fractions. Figs. 7-4 p-r show
electron microscopic images of human ES cell embryoid bodies (Fig. 7-4 p, on day 3 of
MC culture), H-fibroblast-1 fraction-derived M-clusters (Figs. 7-4 q and r, on day 5 of
MC culture) (Bar =5 um).

Fig. 8-1 shows the clonality and self-renewal of M-clusters. Specifically, Fig.
_9.



cell cluster (Bar = 25 pm, Fig. 6c shows a Mcluster (Bar = 25 pm
with a dianmeter of about 25 pm Fig. 6d shows a human ES-derived
cell cluster (on day 4) stained by al kali ne phosphat ase stai ning
(Bar = 25 um), and Figs. 6e-g show i munol ogi cal |y stained i mges of
Oct 314 e)howaaxe bhitfine anah PARMGEN tdndivbied Uet RESmination of e Glondhidy Mldows
phot os showi ng the characteristics of cell clusters from

H-f i brselfirestval palefusordlsand human I\/ISC (H-IVISC) fractions. Figs. 7-1 a
and b show cell clusters (Bar = spont aneously fornmed by
general adhEgebrt sBoWV meegr?wrﬁfé.q?éu%ﬁﬁ%mﬁeoﬁvﬁcu ons. Figs. 7-1 c
and d show of an H-fibrobl fractio and
oy 7 () sl o St ratad et RSN i AR Rimes By ene
cul t ung (Bak H-fﬂb@Qoletmderﬁ@d P RUeheaddybielyi 9. 7-1 d | nd| cates a

M cl uster. F| gs. 7-1 e and f show Mcl usters formed from an

H fi br obl asFigl 4-t agidwan tion difiyrentiadion Mol cMl-dlwst@s.( Bdtigss $0 @) .show
Fig. 7-2 shows photos showi ng the characteristics of cell clusters
f r om EHnfiubelobicaldy stfaina@tim@ges 8 ﬂEGMWCMIQMM(WODF@@N%@QﬁHFﬁDQs.

{ocal PEAERBEGE (G -E o) PR SRR Ui S g Bt

v ol uslSrEopefif H%ﬂbf P, °§)<§?“é%r?8§“?’% E%L PrisP gl so0m'

fract m@g@%%%%pl U@ﬂr&fxﬁez{ﬁhﬂﬁlg 4-12 ildicdte ameledlm destered from H MSC
fractions (Bar = 50 1.1n). Fig. 7-3 shows photos show ng the

char act eri sfigc$- bfshowlsl the| westley of fRBACRK findyobl fasto-fatapbiconoditd
human MSC (H—I\/S% fractiaons. plfﬁg 7-3 mo show the results. of
al kal EnEepHYs pha %@é@fﬂﬁlﬂv:na‘ F #pReoRS 2Be | Nis2oriegeressian ) cell”
M cl ust er,s rom H fibrobl ast .fractions,,«and nai ve
Hf i blpo%l.flatléns gxfelpare? g%] u(l rmg 2. 1?),210‘5 (cgﬁ fra ctgﬁx %ri 1 generatl(?fx and

shows 3elLalheh %%Mx@ﬁ?&nsﬁoﬂurﬁﬂaéth?ra%sasﬁ dlatinl 6§ 4f t&%dluce
clusters fromHfibroblast fractions and hunman C (H M5O

f r act spoiSanebudifTerendatpour shqueﬂveccbﬁms nivatzadeopiiced wagesd &dr ifan
ES cell enbryoid bodies (Fig. 7- on day 3 of MC culture),
Hfi bﬂ@%waghehmmfanambrm HEe vvéd’orl\ﬁ}éTﬁé,tMA? % Pn@TéIkxi?iM and r,

d 5 of | t Bar | t |
Sg%lf -r Ce)ne Cu ’&%("{ g‘restes"‘é*p‘gn}ﬂf‘[u@ggfffynenﬁ%ce to (ie% na I dan
olon. P ﬂt}aﬂ@ &a@%rrdlm;edcow@t fﬁdSth% a%k@{)l%ﬁ@% fe@cﬂs theshp%btamed
clonality an

renewal of” Muse cells. shows the growth
rate ofa sdispendasn MIsgoeR! ES cells (mEﬂzlcglls)8fv33eB rtgwsl festiObRkned via
karyotype of cells clonally expanded froma single Mcluster
(H-f i bimblisstion o MEK Hdeder stllgdweskad), orteftisyoblag)ed, via administration of a

-4

- M-cluster (M-clusters) (month 6), and a testis obtained via administration of a
Muse-enriched cell fraction (Muse) (month 6). Figs. 9-3f-i show immunostained
images of neurofilament M (Fig. 9-3f, stained green in the photo), a-fetoprotein (Fig.
9-3g, stained green in the photo), and smooth muscle actin (Fig. 9-3h, stained red in the
photo) in testicular tissue obtained via administration of Muse-enriched cell fractions or
M-clusters (Bar = 50 um). Three panels in Fig. 9-3i show double-stained images of
human mitochondria (stained green) and smooth muscle actin (stained red) (Bar = 20
pm). Figs. 9-3j-1 show images of testicular tissue obtained via administration of

Muse-enriched cell fractions (Figs. 9) and k). The tube-like structure as observed in
-10-



Fig. 9-1 shows the differentiation of Mclusters.Figs. 9-1 a-c show
i mmunol ogi cally stained i nages show ng the | ocalization of a snooth
nmuscl e actin and neurotilanments (Figs. 9-1a and b) and a-fetoprotein
(Fig. 9-1c) in differentiated cell clusters froman Hfiboroblast-1
fractimgs dkBarstamea0Rih B hitifodg ag®mdiunBal mFodOn@M (HurF g u@-ih lagand
c). Arrow heads in Fig. 9-la indicate adhered Mclusters. Fig
9- 2 shedjsBatre50 esuintigsop-3RTH.PCR anal ysis for a-fetoprotei n (a-FP)
expression, GATA6 expression, MAP-2 expression, and Nkx2,

expressi on Fig- dér| shossuthet TS p?%ﬁ&i"&ﬂatw BGRt 0 Aepters n’é‘lvvlé(e‘é:ell‘ll

fracti ion d 0 cl,ust

1 beotiealicy aat e REBe gl el P o PRI e Sy b ditis

di ffes t { tr t | d
for alENSE A, ORI AR | Back pIUIR I LR NS SO 105%. 08
NkX2. $ndicates the fds@s.of9eodn@rihgSthevednBeexdpasties 1ofeli immMnedeidaheédellm ce
to which a Mise-enriched cell fraction was adm nistered. Fig. 9-3e
shows factonst aroY-dlyrtere (dayedt wish the sagst insnapist eellnledttipng a@lmvihrt'ﬂ Pettemi on
of nouse ES cell nES cells) (week 8 tis Q vi.a

admi nitedicases it the faﬁte %‘feeﬁ’éfa‘éFXEETSF%BIG%M@‘?S;“S%“P ﬁg %t?‘ﬁ'é)d vi a
adm mtl?et élll.ls(%er (%o thaé Mm%lnli' e o(eMﬁf\::}hHgﬁs 13 }eaﬁ| hﬁ/?)(} i3 gﬁthStl

obt ai ne V|aamnsrat|on Y61 a ‘Mise- en on( se)
(mont knB)3 (3R 195 A af pdtteth Vi dalIURA S8 Aa06 Gf IHIFBYRS cpfreiRMNSFdl ipgnt M
(Fig. 9- 3f stained green in the photo), a-fetoprotein (Fig. 9-3g,

st ai natﬂtsgteﬂﬁchadncetﬂhﬁaqnhmt; oF , thad-cinoot b rhescie actdive €8l giacGorBhis
stained red in the photo) in testicular tissue obtained via

adni mgsetateatth%w &% MiseAdiiteeheollique linegstdigies it WP(?P%P@F}SE %%ﬁr =
50 t Thre anel s e~ st

urmn CRiEEBO AR § e e ispELas! FAG et e MeliERo R%GEedn ned
red) GBRL ¢ grgctm is loW@Pthad 18 (11 ;3how i mages of testl cular tissue
obt ai ned via adm nistration of MiSe-enriched cell fractions (Figs.

9j and k). FAibeldwkevsithe tdbmbaktinedy abHaisederiived ndile celFlfxgctlcﬁnls is
stained with an anti body agai nst human mtochondria (Bar = 500 umin
Fig. ONgje), Bhtseﬂms@wprwlﬂ fraftiqpes. (Myis@k and M-clusters (¢yg). 1DaztsneRiEyatehle
results of itative PCR for factors i nvol ved in pluripotency and
undi f FUPRIAR Bd‘”‘?f%i”?e das BEGUIVECOPBr obl ast s (Fibro-1 and Fi bro- 2)

and H MSCs I-(lg/sgll s'lho@v@(ihé\@(s\'ulgs) off r@croa';xad Qnﬂgé Eﬁ(frrh-gfb\[cﬂpaét BraigQl UM

in Fig. 10a cates the resu conparin e gene expression

| evel ahd HMERE enkiishesivedl haitd %@l‘lifﬁe[b‘ﬁioﬁkr Neh & a1SicRES céill @achidnManl t he
sane in naive cell fractions. A white pattern i ndi cates that the

r at i oMptluttess. gene expression | evel in the Miuse-enriched cell.
fractions or the Mclusters to the sane in naive cell fractions is

greater thdrig1}Bshors: PhBSOSb‘ihPWP% ¢rpRiEPidt hedy- e cgll Cluﬂers lergeapy pAEt er n
I'anlecg."ltl} rE ﬁgﬁ&tgtgngll# lltegt ggﬁ/gﬁgbﬁfﬂ 8n blléa gﬁsmve cetllsefrom a.

OI’ t e usters I'n natve

cel I {1a65dcpNR5 deft & @ﬁt Bh%n‘én(g’orre thhrrod PRt eer'a QfovsﬂbM AHgeisi NES
indicates that the ratio of the gene expression |level in the

Muse- edtfic b¢ GeBtrhing NXC tizlours (SHr-HEM-NVECT Usispfos nicdohingeas adle flattionai ve
cell fractions is lower than 1/3 (1: 3). Fig. 10b shows the

t el omoktesl fomi inpan binel—mmd@dith@d siagoies oed Ihr-iQ‘ﬂactthmhlsiWNmﬂ@é)
Muse- enr i ched cell fractions %@‘ and M clusters #

Heat (Baict iVhtea sBigpl %%Sltqltéga‘t”) alfgaline R]?éﬂ“aét‘ée‘ﬁ”é&&ﬁﬂ%gec% ~gpgers

I f
s 7 oiopra gy SAEMBRE U bl R U o, e fved” na ve cel |
fractions, diser aRtsGherlsai®d b RT-BER DAFsis3800 YhiehUaliR[S.FP), GATAS,

MAP-2, and Nkx2.5 in cell populations prepared by culturing on gelatin M-clusters
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Fig. 12 shows photos show ng enbryoid body-1like cell clusters forned
by MC culture of Muse cells directly coll ected as SSEA-3/ CD105

doubl e positive cells froma nononucl ear cell conponent of human
bone marrow. Fig. 12a shows Mclusters forned by perform ng MC

cul t urern{edhfro BMi-MCH-MSday sheticor (ADIRONUChaAas FERISIC-1 factioan@aive dl)at ed
from human bone marrow and then subjected to 8 hr-long trypsin

i ncubdbdtbriracBars wertO@gatme, coatrgls), 142l immnsboan meriest-ilereved mononuclear
phosphat ase- st ai ned_i mage .of Mclusters formed by 8hr-hBM MC (7
days) cpibdractiony(fhmhBM) subjeqtgdyto $3nauRtRE “fyﬁé‘“r‘é%‘thafl%"‘d’ﬁﬁﬂaﬁc??ne
anal ysis for a-fetoprotein -EP)., 2, .and. 2. 5.1n.cell
popul é‘fairré)ﬁvs_deﬁlrvegarrng uﬁfae%ﬁlc% grgﬁggmg%gﬁgtl n %qtugsh[%éetyge)&- ?Lol-t fyg?%r med

from paipidd Mpts b ihdRelshORSnORAl ¥Brehliatidih¥ ot MSC- 2 fracti ons
(naive 2) (both fractions were negative controls), and human bone

mar r ow- der i Rgd 14 ahonschearsuleebl FACSCidabns {dBHH-{ihBMiass dibceatse@haive 8
hours of trypsin incubation or human bone nmarrow derived nononucl ear
cel | feld0rhéHsMEkdTastionBiwpivesell9ubj ected to trypsin incubation, so

to ind t di f entiati th Fj 4
Shove. the rogul TL BPERRCRRTYERS® FoPeRFIEt SbPSEe-Y (ace SHE Ra ve

cells . C j ons Y Fi S S0

phot on S Tabil SMRECH REMARS AP Braddlof y95A-3 G il GBI P 1)
i N naie cohily pAEdddoRen stk M-Gbsidrh &dni S9YL 3qf) ESfsAolledte) b PACS
(right in 15-1a) that clonally expanded fromsingle Mclusters from
SSEA- 3oifiny. cBiddhdac ol thecigpuoe bylidak€308ont i ng. Each bar in this figure
i ndi cates 100 um Fi gf 15-2 shows photgs of st ai ned irgix es
showi ng t heFiBobal isaws RiPtes OINGHRRY wweeyhoaine the dpcafigatipniof Hygiblike

| nvol erg li)g}éa;% 2%/ m&%orr iié:vo W;G\C/{:ilr%l ia%%rr]nn(iIe #’ii Hgflsq(% !lu 9{ V(%eﬁid%?%}gﬁ aﬁq{ﬁ?e ge?llsl S

(Hfi ach bar™i hi's Fgure‘!n I'Cates _
Fi g. iﬁiﬁ?bﬁm%. ekeat kLM MHifHiRdt A&V Rg H-fibrobl ast-derived

SSEA-3 (-) cell's (Fig. 15-3c) and SSEA-3 (+) cells (Fig. 15-3d).
Each bar i rFithi%s3 kshgur dedtroh wat@safhs RMbwing H-fibroblast-derived SSEA-3 (-)
cells (Fig. 15-3¢) and SSEA-3 (+) cells (Fig. 15-3d). Each bar in this figure indicates 5
pm.
Fig. 15-4 shows photos of stained images showing Oct3/4 (green) (Fig. 15-4e),
Sox2 (green) (Fig. 15-4f), and SSEA-3 (red) (Fig. 15-4g) in H-fibroblast-derived Muse
cells.
Fig. 16-1 shows photos showing the differentiation of GFP-labeled SSEA-3 (+)
Muse cell fractions in damaged tissue of severely immunodeficient mice (Nog mice).
Figs. 16-1N and O show GFP (+) cells of a spinal cord damaged due to compression (4
weeks later), expressing neurofilaments (red) and human golgi complexes (white). Fig.
16-1 O shows an enlarged image of a part enclosed by a square in Fig. 16-1 N. Fig.
16-1P shows GFP (+) target cells of a damaged liver (4 weeks later), expressing human
albumin (red) and human golgi complexes (white).
Fig. 16-2 shows photos showing the expression of human albumin in the liver

into which SSEA-3 (+) Muse cells were transplanted, as examined by RT-PCR.
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Fig. 15-4 shows photos of stained i nages showi ng Cct3/4 (green)
(Fig. 15-4e), Sox2 (green) (Fig. 15-4f), and SSEA-3 (red) (Fig.
15-4g) in Hfibroblast-derived Mise cells. . Fig. 16-1 shows
phot os showi ng the differentiation of GFP-I|abel ed SSEA-3 (+) Mise
cel | fractipigs1é6 sdawngesiod iisstigg dfe diffvefigdtioni oNGHTORBEEE ISEAR-N{HE
(Nog mce). Figs. 16-1N and 0 show GFP (+) cells of a spinal cord
danagédusmdwlltfé)acttmnpﬁreéanmd(wsmeksewemhenl)lmueo@iﬁe@gi mice (Nog mice).
neurofjl anments (red) and hunman _gol.g xes . Fi 16-1 0
shows S@ﬁﬁéﬁfﬂg{r HePlioFrsgaow O ﬁarceﬁ%ﬂ%% bYyeek @@ﬂi?@fﬁ%ﬂ% fymage. 1
N. Flgi st hm rEmﬁows GFP (+) target cells of a danaged |iver (4 weeks
Iater)y pre sing human al bumin (red) and human gol gi conpl exes
(white).  pig 17H gshox;e@ -PhofROWR VAR EheMhidichher exns eﬁsgwnfr@&
human albumi i in the Iiver into which SSEA-3 (+) Muse cells were

t r ansplf@hisets fasneaX fnmnedgley MiFe RERs.  Figs. 17-1FiAgD 43 tixhowssitphdt os
showing the differentiation of G-P-1abel ed SSEA-3 (+) Mise cell

f r act inewtcalizatioramadisti ﬂ?ééuéhgws séweftlarsy formgtnenberasci elﬁtrth%@re( NGg

) Rl a et ks B R f i Sh s Pl T
shows {m@m < ,gggg @Qofthblssagmfa ﬁgt thpogﬂo&z th%%kbx%sgarpmu{ognw

M cl usters rom si ngf e e ce Figs. 1/7-1 A-D

resul t15-10f sHaGWIMAPI2Z@Y icalls otfthidled bY filifhes ROWS gt theset plred € mreslﬁaer es.
Furthernore, as imunostaining data for spheres, Fig. 17-1B shows

t he expreswiabreliof Rigstli7alF-G dowltie fe@uisholitont el @ﬁpﬂé@sﬂiﬂdﬁp@ﬁﬁcally
Musashi, and Fig. 17-1D shows the expression of NuroD. Fig. 17-1
shows Sip-the (elﬂ)fe%%q”l ef BEF%ﬁaFFé‘H By aF%ﬁWeﬁl:aEé@nd%%@@ §pﬂ]€F"e§'et 0
one” Kl BEGARYE REMERY Bla Pr-1f BBus M tRARSNONp DRSS M4 g OF
bone c@& UetYon and specif i ca e ex i

ost e0Gal1¢isRow ineARehA b oif @d sthin JE?gsl WQU‘QhéwsSh@WeﬁdPﬁoﬂ' Bspil okt Of

adi pocyte induction. Fig. 17-1H s ows cells containing lipid
dr opl eddsicadnd thdtgs, ol@tcblotsihawscdlBe result of oil red staining. Figs.
17-1J shows the result of hepatocyte induction; that is,

a-f et opr ot e {%§ sbews ghotos showingithe exprespiog i sH LBEmi8 Hagi vgraghe -

by hefataRy e AT FOHEd b HERURPIRAoBg s P ed by KRl S g1 uees
shows phot og STWSHQ.)V&RU t@%%o‘%ﬁ%% Slpre30yd Of s§9ﬁJR|Tslnau§Isqgg ﬂaqspl

and Dct in se cells,; as exam ned

18- 2 ghdwst ﬁammpr(eﬁe{umms d\i@am@%ym\MRCDll? CD146, and
CD271, as anal yzed by FACS. In naive human dernmal fibroblasts, N&
that is a pégi ¢§2eshvaskiae @qﬁcbsmfaﬂﬁzv@%hawljar@é%o@ﬁéﬁ ind

progenltor cell markers were found to be t They_were al so
f ound 87 5eaﬁé§%}w%b¥ d/83EA- 18 paiye SAmRS depde) GRS hubig et da

fibrohl ast L% 1S mBr
mel anB%mgs? rarlér eapg 14%1db tli?'t !ér\épg??%ﬁﬁ?%}g e&ﬁ!&l o nd éﬁ?ﬁet hat
I's a NeRG 8%k lﬁ%at(v@ Z%eﬁwaré) almum &0 ﬁ%%ﬁe&ifnl s@yb + uénsv\elpewnot
thought to be Mise cells since they were SSEA-3 (-) cells. Fig. 18-3
shows ntikat handidernc| fibiphlage cytiez édinfletar ibt epositive for CD1 17 that is a
melanoblast marker, CD146 that is a pericyte marker, and CD271 that is a NCSC marker
(0.2%, 0.2%, and 0.8%, respectively), but were not thought to be Muse cells since they
were SSEA-3 (-) cells.
Fig. 18-3 shows that a Muse cell phagocytized ferrite.

Fig. 19 shows photos showing the formation of iPS cells prepared from Muse
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Fig. 19 shows photos showing the formation of iPS cells prepared
fromMise - 13 - cells. Fig. 19a shows a state of human i PS cells

i nduced from dernmal fibroblast (NHDF)-derived Miuse cells. Figs.

19b-f show t he expressi on of pluripotent cell markers ("b" shows the

expreseii@n @ NoNQBews &" steB oy hihigh exXPreensiucal et Jednal "SbroslaQws
t he expression of Sox2, "e" shows the expression of SSEA-3, and "f'

shows (NE®Exleriesd iNscobelTEr a¥igs6pb-f show theiegpreprs Ioﬁv;éurmmscell
showi ng the results of imunohistochem cal anal ysis for Nono

Oct 3103 (Seponiyie smesmion.of mog ) o the @gison o SUBIITGHE o

h of , plur ke |

and (o) FerBraRan ol o Nooe b Fo st PRe Cur s iy e Hnantps és and
SSEA- %Xé edsiGEbE Bra-1860)€XaN ned by RT- PCR Fig. 22-1 shows

phot os howi ng tﬁ gsul ts of Tra-1-81 i munostai ni ng of col onies

formed by S8EA® skow)s gtivtos(shhwirg 1he redultday idhuadHi@bcheidal hhaigsiofor VEF
feeder cells follow ng introduction of Cct3/4, Sox2, KIf4, and c- Mc
with MempgvE) @13/ HERBoES@etidindril (Bed as controls. Col oni es (al)
from SSEA-3 (+) cells and hupan, ES cells [E posi tive for,

Tra-1-81, btig &l Swsoﬂh%gs SPAMNgSIRA- @*P(#l%é? BURBPERe gHtTETE For

t he sa sho 0 hg (€ [

ol ur  SBieey el PRt g RN B QR S R S Bl GaER BRESEAME,
(endo s@@g@j()l&@mpgs e,@ﬂﬂwmptﬁi{f4 (endo Kif 4), Rexl and UTFI) for
SSEA-3 (+) and (-) cells at a stage after 30 days of culture on MEF

as in 22-1.Fign22HesiSSEApidtds );hmhg tp@pesIuEMocﬁrﬂjraneSlSmmummhMaglozg‘
signal s were observed -3 shows phot os show n
W@gfeeder

col omce@n(emfgrgnedzfzf %ﬁ%ﬁdma}ﬂ t(r)actellg rOévéaV r38rﬂf’iepsulé1§mgsm(

cell-d . PS ndu from e ceIIs
and 1 Po g pfaycdb oF Otra S ARt TR HAN, HARES, |
(N et PUERe KL AL R RS (RSt RT Qﬁ%??s a4 il Bt

oc- f etcolpy Q4291 Werk QFRRIVE ﬂohé{tra-llsmarbwrmlodﬁbmed fivar ISSEAahd-)soabiet Were
nuscle actin (red (blue indicates DNA)) that is a nesodernmal narker.
Fi g. 28satjvedprohs satme expressi on of neurof dament (green) that is an

ectodermal park
Fig. %2 shows photos showing the expression of pluripotency markers

(endogenous Oct3/4 (endo Oct), endogenous Sox2 (endo Sox2), Nanog, endogenous
Kif4 (endo Kl1f4), Rex1, and UTF1) for SSEA-3 (+) and (-) cells at a stage after 30 days
of culture on MEF as in 22-1. In the SSEA-3 () cell population, no Sox2 and Nanog
signals were observed.

Fig. 22-3 shows photos showing colonies (Figs. 22-3D and D1} that grew from
iPS cells (Muse cell-derived iPS cells) (Figs. 22-3C and C1) induced from Muse cells
and from SSEA-3 (-) cells.

| Fig. 23-1 shows photos showing in vifro differentiation of iPS cells induced
from dermal fibroblast (NHDF)-derived Muse cells. Fig. 23-11 shows the expression of
o-fetoprotein (green) that is an endodermal marker and smooth muscle actin (red (blue
indicates DNA)) that is a mesodermal marker. Fig, 23-1j shows the expression of

neurofilament {green) that is an ectodermal marker.
- 14 -



- 14 - Fig. 23-2 shows the results of RT-PCR analysis for in
vitro differentiation of iPS cells induced from Miuse cells. Fig.
23-2 specifically shows the expression of nmarkers for the 3 germ

| ayers. Fig. 23-3 shows photos showi ng tissue structures of
terat omas fBiNEH2fshom thPSesneh bBRTIRARCa Ysisdn denmadifferdntiatibast iPS
(NHDF) -derived Muse cells. Fig. 23-3 specifically shows

di f f ercelhy indugedriren Mps celds. | Figmdo? veacifouly shpesthe fexpiesseueof markers
reveal ed b¥ HE {anatoxylin and eosin) staining. Fig. 23-3m shows
carti Y8 3 ey 1878153 shows nuscle, Fig. 23-30 shows neural

epi thel i umgFi gh 223- J: i | ] 3530
shows Coluﬁggrﬂ%%%ﬁﬂng%ﬁ§¥@uﬁhﬁfﬁg%ggngﬁ&éﬂggg%ﬁh%§$§gﬁh?go§#P§

bi sul bl i0Mydn 0aeasS Wethile ibsesae NQUMDF{-0érd-ae Miaaogeigenerand3-be

Oct 3/ 4 gene of SSEA-3 (-) cell fractions, Mclusters, and

Mus e- degcifvadly isR8ve dilffesentidien sfURSE rceltaintoredrives typesattissoalagmyehladibgat es
the position of CpG downstream of the transcription start site

( TSS) HEadHesprdopoding andeeasingistagning  UFiget trymathews cpttdadenEigartd-32 fhomised
ircle indigat t hyl at ed i g. 25 shows.
Coeo fuls £ 23 n 0N Tl RO e P etl piEteRel caithi o

of nai,yerid b5 ahl diNah Mehitndvhe usters, and i PS cells. Anpng
colunﬁs dgkotegsaf%ic"ﬁﬁh¥v f" gpen colums indicate that the ratio

of Mise fr atigiDNshoos théd @bustEbisulite Ridvazcalifie) b@ubmsss ok Nanbg
1) and higher than 1/2 (1 : 2). Also, filled colums indicate that
t he saeme andtthoOrS/ higglaat SERam @) ¢dl fiyctiogn | Mrshustesh adé ¥use-diioidliPHue
lines indicate that the sane ratio i.s .|ower than 11 . 2). Anmong
col unflideride S4mgiEH va Yepg oaclsgolgn indicatps, the posigen %&% W%&rﬁ@n
expr ession 1N i | ] Iy | .
Symport M REER Lo b RSP B BRDBEL AR Abprh BRI e |

hi ghegand haned biadle iddiddz| igthAE®d cytosine. Fi g. 26 shows the results of
guantitative PCR for factors involved in pluripotency and the

undi f f er enthiat 2d slowtd thetrasudtsaff quantvtetive BEBbfoagigor§ Newvaleld, in the cell
Mclusters, and i PS cells, The neaning of each colum is as_ defined

in Fi gyclosf naive fibropfagts piveh Vs lyshiess. stiriRs gelly  Amangeatumnsidepete
oLy kE: AN SIS S S o PERRN 00,
fact opgivi REMCING O UGhERT2 I ePr AQN RBMNGan -1ADT71 : 2).  Also, filled columns
indicate that the same ratio is higher than 2 (2 : 1). Columns shaded with oblique lines
indicate that the same ratio is lower than 1/2 (1 : 2). Among columns denoted with
“/iPS,” Symbol “*” indicates that the gene expression level in M-clusters is higher than
that in iPS cells. Symbol “**” indicates that the gene expression level in iPS cells is
higher than that in M-clusters.
Fig. 26 shows the results of quantitative PCR for factors involved in
pluripotency and the undifferentiated cell state of naive fibroblasts (Naive), M-clusters,
and iPS cells. The meaning of each column is as defined in Fig. 25.
Fig. 27 shows the summary of a research report concerning the induction

efficiency of iPS cell lines prepared in human and mouse models. TFig. 27 shows

combinations of transcription factors inducing nuclear reprogramming.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present
invention will be described in detail as follows. The present
invention relates to pluripotent stemcells or pluripotent stem cel
fractions that can be directly obtained frombody tissue of a living
body (in vivo), a nethod for isolating the pluripotent stemcells or
the pluripotent stemcell fractions, and the body tissue-derived

pl ur i pEEEALED IaWS CRINTEON O [THHE IRt RIsh @ME:@DIWN&"& i ons obt ai ned
by the nethgd. The pIurlpot t el l s of e present invention
are referre qﬁ“ﬁ%“ﬂﬂ?@“E%WW %é%ﬁéq 1 g a%‘* ¥entiating stress
enduri ng CeJl"llrx %fesefnt 1nvent1+xF rélglc%s ?ﬁ%ﬁ&teh@%{gﬂt&aﬁ’p br %ﬁ?g!)%fxmter% ell

fraction" contal ni'n

anountQfiods @&d bard B Qﬁedt@obﬁhﬁgd iRl b@d‘ﬁﬂ@sb@,oftahﬁwhgrbﬁﬁy R #Jﬁzb&)()taent
stemcell fraction" refers to a cell population containing a

pl uri pattient fos iseratiag the plaripotednbien tellsantixsporipetag sten 188 Hrctivns,eand

t hereof, 10%or nore thereof, 30%or nore thereof, 50% or nore

t her edhc b@a%sme-%rvéd Pheeisnt siomoselp ohpluEPetrr B celbfragBys obtatisde

t here |.es. t hereof include cl ust er.s obht ai ned VI cul ture
of i Vi B RHEdar A LFPS e SteoratS g i Bl AT ABaregied s

enr i chigat @Janlraeqéﬁm BiThE Shds3 endrB@ cefif)e cel | fraction may

al so be refe geé to s afgéﬁstagg#g emﬁL cae ous cell fraction.

The ternt|imimg fre@dyt ifveh@ss the téarnl r‘ydmgraﬁwmwefeam td@dyell patabldtion
specifically refers to an ani nal body that undergoes devel opnent to
sone ewmtteming dinlepfien aivesemounh\wémt 'cetbln;o bx asppitel  dfor syethple Wengribody
do not | nclude fertlllzed eg or ryos at devel opnment. st ages

bef or ePRHBOSPE PR cEl! SpgiiRn” ’B 8 FOn%F RORYSOp Gentaininge’, BIUGBRKAL SteT ages

On angel?f& ?ﬁ a&%ﬁnt (!0%;%%]&1 d%t @985 of %:obe ?ifer%o?t Hpl g) %poqe l’,}lllquotf%@gﬁ or

npl’es "of " nanmal but "are no primates such
as hum& tIRAGE NIV BY shord ALRIAE S708416h mafe (RECSS, 90%t & m&@bmr&@ oPD5h,
gui nea pigs, cats, dogs, sheep, pigs, cattle, horses, donkeys,
goat s or anaref thereef.s. EXheplpd uhérpatt @nfudst esll chisiess obtairted piresdtte of
invention are clearly distinguished fromenbryonic stemcells (ES
cel | s)ﬂ%woaeﬁbﬁty@rﬁeés ged ﬁ‘r‘%P@Pﬁlqus‘Jb(aEGdc‘é# F%I}CIWWHE Rhplutipepnigytem f r om
l'ivin ody,tissue The term" tlssu rs to tissu
resodef il A SR ng BB RARRY ot S Psrh R FoatiahbBRS  ven
of angsgpiidml . Exanpl es of nesodernal ti ssue include tissue of the
muscul ar system connective tissue, tissue of the circulatory
system ti SHitetenthh “lih@gevdyelirelns toySheng nandndlias Hody, odndt i epgefivatial
system For exanple, the pluripotent stemcells of the present
i nvenréfen toam demalpbalyridalt wdvng%@rdevq#mm@ww Isprng eptenskiln the grsratsuch

as derm s.connectj ve _.ti ssue. he term." nes nch mal tissue"
" of er IVERHq cxpEples OF sud E&W@ bodx 4o ?%{gaclmif'afmﬂme ofe% gﬁw&*ﬁr%w,

skel e%l@&ei%ﬁ}ﬁe% Fta.%&%remé thel 11908 gfalﬁ e, ?gl(aﬁlde AR, Sﬁﬁ% Bevlel ﬁlléﬁt st%’é

exanple I potent stemce € prese Inve t|on

obt ai gRAnf @6} tHREHIRONE sHBES QWh Qs 18k andl & wIEdIE Eadam@ldaqifqmmlﬁalem
cells can also be obtained fromthe unbilical cord.

expr essilalr, bel dre noalimbed t, rpectdtys wibh ab hedartfsr owh hossyue' rodmﬂmmch hat
cells can be isolated fromtissue without any artificial induction
oper affligh rag bR, Indtsugadig o Ratefdogs.fsbeed; Bigs.anle. berses. feokeyygoats,

P oo cftiRtrets b gl gl R OB pisSerd iy R 1 plohdt oRBeSlisid ne
Capabkey ol SREOUATTINCLNE RIS SRl TR Nl LAY IR o

Exanpl es uch toreign gene genes suc as an
Cct 3/ ﬂjegqa@fmllﬁllfwﬁgamdlyylsmes such as a KIf gene Myc fam |y genes
such as a c-Mc gene, and Sox fam |y genes such as a Sox2 gene.

Al so, exanplieseni “mefodemianisprdtraen to Neduadé mpratcenaorigncdedbpoyrs
these genes and cytokines. Furthernmore, exanples of a conpound

i nclude a | ow nol ecul ar - wei ght conpound capabl e of inducing the
expression of the above gene that can reprogramthe nucl eus of a
somatic cell, DMBO, a conpound that can function as a reducing
agent and a DNA net hvl ati na acgent. The bl uri potent stem cell s of



of dedifferentiation. The pluripotent stemcells of the
present invention are thought -to be present in nesodermal tissue or
mesenchymal tissue, or the like of a living body. In the present

i nvention, cells or cell fractions existing in these types of tissue
are i swlied ecursellbe utiblr iPplpiiens be ok Calithsl. OExihglep o sed3bddrmuE fitduen
are present in the bone marrow, for exanple, so that they nay be
suppl imedudertsane dichd omecubmsysoms enaegtivettissputissup ofithiejcucwgtonoeptoni, a

bl ood or the like. Hence, the plurip ? Ent stemcel |l s_can be |s%jated
from SifSepntengioraey %'af@ﬁl (and AL 4t g WYY, Socraaplekihs

and e\ﬁﬁﬂx\?l e%P em cells of the efe§ g{ LPVGIBZ o'”ﬁr%aljp]lot;[ erlttelu%de&l%%lo% %)a"ro{lveﬁl?l?s to

cells pot'enc OW n roper

The pbygmg&ﬁl@twaﬁ @:e,rﬂeﬁﬁislo%nﬁeem@fﬁ&u@.l uripotency mar ke_rs such as
Nanog, Oct3/4, SSEA-3, PAR-4, and Sox2. (2) The pluripotent stem

cel | s exhi bite eronahéstychlpynalvbiswh” triseys expeaand shrlonps dose, nglrt@age | fht, and
keep Brodu0|ng cl ones of thenselves. (3) The pluripotent stemcells
exhi bbloodebaner mprsoual skelgtrtmuscley dermis)ligpmenty tendopotndnhcast s elfios can

Cendotemlp Demrioned B relbtelRar Sedh P iadge, Rarind® BbB e
Coul BAEAIEYn ool TR iy g L et ko
subcuuaBgREScdriissue of a nDuse. (6) The pluripotent stemcells are
found to be positive through al kali ne phosphatase stai ni ng.
The expression “cells can be directly obtained from tissue” means that cells can
be isolated from tissue without any artificial induction operaﬁon such as introduction of
a foreign gene or a foreign protein or treatment with a compound (e.g., administration of
a compound). Such foreign gene may be, but is not limited to, a gene capable of
reprogramming the nucleus of a somatic cell, for example. Examples of such foreign
gene include Oct family genes such as an Oct3/4 gene, KIf family genes such as a KIf
gene, Myc family genes such as a c-Myc gene, and Sox family genes such as a Sox2
gene. Also, examples of a foreign protein include proteins encoded by these genes and
cytokines. Furthermore, examples of a compound include a low-molecular-weight
compound capable of inducing the expression of the above gene that can reprogram the
nucleus of a somatic cell, DMSQ, a compound that can function as a reducing agent, and
a DNA methylating agent. The pluripotent stem cells of the present invention are
clearly distinguished from iP$§ cells (induced pluripotent stem cells) and ES cells in that
the pluripotent stem cells of the present invention can be directly obtained from living
bodies or tissue. In addition, in the present invention, cell culture, isolation of a cell or
a cell fraction using a cell surface marker as an index, exposure of cells to cel-lular stress,
and provision of a physical impact on cells are not included in examples of artificial

induction operation. Also, the pluripotent cells of the present invention may also be

characterized in that they can be obtained without requiring reprogramming or induction
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The pluripotent stemcells of the present invention are clearly

di stingui shed fromadult stemcells and tissue stemcells in that
pluripotent stemcells of the present invention have pluripotency.
Al'so, the pluripotent stemcells of the present invention are

cl ear lof dediseiengatiched from cel | fractions such as bone marrow
stromal cells (M5C) in that pluripotent stemcells of the present

i nventi on aFee Plygpateaigsten ceheof 61;6mr%ﬂenfamﬁqﬁ@pearft&opghirwépemr@ﬁeaﬂ inty

of cells havi | uri pote | urj potent stem
Ol s modqual laBe ot ReECERTH oL tissug, or R RO P T b litng Bkl P Eresest
The gruflf aldle|s A AL ENLIi, g 5{9@5 gmgsl%oa&leq (gl L oS 1

day or nore,” such as weve urlpo stem

cel |'s pl@igdadnt 8% teellNbF Mhd 9re@éxﬁ| inb@ftdhi 48 grésedt MROREhorR Matrdl, £Q ES
cells or iPS cells. (ii) Wien transplanted into an i munodefi ci ent

nmous e ex¢thele psautheptiee mtay dteemppledd Sowlithé benhimee to piah tamsue nlo demgal
cel | I|neage a nmesodermal_ cell |ineage, and an ectodernmal cel

| i nead@dy THIpPdipr Potlsst Heasn s H’Igﬂié‘?t@“c‘ifif‘dff sellseqan Dedsqlpted fom thgey
do no becone cang grous like ES cells

f h
o0 I BuoREfrTBw At BGRB8 adh ol B Wl thi 1S Short time
per od. (1 149 roHhe- i DAl Ao SIRI Gekdstd ooy ﬁmﬁwuq iRy |t

cell clusters as a result of suspension culture.

pl uri patiegthesoBow@lprspeftdesm enbryoi d body-1i ke ceII clusters as a
result of suspension culture and stop growth w thin about 10 days.
Subse§liehb¢ pluriphtent stea e¢liss exeress arleripatenssfroprkerd foeh agdhaoenOct3/4,

culturg aart 0 grOM/agaln (v) Asymmetric division is
PaGh AR g

associ® K2 (vi) The karyotypes of the cells are

nor maj)y Té%hn)l%oﬁgﬁ sPén&‘ EUROL&Mie SEEFF ) WhidhAUE DR rlofV LisLRENASE

activi ty. Xpressi on
and keep producing clones of themselves.

(3) The pluripotent stem cells exhibit self-renewal capability.

(4) The pluripotent stem cells can differentiate in vifro and in vivo into the three germ
layers (endodermal cell lineage, mesodermal cell lineage, and ectodermél cell lineage).
(5) The pluripotent stem cells differentiate into the three germ layers when transplanted
into the testis or subcutaneous tissue of a mouse.

(6) The pluripotent stem cells are found to be positive through alkaline phosphatase
staining.

The pluripotent stem cells of the present invention are clearly distinguished from
adult stem cells and tissue stem cells in that pluripotent stem cells of the present
invention have pluripotency. Also, the pluripotent stem cells of the present invention
are clearly distinguished from cell fractions such as bone marrow stromal cells (MSC) in
that pluripotent stem cells of the present invention are isolated in the form of a single
cell or a plurality of cells having pluripotency.

Moreover, the pluripotent stem cells of the present invention have the following

properties.
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have no or |ow tel onmerase activity" refers to no or |ow tel onerase
activity being detected when such activity is detected using a
TRAPEZE XL tel onerase detection kit (MIlipore), for exanple. The
term"low tel omerase activity” refers to a situation in which cells
have t(@l Treegrasth atd isvelngivdlp gtitee awnbe degrieecade taked 1 diy bumare, such
fibroblasts or have telonerase activity that is 1/5 or |ess and

pr ef eraidi 313/ degs-or Hpwesr.ithaplugpotesl semeells do npygxert)infratraprglifigation

t hyl.at t at | Na d Cct3/4 t
gt ot caPBn o RS e tlited trom ise col s (ix) The
pluri Rﬁ% herd L QMR + & ifBhy 1&mﬂh&l&ﬁ% QRN Cth@ \Aklhhbi{bm étéﬂa Jéil%

pluripotent stemvcells exhibit no neoplastic

expr eskff@dntiate 160l b @xbidinkl rRell Neeakashi @e@ﬁamah"ceneﬁ@éage,t @nda an
situation in which, when suspension culture is perfornmed, the cells
st op tehwiderngy oelt hneuget hEhe plnepathestanhedlls acd dutastesized acthatahey do not
predeterm ned size and dqg not undergo infinite growh. MNoreagver,

such O%pIBS Spsrquariar ¢ half é(e%l" %éﬁlﬁg% Yotk S pellsupie S5 gells. oderebyar e

tr ansQ(lar?ipt eag Iecnotng)e tapleer(tal?ss&fft n a short tlmelgerlod | nmunodefic ent rnouse, no
teratoma 1's Porned: FAYEddi T 8n T HE *dbove (i) to (iv) and the like

al so rghafig %)lgrl%)@l%ntf aeh ééﬂ@tfohﬂeen{ Sir(ﬁH%deQﬁ‘cle'c%ﬂ(&hé%&*s &5 S) réi@ltrtﬁ‘t

undergo neopl asti c grow h pecifically, the cells of the

pr esentispensiemtulome.ar e the followi ng pluripotent stemcells, for
exanpl e: (A) pluripotent stemcells that are obtained from

mes odévralhet Plggm@entnﬁsrerr@ﬂy rfarm tembsyed bodyike deilidusigrs gs|d Wsrﬂg HBody
and can be .di reﬁ bt ai ned ctio

Intr
SUbst aHwEiSh FafueatiguRe = oY e PaRe s JPGlSrn HicuHEHEn wah be
(B) pch{s{e{t)soérg@lIanssfgﬁéH fb?laliﬁer \6{1 @Lgettlﬂgy pcﬁxqr&?% ;%f 1n( 1) above, wherein

mesodermal ti1ssue or nesenc tissue of i ng body is selected
from qmghmmrlceﬁsgmisragso@fatdamm skitiow, skin, blood, unbilical

cord, and fat;
(vi) The karyotypes of the cells are normal.
(vii) The pluripotent stem cells have no or low telomerase activity. The expression
“...have no or low telomerase activity” refers to no or fow telomerase activity being
detected when such activitsr is detected using a TRAPEZE XL telomerase detection kit
(Millipore), for example. The term “low telomerase activity” refers to a situation in
which cells have telomerase activity to the same degree as that of human fibroblasts or
have telomerase activity that is 1/5 or less and preferably 1/10 or less that of Hela cells.
(viil) Regarding methylation state, methylation levels in Nanog and Oct3/4 promoter
regions are low in iPS cells induced from Muse cells,
(ix) The pluripotent stem cells exhibit high phagocytic ability.
(x) The pluripotent stem cells exhibit no neoplastic growth. Here, the expression
“...cells exhibit no neoplastic growth” refers to a situation in which, when suspension
culture i1s performed, the cells stop their growth at the time when their clusters reach a

predetermined size and do not undergo infinite growth. Moreover, such expression

refers to a situation in which, when such cells are transplanted into the testis of an
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(© the pluripotent stemcells of (A) or (B) above that can be
obt ai ned wi t hout reprogranmm ng or induction of dedifferentiation;
(D) the pluripotent stemcells of (A or (B) above that do not
becone cancerous at least within half a year after being
t r ans phhaninedkficidn® niduee, tr@stetasgma {sHprihére [dhuxldjpoh.etht abbenficel (ig) ofd ( A)
or (B) above that do not undergo infinite growmh, unlike ES cells
and i P g plgo radate t¢ e fastuhatgbe ehevast eahs delbstarsy do Avtiensegemsaplasticssue
or nesenchymal tissue of a living body, which survive when treated
with pfotdase and thus are resistant to protease. Mor eover ,
the blurl POsSRtncleME ElilsSor e fdSnP IR R 4OYRIGIANNE PR P QLA od
by pl acing ce Ular 'stress on fhe cells of mesodermal t1ssue or
mesenchydrabr dxagpe of a living body and then collecting surviving
cells. Here, the term"cellular stress" refers to external stress.
Speci f(Ag aluripptegesten callethekge sbdined fouc mestdensd twiug, peamelpaem! tissue,
treatment, culture under | ow oxygen conditions, culture under | ow
phosplvattbe dkadittd dnis basdv errdecadhg%ﬁil@é% pPiaingd vaithoyh RErEH A 2
culturﬁ i n ﬁq%ar s%arvation st?teincg“;%ﬁqo%ncegﬂsxposure to
radi atTER AT aYES BndER XPosuf ePTE " HeAT "SR €Uttt ure in the
Presense nRfipdehOded RHPRLARE the FUbIY & a9 abd\R, RhESENREsREmAE Lk
oxygen, 8ulpure under nechani cal sti'nmulation, culture under pressure
t r eat e MeserhyinBetibsuk @f aQivihh@séy exadqteisfronribé gaae dondsingest bonand
specifically, culture in the presence of protease, is preferred.
Pr ot eawerows skinohlopd, mimbélekal Sendj #1el Tk ot ease such as tryps n and
chynotrypsin, aspartic prote suc s.pepsin, cysteine protease
SOUPLEY B Buurianat i Tnels S ton el 1pf s diel by B, nBndl e 1.
9'Uta@%ﬁo@%&kﬁ&%@rhﬁh&ﬁ%ﬂkﬂ iﬁ%%%ﬁ&ﬂh?e protease, and the |ike can
e co

be used. centration of proteasé to be added for culture is
not | i(ph HRDbIurifbt @R ALl IsCTNATBE [(BY 46006 tHab 4B BohiRbAY endeaus hermmtal
of adherent cells that are cultured in petri dishes or the |ike may
be enplidyrebhlfieyeirnfteTbangiramsppotednttoghetesiéel | s of the present
invention can_be said to be stemcells having resistance to the

d
above (Hbiei uarptentstsin s¢llssel @9 dB) ey that dopptsundsigo{glinitspepihce

to tr%Qﬁ#@ES eHsandiE§qg%!%§ of nmesodernmal tissue and nesenchynma
tissue ol a FlVlng oay rnclude, but are not limted to, bone-nmarrow

noNonye) FRfip&@Rh! Stemf it AR Hesbddmhi A% SICHesRBchTKiaD ieRle! & 2 RYR
tissue, eyegall tissue, and hair root tissue. As cells, both

cul t ubedly, edlidissuavide ohbh scared et pededse @md thus sieaedsanthie pusede. Anong
these cells, bone marrow cells and skin cells are desired. Exanples
of such celMsrdoper theepluriprieraitasbelsrafthonresent dgntieesan fevsdyted by
fracti n.andna hunman dernallgi%;oblgst ﬁraction. A bﬁne marr ow

st r omBIP8 R eFY QR (R DRC SaR BESYBM BT by BEFTEPYRY WWoRE 2
marr OWVﬂ‘%pdord§t dftf?én golltegtirggogiﬁgi%ﬁrg cells. H\?\/IM{)?I% J?xgr{ l‘ccellgfar tsfrééu?ef s

subj ected to"the various ove stresses Surviving cells

i ncl UG cktB@aPtkdsh POSR01fical £ el ShleSexPbsetiNg sMhOSRMY via PYEBAse Aftatnfht, er
stress is placed on cells, dead cells should be renoved. However,
when pnivtreasder bwiseden tdeedicons aditere| bslentav pheplateicandihenefchlbaes of

pr ot ease. Al so, after stress is placed on cells, a physical
i npactinie 5Py tREYAty eanelitieas) uliuse fiide SYERE FApREIHe @ as FYlfire under
di srupt ed

nd t.hen the cells may be. r ved, A .physical inpact can
e pr Borates By G0 st Tpat PR 1 BT VPP B prpERERE = 01
the | 't&fr‘c substance, culture in the presence of active oxygen, culture under mechanical

stimulation, culture under pressure treatment, or the like. Of these examples, protease

treatment, and specifically, culture in the presence of protease, is preferred. Protease is
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Cellular stress is placed on cells, a physical inmpact is provided if
necessary, and then the resulting cell populations are subjected to
centrifugation. The resulting surviving cells are obtained and
collected as pellets, so that the pluripotent stemcells of the
presembt limwedt | StineFRoteesel woh at @psiANag® chfh@Mpkine atfause pltakdath
cells, the pluripotent stemcells or pluripotent cell fractions of

t he preyepdin,iqyvemei motcamnsuok as papat edd ykymepapie, fetallopiotgyss srchase
markers as _indices. The pluripotent stemcells or pluripotent cell
fr act ite@olysing glutaspie PeripasenirrioH thregping poiase apd shedileeagpe vsed.

cul turing nesodermal. tissue, nesenchymal tissue r the |ike
Vivo) 1A Lot RlR b BR b T SRET AT S Farl i ol
then coldeRGhidY 6%e! Snfl RAYE N Qo2 LEkrefPRLhS 110k JfarRasd Id saye
are exposed to stress. nce, in the present invention, the
expr edsshedor thellike meryOie drmslogkel imtint | SEhteploiporesanal vétd oft the pteerii N
vivo) of a damaged body" also refers to placing cellular stress on
cel | s imfeniesseddrengald i bestem celbsshavotgyngeibtandeds tlhe abore-mieatippgdeexifinag
Iiving bo%y. sd@%.an exang{e, a nmethod for treating such cells
with PHE§YIES fughas gellyhaving 158§ape 'QWYPFRe concentration of trypsin at
this tinme i | i-mi : ' I ¢
adherent ce a@gﬁ?ﬁgg%%ﬁggﬁgﬁg?ﬁﬁﬁgpo%“??@%%?ﬁgkgﬁf%§Lb3ﬁ§3 L?gﬁfbns
that apearempt Bvaed tQbhoh& MMVl BbndtlbRECH s, frbSa AdhR b MIsukR adskin
culture vessel, ranging fromO0.1%to 1% and preferably ranging from
0. 1% tels) pbliptishar, cgobalipissue, hod hex angl tesuec elAsscel grbdple cdrped edlstaod
external stress by incubating cells (100, 000-500,000 cells) fraom
mesodé&piatoliesied ffam tasueriiaErdt | Awgrs thepe ol hang anagfovaeqlisgpdgkipody
in5 m, of %egkyps'xasofution “@&ﬂiﬁ e .above ¢ ncentratiqunThthine
N d.) ai ¢€

cells are mples of suc %ud a humarl borie marrow 3
for trypsin rncubatton®ranges rom aoou 0] ours an

pref eypRly Ha8Ge8nd h AARAWEma AiRoRQstPLkiSn. | A tbhe nRk@9eREomal cell
invention; 8 or nore hours of trypsin incubation, such as 8 hours or
16 ho@SCofratticmatandatobtairsedl byngittefign bongasirrow it ool to 3 weeks. Af ter
trypsin incubation, a physical inpact is desirably provided by

pi petting, Mestrcellngf tissae sebiaryl toghe vireousiakeve sigsga gel idived SAPGVBE Thi s
is performed,tq renove dead cells. or dying cel.ls. When
susheRURGREgF His TR pbr Tt falr S Bl e dufeitivhe b Bi¢s° bt i on
s degh B YePPLHR! HRfld B BloviHC NiBRefERIMCHbILORCGR thediclf dCT
to prevent ‘cell-to-cell aggregation. so, a cell culture vessel is
desi r aéilsyar€ DAt EGhaithe ¢ rdeidd. pol y(2- hydr oxyet hyl net hacryl at e)

or the like in order to prevent adhesion of cells to the culture
vessel and Aad,rafiai sireshés slaegdeorodellsus perssiabimpact is provigisete thetdlls to

exposed to external stress, collected by centrifugation, and then
cul t ufale theg) pecomsy easthp disrented a8 Shenrie cefly nagrbesizaioved.c o IPIEIIGH t er

ranges_in, diameter. . from.about 25 jtmto 150 um _The.pl uripaot,ent stem
car bs rpiis S o] BTHESSHb mt b an i, «f i R,

enriched st@ligaMstBisns slac&d bn PARUL Bh{ P21 fhiRt RPPoRMEdViFiBEL ssard 4nd
then the resulting cell populations are subjected to centrifugation. The resulting
surviving cells are obtained and collected as pellets, so that the pluripotent stem cells of
the present invention can be isolated. Also, from the thus obtained cells, the
pluripotent stem cells or pluripotent cell fractions of the present invention can be
isolated using the following surface markers as indices.

The pluripotent stem celis or pluripotent cell fractions of the present invention
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after exposure to external stress. Such cell population is referred
to as Muse-enriched cell fractions (Mise enriched popul ations). The
per centage of Miuse cells in such a Muse-enriched cell fraction

di ffers depending on nmethod of stress treatnent. The fact
that tchealpb beiipditehby stlemingahésedamal Hesupl medepatyerd tiswenerctbt like (in
fractions of the present invention survive after exposure tQ stress
suggedtg) 9%&?043h%1b#ﬂctﬁd| thotresisueh dir R & adrre d ey P?%ﬁl%ﬁel@ﬁ% '
cell fraction t% PY sené i nvention 4§ Si st tﬁuch stress
Regar dirg™iHa eﬂed B Potaitgd H5PEGH S S °n§“ec?%| | e"ﬁ?olr‘h ne86d&r nal
{1 SS UGy HBSR RO sslohS e OF ek hliQicale & hidthlgnRP B Usl GHI ur e
condi t1ons, "any dium and culture conditions generally used

cul t unF aglaﬁm@gémboc@ebﬂs‘@ BRYs feplagind 6yiRthr shleSOon éells mﬁmmﬂ%ﬁmﬂnﬁsfs@é,
culturing stemcells may be used A nmedium may be appropriately

suppl ereserchpmaj tidsue o U 1o adyifeeh@ly. cal f serum anti biotics such

[ d st t d bi t bs
Eﬁrfﬁzlﬁgrek?eﬁzexa&géiﬁtrﬁémﬁq  Giab Sbok Renpae 3@%%&% ﬁaesst em
[ 1 [l f. th
ce Sbgﬁ 5 o r?ﬁ?qggntr\é?gn o?’ tﬁ:&eg{ af ﬂﬁ%’% ?seu) 1191 s& e% E@gﬁt Agq

stemc¢ resent on Can be df fec

from theesedes Hﬁhdﬁe're’iﬁ Weils, r{ﬁ@@&&l@mﬁion%loﬁ%sm%a} be cl)hééﬁtr!&fox@
living body. The term "derived cells or induced cells" refers to

cel | stlet acebinplogpd f@t iconsalodft aihnedt byliscadheting ng at dvbupl wssghotaegigst em
cells or cells obtained b subjectln the pluripotent stemcells to
an ar fiiof &% toj el gt preferabperanging rfroslm H%t E? Her 68 examrin &oréxap@vléi gn

gene. cel are, al her ei.n d

90" el S8ried PRkl By PEpab e B A eRE Mg eiprot

Pr eseffesd AR i Qe M eddRIMELGsEE YPRDIikd POf BRhe %B@;Fﬂncﬁhlll of é%ryﬁsm
result of reprogrammng (e.g., introduction of a foreign gené into
di f f esgotionineth el dbsvé RofeditatidnSS U8 tEhE foragyder mhibdtiohrahdasten.
Cel | s obtai ned by subjectigg cells %ﬁhat can be directly obtained
from pbrttS es hotfirstind noelesdhn ranacetipmorboahd talA0elzys. hdwéhppispenit i es
as pluri otent stemcells) to an artifjcial indyction opergglon such

as i niVERRD: | RFT JROS lr%lfse%ﬁryaélﬂelnav‘éﬁwpsw%ea s PHN0 PRIE &f| s

Enbry | (Eg cell clusters are obtained through
suspeﬁéggﬁgédﬁOh %ﬂo ]ﬁgg%ngpg%tent stemcells of the present

i nvention. A& wyREeHcubiani ipeisiddl SApeAGo IRASSBSpBUEbd 8§yl
body-like cell clusters and cells contained in such enbryoid

body- ktirtkisgcedrkextig) ot éreslikeEmbdyssiilebahves Fhig i§ penfimched So cahdvecdeadt er s
through suspension culture of the pluripotent stemcells of the
preseﬁ?SﬁH@éW€F6HS At this time, in the present i nvention, such an
enbryoid b ai ned cu turl potent stem ce

The bresenc Iy ahpEgich St st Perdhei® SOME M Bhereffied

cel | - @&Eﬂavﬁrdpe?m?ﬁ]wh@ ggoﬁ)éh lak %%tl%ﬁééllufdsk!%%ﬁ il ordeX m}e%mq,feu@o neef hod
for suspension culturé for the formation of enbryoid body-like cel

cl ust egedafiohudeABy] taurcell usumge maglidl MsC dadimblyi R@atad Wat advaot ubitk

pol ynmer such as nethyl cel |l ul ose (Nakahata, T. et al., Blood 60,

352- 3pdly(2t8yyyestyd niethagivtajeldorahe bk muorder(tKerdvent, adhesmwfsqem to 1(hEond)
168: 131 139, 1998). The prese i nvention al so enconpasses enbryoid
body- Fylidge ¥esspl aélldd%"t‘%tﬁ’él tggﬁ%ferf{%ldumeﬁs“%l f-renewal fromthe enbryoid

o1 K2, S5hln SPGB 7 BB AL UGN TR, BN T

"sel f orgneNalels rf%%éﬂ fcﬁls@ms' m@t diRNof Ehc\ﬂ/fﬁ 641 CRbkdeS r&RBS Al BRFheled
embryoi d body-like cellS clusters are cultured so as to cause the

f or matrbanateht @hiny & dsbady - [Tk eleeddiert Istesd €18 (DUBE RellsSelffthe praemal

may be perfornmed by repeating a cycle once to several instances.

Al so, invhetiqy erceintluiledy enan @nritglieé ctapcohpns gel noghlatiom it his sysivedhi ch
differentiate fromeither the abgye enbryoid body-like cell clusters
or cells contained in such enbryoid body-1like cell clusters.

Fig. 1-1 shows the rel ationship anong nesenchymal cell (human
fibroblast, human bone marrow stromal cell (MSC), and fresh bone
marrow fluid) fractions Mise cells and Mclusters Wen stress



cells initiate growth when transferred for adherent culture. Through
repetition of separation using suspension culture-adherent

cul t ure- SSEA- 3 expression as an index, Mise cells can be grown in

| arge amounts (Fig. 1-2). Furthernore, the pluripotent stem
cel | s after piposupat erterreékiressr aBtdhorwd] iputahien presered th ray didseenriclzd

al so be directl %/ isolated from bodg/ ti ssue w thout exposure to

cel | ulegH feacfiprs Mwe%nrfqhecélppyulatl% pl Thei mteélmgestfe%lt?eml@ igrsugha
pluripqgtent s fr i ons t he t entlo can be

P ool andtroenh e daibt 3t oDerlat B RDRRR el (AL, he" PRe of
a living bogdye B, 1EafeObayh0g 0l BaR 4 hOpHtipBRnd tt@tpcctnq @ng,r&t' on
such as introduction of orei gn gene. es o

tissuehd prebeid @nveltién arrelvecattet exposed tb @tremggtefsrmtt thé @M@oﬁ:ﬂdstem
mesenchymal tissue of a |iving body such as bone marrow, skin, and
unbi | iceBd octhe plurippsane stewhesdl fiorienmaf thevpressnugeehtion are notak éarsucbel |
fraction of the bone nmarrow can be used. Isolation can be perfornmed
usi ng S#¥el | surface mar ker that is expressed richly on the surface
Of Mise CElﬂ{ artfor exa 3 eolxsaétdlft%r Ccl?r} Ilbe erfor rr%g erme@l ISSS§BEA-
expression as JIlﬁﬂe pruri poten't1 sténical { o e pr eserit

i nventtﬁ&ghcﬁﬁﬁalatlis%% Q? tHeeﬁls‘::éreraCh\E%@@dy%%%u@ur@'Elm(M“l&?s &8 Jn%dium and.

Mor eover , se cell's express CD1 which is a pluripotent stem cell
mar kerculiMazendigbhsSgaarrllpased foreuposng anigal aills $ByAre3cmElagkdpoildd, we
for CD105. Therefore, Mise cells can be isolated using the

expr e$gpon H@Fiwtﬁofm cgimAnBstandetpres bagiseth ishaesiumynet be peprasreately

t hese cel I surc{ mar kers}é 31 ]g Lf'F] $otent stem ceh of 151

pr esefEPRIGUENE B’ht DU 8F 47BUCHH STHE: ABERHPYE SChGEPeE 22 he
t hus |Stsr95t§1tng nsdnragjagogselt [ﬁct%Quth@an%é)vm by culture. In addition, the
present ntion enconpasses pluripotent stemcells that can be

i sol ated frramnasyre! ilgspasoft avemmpiBhisOtdnesmilRan Fulpdramn ssinng:lB
mar ker correspondi ng to SSEA-3. Meanwhi | e, Muse cells are
negat iwhechf ane CNGZed CEI34 or viviaced, opllsndf thebplaripotertcitem )cells okithe pEBANL7) |
CD146, and CD271 (NGFR) . reover, se C IIs are negative for

Sox 10 InVERE9T ¢ haigpagcpe ditepily g fopa the meso Sﬁ'é‘?» ey MBl§see. ar e
gegatc:sg%f o oT U] [x’fi{rgﬁ’geb(?ti1 Q?ln%vﬂrﬁlucd}%n@gd J:\éﬁg’or ced elis”? re?g?s}(}Zellsc%]‘MS’

OI’ whe e expression thereotr 1Is weak™ can

det er Rk @dpl¥iidHs COREEQP b ¢ Ablt)riRD SR MuNSotvliehfif el oNQEICEbthBe@ b
stained with anti bodi es (against these antigens) |labeled with a

chr onsggedtimgetiey plaripatehd some senttocanpotuitds] orduttie lopkatiodouch as
exanple, cells are imunostained with these anti bodi es, so that the
pr es et dgstianef afosdar et & regfny el %tﬁtaisgéﬁclé%ﬁﬁ hseeitret Wraddiiod, itThe

f th det d
ant 1 b0y Lo ESaR A ettt aiatred A b VR B Rufell Bl &
absentfeld o ilsferd BehP&M; 630 rpmd&t%@ﬂaﬁ%(gw@ i @fon 3t o

fl owcyte neter | owcyt e neter AF 1 a cton I nson),
FACS vasizagend Besuiferdltiakddneanin b&ACSsGalsubuss {dBeat ﬁﬂroaa@ts).nimm, or
the Ii ke can be used, for exanple. Regardi ng transcription

f act oobtagigd lyy asbi8ctakcellSrthiat canSpeudjrecily oplained ditbnDdie, tissireofethp pesseiton

t hereof can al s be exam ned by a_ techni que such as RT-PCR

The e%b’re%*é%‘} t‘ﬂﬁl aireadié%ver%@atrtlwSrr&tmlt%@é &tegifoigkie Wrriifeiasmdyctiogr s
to that ducted as
descr ’B&4 }% Sou\‘/: as mtﬁofhéa%iorne(ﬁhﬁoff) res%n %3“8 aLraes l%osgiX s vde%r{é%llltpg Cé(;l? when

expr essi on Erﬁbr%ﬁm%ﬁglﬁ&é s} PERay-NRc)e xRl espkRR ther 8Akinkd through
confirmed. Even If such surface antigens are expressed to a degree
such tiptndidieyulane ofageiletpabhtesty c8IIC B the Pactefliasentdal | Thapesent
desi gnated as negative in the present invention. Al so, at the sane
ti me, inveasur daeetcoipapes funhrrsebrywit fhodelike cdlidhsters ahé welf opotatddanst em
cells known to be positive for the above narkers. \Wen al nost no
expression is detected or the expression level is significantly

| ower conpared with such positive cells, cells nmay be designated as
negative. Cells of the present invention can be isol ated based
on the nronerties of the aforenenti oned cell surface anti aens



As descri bed above, Miuse cells can be isolated using "being positive
for SSEA-3" as an index. Moreover, Mise cells can be isol ated using
t he expression of CD105 as an index. Miuse cells can be further

i sol ated usi ng non-expression of at |least 1, such as 2, 3, 4, 5, 6,
7, 8, sf¢h #Mbryolid bddy-liks ket shsekecthmbrisidmddhe age dormedoasseedlt clng et
N&, CD34, vWF (von WIlebrand factor), c-kit (CD117), CD146, CD271
( NGFR)throggix $@spesneri Fultugt @f theTpluppoterinierdeells ak thenpresegbnveign. At

exanple, jsolatjon is possible usin on- expr essi an CD117 anpd
CDL4B.hi it b BresPuBRACIGR Bl Becparrey el QLrny Ko ERASRE on
of CD }i}r? ote%P.:!;é@r{ c&{ﬂ%f t@ﬁéﬁen\{ Vepﬁglgiscgggilefgﬁeda{a dsrbdﬁfgcluster (Myse

€, ation can be per

Fur t hér nor iSO ormed usi ng non-expression of the
above i JeBl &L ERbASid@FodyiieXeell cluster) WBRarthS18d af kOfethed BT fupdiBidn
using a surface marker(s), 1 or a plurality of pluripotent stem

cel | s cofturkhfor phe Sentationvehtmbnyoriahodyelikk celt tdustdrs ahdded cfltupenusing
nmesodermal tissue, nesenchymal tissue, or the like of a Iivin9 body
wi t hoedium cemptaingie & wetel sakeble pplymer sush apmsthylssiiulose akahatal T U8 t he

bbsor dots bhe Lol FopERaPOgy er o “HiiF SLEAFEs el i) 16

After E-Q‘j%,sﬁ%kgo“ T8e %‘?Eéﬁgé Ayedtis %gsof ShBRSRLES féﬁ'b_rJoiil BH8y-like cell

mesenchynal’ tissue, or t 1 ke o I ving body, i'solation nmay al so

be perchefei® dbiaim diaSidvieréwy Geml thgr odprybisi bodyalilsdlcélaatusmas, kedlls

Al so, the pluripotent stemcells or the pluripotent cell fractions

of theoprmsém sichvembryold kaly-lhke wharlagerer indepfuigotpritgien eoléd.  Here,

expressi on of anpother specific factor, in .addifion to the use of the
égvg% h

above U f9e@r sseli-renewalipieters, & fassifgen 4p B CPHEPEN T PHTLE! | s
f th y t j 13 )
0 %P@%§ﬁ$ @%th%&r ard L fr@dlla ke ag by gﬁmﬁgsllle{)fogﬁ@@ﬂ gfe ?&d%ﬂi{;ﬁﬂk‘e

stroma actions or er ma ast ractions.” Mise

cel I's ca elubidfd dpein. CUbireRval 5y bEPbrrblas® 15akheating b ¢pde enderty abwbrhody
(EB)-like cell clusters are obtained Through conpari son and

exan matanoes. of Afsactior preerpr eysethn nlshuswoophisss caldd \agd cledshis, which
Muse-derived enbryoid body-1like cell clusters, and human ES cells, a
f act odifiketiabes Bamepithey thp abexpegnabryoid hgdilike pelk clusiarsing calby @fadepd 1n
Exanpl es of, such factors,include gene transcription products,
prpte?ﬁ%{m?W§?@gPd§%%e§§E9H§F¥des. Fig. 2 shows factors for
whi ch the rghi 9_Ofpdie@XRILRRIRY ahRUE! méendyRlalSLIE(Burhfh R LEATE N
naive cells I's high. In particular, the ratio is high for the

f ol | owiiagn $8nd aairowSiromabEA BMEC), Jand ffesl bbidl matiow Mhid S was sy, Mdune

viral oncogene honvol og
cells, and M-clusters.  When stress stimulation (e.g., long-term trypsin incubation
(LTT)) is imposed upon mesenchymal cell-like cell clusters, Muse cells are enriched, and
then cell fractions containing many Muse cells (referred to as a Muse-enriched cell
fraction) are obtained. Through suspension culture of Muse cells in the cell fraction, an
embryoid body-like cell cluster (M-cluster) is obtained. When embryoid body-like cell
clusters are cultured in a culture dish coated with gelatin, cells differentiate into cells of
the 3 germ layers. Also, as shown in Fig. 1-1, SSEA-3 (+) cells are directly separated
and then suspension culture is performed without exposing cells to long-term stress, so

that M-clusters can be obtained.

When the growth of Muse cells is stopped once via suspension culture, Muse
-4 -



(iii) solute carrier famly 16, nmenber 6 (nonocarboxylic acid
transporter 7) (iv) tyrosinase-related protein 1 (v) Calcium
channel , vol tage-dependent, P/ Q type, alpha 1A subunit - 27 -

chronosone 16 open reading frame 81 (vii) chitinase 3-like 1

(vi)

( car t iceAgénightycorpmot evhedNrar(shiried) fopr aihemse cuseri n&hrodgh (rkpelition of

kynur eni nase (L-kynureni ne hydrol ase)

Mause cells can be grown in large amounts (Fig. 1-2).

&x) solute carrier famly 16,
menberseBI{tinoteg Bespgniien suituretghgieopuliare-F§EA-3 expression as an index,

Furthermore, the pluripotent stem cells or pluripotent cell fractions of the

present invention can also be directly isolated from body tissue without exposure to

cellular stress. Specifically, the pluripotent stem cells or the pluripotent stem cell

fractions of the present invention can be isolated from mesodermal tissue, mesenchymal

tissue, or the like of a living body by the following method without an induction

operation such as introduction of a foreign gene.

Examples of body tissue include, but are not limited to, mesodermal tissue and

mesenchymal tissue of a living body such as bone marrow, skin, and umbilical cord

tissue. When bone marrow is used, a mononuclear cell fraction of the bone marrow can

be used. Isolation can be performed using a cell surface marker that 1s expressed richly
on the surface of Muse cells. For example, isolation can be performed using SSEA-3

expression as an index. The pluripotent stem cells of the present invention may also be

referred to as SSEA-3 (+) Muse cells. Moreover, Muse cells express CD105, which is a

pluripotent stem cell marker. Muse cells are positive positive for SSEA-3, and positive
for CD105. Therefore, Muse cells can be isolated using the expression of both SSEA-3
and CD105 as an index. With the use of these cell surface markers, the pluripotent

stem cells of the present invention can be isolated in the form of single cells. The thus

isolated single cells can be grown by culture. In addition, the present invention

encompasses pluripotent stem cells that can be isolated from body tissue of 2 mammal

other than a human using a marker corresponding to SSEA-3.

Meanwhile, Muse cells are negative for NG2, CD34, vWF (von Willebrand

factor), c-kit (CD117), CD146, and CD271 (NGFR). Moreover, Muse cells are

negative for Sox10, Snail, Shug, Tyrpl, and Dect.

Whether or not cells are negative for surface antigens such as NG2, CD34, vWE,

CD117, CD146, and CD271 or whether or not the expression thereof is weak can be

determined by microscopically observing whether or not cells are stained with antibodies
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(xi) apolipoprotein E (xii) synaptotagmn-like 5 (xiii) chitinase
3-like 1 (cartilage glycoprotein-39) (xiv) ATP-binding cassette,
sub-famly A (ABCl), nenber 13 (xv) angiopoietin-like 4 (xvi)

pr ost agl andi n- endoper oxi de synthase 2 (prostaglandin GI| synthase
and cysdaonkygenasigns) (abeled)wist airbmoginit emzime( a fizdiejceaDidngdusd)idr
domai n contai ning 102B The pluripotent stemcells or the

pl uri plst Eke. stiansxaaiple, foele taro nmmphostiacg meihetiiesq aytemdiesn s rthat the
characteri zed Ln t hat ag | east 2,. 3, 4’b5’ 6, .7,,8,.9, 10, 11,h12,
13, 1RTeS§ECC Ofghe ghEencs; ol  SPRAMEGIESHL G R HECIN P e s A RAFSCRTeRY the

| evel bsencd &€ the tsme Biui‘]{illscp QL QLY rrﬁﬁlg@h%ﬁé laﬁtiti%ﬁ -tcﬁﬁjugln'é& hﬁgh&ml%eﬁtﬁse m
cel | fractions ¢an be isolated usi ng gh- evel ‘e pressfon of at

| east Adsd @t efendSordie bBEAYe of a surface khtthen3ad BOWBtehRabOLSng PACRI Ch
the ratio of the expression level in Mclusters to the sane in human

ES cehlfbvcgtehingtar. [As paoweyptalngater, FAESAat i(Bedten Pidimsbn), tHA€ Sfaintaged ng
20 fa((:]gf(:)ctcosﬁ Dickinson), FACS Calibur (Becton Dickinson), or the like can be used, for
example.
Regarding transcription factors such as Sox10, Snail, Slug, Tyrpl, and Dect, the
expression thereof can also be examined by a technique such as RT-PCR.

(14

The expression “...are negative for these surface antigens” refers to that a
situation in which, when FACS analysis is conducted as described above, cells are not
sorted as positive cells or when expression is examined by RI-PCR, no expression
thereof is confirmed. Ewen if such surface antigens are expressed to a degree such that
they are undetectable by such techniques, cells are designated as negative in the present
invention. Also, at the same time, measurement is performed with cells such as
hematopoietic stem cells known to be positive for the above markers. When almost no
expression is detected or the expression level is significantly lower compared with such
positive cells, cells may be designated as negative.

Cells of the present invention can be isolated based on the properties of the
aforementioned cell surface antigens.

Ag described above, Muse cells can be isolated using “being positive for
SSEA-3” as an index. Moreover, Muse cells can be isolated using the expression of
CD105 as an index. Muse cells can be further isolated using non-expression of at least
1,suchas 2 3, 4,5 6,7, 8,9, 10, or 11, markers selected from the group consisting of
NG2, CD34, vWF (von Willebrand factor), c—kit (CD117), CD146, CD271 (NGFR),
Sox10, Snail, Slag, Tyrpl, and Dct, as an index. For example, isolation is possible
using non-expression of CD117 and CD146. Furthermore, isolation can be performed

using non-expression of CD117, CD146, NG2, CD34, vWE, and CD271 as an index.
-26 -



(a) matrix metall opeptidase 1 (interstitial collagenase) (b)
epiregulin (c) chitinase 3-like 1 (cartilage glycopro e n-39) (d)
Transcri bed | ocus (e) chitinase 3-like 1 (cartilage gl ycoprotein-39)
(f) serglycin (g) MRNA full length insert cDNA cl one EURO MAGE
19130 TG rthérmorasolansh Halbel v RFaed 08ing nOh-kxprag¥icnadt the above 11 markers

as an index.

When isolation is performed using a surface marker(s), 1 or a plurality of
pluripotent stem cells of the present invention can be directly isolated from mesodermal
tissue, mesenchymal tissue, or the like of a living body without culture or the like.
Also, the pluripotent stem cells of the present invention can be identified and isolated by
visually observing the cell morphology using a microscope or the like.

After provision of a cellular stress to mesodermal tissue, mesenchymal tissue, or
the like of a living body, isolation may also be performed from a surviving cell group
using a surface marker.

Also, the pluripotent stem cells or the pluripotent cell fractions of the present
invention can be characterized by high-level expression of another specific factor, in
addition to the use of the above markers.

Muse cells that are the pluripotent stem cells of the present invention can be
obtained from naive bone marrow stromal cell (MSC) fractions or dermal fibroblast
fractions. Muse cells are further cultured, so that Muse cell-derived embryoid body
(EB)-like cell clusters are obtained. Through comparison and examination of factors
expressed in Muse cells, naive cells, Muse-derived embryoid body-like cell clusters, and
human ES cells, a factor expressed at high levels in Muse cells can be detected.
Examples of such factors include gene transcription products, proteins, lipids, and
saccharides.

Fig. 2 shows factors for which the ratio of the expression level in M-clusters to
the same in naive cells is high. In particular, the ratio is high for the following 18
factors.

(i) SSEA-3

(ii) v-fos FBJ murine osteosarcoma viral oncogene homolog

(iii) solute carrier family 16, member 6 (monocarboxylic acid transporter 7)
(iv) tyrosinase-related protein 1

(v) Calcium channel, voltage-dependent, P/Q type, alpha 1A subunit
227 -



(j) CLCA famly nenber 2, chloride channel regulator (k) interleukin
8 (1) Simlar to LOC166075 (m dermatopontin (n) EG-, latrophilin
and seven transnmenbrane domain containing 1 (0) insulin-like growh
factor binding protein 1 (p) solute carrier famly 16, nmenber 4

( monodai) boydosematsd dpdnrraadipger 83) (q) serglycin (r) gremin 2,
cystei ne knot superfam |y, honolog (Xenopus |aevis) (s) insulin-like
gr owt Hvitladhitgrase-hide hdeprnpeeighycesprotein-39)

(viii) protease, serine, 35
(ix) kynureninase (L-kynurenine hydrolase)
(x) solute carrier family 16, member 6 (monocarboxylic acid transporter 7)
(xi) apolipoprotein E
(xi1) synéptotagmin—like 5
(xi11) chitinase 3-like 1 (cartilage glycoprotein-39)
(xitv) ATP-binding cassette, sub-family A (ABC1), member 13
(xv) angiopoietin-like 4
(xvi) prostaglandin-endoperoxide synthase 2 (prostaglandin G/H synthase and
cyclooxygenase)
(xvi1) stanniocalcin 1
(xviii) coiled-coil domain containing 102B
The pluripotent stem cells or the pluripotent stem cell fractions of the present
invention are characterized in that at least 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, or 18 factors above are expressed at high levels. Hence, the pluripotent stem cells
or the pluripotent stem cell fractions can be isolated using high-level expression of at
least 2 factors as an index.
Fig. 3 shows factors fo-r which the ratio of the expression level in M-clusters to
the same in human ES cells is high. In particular, the ratio is high in the following 20
factors.
(a) matrix metallopeptidase 1 (interstitial collagenase)
(b) epiregulin
(c) chitinase 3-like 1 (cartilage glycoprotein-39)
(d) Transcribed locus
(e) chitinase 3-like 1 (cartilage glycoprotein-39)
(f) serglycin

(g) MRNA full length insert cDNA clone EUROIMAGE 1913076
-8 -



(t) sulfide quinone reductase-like (yeast) The pl uri pot ent
stemcells or the pluripotent stemcell fractions of the present
invention are characterized in that at least 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 factors above are
- expr e§pERasadnd R aphinfeeiéadr2. Hence, the pluripotent stemcells or the
pluripotent stemcell fractions can be isolated using high-Ievel
expr edBilgmicef at | east 2 factors as an index. Furthernore, in
t he pl potent, stemcells ar the pluripotent stemcell fractions of
t he pﬂﬁ ? iBnipEher thgg%ﬁuﬁnﬁﬂegﬁgoébove factors (i)-(xviii)
and at, |.e f the above factors (a)-(t) may be simultaneously
expreégé'%ﬂeuﬁPéh | evel s. Hence, the pluripotent stemcells or the
pl uri pytseRtiarshaMERIb74 ractions can be isolated using high-level
expression of these genes as an index Furt hernore, the
pl uri gm) éatnasdpemisel | s or the pluripotent stemcell fractions of the
present invention are characterized in that: factors of an odorant
r ecepOrE@H | atsenhdinandseesn tmpmgmrase samamaortimngt a chenoki ne
recept ot her.thap. pl uripotency markers, are expressed; that
ﬁ@V—Q# SEP aﬂBFQ@B@§PFt8m&dorant receptors or chenokine

recepg@rs%m%ﬁﬁpﬂ 1%21 1?}“16091%%14 (r‘gwgl%5§ylfc%¥d t?z[n%g&ﬁ? fssed in the

pl uripotent stemc ripotent stem racti ons of
the pg@semllydimvention include the follow ng 22 receptors. ol factory
receptor, famly 8, subfamly nenber 2 (OR8QR2); ol factory receptor
fam | yr)gremslub?, auybﬂeyletﬁpommbéammy (oRPOD) (Xeodfuadevisy receptor, famly
4, subfamly D, ); olfactory receptor, famly 5,
subfaﬁﬁﬂ?mAPJ*ﬁéﬁﬁgﬁfﬁﬁ?tﬁBﬁP@?ﬂnﬁpﬁactory receptor, family 10,

subf a ol factory receptor, famly 10,
subf a@lgg{lﬂ# Tenbe md‘iﬁ%%ﬁmol factory receptor, famly 2,
subfam |y Mhdmnhgstest $ORIME or Hef A6 R t¥ntl GE BEIP'Trﬂctﬁ(ﬁl@"dthe? present
subfamly T, nmenber 5 (OR2T5); ol factory receptor, famly 7,

subf amvleytldih ameirbectedzqdORTEM pt leadtf2a61 4riy 6r ece Pt O0,,11f meylcn, 15, 16,

subfam |y L, nmenber 3 (ORLL3); olfactory receptor, famly
subf ant ¥8 NS rhs rfefaciery BRARATE cubrpesed G Pighelewgls orHerfcarﬁhlewhzripment

bf | eot i di t G
or ot ol “HiAE BeI VARG St ST PG et e cinet dcrl yRpE
(GNAL)ax Ol AN Yea liOCBRM as shafddsy 6, subfamily A, nenber 2 (OR6A2);
olfactory receptor, famly 2, subtfamly B, nenber 6 (OR2B6);

ol factory rrecepimdre, nafe lpmr@mteaubtieﬁmdlly &thd@ﬂhpciterﬂt steR2&IN Fractions
ol factory receptor, famly 52, subfamly A nenber 1 (O0R52A1),

ol f acrbthe me@@ptrbflentlcﬁam lepst1D of thebfbmrve Ifgﬁms (dnpé) agl piORAOIA3YE the
ol factory recepto fam ]y 10, subfamly H, . nenher OR1OH?) ;

o1 { acEGTY PEEEREH Pl 1Y sEitageimehmerored furh 15 FoRSireD) e

ol fac%)ﬁ)lrléo{eg{: SRLP celi% %{ﬂtbg p?lglpol’[lp aﬂ&hyce? erBHR rcag 'gOtR}%E%%:S'l %ﬂg

ol fac receptor tfamly P,
high-level expression of these genes as an index.

Furthermore, the pluripotent stem cells or the pluripotent stem cell fractions of
the present invention are characterized in that: factors of an odorant receptor (olfactory
receptor) group and factors of a chemokine receptor group, other than pluripotency
markers, are expressed; that is, they are positive for specific odorant receptors or
chemokine receptors.

Examples of odorant receptors that are expressed in the pluripotent stem cells or
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Exanpl es of a chenoki ne receptor that is expressed in the
pluripotent stemcells or pluripotent stemcell fractions of the
present invention include the 5 follow ng receptors. chenokine (CC
notif) receptor 5 (CCR5); chenmokine (CG-X-C notif) receptor 4

( CXCR4he pbhpoieki sem( Gl Cimotiers) off the gpeent Inve@CR1 ncludafthy fWlaradg gZoup,
chenoki ne receptor (DARC); and chenokine (G- X-C notif) receptor 7
(CXCRT?CGPtOIS The pluripotent stemcells or the pluripotent stem

above BRFABUBY e baRba S aAiy Y dee a2 FOB 7 Ene of the above
chermoking o FAGERKA! Punily 7, suBBFANTE rRInHkhe (SRFGS) s of these odorant

receptors enoki ne receptors and mgratory factors that bind to
t he retRpbA Rcepihiefapliyr4, pobRniily 31 eBneet b SORADENE present invention
m grate to danmaged tissue and then survive and differentiate at the
ti ssue)lfaﬁgry rrepte} BmilyHe subfamilyiAFemembki H(ORPARA] cord, or nuscle is
damaged, a speC|f|§mn]' r at or factor nd an odorant receptor

s £

expr eSHaEOBHCFHEOTe aily Iy oA ¢ EOREUER: t he pluri pot ent
stem c (thgm ge{’p&g{rggrﬁgtﬁ %&bef?ﬁlﬁ %vl?n&lgéijf@#?,oﬁgw ve at the tissue,

and then nti sKin (ectoderm,

spi naloEabe, oSt QdBny. 2, @,ﬁbﬂmﬂglm hEpsedebmnes! |'s, so that the
ti ssue can "be regenerat ed. In a Muse-enri ched cell fraction

ri chl yliaantyaiesdpog, fisly X ebbamilpdl maméet hEORALH] pot ent stem cel I s of
the present invention, Rexl, Sox2, KLF-4, c-Mc, DPPA2, ERAS, GRBY7,
SPA® ol iretaryirecepirt. famaly 7, ﬁébfaméyea;m@gmeaﬁéaf{ﬂpﬂo a cell cluster of

:\/:Jkg %ffl&ctﬁﬁfrrggé:f%& gD Xf}'il [s)EtF 4113!%t mem%er W& L3)PRDM]' SPRY2, and the

olfactory receptor, family 4, subfamily N, member 4 (OR4N4);
olfactory receptor, family 2, subfamily A, member 7 (ORZA7);
guanine nucleotide binding protein (G protein), alpha activating activity polypeptide,
olfactory type (GNAL);
olfactory receptor, family 6, subfamily A, member 2 (OR6A2);
olfactory receptor, family 2, subfamily B, member 6 (OR2B6);
olfactory receptor, family 2, subfamily C, member 1 (OR2C1);
olfactory receptor, family 52, subfamily A, member 1 (OR52A1);
olfactory receptor, family 10, subfamily H, member 3 (OR10H3);.
olfactory receptor, family 10, subfamily H, member 2 (OR10H2);
olfactory receptor, family 51, subfamily E, member 2 (OR51E2);
- olfactory receptor, family 5, subfamily P, member 2 (OR5P2); and
olfactory receptor, family 10, subfamily P, member 1 (OR10P1)
Examples of a chemokine receptor that is expressed in the pluripotent stem cells
or pluripotent stem cell fractions of the present invention include the § following
receptors.

chemokine (C-C motif) receptor 5 (CCRS5);
-30 -



Al so, in pluripotent stemcells or the pluripotent stemcell
fractions of the present invention, the expression of CD34 and CD117
hemat opoi etic stemcell narkers is never observed or is observed at
an extrenely | ow | evel . The present invention enconpasses not
only Miseokiet (G-X-OutotH) c@eoce(CXORpYl ation resulting from

enri chnment of Muse cells, a cell population resulting fromgrowth of
Muse cébhgkinafldCametef]) recoptioull 4€CBM);r esul ting from differentiation of
Muse cel ]l s. The present_invention further enconpasses a research
kit, &4 hoedhgioup.fagmakipgeospantPelsvirde cont ai ning Mise cell's or

cells Cﬁg&éﬁgéﬂ@_@@ﬂ%{i rel‘g%)lulnsri, {JQERQJ_UH potent stemcells of the
present 1 hventi on have’ pl'uripoténcy and thus are able to
differentiafge pRtiBohd sttReAs f thd PaHFotekNGeR il FRBEERIShE Pr&E! S
or the pluripotent cell fractions can be used for regeneration

medi ciimentog exgresslat kast drerofekanmpive olfacoly eedptas anedxpaeds|at feaatcdriears
can be used for regeneration of various types of tissue, various

or ganshe #hee changkitegecepperei fi ¢ exanpl es thereof include skin,
cerebro-spipal cor liver, d nuscle. The plurjpotent stemcells
or | the ot urPEBRED e et of PR tIogHE IePORG b PGB HEHOP Gidar e
adm ni i Vi I LI Vil ni folnj d or
darmgdne 8 HORTHR Bnd PehoRt IR BRrpDEnd WEWTY R L B
cel | s i8RhGSn thliratd &S HAndYed Alsg@N adeheili fulavenhd Alfterbmita@e aettestiddnd. que
to the relevant tissue or organ. In this manner, the pluripotent

st em ¢'ef lesample, odrenrtihbuivert skinhepindgesrdr at inarcler isr éowrest.r actpeaficof

ti ssue and organs. Alsq, the system c adm nistratjon of the

pl ur i PUEEHIY L3569h 0d PR QIFntyIeeFRI RS Sed Wrhe &gl surfagestipagiton;te cause

possi bl e by _intraven adm pistration or th ike -t hi se,
R e TR S R TR
damag@tdréiaueindd [69RAJodefAL RkANERRLED), H8altdoSS Ut dderR), 32 MusaRd
then differentiate into cells of the tissue or organ, so as to be
abl e (wesmdatn)i dells, sottimt thestswgee o lerggemeradglener ati on and
reconstruction. ~ Admini stration can be perfornmed via

par ent er al TadaiMpserenaichesh celf dincaien sighbutcapieming Mijsecaeflprihat are the

i ntravenous |njection, . lntramuscul ar injecti,o i ntra i eal
i cobhmoteat AeaeiRr i PERE o PhGTLoPRe B o EreRe Dbb
enbry gp AOTGEXANGYARG, A1, hA¢ e ROMLRT PRt AN 104 B ThBMH: Gf Muse
adm nistration may be perfornmed herein. Local adm nistration can be
per f ocsigd WAZNg BDEAL Metpar, diella, eMakipl, cPRONE, (BPRY X ashdbehe like are
appropriately determ ned dependi ng on an organ to be regenerated, a

ti ssuapregylatedor a si ze. Exanpl es of an organ to be

regenerated jnc|lude, but are n limted to, bone rrow, spinal
cord, bl oods&pifeBiyrippieqlstem a%s?f Bswaluripglgets stemy el fractinps nof the

syst eB}esgdtriﬁé‘én%Rr%e %%ﬁr%%'f@ 910?534 GRDRRALY YEmbdoPaikiSe stgHSc%:uemarﬂ%r t,
bl ood"vessel,” pancreas, ‘central nervous system peripheral nervous
syst e[y nek b0 ¥rvelbARWBEerv&Kitn RBEMBR! IbRIev@PPENdages, breast - mammary
gl and, adi pose tissue, and nmucous nenbranes of nouth, esophagus,

vagi na, anditenpssseftoinvextampleaconfases sxanidl eblued cdilsemuesisd ca ell
treated therein include, cancer, cardiovascul ar di sease, netabolic
di seagepuligrateseltigs Jems enrichngent of Mpsgheallssa pell |popuigtion ggsylting om
haenophi |l | a | ood, system di sease, degenerative or . trau i C

nour oPgaTE MR Ges Y b oHs PR ESHARS it FetHiom At Siecknse,
genet | r _ . ! . . o . .

o sendie HEEH v fORRARI VEebABUE Senenatu: AAT iy, W) Shdiinnc
skin @éviBU&sikfning Muse cells or cells derived from Muse cells.

The pluripotent stem cells of the present invention have pluripotency and thus
-31-



Cells may be administered with a pharmaceutically acceptabl e base
material. Such base material may be nade of a substance with high

bi o-conpatibility, such as collagen or a bi odegradabl e substance.
They may be in the formof particles, plates, tubes, vessels, or the
| i ke. agelable twayiffesnddi inis tBriggesabft assubi nthen gluripereaobtetnocalsb@sthe
material or after causing a base material to contain cells therein.
Al so, plyripptent el fricsioancpatticowsell fgudegeaeratian peadionerend ftior like.  For
pluripoten% st$n1ﬁell$ q[ t he presgnt ipyention, tissue.is

const rFHRPRE MG T aRT Nt FAEUIPSVAT PEPEHe T dFFPERERE PL IR S AMRFSt Hen

t he di r jaLe | | re.f 1 ssue .be I oSl pce the
pIuriB%%%h?a%k@%1§§? S %prﬁelgﬁésegﬁ%ﬁﬁbé%%ﬁgﬁgdgﬁﬁﬁ ﬂhgggg%ﬁm

L UNDr icGRB LopikRNSTDIRE, | 4, maschy. OARI drifipotéd CaNCENAbI e Miripdint
cells is low and can be said to be safe, even when the

undi f fsemerdll Ge@wnplofithepotent invt@mncat ladmofistedad doeabemntoritnwentdacn ar e

contained in the above transplanted differentiated cells or tissue.
To pr ébeericinityj ddpjused oF dipzacd glsain ogEanl ind he likpssythapthegplpiratgitent

i ti ) di ci i i desi t t | ti ,
s ondthn ERRTRES b Us e kS bfben abd dieferfRld B R pIEROLT R Reeked
subj eglgd Lo of@g.eni% ahis O AR ﬁien@urae&gmt beR PLUK LROLENbRL &0 GE! | S

or pluripotent”cell fractions of the present invention are isolated
from tréeneeli@yantecbhshititgod of tissae andurdaher nois€, thé best@hivradpaii@ntiost em
“cells or the pluripotent stemcell fractions of the present

i nventof the empdbent yeadcdllsrortphaipotrah stemfcetlifstisessis gassittle by idmyenous
degenerati.on or dysfunctign. In this case, for exanple, the

pluri aﬁ%&ﬁtf@%rﬂrc%ﬁﬂ or 1p ﬁ@smaﬁﬁi%st HEPSe Rt PHcieied 87 the
prese Y r : 0 r

G 7 o onpEdh B & LaRM TR kP real] Siflon G0 FAUIER: L, and

pl uri peherersh@m Ged balsas@he aunedr bzafll fof 1168t aBleQo chitAbSPEStifuE
tissue cells and then the cells are transplanted into tissue to be
t r eat edorgah sagendratian 4nd reedrstradiewmapy can be perforned by

transpl antation of such cells. In this case, exanples of target

cel | s i ncl udEmRisHatioe ¢ b Preeimpd VB |RATRYRIM AMAEBIFGIRRI Sed) 128 or
glial S skin.ggkhs,.aﬁgenuscle.c?lls such as skel.etal nmuscle

el S
cells ?l%fﬁléméoﬁsur ISR ATEIVCRAP s TP STERIRREYFN SHETISR ar2Bd

causehtta@eitohéR B E AL 6ral MrRinish8SEh, GflntSutelineifidibe iRk 8hBTocRk! S
are transpl anted, and then treatnent can be perfornmed in situ.

. Thr ougiangieh tAleat et adodaiskhti@onr SydemrasiyinBration infak areCpértitmed
spinal cord injury, nyodystrophy, and the |like can be treated, for
exanphereing; heealt lplstiaﬁlcgibp@hge Peemness pynga eahetqsr &gesrempleyvediton

do not, undergo tumarigenic transforyation, they unlikel ecane
cancoP Sty Aenran el i iepgrdiit b ot pEsEp e Re rescnerkied, igge ¢ he
pIuriB§EQQQ1§£§n1cells of the present invention are caused to
differéntiate to formblood or blood conponents, so that blood or

bl ood conpan@mipfesCHNaDEchREBE rBenviard QLU BitlahO noEXANBE €5 Whesuch
bl ood conponents include erythrocytes, |eukocytes, and bl ood

pl at eletrew, Fhiealt étud, blopdesblino diderpdutigspbawdprpondrtis, camneesyssed f or
aut ol ogous transfusion or cross transfusion As descri bed
abov e CITGIHERTt REStHR.UPP ot @inedivenivis.| Busslet hgarp | lipebhaevak repgstcel |
fractions.of the present .invention are, used for .treatnent, their

i 11 cPaRET JETHE Ry He Rerb R BT hegth BebS! R et hd

pl uri t el.l : Vet i i jpnt o
B A B S

St r oNBsophkgkevalindNing | s, S kimpS Chdo, BYOEHEAbHBscRYER be treated
endotheFiunl epithelium |iver, pancreas, hematopoietic system

gli a, thesaimr dnahdg etdnser, arrdbyagodendrsegki atetaelit , difase, ekapapt alisease,
Differentiation of the pluripotepy stemcells of the present

i nvention can be achieved by culturing themin the presence of a
differentiation factor. Exanples of a differentiation factor include

a basic fibroblast gromh factor (bFGF), a vascul ar endot hel i um
arowt h factor (VEGFY a di nethvl sul foxide (DVSO and



Moreover, cells are collected froma patient, Mise cells are

i solated, and then the Miuse cells can be used for various diagnoses.
For exanple, a patient's genes are collected from Muse cells and
then the gene information is obtained, so that precise diagnhosis

r ef | ectidtrest hellitnd, ohemtitign hbeaegtela, pobeit bkwtenFodiseaxgmitgne@elé sorof
each tissue and/or organ having the sane characteristics (e.g.

genet iteubatk geowig)jc gisondaosechofs @1@1@9&@1@3@%%%@@5%%6@%@5| ng
differentiation of patient's cell-derived Mise c #

regar d’ieFthSdF%‘E’éé"é"eo‘ﬂSé% §7%SS BFUG é‘&‘{e?t&%‘S gret5t 8t Sge %téﬂ“ bsﬁh?:ﬁmtl?’ons,

d'agn?§ﬂ§n&%&n1Pﬁi%ﬂﬂ%%&ésﬂﬁo? &ge reactions of drugs, or the

I 0Si's can be nade according to the

char act eri stkigs maf lﬂ%ﬂﬂuﬁi‘d&l‘@p{vﬂﬁ Ivghzfrhﬁ@éultl}ially%&@ptﬁﬁb'&se efHpdroi d
body-1li ke cell clusters forned se cells, and cells or tissue
and/ orSuoh gases mebtiai med Hehmadegbf d|sf11famre:ntwﬂt high tod-chnpeibiletdy] suchrast he
above enbryoid body-like cell clusters can be used as di agnostic

mat er icallagenmsra bipdpmspdable Wé'sﬁ?@‘&eﬂi ey ARAYNRS @ﬁhérﬁ%r@hs‘ég@@g c& PHalchod

for d| nosi nq t he, di.seas r li,ke cells
| So1 StaRe Feele i ubREa: Cop it By i budired Db Epg el MR ERS |
differ f &Mﬁﬁ I same genetic
backgf%ﬂ%gagggﬁré%gﬁ%épﬁ su fggtég&ﬂmﬁ%aﬂ&h&gﬁsonatlc cells can be
obt ai ned i nAlsar gevigsraiffeisntiiion tidhEwdeidpeabinaid fof plitpateaiedids celldastce,
basi ¢ research such as elucidation of a di sease mechani sm

devel olpmplmsmmin‘e@ntih@rtéspuutsi @naigedied usies celis thet haye furtberediffesndated, a
drug or .toxicit uatlon the |i ke, can be perfarnmed
Speci @Péaﬁlqnyﬁl u%@%fe ?dsc n%r%}“a %31? PRRBaREl S (15 BUPRHERG of
Muise cgl %eltha%? &€! gsefif Tlﬁdwaﬁb’l? Ak P'lm&’Jr a%g%ﬂi&%qn&mﬁ%

di fferen Ion - se cells or enbryol gyﬁlike
cel | glatabriip of adhchQtibs 88 tiRSceMR i LIovakE égarbeokawgtoeaeada;batewﬂw@én theUd
screeni ng. For exanple, the present invention enconpasses a nethod
for sondditrangafedrplarightery wem enedb wdt the gpresedr ngentponmei einfignedawstheg
dlfferentlatlon and/or growth of Myse cells, obtaining somatjc
cellsg @tﬁﬁr?ﬁsgla@ﬁeﬁrf’gff%re%%%ﬂ a%HSeordWaet ol REVE Feiertonce fransplagted hen

exan ni t sponse a, Muse, cel
bank |C§1?%%rnt§5tsr ube g aecHnenC (1)rh &4 [ﬁq’ C%enera%on meglc(;inreylt 1 é\el\};gl‘::d that m(esodermal

vari O%SL{eyp&‘e%e&hylHM)issMJS@r ﬁl@hh& ls%ntea@a ﬁ%nﬁﬁﬁaﬁémqanﬁb&ﬁ]e@ied to
providing Muse cells to Muse cell application Sites according to
need cedenbatioealedizid, addahereylanipbtent dtem aelth driputipoeent bell Abaicas bf giced
purposes, provision of cells with no (or little) rejections to

ur gentrapentegiyentean el fsolatesh Siomamhearelornnt Hispugpforcass: bdupapmmsaerethe f or

For CONSIAPet P s hecRPEP iy SeT Rt e o SR e AN Er s
navi g, i B 6Bl SRS GoRLOREL] S8e (GRS Ay RAkAL] Ny 208 case

coIIect|ng se ce avi ng vari ous netic pr pertles

|'i brany efanthlOamk Hdibodnt Qi 2RO e padip uwnﬂgteﬂptzelpmﬂayu&\ﬂss&f ﬂq@' I's,
but al so an enbryoid body-1ike cell cluster formed from Muse cel | s,
and celdsentoinventggiuereaeiobed @rxgano,optosdinned drhsedughdidief dnepentidatlieon
from Miuse cells or the above enbryoid body-like cell clusters. In
the prayesd ok dit iboAy. IiFBF arpegleprthp apfREpatemit staecdinater Getsed By
obt ai ni i ke cell ter of .these

ol s SEterRg 1D %ﬂr%@d it S RaR PR Bt Sl Rlee gRig e B e

di f fergnthat hpp 9f s:MIS& Ee}%Htpg Qh teh rﬁy@fﬂ!@ b?%hé’;ﬁéuﬂat%da!f deh%eﬁ?' '

clusters are also referr as ce i braries or cell banks.
presemdt thiNvAR! EQMpRRCANRASSRHs ihteudeMepatOndk | ttetR delfLbdch lak lﬂé@bhzﬁs or
cel | banks. Such cell libraries or cell banks conpri se vessel s such
as a ptlly af igtiyl ofllst shiescetlontmi miusgle celll sugnads skadethli wesddavwehy The

di fferent genetic characteristicgy_Such cells may al so be frozen.

For exanple, when tissue or an ofgan is transplanted into a subject
or regeneration thereof is required, cells appropriate in terns of
geneti c background or the like of the subject are selected fromthe
above cell librarv or cell bank Thus transol antati on or



| PS cells can be prepared by introducing a specific gene or a

"~ specific conmpound into Muse cells so as to alter cytopl asns.

Al terations of cytoplasns include reprogramm ng or canceration, for
whi ch currently known nmethods or all nmethods that will be

est ablphghpeent feinhellf of the roam ibendophry@dsed to differedfate ieanpleesllq
gene is introduced into Muse cells according to the description of
JP Pattlentiffaoentidteg XEUQ avyr tradrpladiedc ﬂilqothe@rirf?aﬁnﬂitg?an b, pesiormemin pips
cells_can be established from Miuse cells. in addition.to the
et hod MERSEr 15 drFamenty, Paslansqngs éléi‘ﬁasﬁe taajp ! n?fﬁgﬁl% P o8 G

t abl h | [
geno, "B ag el R A AU PR (B SR Bl B Fpe BT O
cel |'s ce@ofBe B%sf:ﬁ%ﬁ%h@ﬂ dﬂo@gg&rgﬁﬁﬁﬂdr%ﬂldt&n@éﬁ@lcﬁs tlﬁ?%‘ﬁhk@?d

| ater, for exanple. he i PS cel I's obtai ned as descri bed above
from Whmmhbaommd&lammm1fnﬁécéfqreulclttmeeamaﬁtl\/me derived i PS cells
(Muse-i PSC). " The present invention enconpasses such Mise-derived

i PS cel |'s. Mseelkemivigtgnbssten| talscah the Basedt tisvassiop| uei psehttost em

Cer cafitien fagﬁlaod ROliE o Pieizase fioh SO 4 birbd Rprensptsi ¥ ¢
refer %Q?@rmteﬁ e£ e ok 9,%“9]5%@6194 @ﬁucﬁ}jﬁheugﬁg&&ﬁts%&é@er&yﬂhme% ion

is not limted to these exa Exanple 1 Preparation and

char agdugbé &t a8l bfod\plaRteanr MabekisCR®ihed bRGUI @MBodNEbrMotbits el He
Materials and Methods The following cells are used in Exanples.

Two susdli fasawblobowrsarend@isivalor Cidss biséssior. r act i ons (H-fi br obl asts) and

four strains of human MSC (bone parrow stro racti ons
(H MSC frachy @Fﬁ%‘)‘b%eqb@"ﬁs‘?él&nége ﬁ'égeﬂ%ﬁfy%m cg ?r he ﬂf}*ﬁl@ﬁtem BEBIsFst

f t f
(o R et Bhesthey ﬂn‘ﬁﬁmﬁaﬁéb%‘“{ 2Bty A SRR ARN 68 be
f i brobl,asd x ()tBQF Y vivel I0€ R, Pﬁﬁ@Gten%}:ﬂl -celbl BBIhe ftriaednkions,

MSC-1, -2 and -3 were obtained fromLonza, and H MSC-4 was
obt ai ddteréntiorm iAtd GEddbBstsHulmadrovBEs, fadgocytenbabksts paoefmaaivt stroma,
described in Pittenger, M F. et al. Science 284, 143-147 (1999);
Dezawakelfm11 Busep,. SOt wHusch edyocpidiumy pyas, 13P§!9th(~‘12‘0{9:4?131“§H‘éImDé‘2’&'\‘A/a

M al . Science 30 314-317. 200 ured at
37C° 1 RSO CRFORACHE DAG e derarehsaliung” ChrvarifRREs ioh o€ and
0.1 mglrh,Kangimieditiaibd Br 80 f1BpotR!stén eellstam@ psiése&%b%n%tc% pkheir
shi pnent vvere considered to be the culture. Wen cells reached 95%

conf | deHised tyeddlmring ibenexpanrdedseate af b diff@enfatibn Zadieel Exaupletvea
solution: nmedium. In this study cells fromthe 4th to 10th
subcubifferensiaties dactgednclude a baigdivretdag egiowilf HESE) (WY, Hevaichlajer e

kyot Oer?d%%%]l%m( g%"g\%tsh- flé)(:tog?{f%(}g)e% Jlrrngtrf?yrg/u%omdlgr}b\ﬁ/%&l 1¥d isoproterenol; or
a fibroblast growth factor 4 (FGF4) and a hepatocyte growth factor (HGF). The present
invention also encompasses cells that havre differentiated from the pluripotent stem cells
of the present invention.

When the pluripotent stem cells of the present invention are used for treatment, a
gene encoding a protein antitumor substance, a bioactive substance, or the like may be
introduced. Therefore, it can be said that the pluripotent stem cells of the present
invention have a function for the delivery of a therapeutic agent. Examples of such

substance include antiangiogenic agents.
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Mouse ES cells (TT2 cells) and human ES cells (KhES-1) were

mai nt ai ned on nouse enbryoni c feeder (MEF) cells established from
12. 5-day enbryos of C57BL/6 m ce. Experinents were conducted by the
followi ng nethods. |I. Stress conditions for mesenchymal cells To

per f or m expoisUpRsdn® insbiitesSeomghdseOmatetinl [foidealigreishlatitagon tdespypaor
nutrition, culture under |ow serum culture under |ow 02,

r epet icoinpesitionspsi pell fiensphintaties therapsl @ngmteeéialﬁ for yqesheraiiorc wedicinerer t he
foll owi ng six conditions we 1) cult

|
cont aiCATRGSTHYY famgsqﬂmw&%é%gﬁ “”P ﬁe?tmn&}jgm e?’ Te@nfaga;d@%@@

]E { ﬁ\?l) th% 6 élﬁ%ys_lr%)::ll{l% G{Muse ﬁ-‘i@§ %%l c%Q? gld t1$ﬁ£/&r §1?4 %t%)@}]ngéwrﬁmgﬁ{m
combi pegh Wulsh c'eﬁ’y\’opghe( élb&vg%}nbfl'ﬁfld PodfYiRe (cél@%ﬁrs"‘ Lsh Q20ompodikioh hr ee
consecutive 1-hr incubations (a total of 3 hours of tryps n
I ncubabhtainy a(ﬂIfayrnza:eutléhllma)ccaemaﬁie pp&em d{l@en2 586 the Vs iim-aHBE&) to Muse
cells, an embryoid body-like cell cluster formed of Muse cells, or cells or tissue and/or
organ obtained through differentiation from Muse cells or the above embryoid body-like
cell cluster.

Moreover, cells are collected from a patient, Muse cells are isolated, and then
the Muse cells can be used for various diagnoses. For example, a patient’s genes are
collected from Muse cells and then the gene information is obtained, so that precise
diagnosis reflecting the information becomes possible. TFor example, cells of each
tissue and/or organ having the same characteristics (e.g., genetic background) as those of
a subject can be obtained by causing differentiation of patient’s cell-derived Muse cells.
Hence, regarding disease diagnosis, elucidation of pathological conditions, diagnosis for
the effects or adverse reactions of drugs, or the like, appropriate diagnosis can be made
according to the characteristics of each subject. Specifically, Muse cells, embryoid
body-like cell clusters formed of Muse cells, and cells or tissue and/or organs obtained
through differentiation of Muse cells or the above embryoid body-like cell clusters can
be used as diagnostic .materials. For example, the present invention encompasses a
method for diagnosing the disease or the like of a subject using Muse cells isolated from
the subject or using tissue or an organ (obtained via differentiation from the Muse cells)
having the same genetic background as that of the subject.

Also, somatic cells can be obtained in large amounts via differentiation of Muse
cells. THence, basic research such as elucidation of a disease mechanism, development
of a therapeutic agent, screening for the effects of a drug or toxicity, drug evaluation, and

the like can be performed. Specifically, Muse cells, embryoid body-like cell clusters

formed of Muse cells, and cells or tissue and/or organs obtained through differentiation
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5) long-termtrypsin-incubation (LTT) for 8 hrs (LTT 8 hr) and 6)
LTT for 16 hrs (LTT 16 hr). For negative controls, human peri pheral
nononucl ear cell fractions were used. For conditions 4), 5)
and 6), approximtely 1x105 to 5x105 cells were suspended in 5 m

t r ypsion Magk WEll 08y, tha Ao vengibppdie Godychkd Self clogestcae $8 usandirhitaids foyr
through 3) were collected by a 5-mn trypsin incubation, and cells
f rom stusesshetnior idorgsscadening. 6 omeragnpls, ahs Pesenednginfier ehopripessetibes.
Large nunmbers of dead ce|Jls resulting fromstress condifjons. were
di sr uptedipdgyr ¥orIENG f«?@ 2 deprpgy §42 Pv@a dBngyicomBi P RISIHE AT RY 1ason

][rgf‘: Ml of §r0§v91’1 PQAqrse Lo WBR Eﬂgi%‘oﬁ %B;%@wgh?m nf%;?%mcad:cﬁ(!la?gﬁ g‘{?e’

VOI’feXI n usi n

m xer yfd SmaNO ks, ahd el eng%mng tﬁ&&@ﬁdr@@of\@oﬁnd@i‘%r&@i med at 2000 rpm
for 15 mm so as to renove the supernatant. Collection efficiency of

live cells aAlkder Mues tekbag is angpead cfe din copgrexingatierary 60%ad@s80g% 2.
MC cul ture In the Exanples, cells were subjected to suspension
cul t uWéﬂ‘mﬁ typastaf] llef) Wuse eelisop éhahmgstﬁ@cﬁamhle cliproyiding Muse cells to

I I t di d,t "
cul ¢ B LGP RisERr Bl Frpr Bk AT oop Pegraizrd. T Gunelp, Meagtegy
( 1982% th%‘%gyg ﬁstg{i]ﬁpﬁ)%s [)I%V s'1({ S&t &:‘ﬂ@t\ﬁgl ?M Ecl? lﬂ@é)yreﬁ%s to urgently

on roxyet
required cell transplantation therapy can be performed, for example. Specifically, the

present invention encompasses a method for constructing a Muse cell library; that is, a
Muse cell bank, having different genetic properties, comprising isolating and collecting
Muse cells having various genetic properties. Also, a library or a bank can also be
constructed using not only Muse cells, but also an embryoid body-like cell cluster
formed from Muse cells, and cells or tissue and/or organ obtained through differentiation
from Muse cells or the above embryoid body-like cell clusters. In the present invention,
libraries or banks that are constructed by obtaining embryoid body-like cell clusters
formed of these Muse cells, and cells or tissue and/or organs obtained through
differentiation of Muse cells or the above embryoid body-like cefl clusters are also
referred to as cell libraries or cell banks. The present invention encompasses the thus
constructed cell libraries or cell banks. Such cell libraries or cell banks comprise
vessels such as a plurality of tubes containing cells and the like having different genetic
characteristics. Such cells may also be frozen. For example, when tissue or an organ
is transplanted into a subject or regeneration thereof is required, cells appropriate in
terms of genetic background or the like of the subject are selected from the above cell
library or cell bank. Thus, transplantation or regeneration therapy can be performed
using the cells.

The present invention encompasses a therapeutic method, comprising

administering, for treatment of a disease, a therapeutically effective dose of the
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met hacryl ate)) to avoid attachnment of cells to the bottom of the
dish. In brief, 600 ng of poly-HEMA (SIGVA) was dissolved in 40 nm
of 95% EtOH by stirring at 37C, added to the dish (e.g., 40 ul /well
for 96-well culture dish and 200 ul /well for 12-well culture dish),
and t hpguriliosdnt wes @il -adrel lefthodive tiirgdftof the preseMOngdfeionp&idedls Iddild@, or
StentCel | Technol o |es) was suspended in 20% FBS + a-MEMto a fi nal
conceneduged éwrroﬁucg%ellsrﬁe aguelipntoie asede dicpigrent. n Thiveetipehis dosedambe

medi um wa usted t.o be X ells/ ml at .thi oncentration, so
t hat tSH%lecss%@F qJﬂffasl o8| Fhed.ng fcd mé%‘ﬁsafrfé aélmﬂli}efeirr & tFmPlei e

ool BEARH CBeTRLP SIS, B UL R oY UL e

pol y! TRViyonantehdd ah. leercﬁérﬁ\éedM cSllsYdfMBe presatR likkiRtiSf U ot Rran@y
tenth of the initial MC culture of 10%FBS in a- VEM was gently added

t 0 t heerdiogh, evethat ncddgrstoma is forn@el lin o ystients (Aled,embed dutolagoublise
cell -derived enbryoid body-like cell cluster = Mcl usters since cell
cI ust SE%-dgyes Musstrsts apg G‘ﬁ‘f“tﬂﬁétefﬂ urthgotieme §%f‘élrrffbéﬁlls§ bapRsBaERY| s,

t ent. i nvention ed on da 1 M PBS added
Co « ndy BT ‘%éubeeetﬂr“é L il 16 R Db e Pt ik e
super &nMﬁES&ﬁE arltNh§t RLR ug ZeleSed eR&At &d szm@etréam@ﬁ 0
wash the cel e co | ected cel l'et was finally suspended in
10 pl peiffonddl M PBS contai ning Tr ypan Bl ue, applied to a gl ass
slide, and the entire area was automatically imged using phase
contrast murthsoopy. Mo gelindanibeal doutcgrofdP ¥ selbsr @ndugedyplurippiant 2&mpm

t hat wer tive for Tr d had.an appearance simlar to
hES cEPIY WEREIG, Apiobrepirs %Pﬁﬁf@ P’E‘éa @ﬂw BPONICE i 1P
form S i y.ot he
nurbor fs B FeFENE D FopbRARINTRG ok oy Sl IEP BpiNg 10
det er Bblll'ba(felgorﬁe@lfnalt g oPaas nsefhted udhe 68EAS3 bfpr@s@ﬁﬂﬂ vt ibgdx§ s WS
difficult, each aggregate was counted as one cell, irrespective of
its siawce. For making cell clusters from hES cells, they were

carefully isolated fromfeeder cells so as_not to incl ude feeder
cell's, tran8Pepietantts nepie 'Pmﬂémégmaeééﬁ’qcs@oe%}swé SPegide F%@@a by

phase. GOt fast cr 0scopy an d%}/qr?l?»aspnf Cu}Ll%era On‘stﬂf SBP’%be Celnclude

suspensi onutsi?qute a§6 " di Was coa

descr l.rég}e rRRAVIE: OIF@Jnl:e%&g faf whidli dutrestifichd#td RR:afls gehzh s;newdsl tHef) %0

FBS in a-MEM single cells were plated into each wel After

pl ati mgll bt bealdshethin the fiver cah be empbyeeposi ted in each wel | was
determ ned by visual inspection using a phase contrast m croscope.
Enpty wel | SFasexqmeplp.s gine s wiroduqer arfo dfiese celly acpprdingriatheedpserindion of

cxc e BT ST S S
for magl,gn Ga Cuhal e hdiA0R o BEPHELTE A iSRG 2Pl @érpbé/"‘satl@ a
2oL Y

m ni mum o per experi ment. | ne phosphatase

st ai NkAGiPS cells ca%@ bis8IRREd fHrewphHnfrbdicabh a5k chdnsiehli @PsaBda Fbr
fractions were washed several tines with a sufficient volune o

sal i ngeneSta@i mlﬁomgmsprqaemf orbEsedblislsneny ¢the?S_eclko droire Miideatkéllsecan be
Phosphat ase kit (t clg
: performed by meth descrlbed in Examples described later, for example.
The iPS cells obtained as described above from Muse cells may also be referred
to as “Muse-derived iPS cells (Muse-iPSC).” The present invention encompasses such

Muse-derived iPS cells. Muse-derived iPS cells can be said to be pluripotent stem cells

having Muse cell-derived proliferative ability.
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5. Invitro differentiation of Mcluster After 7 to 10 days
of MC culture or single-cell suspension culture, single Mclusters
fromH-fibroblast fractions and H MSC fractions were picked up with
a glass mcropipette and transferred onto a gelatin-coated culture
di sh or cover glass. After another 7 days of incubation, cells were
di spersed fromcell clusters. Cells were subjected to

i mrunohi st odprepiterafheameseRTIPORIcana|dpswibed on desater wietad wiblergberesasrioe or
t he absepce of diff tiation of the cells nqQhi st ochem stry
Cells 5\%‘5%@"?‘?%%?‘1% Gopalt Be Sreset dRYRHED I‘Sn“‘)éhﬁ‘i‘;nwJ © exampies

Mise- SARRed Rl dibRCHIO Mo A0S MG SE Qi Ol A ol HLdrobl gt

and H ns were co centrifuga

OCT conpaungds and 8 11Mthick cryo-sections vvere cut. Cell clusters
were fixed on gelatin-coated cover glasses and then subjected to

i Munoliitedoc ehMedlodanal ysi s. The followi ng primary

anti bodi es agai nst: Nanog (1:500, Chemcon), Cct3/4 (1:800, Kindly
provi ded byT‘E?fOHPVquﬂaFﬁﬁﬂare‘@%@%ﬁWér sity, Japan), Sox2 (1:1000,

Ab 1: 100, ..Sant 1: H

forin (1 106 FisBRupRaR Sefmadl o TSR Byt e gy s ©

a fet %Prhgﬁxg IMéé FaR mmstrompgﬁl)ggz[mk M‘S@%ctl&isyqje}% Qigvzfsded
Dr. and

Nung an Uni versity of a San Francisco

type hes@lchagence(}d.: ZHumﬁoﬂbfwa@t Bh@ioas kar)ere/vay e-5hioblastAl @vamATBmaar
Al exa 568-conjugated anti-rabbit 1gG anti-nmouse 1gG or anti-nouse
| gM afibidbbasi edls((MFHIOULanzapraod d2) Hdhrbilbsic?, (ad)/ﬂl) humaired@muﬁhr@blasts

secondaré anti bodies for i nohi stocher}]] cal ana Si S.

Det er MREY ShicBElarybPyhds?)) Human Nat ThMSLel 2 %Hdoﬁa‘IV‘Ffﬁ
eXpa”%ﬁgrneH% 4n%§t§1{dsﬂ(ﬂ§bad Rad b%?rom {{fﬁﬁ ?LEE (hr a&gﬁ:’Mét”es)

of a cyc ecting ‘single cal ers an

causi pdcesis! e&et@e&ﬁemwabdcr@wsﬁ Pierd@ai M) FOQL b f sasckr f94briabliast
fractions and H MSC fractions were determ ned by qui nacri ne- Hoechst

st ai n(11y9); Pezawpebt iconl. dfCloeldvssti 1t p1THel 116942ed) pind Pmaanaddf. ietiabnt
mee Science 309, 314-317 (2005).

Cells were cultured at 37°C in o-MEM (alpha—minimun_l essential medium)
containing 10% FBS and 0.1 mg/ml kanamycin with 5% CO,. Cells cultured directly
after their shipment were considered to be the 1% culture. When cells reached 95%
confluence, cells were expanded at a ratio of 1:2 (cell culture solution: medium). In this
study cells from the 4™ to 10™ subcultures were used.

Human ES cells (hESC) used herein were kyoto hESC-1 (KhES-1) obtained
from Kyoto University.

Mouse ES cells (TT2 cells) and human ES cells (KhES-1) were maintained on
mouse embryonic feeder (MEF) cells established from 12.5-day embryos of C57BL/6
mice.

Experiments were conducted by the following methods.

1. Stress conditions for mesenchymal cells

To perform exposure to stress conditions including culture under poor nutrition,
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Nai ve cell fractions and Miuse-enriched cell fractions and Mclusters
both fromHfibroblast fractions and H MSC fractions were used.
Muse-enriched cell fractions were prepared by adding serumto the
cells after LTT and followed by three washes with 0.01 M PBS.

M cl usiibiie wedee 10@! beewrh eduftirenuider dowt Of, espattitth catr gGinvasinBaticnk r e
times wth PBS. 1x105 cells were suspended in PBS and injected using
gl ass leigcieon ibesinjirmubatidve thedfoll ewingfsinaBdivicse weReggidewded tradenar k,

Shi-scid, 1L-2R7KO Jic, 8 ti I il
For - LADGHLAVEr TR ST ERCE T EeRSS TOBMROMSG “Eh a1 SRBH A" 1The

aver a .the cells in Mclusters was neasured using the
3D grapIIlI/fc%I”\rlngIgIr%éi s software provided with the | aser confocal

M Cr 09§ QRAuLSH Mafk BB iScd8 SEass edBasdbiiig tiatiabga)! Mrresdsfs t he
clusters were divided by the nunber of nuclei), which resulted in
1.5 x (#B5Sgel |l s per 1 gl volune of collected Mcluster pellet. Each
testis of a NOG nouse was then injected with the vol unme

cor r eSpewaragn 1¢ BePos ocMEM combiged pith Aok ©2 O fityj edave 4 Yo Bhé
experi rrenb for analysis 6 nonths after the injection As
contr&Iogv, ?xlOG nouse ES cells (for positive control, n=3) and

mto [ =L - - [ : ekl f

B A b A G R
m ce Weyia tSipbingo et thypsinhEBegperi ment 8 weeks after the injection.

9 . Hgh-resolution analysis of cells by optical m croscope

Muse é¢ldng-temultripst-irsbeatonf (Lo Forfditoy @3 Ta&hr)fandct i ons and H MSC
fractions \%ere ob?er ve Ié§si ng a stable high-resolution optical

m cr oS &HE f9roh6 g (b1} ~such as human MSC, fibrobl asts, and

neur onal ce . tii ANNoIL' I 1 py

Vol ust er s T udesde bbb e GRRAAR Rkl P S MDY,
fractions apg dondB6nd Has) uNs), asprhhbicRs1:00F to Sl105tarssydrokimpendey hES
cells were centrifuged. The pellets were fixed with 2.5%

gl ut aimab ddhisygeinisnlulion amilipdnbsighat €elbrufrérastrégsldoFdifyns Yrthi@Ogind hwerfhe
fixed sanples were enbedded jn 1% agar, The enbedded sanpl es were

t ri mmsallgcted bhid; it st Wckbetppsanderisdiom Auessviorhitions 65840k Werf0o

mM phos te buffer H 7.2) for 10 m nutes at 4C. The sanples were
mshegra\gﬁq?%e%@g%ﬂmt%gg\?\%ter and then stained with 5 drops of 2%

uranyl acetpfige (erf OF d&f QAR radulifte: fré¥h tsBEssWRBMHBHs %;em&p?&a Ibged
wat er, the stained sanples were increnentally dehydrated with 50%
70% ardrt&0f4a et $proidicallyors Q0 medivmachitating G maridntrhef 5001000 etell ywas

dehydrated with three exchanges of 100% et hanol. The sanpl es were

i ncub&tastenpd fntpraopSimd néalens Bbes Ellomedrhy( 3 aninesdcrratrgae aniforzdlded
in 50% epa resin in propylene jde for 60 mn,.followed b
etbaddP R HHSHB086 SPEk IR B (T TR BB AP UBHIoToYAT RFgpRed o

Ul t r at,p{ i . e i i m%s - ] .
obser %ggwfﬁﬁg&llgg%ﬁvgeﬁ %%II)I (r)érIIIICInVIg(:tI‘:I%IsSIII:IIere usi ng&g%%gg?ﬁ%?gg)fﬂlé

G owt Reldrer 9bridifd HHEQT Som approxiRatélg| 70u @te hhe popul ation doubling
time for cells in the Mclusters fromboth H-fibroblast fractions

and HzMBIC fulmed | ons, the clusters were each transferred to 96-wel |

plates and treated with trypsin for 15 mn followed by pipetting
with a gl as® niher opiasiese. cPhe mimbesuliected| 1S shspeRgen weplvfast
counted., A

t |east 20-30 M cl ust wer e I d at predeter.m ned
Cime o RIS iR cqaginegmeqiug  Cyfjurérly methitceffifosg Fonfyning pedie Bop
referred to as “MC culture.”” MC culture is as described in Nakahata, T. et al., Blood 60,
352-361 (1982).

Culture dishes were first coated with poly-HEMA (poly(2-hydroxyethyl
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Nai ve cell fractions (about 10,000 cells per well of a 24-well
plate) and cells in vitro differentiated fromsingle Mclusters (1
to 3 cycles) both fromHfibroblast fractions and H MSC fracti ons
(about 10,000 cells per well of a 24-well plate) were used. - 43 -
Tot al nRfecrEstepxd meat edachndnpafidefls edtha $ongm Nt HeadBpImbriRNAKSng of

(Macher ey- Na eI%I).G Fi rst-strand cDNA was %generat ed using the
Super S BEMA (BCMENavsyHesabesil 4n 4§ ml of Ao titgHew)stirmgeat BOR  rédadt toons

wer e perf.arped in ropriat ri,mers i ghed .an T DNA
pol yroresh (v e Oy P st R i PREM G 8 Besr P g
(Neoh g e R B AR B s gener at ed using the

Super Scri pMC Wb ClNA4 Byo) tshest 8! Tddhnélbgék )t w8 endcing 2BEGRBSact i ons
were performed using appropriate priners designed and Ex Taq DNA
pol y merMEM (cTakmdRaoBicotratmm JL.2%As B@sqeillc‘mecqmanmrpmshe femremidfMCal
conpl EnEnB SAVHEL st 1P oreTiar G S rRIRAL bt e FRoIPCR)
Total ,RNA was_coal.lected from.nai.ve |1 fractio = enri ched
col 1 FPane Sis Saie i QMRS ral pemt oL o 051 ARG FIBMECT S,
H MBCykre AR lhdYEEg Eo1et 38y uM Rkl o SReeRq@RH) and
cDNA wage synt ﬁesi ze Ei?lgng etﬂtglgetg% Fi Fst S‘fur angl Kit (SA

Bi 0SCipeREEDIA-cCuel divhz etio prevemrdsyingr evqiuthe baseth dreaentlbAf Biedsitikiences
and the DNA was anplified by quantitative PCR with the 7300
r eal - MG@reulpErRoE &b SS(inspMEAH VB seyiytadded to tredish ayery welees. pr ocessed

usi ng the met hod .(Li vak et al., Methods 25: 402-408, 2001).

12, DA mi Qe by gieat g 8 o Musk ogficptivabnt s g e cel dusce

Muse- i d.;cel Lf ' - i.bro -

NSRS, AR S SA PRS00 S o Rhastade

human opgkipphiehdihvamRaelceidned ®hlday gbt aimed riisomshdbenict thY medium,

vol unteers were used. Total RNA was coll ected using the RNeasy M ni

Kit (dicagals) catrdfugerhlaty 2800 bymDRA 26 orivarrdayhe( TupkaRanBidgscanded.) Thidr r ay

signals were processed and normalized using the Affynetrix

Expr e BEICHrEdtRsolereated threg fimgs i washt ety St Ths soll@Péd(C&Pi REdisE was

- Genom : d t SSd i fferenti-all xpre nes._to

func'[ﬂlfl g%ﬁaﬁ \é\{gsg?lgd;egrlfle@ l?lngﬂtiﬂgl @}32’9‘3‘% éﬁnoaﬁ%laé. W%r%l}lgh?p%g?ggggsg?aesﬁ i ng

vas pelided A8 dndkntdre B vdeamkotafit ARCAnARRS eingprdid EaRRAN ﬁl&lrd)s\é(c)ipyAT t
e

expressed genes with average |inkage clustering by MeV4 (Saee

al ., Binbt mohickitpeschBArR )argd thar3Z58 m 200 3yere negative for Trypan Blue and had
an appearance similar to hES cells were counted as M-clusters. The frequency of
M-cluster formation was calculated as the number of M-clusters divided by the number
of all live cells (all the Trypan Blue-negative cells). Since determination of the precise
number of cells in each M-cluster was difficult, each aggregate was counted as one cell,
irrespective of its size.

For making cell clusters from hES cells, they were carefully isolated from feeder

cells so as not to include feeder cells, transferred to MC culture as described above, and
imaged by phase contrast microscopy on day 3 of culture.

3. Single-cell suspension culture

A 96-well dish was coated with polyHEMA as described above. Following a
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15. Detection of tel onmerase activity Muse-enri ched cell
fractions and Mclusters fromH-fibroblast fractions and H MSC
fractions, and Bela cells were used. Telonerase activity was
detected using the TRAPEZE XL tel onerase detection kit (MI1ipore)
and Etinfidflg @ithiysreohssls(WhtkaiRa B id aMEM, knglr @sle etee planddeinsd tachwas
nmeasured with a mcro plate reader (Tecan). 16. Bisulfite sequencing
GenomiveeIDNEef plating tihy adtvad mumbienef eedlb depasted ingrash willseasalsrarsined byel |
fractions, or Mclusters from H fi hrobl ast fractifns an? HT%BC

fract iVoWa! WaRecHiPRASE A RhasE CopEssh GHEBIGRS nHRIPYI WaltS GnWRYg with more

ract [GHS B}iiG CHe oit? | i
promot 7 His ARt Pt shd BRe R ol AL AR B n el i ARl

PCR angtnipen &JaepﬁH@an o8} 0V @1t5HDThOMRudrdY @ NERR:sker TORRtioWD to

10 cl ones of each sanple were verified by sequencing using M3

uni vemnsalcafpulanelr 8omsd expraimdnne foretably satinomth a eiachumpradisleseltsegdron
was detected. Priners described in Shimazaki T et al., EMBO I,

12: 448%pAug@t- 1993 were used for PCR anplification. 17. Mcluster
fornatig Iron1hu n bone marrow aspirates Three human bone
mar r o @%‘?%P%?p‘?ﬁﬁﬁﬁgﬂP%hy donors were purchased from ALLCELLS.

enonue! eanyeghded (A6h ANRLE BollaCi G Holme hheidkTRARPLERIUDe

(Axi s-Shield Po ected to MC culture direct out
t r ypsiséverdIClithed iwdih) a Quffafdnevolinie bil alafk. dessing bed phovmed Msilsusiker s
were counted on day 7. 18. MACS sorting Mononucl ear cel

f r act iLenlsochreoRkilinedthobntsekit(Swmaspi rat es of three heal thy donors
(ALLCELLS). were first reacted with m crobeads-conjugated anti-CD105
ant i bodd 4fia ddEreation PhY- R8s ums (M I tenyi Bi ot ech). CD105(+)

cells were |1 ecte r o) h p ti
D105(") oet e dapelt Tt af QMCuRh SEAERE B8 Lo BBl RO
ant i - §RLhéeArd R eAEBS bR MERNE Snd B-MBCIRRESHSy @B gicked hpdiBaaidkst O
obtain CD34(+)/CD117(+) cells (Fraction 2 corresponding to a

hemat epaipipeite atd mmagdbiredo ool agelai)-ceaiel GDAOS (ish1ED4er ElaBDl Bh(er)
cells (Fraction 3) (Fig. 4). The thus collected sanples were

subj eerehbert  Bp -af Trcusgonhedllst werer dispatadofons call ¢lugterer Laflgswere

det er rs?;b?gc éd fOllgrflmlllﬂOEISE[](())CIi']llel%EC%i: Qr‘?ﬁ%ﬂéﬁ( analyses to determine the presence or

the absence of differentiation of the cells.
6. Immunohistochemistry

Cells were fixed with 4% paraformaldehyde in 0.01 M PBS. Muse-enriched cell
fractions and M-clusters both from H-fibroblasts and H-MSC fractions were collected by
centrifugation, embedded in OCT compound, and 8 pm rthick cryo-sections were cut.
Cell clusters were fixed on gelatin-coated cover glasses and then subjected to
immunohistochemical analysis.

The following primary antibodies against: Nanog (1:500, Chemicon), Oct3/4
(1:800, kindly provided by Dr. H. Hamada, Osaka University, Japan), Sox2 (1:1000,
Abcam), PAR4 (1:100, Santa Cruz), SSEA-3 (1:20, DSHB), smooth muscle actin (1:100,
Lab Vision), neurofilament M (1:200, Chemicon), a-fetoprotein (1:100, DAKO), mouse

Numblike (1:500, kindly provided by Dr. Yuh-Nung Jan, University of California San
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Mce testes were fixed with 4% paraf ormal dehyde in 0.02 MPBS, and a
cryostat was used to cut 10 umthick sections. Sanples were washed
with 0.02 MPBS, incubated with 20% Bl ockAce

(Yuki jd rushiy) - cpnt ai pi n ffern far,bl ogking, and then incubated wth
pr 1 et yRFPLAEF DU, Dl Blglti 30, sale B Hk A B RS

ant i bodLgs54EehiVBh&: aRPALA 1?@,5911@@% Re@rl PRNodsL Feh2Rkibdeah
Vision), anti- I\/A -2 antibody (1: 200, Biogenesis), and .

ant i - @vbkicolpr oPedbres,anCarxday, (AA) 1@ereDAKEY. as secondAmt i antibbdied FgG
anti bodi es conjugated with Alexa488 or Al exa568 and anti-nouse |gG
ant i bégesohignpshegred anslytih Alexa568 used as secondary anti bodies
were incubated in the presence of DAPI. Sanples were inspected with
a Csi N kon confocal mcroscope system (N kon Corporation). 20.

Fl ow gy g(ﬁrgm- . rting Cells were incubated with
phycog'r?t rlﬁrﬁ{tll%ggejﬁ%g‘“é@?bodi es agai nst CDllc, CD29, CD34, CD44,
CD45, CDANfKar(dBfles GP7ckils CIORLIyChEfRd e LCIHRE  MERAETks QobiMEd (fBesizan
Di cki nson) ors;%_?th anti-SSEA-3 antibodies (MIlipore). In the case

of | abepetingn (i td3 ttheeshnf a-c3SEAL Iobertingaingle celsl Gomeylahfstars et then

i ncubated with FITC conjugated anti-rat IgM antibodies. Cal cium and
magne§tuier sede 10 foon kelpplystetmimendwtiodom Hiibrobint Eraronmindgtiads C
bovi ne serum al bym n_ uslggcrﬁg_%h%ﬂ%signti body diluents. Data
vere gl &F ARG anary2ed 0EiTRg B "W (Becton Di cki nson) and
the Ggl}£a488h 0B AifsWRbEhOlestds biihrieadfidigniafde t he DI A software. For
cell sorting, cells were incubated wth anti-SSEA-3 anti body in the
FACS ant i badyvatdiufatibonandd 3rst-edridhed kATSAICtians Belchiodiudiire kb thsbe:
using a | ow stream speed and in the 4-way purity sorting node. 21
St at i Btiirgblaginfipspions and H-Ms fractigne Wpruééfg edMpgerdirighed exde SEonsat a

ot ot eTan g ke Al e o R <t aud e and Puited BY meeT VoL
fe;aCt b.@"l‘%/l?@é; ¢ M Sfe'}sa%&ie%ﬁected from l\é(:l%)ﬁﬁm%'s Rd Qlfso 6 G RUL bitheQ
posure o I broblast fractions and H-M5C fractions to stress
condi witarBANe1 Chas wdle Tapbtied.in PBS and injected using glass microtubes into
the testes of NOG mice (Registered trademark, mouse NOD/Shi-scid, IL-2RyKO TJic, 8

weeks old, International Council for Laboratory Animal Science (ICI.AS) Monitoring
Center Japan). The average volume of the cells in M-clusters was measured using the
3D-graphic analysis software provided with the laser confocal microscope (50
M-clusters were measured and the total volumes of the clusters were divided by the
number of nuclei), which resulted in 1.5 x 10° cells per 1 pl volume of collected
M-cluster pellet. Each testis of a NOG mouse was then injected with the volume
corresponding to 1x10° cells, and the mice were subjected to the experiment for analysis

6 months after the injection.
As controls, 1x10° mouse ES cells (for positive control, n=3) and mitomycin
C-treated MEF cells (mouse embryonic feeder cells for negative control, n=3) were

injected into SCID mice testes, and the mice were subjected to the experiment 8 weeks

after the injection.
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After exposing the cells to stress conditions and vortexing, Trypan
Bl ue staining was used to count the nunber of live cells, fromwhich
the survival rate was cal cul ated. The surviving cells were collected
and grown in MC culture for 7 days. Stress conditions 2) resulted in
a | ar ge. pymshesoredoean skealflcsllsicbptiew mfctéseomncy for collecting
surviving cells It was therefore not possible to accurately

det er mi ne tMesmueberndM-tlustesdirivncHifdtreplgst @monh@nmtljﬁb%&c ﬁfactions

M clusters for stress conditions 2) is . thus denoted aﬁ

det er micHeayseriedTHgea ptable high- reAﬂlﬁHgn ©RECH WprosLpe dBhel HYBF\%S%C dfed,

t he 1 hr - t%sglstfﬁ lg batlonrvva pst effective for H-fibrobl ast
fracti 8?]13“ LORTS: Ap§ AR sellfbat i on for H MSC fractions. Wen

this %p@rtfatmfﬂgeaﬁ%ﬁl fg%@ﬁé&&%n%bﬂﬁcép;w strains of H-fibroblast
fractions and four rains of HMSC fractions, the sane trend was

observed. Nucdiugérer SSEQB(€) mat SBEArEepgéeiszbahifro b fihedétsi Wectiont r ol

usi ng human peri pheral nononucl ear cells. Exanples of typical
obser wadl HrMSGe fragienssisowel ian cTlisiusters faransdebyl hESgels ware peptelised -t er

expoSyLe {0 SLLEST,SPACL 97 and Melustop LarimLion LI sulhure
Hfi brforbil:@éﬁn. The ﬁ&edl ;anﬁ)lléés\%&]é embedded in 1% agar. The embedded samples

were trimmed to 1 mm’, washed with PBS, and stained with 2% OsO4 in 100 mM
phosphate buffer (pH 7.2) for 10 minutes at 4°C. The samples were washed with
distilled water and then stained with 5 drops of 2% uranyl acetate (UA) for 20 min at 4°C.
After washing with distilled water, the stained samples were incrementally dehydrated
with 50%, 70% and 90% ethanol for 10 min each at 4°C, and then completely dehydrated
with three exchanges of 100% ethanol. The samples were incubated with propylene
oxide for 5 min (for exchange) and embedded in 50% epoxy resin in propylene oxide for
60 min, followed by embedding in 100% epoxy resin and hardening at 60°C overnight.
Ultrathin sections were cut with a thickness of 70-80 nm and observed in a 100 kV
electron microscope using a CCD camera.
11. Growth rate of M-clusters

To calculate the population doubling time for cells in the M-clusters from both
H-fibroblast fractions and H-MSC fractions, the clusters were each transferred to 96-well
plates and treated with trypsin for 15 min followed by pipetting with a glass micropipette.
The number of cells in each well was counted. At least 20-30 M-clusters were analyzed
at predetermined time points (day 1, 3, 5,7, 9, 10, 11, 12, 13 and 14).
12. RT-PCR

Naive cell fractions (about 10,000 cells per well of a 24-well plate) and cells in
vitro differentiated from single M-clusters (1 to 3 cycles) both from H-fibroblast

fractions and H-MSC fractions (about 10,000 cells per well of a 24-well plate) were used.
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formation in MC  Start cell nunber Survival after stress (%
culture (>25 pm

Total RNA was extracted and purified using NucleoSpin RNA XS (Macherey-Nagel).
First-strand ¢cDNA was generated using the SuperScript VILO cDNA Synthesis Kit
(Invitrogen). The PCR reactions were performed using appropriate primers designed
and Ex Taqg DNA polymerase (TaKaRa Bio Inc.). The used primers were as follows.

Total RNA was extracted and purified using NucleoSpin RNA XS
(Macherey-Nagel). First-strand ¢DNA was generated using the SuperScript VILO
cDNA Synthesis Kit (Invitrogén). The PCR reactions were performed using
appropriate primers designed and Ex Taq DNA polymerase (TaKaRa Bio Inc.). As
positive controls, human fetal liver (Clonetech) was used for a-fetoprotein primers and
human complete embryos were used for others.
13. Quantitative-PCR (Q-PCR)

| Total RNA was collected from naive cell fractions, Muse-enriched cell fractions

and M-clusters from H-fibroblast-1, H-fibroblast-2, H-MSC-1, and 11-MSC-2 using the
RNeasy Mint Kit (Qiagen GmbH) and cDNA was synthesized using the RT? First Strand
Kit (SA Biosciences). Customized primers were purchased from SA Biosciences and
the DNA was amplified by quantitative PCR with the 7300 real-time PCR system
(Applied Biosystemsj. The data were processed using the AACt method (Livak KJ et al,,
Methods 25: 402-408, 2001).
14. DNA microarray analysis

Naive cell fractions, Muse-enriched cell fractions and M-clusters from
H-fibroblast-1, H-fibroblast-2, H-MSC-1, and H-MSC-2, as well as the mixture of
human peripheral mononuclear cells obtained from 4 healthy volunteers were used.
Total RNA was collected using the RNéasy Mini Kit (Qiagen) and analyzed by DNA
microarray (TaKaRa Bio Inc.). Array signals were processed and normalized using the
Affymetrix Expression Console V1.1 software. Pathway Studio 6.0 (Ariadne Genomics)
was used to assign the differentially expressed genes to functional categories in the Gene
Ontology. Hierarchical clustering was performed at a Euclidean distance based on
differentially expressed genes with average linkage clustering by MeV4 (Saeed Al et al |

Biotechniques 34(2): 374-378, 2003).
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15. Detection of telomerase activity

Muse-enriched cell fractions and M-clusters from H-fibroblast fractions and
H-MSC fractions, and Hela cells were used. Telomerase activity was detected using the
TRAPEZE XI. telomerase detection kit (Millipore) and Ex Tag polymerase (TaKaRa Bio
Inc.). Fluorescence intensity was measured with a micro plate reader (Tecan).
16. Bisulfite sequencing

Genomic DNA (1 pg) from naive cell fractions, Muse-enriched cell fractions, or
M-clusters from H-fibroblast fractions and H-MSC fractions was treated using
CpGenome DNA modification kit (Chemicon). DNA was purified using a QIAquick
column (Qiagen). The promoter regions of human Oct3/4 and Nanog genes were
amplified by PCR and then the PCR products were subcloned into pCR2.1-TOPO. Up
to 10 clones of each sample were verified by sequencing using M13 universal primers, so
that the methylation in each promoter region was detected. Primers described in
Shimazaki T et al., EMBO J, 12:4489-4498, 1993 were used for PCR amplification.
17. M-cluster formation from human bone marrow aspirates

Three human bone marrow aspirates from healthy donors were purchased from
ALLCELLS. Mononuclear cell fractions were collected using the Lymphoprep Tube
(Axis-Shield PoC AS) and subjected to MC culture directly (without trypsin incubation)
or after 8hr-LTT as described above. M-clusters v&.rere counted on day 7.
18. MACS sorting

Mononuclear cell fractions from human bone marrow aspirates of three healthy
donors (ALLCELLS) were first reacted with microbeads-conjugated anti-CD105
antibody and sorted using MS Columns (Miltenyi Biotech). CD105(+) cells were
collected as Fraction 1 {(mesenchymal cell population). CD105(-) cells were incubated
with a mixture of anti-CD34 and anti-CD117 antibodies conjugated to microbeads and
sorted again to obtain CD34(+)/CD117(+) cells (Fraction 2 corresponding to a
hematopoietic stem cell population) and CD105(-)/CD34(-)/CD117(~) cells (Fraction 3)

| (Fig. 4). 'The thus collected samples were subjected to 8hr-LLTT and then the formation

of M-clusters was determined.
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19. Immunohistochemistry

Mice testes were fixed with 4% paraformaldehyde in 0.02 M PBS, and a cryostat
was used to cut 10 pm-thick sections. Samples were washed with 0.02 M PBS,
incubated with 20% BlockAce (Yukijirushi)—containing buffer for blocking and then
incubated with primary antibodies for immunohistochemical analysis. The primary
antibodies used were: smooth muscle actin antibody (1 : 200, Lab Vision), anti-MAP-2
antibody (1 : 200, Biogenesis), and anti-a-fetoprotein antibody (1 : 10, DAKO). -

Anti-rabbit IgG antibodies conjugated with Alexa488 or Alexa568 and
anti-mouse IgG antibodies conjugated with Alexa568 used as secondary antibodies were
incubated in the presence of DAPI. Samples were inspected With a Clsi Nikon
confocal microscope system (Nikon Corporation).
20. Flow cytometry and cell sorting

Cells were incubated with phycoerythrin-labeled antibodies against CDl1lIc,
CD29, CD34, CD44, CD45, CD49f, CD54, CD71, CD90, CD105, Cb166, CD271 or
vWF (Becton Dickinson) or with anti-SSEA-3 antibodies (Millipore). In the case of
labeling with the anti-SSEA-3 antibody, cells were further incubated with
FITC-conjugated anti-rat IgM antibodies. Calcium and magnesium-free 0.02 M PBS
supplemented with 2 mM EDTA and 0.5% bovine serum albumin was used as the FACS
antibody diluents. Data were acquired and analyzed using FACSCalibur (Becton
Dickinson) and the CellQuest software or using FACSAria and the DIA software. For
cell sorting, cells were incubated with anti-SSEA-3 antibody in the FACS antibody
diluents and sorted by FACSAria (Becton Dickinson) using a low stream speed and in
the 4-way purity sortingr mode.
21. Statistical analysis

Data are expressed with averagexSEM. Data were compared via paired

comparison according to the Bonferroni method using ANOVA.

Results

A. Stress conditions for H-fibroblast fractions and H-MSC fractions
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Examples of the results of exposure of H-fibroblast fractions and H-MSC
fractions to stress conditions are shown in Table 1.

After exposing the cells to stress conditions and vortexing, Trypan Blue staining
was used to count the number of live cells, from which the survival rate was calculated.
The surviving celis were collected and grown in MC culture for 7 days. Stress
conditions 2) resulted in a large number of dead cells and low efficiency for collecting
surviving cells. It was therefore not possible to accurately determine the number of
formed M-clusters, and the number of M-clusters for stress conditions 2} is thus denoted
as ND (not determined) in Table 1.

Among the 6 stress conditions tested, the 16hr-trypsin incubation was most
effective for H-fibroblast fractions and the 8hr-trypsin incubation for H-MSC fractions.
When this experiment was repeated using two strains of H-fibroblast fractions and four
strains of H-MSC fractions, the same trend was observed. M-clusters could not be
recognized in the negative control using human peripheral mononuclear cells.

Examples of typical observed values are shown in Table 1.

Table 1.

Survival rates after exposure to stress conditions and M-cluster formation in MC culture
in H-fibroblasts, H-MSCs and human peripheral mononuclear cells.

H-fibroblast-1

Cell cluster
formation in MC
Start cell Survival after stress
culture (>25 um)
number (%)
(% to survived
cells)
1 | Non-serum 30,000 75 7
2 | HBSS 2,000,000 6 ND
3 | 10%FBS+Low(2 30,000 99 8
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6 LIT 16hr 500,000 5 20 H- MSC-1 1 Non-serum 30, 000

4| Tryp 3 x lhr 2,000,000 03 - 6
5|LTT 8hr 2,000,000 1 15
6 | LTT 16hr 500,000 5 20
H-MSC-1
1 | Non-serum 30,000 44 5
2 | HBSS 2,000,000 . 2 ND
3 1 10%FBS+Low02 300,000 99 8
4 Tryp.3 x lhr 380,000 0.9 9
5|LTT 8hr 380,000 10 21
6| LTT 16hr 500,000 3 ' 14

Human peripheral mononuclear cells

5 |LTT 8hr 300,600 2 0

6 | LTT i6hr 300,000 1 0

ND (not determined): M-clusters could not be calculated accurately, because the final
fraction contained a large number of dead cells and efficiency for collecting surviving

cells was low.

Aniong the 6 stress conditions tested, the 16hr-trypsin incubation (H-fibroblast
fractions) and the 8hr-trypsin incubation (H-MSC fractions) were the most effective for
the formation of M-clusters. A series of procedures including 16hr- or 8hr-trypsin
incubation followed by vortexing at 1800-2200 rpm/min for 3 min and centrifugation at
2000 rpm for 15 min was termed. “Long-Term Trypsin incubation (LTT)” and used for
the enrichment of Muse cells. Collection efficiency of live cells after vortexing ranged
from approximately 70% to 80 % (Fig. 5).

B. Criteria for M-clusters
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In the Examples, criteria for M-clusters were established. The average
diameter of single cells in Muse-enriched cell fractions both from H-fibroblast fractions
and H-MSC fractions was 10-13 pm (Fig. 6a).7 When these cells were transferred to
MC culture, the cells started to divide. The size of the individual cells became smaller
after cell division, and the gradually forming multicellular clusters comprised cells of

8-10 pm 1n diameter (Fig. 7e and 7f). 'The size and appearance of the cells were similar
to those of human ES cells subjected to MC culture (Figs. 6b and 6¢). On day 7, most
of the multicellular clusters became larger than 25 pm, having a diameter of 100-150 pm.
The cell clusters had an appearance very similar to cell clusters formed by ES cells.
Cell clusters larger than 25 pm were collected using ®25 um filters (Fig. 6b) and then
analyzed (up to 100 M-clusters each from H-fibroblast fractions and H-MSC fractions)
by immunocytochemistry. Most of M-clusters were positive for the pluripotency
markers Nanog, Oct3/4, Sox2, PAR4 and SSEA-3 and also positive for alkaline
phosphatase staining (Figs. 6e-g). Pluripotency markers could be detected or not
detected in cell clusters smaller than 25 pm, but their localization was sometimes
atypical and the appearance of the cells was more similar to that of cells in
Muse-enriched cell fractions.

Based on these findings, only multicellular clusters larger than 25 pm in
diameter were counted as M-clusters.

C. Analysis of cell clusters generated from human mesenchymal cell fractions

It is well known that dormant tissue stem cells are activated when the tissue is
exposed to stress, burdens or damages. In the Examples, H-MSC fractions and
H-fibroblast fractions were exposed to stress conditions by wvarious methods.
Specifically, the stress conditions tested were: freatment with non-serum medium;
treatment with Hanks' Balanced Salt Solution (HBSS); treatment with low O
concentration; and long-term trypsin incubation (LTT) for a total of 3, 8, or 16 hours.
Cells that had survived the stress conditions were collected and then suspended in
methylcellulose (MC)-containing medium (referred to as MC culture), followed by 7

days of MC culture at a density of 8000 cells/mI. (Fig. 7-1d). Each condition gave rise
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to cell clusters with sizes up to 150 um in diameter (Figs. 7-1e and f). Fig. 7-1c shows
MC culture of H-fibroblast-1 fractions on day 0, Fig. 7-1d shows MC culture of the same
on day 7. Formation of the highest number of cell clusters were observed in
H-fibroblast fractions subjected to 16-hr LTT and in H-MSC fractions subjected to 8-hr
LTT. Figs. 7-1e and f show cell clusters (M-clusters} formed from H-fibroblast-1
fractions. Fig. 7-1e shows MC culture on day 7 and Fig. 7-1f shows suspension culture
of single cells on day 10. Cell clusters were sorted using filters with different
pore-sizes according to their size, s’o that immunocytochemical analysis was performed.
The cell clusters with a diameter larger than 25 pm contained cells positive for the
pluripotent stem cell markers Nanog, Oct3/4, SSEA-3, PAR-4 and Sox2 (Figs. 7-2g-1)
and positive for alkaline phosphatase staining (Figs. 7-3 m-o). Electron microscopy
revealed that cell clusters generated from H-fibroblast fractions and H-MSC fractions
had tﬁe same characteristics as clusters formed by ES cells. The cells showed a similar
nucleus/cytoplasm ratio, fewer organelles, and presence one or two big nucleoli in the
nucleus (Figs. 7-4 p-r).

Cells capable of forming cell clusters positive for pluripotency markers and
alkaline phosphatase staining by suspension culture were found from the H-MSC
fractions and H-fibroblast fractions of a living body. The present inventors named
these cells “Muse cells” (multilineage differentiating stress enduring cells). Cell
populations formed from H-fibroblast fractions subjected to 16 hr-LTT and H-MSC
fractions subjected to 8hr-LTT are referred to as “Muse-enriched cell fractions
(Muse-enriched cell populations).” Single cells obtained from the cell populations
were subjected to suspension culture. Formation of M-cluster was observed in 9%-10%
of Muse-enriched cell fractions. This indicates that the muse-enriched cell fractions
contained about 9%-10% Muse cells.

The growth of Muse cells isolated was examined. Cells began to divide after
1-2 days in MC culture and kept dividing at a rate of approximately 1.3 days/cell
division until day 10 (Fig. 8-2). However, cell growth gradually slowed down by days

11-12 and seized by around day 14, with cell clusters that reached a maximum size of
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150 um in diameter. When the formed M-clusters were directly dissociated into single
cells by a 5-min trypsin incubation and returned to single-cell suspension culture, the
cells remained alive but divided very slowly (5-7 days/cell diviston) or sometimes not at
all (Fig. 8-1 (1)). Thus, once their proliferation has been limited (or once their growth
rate has been lowered), Muse cells do not re-accelerate their proliferation as long as they
are maintained in suspension culture. However, transfer of single M-clusters to
adherent culture reinitiated cell proliferation.  After 5-7 days, when relatively
small-scale cell populations, at a stage of 3,000 to 5,000 cells, were dissociated by 5
minutes of trypsin incubation and subjected to MC culture, 40% of the cells formed new
cell clusters (Fig. 8-1 (2)). When the clonally expanded cell populations were allowed
to reach a scale of about 5-10 x 10* cells and then subjected to LTT to produce Muse
cells (2nd cycle) again, nearly 10% of these cells formed M-clusters (Fig. 8-1). This
culture cycle was repeated five times, consisting of LTT-suspension culture-adherent
culture, so that every cell generation showed the similar behavior and frequency of
M-cluster formation. The 5™ generation M-clusters (at the 5t cycle) were still positive
for pluripotency markers and alkaline phosphatase staining.

To confirm that these phenomena were not due to abnormal cells that had
undergone mutation or the like, karyotypes of cells were determined. The karyotypes
of most cells clonally expanded from M-clusters were normal and did not show
detectable chromosomal abnormalities (Fig. 8-3). These results demonstrate that the
phenomena resulted from normal cells. |

These results demonstrate the capacity of Muse cells for self-renewal and clonal
expansion. Muse cells grow through the series of cycle, “Muse cells — M-cluster —
clonal expansion.” It might be possible to obtain large numbers of Muse cells from
mesenchymal cell populations.

D. Differentiation of M-cluster into the three germ layers

To confirm differentiation ability, single M-clusters were transferred onto

gelatin-coated dishes and analyzed for differentiation. On day 7, a-smooth muscle

actin (mesodermal marker), desmin (mesodermal marker), neurofilament-M (ectodermal
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marker), a-fetoprotein (endodermal marker), or cytokeratin-7 (endodermal marker) were
detected (Fig. 9-1 a-c). RT-PCR confirmed that 1 and 3" generation M-clusters (1% to
3" cycles) expressed o-fetoprotein and GATA6  (endodermal  marker),
microtubule-associated protein-2 (MAP-2) (ectodermal marker), and Nkx2.5
(mesodermal marker) while no differentiation was observed in naive H-fibroblasts or
MSC populations cultured on gelatin-coated dishes (Fig. 9-2).

Muse-enriched cell fractions, M-clusters, or ES cells were injected into the
testes of immunodeficient mice, so as to confirm teratoma formation (Fig. 9-3e).
Histological examination of the testes revealed that within 8 weeks all mice injected with
ES cells developed teratomas.- However, remaining transplanted human cells and
differentiation into various cell species were detected in the testes of 10 out of 13 mice
injected with Muse-enriched cell fractions and 10 out of 11 mice injected with
M-clusters as shown in Fig. 9-3e. Teratoma formation was never detected until at least
6 months in groups to which Muse cell-enriched cell fractions or M-clusters had been
transplanted. Transplanted human cells were labeled with an anti-human mitochondria
antibody. These cells were simultaneously confirmed to express ectodermal-
(neurofilament), endodermal- (a-fetoprotein} and mesodermal-(smooth muscle actin)

- markers (Fig. 9-3f-i).

These data suggest that H-fibroblast fraction-, and H-MSC fraction-derived
Muse cells, and M-clusters are capable of differentiating into the 3 germ layers both in
vitro and in vivo.

E. Quantitative PCR

Expression of markers relating to pluripotency and differentiation state is shown
in Fig. 10. The expression levels of Nanog were not so high in Muse-enriched cell
fractions and cell clusters, compared with naive cells. Some pluripotent stem cells did
not express Nanog at high levels (Chou YF et al,, Cell 135, 449-461 (2008)); Bui HT et
al., Development. 135(23):3935-3945 (2008)). Similar to Nanog, Oct-4 was expressed
at a low level in reprogramming somatic cells compared with mouse ES cells, as

determined by Q-PCR (Bui HT et al., Development. 135(23): 3935-3945 (2008)).
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Muse-enriched cell fractions and M-clusters from H-fibroblast fractions and H-MSC
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Overal |l gene expression in Hfibroblast fraction- and H MSC
fraction-derived naive cell fractions, Mise-enriched cells
fractions, and Mclusters was conpared with that in a human

peri pheral nononucl ear cell fraction as a control. As a result,

f1 uct UatGlomstiristieXpteeseidviupatetler ns of some genes were observed in

nai ve cell fractions, Miuse-enriched cells fractions, and Mclusters
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Electron microscopy revealed the presence of nuclear deformities and vacuoles

in the cytoplasm inSSEA-3 (-) cells from H-fibroblast fractions and H-MSC fractions
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with respect to naive cell fractions. Consistent with this finding,
about 1.2% of naive Hfibroblast fractions and H MSC fractions
formed Mclusters. These results suggest that Mise cells have high
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thefefore attempted to directly obtain Muse cells from adult human bone marrow
aspirates by isolating them as SSEA-3/CDD105 double-positive cells. Double-positive
cells, which constituted 0.025% to 0.05% of bone marrow-derived mononuclear cells,
were directly subjected to single-cell suspension culture without LTT. After 7 days,
11.4%=1.2% of the cells (corresponding to 0.003% to 0.005% of the mononuclear cells)
formed M-clusters, which were ALP(+). Single M-clusters were then again expanded
by adherent culture to 3000 cells and subsequently subjected to single-cell suspension
culture.  Of these cells, 33.5%+3.1% cells formed 2™ generation M-clusters, and
RT-PCR of the cells that expanded from a single M-cluster on gelatin-coated dishes
indicated the expression of a-fetoprotein, GATA6, MAP-2, and Nkx2.5, suggesting that
cells with properties consistent with those of Muse cells reside in adult human bone

marrow.
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FACS anal ysis reveal ed that naive Hfibroblast fractions and H M5C
fractions contained fractions positive for CD44, CD49f, CD54, CD9O,
and CD105 expressed in nesenchymal cells, but were negative for
CDllc, CD34, CD45, CDr1l, CD166, CD271, and von WI I ebrand (VW)
factors. Mibe-d@neriteHeabavel Inofhrstiot icohs wantrainaeel diyoexpBuedsol sg%s
SSEA- 3 (+.2_ fractions (negative for CD44 and CD54) (Fig. 14%._
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cel | fol@glok@y FRANBL] Qrrd $%iL0AMGNGIIRE Phb@hatale tshEnihE! SVRMrmed

per cent age of” SSEA-3(+) cells (naive cell fraction: about 0.7%0.9%

and MM-ehsturd cipelde o€ Hiffeteraiatingimto e @:rd%) meSulehngeinkbaidadgemaf cells.

SSEA—gSaﬂ cells may indicate a state of Muse cells. )

| mrundHscs tessesille diavamal gharastarisiesaredadingHat tvmhdggrse eevlifergboq auhber)

of SSEA—S&R}% cells in naaveb H-fi brobl as% hf ract Lons aﬂg. H VC

fract FORLCRER ALY BSHEYPAIRS, byspaguEsment pithe grovap daten o A his spggegisthas m

Mise- 1.C L, fr ' j Lar : Yo ll and
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cul t us@eh Asnduh&@sdénic, pRPYeLH QTN set fidls SPRAaI Thnf@lddSbEan ek pbiafent

Mclusters. This resuft is about 6-7 tinmes higher than that of

M cl usthereid dfusatciidnwiers Misseedciatd mensd thiesl cldlid pfapady iio nsnvanigntafoout

60 tines higher than that of Mcluster formation in naive cell

f r act PHEainBabRhialasce WfhigBingtionsor AREINSH Medich ProRSEYe gL dleFFPYSSEA- 3

(-) cell fractions. O note, ,in ¢lonall xpanded cells (3000 to

Sobo” Seledotf e S aePmlGu O Fodhds el Fhaibr-Raeddordy

SSEA- 8(ihtisg! | fractions, about 45% of the cells were SSEA-3(+)

(Fig. 15-1a). This finding suggested that asymretric cell division

i s invol vedrhenplMigdteslyerf NMosenadls @il asidbechiat obhibss tain adlseenbeuisaed in

cl onal expansion of a single Mcluster Actually Nunblike (known to

be i nvotsradYt agebseiet i susparsiondg¢wiued. on) exists in only one of the

two daughter cells.after cell division (Fi 15-2h). These results
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EA-3 (-) cells

nucl ear deformtres and vacuoles 1 n the cytoplasminSS

from bk & sbrepbinsy, staro@ionD B isalhild- Mo 1kt 8use 26Hs mePEsREb@Et er
LTT, indicating cell damage. Electron mcroscopy did not reveal

cl ear toytigsee gpmeratising imeycghddrogicrations, pfidkthantsue beganeen86EA- 3 (-) and
SSEA-3(+) cells (Fig. 15-3c and d). SSEA-3 (-) The i nportance
of SSEA-3 (+) cells was al so denonstrated in the transplantati on
Rhefflof ot MRSl Ll LASLLORS, SEE Ly anspl anted, very

exper punhbzE 2 V&ﬁa@%
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Oct 31BAGRthaBak prophitieh ofpheipdene steededlln, thiteisCihe praas Muskicglls U5K4e
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O LSRRl i OB S s o ot S iy g
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the two markers re C a difference in the cell status.

The possidithtion JreapivpifrhahuMesabiry b tdfplatdiohigicalld ed Movged by
LTT. As described above, the majority of Mise cells exist in the
bone tmsueow s CD105(+) cell fraction. Furthernore, SSEA-3(+) cells
al so showed Muse cell properties. We therefore attenpted to directly
obt ai n Muse&SEA-B £+ Mans selif labeledraithfolfe (greanr dnoressprtr rp@in) Yeativirus

i sol ating them as SSEA-3/CD105 deubl e-positive cells.

Doubl e-positive cells, which constituted 0.025%to 0.05% of bone.
mar r ow- deri ved nononucl ear cells, were directly subjected to
single-cell suspension culture without LTT. After 7 days, 11.4%.2%
of the cells (corresnondina to O 003%to 0O 005% of the nononucl ear



As descri bed above, non-stemcells were renoved by exposure to
stress conditions, so that stemcells could be enriched. Mise cells
could be efficiently collected by LTT and the follow ng sorting of
SSEA-3 (+) cells. Miuse cells expressed pluripotency markers, were
posi t iwease isotated dedll theretrpisplptedtvas mirgvetions mgectign dnth emmedoddficlens méges
capabl e of dlfferentlatlng into ectodernmal, nesodermal, and
endoddPNHlT nHes) with A%P%gedwg’éalc@rq‘ $CRsb e’ ehapiarl e thepassdelingi ng
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have quigwid) (daayeogd ﬁ?é‘c%h{) SM@ h@ﬁltcel@fd%l\{@éat #nule RIS byerd labeled
proliferation. Such non-tunorigenic property of Mise cells was also
conf i iBdGEY (greeeXwerdscen tprovhi@)-intiviviis @laakd B svedl e Ji Cyrélc Beahdi Fbe
nouse testes. This fro erty is convenient for nalntalnlngﬁthe
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differentiation ability were exam ned u5|2? i sol ated SSEA-3 (+)
cel | sv&RleF efiei tospdangrdiony avice pRre efited withed'éspaiforssidehydg and then

Exanln n, of. in v ifferentiati ility by transp]antation of
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damaged spinal cord (Crush cor anage ver

(i nt r &pEGFR @mmmamﬁetgﬁ Ic@ﬂﬂpﬁafx dpichsed wuﬁfa)frnaﬂmenmlaﬁgt 161187 47ACABY; hind OF
damaged gastrocnenius (nuscle) (cardiotoxin injection). Human skin
cel | - thet iwedcaviyib liver damogs, ecllabetitide Wirt GFRGER] b'gnereﬁofgiwowmreﬁn

o] (Ha M b Bl ood FI
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M cl I.e t.h b ||
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Acta INeus. O@Fm%cells]igﬁcteaant%zthe 2000 1Rl I{N%lemirﬁ?at Wegksoéﬂ?fbﬁe@as

injected into the gastrocnem us (nuscle) of the NOG mce to induce
muscl budegehearaphion (Figar 150h). t bt rcactahsdr iod @hesd Sreqhnd, Nirsipladaiicm NOG
m ce by peritoneal injection to induce |iver degeneratlon 1 x 105
Mise @éEAsxm)eﬁaenxamaﬁegwhrﬁtgabl@gt frictienserouted i} dctieaicantnyesadier cr

m co. QPR oot inarer S it SEE mhice® Pt roder VR e
|t ayenaus PSRN0, R LAPSKER M nopulali N YERHART, A8

contr er trans ation

Wi th d9mpardad @nephdelysde, artkrtheRe sUbh8chedclclMALUNGRbSS G eRhgal
anal ysi s and confocal |aser m croscopic observat i on. After 4
weeksmesatemineklintdge csfls.nal cord |njury, it was found that: cells
positive for GFP and human Col gi conpl ex expressed neurofil anents

(Fi g. 2-118uferendigHonpt expgadadheells |dﬁrwﬁdc%0w1\ﬂﬁlqs18w¢ne@@méa§em tedl¢ Muse
positive for GFP and human Gol gi s¢onpl ex (in regenerated |iver)
expressed human al bumn (Fig. 16-1P). RT-PCR further confirned the
expression of human albumn in Miuse cell-transplanted NOG m ce |iver
(Fig. 16-2). GFP(+)cells injected into the regenerating nuscle and
“at 3 weeks exnressed hunman dvstronhin (Fia 16-3)Y | n contrast to



cells It was exam ned whet her an induction systemis
effective for regulation of differentiation of Miuse cells. Single
SSEA- 3(+) - Muse cel |l -derived Mclusters were transferred individually
to adherent culture for expansion. Expanded cells derived froma

si ngl eeNMuse cell were collected, divided into four popul ations, and
then each subjected to neural, osteocytes, adipocytes and hepatocyte

i nduct i ons {in®a) examined whephst pifuilionRYSE Bnelfedive donreslafoRsel y
of 1.0x105 cell s/ wer &, culgt ur ed . ASAL nedi G bco
cuppi raaar ERop oMl ERu S SSER NeiRe et R R R s e

for 7 Aay@rt®lndpRASNS b QURERE: OfMturE @y é;(%)arfsﬁfnenﬁiixﬁéﬂdg@ cel RRRELEPH UG €
transferred onto poly-L-Lysin-coated glass, and I ncubated in 2% FBS

suppl iassihdlé Mus®belngbtd coFeReddhi@hl gy fobr BipNEtioas, add tldbayesch subjected For
osteocyte induction, cells at a density of 4.2x103 cells/cn2 were
i ncubde aehrel pHieotesordpayiendoe hemarooiiedpduntions (armhn Mesenchynmal St em

Cel | Functional Identification Kit (R&D Systems, SC-006) for 14

days. o el gagiaoroceiRonct ot 10 SelBErlsYey e os
VS . e e ! U

e R e S R R

Syst enfish fadciinestddded dadd rdidsghddkSformation. ForQiiffEr@RadtREY bghetdddiédel oN,
cells at a density of 2.0x104 cells/cn2 were incubated wth DVEM

( +10%:RESerrdDxAFHolCLBOSN-supyl dled, mid molBitaiMadsx FBSt fuapbriewands100

ng/ m HOP, 50f?§ﬂ7{m FG-4) on col | agen-coated dish for 14 days.
Neur amg{midifeh swhe yesers BUSY ©pABAeY- cont ai ning cell's positive for

neural stem cel rkers..nesti.n, sashi ur Figs.. 17-1A-D),
Chich fur Y HPTRF SRURUPE bt aRET oo PR Bt 1R el
cul turggh bedivid h&ntibat nemyfe dr UMb i MeskAchlal 8Stem /YR OBdctivfal
either for MAP-2 or GFAP). Osteocyte induction produced cells

posi t ldatifiosticaKie R&DCS yRtep 7 $6-00%) foand datkal i ne phosphat ase (Figs.
17-1F-G. Adipocyte differentiation produced cells with |ipid

dropl et's t Hr adingicytednductinnogells pbd dendty, @R 10 gells/ary- wete|ifcubated
Hepat ocyt e..i nducti qn generated cell ositive for, human )

a- ot OB ORUPTIES goueipny medim, of Gug Tultiy merewsbrmal e Rk fyngions!
eXP e5ah AR RfonMITRAISKOUEHE ARG GXERE A (L ELD (Fig. 17-2) . These

resul ts denonst at Muse cells”can be regul ated
(vi ai nduct im)hepRodité fruemdn, ables 4tntdencie} bs2.0f1 ¢ heggch ReRI8&bWEED

very high efficiency.
with DMEM (+10% FBS, 10xITS (GIBCO) supplied with 10 nM dexamethasone and
100 ng/ml HGE, 50 ng/ml FGF4) on collagen-coated dish for 14 days.

Neural induction generated spheres containing cells positive for neural stem
cell markers mnestin, Musashi and NeuroD (Figs. 17-1A-D), which further
differentiated into MAP-2- or GFAP-positive cells when cultured in differentiation
medium (Fig. 17-1E; 89+5.7% positive either for MAP-2 or GFAP). Osteocyte
induction produced cells positive for osteocalcin (97+3.5%) and alkaline phosphatase
(Figs. 17-1F-G). Adipocyte differentiation produced cells with lipid droplets that
stained with oil red (90+4.9%) (Figs. 17-1H-I). Hepatocyte induction generated cells
positive for human a-fetoprotein (Fig. 17-1J; 87+7.6%), and RT-PCR confirmed the

expression of human albumin and a-fetoprotein (Fig. 17-2). These results demonstrate
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3. Collection of SSEA-3 (+) cells fromthe adult human skin
It was attenpted to directly isolate Miuse cells fromadult human
skin w thout incubation of cultured cells or formation of
M cl ust ers. Human skin from heal thy donors (n=3) was obtained
f r om BhaPHER celincar harégpmakd (Theindpétbe) e diffardntiae intoselie oftbres
carefylly rerTDved to separate the derms, and the derm s was
i ncubat"easw ¥Hh Wyllﬁé}éﬁga‘é?ﬁyspase in a-MEM contai ning 10% FBS f or
36 hi e filt rlng di gested derm s,

S %%llg %n 0%513%03\'\@ eﬁg#r El gdul?t l}u%dg .

and were subjecte ner I on rpmfor 20 mn, washed

with a-MVEM ﬁrwasl feubalied wdhy Qsoifa‘ie/msxQérmfrblﬁsﬁuitqqun%nr@% waBbS
were further washed with FACS buffer, and incubated with SSEA-3 for

col | edtdubgti®SHAUBufet keidebd f‘smbyncmedﬂMsbrstamg usi ng FACS. From about 7

cn2 of the_skin tissue, 1.3+0.3 x104 single cells could be finally
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a-fetoprotein. These findings suggest that adult hunan derm s

cont aiwese sehjbaedita leerttitiigstion aprl 6P rph dor a8 rnlh:osv@sba‘d wusm SBINfsainds i n
the case_of adult human bone marrow aspira uman adul t

der ni é“cé‘BﬁP%u“ﬂ@ S tapsinghes &r 3 mim ()(Ff’l]}ﬁr“f?@%ﬁm‘r¥"(9f “@é‘?eldsw‘ﬂsﬁéﬁsas
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out a possibility that Mise cells are identical to one of these
known cslieemdc §SEA—3(MJ&¢IS eetdustedeoel . anal. ¥ Yed thae celanabsngla cefs. Snai |
(markers for SKPs u (markers for SKPs), Sox10 (markers for

NCSCs), CO2ir8=l e tkfe$%E +}\|e3%t§s§0rmfrl§/%rﬂue%% Wethgl?éﬁywss)mgiwll
k f k f CD 146 k

bs. At PAIEER) ST 7 APEte OB e ARsibteraedt P Becht A%ﬁr

and AQI(R)e QH@'R’PPCW Lﬁcﬁp&ﬁ@ﬁatFé’&&f’Exﬂa’ﬁﬁéd@fcﬁnfa@ S M- éNPs@&

t hese markers were detected in +) cells by FCSor RT-

anal ygelanﬁmogtedl&hahean&xﬁrgsecﬂ&@lﬁ 2S ugmyu@g Nrab. sMuseaTee, | %nd
differ fromthese stemor progenitor cells known to be present in
adul t oHetrenotdar m'Télese findinPh ayegeyt fhat aémlit Wirmgn giermissenéaty sellyagith
determ ned usin rrite p icle %cells eallylncorporated
ferri t% PECATEP Ees gwgégpf FYBJSF 155HS Rtiethe &p3csofinghll HIGR DRREBBEYY | C
acti V5§p‘|§ E)FI g. 18-3). 4. Establishment of Mise-derived iPS cells
(Muse-1

Human adult dermis contains several types of stem or progenitor cells, such as
SKPs (skin-derived progenitor cells), NCSCs (neural crest stem cells), melanoblasts
(MBs), perivascular cells (PCs), endothelial progenitors (EPs) and adipose-derived
stem cells (ADSCs). To rule out a possibility that Muse cells are identical to one of
these known stem cells, Muse cells were analyzed for expression of Snail (markers for
SKPs), Slug (markers for SKPs), Sox10 (markers for NCSCs), CD271 (markers for
NCSCs), Tyrpi (markers for MBs), Dct (markers for MBs), CD117 (markers for MBs),

CD146 (markers for PCs and ADSCs), NG2 (markers for PCs), CD34 (markers for EPs
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i PS cells are prepared by introduction of 0cl3/4 gene, Sox2 gene,
KIf4 gene, c-M/c gene, Nanog gene, and Lin28 gene, for exanple Mise
cell s have properties analogous to iPS cells in that they express
pl uri potency markers and can differentiate into ectodernmal,
nesodendedlDSaAsid aad cdon &¥iltebrane [Hastor [{ navi@ss fox &Pisne MNanfe dlibesearddksrs
could be good materials for iPS cells. A nethod enpl oyed for this

pur podere getestefdon HylEA-3(1) cells ol Cp autiF-BCRNemabyis @idg 3V%4! ard FAg. and
c- Myc re introduced intg, S -3(+) .cells andSSEA-3 (-) cells from
et b_?%%fa%{ggﬁtg@ﬁ 8&@“&% bl 5geT o aﬂeswewrsof%%&fﬁaﬁﬂff e
descrIbg(tﬁké%%ﬁggﬁéﬁﬁ%ﬁﬁﬁghe%isal ., Cell, 131, 861-872 (2007) and then

cul tur I's specifically described as foll ows

Est abl i shnerigoeftiddha@sm, bf Muse celld h@s AapRMnihe@diing réfianmstils. huame

Oct 3/4, Sox2, Kif4, and c-Myc were inserted into the pMXs retroviral
vect orcsll{ @aétly Bholrpdysied fenfitec pardialeni tshggestimthatudlvaadeedst ibiei siprent

of iPS cells .. PLAT-A cells were seeded at a density of 5 x 106
cel | s PhegocYonasHiti(Elg- d%rd)-t hen cul tured .overnight. On the next day,

t fect.i f d | F . At 24 h ft
tr ansf oLt TR R B RS BB (TSRS, “super nat ant o wer

|l ected o113 4 o 45 i :
col l'ected apiey 11/§m¢§¥§epmq gynat EﬁdtfoﬁrNﬁgoFégbf(% .?Ux% g&e,umffﬂg'elhér

Pol ybrene (4 jig was t héen added: ufman’ Der rma

Fi br olbldst gpnes eeoted ghe candeXials wend, for ¥xalde caltis @l HaOe propditsdd
were infected with a virus solution. 24 hours later, the nedium was
exchangdezanistth IRSwehedi thet dentaprishgluripottnesiarkeeyd bl oy differemtioted

using.trypsin on day 4 after _vi infection and then s ed on MEF

(T coqatto Bl orbrant gngendsterme) el T et ek, ks

medi u ¢ hanoedi Wi psReiiet e ES medi um suppl emented with 4
q@%@ é?ter g é ma(J'

ng/ m ays, I'um exchange was perforned once every
other day. Ahefod3playd fo@lsqRinRse Wissfopbwked up and then seeded

over a 24-well plate. PCR analysis
- Four factors (Nanog, Oct3/4, KLF4, and c-Myc) were introduced into
SSEA-3(+) cells andSSEA-3 (-) cells from H-fibroblast fractions using retroviral vectors
according to the description of Takahashi et al., Cell, 131, 861-872 (2007) and then

cultured. The method is specifically described as follows.

Establishment of plasmid

The open reading frames of human Oct3/4, Sox2, Kif4, and ¢-Myc were inserted
into the pMXs retroviral vectors (Cell Biolabs).
Infection with retrovirus and establishment of iPS cells

PLAT-A cells were seeded at a density of 5 x 10° cells per 100-mm dish and then
cultured overnight. On the next day, transfection was performed using Fugene HD.
At 24 hours after transfection, medium exchange was performed. Supernatants were
collected after 3 days and then filtered through a 0.45-um filter. Polybrene (4 pg/ml)
was then added. NHDFs (Normal Human Dermal Fibroblasts) seeded at a density of 1

x 10° cells per 60-mm dish were infected with a virus solution. 24 hours later, the
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RNA was purified using an RNeasy mini kit (QAGEN). RNA (500 ng) was
reverse transcribed using SuperScriptll. Endogenous Cct, Sox2, Kif4,
Myc, and Nanog priners, PCR conditions, and the like are as

descri bed in Takahashi et al., Cell, 131 861-872 (2007). In vitro

i PS cenddingn ffasrexakdanged gnth new mend%l cebipigingere vised. | dstlsdvare irergoved
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nonessent amno acid mer capt oet and
0.5% Bﬁz’&hﬁﬁ |shb%]é§feﬁt@dptvﬁm’cﬂ Rg/nlYERHFGIM V\ﬁﬁereécdihg@g%d&%%x%%gé/ wisher
day. 7 days | enbryoi d %odles wer e seed on gel atin-coated

di shegperibmddovwd éyytrylomeeldapf Afindrt 3¢ day coloaies amee miackednop kol mehi on
of teratomas iPS cells in a 60-nmdish were treated with a
Rock isefifehiovesra 24 well é@feed usi ng Accutase (registered trademark) in a
tube, subjected to centrifugation, and then suspended in PBS. These
cells were injected into the testis of an NOG nouse (registered
trade@;@@}l?n I(),ggntral Institute for Experinmental Animals). After 12
weeks esultants were fixed with 4% par af or mal dehyde. Paraffin
sections WeREASMY REiRd UsthgHm RNear@t axy kit QRABEI)N) RBLA[IVONG:) whe
followi ng results were obtained Four factors, Nanog, Cct3/4,
KLF4 sewdrse-tivipecribed esingSnpeScentlli nEodegehpiy @) Set2, KifdcMyonamdeNanogd
SSEA-3(+) and _(-) cells usi ngl retroviral vectors according to the
met ho@rimiegsg PCR cqpdifigns pang HS? AR S Hiesibedin Tekghashijes pl, 86Y, 3o
(2007%61%# Lma\”ere seeded again on MEF after 5 days, and then

cul tured ately before colony pickup; that is, on day 30 of
cul t upevan iMEEel iR r@eRgsAt ed col onies inSSEA-3 (-) cells were
non-ES cel |l -1i ke col oni es and none of them were positive - -for

Tra-1- 80 (EBBScelld worckBedted heing coltagestse. nellycleerdwdfeplacel drsdifles ned
col oni es about sevenfol d the nunber of col onies formed by SSEA—3( )
cel | ﬁ@ﬁseﬁ éﬁlﬁhoﬁgly RifYLAhange thenpgdiuqdy i PMEMAY2 1mehum| eanginiaata0yo
genes related to ote C h as Sox2

o gy York ey R Gop R v a8 o g T et

col on colihe y 2 n
day 3 hﬁlﬁlo"‘ﬁﬁcgl g gbdgx% g?ﬂnﬁrgégag&tf)}m@h&%ﬁ )N%lgﬁég/e[)é}l?(!lﬂﬁyst chgpl .
showeMedpmi egidl &choedfonendogenats 0ot 3T4dayKlikiés, atalydRéxdodandwere
expressed Nanog and Sox2. As expected, SSEA-3(+) cells were

subj esteded po gelotinmngated dikligs, Mbldwedén ltwesh of evlivee inghe samewelBR. (f eeder
cells i PS cells could be successfully generated at efficiency
about FEEEiofE oS 'HGHEs than that of naive H-fibroblast fraction

cel [s. The B cel?%gaeh Xrﬁ%lh{ﬂ%}}:%%ﬂe técf"gdx'#haat ROG: Dhivifol ARG, %Fl%ge()f

Tra- 1- 60, T Oner ase T everse transcr pt a

(TERTAcaﬁslsef @@glweﬁedet&@dle%&asgﬂ 1ip bua&n Ebjcerll ® casrifug¥ed, eshdbihen
i mmunocyt ochem stry, RT-PCR, and Q PCR (Figs. 19 and 21).

Fur t herspended NaRBg, ObtS14¢llSoverd injacted TRA- the8lestie of @xmfﬁsmsb n

the thus obtained Miuse cell-derived iPS cells (Fig. RT- PCR
r evealregisierast traggaagk) (Qent3plalnstayte @é)EXEemﬁféale&Wg%edAﬁﬂf M geeeks,

cel |- Ao Yad RS e Bl it [ RhrARIARTARY PRSREASad R Laisth ved

to HE (Hematoxylin & Eosin) staining.

The following results were obtained.

Four factors, Nanog, Oct3/4, KILF4 and ¢-Myc were introduced into H-fibroblast

fraction-derived SSEA-3(+) and (-) cells using retroviral vectors according to the method
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The efficiencies for transduction of Oct3/4 gene, Sox 2 gene, Kilf4
gene, and c- Myc gene were al nost identical for the SSEA-3(+) and
SSEA- 3(-) cell fractions. Transduced cells with above four factors
were then transferred onto and cultured on nouse feeder cells at a
densi tags@ibed v OB keRlshiSetpar Cei, si31, Thespemnal i aelefwGe ket ssie o
observed in both popul ati ons, but SSEA-3(+) cell fractions forned
seven MEFeRerrfodays,calddhéres tubhealn ﬁm@SSEﬂk-IBBbf(f@I)e oobinbfs)ickﬁp;rtﬂihreis nordsy in
contrast to those derived fromthe SSEA-3(+) cell fractions, none of

the cof ghicBYugen MEY ?lﬁecaﬁl%fﬁ@égelﬁnsescn§s%13|( )f?eééétweé%ow&séeﬂdwﬁd to
b t. St 1-81
€ pO%b]tg %gfaglﬁ)r ob@%fhﬂije%n Egﬁltp ebeofrn Tr3. lggq gfgycel er)( Fi' cogéastl)even

on day ure i me ore pi €K

RT- PCRugh m@me@w halls BRACYSHRHRs 90%# BRAFNRMNINMESER oYY @&%ﬁed

i n SSEA- (+) cell-derived fractions but not in SSEA-3(-) cel

f ract bpreSEAFB@) c@Rp@ulations, whichl were bsitii-e SorgBraer . ednfpbﬂaatﬁfsgéneis( +)
and SSEA- 3 (l-) cel|l fractions were picked and passaged in individual
wel | s tighthesalaipd tosplufipgepet ﬁuqhq %é‘éanogfapé 15082 wg@ébeggaﬂa@ inS&BAohies

exhi bi t.i n ES flat col es). wer

i ndi vi® %lifa%ll %@chfellf‘) lj’élﬂ% ‘%erg(fogﬁﬁe 5"8”(&5"[“6‘?4?%%13’
expre t r rﬁgge en and
Nanog%fﬁe%@%%wkﬁﬁ. ‘E%Q‘%%ﬁ?n?‘ﬁs RS el by e M ¥
col oniSEBAM(FPiceidd kBvddr oprSSEAod (of) &Rlob&ncge et al cHIFRSa6® |He§1 and the

efficiency was 0.03% while none of the col onies ori gi nati ng
f ronS@@meﬁeq Nanegland Sgeher &t etpacRg, SEEAS(tFrgls @@e3Dbanigd Db jcolony

Furth PS [ t abl hed | di ff tiated
i o Bk UBKHAPT Bt Slh P S HATIBFHE. (BSRPL coib wenefoly
terat gg%?atécp a{rleﬂ*’%lle&?f tagélft(ﬂgﬁqes %F% t]:r hﬁnzt?fat?’gf nax H ﬁbrIQl?st fractm

proliferation act se cells was not

gr owt Belrsat ghadrs @él%dhﬁﬁ@d@@lrbgdliﬁbn $eaHR6 a@b@aidcy ofwm | 8o Mig&- &ﬁ' I's
differentiated into triploblastic cells in the mce testes, they did
not d8eel,dprli-ht wlamesrateownese Thissripaye OERB and fadibs dxgmamdem%mh@se
cells_are maintaiped in adult human tissue such as _in_skin and bone

mar r ofi® €Heis presled ierimmpe cEReirstpe RdrhGitang Q-B&H digsa 19 ghhébni se
t hey dmGas Na}{o dedc%%/aps,ox %enrid“ﬁ%% élnw\e/rlert %%},'e}é SR éﬁuPaﬂ;tam % the

body. reover, cel1's"do no Way's "8

f or mahfiRe c8i- ﬂ@r@ve@m’@lc@l%t (F34. ey cebt. 9(:&%&[&%&%@ C@Et@ﬁﬂ Qnd Sox 2
conditions were denonstrated not to formteratonas I n mce testes
.(Chouwete akpress€e|in, Mi3B, cedid@rid6d (iPS08sl)s, MAs Misexpredséd ingIHA-Bal-hy
showed sone of the characteristics of pluripotent cells such as -

pl uri pOtésEipd falories (Bgp?Bssion and their differentiation ability, it
i S suggest Muse.cel I s . coul d eas becone, i PS s solely by
an ol ovati Ge ST ERT T BFar oL de Oy R or o gﬁ&%i@é%ﬁ%af#

m ce EchéeneT\Q@re' eﬂgx‘dgtt lc@ﬁtl%%ﬁ%é H?ER 3(E§ah§ S@@tA 3’@5 Fl‘%fa'c{i&?sd’

but procurenent of tunorigenic proliferation in ce s anong
nesenThyisilced &klls pa@udbatve douniagivrs herofhen @ﬂ‘anﬁﬂaﬁe@@aﬁd Bhd tdlhesd biPS
cells could be established at eff| ci ency of about 0.001% from naive
hunmanmodssr feadlerf Gels bk aksnsity at fk BhscellFipes disgr eEbe genenatidreof egonies of

K. Takahashi et _al Cel | 131, 861}%2007 Ther efore, i PS cell

pr epal'&is Yrepedii b éﬂbg’/off‘}l%ﬁrés@;&%s Ap(ehtalsirapions formedessven Gres
than }n%% {109 fﬂr%/&eggg}xo? eﬁs r%he?]li!lg%esltl %OItlth?'stt tg/"('l%?sgtcperlved

mai nl'y Contribut e enera i"on. ochem cal
anal ygbs @edsEk-PER @nafrxaio%s Orfon%rg?rtb{é)lzaomg'd@§v5d1ﬁf5mdl‘f1\é§é@ﬂ%d( from
Muse-derived | PS cells showed that cells differentiated into

ect odex|Infilacttels| were Xpuies & he positiveffot erenimansluipéied; stomsadienaikler
cells expressing SMA, Brachyury and Nkx2.5, and endodernal cells
expr e¥Biinb 8a-aver @p)rdﬂ}’e3(?1 ofwlt@aTRrg:diatelybefose oplony Heekvor @ie. i2%Betion
of Muse-derived i PS cells into tggtes of i munodeficient mce
resulted in teratoma formation. In contrast, testes injected with

M clusters did not develop teratonas for up to 6 nonths, and nost
were not significantly larger than control testes that were injected
with i nacti vated MFFs However cells nositive for hunman



M clusters and Muse-derived i PS cells were subjected to
quantitative-PCR (Q PCR). The results are shown in Figs 25 and 26.
The expression patterns of genes related to cell cycle regulation
differed substantially. CGenes related to cell cycle progression were

nost | \RIUPOR-r& RGWIah/Ent bgdoGb 196+ i Mo gUPerk @8 bRdsddin Mgser_deni ved
i PS cells. Expression of genes related to pluripotency and an

undi f feeHeltived Factmak bustattie Shide36) oell dmactions Fg. 68t2¢r s and
Muse-derived,.i PS cells, but .t he r io el.s of no Cct 3/4
And Sox? werd SRR Biiisr R S STERTE s Eetis el g e et
cells. iﬁ&atansrgmaged hhRidE] QAR NEs: S 1NMGh Qi ﬂﬁés. (GH ) ﬁag%agggi i

prom)tper regi ons of Nanog and Oct3/4 genes were [ ess neth

Muse- déirdot@tled Eilicthd Suhh@nSicollVike lnmtspdlsgy @adcdlb@edvaaroiiivi@giyon
of Nanog gene showed a | ower CpG nethylation level in Mclusters

t han isnbjpeted ¢SSHAPGR ((Pigsc 123 € ramdt € bins CoRinies @pyessitii Al thesefactomy
partly expl aiqr%é?he differences in the expression | evel of . .
pluri 56%6@5&90 Rér's epiramders Miser el 1osangraMRieteddr Pylpnisss ¢ais| s,
| ndustrjal: K CAaRi | i . .di t esent i nvention,
pl uri 6%{112%}1,{5'?’2?43'}% cela* !s)ﬁ%acr? 1 neleso%]? @%{égé ? rrgénmg%%‘g%(ﬁcsegﬁ envmerta}?od%ls '

usi Ng caIY a8 hEtFRlchsy Qhs €854y wBTPLYRASoARE cNbhROULig 1hatiRY FAMSSEA-3
artificial induction operation such as foreign gene transfer or

i nt r odyatellogendrazdipecelld Fig @2pvuacd DThe pluripotent stem cel |l s of

the present_invention can be efficiently prepared w thout using an

artificial Bpdesneen Bickelds gstabbiphpd Jeme Mugtnsteds, dfferemtigtedt hrlg can

be safely used when applied r treatnment..Als t he pl uri.potent

ot em CEPYEaF ROTRrRLeHd s dfetl el B g P bt P ol

medi cigs and iFeagyment for dysfunctional tissue or the like, and

they can be further used for research into cell division or tissue

regener at i orhe grokifeex@dARkAvity of Muse Mlls wpdslot €ahighns terpRloE RESythand

patent applications cited in this specification are herein

i ncor podt telemierbse aceivigy. erfeansistentliiewhileMuise eqlls diff@ertiatgt intd triphotGSEA- 3

(+) pl Y i.potﬁjent, stemcel |, which can be isol ated_from body tissue.

2. Thée[wr- pOtEhtesiSE-eftPE 819 NUCEHFIP AgOEmes m This WMYCE 1easq9aliet i ve

for . | .yri po r.di ai r 2
CRlRse lf%mléreh&fﬂgré%%g%?ﬁﬁﬂ%d $4 %H&l?%ldna.?glg&&%ﬁxg 'aE 9 Sk Halbb

whi ch I's negative and negative
marrow, their proliferation should be strictly regulated, otherwise they would easily

develop into tumors in virtually every part of the body. Moreover, even pluripotent
cells do not always show teratoma formation since epiblast stem cells cultured under
certain conditions were demonstrated not to form teratomas in mice testes (Chou et al,
Cell, 135, 449-461(2008)). As Muse cells originally showed some of the characteristics
of pluripotent cells such as pluripotency marker expression and their differentiation
ability, it is suggested that Muse cells could easily become iPS cells solely by an
elevation of proliferative activity and formed teratoma in the mice testes. The
induction mechanism of iPS is not yet clarified, but procurement of tumorigenic
proliferation in Muse cells among mesenchymal cell population might be one of the
possibilities.

iPS cells could be established at efficiency of about 0.001% from naive human
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4. The pluripotent stemcell according to claiml or 2, which is
negative for CD117, negative for CD146, negative for N&, negative
for CD34, negative for vW, and negative for CD271. 5. The

pl uripotent stemcell according to claiml or 2, which is negative
for Cldddnal ibgsetilast €rabidns CDIAE agreegaith e feport CDE4Bakanegnbt aleChidn31,
CD271, negative for N&, negative for vWF, negative for Sox10,

negat i3¢é (R7) SnEhdreforee gBs icole pfeprra8pugificiegatirane SSEA-TTYpiells avag 30
negative for Dct. 6. The plurjpatent stemcell accaqrding. to any one
of cl &ims highes tg«';m 5 G a8VF Gl (R Meesss T Vet spils mambyne

pl uri %gﬁfi%fe%?%?ezfr%eﬁl?ﬁ%ﬁﬁﬁdi ng to any one of clains 1 to 6, which

i s capable of I'ng into the three germlayers. 8. The

pl uri pot ent 3 &MY &L AREATARRESs bRd RIYPORGnRfys&! AW rioill Bodies Wi Ch
does not exhibit neoplastic proliferation. . The pluripotent stem

cel | decdnpedgrdm Nhgeaasval iPRaicals khoweed, thahicels hdisfesailtihtade newal
capability. 10. The pluripotent stemcell accordi ng to any one of
cl ai mectpdemna cellpexprepsing seyrefitament gnd MARS, mesqdermgbeglsigxpprssiaat

stem ccordin any. one of ¢l ai to 10,. whi ¢ch has .hi
phagom"l&cgéﬁ?‘wf%gné %Ekxaﬁaé" f I‘if‘rdioaf)rt“_?eaqfce eemp&egﬂnga%—i%wﬁoﬁeén tag'gany
one Ol RLRTH b0 Rrindel infechBRdrl MBsLBLiRY 1RSI ARG Rl 22
foll om ng odorant receptors: o fcactory receptor, tamly 8, subfamly
Q menbgmudod ERIER) micel deadtddr i fefRE8RE Tormhtash. | Yn EonGakdf allek Ynjebtdgnber
3 (OR7G3); olfactory receptor, famly 4, subfamly D, nenber 5

( ORADS)ith Ml-tlasteoy ¢idr gtegrtvelop fesatpings 5or spilbd &ninbyibAPandnmmigewer2 not
(ORBAP2); _olfactory receptor, famly 10, subfamly H nmenber 4

( ORLOMRP iGN Claggey thav &pRisel teptenithyt wote %%t%qﬁWIE}/‘ maciipaiph MBFs.
(OR10 .ol factory. receptor.  fan| .S ] renber .
(oronble P B AP LECER Phuap ATboMesthig R ] et IRIRSNGR ana

( OR2TR)iroBil drRGH: Are¥e [REEREDLT ThE&Wekits shoStiRbhadIlK NRiselRARES P4 cells,
(OR7D4); olfactory receptor, famly 1, subfamly L, nenber 3

( OR1LS8)iginal fotoreglls edre ptoor forhatarhtpmd, tubdidierdnyiaN, inenoesodkrmal,
(OR4N4); olfactory receptor, famly 2, subfamly A, menber 7
( OR2 AT§todgfinedi #16l ¢nderenal dwepshenlignprgtuaiofefice s sicei n) , al pha

activating Geh vl 1Y ROABERL,AS ) LaR! Qoo P& dutitative-pcr
(Q-PCR). The results are shown in Figs 25 and 26. The expression patterns of genes
related to cell cycle regulation differed substantially. (Genes related to cell cycle
progression were mostly down-regulated in M-clusters but up-regulated in
Muse-derived 1PS cells. Expression of genes related to pluripotency and an
undifferentiated cell state were similar in M-clusters and Muse-derived iPS cells, but
the expression levels of Nanog, Oct3/4 and Sox2 were much lower in M-clusters than
in Muse-derived iPS cells. Furthermore, cytosine guanine dinucleotides (CpGs) in
the promoter regions of Nanog and Oct3/4 genes were less methylated in
Muse-derived iPS cells than in M-clusters, and the promoter region of Nanog gene
showed a lower CpG methylation level in M-clusters than in naiveSSEA-3 (-) cell
fractions (Fig. 24). This result may partly explain the differences in the expression

level of pluripotency markers between Muse cells and Muse-derived 1PS cells.
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ol factory receptor, famly 6, subfamly A nenber 2 (OR6A2);

ol factory receptor, famly 2, subfamly B, nenber 6 (OR2B6);

ol factory receptor, famly 2, subfamly C nenber 1 (OR2C1);

ol factory receptor, famly 52, subfamly A nenber 1 (OR52A1);

ol factory receptor, famly 10, subfamly H nenber 3 (ORLOH3);

ol factory receptor, famly 10, subfamly H nenber 2 (ORLIOH2); - 69
- ol flaéltsmes}ArpéE@&tfay, famly 51, subfarn'ly E nenber 2 (OR51E2) ;

ol factory r , m P2 nd
ol factory rgﬁ% @]'81g to P’a?rﬁrﬁ%/? EBNGIEE g!’ﬁ"% PE} SHB lrésr Caft( %5% i
The pl

I ER R G S R e
r eceptipdittiof Bparmkdnich &5 Orerph kéne ﬂf@@&pbﬂfnt@d&cﬁvsﬁw a spdrefiddn@uad- X- C
notif) receptor 4 (CXCR4); chenokine (CG-C notif) receptor 1 (CCR1);
Duf f y Tleqddimpteny ptem: bedlsoii the preee@tpimmnti@mmjse e&ﬁderrthemﬁka;rmbwét@s% C
notif) recept or ( CXCRY7) 14 The pl uri pot en tﬁjem cel | i ng
to anySBE&nsft t‘ll%{loﬁﬁmi“’? 6““@3“3 Wﬁ’i%ei“% ey ey f“r R Ft"é’sllftfé‘ Pse

t
S RSB LRI TR e

one Ofcaghabs@® for }égeaeélamnlﬁedlém@%w%amht #08 %ﬁ‘ﬁﬁdﬁﬁnﬁ tRk bm& ﬁ[a&
stemcell or a pluripotent cell fraction frombody tissue, which

uses ahd ltegystanorefuothet heedf fof Immmg ipoopdrdiviesn (dr )tiske fegeyjer@dnafor

i ndex:
example.

All publications, patents, and patent applications cited in this specification are

herein incorporated by reference in their entirety.
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(1) being positive for SSEA-3; (ii) being positive for CD105; (iii)
bei ng negative for CDl117 and negative for CD146; (iv) being
negative for CD117, negative for CD146, negative for N&, negative
for CD34, negative for vW, and negative for CD271; (v) being
negat iGeinfsor CD34, negative for CD117, negative for CD146, negative
for CD271, negative for N&, negative for vWF, negative for Sox10,

negative for Snail, negative for Slug, negative for TyrpI and
negat i [ Iom1or se act|V|ty -
negat 115 L0 254 Fhofidy DAl Q101 BRTRPRSpRCt V!

pluripotent cell fraction, mhich conpri ses exposi ng body

ti ssue-derived cells to cellular stress and then coll ecting

sur vi \A. ge pklripstent ¢8n cdlhecavedihpch flaim i,sdliett ispgsidvpfatrdpasent stem
cell or a pluripotent cell fraction according to claim17, wherein
cellular stress is selected from anong protease treatnent, culture

under condi tjons, culture r hos hat e ti.ons,
e VS b ek aeirg b e 165, b RISSRRES, SR b
starva&ggnmqgaﬁgﬂ4§ulture under exposure to radiation, culture under
exposuré to heat shock, culture in the presence of a toxic
substance, culture in the presence of active oxygen, culture under
mechani cal stinulation, and culture under pressure treatnent.

4. The pluripotent stem cell according to claim 1 or 2, which is negative for CD117,

negative for CD146, negative for NG2, negative for CD34, negative for vWF, and

negative for CD271.

5. The pluripotent stem cell according to claim 1 or 2, which is negative for CD34,
negative for CDI117, negative for CD146, negative for CD271, negative for NG2,
negative for vWF, negative for Sox10, negative for Snail, negative for Slug, negative for

Tyrpl, and negative for Dct.

6. The pluripotent stem cell according to any one of claims 1 to 5, which has low or no

telomerase activity.

7. The pluripotent stem cell according to any one of claims 1 to 6, which is capable of

differentiating into the three germ layers.

8. The pluripotent stem cell according to any one of claims 1 to 7, which does not exhibit

neoplastic proliferation.

9. The pluripotent stem cell according to any one of claims 1 to 8, which has

self-renewal capability.
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19. The nmethod for isolating a pluripotent stemcell or a
pluripotent cell fraction according to claim 18, wherein the
cellular stress is trypsin incubation. 20. A pluripotent stemcell,
which is a cell derived or induced fromthe pluripotent stem cel
according to any one of claims 1 to 14. 21. Adifferentiated cell,
which is a cell derived or induced fromthe pluripotent stem cel
accor dlonbrh? BlugRgtepinderd Felt pefoRding tq gyiope of zbumw [5‘?151’ Yhich it fegigtant to

conpo%r%&on whi ch conprises the pluripotent stemcell according to
any one of claims 1 to 14 and 20. 23. A pharnmaceutical conposition,

whi ch conprises the pluripotent stemcell according to claim 21

11. The pluripotent stem cell according to any one of claims 1 to 10, which has high

phagocytic ability.

12. The pluripotent stem cell according to any one of claims 1 to 11, which is positive
for at least one of the 22 following odorant receptors:

olfactory receptor, family 8, subfamily G, member 2 (OR8G2);
olfactory receptor, family 7, subfamily G, member 3 (OR7G3};
olfactory receptor, family 4, subfamily D, member 5 (OR4D5);
olfactory receptor, family 5, subfamily AP, member 2 (OR5AP2);
olfactory receptor, family 10, subfamily H, member 4 (OR10H4),
olfactory receptor, family 10, subfamily T, member 2 (OR10T2);
olfactory receptor, family 2, subfamily M, member 2 (OR2ZM2);
olfactory receptor, family 2, subfamily T, member 5 (OR2T5);
olfactory receptor, family 7, subfamily D, member 4 (OR7D4);
olfactory receptor, family 1, subfamily L, member 3 (OR1L3};
olfactory receptor, family 4, subfamily N, member 4 (OR4N4);
olfactory receptor, family 2, subfamily A, member 7 (OR2A7);
guanine nucleotide binding protein (G protein), alpha activating activity polypeptide,
olfactory type (GNAL);

olfactory receptor, family 6, subfamily A, member 2 (OR6A2);
olfactory receptor, family 2, subfamily B, member 6 (OR2B6);
olfactory receptor, family 2, subfamily C, member 1 (OR2C1);
olfactory receptor, family 52, subfamily A, member 1 (OR52A1);
olfactory receptor, family 10, subfamily H, member 3 (OR10H3),

olfactory receptor, family 10, subfamily H, member 2 (OR10H2}),
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olfactory receptor, family 51, subfamily E, member 2 (OR51E2),
olfactory receptor, family 5, subfamily P, member 2 (ORSP2); and

olfactory receptor, family 10, subfamily P, member 1 (OR10P1).

13. The pluripotent stem cell according to any one of claims 1 to 12, which is positive
for at least one of the 5 following chemokine receptors:

chemokine (C-C motif) receptor 5 {CCRS),

chemokine (C-X-C motif) receptor 4 (CXCR4);

chemokine (C-C motif) receptor 1 (CCR1);

Duffy blood group, chemokine receptor (DARC); and

chemokine (C-X-C motif) receptor 7 (CXCR7).

14, The pluripotent stem cell according to any one of claims 1 to 13, which is derived

from mesodermal tissue or mesenchymal tissue.

15. A cell cluster or a cell fraction, which contains the pluripotent stem cell according to

any one of claims 1 to 14.

16. A method for isolating a pluripotent stem cell or a pluripotent cell fraction from body
tissue, which uses at least one of the following properties (i) to (vi) as an index:

(1) being positive for SSEA-3;

(i1) being positive for CD105;

(iii) being negative for CD117 and negative for CD146;

(iv) Being negative for CD117, negative for CD146, negative for NG2, negative for
CD34, negative for vWT, and negative for CD271;

(v) being negative for CD34, negative for CD117, negative for CD146, negative for
CD271, negative for NG2, negative for vWF, negative for Sox10, negative for Snail,
negative for Slug, negative for Tyrp1, and negative for Dct; and

(vi) having low or no telomerase activity.
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17. A method for isolating a pluripotent stem cell or a pluripotent cell fraction, which
comprises exposing body tissue-derived cells to cellular stress and then collecting

surviving cells.

18. The method for isolating a pluripotent stem cell or a pluripotent cell fraction
according to claim 17, wherein cellular stress is selected from among protease treatment,
culture under low-oxygen conditions, culture under low phosphate conditions, culture
under serum starvation conditions, culture in a sugar starvation state, culture under
exposure to radiation, culture under exposure to heat shock, culture in the presence of a
toxic substance, culture in the presence of active oxygen, culture under mechanical

stimulation, and culture under pressure treatment.

19. The method for isolating a pluripotent stem cell or a pluripotent cell fraction

according to claim 18, wherein the cellular stress is trypsin incubation.

20. A pluripotent stem cell, which is a cell derived or induced from the pluripotent stem

cell according to any one of claims 1 to 14.

21. A differentiated cell, which is a cell derived or induced from the pluripotent stem cell

according to any one of claims 1 to 14.

22. A pharmaceutical composition, which comprises the pluripotent stem cell according

to any one of claims 1 to 14 and 20.

23. A pharmaceutical composition, which comprises the pluripotent stem cell according

to claim 21.
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